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Foreword

The dramatic advances in equine medicine and
surgery of the last twenty-five years, have neces-
sitated the development of a group of support staff,
which has carried the label of ‘equine nurses’. They
have performed increasingly sophisticated duties
with skill and good humour, but illegally! Schedule
Three of the Veterinary Surgeons Act in the UK has
specifically precluded the nursing of equidae. Not
surprisingly, there has been an increasing clamour
for this apparently illogical law to be changed. I am
delighted to say that after much hard work behind
the scenes by the Royal College of Veterinary
Surgeons, the British Equine Veterinary Association
and the British Veterinary Nursing Association, the
situationis about to be remedied. In fact the year 2000
saw the first batch of qualified Equine Veterinary
Nurses (EVN).

Currently these people must already have
achieved VN status, before sitting the examination.
However it is hoped that the qualification will be
available soon to people who do not wish to undergo
training in small animal nursing.

How appropriate it is then, to welcome the
first book devoted to the subject of equine nursing.

The gestation of the manual was under the care
of Karen Coumbe who has had a particular interest
in equine nursing and who was one of the first
examiners for the EVN Certificate. She has had
the most demanding task of obtaining manu-
scripts from a variety of highly experienced
clinicians, scientists and nurses, whilst simultane-
ously nurturing her own second child; two major
achievements!

I would like to congratulate her in particular
and all those involved with the production of what
I confidently expect to become the definitive work
on the subject.

Asasurgeonlhavealwaysrecognised the value of
highly trained nursing staff. | have also had the good
fortune to have been involved with the challenge of
setting up an officially recognised equine nursing
qualification. Although there is clearly still much
work to do, the future of equine nursing in the UK is
secure. Furthermore, there is potential for the evolu-
tion of a profession with its own specialties, which
will provide satisfying opportunities for people with
an equine interest, who want a career in veterinary
nursing.

Tim Greet FRCVS
(Immediate Past President of the British
Equine Veterinary Association)

ix



Preface

The purpose of this manual is to provide the defini-
tive textbook for equine veterinary nurses. It will also
be useful to all those involved in the care and man-
agement of the sick horse. There are a multitude of
excellent books available on managing the well
horse. For this reason, the basics of equine manage-
ment such as routine bandaging techniques are not
included here, since they are well explained else-
where. Instead the aim of this book is to provide new
information on the care and consideration, as well as
the art and science involved in looking after any sick
horse or pony.

The Royal College of Veterinary Surgeons has
devised an extremely detailed objective equine
veterinary nursing syllabus, which this book has
followed as comprehensively as possible. This
explains the breadth and depth of subject matter. The
authors include some of the first veterinary nurses
to obtain the qualification in Equine Veterinary
Nursing (EVN), following the first examinations
held in July 2000. They are to be congratulated on

writing their chapters and passing the exam in
the same year! Also included amongst the authors,
are many of those involved in drafting the original
syllabus and all those involved in examining for
this qualification. As such it should be a very use-
ful guide for any would be equine nurse. Horses
should benefit from those who read it and so
improve their knowledge of equine nursing and
welfare.

I am extremely grateful to all the contributing
authors for all their hard work and for the many
people who helped and advised throughout the
project. In particular Adam Coumbe, Sue Dyson,
Louise Harvey, Tim Mair, Katie Snalune and Sarah
Stoneham provided invaluable editorial assistance
and advice.

This is the first edition of a textbook on a new syl-
labus on the evolving subject of equine nursing. In-
evitably there will be areas that need improvement,
butThope thisis a suitable start. Feel free to comment
and constructively criticise.

Karen Coumbe
Kent
Easter 2001

Figures2.1,2.3,2.4,2.7,2.8,2.10,2.14,2.19, 2.20, 2.22, 2.23, 2.30-2.44, 2.46-2.48, 2.50-2.53, 3.1, 3.3, 3.4,4.16,5.1,5.2, 8.4, 13.1,
16.7,17.3,17.7-17.12,17.16,17.18,17.21,17.34 17.35,20.3, 20.4 redrawn courtesy of Vicki Martin.

xi
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ventilation

infectious upper respiratory tract
disease

lactate dehydrogenase

luteinising hormone

lower motor neurone

minimum alveolar concentration
mean corpuscular haemoglobin

xiii



Abbreviations and Acronyms

MCHC

MCV
MDP
MRI
MSH
NE
NILRD

NIURD

NMS
NRC
NSAID
OCLL
OoP

P

PAS
PCR
PCV
PET
PLGE
PML

POM
PTH
QAR
QAU
RBC
RCVS
RIA

Xiv

mean corpuscular haemoglobin
concentration

mean corpuscular volume
methylene diphosphonate

magnetic resonance imaging
melanophore-stimulating hormone
netenergy

non-infectious lower respiratory tract
disease

non-infectious upper respiratory tract
disease

neonatal maladjustment syndrome
National Research Council
non-steroidal anti-inflammatory drug
osseous cyst-like lesion
organophosphate

pharmacy medicine

perinatal asphyxia syndrome
polymerase chain reaction

packed cell volume

polyethylene tube

protein-losing gastroenteropathies
pharmacy and merchant’s list
medicine

prescription-only medicine
parathyroid hormone

Quiet, Alert, Responsive

Quiet, Alert, Unresponsive

red blood cell

Royal College of Veterinary Surgeons
radioimmunoassay

RIDDOR  Reporting of Injuries, Diseases and

RJB
RLN
RPA
RPS
SCBC
SDF
SDH
SFT
SL
SOP
SRH
STA
STH
TBW
TL
TPN
TPR
TRH
TSBA
TSH
TSO
UMN
USP
VHS
VMD
VMP
VN
WBC
WSW

Dangerous Occurrences Regulations
Robert Jones bandage

recurrent laryngeal neuropathy
radiation protection advisor
radiation protection supervisor
subchondral bone cyst (see OCLL)
superficial digital flexor

sorbitol dehydrogenase
superficial flexor tendon
suspensory ligament

standard operating procedure
single radial haemolysis

Special Treatment Authorisation
somatotrophic hormone

total body water

tracheal lavage

total parenteral nutrition
temperature, pulse and respiration
thyroid-releasing hormone

total serum bile acid estimation
thyroid-stimulating hormone
The Stationery Office

upper motor neurone

US Pharmacopeia

Video Home System

Veterinary Medicines Directorate
veterinary medical product
veterinary nurse

white blood cell

written system of work



CHAPTER 1

Basic Management

L. C. Marlborough & D. C. Knottenbelt

Veterinary legislation, 1

Stable management and inspection, 2
Bedding and cleaning of stables, 6 Basic foot care, 16
Loading and unloading of horses from

transporters, 9

Basic training and management, 11
Grooming methods and equipment, 15

Clothing and rugging of horses, 18
Bandages and boots, 18

Tack and harness equipment, 20
Marking methods, 20

Breeds, 24

Furtherreading, 24

Veterinary legislation

The Veterinary Surgeons Act 1966

Accessibility and accountability are expected of
every self-regulating profession. The Veterinary
Surgeons Act 1966, which governs the veterinary
profession, aims to protect the public interest by
ensuring a high level of education and training, com-
bined with personal and professional integrity.
Section 19 of the Act restricts the practice of veteri-
nary surgery to registered members of the Royal Col-
lege of Veterinary Surgeons (RCVS) with a number of
exceptions. This includes treatment by listed veteri-
nary nurses in accordance with the Schedule 3
(Amendment) Order 1991.

Schedule 3 procedures

Under this Schedule the privilege of giving medical
treatment and carrying out minor surgery, not in-
volving entry into a body cavity, is given to listed vet-
erinary nurses (VNs), including equine veterinary
nurses (EVNs), under the direction of a veterinary
surgeon employer to companion animals under the
employer’s care. Any VN is not, however, entitled in-
dependently to undertake either medical treatment
or minor surgery. A student VN learning to perform
or performing Schedule 3 procedures must be under
the direct and constant supervision of a vet at all
times. When a VN is negligent, the liability may rest
in part with the directing vet. Equally, nurses must be

responsible for their own actions. At the time of writ-
ing, Equidae are not included as companion animals
under Schedule 3. Legislation may change, possibly
as the result of some form of exemption order. The
power to delegate acts of veterinary surgery is
currently under review.

The RCVS Guide to Professional Conduct

Vets and VNs must follow the RCVS Guide to
Professional Conduct, in which animal welfare is
paramount. Also emphasised are client and
colleague relationships and trust, the integrity of
veterinary certification and compliance with legal
obligations with respect to veterinary medicinal
products.

Points that are particularly relevant for equine
nurses include:

(1) Responsibility to patients:

(a) patient welfare,

(b) provision of a 24-h emergency service
(immediate first aid and pain relief are
vital),

(c) maintenance of proper standards in practice
premises and equipment in relation to
inpatient care.

(2) Responsibility to clients:

(a) the client is the person who requests profes-
sional services for an animal,

(b) clear information about practice arrange-
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ments and out-of-hours services should be
provided,

(c) comprehensive case records and accounts
should be kept,

(d) the client’s informed consent to treatment
should be obtained, unless delay would
adversely affect the animal’s welfare,

(e) the client must be aware if procedures are to
be performed by staff who are not vets,

(f) the client’s concerns and wishes must be
considered where these do not conflict with
the patient’s welfare.

(3) Responsibility to the general public:

(a) reporting to the appropriate authority any
suspected occurrence of notifiable disease or
adverse reaction to medication,

(b) promoting responsible animal ownership.

(4) Responsibilities in relation to professional col-

leagues: poor relationships between vets and
VNs undermine public confidence in the whole
profession.

(5) Legal responsibilities: vets and VNs should be

familiar with and comply with relevant legisla-

tion, including;:

(a) Veterinary Surgeons Act 1966,

(b) Medicines Act 1968,

(c) Health and Safety at Work, Radiation Protec-
tion and Control of Substances Hazardous to
Health (COSHH) legislation,

(d) Data Protection Acts 1984 and 1999 as
they apply to professional and client
records,

(e) Protection of Animals Act 1911,

(f) relevant employment legislation, e.g. Em-
ployment Rights Act 1996.

(6) Disclosure of records:

(a) client confidentiality—with certain excep-
tions relating to disclosure of information
to insurance companies (undertaken by
vets), no information about clients or their
animals must be disclosed to any third
party,

(b) caserecordsand client details—all notes must
be comprehensible and legible.

(7) Maintaining practice standards:

(a) Support staff, including VNs, should not
suggest a diagnosis or give any clinical

opinion to an owner, but their nursing
input and opinion is invaluable in clinical
care,

(b) veterinary nurses should discharge animals
only on the instructions of a vet,

() continuing professional development is vital
for both vets and VNs to ensure the con-
tinuous progression of capability and com-
petence, it is essential to keep up to date
with continual changes and developments in
knowledge and nursing skills.

(8) Euthanasia: the Protection of Animals Act 1911
states that failure to destroy an animal to prevent
further suffering may amount to cruelty. The
duty to destroy falls on the vet, who has the skill
and training to make the correct assessment.
Firearms are still used for this purpose by many
equine vets. Proper storage and management of
firearms is essential (see Chapter 9 and contact
the police for further information).

Stable management and inspection

Medical reasons for stabling

For nursing horses, stabling is often essential, e.g.
for long-term orthopaedic problems requiring
continued box rest:

* Monitoring of intensive-care patients usually
requires the horse to be stabled.

¢ It may be necessary to advise owners to keep
horses stabled or part-stabled as a preventative
measure for certain conditions such as laminitis,
Culicoides midge bite hypersensitivity (sweet
itch) or horses suffering from mud fever or rain
scald.

¢ Stablingis required in situations whereisolationis
desirable.

Requirements of a stable

Good hygieneis essential. With the large throughput
of animals in an equine hospital, there may be an
increased risk of infections, e.g. salmonellosis. Stable
building requires planning permission and the
conversion of existing buildings may be difficult.



Appropriate professional expertise should be
sought.

General considerations of a stable

e Stables should be warm and dry and have
adequate drainage.

* Stables should be easy to clean and disinfect,
particularly in hospital situations.

¢ All precautions should be taken to minimise the
risk of fire.

¢ Ventilation, lighting and water and food provision
should be considered.

Water provision
Adequate clean water always should be available:

(1) Automatic water bowls are efficient but they
must be checked regularly to ensure that they
are working and a back-up supply of buckets
should be available. A major drawback of
automatic fillers in an equine hospital is that
monitoring the water intake is impossible.

(2) Water buckets should be cleaned and refilled
daily. Buckets can be secured in holders, old tyres
oron hinged rings off the ground to prevent them
from being knocked over.

Food provision—mangers

(1) Mangers should be easy to clean. Ideally,
mangers should be large, broad and have a com-
pletely smooth surface with all corners well
rounded.

(2) Mangers on the floor reproduce the horses’
natural way of eating. For some medical con-
ditions, e.g. sinusitis, it may help the horse to eat
from floor level to enable good sinus drainage.

Food provision—hay

(1) Hayracksfitted above head level oblige thehorse
to feed at an unnatural level and there is a risk of
getting dust and seeds in the eyes.

(2) Hay nets are commonly used and are useful.
However, they should be tied high enough to
prevent the horse getting tangled when it rolls.

Basic Management

Thisis more of a danger in horses shod with long-
heeled shoes.

Hay nets should be tied with quick-release
knots and attached to twine that will break easily
if the horse gets caught and struggles.

(3) Hay also may be fed on the floor, reproducing the
natural way a horse eats.

(4) Sometimes it may be desirable to scatter the
feed around the bed in order to encourage the
horse to forage and take longer over eating a
limited quantity of food. This practice can be
useful for horses on a restricted diet, e.g. those
with laminitis .

Food provision—feed stores

Biosecurity of feed stores is very important. Rodent
control programmes should be in place in all equine
hospitals.

Stable fittings

Fittings should be minimal and, where possible,
flush with the walls with no sharp projections.
Firmly fixed rings at shoulder level for tying the
horse to, and another ring at eye level for a hay net,
should be the minimum requirements.

Ventilation

Good ventilation is particularly important for
stabled horses:

(1) There is a tendency among horse owners to see
large well-ventilated stables as being too cold.
Rugs can provide extra warmth but still permit
the horse adequate fresh air.

(2) Often, windows and top doors are the main
source of ventilation. Windows should be
arranged so that they can be opened with an in-
ward slant while ideally being protected by iron
bars.

(3) Inbarns, louvre boards at the apex of the roof are
ideal. These consist of two or more overlapping
boards separated from each other by a few inches
and set at such an angle that the elements cannot
enter. Wind blowing across the top of buildings
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will aspirate air. Heat loss from horses also
causes air to rise within the building. These
factors contribute to the upward and outward
flow of air, called the stack effect.

In many barns, large doors at one or both ends
allow an influx of air. Wind blowing from side to
side and end to end is known as perflation. York-
shire boarding assists perflation.

(4) Barns often have better ventilation than indi-
vidual loose boxes. However, there are disad-
vantages in that a group of horses share the same
air space, which can encourage the spread of
respiratory disease. In addition, hay and straw
are commonly kept in the same air space and can
exacerbate respiratory diseases.

(5) Draughts should be avoided, particularly in foal
accommodation.

(6) Mechanical ventilation can be employed in long
or wide buildings.

(7) In a stable with a monopitch roof, an open top
door will provide an adequate inlet for air. A
second inlet in the front wall and an outlet in
the back wall are ideal. Boxes with peaked roofs
ideally should have a fourth opening in the form
of a capped chimney.

Ventilation and respiratory disease

The level of dust and spores in the centre of a box is
dependent on the rates of release of the contaminant
into the air and on the ventilation rate. Release rates
depend on theactivity in the stableand on the level of
contamination of bedding and hay. Good ventilation
combined with the use of bedding and hay with low
levels of antigens is important, because improving
the ventilation alone may be insufficient.

Heating of stables

(1) Extra heat may be supplied to stables in the
form of electric fans, heat lamps or central
heating.

(2) Provision of heat is particularly important for
sick foals. Rugs, leg bandages and even sweaters
worn as rugs (sleeves over fore legs) can be em-
ployed as additional sources of heat.

(3) Fireregulations should be observed.

(4) The potential for patient burns from heat sources
should not be overlooked.

Lighting of stables and electrical equipment

(1) Take great care with water and electricity!

(2) Be aware that if fires originate from electric heat
sources, the first action to take is to turn off
the electricity. Know the whereabouts of the
mains supply and trip switches, and also of
back-up generator supplies if they are
available.

(3) Artificial lighting is desirable, particularly in
hospital situations. There should be even light-
ing in stables.

(4) Light switches should be outside stables and
have waterproof safety covers. All other wiring
should not be exposed. Plugs should be placed
well away from water supplies and incoming
elements.

(5) Circuit breakers should be employed when
using any electrical equipment that potentially
could give an electric shock.

Specialised hospital stabling requirements

Provision for cross-tying

Cross-tying may be needed as part of the manage-
ment of long-bone fractures. This can be achieved by
having two rings at eye level placed either side of a
corner. It is best to measure the horse’s combined
neck and head length and calculate how short the
ropes need to be to prevent the horse from lying
down (even with its head and neck fully stretched
out).

Provision for fluid administration (Fig. 1.1)
An overhead system with a hook attached to a
rope and pulley is ideal. This allows the hook to
be lowered easily so that fluid bags can be changed.
The bags then can be raised to a level well above
the horse’s head and a spiral extension-type giving
set can be employed to help the horse to move
around.

In non-hospital situations, overhead beams or
high structures may be adapted.
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Fig. 1.1 Intensive care facilities: fluid administration.

Yard board for patient details

There should be room to write details for each loose
box,suchas patient and owner name, treatments and
special management requirements.

Stable door details

A removable waterproof hospital card should be in
place on each stable door. These also should carry
patient details and are particularly useful for
individual information such as ‘nil by mouth’.

Intensive-care facilities

These are an important part of an equine hospital.
They should include:

(1) Facilities for provision of additional heat and
good lighting.
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Table 1.1 Indications for isolation

Individual acutely sick animals

In-contact animals not showing clinical signs. Particular attention should
be paid to animals that may be immunocompromised (e.g. old horses,
foals and Cushing’s disease cases)

Non-contact unaffected animals in an epidemic

Animals not showing clinical signs but in the recovery stages of disease
(shedders)

Quarantine procedures preceding entry into the herd

Table 1.2 Some equine infectious diseases in the UK

Equineinfluenza

Equine herpes virus infections

Other respiratory virus infections

Equine viral arteritis

Streptococcus equi infections (strangles)

Other streptococcal infections (e.g. Streptococcus pneumoniae)
Infectious enterocolitis (e.g. salmonellosis, clostridial disease, rotavirus,
cryptosporidia)

Ringworm

(2) Facilities for intravenous fluid administration.

(3) Colic boxes should have ample deep bedding
right up to the door. Alternatively they can
be constructed with a rubber floor and walls.
Such boxes should have minimal fittings so
that the horse does not injure itself if it rolls
violently.

(4) Specialised bedding for sick foals should be
available (see Chapter 15). Intensive-care sys-
tems for mares and foals should include a separa-
tion box, where the foal can be separated to
facilitate treatment while the mare can still have
some contact.

Isolation facilities

Forward planning is vital to good isolation and the
control of infectious disease outbreaks.

Tables 1.1 and 1.2 list the indications for isola-
tion and some infectious diseases.

Principles of isolation
If a serious infectious disease is suspected, then stop
allmovement on and off the premises immediately. If
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it is suspected that an animal has an infectious dis-
ease, it must be isolated immediately. Isolate first and
confirm diagnosis later!

Isolation accommodation

The stable should be used only for isolation pur-
poses and should be cleaned and fully disinfected
between patients. The horse should have no contact
with others and should be downwind of other
stables. Ideally an isolation box should be at least
35m away from other animals, feeding and bed-
ding stores and regular thoroughfares. A com-
pletely separate set of feeding, watering, mucking
out, grooming and veterinary equipment should be
used. These must be thoroughly disinfected be-
tween horses. Disinfection methods should be con-
sidered in advance. It may be necessary to adjust
these according to the pathogen involved. The
efficacy of a disinfectant against the organism in-
volved also can be evaluated.

All hospital boxes, but particularly isolation
boxes, should have floors of roughened concrete or
rubber mats with sealed edges. Walls should be im-
pervious with central floor drains. There should be
minimal fittings in the accommodation and these
should be easy to disinfect. Ledges and windowsills
also should be minimal because they can promote a
build-up of debris.

All waste feed and bedding should be burned or
disposed of in sealed containers as clinical waste.
Carcasses should be burned or disposed of as clinical
waste once theappropriate samples have been taken.
The drain from isolation accommodation should be
away from other animal accommodation and natural
watercourses.

Nursing isolation cases

(1) An isolated horse should have one person
ascribed to its nursing and management. There
should be minimal contact with the animal and
no contact with normal non-isolated animals. In
situations where a VN has to deal with isolated
horses and others, the isolated animal must be
dealt with last.

(2) Overalls, shoe covers and a head cover should be
kept outside the box and used whenever the

Table 1.3 Important questions to ask about an infectious disease

Clinical signs and diagnostic tests:
o What samples need to be collected?
e Whatis the incubation period?

Transmission of pathogens between animals:

¢ How does the animal contaminate its environment?
¢ How important are fomites or other animal vectors?
e Overwhat distance can aerosol transmission occur?

Survival of pathogen outside the animal:

e How long can the pathogen survive?

¢ What environmental conditions enhance its survival?
¢ Does the pathogen produce resistant spores?

¢ What disinfectants is the pathogen susceptible to?

Protection of susceptible animals:
¢ Will treatment/vaccination help?

During isolation:

o Whatis the incubation period and for how long can animals shed the
pathogen following recovery?

e Can asymptomatic carriers be identified (a recognised problem with
strangles)?

horse is dealt with. Latex gloves also should be
worn. These protective items should be disposed
of in a clinical waste bin outside the horse’s box.

(3) There should be full facilities for staff to disinfect
atentry/exit to the box. Ashoe dip also should be
provided outside the horse’s box.

(4) Personnel in contact with the isolated horse
should thoroughly scrub hands and other ex-
posed skin with a surgical scrub immediately
afterwards.

(5) Fomites (i.e. inanimate objects such as feed
buckets) can be a cause of disease transmission.
Care should be taken to reduce this risk.

Duration of isolation

Duration of isolation is often difficult to assess and
implement, and owner compliance is likely to be
very much reduced following cessation of clinical
signs. The period of isolation will depend on the
disease involved (see Table 1.3).

Bedding and cleaning of stables

Table 1.4 summarises the basic bedding materials
available.



Table 1.4 Summary of bedding materials
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Type of bedding Comments

Hay Generally not suitable because it is edible and expensive

Hemp Low dust and mould free. Good for horses with COPD. Some horses try to eat it

Paper Excellent for dust-free environment. May be expensive

Peat moss Inedible. Dust free. Becoming less readily available. Peat extraction is an ecological issue

Straw: barley straw
cause impactions if eaten

Straw: oat straw
Straw: treated straw
Straw: wheat straw
Sawdust

Wood shavings

Other: rubber, peanut hulls,
corncobs, etc.

Ensure a fresh clean supply. Easy to muck out

Often cheapest but can be poor quality and cause skin irritation. Not suitable for horses with COPD. Any straw can

Often cheaper, but edible. Not suitable for horses with COPD

Treated straw to prevent horses eating it is now available. It is more expensive than traditional straw

Generally considered the best straw bedding. Light, durable and not usually eaten. Not suitable for horses with COPD
May block drains. If damp, can cause foot problems such as thrush

Less dusty than sawdust, but can also cause foot problems if damp or if hygiene is poor

Cleaning and changing of bedding

Deep litter systems

Deep litter stables are maintained by removing just
the droppings on a daily basis. This type of manage-
mentis notsuitable fora hospital situation because of
thelack of hygiene.

Complete mucking-out systems

Faeces and urine-soaked litter should be removed
daily. Ideally bedding should be removed com-
pletely between different horses. Personnel involved
in the cleaning of stables should be aware of good
personal hygiene and the potential problems of
handling urine and faeces. Regular washing of
hands and wearing clean protective clothing daily is
important.

Disposal of bedding waste

Amuckheap should be created in a suitable area, not
too close to the stables or other hospital buildings be-
cause it may attract flies. Rotting mounds of bedding
provide another source of potential pathogens and
spores. Regular disposal of bedding, at least every
third day, should be arranged.

Bedding for special cases

Chronic obstructive pulmonary disease (COPD)
Horses with COPD sulffer from an allergy to fungal
spores in hay and straw. If this condition is to be con-
trolled itis vital that the horse is not exposed to mate-
rials containing spores. The spore content of feed or
bedding depends largely on the moisture content.
Straw, hay and grains harvested with high moisture
contents mould heavily. It should be noted also that
other bedding types that have been allowed to
mould will exacerbate COPD. Non-biological bed-
dings do not provide a base medium for fungal
growth.

Intensive care

Bedding should be chosen for ease of mucking out,
cleaning and disinfection. In some situations, e.g.
acute laminitis, the horse should be encouraged to lie
down as much as possible.

Orthopaedic cases

When such cases lie down they tend to land
heavily on the dependent limb. A deep bed is
essential.
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Colic cases

Colic patients may be violent and roll repeatedly.
Adequate deep beddingis essential, with deep banks
to help prevent the horse from getting cast.

Convalescence

Attention to bedding of horses is often neglected in
their convalescence after surgery or illness. Recum-
bent horses, horses with lung compromise after an
anaesthetic or pneumonic foals may inhale millions
of spores into an already compromised respiratory
system.

Cleaning and disinfection

The design and construction of stables should be
such that they can be cleaned and disinfected readily
and routinely. To minimise the risk of microorgan-
isms becoming established in the fabric of stables,
there should be a regular programme of depopu-
lating the accommodation and subjecting it to a thor-
ough disinfection. It is only possible to do this
effectively if all internal surfaces have impervious
and easily disinfectable concrete walls and floors.
The materials used must withstand pressure
cleaners, strong detergents and a full range of
disinfectants.

Stable hygiene is of utmost importance in the
prevention of infectious and contagious disease (see
Chapter 14).

Stable yards

Daily mucking out is important and stables should
be kept clean and dry with plenty of fresh bedding.
As far as possible, horses should keep the same
stables. A routine of removing all the bedding and
thorough disinfection should be employed on a
regular 3-6 monthly basis.

Equine hospitals

As with any stable yard, hygiene is vital. Hospitals
should be organised so that stables are grouped
according to the following categories. Notes
on cleaning and hygiene are made for each
category:

(1) Routine hospital cases: stables should be washed
and cleaned between cases, depending on indi-
vidual hospital policy.

(2) Intensive-care hospital cases: particular care
should be taken with the routine cleaning of
intensive care boxes. It is important to observe
the amount of faeces and urine produced.

(3) Isolation boxes: removal of all bedding (and ide-
ally subsequent burning) should be carried out.
Thorough disinfection is essential. Ideally the
stable should be left vacant for a period of time
before being re-used. This often depends on the
microorganism implicated in the contagious
disease, because different microorganisms can
survive for differing lengths of time in the envi-
ronment, even after disinfection.

(4) Quarantine: as with isolation boxes, quarantine
boxes should be disinfected thoroughly between
occupants. It would be advisable when working
in such situations to obtain specific information
(from the State Veterinary Service) about where
the horse has come from and the nature of poten-
tial diseases it may carry.

Disinfectants and antiseptics

 Disinfection is the removal or destruction of path-
ogenic microorganisms, although not necessarily
of bacterial spores. The number of ‘vegetative’
microorganisms thereby is reduced to a level
that is not harmful to health. Disinfection can
be achieved using chemical solutions, by heat
treatment or by physical removal.

* Adisinfectant is an agent usually applied to inani-
mate objects to destroy microorganisms. Many
disinfectants are harmful to living tissue. It is
therefore important that anyone using disinfec-
tants be aware of this and take the appropriate
precautions as advised by manufacturers. It is es-
sential always to read the labels of disinfectants
used and adhere strictly to safety instructions.

* Antiseptics destroy microorganisms, but not bacte-
rial spores, on living tissue. They prevent the
growth of microorganisms and may be applied
safely to living tissue.

e Sterilisation is the destruction of microorganisms
and spores.
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Table 1.5 Disinfectants and their properties

Active ingredients (product name) Inactivated by organic Effective against Comments

material (Yes /No) rotavirus
Chlorine compounds (bleaches) Yes No
Quarternary ammonium compounds Yes No
Phenolic compounds No Yes Generally not utilised due to toxic and irritant properties
lodophors No Yes Usually utilised more for handwashing during outbreaks
Halogenated tertiary amines (e.g. Trigene) No Yes Non-toxic and biodegradable. Commonly utilised
Halogenated peroxides (e.g. Virkon) Yes Yes Commonly utilised. Has fungicidal properties

o Contamination is the presence of microorganismsin
tissues, which may or may not result in infection.

Principles of disinfection

(1) Itisimportant to establish whether a disinfectant
is bactericidal (actually destroys the organisms)
or bacteriostatic (stops bacterial growth). Bac-
tericidal chemicals with activity against spores
are preferable but such substances are more
likely to be harmful to the operator.

(2) Chemicals that are not inactivated in the pres-
ence of organic material (such as pus, blood and
faeces) should be chosen. Removal of gross
contamination is paramount and pressure hoses
can be very useful for this.

(3) Selection of achemical thatis effective against the
pathogens that are most difficult to destroy is
appropriate.

Susceptibility of microorganisms

(1) Gram-positivebacteria are destroyed mosteasily
by disinfectants. Streptococcal organisms are
susceptible to drying and heat but Rhodococcus
equi is resistant to drying and heat under natural
conditions.

(2) Gram-negative bacteria, acid-fast bacteria and
bacterial spores are increasingly resistant.

(3) Rotavirus and cryptosporidia are most difficult
to destroy. Rotavirus commonly causes diar-
rhoea in foals, from newborns up to 5 months of

age. It is a heat-resistant virus that is known to
survive in the environment for up to 9 months.
Choosing a disinfectant that is effective against
rotavirus also will control most other commonly
encountered pathogens.

(4) Cryptosporidia are a special case and only a
minimum of 18h of fumigation of buildings
with formaldehyde or ammonia will disinfect
adequately. However, formaldehyde is highly
toxic and has noxious fumes, making it imprac-
tical to use routinely in stable environments.
Fortunately their role in neonatal diarrhoea is
questionable because they can be found in both
normal and sick foals.

Practical disinfection

Table 1.5 outlines the common disinfectants and their
properties. Practically, it is best for a hospital to have
one main type of disinfectant to be used for most
circumstances. Halogenated peroxides and tertiary
amines are highly effective against all bacteria and
most viruses, including rotavirus.

Loading and unloading of horses from

transporters

Transport by road

Horses may be transported by road in trailers or
horse boxes, which come in varying forms and
may have side and/or end-unloading facilities.
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Many horses are accustomed to travelling and load
and unload easily.

However some horses can be very difficult.
Common problems include:

¢ Unfamiliarity with vehicle or trailer

* Ramp too steep or poorly positioned

® Previous bad experience

¢ Compartment size too narrow (e.g. in end-loader
trailers)

* Lack of suitable training

¢ Reluctance to travel alone

General points forloading and transporting

The trailer should be in a safe loading area with a
closed gate between the loading area and a road.
Many horses load more readily when the vehicleand
trailer have been positioned with one side along a
solid high wall. Backing the trailer into a barn could
be considered for horses that readily run out of either
side of the ramp. Many horses will enter a trans-
porter more readily if a second ramp is open so as to
create the impression of a thoroughfare.

Ideally all horses should be loaded in a bridle or
with a Chifney bit. Where two or more horses are to
be transported, load the easiest and more sensible
horses first. Many horses that are nervous and
reluctant to load will do so much more readily with a
companion already in the transporter.

Trailers and horseboxes should be safe and road-
worthy. Regular safety checks and compliance with
regulations, as with any vehicle, are important.
This includes safety within the transporter, such
as ensuring a strong enough floor for any horse
travelling.

Trailers
The following points should be considered:

e The vehicle always should be attached to the
trailer before loading the animals.

* When loading the first horse it may be easier to
move the central partition across to give the im-
pression of a larger compartment.

e It is illegal for persons to travel in the back of
trailers.
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Fig. 1.2 Aloading ramp. Difficult horses often will load more readily using a
loading ramp.

Loading ramps

Loading ramps (Fig. 1.2) decrease the gradient of the
transporter ramp in order to make the entrance to the
vehicle seem more inviting for the horse. A purpose-
built ramp should have room for boxes with both
front and side doors to manoeuvre. There should be
solid walls either side of the ramp to ‘funnel’ the
horsein. It is usually necessary to have alower ramp
for trailers and a higher one for lorries.

Unloading

As with loading, all safety precautions should be
taken. Horses often exit from vehicles with unex-
pected speed. A bridle or Chifney bit (see Fig. 1.5,
p- 13) should be used, particularly where there is
direct access to a road.

Problem horses

There are many tricks to getting problem horses to
load. Generally owners should be encouraged to
practise loading problem horses so that they learn
not to fear transporters, e.g. walking horses through
a front- and end-unload vehicle daily, and even feed-
ing in the trailer can be excellent methods of getting
animals used to vehicles. Shy loaders should be
rewarded with food when they enter the vehicle.

Clothing for transport

Opinion as to how much protective clothing should



be worn by the horse during transport varies greatly.
Certainly some form of lower limb protection is
advisable. Horses that violently raise their heads or
rear may benefit from a poll guard. Tail bandages
and tail guards also may be useful.

Transport of sick or injured horses

Dehydration

Transport of even a healthy animal incurs a certain
amount of stress, even if the animal looks completely
calm and healthy. It is always important to advise
owners to provide adequate water, and to offer water
during thejourney ifitis longer than 1h (particularly
in the summer).

Respiratory problems

Horses with respiratory problems may experience
sudden flare-ups during transport, particularly on
long journeys where conditions are hot and dusty.
Normal management factors, such as reduced ex-
posure to hay and straw and adequate ventilation,
should be considered. Acute pleuropneumonia can
occur when horses travel for very long distances (e.g.
across North America). This condition has been
linked to the fact that horses are tied in a head-
upright position for long periods of time and are
thought to be more prone to aspiration of pharyngeal
contents.

Horses that have been sedated should be fully re-
covered before travel. Not only does a sedative make
an animal more unstable on its legs, but aspiration of
food and chokeis also possible. Itis always unwise to
transport a horse with a hay net after sedation.

Choke
Horses with choke travelling to a clinic should be
transported without any food.

Colic

Horses travelling to a clinic for colic investigation
may be extremely restless or violent. Such animals
should have no food offered to them. Restraint of
horses with colic can be very difficult.

Fractured limbs
With any suspected or diagnosed fracture, a vet
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should apply proper support and splinting before
moving the horse, because travel can exacerbate the
injury. Great care should be taken when loading,
transporting and unloading animals with limb
splints.

Equine ambulances

Specialist trailers and lorries are now available for
the transport of animals requiring treatment. Such
vehicles are fitted with accessories such as winches,
belly support straps and drag mats.

Basic training and management

Training

Training a horse so that it learns to live with humans
should begin from birth. From a very early stage a
foal should be used to people being in its environ-
mentand similarly used to human-associated noises.
There are no definitive rules for training but continu-
ity and reward are very important. Always remem-
ber the nature of the horse and its natural behaviour.
Aim to be gentle and not frighten the young horse, so
as to produce a horse that is calm and confident to
ride and handle. Horses, like people, differ in their
natural ability and in their capacity for learning. In
addition, different horses are required for different
purposes, e.g. the early backing and racing of juve-
nile thoroughbreds is a particularly highly skilled

area.

Early handling

The foal has acute hearing, good eyesight and is
sensitive to touch. If properly handled, a foal quickly
will become accustomed to people and will learn to
trust them. The foal should be touched and spoken to
in the first few days of life. As soon as the foal is used
to being touched and approached it should be fitted
with its first headcollar, which is called a foal slip.
Gentle handling of the head and ears in the early
stages is important in preventing a headshy horse
later in life. Foals often resent being led by a halter. A
recently developed device is a figure-of-eight halter,
which fits over the whole body of the foal and guides
itsbody rather than justits head.

11
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Leading

Ideally a led animal should walk forward freely. An
unwilling foal should never be pulled or it will learn
to resist by running back or rearing. Leading the foal
whileitis following the mareisa good way to teachit,
accompanied by the use of quiet but firm verbal aids
and a hand around the hind quarters to push and
guide steadily.

Traditionally horses are led from the left (i.e. the
‘near’ side), yet they should be trained to accept
approaches from both sides. For example, when
leading on the road the handler always should be
between the horse and the traffic. The lead rope
should be held near the horse’s head, with the free
end in the other hand. The rope should never be
wound around the hand.

Release and catching

Ifa foalis being properly handled it should not be dif-
ficult to catch. Patience and positive rewards should
be encouraged whenreleasing and catching animals.

Lungeing and loose schooling

Lungeing (Fig. 1.3) and loose schooling may be used
in the early stages of training, but only by those with
experience. This is hard work for a horse and should
be used with care and in moderation in young horses
with growing joints.

Backing

Before backing a horse it is a good idea to be aware of
the animal’s natural state and behaviour. A horse has
a blind spot behind him and a natural fear of any-
thing landing onits back.Inaddition, the horse has to
get used to an increased weight. Gradual introduc-
tion of increasing weights on the saddle should pre-
cede the first attempt of a rider in the saddle. Many
trainers make use of a dummy jockey.

Aids to training and restraint

Formost procedures around the stable yard the horse
can be restrained by a halter or headcollar. A foal slip,
which will break easily, is preferable for young ani-
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Fig. 1.3 Lungeing with a lunge cavesson and bridle for control. Note the
protective brushing boots on the horse and the gloves and hat worn by the
handler.

Fig. 1.4 Tying a quick-release knot.

mals. All horses should be trained to stand quietly
when tied up. This should be achieved at an early
age. A quick-release knot (Fig. 1.4) always should
be used, and ideally the animal should be tied to a
sturdy ring or post via a piece of string that will break
if the horse pulls back violently.

Additional control

For additional control a normal bridle or in-hand bri-
dle may be used. A Chifney or anti-rearing bridle is a
very useful device that s fitted with three rings—two
for the cheek pieces and one for the lead rein—and
has a shallow inverted-port mouthpiece (Fig. 1.5). In
animals that are too young to wear a bit, a lunge
cavesson with lunge rein may provide better control.
The lead rein or lunge line attaches to the front of the
noseband on a lunge cavesson. A special halter de-



Fig. 1.5 Aids to restraint. The twitch and Chifney bit are two devices
commonly used for restraint.

veloped by Monty Roberts can be used to discourage
arearing horse, without using severe forces of bits in
the mouth. It puts pressure on the poll and the nose.
This device can be very useful for loading difficult
horses.

Additional restraints

Twitch

A traditional twitch (Fig. 1.5) is made of a short pole
50-70 cm in length, with a loop of rope 6-7 mm thick
at the end. The loop, which should be 40-50 cm long,
is twisted around the horse’s upper lip. The twitch
works partially by causing pain and distracting the
horse’s attention, so should be used only when ab-
solutely necessary. It also causes the release of natural
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endorphins, which have a narcotic effect. It can be an
extremely useful method of restraint, but modern
sedatives are often a more humane solution. Other
methods of restraint include:

¢ Skin twitch: taking a firm grip of a fold of neck skin
can distract some horses.

¢ Ear twitch: similar to a skin twitch; holding and
gently twisting the ear may control some horses,
particularly youngsters.

¢ Raising a foreleg: this can be useful if you are
confident that you can keep the leg up when the
horse tries to move.

e Stocks: stocks limit horse movement, but must be
designed to maximise horse and human safety.

Approaching an unfamiliar horse

When approaching a horse, particularly a nervous
animal, always speak to let it know your presence.
Approach from the front and slightly to the side, and
walk towards the shoulder. Handle the horse first on
the lower neck or shoulder, and then put a lead rope
around its neck. At this stage many animals will
consider themselves caught. Difficult individuals
should wear a headcollar when turned out or evenin
the stable until they learn to be caught submissively.
Headcollars with rubber pieces that break if the
headcollar snags on something are ideal.

Using food to tempt horses can be useful, although
they should not come to expect it always. Placing
the noseband of a headcollar around the inside of a
bucket may help when catching a difficult animal.
Speed and technique are always important in such
situations.

The horse’s natural behaviour

Most horses behave better if handled with confi-
dence, firmness and kindness. Only deliberate bad
behaviour should incur reprimand, and this should
beimmediate.

When persuading horses to do something
unfamiliar or frightening, their primitive instincts
for food and companionship can be utilised. Much
work has been carried out recently in new methods
of training the horse (e.g. Monty Robert’s work) that

13
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involve gaining the horse’s trust by using common
sense and thinking in terms of a horse as a wild pack
animal. Kicking, biting, bucking and running away
were methods of survival in primitive horses. These
instincts remain but can be modified by training.

Signs of certain types of behaviour

When horses flatten their ears, bare their teeth and
lunge towards other animals or people, this is very
often a sign of aggression rather than fear. If afraid, a
horse may flatten its ears, yet turn away.

Remember that fear can manifest as aggression.
In certain clinical conditions a horse’s behaviour
changes, e.g. mares with ovarian granulosa cell
tumours may show particularly aggressive behav-
iour towards people and other horses.

Sexual behaviour

Stallions may demonstrate inter-male aggression, a
form of competitive aggression. Inter-female aggres-
sion is less commonly encountered.

Some mares may show undesirable behavioural
changes when they are in season. It is possible to
manage these behavioural changes pharmacologi-
cally. Mares can be extremely protective and posses-
sive over their foals. Care must be taken with even
the most trustworthy mares. Conversely, some
mares show inadequate maternal behaviour and
may even reject their foal.

Horses in groups form relationships where thereis
dominance and a form of ‘pecking order’. Many
people prefer to keep field-kept mares and geldings
separately because traditionally male—female ag-
gression is thought to be a problem, although some
geldings and mares can be managed together safely.
Horses, particularly young stock, also play together.
This may be observed particularly in young entire
males.

Each horse is an individual. There are no set rules,
and specific types of behaviour should never be
taken for granted.

Vices, stereotypies and redirected behaviour

In the past certain types of abnormal behaviour were
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Fig. 1.6 Stereotypical behaviour: horse cribbing on stable door.

known as vices. We now know that many ‘vices’ are
the horses attempt to cope with a stressful environ-
ment. Their significance to equine health is widely
disputed, e.g. many link crib biting with colic,
whereas others refute this.

Stereotypies are invariant and repetitive be-
haviour patterns that seemingly have no function.
Horses are naturally free-ranging social-grazing her-
bivores. In stables, horses are provided with food,
water and shelter, but their choice of food, social
interactions and movement are limited. It is under
these conditions that undesirable stereotypical be-
haviours develop. Locomotor stereotypies, such as
weaving and box walking, may be related to lack of
exercise. Oral stereotypies, such as wind sucking and
cribbing (Fig. 1.6), have been associated with feeds of
high digestibility but little dietary fibre. Giving the
horse greater time in paddocks with ad libitum forage
and social contact may be a successful means of
reducing the frequency of crib biting.

Redirected behaviour occurs when a certain type of
motivational behaviour is prevented. The horse will
perform another type of behaviour to replace that
lost. Weaving bars, for example, may reduce the
over-the-door weaving but horses can continue to
weave out of sight in the stable. Self-mutilation is a
compulsive behaviour that is seen occasionally, par-
ticularly in stallions. Castration often resolves this
problem and it therefore may represent a redirected
behaviour motivated by sexual frustration. Stallions
also tend to show a higher rate of cribbing and weav-
ing compared with mares and geldings.



Certain behaviours such as pawing, digging or
door kicking may be reinforced by attention. Many
horses carry out these ‘vices’ prior to feeding, and are
subsequently ‘rewarded’ for the abnormal behav-
iour. Stereotypical and redirected behaviours do not
consistently cause direct harm to the horse. They are
considered undesirable and may represent a welfare
problem. It is important to understand the motiva-
tion behind these abnormal behaviours, rather that
resorting immediately to drugs or surgical means to
prevent them.

Grooming methods and equipment

Grooming equipment

Grooming is carried out in order to promote good
health of the coat and skin, as well as for aesthetic
reasons. The key items include brushes, curry combs
and hoof-care equipment.

Curry combs

Plastic and rubber curry combs are used to remove
dried mud, sweat and dead hair. Metal curry
combs are used for cleaning the body brush during
grooming.

Brushes

Dandy brushes are designed to remove heavy dirt
from a horse’s coat. Body brushes are softer and are
used on the body, mane and tail for the removal of
fine dust, scurf and grease from the coat. This is best
carried out once removal of the gross debris has been
completed.

Whisps, sponges and stable rubbers

Whisps and stable rubbers are traditionally used
after a full and thorough groom (known as ‘strap-
ping’) in order to massage and tone underlying
muscles and give a good finish and shine to the coat.
Wisps are made from hay or soft straw fashioned into
arope.

Other grooming equipment

Mane and tail combs, scissors and sweat scrapers are
just some of the many additional items that may be
found in a grooming kit.

Basic Management

Hygiene

All items should be cleaned and disinfected regul-
arly. Grooming kit should be confined to one horse.
Cleaning of brushes after each grooming can be a
useful diagnostic tool for skin diseases. For example,
examining brushings either with the naked eye
or under the microscope can reveal mites such as
Trombicula autumnalis (harvest mites) and lice.

Clipping horses

Horses are clipped for various management and
veterinary reasons.

Management reasons for clipping

* To enable horses to work hard without excess
sweating.

¢ Toreduce grooming,.

e It is traditional not to clip after January, to allow
the subsequent summer coat to develop properly.
It is also advisable not to clip horses’” lower limbs
because this removes the waterproofing of the
hair. However, many horses are fully clipped and
suffer noills provided that the legs are adequately
cleaned and dried as necessary.

Veterinary-related reasons for clipping

¢ Investigation of trauma sites and wounds.

¢ When cleaning wounds prior to repair. This may
not be possible in some cases, e.g. wounds along
the eyelids.

¢ Preparation of a site for surgery or aseptic tech-
niques, e.g. arthrocentesis.

e Cushing’s cases often grow a thick curly coat,
which they fail to lose in summer. They may be
managed with full body clips during the summer
months.

¢ Skindiseases: rain scald and mud fever developin
damp microclimates, such as that afforded by long
hair. One of the steps to control these skin condi-
tions is trimming the thick coat.

Types of clippers

Clippers may be battery or mains operated. Hand-
held cordless rechargeable clippers are invaluable in
hospital situations. Mains-operated clippers should
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have a safety-approved insulating cord. Clipping
using such equipment should not be undertaken on
wet floors and the horse must be prevented from
standing on the electrical flex. Ideally, shod horses
should be clipped on rubber mats and a circuit
breaker should be used.

General points

The coat must be clean and dry for clipping. Efficient
use of clippers is dependent on clean, sharp, cool
blades used at the correct tension. Poorly cared
for equipment is noisy, pulls the hair and may
burn the animal. Clipper rashes or wounds can
occur with poor clipping. Periodically clippers need
to be lubricated. Clippers can be oiled and left to
cool during use if they get very hot. This is parti-
cularly relevant where horses are being clipped all
over for management reasons. After use, machines
should be stripped, cleaned and oiled before
storage.

Difficult animals

Some horses can be dangerous and difficult to clip.
The horse should be taught that the touch and sound
of the clippers are notsomething to fear. Allowing the
horse to see and smell the clippers turned off can be
useful. The clippers then can be run over the horse
without being activated. Getting a horse used to the
sound of the clippers can be more difficult and may
take several training sessions. It should be consid-
ered that horses are genuinely afraid and punish-
ment may exacerbate this. Terminating clipping due
to bad behaviour reinforces this and future attempts
can be even worse. Counter-conditioning or behav-
iour modification uses the principle of associating
food and pleasurable activity with the noise of the
clippers. This can be achieved using a tape recording
of clippers during feeding.

Additional restraint in the form of a bridle or
Chifney bit is often advisable for difficult horses
during clipping and other veterinary procedures.
Some horses are completely intractable to clipping
and sedation is required.

Preparation of sites for ultrasound examination

Preparation is particularly important where ultra-
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sound examination involves the use of a high-
frequency probe (such as 7.5MHz), as used in
tendon scanning. Although asepsis is not required,
thorough cleaning of the area as for surgical prepara-
tion is recommended. This degreases the skin, so
facilitating better contact between the probe and the
skin. Even better contact is afforded if the gel is
allowed to soak in for atleast 10 min before scanning.

Bathing horses

Non-medical reasons include bathing for the re-
moval of sweat, dirt and scurf, and for aesthetic
reasons. Horse shampoos can wash away the natural
oils of the coat and should not be over-used.

When horses suffer from various parasitic in-
fections and skin diseases, bathing with medical
preparations may be necessary. Medical reasons for
bathing horses include:

* Mud fever and rain scald
¢ Ringworm
¢ Liceinfestation (pediculosis)

For guidance and information, see Chapters 9 and
14. Other medicated shampoos or washes are
sometimes prescribed by the vet for specific skin
conditions.

Basicfoot care

Daily foot care

Daily care of the feet is vital. This involves picking
out the horse’s feet and cleaning away debris with a
hoof pick and stiff brush. This should be performed
at least once daily, plus each time the horse returns
from work. Stable hygiene is also a vital part of foot
care. Conditions such as thrush and white line
disease occur in dirty stabling (see equine lameness,
Chapter 16). It should be noted that youngsters and
unshod horses turned away to grass still require
regular foot care and attention.

How frequently a horse is shod depends on the
type of work itis doing, how fast its feet grow and are
worn, and the need for special types of remedial
shoes.



Hoof oil

This has traditionally been used to form an imperme-
able barrier to regulate water loss from the hoof.
However, in well kept healthy hooves the periople
serves naturally to protect the hoof from dehydra-
tion. Good stable hygiene is also a vital part of foot
care.

Removing a shoe
A shoeis removed by:

(1) Raising the clenches, by placing the blade of a
buffer under each clench and giving it a sharp
blow with the shoeing hammer.

(2) By using the farriers pinchers (also referred to as
pulloffs), the inside heel of the shoe is eased,
followed by the outside. This is continued
alternately along each branch until the shoe is
loose.

(3) At this point the shoe can be grasped at the toe
and pulled backwards across the foot and off.
Most pinchers have knobs at the ends so that they
are less likely to be confused with nippers.

Alternatively a nail puller is an effective tool to
remove each nail individually after raising the
clenches (Fig. 1.7). It is important that nails are safely
disposed of immediately, to reduce the risk of the
horse treading on them.

Chaps or a farriers apron are very useful for
protection while removing shoes and manipulating
feet.

Fig. 1.7 Nail pullers to facilitate the removal of a shoe.
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Farriery tools

Hoof testers

Hoof testers are useful in identifying generalised or
focal pain in the foot. Generally hoof testers are used
prior to hoof knives when an abscess is suspected,
because it is important to localise sensitivity within
the foot.

Hoof knives

These come in many designs, but the basic style is a
curved handle with a blade that is gently curved
throughout its body, with a sharp hook at the end.
Right- and left-handed versions are available. Hoof
knives are used to remove redundant sole from the
bottom of the horse’s foot and to trim the frog. These
knives are used also to search the foot for abscesses.

Rasp

Theraspisalong, thin rectangular piece of metal that
has sets of metal teeth on both sides as well as at the
edges. On one side the teeth are much longer and
angle towards the handle. This side is used for coarse
work, such as levelling the foot after trimming. The
otherside of the rasp usually has a cross-hatched pat-
tern that is used for finishing the foot or smoothing
off any rough areas of metal. This side of the rasp can
be used to remove nail clenches prior to pulling
shoes. This can be carried out with the foot supported
on the operator’s leg.

Nippers

Nippersare used for removinglarge portions of outer
hoof wall, most commonly when trimming the foot.
The handles are opened and closed while perpendic-
ular to the foot in order to maintain a flat weight-
bearing surface. They should never be used to
remove shoes because this may damage the blades.

Cleaning and preparation of the foot

Extensive cleaning and preparation is often required
for radiographic investigation of the foot. For a full
examination, the shoes must be removed (see Chap-
ter 17). Similar cleaning of the foot (without the pack-
ing) is often required when horses are taken into the
operating theatre, in order to reduce contamination.
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Care and safety of farriery equipment

Farriery equipment should be cleaned regularly and
stored carefully. Knives and nippers should be kept
as sharp as possible.

Clothing and rugging of horses

Rugs

Rugs can be important fomites in the transmission of
contagious diseases, particularly ringworm. Confin-
ing rugs to one individual is a sensible precaution in
controlling infection.

General fitting and care of rugs

Itis very important to use rugs that fit a horse proper-
ly, particularly if they are to be worn for long periods
of time. Common areas to develop rubs are over the
shoulders, pectorals and withers. Ill-fitting rugs are
also more likely to slip if the horse rolls or lies down.
This is an important consideration with hospitalisa-
tion of colicking horses. Some horses benefit from the
use of anti-cast rollers. These utilise a large stiff loop
over the withers that prevents the horse from rolling
right over. Commonly used rugs include:

¢ New Zealand rugs: these are made of a waterproof
outerlayer withawool, quiltor cotton lining. They
are primarily used for horses that are field kept or
turned out for part of the day during the autumn
and winter months. Clipped horses usually need
to wear a New Zealand rug when turned outin the
cold or rain. Care should be taken that rugs are
checked and refitted daily and are not rubbing,.

e Stable rugs: traditionally clipped stabled horses
wore a ‘jute’ rug, made of natural material such as
jute or hemp. These are half- or fully lined with
wool, and warmth can be augmented with several
layers of underblanket. Today there is also a vast
array of man-made rugs. Many of these are of ex-
cellent quality, being rot-proof, readily washable,
durable and warm. Modern rugs also tend to have
enough built-in straps to prevent movement of the
rug. This precludes the use of rollers and surcin-
gles, which can be poorly fitting and cause rubs.

18

Traditional natural-fibre rugs and blankets will
still suffice if they are properly managed.

® Day rugs: a traditional day rug is made of wool
and is used to replace the night rug of a stabled
horse after exercise. However, such rugs are in-
creasingly synthetic and of varying thickness and
design. Day rugs are now often used for travelling
and at shows and events.

* Summer sheets/fly sheets: these replace day rugs
in warm weather. They are used to protect the
horse from fly irritation and to prevent stable
stains. However, horses that really suffer from fly
irritation, to the extent that they are allergic to fly
bites (fly bite hypersensitivity or sweet itch), re-
quire more aggressive anti-fly treatment. Special
rugs are now available for sweet itch sufferers.
These include extensions up the neck and around
the proximal limbs.

* Anti-sweat rugs: the rationale behind anti-sweat
rugs is that they create many air pockets and pro-
vide an insulating layer in which there is sufficient
airmovement for evaporation. In cold weatheritis
wise to use another rug over the top of the sweat
rug to prevent over-rapid cooling. Straw or hay
can be used underneath the sweat rug to increase
the insulative effect. Modern rugs that ‘wick’
sweataway are available.

Bandages and boots

Bandages

Bandages should be applied with even pressure, so
that they do not cross or rub bony prominences. The
frequency with which a bandage should be changed
depends on the type of bandage and its purpose. A
bandaged horse should be checked daily for rubs
and sores.

Tail bandages

Any veterinary examination involving the perineal
regionis greatly facilitated by the horse wearing a tail
bandage. This is particularly important during
gynaecological work. Such bandages are also useful
during hindlimb lameness investigation or evalua-
tion of traumatic wounds. When a site has been asep-
tically prepared in the caudal region of the body; it is



vital that the site is not contaminated as the horse
swishes its tail. Full tail bandages for horses with di-
arrhoea are also very useful in reducing contamina-
tion and keeping the perineal area clean. A rectal
sleeve over the bandage is also very useful (Fig. 1.8).
Full tail bandages should be applied also before a
horse enters the operating theatre, in order to reduce
contamination.

Stable and travelling bandages

Almost all bandages require some form of conform-
ing material between them and theleg to ensure even
pressure distribution. These bandages provide pro-
tection against trauma and support to the limb. Tra-
ditionally bandaging is used after strenuous exercise
to reduce synovial effusions such as windgalls (digi-
tal sheath effusions). Stable bandages are frequently
made of non-elastic material.

In veterinary situations stable bandages have
some specific roles, e.g. a serious limb injury on one
leg means that the contralateral (opposite) leg will,
effectively, be bearing extra weight, so firm stable
bandages for such limbs are extremely important to
provide additional support.

Exercise bandages
Exercise bandages are used primarily to protect the
digital flexor tendons from injuries such as over-
reaches and trauma. They are not as impact resistant
as boots, but are conforming, which is important for
horses in fast work.

Boots

Brushingboots

Brushing occurs when the supporting limb is struck
by its advancing partner. Modern brushing boots are
usually made of synthetic materials, and are durable
and easy to clean. It is important that boots are
cleaned after each use, because dried mud and sweat
can create sores and encourage skin disease.

Over-reach boots

An over-reach injury is produced by the advancing
hindfoot on the back of the forelimb of the same side.
Such injuries typically occur at the bulbs of the heel
and are caused by the inside toe of the shoe if the

Basic Management

Fig. 1.8 Tail bandages and plastic bags or rectal sleeves can be useful when
nursing patients with diarrhoea.

horse is moving at speed. Over-reach boots fit
around the pasterns and cover the coronary bands
and bulbs of the heel. Over-reach injuries sustained
above the fetlock are known as speedy cut injuries.
Speedy cutting boots are available, and these afford
protection to the flexor tendons above the fetlock.

Serving or covering boots

Serving boots are fitted to mares’ hindfeet to protect
the stallion from the impact of kicks. They are
usually made of felt or soft leather.

Other types of boot
A plethora of boots are available for protection of
different parts of the horse. These include:

¢ Heel boots
¢ Tendonboots
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¢ Fetlock boots

¢ Fetlockrings

e Coronetboots
¢ Kneeboots

e Hockboots.

Travelling boots are sometimes used in place of sta-
ble bandages during transport. Some types of travel-
ling boots have extensions for protection of the knees
and hocks. Sausage boots are thick padded rings of
leather fitted around the pasterns to prevent the heel
of the shoe from traumatising the elbow when the
horse is lying down, thus predisposing to a ‘capped
elbow’.

Tack and harness equipment

A ssaddle and bridle is the basic tack required for rid-
ing. Proper fitting and regular care and inspection is
critical. All tack and harness equipment has the po-
tential to cause serious rubs and sores. It is critical
that it is fitted properly and maintained carefully.
There are many specialist books on this (see the
further reading list).

Marking methods

Identifying an individual horse relies on noting their
individual natural features (i.e. markings) or using
an acquired method of marking, e.g. microchipping.
Different markings forms (Fig. 1.9) may vary slightly
in their horse outlines and also in the information
required. However, in general the following apply:

¢ Any white marking on the horse must be shownin
red and any other marks must be shown in black
on the form.

The use of ballpoint pens is recommended be-
cause this ensures good results if the document is
to be photocopied.

The narrative and the completed diagram must
agree.

Further information is available in the booklet enti-
tled Colours and Markings of Horses, published by the
RCVS. Several important parts of the identification
should be noted:

(1) Whorls occur where thereis a change in direction
of flow of the hair, usually radiating from a single
point (see Fig. 1.11, p. 23) Whorls must be in
dicated by an ‘X’ in the case of simple or tufted
whorls. Linear and feathered whorls are indi-
cated by placing an ‘X’ where the whorl starts
and a line from this to indicate the direction and
extent of the whorl.

(2) White markings are outlined in red and hatched
in withred diagonal lines. A few white hairs may
be indicated by a few short lines in red. White
markings from surgery, freeze branding, etc.
should be indicated as for other white markings.

(3) Bordered markings should be indicated by using
adoubleline.

(4) Spots: a white spot must be indicated as for a
white marking. A spot within a white marking
should be outlined in black and left blank.
Extensive spots should be noted only in the
description.

(5) Flesh marks. These should be outlined and
shaded completely in red. Any spots on the
mark should be outlined in black and left
unshaded.

(6) The prophets thumb mark. This is a natural
dimple in the muscle, usually on the neck, which
is shown on the diagram by a black triangle.

(7) Permanent scars should be arrowed.

(8) Others: hairs of a different colour on parts of the
coat should be described with accuracy and indi-
cated with a few diagonal lines; if the horse is
docked orthe earsnicked, this should be stated in
the description; wall eyes (lack of pigment in the
iris, causing the eye to be blue/grey in colour)
should be noted; The Jockey Club recently has re-
quired that chestnuts (horny deposits on insides
of limbs) are marked on the forms for whole
coloured or grey animals.

Colours

There are four basic coat colours in horses. These are
black, brown, bay and chestnut, but deciding the true
colour, particularly of a foal, can be difficult. It is sug-
gested that a decision can be based on the colour of
the hairs of the muzzle.
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Fig. 1.9 Anexample of a markings form. A basic markings
form of the left and right sides of the horse, a front view of the
head, a ventral view of the muzzle and underside of the neck
and rear views of the fore- and hindlimbs.

Black

The skin, mane, tail and body hair are black. No other
colour is present except that white markings on the
face and limbs are permitted.

Brown

The skin is dark and the coat hairs are a mixture of
black and chocolate. The limbs, mane and tail are
brown or black.

Bay
The coat is dark red to yellowish brown in
colour, whereas the mane, tail and lower limbs are
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black. Black on the limbs is referred to as black
points.

Chestnut

Achestnut horse has yellow hairs in its coat. The pro-
portion of yellow hair varies to givea coat that ranges
in colour from reddish brown (liver chestnut) to light
yellowish brown.

Palamino

A palamino could be considered a type of chestnut.
The body hairs are a bright golden yellow, whereas
the mane and tail are flaxen or white.

21



CHAPTER 1

Dun

Dun colours are the result of dilution of the basic coat
colour, whereas the mane and tail remain dark. For
example, a yellow dun has a dark skin with a black or
chocolate mane and tail. A withers stripe, list (or
dorsal stripe) and zebra markings are often present
induns.

Roan

Aroan horse has a body colour that consists of a mix-
ture of white and coloured hairs in approximately
equal quantities. The solid colour tends to predomi-
nate on the head and the limbs, and the colour of the
roan is determined from this. A roan differs from a
grey horse, which has an uneven mixture of white
and coloured hairs and where the percentage of
white increases with age.

Grey

The coat of a grey horse is an uneven mixture of white
and dark coloured hairs with the skin darkly pig-
mented. As the animal ages, the coat becomes whiter.
Foals are rarely born grey but become grey when
they lose their foal coat.

Skewbald

The coat consists of large irregular patches of white
and any other colour except black. The line of demar-
cation between the patches is usually well defined.

Piebald
The coat consists of large irregular patches of white
and black. The patches are well defined.

Odd coloured
The coat consists of large irregular patches of white
and more than one other colour.

In the USA such coats are termed as Pinto or Paint.

Appaloosa

The Appaloosa is a breed of horse originating in the
USA. True Appaloosas have a mottled skin, with
white around the eye and hooves that are vertically
striped in black and white.

Albino/cream/Cremello
There is no pigmentation of the skin or hair. The
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eyes are also devoid of pigment and are pink in
colour.

Gender

The gender of an animal and whether it is neutered
should be noted on identification forms.

Height

The height of an animal at the time of completion of
the form should be stated in centimetres.

Acquired identification marks

Tattoos
Tattoos are rare in the UK, but they are sometimes
found on the inside of the upper lip.

Hoof burns

These are not strictly permanent markings because
they grow out with hoof growth. Some hooves are
still burnt, usually by the farrier with post codes or
other individual marks (Fig. 1.10).

Freeze brands

This method of marking is common. There is a na-
tional scheme such that no two horses have the same
number and letter combination. Very cold blocks in
the shape of letters or numbers are applied to the skin
of the animal. This causes a scar, and subsequent hair

Fig.1.10 Hoof burns are used as a means of identification but they need to
be repeated as the hoof grows.
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growth is white. It is common for these markings to
be placed on the back just behind the withers, to the
left of the midline. Less commonly they are seen on
the neck or shoulder. In light coloured horses the
freezing effect may be prolonged to prevent any hair
growth at that site (Fig. 1.11).

Hotbranding

Red-hot irons are applied to the skin to burn and scar
it. There is no subsequent hair growth. This method
of identification is still used for certain breeds, par-
ticularly Warmbloods (Fig. 1.12).

Fig.1.11 This freeze brand identifies the horse as the subject of a settled
permanent incapacity insurance claim.

Microchipping (identichip)

This newer form of identification is also organised as
anational scheme, so that each microchip code is dif-
ferent. Asmall chipisimplanted on theleft side of the

. PR
/ MECKLENBURGER BRANDENBURGER ENGL VOLLBLUT

WESTFALEN HANNOVERANER TRAKEHNER Bundeszucht
OX) ;; ”HZ

ARAB. VOLLBLUT K\elnpf. SCHLESWIG- HAFLINGER
ZWEIBRUCKEN RHEINLAND HESSEN HOLSTEIN

/ . 5
W HOLSTEINER OSTFRIESE Nord- u. We% @f Dillmeney Brand
WURTTEMBERGER HAUPT- und LANDGESTUT ~ BAYERN Hessen Westfalen Haflinger in Nordhessen

MARBACH

Fig.1.12 Some examples of common hot brands. All German Warmbloods have used three breeds as foundation stock, with other breeding then being
introduced. These three breeds are the Hanoverian, the Trakehner and the Holstein, as illustrated.
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Fig.1.13 Example of a microchip scanner being used.

middle third of the neck, into the ligamentum nuchae
2.5-3.75 cm from the dorsal midline (1.25 cmin foals).
The chipis thenread using an electronicmachine that
reads the individual code (Fig. 1.13).

To be eligible for registration in the General Stud
Book (GSB) or Weatherbys Non-Thoroughbred Register
(NTR), foals born after 1 January 1999 must be im-
planted with a Weatherbys microchip by a vet. These
are implanted in the same place as other microchips.
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Microchips are being used increasingly as a means of
permanent identification.

Breeds

It is thought that the horse was first domesticated in
around 3000 Bc and has evolved into the several hun-
dred breeds of horse in the world today. More infor-
mation may be found from the further reading list.
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This chapter is aimed as a general overview of the
subject, concentrating on points specific to Equidae.
Readers are recommended to study the further read-
ing list for more detailed information.

Cell structure

The cell is the basic unit of life. Cells of one type are
grouped together in tissues to perform particular
functions, e.g. muscle. The nucleus is large and
normally in the centre of the cell. It is surrounded by
the nuclear membrane. The nucleus consists of DNA
(deoxyribonucleic acid), which contains the genetic
code. The nucleus is surrounded by cytoplasm. The
cytoplasm contains organelles with specific roles,
such as ribosomes for protein synthesis and mitochon-
dria for energy production. The whole cell is enclosed
by a cell membrane that controls what substances
enter or leave the cell.

Cell types include:

e Connective tissue cells, which bind other cells
together.

® Muscle cells (see below).

e Cartilage cells, found where strength and flexibility
are needed.

e Bone cells, found within small spaces in the
‘ground substance’ in bone tissue.

e Nerve cells (neurones), which send signals
(impulses) to other cells.

Basic tissue types

A tissue is a collection of cells with a common func-
tion, e.g. cardiac muscle. A structure in which one
type of tissue predominates and has a specific func-
tion is an organ, e.g. the heart. A collection of tissues
and organs that share some common functionis a sys-
tem, e.g. the cardiovascular system.

Types of tissue include:

e Epithelial tissue covers the outside of the body and
also lines airways, digestive tract and genito-
urinary tract. Its role is protection and secretion.
Glandular epithelial tissue is a specialised epithe-
lium that secretes substances. The secretory
epithelial cells are often grouped together with a
duct connecting to the outside surface (glands).
Sometimes glands do not communicate with the
external epithelium (ductless or endocrine glands)
and secrete hormones that regulate the body’s
metabolism.

¢ Connective tissue has many supporting func-
tions and contains large amounts of intercellular
material (matrix or ground substance). Cartilage
is connective tissue with the property of being
both rigid and flexible, found principally in joints,
the larynx, nose and ears. Bomne, cartilage and
adipose (or fatty) tissue are all forms of connective
tissue.

® Muscle tissue contains muscle cells that are
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arranged as fibres. There are three types: skeletal
(striated / voluntary) muscle, which attaches to the
skeleton; smooth or involuntary muscle, which re-
sponds to unconscious impulses, e.g. in the gut
wall; cardiac muscle in the heart.

® Nervous tissue is made up of neurones sending
signals (i.e. nerve impulses) to other cells. The cen-
tral nervous system includes the neurones and
specialised support cells found in the brain and
spinal cord. The peripheral nervous system includes
all nervous tissue elsewhere in the body.

e Vascular tissue comprises blood (see later) and
blood vessels. Arteries convey blood away from
the heart. They vary in size from small (arterioles)
to large (e.g. the aorta in the horse is several cen-
timetres wide). Veins convey blood back to the
heart. They also vary in size from small (venules) to
large (e.g. the vena cava). Capillaries form net-
works called capillary beds within organs. They
allow blood to passinto tissues and consist of a sin-
glelayer of endothelial cells.

Blood cells are constantly being made
(haematopoiesis) and destroyed. Blood cells are made
by myeloid tissue, mainly in the bone marrow and
spleen. Blood consists of both fluid (plasma) and cells
(see Chapter 12).

Haemostasis and blood clotting
Three mechanisms stop bleeding (haemostasis):

(1) Constriction of blood vessels —spasm of smooth
muscle within the vessel walls.

(2) Platelets plug the gap, stick to the vessel walls
and release factors to stimulate further develop-
ment of the clot.

(3) Blood coagulation involves enzymes and
clotting factors that start a cascade of chemical
reactions. This cascade ultimately involves a pro-
tein (thrombin), forming another protein (fibrin)
thatactslikea mesh to trap platelets and produce
aclot.

With an increased blood clotting time the horse is
at a greater risk of bleeding following injury. Factors
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that may increase the clotting time in the horse
include:

® Reduced numbers of platelets (thrombocy-
topenia)

e Liver failure

¢ Some poisons

e Some infections

A decreased clotting time means that the blood will
clot more easily. This can be dangerous because in se-
vere cases the blood can form spontaneous clots in-
side the body.

The lymphatic system

Some tissue fluid that diffuses from the capillaries
will return to the bloodstream, with the rest draining
into thin-walled, blind-ended vessels called lym-
phatics. The fluid is then called Iymph and has a
similar composition to plasma but with less protein.
The functions of lymph include:

e Transport of nutrients from the villi in the
intestine.

¢ Return of tissue fluid to the blood circulation.

e Transport of lymphocytes from the lymphoid
tissue to the blood.

Anetwork of lymphatic vessels is formed within the
tissues, starting with lymph capillary vessels that
join together to form a network of lymphatic vessels
of increasing diameter. Eventually the fluid is dis-
charged into the bloodstream, via the thoracic duct,
the main collecting channel for the lymph. There are
collecting vessels within the small intestine, known
as lacteals, found within the villi. The drainage into
the lacteals is copious and differs from other lymph
fluid in that it contains products of digestion, par-
ticularly fats.

The movement of the lymph depends on com-
pression of the lymphatic vessels by the muscles,
with valves within the vessels to prevent backflow.
When the lymph reaches the larger vessels, it is fil-
tered through Iymph nodes before entering the
bloodstream.



The immune system

The immune system protects the body from
invading microorganisms. There are two types of
immunity:

(1) Natural immunity includes defences such as the
skin, sweat and mucus.

(2) Acquired immunity is the ability of the body to
improve the efficiency of the natural mecha-
nisms and to remember and recognise the antigen
(foreign material) when it is next encountered.
There are two types of acquired immune
response:

(a) Humoral immunity conveys protection
via B lymphocytes and the production of
antibodies.

(b) Cell-mediated immunity conveys protection
via T lymphocytes and the direct destruction
of foreign cells.

Lymph nodes

Lymph nodes act as filters to remove foreign ma-
terial, bacteria and viruses from the lymphatic fluid
before it reaches the systemic circulation. They are
present throughout the lymphatic system and may
form chains to drain a specific organ or area of the
body. Several afferent lymph vessels take lymph into
the node. A single efferent vessel exits every node. As
well as acting as a filter, the node provides a site for
the lymphocytes to interact with antigen and there-
fore plays an important part in the body’s defence
(Fig.2.1).
The node can be divided into three main areas

e Cortex: contains mainly B cells within primary
follicles. These form secondary follicles once
stimulated by antigen.

e Paracortex: contains T cells and antigen-presenting
cells.

* Central medulla: contains cords around the sinuses
for the lymph drainage from the node into the
efferent lymphatic vessel.

Palpation of lymph nodes
There are several groups of superficial lymph nodes
but few are easily palpable in the normal horse.
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Fig.2.1 Lymph node anatomy.

o The submandibular lymph nodes are arranged in a
forward-pointing V shape within the inter-
mandibular space under the jaw. In the normal
horse these are the only superficial nodes that are
easily palpable.

¢ The parotid lymph nodes are linked to the parotid
salivary gland and usually are not palpable unless
enlarged.

o The superficial cervical lymph nodes lie just in front
of the cranial border of the scapula and again are
only palpable when enlarged.

e The intra-abdominal nodes in the caudal abdomen
can be palpated per rectum when enlarged.

e The superficial inguinal lymph nodes may be
palpable within the groin when enlarged.

The spleen

The spleen is a vascular organ that lies within the left
craniodorsal abdomen under the caudal ribs and
attaches to the stomach, the intestinal mass,
the greater omentum and, via the nephrosplenic
ligament, the left kidney. The spleen has several
functions:

¢ Storage of blood
e Removal of particles from the circulation
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splenic vein

splenic artery

Fig.2.2 Anatomy of equine spleen.

¢ Destruction of aged red blood cells
¢ Production of lymphocytes

Blood supply to the spleen is via the splenic artery
and drainage is via the splenic veins (Fig. 2.2). It has a
thick capsule that contains a large amount of smooth
muscle, allowing the spleen to contract to release
blood in times of stress. When relaxed, the spleen be-
comes engorged and may increase in size several
fold.

The spleen contains two main types of tissue, the
red pulp and white pulp. The red pulp removes and
destroys aged red cells. The white pulp consists of
lymphoid tissue.

The heart

The heart acts as a pump, driving blood around the
body and to the lungs. It consists of four chambers —
two thin-walled atria or priming chambers, and two
ventricles or main pumps. In the adult the left and
right sides are completely separate and they are
divided by a septum (Fig. 2.3). The left ventricle has to
pump at high pressure to drive blood around the
body and therefore has a thicker muscular wall than
the right ventricle.
The heart tissue consists of three layers:
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Fig. 2.3 Longitudinal section through equine heart.

(1) The endocardium lines the inside of the heart and
also forms the wvalves, which ensure that
blood flows unidirectionally. The atrioventricu-
lar valves separate the atria from the ventricles
and are attached by thin chordae tendinae to
extensions of the cardiac muscle, the papillary
muscle, which prevent the valve flaps from
everting into the atria. Reverse flow of blood is
prevented at the aorta and pulmonary vessels by
semi-lunar valves.

(2) The middle layer is the myocardium, which is
made up of cardiac muscle.

(3) The epicardium is the third layer and this sur-
rounds the myocardium.

The pericardium is a fibrous sac around the heart that
acts as a barrier to infection, prevents overexpansion
of the ventricles and allows free movement of the
heart within the thoracic cavity.

The heart contracts in a rhythmical manner. The
electrical activity originates in special ‘pacemaker’
cells in the sino-atrial node in the wall of the right
atrium. Spontaneous impulses are discharged rhyth-
mically from the sino-atrial node and cause the
atria to contract. The impulse then is conducted
more slowly at the atrio-ventricular node. Conduction



spreads very rapidly through the myocardium via
the bundle of His and Purkinje tissue, a system of
fast-conducting fibres in the interventricular septum,
to ensure that the whole ventricular muscle contracts
almost simultaneously.

During one heart beat a sequence of mechanical
events also occurs in the heart, known as the cardiac
cycle: diastole is the period of relaxation when the
heart is filling with blood; systole is the period of
contraction, during which the blood is ejected from
the heart.

The volume of blood ejected by one ventricle in
one beat is called the stroke volume.

The cardiac output is the volume of blood ejected
by one ventricle in one minute and can be calculated
as:

Cardiac output =Stroke volume x Heart rate

The heart rate is the number of beats per minute. The
horse’s normal resting heart rate ranges from 25 to 42
beats per minute. The horse has the ability to increase
its cardiac output enormously by increasing the
heart rate up to 220-240 beats per minute.

The heart is also responsible for maintaining
the blood pressure, together with the rest of the
cardiovascular system. It is greatest when the
heart contracts, i.e. the systolic blood pressure, and
lowest when the heart relaxes, i.e. the diastolic blood
pressure.

Circulation

Deoxygenated blood from the body enters the right
atrium of the heart and passes through the right
atrioventricular (tricuspid) valve into the right ven-
tricle. Blood then is pumped from the right ventricle
through the pulmonary valve into the pulmonary
arteries to the lungs for oxygenation. The pulmonary
veins carry the oxygenated blood back to the heart
to the left atrium. This is the pulmonary circulation.
From the left atrium blood passes through the left
atrioventricular (mitral) valve into the left ventricle.
The left ventricle is responsible for driving the blood
through the aorta via the aortic valve and around the
body, where oxygen and nutrients can be delivered
tothetissues. Blood drains from the tissues into veins
and returns to the right atrium of the heart via the
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Fig.2.4 Direction of blood flow through the heart.

vena cava. This is known as the systemic circulation
(Fig.2.4).

Blood vessels

Blood vessels are the system of tubes through which
the heart pumps blood. Arteries transport blood
away from the heart. They have thick walls of smooth
muscle and elastic fibres that allow the artery to
stretch when the blood flows at high pressure. The
arteries divide into smaller tubes called arterioles.
They influence the peripheral blood pressure by
affecting the resistance to blood flow and connect the
arteries to the capillaries.

Capillaries are very narrow tubes that are found
within almost every tissue and act as the function-
ing part of the circulation, because at this level
the blood is able to give up nutrients and oxygen
to the tissues and remove waste products. After
applying digital pressure to the mucous membranes,
the time taken for the colour to return should
be approximately 2 seconds. This is called the
capillary refill time and is an indicator of peripheral
perfusion.

Blood returns to the heart via venules —thin-walled
vessels that collect the outflow from the capillary bed
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Fig. 2.5 Anatomy of the peripheral circulation.

and act as low-pressure blood reservoirs. Venules
have valves to prevent the backflow of blood. From
the venules, blood passes into the larger veins and
thenback to the heart (Fig. 2.5).

Respiratory tract

Nostrils

The nostrils are large and widely spaced in the horse,
with flexible margins allowing the nasal opening to
be dilated to increase airflow during strenuous exer-
cise. Thealar cartilages support the dorsal and lateral
margins of the nostrils. The alar fold divides the nos-
tril into a dorsal and ventral part. The dorsal part of
the nostril leads to a blind-ending pouch known as
the false nostril or nasal diverticulum. The ventral part
of the nostril leads into the nasal cavity. Instruments,
such as a stomach tube, are therefore guided into
the lower part of the nostril to gain access to the nasal
cavity or the pharynx. The entrance to the naso-
lacrimal duct is found ventrally, just inside the nostril,
about 5 cm from the entrance, and is easily visible in
the horse.

Nasal cavity

The nasal cavities are narrow air-filled spaces that ex-
tend caudally from the nostrils to the front of the cra-
nial cavity, divided in the midline by the nasal septum.
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The septum extends along the whole length of the
hard palate so that each nasal cavity communicates
with the pharynx via a separate opening (choana).
The embedded portions of the upper cheek teeth and
the extensive paranasal sinus system in the horse
reduce the space occupied by the nasal cavities. The
turbinate bones or conchae project into the nasal
cavities from the dorsal and lateral walls, further
reducing the potential space. In the rostral part of
the nasal cavity, the large dorsal and ventral conchae
divide the nasal cavity into three spaces called the
dorsal, middle and ventral meati. At the caudal aspect
of the nasal cavity, the conchae form the complex
ethmoidal labyrinth. The ethmoturbinates are covered
by olfactory mucosa, which is important in the sensa-
tion of smell. The function of the turbinates is to
warm, moisten and clean inhaled air before it reaches
the trachea (Figs 2.6 and 2.7).

Paranasal sinuses

The paranasal sinuses are extensive air-filled cavities
within the skull. The sinuses communicate with the
nasal cavity via relatively small openings and are
lined with respiratory epithelium similar to the nasal
cavity. The largest and clinically most important
sinuses are the caudal and rostral maxillary sinuses and
the frontal sinus. The maxillary sinuses communicate
directly with the nasal cavity, where they drain into
the middle meatus via the nasomaxillary opening. The
frontal sinus drains indirectly into the nasal cavity
via the caudal maxillary sinus. The frontal sinus is
triangular in shape and occupies the dorsal part of
the skull, medial to the orbit. The maxillary sinuses
occupy a large part of the upper jaw (Fig. 2.8). The
exact extent of the maxillary sinuses varies depend-
ing on theindividual horse and the age of the animal.
The embedded roots of the four caudal cheek teeth
(premolar 4 and molars 1, 2 and 3) extend into and
form the floor of these sinuses.

Pharynx

The pharynx is the portion of the upper airway that
begins behind the nasal septum and ends rostral to
the larynx. The nasal passages open caudally in the
throat into an area called the nasopharynx. The oral
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Fig. 2.6 Transverse section of the equine
head at the level of the rostral maxillary
sinus: illustration of the structure of the
nasal cavity.
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Fig.2.7 Median section of the equine head,
with the nasal septum removed. The figure
illustrates the passage of air from the nasal
cavity, through the choana, into the trachea.

tongue

cavity opensat the back of the mouth into the orophar-
ynx. Thenasopharynxand the oropharynxboth com-
municate with the pharynx but are separated by the
soft palate (Fig. 2.9). The guttural pouches form the
dorsal and lateral borders of the pharynx. The open-
ings of the guttural pouches are called the ostia and

soft palate

right choana guttural pouch

larynx trachea

are seen as slit-like openings on either side of the
pharyngeal wall. Rostral and dorsal to the pharynxis
a distinct concave depression, the dorsal pharyngeal
recess. The pharyngeal mucosa is lined with a strati-
fied squamous epithelium and the submucosa con-
tains clumps of lymphoid tissue.
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Guttural pouches

The guttural pouches are paired enlargements or
diverticulae of the eustachian tube lying on each side
of the head, between the base of the skull and atlas
dorsally and the pharynx ventrally (Figs 2.7 and 2.8).
A thin median septum divides the two guttural
pouches in the midline. The caudal border of the
mandible, the parotid and mandibular salivary
glands overlay the pouches laterally. Each pouch
is divided into a large medial and a small lateral
compartment by the stylohyoid bone. Each pouch has

rostral and caudal maxillary sinuses

line of nasolacrimal duct —
from medial canthus of eye
to naso-incisive notch

stylohyoid bone

left guttural pouch

Fig.2.8 Lateral view of the equine head, showing position of guttural
pouch and maxillary sinuses.

nasopharynx

larynx

soft palate

oropharynx —m—————__
— ey,

ANNN

lateral food channels
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a capacity of 300-500 ml. The function of the guttural
pouches is unknown. The guttural pouches are
important in many clinical conditions of the horse
due to their unique anatomic relationships. Several
nerves and blood vessels are contained within the
guttural pouches, including the internal carotid artery,
the glossopharyngeal nerve (cranial nerve IX) and
the vagus nerve (cranial nerve X) within the medial
compartment of the pouch and the external carotid
artery in the lateral compartment.

Larynx

The larynx is a biological valve lying at the most
caudal aspect of the mouth and forms the entrance
to the trachea. It consists of a complex arrangement
of muscles, ligaments and cartilages, and is lined
with mucus membrane. The larynx lies in the mid-
line. The hyoid apparatus forms a bony sling, which
suspends the larynx and the tongue from the base of
the cranium (Fig. 2.10).
Laryngeal functions include:

* Protecting the airway during swallowing, so that
ingesta do not enter the trachea.

¢ Controlling the flow of air into the trachea during
exercise.

® Producing vocal sounds.

oesophagus

Fig.2.9 Schematic diagram of the equine
pharynx.The arrows illustrate the passage of
food material from the oropharynx into the
oesophagus via the lateral food channels.

trachea
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Fig.2.10 The hyoid apparatus of the horse. thyrohyoid bone
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Fig.2.11 The cartilages of the equine larynx. thyroid cartilage
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Fig.2.12 Cranial view of the equine larynx as seen endoscopically.

There are three single cartilages and one pair of carti-
lages within the larynx (Figs 2.11 and 2.12):

(1) The epiglottis: a valve between the pharynx and
trachea.

(2) The paired arytenoid cartilages lie caudal and dor-
sal to the epiglottis on either side of the midline.
The vocal ligaments are attached to these carti-
lages dorsally. The vocal ligaments attach ven-
trally to a midline structure, forming a V shape.
The vocal ligaments are covered with mucous
membrane, which forms the vocal folds. The space
bounded by the vocal folds and arytenoid carti-
lages is known as the rima glottidis. The arytenoid
cartilages move towards and away from the mid-
line to increase and decrease the size of the rima
glottidis and so regulate the flow of air into the
trachea.

(3) The thyroid cartilage consists of two large
lateral plates that meet ventrally and form the
majority of the larynx floor.

(4) The cricoid cartilage is ring shaped and is the most
caudal of the laryngeal cartilages.

The trachea

The trachea is a tube transporting air from the larynx
to the lungs. The trachea divides into two smaller
bronchiwithin the thorax. The inner layer, the mucosa,
contains glands that produce a protective covering of
mucous to trap dust and bacteria. Other mucosal
cells contain cilia that constantly beat to move the
mucus up to the pharynx, where it is swallowed or
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Fig.2.13 The equine bronchial tree.

exhaled down the nostrils, thus protecting the lungs.
The middle layer of the trachea is composed of in-
complete rings of cartilage joined together by sheets
of elastic connective tissue. They prevent the trachea
from collapsing and allow for adjustments in length
when the neck is extended.

The bronchial tree

The bronchi further divide into lobar bronchi and
then into smaller airways called bronchioles. The
bronchioles subdivide into smaller and smaller
branches. Like the trachea, mucous glands line the
bronchioles and ciliated cells that function to remove
debris from the airways. The smaller bronchi and
bronchioles also contain smooth-muscle cells, allow-
ing contraction and relaxation to alter the diameter of
the airway (Fig. 2.13).

The terminal bronchi end inalveolar ducts that open
into the alveoli. The alveoli have very thin walls,
no cilia and arich capillary blood supply to allow the
interchange of respiratory gases.

The lungs

The left and right lungs have no fixed shape or
size and are able to alter during respiration accord-
ing to the dimensions of the thorax. The lungs
contain elastic connective tissue that allows expan-
sion and collapse of the lung. The main bronchus,
pulmonary artery and pulmonary vein combine
to form the root of the lung and enter at its base. Un-
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Fig.2.14 Transverse section of the thorax at the level of the heart.

like cats and dogs, the lungs of the horse have very
poor lobation and lobulation.

The pleural cavity

Two thin layers of serous membrane called the pleura
line the thorax: the outer layer, the parietal pleura,
covers the inner wall of the thorax on either side of
the chest; the inner layer, the visceral pleura, covers
the corresponding lung. A thin film of fluid exists be-
tween these two layers, allowing them to slide over
one another.

The pleura effectively form two closed sacs on
each side of the thorax, with the space between them
forming the mediastinum in which the heartand other
thoracic organs are found (Fig. 2.14).

During inspiration the external intercostal muscles
contract, moving the ribs and sternum upwards and
outwards, increasing the width and depth of the
chest. The diaphragm contracts and descends, caus-
ing the capacity of the thorax to increase. The pres-
sure between the pleural surfaces becomes more
negative and stretches the elastic tissue of the lungs,
causing them to expand to fill the thoracic cavity.
As the air pressure in the alveoli is now lower than
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atmospheric pressure, air is sucked into the lungs
(Fig.2.15).

During expiration the external intercostal muscles
relax, moving the ribs and sternum inwards and
downwards, reducing the width and depth of the
chest. The diaphragm relaxes and ascends, decreas-
ing the capacity of the thorax. The elastic tissue of
the lungs recoils and, because the air pressure in the
alveoli is now greater than atmospheric pressure, air
is forced out of the lungs.

Ventilation

The movement of air in and out of the lungs is termed
ventilation. The volume of air (measured in litres)
inspired in each resting breath is the tidal volume.
At the deepest possible inspiration more air can
be inhaled and this is known as the inspiratory
reserve volume. Likewise, at the deepest possible
expiration more air can be exhaled and this is the
expiratory reserve volume. Both of these reserve
volumes are vital during exercise when the resting
tidal volume is inadequate for gas exchange. It is
not possible to empty the lungs completely, even
after maximal expiration, and the air remaining
in the lungs is the residual volume. Combinations
of sums of these volumes are called capacities
(Fig. 2.16).

Dead space

The dead space is the total volume of air channels that
conduct air to the alveoli but do not take part
in gaseous exchange. The anatomical dead space is
made up of the nose, pharynx, trachea and bronchi.
The alveolar dead space is the volume of air that
enters the alveoli but does not take part in gaseous
exchange, usually due to poor blood supply to the
alveoli involved. The functional dead space consists of
the anatomical dead space plus the alveolar dead
space.

Gaseous exchange

Inspired air within the alveoli has a high oxygen
pressure whereas venous blood entering the lungs
has a low partial pressure of oxygen. Therefore,
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eXp”atoer reserve capacity quired energy. The cells utilise the glycogen stores,
volume ) C s
MAXIMAL 4 ) ! producing lactic acid in the process.
INSPIRATION ¥
residual volume functional
residual capacity Control of respiration

Fig.2.16 Respiratory terminology.

oxygen moves from the air into the blood where it
combines with haemoglobin, the oxygen carrier
within the blood. Carbon dioxide is one of the waste
products produced by the tissues and is carried via
the plasma in venous blood to the lungs. The alveolar
air has a lower pressure of carbon dioxide and hence
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Normal respiratory movements are involuntary, i.e.
carried out without conscious control. The control-
ling centres are within the medulla and pons of the
brain and they discharge rhythmical impulses to the
phrenic nerves of the diaphragm, the thoracic seg-
ments and the intercostal nerves of the intercostal
muscles.

During normal breathing the respiratory rate and
rhythm are influenced by the Hering-Breuer reflex.



This reflex is a negative feedback pathway initiated
by the stimulation of stretch receptors in the bron-
chioles following alveolar distension at the end of
inspiration. Respiration is also influenced by che-
mical factors. The respiratory centres in the brain
monitor the levels of carbon dioxide, oxygen and
hydrogen ions in the blood and the latter two
also are measured by chemoreceptors in the heart.
Elevations in hydrogen ions and carbon dioxide and
lowering of oxygen stimulate respiration.

Digestive system

Oral cavity

The entrance to the mouth or oral cavity is via the
lips. This long narrow cavity is divided into a
vestibule and central mouth cavity. The vestibule is
the area between the outer surface of the teeth and
the inner surfaces of the cheeks and the lips. The
central area is bounded by the teeth and gums on
either side, the hard and soft palates dorsally and
the tongue ventrally. The entire inside of the oral
cavity is lined by mucous membrane. In the upper
jaw the mucous membrane is tightly attached to the
bones forming the hard palate and it is especially
thick in this region, with many folds or rugae. In
the horse there is a large gap (the diastema) between
the incisor teeth and the cheek teeth. The oral cavity
of the horse has several important functions. The
sensitive mobile lips and incisor teeth are designed
to prehend food, which is then formed into a
bolus by the tongue and moved caudally in the
mouth. Grinding or mastication of food takes
place by the side-to-side movement of the cheek
teeth. The bolus then is moved caudally into the
oropharynx where swallowing or deglutition of food
takes place.

Teeth

The teeth are embedded within specific bone sockets
in the jaw called alveoli. The dentition consists of in-
cisor, canine, premolar and molar teeth. The premolars
and molars are similar in structure and function and
are usually referred to as the cheek teeth. The line of
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teeth in each jaw is called a dental arcade. The horse’s
teeth, as with other mammalian teeth, consist of three
calcified, dense and hard tissues: enamel, dentine and
cement. The grinding surface of the teeth is known as
the occlusal surface or table.

Theincisor and cheek teeth are known as hypsodont
(high-crowned) teeth, which means that they are
tall and continue to grow in length after erupting.
The part of the tooth that protrudes from the gum
and is visible is called the clinical crown. In the horse,
a large part of the crown is concealed beneath the
gum line and is gradually extruded as the tooth is
worn down (reserve crown). Thus, teeth are able to
withstand the considerable wear that occurs during
mastication of fibrous material. The tooth root is the
deepest part of the tooth that remains embedded
within the bone.

Deciduous teeth
In the foal, only the deciduous or temporary teeth are
present. These are gradually replaced by permanent
teethin the adult horse.

The horse’s dental formula is:

Incisors  Canines  Premolars Molars
3 0 3 0 upperjaw
3 0 3 0 lowerjaw

Or:2(Di3/3Dc0/0Dp3/3)=24

The deciduous incisors are smaller and whiter
than the permanent teeth. The approximate age of
eruption of the deciduous incisors is:

* Central—6days
e Lateral —6 weeks
e Corner—6 months

The deciduous premolars are erupted at birth or do
so within a week or so.

The eruption of both deciduous and permanent
teeth can be used to estimate the age of horses up to 5
years with a reasonable degree of accuracy.

Permanent teeth
The mature horse has 40 teeth or 42 if wolf teeth are
present.

The dental formula is:
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Incisors  Canines Premolars Molars

3 1 3 3 upperjaw
(or4if
wolf teeth)

3 1 3 3 lowerjaw

Or:2(I3/3C1/1P3or4/3M3/3)=40 (or 42 with
wolf teeth)

The age of eruption of the permanent incisors is:

¢ Central —2.5 years (fully in wear at 3 years)
e Lateral —3.5 years (fully in wear at 4 years)
e Corner—4.5years (fully in wear at 5 years)

The canine teeth erupt at4-5 years.
The age of eruption of the permanent premolar
teethis:

¢ Second premolar (first cheek tooth) —2.5 years
¢ Third premolar (second cheek tooth) —3 years
¢ Fourth premolar (third cheek tooth) —4 years

The age of eruption of the permanent molar
teethis:

e First molar (fourth cheek tooth) —1 year
® Second molar (fifth cheek tooth) —2 years
¢ Third molar (sixth cheek tooth) —3.5 years

Incisors

The incisor teeth are embedded in the incisive
bone of the skull, with three pairs of incisors in
each jaw (central, lateral and corner) (Fig. 2.17). The
occlusal surfaces are worn down by eating, as well
as the incisor teeth being extruded from their bone
sockets. The appearance of the occlusal surface
therefore varies with time and the appearance of this
surface on the lower incisors aids in the assessment
of age.

Canine teeth

The canine teeth are fully developed in the perma-
nent dentition of the male and are usually erupted by
5 years of age. These teeth are brachydont (low-
crowned) and so do not grow after eruption. Mares
have poorly developed canines, usually in the lower
jaws, or none atall.

Wolf teeth
The term wolf tooth applies to the first premolar tooth.

38

infundibulum

- enamel

cement

pulp cavity
dentine

Fig.2.17 Longitudinal section of an equine incisor tooth.

This often fails to develop or is just a very small
peg-like structure with a short root, usually found
justin front of the second premolar tooth in the upper
jaw.

Premolars and molars (cheek teeth)

The second, third and fourth premolar teeth and
the three molar teeth are four-cornered pillars that
have three roots in the upper jaw and two in the
lower. Once the permanent cheek teeth have erupt-
ed, they continue to grow for about 7 years. The
cheek teeth are worn down by about 2-3 mm per year
and the teeth are concurrently pushed out of the jaw.
In these teeth, as with the incisors, the cement and
dentine wear down more rapidly, leaving protrud-
ing sharp enamel ridges. The upper jaw is slightly
wider than the lower jaw. Therefore, as the teeth are
worn, the outer edges of the upper cheek teeth and
theinner edges of the lower cheek teeth tend not to be
worn as much.

Tongue

The large tongue lies on the floor of the oral
cavity, extending into the oropharynx. The caudal
parts of the tongue, ie. the root and body, are
attached to the hyoid bones and mandible, res-
pectively. The tongue is supported by paired (mylo-
hyoideus) muscles that sling it between the lower
jaws. The tongue is also a highly muscular organ
capable of precise movement and is important in



Fig.2.18 Position of the major salivary glands
in the horse.

the prehension and manipulation of food within
the mouth.

Salivary glands

The salivary glands are several paired glandular
structures. Their main function is to produce saliva,
which moistens and lubricates food to facilitate
chewing and swallowing. Some enzymes in saliva
aid sugar breakdown. Saliva also has antibacterial
properties. Feeding stimulates an increased flow of
saliva.

The major salivary glands of the horse are the
paired parotid, buccal, mandibular and sublingual
glands (Fig. 2.18). The parotid glands empty into the
mouth via the parotid salivary ducts, which are located
under the mandible lying near the facial artery and
vein.

Palate

The hard palate forms the rostral part of the oral cavity
roof. It is a bony shelf made from the incisive, maxil-
lary and palatine bones. The hard palate is continued
caudally, without visible demarcation, by the soft
palate. The soft palate is a long muscular membra-
nous structure extending into the oropharynx. The
caudal, free border of the soft palate is normally
located ventral to the epiglottis. Because of the loca-
tion of the soft palate, it is impossible for horses to
normally breathe through their mouths.
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parotid salivary gland

mandibular salivary gland

parotid duct

sublingual salivary gland

Oropharynx

The caudal part of the oral cavity is known as the
oropharynx. This area is bordered dorsally by the
soft palate and caudally by the larynx. Food material
enters the oropharynx from the oral cavity and
then passes around each side of the larynx to enter
the oesophagus. The passages around the sides
of the larynx are known as the lateral food channels
(Fig.2.9).

Oesophagus

The oesophagus is a tube-like structure extending
from the oropharynx to the stomach. The oesopha-
gus is located near the trachea in the ventral neck.
The cranial oesophagus lies dorsal to the trachea, but
moves to lie on the left side of it for the majority of
its course. The oesophagus is too soft to palpate in
the neck but may be visualised during swallowing.
The oesophagus extends through the thorax and
diaphragm to enter the stomach at the cardia within
the abdominal cavity. The cranial two-thirds of the
oesophagus consists of striated muscle, whereas the
caudal one-third is smooth muscle. The mucosa of
the oesophagus is arranged in many longitudinal
folds that allow the oesophagus to distend and con-
tract as food passes down it. Food boluses are passed
along the oesophagus by involuntary movement
(peristalsis).

39



CHAPTER 2

Stomach

The stomach is the dilated portion of the digestive
tract between the oesophagus and small intestine,
where the process of digestion begins and where
food is stored for a short time. The horse’s stomach is
comparatively small, with a capacity of 5-15L. The
stomach lies in the cranial abdominal cavity, entirely
within the rib cage, mostly to the left of the midline.
The cranial part of the stomach is related to the
diaphragm and liver, and the caudal surface is in
contact with the intestines.

The oesophagus enters the stomach via the cardia
(Fig. 2.19). The cardiac sphincter is thick and well
developed in the horse so only very rarely can horses
regurgitate food from the stomach. The interior of
the stomach is divided into the fundus, the body
and the pyloric part. The muscular pyloric sphincter
controls the entry of food from the stomach into the
small intestine.

The mucosal lining of the stomach is divided
into:

(1) Non-glandular (squamous) portion within the
fundus and body of the stomach.

(2) Glandular (non-squamous) portion in the rest of
the body and the pyloric part.

The division between these two areas is known as the
margo plicatus.

fundus cardiac sphincter

non glandular
part of stomach

oesophagus

duodenum

margo
plicatus

body
duodenal papillae

glandular

part of stomach pyloric sphincter

pylorus

Fig.2.19 Theinterior of the equine stomach.
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There are different types of secretory glands in the
glandular area of the stomach that produce gastric
juice. This consists of mucus, hydrochloric acid and
enzymes that start the process of breaking down in-
gested protein and fats. Bicarbonate is also released
in this area to neutralise the strong acid before it en-
ters the smallintestine. The average time taken forin-
gested food material to travel from the stomach to the
caecum is about 2hs.

Small intestine

The equine small intestine connects the pylorus of
the stomach to the caecum. The small intestine is a
metabolically active complex organ with several im-
portant functions:

(1) Transport of ingested food material and secre-
tions by peristalsis.

(2) Secretion of fluids and intestinal juice to digest
food.

(3) Mixing food and secretions together.

(4) Absorption of food and fluid into the surround-
ing lymphatic and blood vessels.

There are four main layers that make up the wall of
the small intestine (Fig. 2.20):

mesentery

Serosa

longitudinal
smooth muscle

circular
smooth muscle

submucosa

lumen of

intestine mucosa

Fig.2.20 Cross-sectional diagram showing the layers of the small
intestine.



(1) Serosa—continuous with the peritoneum and is
attached to the dorsal abdominal wall by a thin,
fibrous connection (mesentery) that carries its
vascular, nervous and lymphatic supply.

(2) Longitudinal and circular smooth muscle.

(3) Submucosa.

(4) Mucosa—this layer has many small finger-
shaped projections (intestinal villi).

The villi increase the surface area of the small intes-
tine, enormously maximising its ability to absorb
digested food material. Epithelial cells line these
villi.

Glands in the intestinal mucosa produce intestinal
juice, which consists of enzymes that enable the
breakdown of carbohydrates, proteins and fats into
molecules small enough to be absorbed. Bicarbonate
is secreted to neutralise the stomach acid, and mucus
is produced to protect the intestinal lining. Addition-
ally, enzymes secreted from the pancreas and bile
from the bile ducts are involved. Digestion and
absorption of all but insoluble fibre is thus completed
in the small intestine.

The small intestine is approximately 22m long in
the average horse and is divided grossly and histo-
logically into three distinct areas.

Duodenum

The duodenum is about 1 m long and can be divided
further into three sections—the descending, trans-
verse and ascending parts—as it bends around the
root of the mesentery. The mesentery of the duode-
num is short so the intestine is relatively immobile
and closely fixed to the body wall. Both the bile and
major pancreatic ducts empty into the descending
duodenum.

Jejunum

The jejunum is the longest part of the equine small
intestine (approximately 20m). The mesentery
attaching the jejunum to the body wall is also long
so that the jejunum can move quite freely within the
abdominal cavity.

Ileum
The ileum is the short terminal portion of the equine
small intestine (approximately 50-70cm long). The
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ileal wall is thicker and more muscular than the wall
of the jejunum. The ileum meets the caecum at an
area known as the ileocaecal valve. At this point, the
lumen of the gut is narrowed.

Large intestine

The large intestine of the horse has three main parts.

Caecum

The caecum into which the ileum empties is a large,
blind-ending, comma-shaped organ about 1m long
with a capacity of approximately 35 L. The base of the
caecum occupies the right flank but also extends for-
ward to lie under the cover of the last few ribs. The
apex of the caecum reaches the ventral abdominal
wall. There are four fibrous bands that run along the
length of the caecum from base to apex; these are
called taeniae. Blood vessels that supply the caecum
run in the two lateral bands. The taeniae gather up
the caecal wall into characteristic sacculations or
haustrae.

Large colon

The colon consists of three main parts —the ascend-
ing, transverse and descending parts (Fig. 2.21). The
first two together constitute the large colon, whereas
the third is the small colon. The large (ascending)
colon is about 4m long and holds on average 80L.
Anatomically, the large colon is folded together to
form a double loop consisting of right and left ventral
colons and left and right dorsal colons, separated by
three flexures.

Taenial bands are present on all parts of the
large colon, with the number varying according
to anatomical location. Except at its origin (the
caecum) and its termination (the transverse colon),
the bulky ascending colon is free to move within
the abdomen. The dorsal and ventral regions are
attached together by a short peritoneal sheet, the
mesocolon.

The two important physiological functions of the
large colon are:

(1) Thestorage and absorption of fluid.
(2) The retention of ingested food material for
microbial digestion.
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small colon

transverse colon

Fig.2.21 The structure of the equine large
colon.

These functions are extremely important in main-
taining fluid and electrolyte balance and providing
adequate nutrition. Food material is retained in the
dorsal and ventral colons where the majority of mi-
crobial digestion occurs. The bacteria in these sites
break down the ingested fibrous food material into
organic acids known as volatile fatty acids (VFAs) that
are then absorbed into the bloodstream. On average,
food is retained in the caecum for 5h and in the large
colon for 50 h.

Small colon and rectum

The small (descending) colon connects the transverse
colon to the rectum. It is a similar diameter to the
small intestine and about 3m long. Further resorp-
tion of fluid from ingesta during passage along the
small colon leads to the formation of faecal balls. The
rectum is the continuation of the small colon into
the pelvic inlet, where it terminates at the anus. The
rectum is about 30cm in length. Faecal balls are
moved down the small colon to the rectum and
are expelled at the anus.

This is a shiny protective layer of membrane that
lines the inside of the abdominal cavity and covers
the abdominal contents, i.e. viscera. The peritoneum
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lining the abdominal cavity and attached to the body
wallis called the parietal peritoneum. Thelayer around
the viscera is the visceral peritoneum. The gaps be-
tween the different viscera within the peritoneum
are known as the peritoneal cavity. The peritoneal
membrane is a serous endothelium: serous because it
secretes a watery fluid, i.e. peritoneal fluid; and
endothelium is the term used to describe an epitheli-
um lining a body cavity.

Skeletal system

Components and functions of the skeleton

The skeletal system is made up of bone and carti-
lage, i.e. it is the hard structures of the body that
support and protect the soft tissues and provide
leverage for locomotion. Bone also plays a physio-
logical role in the formation of blood cells and
mineral homeostasis. Cortical bone is the outer shell
of dense compact bone. Cancellous or spongy bone
is made up of linked layers or trabeculae and is
found at the extremities of long bones. It also forms
the majority of short bones. The cancellous bone
absorbs force and provides a surface for the bone
marrow.

A medullary cavity is present in the centre of long
bones. The endosteum is a thin fibrous membrane that



lines this cavity. Bone marrow fills the interstitial
spaces of the spongy bone and the medullary cavity
of long bones. Red marrow predominates in the
young and is composed of blood-forming connective
tissue. As the animal ages this is replaced by fat
cells called yellow marrow. The periosteum is a dense
connective tissue membrane that lines the outer
surface of the bone, except where it is covered by
cartilage.

Bone receives its blood supply from its perios-
teum at the soft tissue attachments and from the
medullary artery that enters at the nutrient foramen.
Large veins present in the cancellous bone generally
emerge near the articular surfaces. The periosteum
has sensory nerve endings, otherwise the nerves
generally follow the distribution pattern of the blood
vessels.

There are two types of cartilage found in the skele-
tal system:

(1) Hyaline cartilage, making up the gliding articular
surface of most joints.

(2) Fibrocartilage, found in menisci and ligamentous
insertions.

Cartilage is relatively acellular, so repairs poorly.

Skeletal development
Development of the skeleton begins in the fetus and
continues in the foal. Although it is necessary to
know the time of growth plate closure, it is more im-
portant to realise when the exponential or fast
growth occurs. Itis during this rapid phase that med-
ical or surgical intervention may significantly alter
angular limb deformities in the foal (Table 2.1).

Bone tissue consists of bone cells surrounded by a
matrix containing collagenous fibres and cement

Table 2.1 The clinically important growth plate closures

Physis Rapid growth Functional  Jointinvolved
phase (months) closure
(months)
Distal radial 6 12 Carpus
Distal metacarpal / 1 3 Fetlock
metatarsal
Distal tibial 4 9 Hock

Anatomy and Physiology

(calcium hydroxyapatite). Bone is a living tissue that is
constantly remodelling and is formed in one of two
ways:

(1) Intramembranous ossification occurs when bone is
formed from no cartilage precursor. The bone
cells are situated between two membranes and
directly form bone. This is how the bones of the
skull are formed.

(2) Endochondral ossification: most bones develop
by endochondral ossification. A cartilage pre-
cursor of the bone is formed, which calcifies.
Osteoblasts (i.e. bone-forming cells) gradually
produce bone as osteoclasts remove the calcified
cartilage and produce tunnels through the
bone. They are followed by blood vessels that
bring further osteoblasts (Fig. 2.22). This is
how the majority of longitudinal bone growth
occurs.

Long-bone structure and growth

Long bones have a shaft and two ends (Fig. 2.23).
They are divided into separate regions with different
physical and physiological characteristics:

 Diaphysis: the midshaft composed of a dense outer
rim—the cortex—and a soft inner core—the
medulla.

* Metaphysis: the broadening end of the bone with a
more uniform density but overall quite soft in the
young horse.

® Physis: the growth plate where cartilage cells
multiply and lay down collagen and ground sub-
stance, which subsequently becomes mineralised
and organised into metaphyseal bone.

e Epiphysis: the end or head of the bone, which
is covered in articular cartilage. It is also an
active growth area in youngsters, with new bone
being laid down as a result of articular cartilage
cell activity.

The equine skeleton can be divided into two:

(1) The axial skeleton is the skull, vertebral column,
ribs and sternum, which run along the long axis
of the body.

(2) The appendicular skeleton consists of the limb
bones.
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Axial skeleton

Skull

The equine skull consists of a mosaic of bones
that together form a rigid structure comprising
the cranium and nasal chambers (Fig. 2.24). The
mandibles (jaw bones) and the hyoid apparatus
are suspended from the cranium, which is the dome
of the skull and other bones that surround the brain
to make up the cranial cavity. Many blood vessels
and nerves enter and leave this cavity via holes
known as foraminae, e.g. the foramen magnum is in
the base of the occipital bone through which the
spinal cord connects to the brain.

The mandible (or jawbone) has a horizontal
ramus (containing the mandibular cheek teeth)
and a vertical ramus. The two mandibles are joined
at the mandibular symphysis at the level of the chin.
The vertical ramus of the mandible has two
processes: the condylar process (a point of attachment
for muscle) and the coronoid process. There is
a shallow notch on the ventral aspect of the
mandible on the caudal horizontal ramus. The
facial artery, vein and parotid duct run through this
notch, and it is a useful site to palpate the horse’s
pulse.
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Fig.2.23 Immature equine tibia showing the different regions of a long
bone.

Vertebral column

The vertebral column is a linked series of bones
along the body midline, extending from the skull
cranially to the tail caudally. Itis divided into regions
according to the part of the body in which it is
present:



infraorbital foramen

nasal bone

incisive bone

Fig.2.24 The equine skull.

e Cervical (neck, C1-C7)

e Thoracic (chest, T1-T18)

e Lumbar (loins, L1-L6)

e Sacral (croup, S1-S5)

® Coccygeal or caudal (Cy/Cd-Cy/Cd 1-Cy/Cd
15/21)

The basic vertebra consists of a body (cylindrical)
with a flattened dorsal surface that forms the floor
of the vertebral foramen. The arch of the vertebra
rises up on either side of the body and completes
the foramen. The vertebral foramen of a series of
connected vertebrae forms the vertebral canal, in
which the spinal cord and associated structures are
situated. The spinous processes rise dorsally from
the middle of the arch. A pair of articular processes
is present on the cranial and caudal edges of the
arch. These articular processes form synovial joints
with those of adjacent vertebrae. Small notches in
the cranial and caudal borders of the arch meet in
adjacent vertebrae and form intervertebral foramina
through which pass the nerves and blood vessels.
Transverse processes are paired and project horizon-
tally at the junction of thebody and arch. An interver-
tebral disk is present between each vertebral body
that consists of a firm, fibrous outer layer —annulus
fibrosis—and a softer, amorphous centre —nucleus
pulposis.

orbit
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Ribs

Eighteen pairs of ribs form the walls of the bony
thorax, one for each thoracic vertebra. Each rib has
anarticulation at the proximal end with the vertebral
column. The distal extremity of the first eight ribs
(i.e. sternal ribs) articulates with the sternum (a flat
bony structure that helps support the thorax). The
other ribs do not reach the sternum and are known as
floating or asternal ribs. The distal end of each rib is
made up of cartilage and is called the costal cartilage.
The cartilages of the asternal ribs overlap each other
and attach to each other. The line of the last ribs
and the cartilages is called the costal arch. The space
between each rib, occupied by the intercostal
muscles, nerves and blood vessels, is called the
intercostal space.

Appendicular skeleton
The basic skeletal anatomy of the limbs is sum-

marised in Figs 2.25 and 2.26.

Foot
The foot of the horse comprises three main bones:

(1) Thedistal phalanx (pedal or coffinbone, otherwise

known as P3) is enclosed entirely within the hoof.
Paired lateral cartilages arise from the inner and
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Fig.2.25 Thoracic limb skeletal structure: lateral view.

outer sides of the pedal bone. They project above
the hoof in the heel area, where they can be felt
in the living horse just beneath the surface of
the skin. When the lateral cartilages ossify, the
condition is known as sidebone (Fig. 2.27).

(2) The distal phalanx articulates with the second
phalanx (short pastern bone or P2) to form the
distal interphalangeal joint (coffin joint).

(3) A sesamoid bone, known as the distal sesamoid
ornavicular bone (Fig. 2.28). The distal sesamoid
(navicular bone) is a small, irregular, shuttle-
shaped bone situated at the back of and forming
part of the distal interphalangeal (coffin) joint.
One side articulates with the second and third
phalanx, whereas the tendon of the deep digital
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Fig.2.26 Pelviclimb skeletal structure: lateral view.

flexor passes over it, enabling this tendon to
change direction before inserting on P3.

The hoof encloses two tendons:

(1) The common digital extensor inserts on the ex-
tensor process of P3.

(2) The deep digital flexor (DDF) tendon runs deep
to the navicular bone and inserts on the base
of P3.

The navicular bone is suspended from P1 by the
paired collateral or suspensory ligaments and is
stabilised distally to P3 by the midline impar liga-
ment. Theimpar ligament further stabilises the coffin
joint.

The middle phalanx (short pastern or P2) lies be-



tween the proximal and distal phalanx. The proximal
phalanx (long pastern or P1) is situated obliquely
between the cannon bone to P2. Both P1 and P2 to-
gether form the proximal interphalangeal or pastern
joint.

Fig.2.27 Pedal bone, with ossified lateral cartilage (sidebone) on right.

pastern joint
common digital extensor
coronary cushion
coronary dermis
coronary papl\lae

lamellar
junction

wall

dermis

Fig.2.28 Sagittal section of the equine digit.
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Hoof

The hoof is the covering of horn that protects the in-
ternal structures of the horse’s foot. It is non-vascular
and insensitive and comprises the wall, sole and foot
(Fig. 2.29). The junction of the hoof and skin is called
the coronet. The periople is a thin band of soft greyish
flaky horn, which runs above and parallel to the main
coronary band. From the periople is produced the
thin outer convering of the wall of the hoof, the stra-
tum tectorium or externum, which gives the healthy
hoof its water-resistant properties.

The hoof substance is made up of tubular and
intertubular horn that varies in proportion according
to site (Fig. 2.30). The horn of the wall of the hoof
is predominantly tubular. The softer horn of the
sole and frog has a greater intertubular component.
Horn tubules are produced by the hair-like dermal
papillae of the coronary band and of the sole and
frog. The hollows between the dermal papillae
produce the softer intertubular horn. The papillae of
the coronary band and the papillae of the sole and
frog all point in the same direction. This means that
all parts of the hoof grow as a single unit. If a horse
injures the coronary band, it will result in defective
growth of the wall of the hoof below the site of the
injury.

The inner surface of the wall of the hoof is attached
to the outer covering of the pedal bone by a sliding

P1

superficial digital flexor
digital sheath

P2

coffin joint

navicular bursa

suspensory ligament
of navicular

navicular bone

\@
«0‘

u“'

digital cushion
.1“

DDF

impar ligament of navicular
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Fig.2.29 Ground surface of the foot.

dermis or corium
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forms horn tubule
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Fig.2.30 Hoof tubule structure.

joint similar to that found between the human finger-
nail and its nail bed. In the hoof the attachment is be-
tween the sensitive and insensitive laminae, both of
which have a pleated or fluted appearance and dove-
tail together. As the hoof grows towards the ground,
the insensitive laminae slide very slowly over the
sensitive laminae. The horn of the insensitive lami-
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nae is usually unpigmented and can be seen on the
bearing surface of a freshly trimmed foot as the white
line. This joint between sensitive and insensitive lam-
inae is important in the transmission of the weight of
the animal from the limb, via the pedal bone, to the
wall of the hoof. The sole is slightly concave so that
the distal walls of the hoof and the frog are the
weight-bearing surfaces of the feet.

The digital cushion is a wedge of fibro-elastic
tissue at the back of the foot. It is moulded to the
sensitive frog below and plays an important part
in reducing concussion by expanding when the foot
takes weight. The foot has a good blood supply
from the medial and lateral palmar/plantar digital
arteries, which end in a terminal arch.

A joint is the connection between two or more bones.
They are classified by:

(1) The type of tissues involved.
(2) The type of movement permitted.

Synovial or diarthrodial joints

Synovial or diarthrodial joints are formed when
a synovial membrane connects two bones and
there is a space between the ends of the bones or
joint cavity that is filled with synovial fluid. The
ends of the bone are always covered in articular
(hyaline) cartilage. These joints usually move freely
(Fig. 2.31).

Synovial fluid is a viscous substance made from the
fluid component of plasma plus hyaluronic acid. It
acts as a lubricant between the cartilage of the two
bone ends and nutrients diffuse from the synovial
fluid into the articular cartilage. Synovial membrane
lines the joint and produces the synovial fluid. A
dense connective-tissue joint capsule surrounds the
whole joint. Some joints contain a pad of fibrocarti-
lage called a meniscus, e.g. the stifle of the horse
contains two menisci that are firmly attached by
ligaments to the tibial plateau. Hyaline articular
cartilage allows low-friction articulation between
apposing bones.

Synovialjoints are also classified depending on the



joint capsule

synovial membrane

articular cartilage

synovial fluid

Fig.2.31 Anatomy of synovial joint.

number of articular surfaces involved and how they
move in relation to one another:

(1) Simple joints involve only two articulating
surfaces.

(2) Composite joints have more than two articulating
surfaces and movement may occur at more than
one level within a single joint capsule.

(3) Plane joints involve one surface sliding
over another, e.g. articular processes of the
vertebrae.

(4) Hinge joints involve a convex surface moving
upon a concave surface. Movement is only in one
plane, e.g. fetlock (Fig. 2.32).

(5) Pivot joints allow rotationary movement, e.g.
atlanto axial joint.

(6) Condylar joints involve two convex structures or
condyles articulating with two corresponding
concave articular surfaces, e.g. the stifle. Move-
ment is primarily in one plane but some rotation
may occur.

(7) Ellipsoidal joints have an oval convex surface with
a corresponding concavity. There is predomi-
nantly movement in two planes and some rota-
tion, e.g. radiocarpal joint.

(8) Spheroidal or ball and socket joints are com-
posed of part of a sphere that fits into a con-
cave socket, e.g. shoulder and coxofemoral
joints.

Anatomy and Physiology

flexion

extension

Fig.2.32 Hinge movement of fetlock.

Fibrous joints/synarthroses

These joints have fibrous tissue connecting the
adjacent bones. Little movement occurs between
the bones and these joints, e.g. sacro-iliac joint. In
older animals the fibrous tissue may become ossified
(replaced with bone) and fuse the joint, e.g. sutures
in the skull.

Cartilaginous joints/amphi-arthroses

These joints are formed when cartilage connects two
ormoreadjacentbones. When thisinvolves a connec-
tion of two corresponding bones on opposite sides of
the body, the joint is called a symphysis, e.g. pelvic
symphysis.

Muscles, tendons and ligaments

Atendon is a tough fibrous band of tissue connecting
a muscle to bone (Table 2.2 and Figs 2.33 and 2.34).
Synovial fluid-filled bursae are often located be-
tween the tendon and any site of friction, such as
a bony prominence (Figs 2.35 and 2.36; Table 2.3).
Alternatively, a portion of tendon may be wrapped in
a synovial cushion termed a sheath, particularly
overlying joints. The tendon then can glide over
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Table 2.2 Tendinous muscles of the forelimb and hindlimb

Muscle/tendon Origin Insertion Function
Forelimb
Extensor carpi radialis Humerus Mclil Extend carpus, flex elbow

Lateral digital extensor
Ulnaris lateralis
Common digital extensor
Flexor carpi radialis
Flexor carpi ulnaris
Superficial digital flexor
Deep digital flexor

Hindlimb

Cranial tibial

Peroneus tertius

Long digital extensor
Lateral digital extensor
Gastrocnemius
Superficial digital flexor
Deep digital flexor

Radius, ulna, collateral elbow ligament
Humerus

Humerus, radius, ulna

Humerus

Humerus, olecranon

Humerus, radius

Humerus, olecranon, radius

Tibia

Femur

Femur

Stifle collateral ligament, tibia, fibula
Femur

Femur

Tibia, fibula

P1, common digital extensor tendon
Accessory carpal bone

Extensor process P3

Mcll

Accessory carpal bone

P2

Base of P3

MT3,T1

MT3,T3,T4, calcaneus

P3

Tendon of insertion of digital extensor
Point of hock

Point of hock, P1, P2

Base of P3

Extend digit, extend carpus

Extend elbow, flex carpus

Flex elbow, extend carpus, extend digit
Extend elbow, flex carpus

Extend elbow, flex carpus

Extend elbow, flex carpus, flex digit
Extend elbow, flex carpus, flex digit

Flex tarsus

Flex tarsus with stifle

Extend stifle, flex tarsus, extend digit
Flex tarsus, extend digit

Flex stifle, extend tarsus

Extend tarsus, flex digit

Extend tarsus, flex digit

Table 2.3 Important bursae of the forelimb

Bursa Located between Region and hindlimb

Forelimb

1. Infraspinatus Infraspinatus tendon and humeral greater tubercle Shoulder

2. Bicipital Biceps tendon and humeral greater and lesser Shoulder

tubercles

3. (+/-)Olecranon Olecranon tuber and skin Elbow

4. Subtendinous lateral digital Lateral digital extensor tendon and cannon Fetlock
extensor

5. Subtendinous common digital Common digital extensor tendon and cannon Fetlock
extensor

6. Navicular Deep digital flexor and navicular bone Foot

Hindlimb

1. Trochanteric Gluteal and femoral greater trochanter Hip

2. Proximalinfrapatellar Proximal middle patellar ligament and femur Stifle

3. Distal infrapatellar Distal middle patellar ligament and tibia Stifle

4. Subcutaneous calcaneal Skin and tuber calcanei Hock

5. Subtendinous calcaneal Cap of superficial digital flexor and tuber calcanei Hock

6. Subgastrocnemius calcaneal Gastrocnemius tendon and tuber calcanei Hock

7. Cunean Medial tibialis cranialis tendon branch and medial Hock

collateral ligament
8. Navicular Deep digital flexor tendon and navicular bone Foot
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extensor carpi radialis
flexor carpi radialis
deep digital flexor

superficial digital flexor

flexor carpi ulnaris
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Fig. 2.33 Tendinous muscles of the forelimb.

joints in a lubricated sac. Ligaments are tensile bands
that run from bone to bone. They function to stabilise
or support joints or positions of bones so that they do
not move outside of the desired range of motion. Col-
lateral ligaments stabilise joints from the medial and
lateral sides. There may be multiple collateral liga-
ments for a given joint. They form relatively short
taught bands that attach above and below the joint
capsule. They are often extracapsular but can be part
of the fibrous joint capsule.

A muscle is contractile tissue that controls move-
ment. There are three types:

Anatomy and Physiology
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extensor carpi radialis

common digital extensor

lateral digital extensor

ulnaris lateralis

(1) Skeletal, also called striated or voluntary.
(2) Smooth, also called involuntary.
(3) Cardiac or heart muscle.

Skeletal muscle is found attached to the bones of the
body. The origin of a muscle is the more proximal or
central attachment of the muscle. Most muscles con-
tract and pull the insertion towards the origin. The
insertion is usually the more distal attachment of
the muscle, which is pulled towards the origin. The
muscle belly is the fleshy part of the muscle that is
made up of cells organised into fibres.
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cranial tibial tendon )

deep digital flexor \

superficial digital flexor \‘ \“
long digital ‘“

extensor tendon

Muscle fibres consist of thick and thin fibres: the
thick fibres are the protein myosin and the thin ones
are actin. Muscle contraction is the consequence
of stimulation of muscle fibres by nerve impulses
from the brain arriving at the neuromuscular junc-
tion. This activates a pathway releasing calcium
into the cytoplasm of the muscle cell. The calcium
enables the production of energy so that the actin
and myosin fibres within the cell can attach and
slide over each other. The actin and myosin fibres are
firmly attached to the cell wall, so this causes cell
shortening (Fig. 2.37).

Muscle activity is inefficient, with much heat
energy also released. Isotonic contraction involves
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common calcaneal tendon

deep digital flexor

lateral digital extensor

long digital extensor

Fig.2.34 Tendinous muscles of the hindlimb.

shortening of the muscle during contraction and
occurs during movement. Isometric contraction is
tensing of the muscle without shortening. The motor
unit is the complex of a nerve and the muscle
fibres that it innervates. The number of fibres
supplied by one nerve depends on thelevel of muscle
control required, e.g. there are fewer muscle fibres
innervated by one nerve in muscles involved in
delicate movement.

Epaxial muscles lie dorsal to the transverse verte-
bral processes of the spine. They include the dorsal
muscles of the neck, back and tail. They are organised
in three parallel columns. The lateral, middle and
medial columns work together to extend the neck,



back and tail, as well as to flex the trunk laterally.
The epaxial muscles also include a number of
muscles that function to rotate or extend the head.
The hypaxial muscles are located below the vertebral
column and mostly function to flex the head, neck
or tail.

The muscles of the proximal limb and abdominal
musculature are summarised in Tables 2.4 and
2.5.

extensor carpi
radialis sheath

lateral digital
extensor sheath

ulnaris lateralis
sheath

common digital
extensor sheath

carpal sheath

Fig.2.35 Extensor sheaths of the carpus: lateral view.

lateral
digital
extensor
sheath

long

digital
extensor
sheath

Fig.2.36 Synovial sheaths and bursae of the
tarsus. medial view

Anatomy and Physiology

Stay apparatus

The passive stay apparatus allows the horse to rest
while standing. It consists of several ligaments,
tendons and muscles that stabilise the joints and
prevent the collapse of the limb. The suspensory
apparatus is an important part of the stay apparatus.
It consists of:

¢ The suspensory ligament

¢ Theintersesamoidean ligament

¢ The proximal sesamoid bones

¢ The distal sesamoidean ligaments

These together prevent overextension of the fetlock.
The suspensory ligament (SL) is a strong, flat, tendi-
nous band. It runs from the palmar carpal ligament
and proximal cannon bone and divides at the fetlock
to attach to the sesamoid bones and gives off two
extensor branches to join the common digital exten-
sor (CDE) tendon of insertion. The cruciate, oblique
and straight sesamoidean ligaments run between
the proximal sesamoid bones and the proximal and
middle phalanges. The suspensory apparatus is
reinforced by tension in the distal DDF tendon,
including the accessory (or check) ligaments. The
inferior check ligament of the DDF tendons attaches
to the palmar carpal ligament. The superior check

subtendinous
calcaneal bursa
subtendinous
calcaneal bursa

tuber
subcutanous calcanei
calcaneal bursa A
medial
cranial tibial gollateral
tendon ligament

cunean bursa tarsal sheath

lateral collateral
tarsal ligament

lateral view
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Fig.2.37 Muscle contraction.

ligament of the superficial digital flexor (SDF)
tendon attaches to the distal radius (Fig. 2.38).

The main mechanisms involved in the stay appa-
ratus of the hindlimb are the patella-locking mecha-
nism, the reciprocal apparatus and the suspensory
apparatus. Below the tarsus or hock, the suspensory
apparatus is similar to that of the forelimb, except
that the accessory or check ligament of the DDF ten-
don is small or sometimes absent. The SDF tendon
compensates by firmly attaching to the point of the
hock. The fixation of the stifle and the hock depends
on locking the stifle in extension and the reciprocal
apparatus (Fig. 2.39).

Hooking the parapatellar cartilage and medial
patellar ligament over the large medial femoral
trochlear ridge (Fig. 2.40) locks the stifle. The quadri-
ceps muscle and the tensor fascia lata pull the patella
into a locked position. This locked position is main-
tained by the pull of the biceps femoris from the lat-
eral side and the gracillus and sartorius from the
medial side. Two strap-like tendons link the equine
stifle and hock. The peroneus tertius runs along the
dorsolateral aspect of the hindlimb and joins the tar-
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Fig.2.38 Suspensory apparatus of the forelimb.

sus and third metatarsal bone to the stifle and femur.
The SDF tendon runs from the femur, distally along
the plantar aspect of the limb, to attach to the tuber
calcaneus or point of the hock before terminating on
the lower digits. These two straps are always tense;
thus the stifle and hock normally must extend and
flex together.

The anatomical arrangement of the stay apparatus
enables the horse to stand while expending minimal
energy.

The nervous system

The nervous system can be divided into three
parts: the central, peripheral nervous and autonomic
nervous systems. The nervous system allows a horse
to control its bodily functions and respond to de-
mands in an appropriate and coordinated manner.
The nervous system receives external stimuli, which



Table 2.4 Muscles of the proximal limb
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Muscle name

Position

Innervation

Action

Supraspinatus

Infraspinatus

Triceps

Biceps bracchi

Brachialis

Quadriceps

Semimembranosus

Semitendinosus

Superficial gluteal

Middle gluteal

Deep gluteal

Gastrocnemius

Biceps femoris

Cranial tibial

Peroneus tertius

Supraspinous fossa of scapula to the cranial aspect of
humeral tubercles

Caudal to scapula spine and tendons insert on the
cranial humerus. Synovial bursa protects longer tendon
over caudal aspect of tubercle

Three heads, one from scapula and two from humerus;
allinsert on the olecranon with a bursa between
the tendon and bone

Supraglenoid tubercle of the scapula over a bursa to
the radial tuberosity, has a connection with
the carpal extensor

Caudoproximal humerus to the craniomedial radius

Four heads combine to insert on the patella

Two heads: one caudal pelvis to the medial epicondyle of
femur and the other medial collateral to the medial
tibial condyle

Sacrum and adjacent area and pelvis to the medial tibia,
crural fascia and joins calcaneal tendon

Tuber coxae and gluteal fascia to the third trochanter

Caudal back and dorsal pelvis to the caudodistal femur

Dorsal pelvis to cranial aspect of greater trochanter

Two heads from supracondylar tuberosities of femur to
calcaneal tendon and inserts on calcaneus.
Associated bursa

Sacrum and pelvis to the fascia lata, patella, lateral
patellar ligament, tibial crest and joins calcaneal tendon

Lateral tibia through tendon of peroneus tertius, splits
and larger to metatarsal tuberosity and smaller to first
tarsal bone

Almost totally tendinous from distal femur, splits lateral
to 4th tarsal and dorsal to 3rd tarsal and metatarsal
bones

Suprascapular nerve

Suprascapular nerve

Radial nerve

Musculocutaneous
nerve

Musculocutaneous

Femoral nerve

Sciatic nerve

Caudal gluteal
and sciatic nerves

Cranial and

caudal gluteal nerve
Cranial gluteal nerve
Cranial gluteal nerve

Tibial nerve

Caudal gluteal
and sciatic nerves

Peroneal nerve

Peroneal nerve

Extension and stabilising
shoulder joint

Stabilises shoulder joint and
tendon acts as a lateral
collateral ligament

Extension of elbow

Flexion of elbow and
assisting with carpal
extension during
weightbearing

Flexion of elbow

Extension and stabilisation
of the stifle

Extension of hip flex stifle
when non-weightbearing
and extends it when
planted

Extension of hip flex

stifle when limb raised and
extends it when limb planted.
Part of stay apparatus

Flexion of the hip and
abduction of the limb

Extension of the hip and
abduction of the limb

Abduction of limb
Extends hock

Flexion of the stifle and
possibly contributes to
extension of the hip

Flexion of hock and
counteracts bending action of
tibia by other muscles

Part of stay apparatus. Links
actions of hock
and stifle
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Table 2.5 Summary of abdominal musculature

Muscle name Origin and direction

Additional information

External abdominal oblique

alba. Small crus to tuber coxae

Internal abdominal oblique

andlineaalba

Transverse abdominis
rectus and inserts on linea alba

Rectus abdominis

Most extensive, from lateral aspect of thorax 5th rib with
digitations into serratus ventralis and caudoventrally to linea

From the tuber coxae and dorsocaudal edge of external
abdominal oblique. Runs cranioventrally to costal cartilages

Lumbar vertebrae and medial last ribs. Aponeurosis deep to

4th-9th costal cartilages and sternum and runs sagitally
either side of the linea alba, inserting on the prepubic tendon

The splitbetween the two crura forms
the superficial inguinal ring

A caudal slip provides the cremaster
muscle, which passes onto the
spermatic cord

Least extensive and does not extend
more caudally than the level of the
tuber coxae

Narrow in thorax and widens over
abdomen before narrowing again
just prior to insertion

superficial digital flexor tendon

peroneus tertius

Fig.2.39 Reciprocal apparatus of the hindlimb.

are analysed and integrated and then a response is
produced. A neurone is the cell that is mainly res-
ponsible for transporting information to and from
the body and the nervous system. It has long pro-
cesses that carry information as electrical impulses
and a cell body that processes this. Processes trans-
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porting impulses to the cell body are called dendrites
(afferent) and those carrying them away from the
body are called axons (efferent). Impulses pass from
one neurone to another at a synapse, which is a
gap between the processes where information is
transported only one way by the release of chemicals
(neurotransmitters).

The receptors are known as sensory nerve endings
and the processes transmitting the impulses are sen-
sory fibres. These carry information on stimuli re-
ceived. The impulse is carried by the axon (second
part of the neurone). If a response is evoked, the im-
pulse has to be transmitted to a muscle or gland. The
neurone process carrying this impulse is a mofor
fibre, which will cause muscle movement. The sim-
plest functional unit of the nervous system consists
of a sensory fibre synapsing with a motor fibre. An
additional neurone is usually carrying the impulse
from the sensory to the motor unit. This is called a
connector or intercalated neurone.

Nerve fibres are further classified relating to the
structures in which the sensory and motor nerve
endings are found. Internal organs, smooth muscle,
glands and mucous membrane are principally inner-
vated by visceral fibres. Somatic fibres innervate all
other structures. Fibres receiving and processing im-
pulses are also called afferent neurones. The fibres
sending impulses to structures to initiate an action
aremotorand called efferent neurones. A ganglionisa



femur

medial trochlear ridge

medial patellar ligament

tibia

Fig.2.40 Patellain locked position.

group of nerve cells where synapses occur, enabling
the interchange of signals.

Central nervous system (CNS)

The CNS consists of the brain and spinal cord, which
are protected within the bony cranium and vertebral
column and are covered by meninges consisting of
three layers:

(1) Dura mater: a thick outer fibrous layer. The
protective dura mater is interwoven with the
periosteum on the inner surface of the cranial
bones.

(2) Arachnoid: a thin middle layer that consists of a
network of delicate collagenous fibres. The sub-
arachnoid space between the fibres is occupied
by the cerebrospinal fluid (CSF).

(3) Pia mater: an inner layer that is closely applied
to the CNS. It is a delicate and very vascular
membrane covering the brain and spinal
cord.

Anatomy and Physiology
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The CSF is a clear, colourless fluid that surrounds
and permeates the entire CNS, thus protecting,
supporting and nourishing it.

The CNS contains collections of neuronal nerve
cell bodies, nuclei and columns of grey matter. Tracts,
sheets and pathways of dendritic and axonal
processes of these cell bodies make up the white
matter.

Spinal cord

The spinal cord extends from the foramen magnum
of the cranium to the cranial sacral region (52) in
the horse. At the termination of the spinal cord a
tail of spinal nerves continues, enabling them to
reach the exit foraminae (cauda equina). In the spinal
cord, the sensory and motor fibres combine to form a
mixed spinal nerve with a pair (left and right) related
to each vertebra. These nerves enter and leave the
canal via the intervertebral foraminae. Each spinal
nerve is connected to the spinal cord by a dorsal
and ventral root. The dorsal root has a localised
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swelling, the dorsal root ganglion, which lies close
to or in the intervertebral foramen. This is where
the cell bodies of the sensory nerves are found
(Fig. 2.41). All spinal nerves have a communicating
or visceral ramus as a ventral branch. The commu-
nicating rami have visceral motor fibres running
from one to the other to form a continuous nerve
on each side of the vertebral column inside the
abdominal and thoracic cavities. This is the sympa-
thetic chain.

The spinal cord is continued rostrally by the brain,
without an abrupt change. It is composed of neu-
rones like the spinal cord but the grey matter is
separated into discrete areas by tracts of fibres
(white) connecting different regions. The central
canal of the spinal cord continues rostrally into
the brain tissue. It then expands and has diverticuli
to produce a large ventricular system. This is
filled with CSF. There are four ventricles. The
widening of the canal within the medulla oblongata
is the fourth ventricle. The ventricular system
then narrows again as it travels rostrally into the
midbrain as the cerebral aqueduct. Further rostrally,
the diameter of the duct widens again and becomes
the third ventricle. This is laterally flattened in the
midline and has two lateral extensions or diverticuli
called lateral ventricles. These each occupy part of
the cerebral hemispheres.

Brain

The brain is divided into the forebrain, midbrain and
hindbrain:
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Fig.2.41 Cross-section of spinal cord.

(1) The forebrain includes:

(a) Two cerebral hemispheres, which are crucial in
receiving and processing information. They
contain the higher centres, connections with
the upper motor neurones and related nuclei,
e.g. the visual cortex. It is the largest part
of the brain. The surface is arranged in sulci
(grooves) and gyrae (ridges). The most rostral
parts of the cerebral hemispheres are the
olfactory bulbs. These are paired and closely
associated with the plate of bone separating
the brain from the nasal chambers and con-
vey the sense of smell.

(b) The thalamus, which is deep within the brain,
relays impulses to and from the cerebral
cortex.

(¢) The hypothalamus, which has important
regulatory functions.

(d) The optic chiasma, which is a cross-shaped set
of nerve fibres associated with the eye.

(2) Themidbrainis part of the brainstem that carries
nerve tracts between the forebrain and hind-
brain. The midbrain is associated with cranial
nerves [Iland IV and their cell bodies.

(3) The hindbrain includes:

(a) The medulla oblongata, which contains the
respiratory centre and centre for cardiac
control. The medulla is associated with
cranial nerves VI-XII and their sensory
ganglia.

(b) The pons, with which cranial nerve V is
associated.



(c) The cerebellum, which lies on the dorsal part
of the hindbrain over the fourth ventricle.
Its function is to help maintain balance
and equilibrium by coordinating muscular
activity.

Reflexes

Reflexes are important physiologically and aid in the
diagnosis of a region/nerve affected in neurological
disease (see Example 2.1). A neurological examina-
tion basically involves testing simple and complex
reflex pathways and then interpreting the effected re-
flex activity and complex responses. Areflex action is
afixed involuntary response, whichis always similar
for a given stimulus. The reflex arc is the pathway
along which the stimuli travel.

Simple reflex arc

A classic example is the patellar reflex. This is a
simple spinal reflex that is quite difficult to elicit
in the adult horse compared with small animals. It
is composed of three neurones. Stimulation of a
sensory stretch receptor in the tendon of the
quadriceps muscle and its sensory neuronal cell
body in the dorsal root ganglion stimulates an
intercalated neurone. This effects the contraction
of the quadriceps muscle via a lower motor neurone
(LMN). The LMN has its cell body in the ventral grey
matter of the spinal cord. There are no ascending or
descending connections with the brain. This reflex
can take place even if the spinal cord is cut, as long as
the damage does not occur at the segments used by
the reflex.

Complex reflex arcs

These involve input from and output to the higher
centres in the brain. The various reflex pathways,
with their respective LMNs throughout the brain-
stem and spinal cord, are controlled for voluntary
movement by higher motor centres via their upper
motor neurones (UMNSs). Descending UMNSs take
specific tracks, e.g. corticospinal synapse, on the
LMNs of the reflex pathways. The higher centres
help to control the LMNs within the reflex arcs.
There are also sensory inputs to the reflex arcs, which
are relayed to higher centres to give feedback on
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proprioception (position sense) and nociception
(touch/pain perception). These ascending path-
ways travel to the thalamus and sensory cerebral
cortex.

‘Slap reflex’

The skin behind the shoulder is slapped gently during expi-
ration while the larynx is palpated for movement of the
contralateral, dorsolateral laryngeal musculature.
Observation of the larynx via endoscopy will allow visual
observation of the reflex response. The afferent pathway

is through the segmental dorsal thoracic nerves, cranially to
the contralateral spinal cord white matter and to the
contralateral vagal nucleus in the medulla oblongata. The
efferent pathway is through the vagus nerve to the cranial
thorax and then back up the neck in the recurrent laryngeal
nerve to the larynx.

Cranial nerves

The cranial nerves arise from the brainstem in
pairs. They are numbered I-XII, rostral to caudal.
The nerves do not attach to the brain with regular
dorsal and ventral roots and nor do many have
both motor and sensory fibres like the spinal nerves.
Special sensory and special motor fibres are found
in the cranial nerves. All the nerves innervate only
the structures in the head region, except for the vagus
(X), which also supplies the thoracic and abdominal
organs. Three nerves are concerned only with the
special senses and are therefore called ‘special
sensory’ nerves:

e Olfactory (I)
e Optic(D
e Vestibulocochlear (VIII)

The trigeminal (V) is the largest of the cranial
nerves, with both sensory and motor fibres. For a
list of the cranial nerves and their functions, see
Summary 2.1.
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Summary 2.1

Cranial nerves and their major functions

| Olfactory: sense of smell
Il Optic: afferent pathway for vision/light
Il Oculomotor: pupillary constriction/extra-ocular
muscles
IV Trochlear: responsible for eye position muscles
V  Trigeminal: sensory to side of face; motor to muscles of
chewing
VI Abducens: also responsible for eye position muscles
VIl Facial: motor to muscles of facial expression
VIl Vestibulocochlear: vestibular (balance) and cochlear
(hearing)
IX  Glossopharyngeal: sensory and motor to pharynx and
larynx
X Vagus: sensory and motor to pharynx and larynx; also
supplies abdominal and thoracic organs
XI Accessory: sensory and motor to pharynx and larynx
XII' Hypoglossal: motor to tongue

The peripheral nervous system

This consists of the spinal and cranial nerves. There
are four basic functional types of fibres:

(1) Somatic sensory enter through every dorsal root
of the spinal nerves.

(2) Somatic motor leave the spinal cord through the
ventral root of every spinal nerve.

(3) Visceral sensory.

(4) Visceral motor.

The swelling on the dorsal root is the dorsal root
ganglion containing cell bodies of these fibres. Some
of the dorsal roots also may contain visceral sensory
fibres. The visceral motor fibres are distributed
slightly differently from the rest of the fibre types.
These form part of the autonomic nervous system.
The ventral roots of the thoracic and lumbar spinal
nerves contain visceral motor fibres. In these regions
these fibres are called sympathetic fibres. The ventral
roots of some of the sacral spinal nerves and the
corresponding parts of some of the cranial nerves
contain visceral motor fibres. These are called
parasympathetic fibres.

60

The autonomic nervous system (ANS)

This system directs many of the homeostatic
functions necessary for basic life processes and is
also involved in response to emergencies. It is a
physiological and anatomic system with both central
and peripheral components.

It consists of three main components:

(1) Thesympathetic componentis associated with the
body’s response to emergencies, the ‘fight or
flight" response. It innervates smooth muscle,
cardiac muscle and glandular organs in a rapid
response to potential life-threatening situations.
It increases the heart rate, opens up airways, and
increases the blood supply to skeletal muscle.

(2) Theparasympathetic partis associated with home-
ostasis, maintaining the normal processes ongo-
ingin thebody. It generally has a more local effect
than the sympathetic system and works in the
opposite way in that it slows down the heart and
breathing rates and increases bowel motility
(Table 2.6).

(3) The enteric nervous system consists of a diffuse
network of neurones that occur in the muscular
walls of the hollow viscera. The system receives
input from the other two divisions of the ANS but
it can act independently of the CNS.

There is also input from higher centres in the CNS.
The hypothalamus is the primary integrating centre
of the ANS and itself receives input from higher
centres in the cerebral cortex. The route of trans-
mission is from the hypothalamus via the mid-
brain, pons and medulla, and down the spinal cord
where the supply leaves as general visceral efferent
neurones in the cranial and spinal nerves. These
carry information to smooth muscle, cardiac muscle
and gland target organs. Some neurones in the
parasympathetic arm leave the CNS in the cranial
nerves.

The sympathetic system

Axons of the visceral efferent neurones leave via the
ventral root and synapse with the post-ganglionic
neurone in the sympathetic chain ganglia. The post-
ganglionic neurone then runs to the target visceral
structures. In addition there is an alternative sympa-



Table 2.6 Summary of sympathetic and parasympathetic systems
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Sympathetic nervous system stimulation by noradrenaline

Parasympathetic nervous system stimulation by acetylcholine

Increased heart rate

Dilation of airway passages

Lacrimal, parotid and submandibular gland secretion
Sweat gland secretion

Increased gut motility

Increased blood glucose

Reduced urine production

Pupillary dilation

Avrteriole constriction, general

Decreased heart rate and myocardial responses
Constriction of air passages in lungs
Increased secretion of lacrimal, parotid and submandibular glands

Increased peristaltic and segmented motility of gastrointestinal tract
Reduced blood glucose via effects on liver and pancreas

Constriction of pupils and ciliary muscle

thetic pathway supplying vessels of the abdominal
viscera. The preganglionic neurone goes to the vis-
ceral ramus and the visceral rami combine to form
splanchnic nerves, ending in collateral ganglia.
These ganglia are located along the dorsal aorta and
here the preganglionic neurones synapse with the
post-ganglionic neurones.

The parasympathetic system

Similar input from cerebral cortex to hypothalamus
and other nuclei. In a similar way to the sympathetic
system the nerve fibres emerge from the brain
or spinal cord and pass to the organs concerned.
The main structural difference is in the position of
the ganglia. In the sympathetic system the ganglia
lie alongside the vertebrae close to the spinal cord,
with the result that the preganglionic fibres are
short and the post-ganglionic fibres are long. In the
parasympathetic system the fibres synapse close to
their target organ, so there are only short post-
ganglionic fibres.

The ear consists of the external ear, the middle ear
and the inner ear.

The external ear

The external ear consists of the pinna and the external
auditory meatus. The pinna is a cone-shaped struc-
ture made of cartilage and covered by skin. The
pinna is highly movable so the horse is able to con-

centrate on the source of a sound. The ear position is
an important indicator of emotional expression in
the horse. Cartilage rings (annular cartilage) sur-
round the external auditory meatus. The meatus
then courses into the temporal bone of the skull and
ends at the eardrum (Fig. 2.42).

The middle ear

Both middle and inner ear lie in cavities in the tem-
poral bone. The eardrum is the border between
the external and the middle ear. The eardrum is
vibrated by sound waves. From the eardrum, sound
is transferred and amplified mechanically by the
three auditory ossicles —the malleus, incus and stapes
(hammer, anvil and stirrup)—in the middle ear
(Fig. 2.43). The stapes transfers the vibration onto
the oval foramen and from there into the inner
ear. The Eustachian tube connects the middle ear
to the pharynx. The purpose of the Eustachian tube
is to allow the equilibration of pressure between the
external and the middle ear. The horse has a large
diverticulum of the Eustachian tube (the guttural
pouch).

The inner ear

The bony cavity of the inner ear is known as the bony
labyrinth and is filled with perilymph. Within the bony
labyrinth is the membranous labyrinth. The membra-
nous labyrinth forms the organs of the inner ear. The
membranous labyrinth contains endolymph. The sys-
tems of cavities containing perilymph or endolymph
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Fig.2.43 The middle ear.
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Eustachian tube

Fig.2.42 Overview of the ear.

are not connected. The inner ear contains two organs
(Fig.2.44):

The vestibular apparatus is responsible for send-
ing information about balance and acceleration
to the brain via the utricle and saccule. The utricle
is the origin of the three semicircular ducts that are
orientated in the three different perpendicular
directions. Endolymph movement due to inertia
is measured in these canals, providing the brain
with information about acceleration. The saccule
is responsible for measuring how the head is
orientated relative to gravity. It contains several
calcium carbonate crystals (otoliths) that rest
on sensory hairs and is the organ responsible
for assessing balance. All information from the
vestibular apparatus is sent to the brain via the
vestibular part of the VIII cranial nerve (vestibu-
locochlear nerve).

The cochlea receives vibration caused by sound
through the oval window. The oval window is a
membranous interface between the middle and



semicircular ducts

Fig.2.44 Theinnerear.

inner ear. The region of sensory cells bearing fine
sensory hairs in the cochlea is called the organ of
Corti. The endolymph in the cochlea transmits
the vibrations onto the sensory hairs. The bases
of these hairs, the sensory cells, are connected to
nerve endings. The information is transported to
the brain by the cochlear part of the VIII cranial
nerve (vestibulocochlear nerve). The round
window is another interface between the cochlea
and middle ear whose purpose is to allow com-
pensation for vibrations reaching the cochlea via
the oval foramen.

The eyeball
The eyeball is made up of three layers of tissue:

(1) Theexternal tunic consists of tough fibrous tissue
and forms the sclera that surrounds most of the
eye-bulb. In the anterior part of the eye the exter-
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nal tunic is clear (cornea) to allow light into
the eye-bulb. The junction between sclera and
cornea is called the limbus.

(2) The middle layer is the pigmented and vascular
uvea. Its anterior part forms the ciliary body and
theiris. The part of the uvea surrounding the pos-
terior chamber is called the choroid.

(3) The innermost layer is called the retina. Only
the posterior part of the retina contains light-
sensitive nerve cells. The rest of the retina forms a
lining for the inside of the posterior chamber
and the posterior surface of the iris (Fig. 2.45).

The cornea is a clear tissue that covers the anterior
pole of the eye and lets light in. To do this, the exterior
surface of the cornea needs to be moistened con-
stantly with tears and lubricated by the secretions of
the tarsal (meibomian) glands.

The anterior chamber stretches from the posterior
surface of the cornea to the iris. It is filled with
clear fluid (aqueous humour), which is produced at
the rear of the iris. The flow is anterior through the
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pupil. The fluid is then absorbed in the angle
between the anterior surface of the iris and the
cornea.

The iris is a circular structure that sits disk-like be-
tween the anterior and posterior chamber. The open-
ing in the middle of the iris is the pupil, which is oval
shaped in the horse. To allow the iris to control the
amount of light that enters the eye, pupil size can be
changed. Whenitis dark the pupilis dilated, whichis
known as mydriasis. Myosis is the opposite when the
pupil is constricted in bright light. The horse has
small black granules attached mainly to the superior
margin of the pupil, which can grow up to pea size.
These are the normal granula iridica (corpora nigra) in
the horse.

The posterior chamber stretches from the iris to the
back of theeye. Theregionrightat theback of the eye,
where the sensory cells are located, is called the
fundus. Structures filling the posterior chamber are
the lens and the vitreous.

The lens is a round, clear structure enclosed in an
elastic fibrous capsule. The posterior convexity has a
greater curvature than the anterior convexity. The
zonular fibres suspend the lens from the ciliary body.
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Fig.2.45 Anatomy ofthe eye.

Disruption of these fibres will result in the lens being
displaced either anteriorly or posteriorly. Muscles in
the ciliary body, which are weak in the horse as com-
pared with other animals, change the shape of the
lens and therefore allow the eye to accommodate to
view near objects.

The vitreous is a clear, gelatinous mass within the
posterior chamber behind the lens. It acts to transmit
and refractlight.

The retina is a layer of tissue that is rich in sensory
cells in the region of the fundus. Two kinds of sen-
sory cells exist in the retina:

(1) Rods are more numerous and are responsible for
detecting light and dark difference only.
(2) Cones provide colour vision.

Nerves originating from the rods and cones are
bundled into the optic nerve. The spot where the
optic nerve exits the fundus is not covered by
retina and is therefore blind. The fapetum (tapetum
lucidum) is a reflective non-pigmented part of the
retina, which acts as a light amplifier by reflecting
light that has already passed once through the
retina.



The orbit

The eye is situated in the orbit, which is a bony
structure surrounding most of the eye and protecting
it from trauma. This includes:

¢ the frontal bone medially

¢ the temporal bone caudally
¢ the zygomatic bone laterally
¢ thelacrimal bonerostrally

These bones form a cavity in the skull that is
open rostrolaterally for the anterior structures of the
eye.

Structures around the eye

Eyemuscles

The eye is attached to the orbit by several muscles.
The purpose of these muscles is to hold the eye in
place and to enable the eye to be moved actively. A
body of fat is situated between the back of the bulb
and the bones of the orbit.

Lids

The eyelids protect the front of the eye. The upper
and lower eyelids are covered with normal skin
externally. Theinsides of the upper and lower eyelids
are covered by conjunctiva—a very elastic tissue that
allows the eye and the lids to move freely while
effectively sealing the eye-bulb into the orbit. The
reflection of the conjunctiva covering the insides
of the lids and the conjunctiva that attaches to the
eye-bulb is called the fornix, i.e. an arch-shaped
structure. The free margins of upper and lower
lid contain mucoid tarsal (meibomian) glands.
Long eyelashes are situated on the free margin of
the upper eyelid to protect against sunlight and dust
particles.

The third eyelid is drawn over the eye from the
medial corner, beneath the upper and lower eyelids.
Its base is the third eyelid cartilage, which is covered
by conjunctiva on both surfaces. The free margin of
the conjunctiva is pigmented in most horses.

Lacrimal apparatus
The purpose of the lacrimal apparatus is to provide
the eye with tears to lubricate the anterior surface of

Anatomy and Physiology

the eyeand to flush out foreign material. Thelacrimal
apparatus consists of the lacrimal gland, the two
lacrimal puncta and the nasolacrimal duct. The
lacrimal gland lies in the lateral orbit between the
orbital muscles and the zygomatic bone. It produces
tears that are secreted into the conjunctival fornix
by several short ducts. The tears are collected at the
medial canthus into two small slit-like openings, the
lacrimal puncta. From there the tears are conveyed
through the nasolacrimal duct to the nostril.

Eyesight

The horse has a field of vision of about 300°. Blind
spots exist behind the horse and directly in front of
the animal ventrally. Head movement can compen-
sate for these blind spots. The wide, almost circular
field of vision makes it easy for the horse to detect
movement in its peripheral vision. It can be difficult
to detect partial blindness in the horse.

The endocrine system

Anendocrine gland is a ductless gland that releases its
secretory product—a hormone—directly into the
bloodstream for general circulation. A hormone
acts as a ‘chemical messenger’ that can influence
the activity of other organs or tissues, mainly
involving the control and coordination of pro-
cesses such as metabolism, fluid balance, growth,
resistance to stress, maintenance of a stable
internal environment, sexual development and
reproduction.

Pituitary gland

The pituitary gland or hypophysis produces
many hormones, including some that directly
affect the activities of the other endocrine glands.
It is suspended beneath the hypothalamus by a
stalk and sits within a depression in the floor of
the skull on the ventral surface of the midbrain
(Fig. 2.46).
The hypophysis is composed of three parts:

(1) The neurohypophysis (posterior lobe)

(2) Theadenohypophysis (anterior lobe)
(3) The pars intermedia (intermediate lobe)

65



CHAPTER 2

- cerebrum
cerebellum
=
(’f brainstem
—
(\— hypophysis

Fig.2.46 Position of the hypophysis.

Numerous important hormones are produced by
the hypophysis and they are often named using the
suffix ‘~trophin’ or ‘-trophic” at the end of a word to
indicate the target organ.

The adenohypophysis produces the following
hormones:

* Growth or somatotrophic hormone (STH): no spe-
cific target organ but affects many tissues and
metabolic processes, in particular the control of
skeletal growth.

® Adrenocorticotrophic hormone (ACTH) acts on the
adrenal cortex to stimulate the release of other hor-
mones, primarily the glucocorticoids. The release of
ACTH is controlled by cortisol under negative
feedback.

® Thyroid-stimulating hormone (TSH) acts on the thy-
roid gland to stimulate the synthesis of thyroid
hormones.

® Gonadotrophic hormones: follicle-stimulating hor-
mone (FSH) stimulates follicular growth in the
ovary, whereas luteinising hormone (LH) causes
maturation of the follicle.

® Prolactin acts on the mammary gland to stimulate
the production of milk.

The neurohypophysis does not directly produce
hormonesbutacts tostoreand thenrelease those pro-
duced by the hypothalamus. These include:

® Oxytocin, a hormone acting on the smooth muscle
in the uterus during parturition and on the
myo-epithelial cells of the udder, causing uterine
contractions and milk release, respectively.
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Fig.2.47 The equine pancreas.

® Vasopressin, or antidiuretic hormone (ADH), pro-
motes fluid resorption by the kidney.

The pars intermedia produces melanophore-
stimulating hormone (MSH).

Pancreas

The pancreas is a small, soft, yellowish gland, trian-
gularinshape, lying mainly on theright-hand side of
the abdomen. It is attached to the duodenum within
the sigmoid flexure and is composed of glandular
tissue. The pancreas is a mixed gland with two main
functions:

(1) Exocrine, involving digestive secretions into the
duodenum. Two main ducts carry the digestive
secretions collected from many smaller ducts
within the pancreatic tissue. The greater pancrea-
tic duct opens into the cranial duodenum with
the hepatic duct, and the accessory duct opens on
the opposite side of the gut (Fig. 2.47).

(2) Endocrine, which involves the secretion of
hormones directly into the bloodstream.

Pancreatic functions
The exocrine, or acinar, cells are responsible for the
secretion of the digestive enzymes that break down



fat, carbohydrate and protein into smaller compo-
nents to aid absorption.

The endocrine function is located in the islets of
Langerhans, which are small islands of tissue scat-
tered within the pancreatic acini. They secrete three
hormones:

(1) Insulin, which is released into the blood in re-
sponse to a rise in glucose levels. Insulin causes
an increase in the conversion of glucose to glyco-
gen for storage within the cells. It also accelerates
the uptake of glucose into skeletal tissue. The
control of insulin is dependent upon the level of
blood glucose.

(2) Glucagon, which has the opposite effect to in-
sulin. Low blood glucose levels circulating
through the pancreas stimulate the release of
glucagon. Glucagon acts to initiate the break-
down of glycogen into glucose, thus raising the
blood glucose level. In turn, this elevation in
blood glucose to normal levels inhibits the re-
lease of glucagon.

(3) Somatostatin, which prevents excessive levels of
nutrients in the plasma by reducing the rate of
food digestion and absorption.

Thyroid gland

The thyroid gland consists of two lobes, palpable as
soft ovoid structures dorsolateral to the proximal

medulla

cortex

Fig.2.48 The equine adrenal gland.
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trachea. The gland contains spherical follicles that
synthesise the thyroid hormones thyroxine and
triiodothyronine. There are also parafollicular cells
that synthesise calcitonin, a hormone responsible for
calcium homeostasis.

Parathyroid glands

The parathyroids are four small glands situated be-
hind the thyroid. They secrete parathyroid hormone
(PTH), a hormone involved in calcium and phos-
phate metabolism.

Adrenal glands

There are two adrenal glands, irregular in shape
and situated along the cranial aspect of the
medial border of each kidney. The adrenals are
essential for life and play an important role in
states of stress (Figs 2.48 and 2.49). Each gland
consists of:

(1) The outer cortex, which secretes steroid hor-
mones. Steroids are all derived from cholesterol
and thus have a common basic biochemical
structure.

(a) The zona glomerulosa secretes mineralocor-
ticoids. The most important of these is
aldosterone, a hormone acting mainly on
the kidney tubules to promote the retention

J—capsule

+— zona glomerulosa

|— zona fasciculata

I— zona reticularis

+— medulla
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of sodium and therefore of water, with
increased loss of potassium and hydrogen.

(b) The zona fasciculata secretes glucocorticoids.
The main hormones are cortisol and cortico-
sterone and they have many important
effects. One such effect is to cause protein
catabolism. The amino acids thus formed
are used to make glucose in the liver and
therefore cause increased blood sugar. Glu-
cocorticoids also have anti-inflammatory,
anti-allergic and anti-insulin actions.

(c) The zona reticularis secretes the anabolic or sex
hormones.

(2) The inner medulla, which secretes mainly
adrenaline but also noradrenaline. Secretion is
controlled by the sympathetic nervous system
and is stimulated in times of stress or fear.
Adrenaline is responsible for the ‘fight or flight’
function.

The liver is the largest gland in the body and
accounts for approximately 1% of the bodyweight
in the adult horse. It is made up of four lobes: left,
quadrate, right and caudate lobes. The latter two
lobes are difficult to differentiate, whereas the former
are separated by a fissure containing the round
ligament.

The liver is supplied with blood from two main
sources. The portal vein carries blood that is low in
oxygen but very high in nutrients absorbed from the
gastrointestinal system. The liver is responsible for
the storage, metabolism and transformation of these
nutrients. The hepatic artery provides a rich source of
oxygen to the liver cells (Fig. 2.50).
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Fig.2.50 The equine liver.

The liver is positioned asymmetrically in the ab-
domen, mainly on the right-hand side. It lies entirely
under the ribs, up against the diaphragm. In the
young foal the liver is more symmetrical and larger,
extending beyond the rib cage. Certain diseases
also may cause the liver to enlarge in adult horses
(hepatomegaly).

Bile is secreted by the hepatocytes (i.e. liver cells).
The horse does not have a gall bladder, instead
the bile drains continuously into ductules and
ducts, which converge to form the hepatic duct. The
hepatic duct opens into the cranial duodenum
where it shares a papilla with the major pancreatic
duct.

Functions of the liver

® Production and secretion of bile: bile acts like a
detergent to break down fat in the intestinal
lumen, it aids the absorption of lipids and lipid-
soluble substances such as vitamins A, D, E and K.
Bile consists mainly of bile acids, more than 95%
of which are reabsorbed from the intestine and
returned to the liver. This recycling is called the
enterohepatic circulation.

¢ Lipid metabolism: theliver is involved in convert-
ing fatinto simpler substances for transport to and



use in other tissues. Fatty acids also can be con-
verted for use as an energy source if there is insuf-
ficient glucose due to either reduced intake or
increased energy demands. Excess carbohydrate
is converted to fat by the liver. This is under the
control of the hormone insulin.

¢ Carbohydrate metabolism: the liver is involved
in the synthesis, storage and release of carbohy-
drates, and in this way maintains a normal
blood glucose level. Glucose is absorbed from
the gut and transported to the liver via the portal
blood, where it is converted to glycogen and
stored.

* Protein metabolism: the liver is responsible for the
production of 90% of the plasma proteins, includ-
ing proteins such as clotting factors, albumin and
fibrinogen. If there are excess amino acids, or if
there is insufficient carbohydrate for energy pro-
duction, the liver is able to convert amino acids to
useful precursors for the synthesis of glucose. This
leads to the production of ammonia, a substance
that is produced also by other tissues and the
intestinal microflora and released into the circula-
tion. Ammonia is toxic and so is converted in the
liver to urea—a less toxic material —before trans-
port to the kidneys for excretion.

¢ Detoxification of harmful substances by a process
called biotransformation, which alters the toxic
compound so that it can be excreted more easily in
the bile or urine.

right kidney

Fig.2.51 The equine kidneys.
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¢ Formation of red blood cells (haematopoiesis) in
embryonic life.
¢ Storage of minerals and vitamins.

The urinary system

The kidneys

The kidneys of the horse have a flat surface and
are a brown-red colour. They are situated either
side of the midline ventral to the epaxial muscula-
ture in the retroperitoneal space. The left kidney
resembles a bean in shape and is 15-20cm long
and 11-15cm wide. The cranial pole lies approxi-
mately at the level of the 17th rib (16-18). It is very
slightly mobile. Laterally it borders onto the dorsal
part of the spleen with which it is connected via
the nephrosplenic ligament. The right kidney of
the horse is heart-shaped and is situated more
cranially. It is about 13-15cm long and 15-18cm
wide. The cranial pole lies at the level of the 16th
rib (14-17). It reaches the liver where it forms the
renal impression into the caudate lobe of the liver.
The ventral surface of the kidney is covered by the
fibrous attachment of the caecum to the dorsal body
wall (Fig. 2.51).

On the medial and ventral aspect of the kidney, the
hilus is the location of entry for the renal artery and
the exit portal for the renal vein and the ureter. On the
cut surface of a kidney, the cortex and medulla can be

left kidney
renal artery

veins

ureters
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distinguished. The cortex is the outer part containing
the glomeruli and the medulla is the inner part
containing mainly the loops of Henle and collecting
ducts. The innermost part of the kidney is occupied
by the renal pelvis. The pelvis acts as a collection
vessel and transports the urine into the ureters
(Fig.2.52).

The functional unit of the kidney is the nephron.
The nephron consists of:

(1) The glomerulus.

(2) The proximal convoluted tubule.

(3) Theloop of Henle.

(4) The distal convoluted tubule that ends in a
collecting duct.

The physiological functions of the kidney are:

¢ Excretion of metabolic waste products, especially
urea.

¢ Maintaining the homeostasis (biological balance)
of water, electrolytes and ions.

¢ Endocrine (hormonal) functions.

The tubular system and the blood vessels are inti-
mately related so that substances can be passed
easily between them. The kidney has an extremely
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good blood supply with 20-25% of cardiac output
going to the kidneys. Three processes lead to the pro-
duction of urine.

¢ Glomerular filtration
e Tubular reabsorption
e Tubular secretion

Water and soluble contents of the blood are pressed
into the glomerular capsule by a process called
glomerular filtration. A healthy kidney does not
allow larger molecules such as proteins or even
larger blood cells to escape into the urine. The prima-
ry filtrate is produced in large volumes. This process
is not selective for any substances. The kidney there-
fore needs to reabsorb substances that are important
to the body.

Selective reabsorption of water and electrolytes
takes place in the tubules, primarily in the loop of
Henle. The body therefore can retain sufficient water
to maintain fluid balance. Electrolytes are also reab-
sorbed in a way that keeps their plasma concen-
tration constant. Ions like bicarbonate also are
selectively reabsorbed to keep the blood pH con-
stant. All of the glucose that is contained in the pri-
mary filtrate is reabsorbed. Tubular secretion also is
important for the body to dispose of foreign organic
substances (Fig. 2.53).

The kidney’s endocrine role is:

(1) To produce renin when blood pressure is low.
Renin triggers the production of angiotensin,
which effects vasoconstriction and therefore in-
creases blood pressure. Renin also stimulates the
production of aldosterone, a hormone that regu-
lates the secretion and reabsorption of sodium
and potassium.

(2) To produce erythropoietin, which stimulates
the production of red blood cells in the bone
marrow.

The ureter

The ureters are small tubes about 70cm long that
transport urine to the bladder. The ureters leave the
pelvis of thekidney at the hilus and travel caudally in
the retroperitoneal space to reach the bladder. The
ureter is constructed of three layers:
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(1) The innermost, mucosal layer has longitudinal
folds and is covered by transitional epithelium.
In the proximal part of the horse’s ureter, the
mucosa also contains mucous glands, which are
responsible for the typical mucoid appearance of
the horse’s urine.

(2) The muscular layer consists of three strata: an
inner longitudinal, a middle circular and an
outer longitudinal stratum.

(3) The outermost layer is the adventitia.

Urine is transported by rhythmic peristaltic
contractions.

The bladder

The bladder is an expansile sack-like organ. Its func-
tion is to store urine between episodes of micturition
(urination). The bladder is roughly cone shaped,
with a blunt end (vertex) pointing cranially, a body
(corpus) and the pointed end —the neck (cervix) —
caudally leading into the urethra. The wall of the
bladder has three layers, similar to the ureters.

The ureters join the bladder at the bladder
neck. After penetrating the bladder wall they run
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Fig.2.54 The equine ureter.

obliquely through the whole thickness of the wall
and end in small slit-like openings in the bladder
lumen. The purpose of this oblique angle of the
ureter penetrating the bladder is to form an effective
valve to prevent urine flowing back from the bladder
into the ureter. The area on the inside of the bladder
neck, where the two ureters insert and the urethra
takes its origin, is called the trigone of the bladder
(Fig.2.54).

The urethra
The female urethra is relatively short. It transports

the urine during micturition from the bladder into
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the vestibule of the vagina. The male urethra is
considerably longer, because it passes along the
bottom of the pelvis, around the ischium and
then ventral and cranial into the penis. The urethra
has the same wall structure as described for the
ureters.

The skin is the largest organ of the body. It forms a
barrier between the horse and its environment. The
skin is composed of:

(1) The epidermis, which is the thinner superficial
upper layer made up of multiple layers of
different cell types.

(2) The dermis is the thicker layer below the epider-
mis. It is composed of fibres, ground substance
and cells. It also contains the erector pili muscles,
blood and lymph vessels and nerves. It accounts
for most of the tensile strength and elasticity of
the skin and is involved in remodelling, mainte-
nance and repair.

(3) The subcutaneous layer is below the dermis. It
consists of areolar and adipose tissues. Fibres
from the dermis extend into this layer and
anchor the skin to it. The subcutis in turn
attaches to the underlying tissues and organs.
It functions as an energy reserve (due to its
high adipose content), as a heat insulator and
maintains the surface contours.

At each body orifice the skin is continuous
with the mucous membranes. Skin and hair coat
varies with species, breed, age, gender and area of
body.

Functions of the skin

® Acting as a barrier and also creating an internal
environment for all other organs by preventing
loss of water, electrolytes and macromolecules.

® Protection from physical abrasion, bacterial inva-
sionand UV radiation.

* Regulation of body temperature: using cutaneous
blood supply, sweat glands and the support of the
hair coat.

® Adnexa production, i.e. producing keratinised
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structures such as hair and the horny layer of the
epidermis.

* Sensation: primary sense organ for touch, pres-
sure, pain, itch, heat and cold.

® Secretion: various glands.

¢ Excretion: limited function, e.g. urea.

¢ Immunity: keratinocytes, lymphocytes and other
cells form important components of the skin’s
immune system.

Sweat

Horses have the most numerous and best developed
sweat (or sudoriferous) glands of the domestic
species. They are found in most areas but are less de-
veloped on the skin of the mane, tail, middle of back
and limbs. They are absent on the lips close to the
mucocutaneous junction and around the margin of
the ergot and hoof.

Horses will sweat profusely in response to
exercise, pain, excitement or high temperatures.

Hair

Hairs are epidermal growths whose primary func-
tion is protection. A hair consists of columns of
dead keratinised cells welded together. It is made
up of a root (which penetrates the dermis) and a
shaft (a superficial portion projecting from the
skin surface). Hair growth is cyclical. In horses
this happens twice yearly in autumn and spring
when the summer coat is shed for winter, and vice
versa. The hair cycle is influenced by several factors
such as nutrition, hormones, general health and
genetics.

In the growth stage (anagen) the hair is formed
by the differentiation of matrix cells that divide,
keratinise and die. As new cells are added at the
hair root, the hair gets longer. In the resting stage
(telogen) the matrix becomes inactive and the follicle
partially atrophies. After this period a new growth
stage starts and the new hair pushes the old one out
of the follicle.

There are four types of hair in horses:

(1) General coat or cover hairs that are shed in
response to environmental or hormonal factors.



(2)

(3)
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Coarse, permanent or ‘guard” hairs found on the
mane, tail, forelock and over the ergot.

Fine hairs on the ears, nares, lips, anal region, teat
and ventral tail.

Special hairs (cilia, eyelashes, sinus hairs or
vibrissae). The vibrissae project beyond the coat
hairs and are stiff and tactile. Eyelashes have
specific protective function, particularly with the
prominent eyes of the horse.

Anatomy and Physiology
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Genetics is the study of inheritance and its effect on
health and disease.

Chromosomes

Within the nucleus of each cell in the body are
structures called chromosomes, which hold the
‘genetic blueprint’ for that particular animal. Each
species has a characteristic number of chromosomes:

Horse = 64
Donkey = 62
Wildass = 56
Man = 46

Two of these chromosomes in each species are called
the sex chromosomes, designated X and Y, because
they determine the sex of the individual. Male
animals have an X and Y chromosome, termed
XY, whereas females have two X chromosomes,
ie. XX. The remaining chromosomes are called
autosomes.

Chromosomes are normally present in pairs (i.e.
diploid). Thus, the horse has 32 pairs, with one of each
pair being derived from each parent. When two chro-
mosomes forming a pair are alike, they are said to be
homologous.

Chromosomes consist of long molecules of de-
oxyribonucleic acid (DNA) and associated proteins.
The genetic code is contained within the complex
structure of the DNA molecule (Fig. 3.1).
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A gene represents a particular segment of a chromo-
some, which codes for a particular characteristic in
the individual, e.g. coat colour. The gene serves as a
code for the exact structure of a specific protein. Its
location at a particular point on the chromosome is
referred to as the gene locus. Genes that are located
on the sex chromosomes are termed sex-linked genes.
Because the X chromosome is larger, this contains
more genes than the Y chromosome.

The genetic make-up of an animal is termed the
genotype, whereas its actual physical appearance is
termed the phenotype. Without access to sophisti-
cated genetic investigation techniques, the genetic
make-up of an individual has to be judged on the
phenotype and the results of breeding. Many traits in
animals are influenced by a number of genes and
environmental factors and therefore the genotype
and phenotype are not identical.

Damage to a chromosome at a gene locus may dis-
rupt the gene code and alter the original characteris-
tic for which it was responsible. This is called gene
mutation. Over 99% of mutations that have been
studied have been found to be harmful to the animal.
Less than 1% of mutations give the individual an
advantage, thus forming a basis of evolution and
possible progress in breeding.



chromosome

Fig.3.1 The molecular structure of DNA and
its organisation into a chromosome showing
the base pairs adenine, thymine, guanine and
cytosine. (Reproduced with permission from
Harrison, 2000).

Alleles are two or more alternative versions of the
same gene, only one of which will be present on one
particular chromosome. They arise because of small
mutations in genes. One allele at a time occupies the
locus, but there are twoloci (one on each homologous
chromosome) derived from the mother and father,
leading to two alleles per cell.

Dominant/recessive genes

If the two alleles in the cell are different but both are
expressed, the genes are said to be co-dominant. Some
genes are expressed only if there are two copies of
the same allele in the cell, i.e. recessive genes. Other
dominant genes are expressed when only one copy is
present because it suppresses the other allele. In
genetic terminology the dominant gene is given a
capital letter, e.g. B, whereas the recessive gene is
given a lower case letter, e.g. b.

If there are two copies of the same allele then the
term homozygous is used (BB, bb), whereas heterozy-
gous denotes two different alleles (Bb). A simple
hypothetical example to illustrate this is shown in
Fig. 3.2 using coat colour. This example could be

Genetics

adenine
thymine
guanine

cytosine

DNA molecular structure

applied to any other pair of genes. In reality, in the
horse, most coat colour inheritance involves inde-
pendent inheritance or complex gene interactions.

Some genes are able to suppress other genes’ expres-
sion even though they are not the same allele (i.e. ata
different gene locus). This is called epistasis. An
example is the albino gene that blocks the expression
of all other coat colour genes.

The cell cycle

Replication of the cell involves a period of synthesis
when new genetic material is manufactured, a brief
resting stage and then nuclear division that allows
separation of new genetic material into the two
daughter cells. The process of cell replication in the
majority of cells in the body is called mitosis. This
allows exact replication of the genetic material into
eachnew cell.

Meiosis is the process of gamete formation. This is
similar to mitosis but is a longer and more com-
plicated process (Fig. 3.3). The chromosomes are
separated to reduce their total number by half
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P | BB x BB Bb x BB Bb x Bb
F, BB BB Bb BB Bb Bb bb
(black) (black) (black)| (black) (black) (black) (chestnut)
P | bb x bb bb x BB bb x Bb
F, bb Bb bB bb bB bb
(chestnut) (black) (black) (chestnut) (black) (chestnut)

Fig.3.2 Hypothetical example to illustrate coat colour inheritance by
considering only one pair of alleles without interference in expression by
other genes. If B=black and b= chestnut, with the former dominant, three
types of horse can be produced; BB (black, homozygous), Bb (black
heterozygous) and bb (chestnut, homozygous). There are six possible
matings involving these three kinds of individuals. P =parent and F, =first
filial generation, i.e. offspring.

(haploid) so that each gamete contains one copy of
each pair of alleles. Following copulation and ga-
mete fusion, the zygote is formed with the correct
number of chromosomes for the species. Thus, any
foal has half of its chromosomes and genes from each
parent.

During the process of gamete formation, Mendel’s
First Law of Genetics states that alleles separate to
different gametes. The Second Law of Genetics states
that each pair of alleles separates independently
of every other pair of alleles, which leads to the
inheritance of large numbers of genes without being
influenced by the presence of other genes. Excep-
tions do, however, occur due to the phenomenon of
linkage.

The separation of genes independently during
meiosis is achieved less easily if they occur on the
same chromosome. Such genes are said to be linked.
If the genes are on the sex chromosomes they are said
to be sex-linked. Animals that inherit a linked
gene are highly likely to inherit the other associated
gene, which may or may not be an advantage.
The phenomenon of crossing-over, which occurs
during meiosis, does allow some separation of
genes, but the closer they are on the chromosome,
the more likely they are to be inherited together
(Fig.3.4).

76

mitosis meiosis

X

T

g
— O
=5

parent cell

division

daughter cells

Il

Fig.3.3 Diagram toillustrate what is achieved by mitosis and meiosis. A
standard cell will contain pairs of chromosomes, illustrated as two pairs in
this simplified example. Mitotic division maintains this, i.e. the diploid
condition. Meiosis results in the daughter cells each containing only one of
each type of chromosome, the haploid condition.

Sex-linked genetic disease in the horse is rare.
Haemophilia (a blood-clotting problem) is an
example of a sex-linked recessive trait reported in
Thoroughbreds, Standardbreds, Arabians and
Quarter horses. This disease is also an example of a
sex-limited gene disease, i.e. genes expressed only
in one sex because only the homozygous male is
affected clinically.

Multifactorial inheritance

The characteristics of a particular animal can be
determined by a single gene or, more commonly, by



Fig.3.4 Schematicdiagram to illustrate linkage and crossing over of
genetic material on a pair of chromosomes during meiosis.

a number of genes in variable combination (i.e. it is
polygenic). The variable combination can lead to
variation in the expressed characteristic.

The degree of gene expression can be influenced
also by environmental factors, leading to a multifac-
torial characteristic. An obvious example in the horse
is the ability to run fast. This is influenced not only by
the breeding of the animal but also by environmental
factors such as nutrition, training, disease, rider
ability and many other factors. It is difficult to control
and modify polygenic characteristics by selective
breeding because of the large number of factors
involved.

The development of a horse throughout its life
is determined by a complex interaction between
genetic and environmental factors. Rarely, some
diseases have a simple straightforward genetic
cause, such as combined immunodeficiency disease
(CID) in Arabian foals. Some genetic abnormalities
of the horse are described as lethal, i.e. causing
death. True lethal factors that are expressed prior to
or shortly after birth include CID and lethal white
syndrome (see inherited diseases below).

Breeding strategies

Inbreeding

This is defined as the breeding of two individuals
more closely related than the average of the breed or
population. Horsebreeders aim for specific traits,
which in genetic terms involves obtaining homozy-
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gosity for those particular traits, so-called ‘breeding
true’. This quest is most often achieved by breeding
animals that are related to each other to increase the
likelihood of the same alleles being present and
therefore similar offspring. The closer the inbreed-
ing, i.e. brother/sister, father/daughter, the more
rapidly homozygosity is achieved. Unfortunately,
both desirable and undesirable gene combinations
will be produced in the increasingly homozygous
state. Ruthless selection is required to remove the
unwanted gene expressions. Masking of desirable
genes may occur by some undesirable homozygous
recessive genes. Generally a slower rate of inbreed-
ing leads to more effective selection. All inbreeding
results show an initial improvement, but once
62.5-75% homozygosity is reached, loss of vigour
usually occurs.

Linebreeding

The most common form of inbreeding is linebreeding.
Linebreeding is an attempt to get as much genetic
material of a particular animal (usually a stallion
or outstanding mare) into the animals of the
herd /breed as possible, while keeping the amount of
inbreeding as low as possible. It relies heavily on the
correct selection of the particular horse, which
should be vigorous and based on the assessment of
many traits, preferably including performance. The
term linebreeding comes from the common practice
of mating within a family or line. Matings are often
cousins, grandparents or children, which increases
the homozygosity to some extent, but the offspring
have more variety, allowing further selection for
specific traits and less culling of bad alleles.
Linebreeding has been practised for hundreds of
years in many breeds of horse, especially Thorough-
breds and Arabians, leading to considerable
homozygosity.

Outcrossing or outbreeding

Outcrossing is defined as mating two individuals
together that are less closely related, i.e. breeding
two unrelated lines. This produces individuals that
are less likely to have the same alleles and are more
heterozygous. This tends to mask the effects of reces-
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sive genes, leading to hybrid vigour or heterosis. The
theory is that bigger and / or better offspring are pro-
duced (heterozygous for bad recessive genes) but
such horses do not necessarily breed true, i.e. you
may produce a great racehorse but they do not neces-
sarily go on to produce great horses.

Outbreeding or crossbreeding increases heterosis
even further, e.g. Anglo-Arabs or Thoroughbred
crosses with warmbloods or cold breeds, such as
draft horses. An extreme example involves the
production of an infertile mule, i.e. jack donkey to
horse mare, which is actually cross-species breeding.

Progeny testing

Progeny testing is an effective method of determin-
ing the genetic make-up of breeding stock and, in
particular, the degree of homozygosity. In addition,
it is useful in identifying heterozygous breeding
animals that are carrying a recessive gene. Progeny
testing involves keeping careful breeding records
on planned matings, so that genotypes can be
determined.

Genetic diseases

Congenital abnormalities

The term ‘congenital’ is often misinterpreted to mean
an inherited or genetic problem. In fact, congenital is
defined as a malformation of the body present at
birth. It may or may not be genetic in origin. Genetic
investigation of diseases and defects is difficult.
Breeders may be unwilling to participate in surveys
to evaluate defects, because it may affect the value of
their stock. Many congenital abnormalities are said
to be inherited, purely on suspicion or on com-
parison with other species, but this is frequently
unproven.

Inherited defects

These defects or diseases of the horse are caused by
genes acquired from either or both of its parents.
They may or may not manifest themselves at birth.
Some are inherited multifactorially (Tables 3.1 and
3.2).
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Table 3.1 Known or strongly suspected inherited defects in the horse

Agammaglobulinaemia

Aniridia

Aplasia cutis (epitheliogenesis imperfecta)
Arabian fading syndrome

Cataracts

Combined immunodeficiency disease
Curly coat

Fell pony syndrome

Gonadal dysgenesis

HaemophiliaA

Hereditary multiple exostosis
Hyperkalaemic periodic paralysis
lleocolonic aganglionosis (lethal white syndrome)
Intersexuality

Junctional mechanobullous disease
Lavender foal syndrome

Linear keratosis

Night blindness

Occipitoatlantoaxial malformation
Selective IgM deficiency

Spotted and reticulated leukotrichia
Von Willebrand's disease

Specific inherited diseases in the horse

Combined immunodeficiency disease

Combined immunodeficiency disease is an inher-
ited, autosomal recessive disease of Arabians and
Arabian crossbred horses. This genetic defect pre-
vents maturation of both T and B cells in affected
foals, so theirimmune system malfunctions. The pas-
sive transfer of immunoglobulins from the dam al-
lows protection for the first 3-8 weeks but as these are
destroyed opportunist infections (bacterial, viral,
fungal or protozoal) become established.

Foals are produced only when heterozygous
stallions are mated with heterozygous mares and
therefore confirmation of the diagnosis in the foal
confirms that the mare and stallion are carriers and
should notbe rebred. Continued use of heterozygous
horses in breeding programmes perpetuates the
problem by increasing the pool of carrier animals
(25% of Arabian horses in the USA in one estimate).

A recent discovery of the actual base pair in the
DNA of the encoding gene means that heterozygous
animals now can be identified. A genetic test is avail-
able to identify carriers.



Table 3.2 Those diseases and disorders thought to be examples of
multifactorial inheritance or where there appears to be evidence of a genetic
predisposition

Angular limb deformities

Atresia coli

Cardiac defects, e.g. ventricular septal defects
Cerebellar abiotrophy

Cerebellar hypoplasia

Cervical vertebral malformation (wobbler syndrome)
Cleft palate

Contracted foal syndrome

Dermoid cysts

Epididymal aplasia

Hair follicle dystrophy

Hydrocephalus

|diopathic laryngeal hemiplegia

Lack of libido

Lateral luxation of the patella
Maxillary/mandibular prognathism
Myelodysplasia/vertebral anomalies
Polydactylism

Sterotypies

Sweet itch (Culicoides hypersensitivity)
Umbilical and inguinal hernias

Lethal white syndrome

(ileocolonic aganglionosis)

This is a rare disorder in paint foals reported in asso-
ciation with a recessive lethal white gene. Affected
newborn paint foals demonstrate albinism coupled
with congenital defects of the intestinal tract, which
are not compatible with life.

Two types of lethal white syndrome have been re-
ported: adominant gene that causes early embryonic
death in the homozygous condition; a recessive gene
that results from breeding of two overo paints (overo
is a term used to describe different spotting patterns
of the coat in paints and pintos). When the recessive
gene is homozygous, the lethal white syndrome
occurs. Affected foals are small at birth and rapidly
develop functional obstruction of the gastrointes-
tinal tract, leading to euthanasia or death.

Fell pony syndrome
This disease appears to be due to a single recessive,
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autosomal gene leading to a bone marrow stem cell
problem (aplasia) and poor immunity. A variety
of secondary infections occur insidiously after
approximately 7 days of age, causing 100% mortality
at3-16 weeks of age despite treatment. Investigation
of the condition is ongoing, in the hope that an effec-
tive control programme may be introduced.

Hyperkalaemic periodic paresis (HYPP)

This is a disorder affecting Quarterhorses and their
crosses, American paint horses and Appaloosas. Af-
fected horses experience episodes of muscle tremors
and weakness, which may produce collapse. This
inherited traitis transmitted as autosomal dominant,
similar to the condition in man. The gene responsible
has been identified in descendents of the Quarter-
horse sire ‘Impressive’. Although the majority of ani-
mals survive, they should not be bred. A DNA blood
testis available to identify carriers of the HYPP gene.

Ophthalmic diseases

Congenital cataracts are seen occasionally (Fig. 3.5)
that may have a variety of causes, including ferato-
genicity (i.e. toxic causes of congenital conditions).
They are more common in some breeds but
inheritance, although suspected, is not proven. The
only definite inherited cataracts have been described
in the Morgan horse, although the exact mode of
inheritance is not yet known.

Aniridia isarare condition in which there is partial
or complete absence of the iris. It occurs with asso-
ciated secondary cataracts and other problems as an
inherited condition in Belgian draft horses.

Equine night blindness is a congenital, non-
progressive disease that produces visual disturbance
in conditions of reduced light. Appaloosas are partic-
ularly predisposed and a hereditary basis has been
proposed. The exact mode of transmission has
not been defined but it is thought to be recessive
or sex-linked recessive with the defect on the X
chromosome.

Immunogenetics

This is a branch of genetics concerned with the
inheritance of antigenic and other characters related
to theimmune response.
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Fig.3.5 Anuclear cataractin afoal. In the Morgan there is evidence that
this may be inherited.

Blood typing

In the horse the genetics of red blood cell antigens is
importantinbreed blood typing. The surfaces of cells
are covered with molecules of various types and with
various functions, the presence or absence of which
is genetically determined. These red blood cell
alloantigens form the basis for blood groups and
there are seven different genetic systems or lociiden-
tified with them (A, C, D, K, P, Q and U). Within the
seven systems there are 34 serologically detectable
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factors that are recognised internationally. The most
common factors involved in neonatal isoerythrolysis
are Aaand Qa.

Geneticmarkersin the horse, such asred blood cell
and other protein markers, are used for identification
and verification of parentage, known as blood typing.
The effectiveness of blood typing depends on the
number of genetic systems tested and the number
and distribution of various alleles. Using a battery of
20 loci, blood typing is estimated to be 94-96% effec-
tive for recognising incorrect paternity in Thorough-
breds, Standardbreds, Arabians, Quarterhorses and
Morgans; DNA fingerprinting (e.g. from hair sam-
ples) will increase the efficiency of parentage testing
to almost 100%.

Another application of genetic markers is for the
study of the inherited basis of disease. Already a
number of diseases have been ‘associated” with one
or more genetic markers, suggesting that some direct
cause and effect exists. By mapping the equine
genome, it is possible to study the linkage between
genetic markers and disease traits, allowing the
detection of carriers and the genes and their
involvement in disease.
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Reproductive anatomy of the mare

The mare’s reproductive organs are situated within
the pelvic and abdominal cavities (Fig. 4.1):

(1)

(2)

(3)

The vulva forms the external opening of the
reproductive tract. This is directly ventral to the
anus. The two vulval lips should be full and firm
and meet evenly in the midline (Fig. 4.2). Mares
with an abnormal vulval shape can suck air and
foreign material into the vagina and uterus.
Consequently, infections develop and concep-
tion will be prevented.

The clitoris is contained within a depression (the
clitoral fossa) at the lower end of the vulva. It is
important because particular bacteria can live
there and these cause potentially serious vene-
real infections. Infected mares show no outward
signs of these venereal bacteria, which are detect-
ed only when the vet takes a swab from the clito-
ris (see Chapter 12). When a mare is in oestrus
(i.e. heat), the clitoris is repeatedly exposed; this
is termed ‘winking'.

The vagina is a potentially hollow tubular struc-
ture that extends from the vestibulovaginal con-
striction to the external opening of the cervix.
At the junction between the vagina and the
vestibule there is a fold of skin overlying the ex-
ternal urethral opening. In maiden mares (mares
that have not been mated by a stallion) this fold
may continue on either side of the vagina form-
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(5)

(6)

ing the hymen. If the hymen is complete it may
have to be broken gently to allow breeding. The
vagina is mostly retroperitoneal (i.e. it lies out-
side the peritoneal cavity.) This means that pene-
trating injuries to the vagina do not usually enter
the peritoneal space.

The cervix is a thick-walled tubular structure that
can be identified by palpation transrectally. The
cervix forms an important protective physical
barrier for the uterus, providing the last line of
defence between the uterine lumen and the
external environment.

The uterusisaY-or T-shaped muscular organ that
ismade up of a cranial body and two more caudal
uterine horns. At times the uterusis intermingled
with the intestines and bladder. Its position may
be changed depending on the degree of filling of
the bladder or intestines. The uterus is lined by
a secretory epithelium and has a thick muscle
layer. Changes in thelatter are responsible for the
differences in uterine tone at oestrus, dioestrus
and early pregnancy. Prominent glands open
into the uterine lumen and extend into the depth
of the endometrium, which is the uterine lining.
These glands have an important function in early
pregnancy because they secrete the uterine ‘milk’
that is responsible for the nutrition of the early
embryo.

The uterine tubes (fallopian tubes or oviducts)
lie at the end of each uterine horn and are long
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ovarian artery

fallopian tube
right uterine horn

left uterine horn

(7)
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uterine body

cervix

left ovary

(20-30cm), extending from the horns of the
uterus to the ovaries. They are the site of fertilisa-
tion and where the early embryo resides for 5.5
days before entering the uterus. The mare has a
unique ability to retain unfertilised ova within
the uterine tubes.

The ovaries are broad bean-shaped and vary in
size. The mature oocyte (i.e. egg cell) is shed from
the follicleand captured by the uterine tube. Dur-
ing spring and summer the ovary often has sev-
eral follicles of different sizes developing before

vagina

(8)

left mammary gland

anus

vulva

Fig.4.1 Thereproductive tract: (a) gross
specimen; (b) schematic diagram.

ovulation. The ovaries are smaller during the
autumn and winter, when they are hard with no
large follicles. The actual location of the ovaries
in the abdomen is variable but they are usually
below the 3rd /4th lumbar vertebrae.

Suspensory apparatus, vessels and nerves: the
uterus is suspended within the pelvic cavity and
abdomen by two large ligamentous sheets called
the broad ligaments. These not only provide at-
tachment to the body wall but also provide an
avenue for blood vessels, lymphatic vessels and



Fig.4.2 The normalvulva.

nerves. The main blood supply to the uterus is
from the uterine artery. Occasionally at foaling,
rupture of the uterine arteries can occur with
very serious consequences.

Puberty

Puberty precedes the development of physical ma-
turity and occurs in the mare by 2 years of age, (aver-
age 18 months). Some mares may ovulate as
yearlings in late summer if they were born in late
winter, therefore a mare can conceive at an early age.
Puberty can be delayed by poor nutrition, being in
heavy work (e.g. racehorses in training) and/or the
administration of drugs such as anabolic steroids.

It is not recommended to breed from immature
mares. Although 2-year-old mares often cycle, the
heat periods may notbeasregularasin horses 3 years
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old and above. However, many mares are bred suc-
cessfully as 2-year-olds. The best approach is to con-
sider each mare as an individual and to decide if she
is cycling normally and is mature enough to conceive
and carry a foal successfully to term.

The normal oestrous cycle

¢ The mare is seasonally polyoestrous with cyclical
ovarian activity occurring during the spring, sum-
mer and autumn. Non-domesticated, feral mares
do not normally undergo cyclical ovarian activity
(anoestrus) during the winter and early spring
months. However, some domesticated mares will
cycle regularly throughout the year.

e The mare does not suddenly start to cycle
regularly, but enters what is known as a
‘transitional phase’. This is the period between
winter anoestrus and the onset of normal cyclical
activity.

¢ Thehorseis along day breeder, daylight being the
most important influence. This seasonality means
thatfoals arebornin the spring and early summer,
which is the time when the environmental condi-
tions should be optimal for foal survival. There-
fore, the natural breeding season of the horse is
from May until July. This is the time when highest
pregnancy rates are likely to occur.

Man has superimposed his requirements of when
mares should foal on this natural pattern. Since the
early 19th century, when 1st January was declared
the official birth-date for thoroughbred foals in the
UK, irrespective of their actual birthdates within that
year, horse breeders have had difficulty in breeding
mares early in the year. For some types of horse, no-
tably thoroughbreds, an operational breeding sea-
son exists, which is the 15th February until the first
week of July. This artificial ‘man-made’ breeding sea-
son means that mares are in the transitional period
between winter anoestrus and the regular cycles of
summer when they are bred.

During the transitional period there is prolonged
oestrus, and thus the time of ovulation, which is
the optimum time to breed mares, is difficult
to determine. Before the first ovulation of the
year there is poor correlation between sexual behav-
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iour and ovarian activity. However, once ovulation
has occurred, regular cycles usually follow.

The oestrous cycle can be divided into two
phases:

e The follicular phase (also known as oestrus) is when
the mare will allow the stallion to mate her. Typi-
cally oestrus lasts an average of 6 days.

o The luteal phase (also known as dioestrus) is when
the mare is not receptive to the stallion.

Dioestrus lasts 14-15 days on average and is usually
more constant in duration than oestrus. The oestrous
cycles last on average 22 days. Cycle length is very
variable and the cycle tends to be longer in the spring
and shortest from June to September.

At the end of oestrus, the follicle has enlarged and
ovulation releases the oocyte. Ovulation occurs up to
48 h before the mare stops showing signs of oestrus.
After ovulation, the cavity occupied by the previous-
ly mature follicle becomes filled with a blood clot to
form the corpus luteum.

Normally a single oocyte is released at ovulation,
but twin ovulation (associated with the maturation
of two follicles) is common, particularly in thorough-
bred mares where double ovulations can occur with
anincidence of 30%.

The oocyte enters the uterine tube and if a stallion
has mated the marein thelast2 or 3 days there should
be sperm there. The sperm then will penetrate the
oocyte and fertilisation occurs.

Reproductive endocrinology in the mare

The hormones of the hypothalamic—pituitary—
gonadal axis control the regular pattern of the
oestrous cycle.

Central nervous system involvement

Pineal gland

Light is the major modulator of seasonal reproduc-
tive rhythms in the horse. Light perceived by the
retina of the eye results in a signal being transmitted
to the pineal gland. During light stimulation, the
function of the pineal gland to produce the
hormone melatonin is inhibited, which influences
hypothalamic—pituitary function.
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Hypothalamus

The decline in melatonin secretion stimulates the
hypothalamus to produce increased amounts of
gonadotrophin-releasing hormone (GnRH), which
stimulates therelease of the gonadotrophins: follicle-
stimulating hormone (FSH) and luteinising
hormone (LH).

The pituitary

The gonadotrophin hormones FSH and LH are re-
leased by the anterior pituitary gland in response to
GnRH release. Follicle-stimulating hormone stimu-
lates the growth and development of follicles in the
ovary.

The study of the growth and development of folli-
cles has advanced with ultrasonography. It is appar-
ent that follicles develop in groups, know as follicle
waves, and initially grow in synchrony (approxi-
mately the same diameter and growth rate) but even-
tually dissociate.

Luteinizing hormone is also secreted by the anteri-
or pituitary and is involved in the final maturation of
the follicles, maturation of the oocytes within the fol-
licles and ovulation. Plasma LH levels begin to rise
steadily at the end of dioestrus as the suppressive ef-
fects of progesterone are removed during luteolysis.
A pre-ovulatory surge of LH brings about ovulation
of the mature follicle to release the oocyte and form
the corpus luteum. Unusually LH peaks 1 or 2 days
after ovulation in the mare before levels fall rapidly
due to the suppressive effects of progesterone secret-
ed by the new corpus luteum.

Gonadal involvement

The ovaries

Both FSH and LH stimulate the ovaries to produce
oestrogens, which cause the mare to be receptive
to the stallion. Concentrations are low during
most of the oestrous cycle but rise in early oestrus to
peak 12-36h before ovulation and before the LH
surge.

Peripheral plasma progesterone concentrations
rise rapidly after ovulation, peak at about day
6 after ovulation and then plateau. The corpus
luteum produces progesterone for about 15 days,
before prostaglandin F2o. produced from the



endometrium causes regression (luteolysis) of the
corpus luteum and the mare returns to oestrus. If
the mare is pregnant, the primary corpus luteum
continues to produce progesterone until about day
160 of gestation. Progesterone does not suppress FSH
release in the mare and so follicular development
occurs during pregnancy.

Progesterone prepares the uterus for entry of the
embryo and maintains pregnancy by increasing the
activity of the secretory glands in the endometrium
while inhibiting the motility of the myometrium. A
mare will rarely show behavioural signs of oestrus
when plasma progesterone concentrations exceed
2ng/ml, even when large follicles are present on the
ovaries. This is why it is important to remember that
a large follicle in itself does not mean that the mare
will be in oestrus.

The uterus
The uterus produces two reproductive hormones:

(1) Equine chorionic gonadotrophin (eCG, which
used to be called pregnant mares’ serum
gonadotrophin).

(2) Prostaglandin F20.

Cyclical changes in the reproductive tract

During winter anoestrus, the ovaries are small and
the mare is usually indifferent to the attentions of a
stallion. This period of sexual quietness centres on
the shortest day of the year (21st December). Signs
shown by the mare may include:

¢ Aclosed vulva

¢ Apale (blanched) and dry cervix and vagina

¢ A partially closed cervix, but it may gape open in
some mares

e Little glandular activity in the endometrium

¢ Aflaccid uterus

¢ Low oestrogen and progesterone levels

As follicles begin to grow during the spring transi-
tional period, mares typically show intermittent
oestrous behaviour towards the stallion. The transi-
tional period is roughly centred on the spring
equinox (21st March). The cervix does not close tight-
ly until the mare has had her first ovulation of the
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year. Once a follicle has ovulated and the corpus lu-
teum is formed, the mare has regular oestrous cycles.
During oestrus:

¢ Theovaries arelarge and the mare shows the signs
of oestrus (raised tail, urinating frequently and
everting the clitoris, i.e. ‘winking’).

¢ The vulva is relaxed and long; the cervix is pink,
moist and open.

® The uterusisrelaxed on palpation.

¢ Concentrations of oestrogen are high, whereas
levels of progesterone are low.

Once the mare has ovulated:

e The ovaries become smaller because the smaller
corpus luteum has replaced the big follicle.

¢ The oedema in the endometrium subsides.

¢ The mare is no longer receptive to the stallion and
is often aggressive to him.

* The vulva becomes closed and the cervix is pale,
dry and closed.

The middle of the mare’s natural breeding season is
around 21st June. As autumn approaches, cyclical
activity normally wanes.

Controlling oestrus

Artificial lighting

Artificial lighting can be used to advance the onset
of the breeding season. Experience has shown that
16hoflight stimulus (artificial + natural) is adequate.
This means providing light from 7 a.m. until 11 p.m.
The extra light is best added at the end of the natural
daylight period. The artificial light works by sup-
pressing the release of melatonin.

A200-W clear bulb in the middle of a box will pro-
vide sufficient artificial lighting for 4m x 4m. If a
strip light is used (40W) this should be 1.3m long.
Care should be taken to eliminate shadows because
they can prevent a good response. A practical
method of checking that there is sufficient light is to
see if it is easy to read a newspaper wherever you
stand in the box. Often breeders term this procedure
as ‘putting the mare under lights’.

There are two important points to note when using
artificial lighting regimens:
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Generally it must be started a minimum of 8-10
weeks before the mare is required to be covered.
Thus, mares should be exposed to the lighting
system by 1st December so that they will begin
to cycle normally by 15th February. A shorter time
period of artificial lighting will be ineffective.
Mares should be in good body condition at the
start of the artificial lighting regimen. It may be
necessary toincrease the mare’sbody condition by
extra feeding beforehand.

Some breeders also like to expose pregnant mares to
artificial lighting to ensure that the mares return to
cyclical activity after foaling.

Hormones
Hormones are also used to manipulate the cycle:
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Mares coming to the end of a 2-month artificial
light programme may be treated for 10-15 days
with asynthetic progestagen to assist in the stimula-
tion of the onset of cyclical ovarian activity. It is a
liquid designed for in-feed medication. It is ad-
ministered daily for 10-15 days and then stopped.
The mare should come into oestrus and ovulate
about 10 days later.

To ensure that mares ovulate at a predictable
time, human chorionic gonadotrophin (hCG) is
sometimes used. Once a mare has a follicle of
35mm and is showing good signs of oestrus, most
mares will ovulate within 48 h after hCG adminis-
tration. This hormone is sometimes called a ‘hold-
ing injection’. This is misleading because it implies
that the mare will remain in foal following breed-
ing. This is not true; the hormone only hastens
ovulation.

Prostaglandins (prostaglandin F2o. or an ana-
logue) can be used to shorten the normal luteal
phase (or dioestrus), with oestrus occurring 3-6
days later. This will not work for the first 4-5 days
after ovulation when the corpus luteum is refrac-
tory to the action of prostaglandins. In addition,
prostaglandin F2a. can have unpleasant side ef-
fects such as sweating, transient colic, diarrhoea
and respiratory distress. Owners should be
warned that these might occur but usually need no
treatment. The synthetic analogues, such as clo-
prostenol, usually have fewer side effects.

Reproductive anatomy of the stallion

ey

()

3)
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The penis of the stallion is of the musculo-
cavernous type and consists of three regions
(Fig.4.3):

the base (site of attachment to the skeletal

system);

the body or shaft (main portion);

the glans penis (enlarged free end of the penis).

The distal part of the penisis usually contained

within the sheath. Two independent compart-

ments of erectile tissues form the functional
components:

(@) the corpus spongiosum penis, which surrounds
the urethra in its entire length and is respon-
sible for the marked enlargement (known as
‘belling’) of the glans at the time of erection
and ejaculation;

(b) the larger corpus cavernosum penis, which is
the main cause of erection of the penis.

An erection occurs during sexual excitement

due to the filling of the corpus cavernosum penis
with arterial blood. This, together with restricted
venous drainage, leads to the drop and swelling
of the penis. This blood normally cannot escape
until after ejaculation. During ejaculation, fur-
ther swelling of the tip occurs. This swelling di-
lates the mare’s cervix and helps to ensure that
most of the ejaculate enters the uterus. The extra
swelling can be seen if the stallion dismounts
from the mare before ejaculation is complete.
The prepuce or sheath is the skin that covers and
protects the retracted penis.
The urethra is a membranous tube common to
the urinary and genital system that extends from
the neck of the bladder to the urethral process on
the glans penis. The urethra serves as the joint
excretory duct for urine and semen. The urethral
fossa at the tip of the penis is where smegma
often accumulates, and is one of the sites re-
quired to be swabbed for the control of venereal
diseases.

The scrotum consists of two sacs and is located in

the inguinal region. It should contain two testi-

cles in a pendulous location. However, during
manual palpation or extreme cold ambient tem-
peratures the scrotum might appear smaller and



Fig.4.3 Anatomy of the penis of the stallion.

(5)

testes will be pulled towards the abdomen. The
scrotum is an important structure in regulating
testicular temperature.

The testes are two ovoid, similar-sized, freely
movable organs within the scrotum. It is com-
mon to find a small percentage of stallions with
rotation of one testis. Rotations of 90-180° do
not appear to have an adverse effect on fertility,
although total sperm output and volume can be
lower in such stallions. Testicular size correlates
well with daily sperm production and therefore
testicular volume is an important parameter to
record.

The endocrine role of the testes is the production
of testosterone and oestrone sulphate, whereas
the exocrine role is limited to the production of
spermatozoa. Spermatogenesis (i.e. sperm pro-
duction) occursinsmall tubules called seminifer-
ous tubules, which make up 70% of the testis.

(6)

(7)

8)
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These tubules are supported by interstitial or
Leydig cells, which produce testosterone. The
seminiferous tubules drain into the epididymis,
where spermatozoa mature. Located within the
seminiferous tubules are Sertoli cells, from which
developing spermatozoa obtain nourishment.
The epididymis is a single lengthy convoluted
duct into which the seminiferous tubules drain.
The epididymal duct enlarges as it enters the
spermatic cord, forming the deferent duct or vas
deferens. Spermatozoa mature in the epididymis.
The spermatic cord contains:
(a) thetesticularartery;
(b) veins (pampiniform plexus);
(c) nerves;
(d) lymphatics;
(e) the cremaster muscle;
(f) thevas deferens.
The testicular vein fans out and surrounds the
testicular artery, thus cooling blood going to the
testis. The cremaster muscle either retracts or re-
laxes, depending on ambient temperatures. This
ability to move the testes away from the body
wall affects their temperature. Itisimportant that
the testes are not at the same temperature as the
rest of the body. If the temperature within the
testis is elevated to body temperature for a long
time or to 40°C for as little as a few hours, cells
in the testis can die and sperm production is
impaired.

The internal genitalia of the stallion (Fig. 4.4)

include:

(a) three accessory sex glands (bulbo-urethral
glands, prostate gland and the seminal
vesicles);

(b) theinguinal canal;

(c) thevas deferens.

There are two bulbo-urethral glands, which are

ovoid structures surrounded by heavy muscula-

ture located on the dorsal surface of the pelvic
urethra. The secretion of the bulbo-urethral
glands is a clear fluid. Its purpose probably is to
cleanand neutralise the pH of the urethra prior to
ejaculation. The prostate gland is situated on both

sides of the pelvic urethra. Besides providing a

portion of the fluid suspension for sperm, it is be-

lieved that the prostatic fluid provides some
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energy to the sperm cells. The seminal vesicles or
vesicular glands are two elongated glands locat-
ed dorsally to the bladder, just cranial and slight-
ly lateral to the prostate gland. The function of
these glands is not well documented but appears
to be the source of the gel or last fraction of the
ejaculate. Despite their name, they do ot contain
spermatozoa.

Testicular development

The inguinal canal is a channel formed by a gap in
the abdominal muscles, immediately anterior to the
scrotum. Inguinal passage of the testis usually occurs
during the last month of pregnancy or the first 2
weeks after birth. After this time, the foal’s testicles
should have descended through this canal and
entered the scrotum. Occasionally the vaginal rings
contract to prevent descent of an abdominal testis
and the condition known as cryptorchidism results. If
only one testis is undescended, the foal is termed a
unilateral cryptorchid; if both are undescended, it is
bilateral. Stallions with one or both testicles in a loca-
tion other than the scrotum are referred to as cryp-
torchids or rigs. The cause is unknown butit may have
a genetic (inheritable) component.

If theinguinal canal is too large, intestine may pass
through it and cause an inguinal hernia. This occurs

vas degerens
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very rarely as a complication of castration. When the
intestine extends into the scrotum, this herniation is
sometimes referred to as scrotal rather than inguinal.

Puberty

Puberty can be defined as the age at which a colt is
able to mount, copulate and successfully impregnate
a mare. This normally occurs during the second
spring after the year of birth. Season, age, breed and
nutritional status affect the onset of puberty. Puberty
should not be confused with sexual maturity, which
occurs after the age of 5 years when the stallion at-
tains maximum reproductive capacity. Daily sperm
production is usually stable from 5 to 20 years of age.
After 20 years, it may decline.

Reproductive endocrinology in
the stallion

Like mares, the functioning of the stallion’s
reproductive system occurs in response to changes
in hormone production. Although there is an
apparent reduction in testicular size, testicular vol-
ume and daily sperm production in winter, the sea-
sonal effect it is not as marked as its effect on ovarian
function in the mare. Most stallions will breed all
year round, but reproductive capacity is maximal
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Fig.4.4 Adissected specimen of the internal
genitalia of the stallion. The scissors mark the
opening of the urinary bladder into the urethra.



during the spring and summer months. Stallions
usually are not exposed to artificial lighting patterns
like mares.

Hypothalamic—pituitary-gonadal axis

Daylight acts via the pineal gland on the hypothala-
mus to release GnRH, which stimulates the pituitary
gland to produce FSH and LH. The FSH acts on the
Sertoli cells, whereas LH targets the interstitial or
Leydig cells. These cells are the main sites of testos-
terone production. Through this production of
testosterone, Leydig cells control the process of:

* spermatogenesis (the production of sperm cells);

* secondary sex characteristics of a stallion, which
include the development of alarge, thick neck and
aggression towards other males;

e libido.

Spermatogenesis (sperm production)

Spermatogenesis involves growth and division of
cells to produce the millions of spermatozoa (sperm)
voided in each ejaculate. The development of each
individual sperm takes 55-57 days and is not affected
by frequency of ejaculation or season. There is a
prolific production of sperm, with billions being
produced daily in the mature stallion.

Spermatozoa morphology

The spermatozoon is the male gamete. It is a
highly specialised cell that comprises three parts
(Fig. 4.5):

(1) a sperm head formed by the nucleus and
acrosome;

(2) amid-piece;

(3) atail.

It contains half the chromosomes (genes) of a horse,
such that when fertilisation with the female gamete
occurs a cell containing the full complement of genes
is formed.

Libido and copulatory behaviour

Horses in the wild are long-day seasonal breeders
that breed in a relatively stable social group (harem).
Free running stallions also will interact with a female
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for hours or even days before copulation. Normally
the sociosexual activity of the domesticated stallion
is severely restricted. Usually, breeding stallions are
confined to a paddock or a stable, and frequently do
not have any interaction with mares or other horses.
This type of management can resultin overly aggres-
siveand dangerousstallions. Mating and / or ejacula-
tion normally is permitted only under one of three
conditions:

(1) Pasture breeding, where the stallion runs with the
mare (s) continuously.

(2) Hand mating, where the stallion is presented with
a mare in oestrus; after he has covered her, they
are separated.

(3) Mount of a phantom or dummy mare (for semen
collection).

Fig.4.5 Equine sperm cells seen under the microscope (x 1000).
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Mating behaviour

There are several behavioural responses that stal-
lions display either during teasing and/or breeding.
The sexual response, also known as libido, is highly
dependent on breeding experience, management
and, in some cases, season. Libido is influenced also
by olfactory, visual and auditory stimuli. Typically a
normal stallion that has never bred a mare will take a
longer time to mount; however, he will display good
libido. On the other hand, a stallion that has had a
negative previous experience might show no interest
in the mare or in mounting.

Anormalstallion should show interestin the mare,
drop the penis within 1-2min of exposure to a quiet
mare in standing oestrus and will try to mount with-
in the first 3min. Once they are allowed to mount
they will have several (5-8) intravaginal thrusts, fol-
lowed by 3-5 short thrusts synchronous with ejacu-
lation, urethral pulsation and flagging of the tail. A
single stallion tends to be consistent in his breed-
ing behaviour, provided that the conditions under
which he is used are the same. There are three basic
processes involved in the release of semen:

(1) Erection: the lengthening and stiffening of the
penis.

(2) Emission: the movementand deposition of sperm
and fluid from the vas deferens into the urethra.

(3) Ejaculation: the culmination of the process of
copulation, which involves the expulsion of
semen.

Normal semen characteristics

Semen (or the ejaculate) is a fluid or gelatinous sus-
pension consisting of:

¢ spermatozoa
e fluid secretions (seminal plasma)

Besides these two components, semen contains alow
number of epithelial cellsand somebacteria originat-
ing from the lower urinary tract.

Characteristics such as volume, sperm concen-
tration and pH of the stallion’s ejaculate are highly
variable and dependent on factors such as breed, fre-
quency of collection, season and intensity of sexual
stimulation before ejaculation. The total volume
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of the ejaculate is, on average, 30-100ml, whereas
normal sperm concentrations average 100-400 mil-
lion/ml. The stallion ejaculates in three distinct
fractions:

(1) A pre-ejaculatory fraction, observed as a translu-
cid fluid dripping from the urethra. This fraction
with little or no sperm can be observed consis-
tently once the stallion is aroused during prepa-
ration for mating.

(2) The sperm-rich fraction, which is the portion
of the ejaculate containing the great majority
of sperm. This fraction is forcefully delivered due
to 5-10 rhythmic contractions of the urethral
musculature, which generates successive jets of
semen. The first three jets contain three-quarters
of the total sperm in the ejaculate. This is the
critical part to be collected for use in artificial
insemination.

(3) The gel or sperm-poor fraction, which comprises
mainly secretions from the vesicular glands.

Sperm transport

The equine ejaculate is deposited directly into the
uterus. Transport to the uterine tube probably occurs
within a few minutes for some sperm and it has been
confirmed that sperm are present in the uterine tube
within 2 h after insemination.

Fertilisation

The uterine tube has the ability to transport sperm
towards the ovary while transporting the ovum in
the opposite direction. Fertilisation of the ovum
occurs in the oviduct in mares. The fertilised egg or
conceptus then takes 5-6 days to reach the uterus.

Embryonic and fetal development

The conceptusis highly mobile throughout the entire
uterus until day 16 after ovulation. The early move-
ment of the conceptus is thought to play a key role in
the ‘maternal recognition of pregnancy’. The mobil-
ity phase ends 16 days after ovulation, when the con-
ceptus becomes stationary and ‘fixation” occurs. The
conceptus becomes fixed at the base of the right or left
horn. Fixation in postpartum mares tends to occur in



the previously non-gravid horn. Implantation oc-
curs gradually and relatively late in the mare, begin-
ning around day 40. It is not complete until around
day 140. By convention, the term embryo is used up to
day 40 and the term fetus thereafter.

Placentation

The placenta consists of fetal and maternal tissues
that are in apposition for purposes of physiological
exchange. The placenta of the mare is:

o diffuse, non-deciduate;

e epitheliochorial, because the uterine epitheliumis
in contact with the outer layer of the chorion;

* microcotyledonary, with the microcotyledons
representing the units of placental exchange.

This non-invasive type of placentation ensures that
there is no loss of maternal tissue at parturition.
The placental membranes in the mare are:

(1) The allantochorion: the red tougher outer fetal
membrane.
(2) Theamnion: theinnermost white fetal membrane.

The umbilical cord crosses the allantoic cavity and
consists of two portions (amniotic and allantoic) that
can be distinguished readily.

In each placenta there is a vestigial yolk sac remnant
within the allantoic part of the cord, which may be
mistaken for a deformed remnant of a twin pregnan-
cy. Hippomanes are soft putty-like aggregates of uri-
nary calculus that form throughout pregnancy. They
vary in colour and size and have a layered appear-
ance when cut.

Endometrial cups are a unique feature of the equine
placenta. On oraboutday 28 of gestation the chorion-
ic girdle begins to form at the junction of the yolk
sac and allantoic membranes. Specialised cells from
the chorionic girdle invade the underlying uterine
epithelium between days 36 and 38. Once in the
endometrium, they enlarge and become clumped to-
gether to form the endometrial cups. The cups are
arranged in a circle at the base of the gravid uterine
horn. Endometrial cups produce eCG, which stimu-
lates the primary corpus luteum and causes induced
secondary follicles to ovulate and/or luteinise. Be-
cause progesterone production remains high, mares
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do not show signs of oestrus at the time of these sec-
ondary ovulations. This is independent of the pres-
ence of a fetus and so once the endometrial cups are
formed, eCG production will proceed even in cases
where embryonic/fetal loss occurs.

Pregnancy diagnosis

Diagnosis of early pregnancy

This is possible using ultrasound by rectal examina-
tionand, as such, is an act of veterinary surgery:

¢ The equine embryonic vesicle can be detected at
day 11, but mares are not usually scanned that
early.

¢ The 14-day conceptus is 13-18 mm in size and lies
centrally in the uterine body. In the event of twin
pregnancies, both vesicles usually can be seen at
14 days, even if the second co-twin arose from a
later ovulation. This fact, together with the mobil-
ity and relatively small size of the concepti, makes
14-15days the optimal stage of pregnancy to diag-
nose twins and crush one co-twin.

* By day 26 of pregnancy the embryo is highly
echogenic and is clearly visible ultrasonographi-
cally, with the beating heart apparent on the scan.

Pregnancy also can be diagnosed in the mare by:

* Rectal palpation by about 28 days, but best at
about42 days.

e Blood tests: these canbe used but eCG is unreliable
due to the variable length of production by the
endometrial cups, and oestrone sulphate cannot
be measured in high concentrations until ap-
proximately day 90.

¢ Transabdominal ultrasound from day 80.

Suggested protocol for pregnancy diagnosis

Assuming that the day of ovulation is day O,
ultrasound is used as follows:

e Firstexam, day 14-15

* Second exam, day 24-27

¢ +Third exam, day 33-35

e Autumn exam (rectal), October.

91



CHAPTER 4

Following an initial examination at day 15, the aim
of the examination at day 24-27 should be to as-
sess whether the embryo is developing normally
(increase in size, normal echogenicity of the yolk
sac, etc.) and to identify the heartbeat. In addition,
it can be confirmed that there is only a single con-
ceptus. If twins were inadvertently missed at the ear-
lier examination, it still may be possible to manage
them correctly.

Ideally a third examination should be performed
around day 33-35. The aim of this examination is to
confirm that a single conceptus is developing nor-
mally. If there is failure of normal development or if
twins are detected, it is usually possible to terminate
the pregnancy and re-breed the mare before end-
ometrial cups develop.

A twin pregnancy usually produces abortion at
7-8 months or undersized live or dead foals at term.
The reason for the low survival rate of twins is due to
competition for placental space.

The duration of pregnancy is 330-345 days, but
enormous variation is possible and anywhere
from 315 to 360 days is frequently reported. A useful
guide to remember is 11 months and 4 days.

Preparation for foaling

Mares should be well cared for during pregnancy
to ensure the birth of a normal, healthy foal. This
includes:

(1) Adequate but not excessive feeding (see
Chapter 5).

(2) Proper parasite control.

(3) Vaccinating the mare 1 month before foaling to
ensure that her colostrum has the necessary anti-
bodies. Vaccination of the pregnant mare has the
dual purpose of protecting the dam and also the
foal.

(4) Moving the mare into the environment where
she is going to foal 6 weeks before she is due, so
that the mare can get used to her new environ-
ment and the handling procedures. It will also
ensure that her colostrum will contain the protec-
tive antibodies against infections there. Ideally
mares should foal in special housing called a
foaling box. The foaling box should be at least
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4 x 4m for an average 500-kg mare and be well-
ventilated but free from draughts. Bedding
should be dust-free, preferably comprising
plenty of high-quality straw.

Monitoring the mare for foaling

Amare should be observed closely late in pregnancy.
Physical changes indicating impending delivery
include:

¢ Development of the udder or mammary gland.
There is an increase in the size of the mammary
gland in the last month of pregnancy and this is
particularly noticeable in the 2 weeks before birth.
Once this increase is noted, the mare should be
moved to a foaling box where she can be watched
easily during the night.

¢ Relaxation of the pelvicligaments.

¢ Lengthening of the vulva.

e Just before foaling the udder typically becomes
very swollen and there is a waxy secretion notice-
able on the teat ends. This is know as ‘waxing’ and
is usually a sign that foaling will be within
1-4 days. Sometimes milk can run from the udder
ahead of foaling and lose the colostrum. Such foals
can be at risk from not getting enough colostrum
and must be given extra care in the first few days
after foaling.

The best approach to managing a foaling mare is to
watch her very closely but without disturbing her.
Having an experienced attendant watching the mare
and assisting if necessary is the best way of reducing
the risk of problems at foaling. However, mares vary
tremendously in the signs of impending foaling that
they actually show, henceitis possible to waste much
time waiting for a mare to foal. To avoid this, options
include:

(1) Measuring the electrolyte concentrations in
prefoaling udder secretions using kits that are
available commercially. These kits measure elec-
trolyte levels in a sample of udder secretion.
When the amount of calcium in the milk increas-
es above a certain level, over 95% of mares will
foal within 72 h.



(2) Foaling alarm systems, such as a small transmit-
ter lightly stitched to the mare’s vulva. When she
pushes the fetal membranes through the vulva at
the beginning of foaling, a pin in the transmitter
is pushed out. This then sets an alarm off, which
activates the attendant’s pager. The disadvan-
tage is that the alarm only alerts you once the
mare starts to deliver, so you need to be nearby.

(3) Foaling alarm systems that strap around the
whole mare and sound an alarm if or when she
sweats during delivery. The disadvantage of this
isthatif the mare does notsweatit does not go off.

Closed-circuit TV is also commonly used. Because
parturition is very rapid in mares, it is important to
monitor them very closely.

Nursing/management checks before foaling

Itis important to check if the vulva has been stitched
(Caslick’s operation). If she has been ‘stitched’ it is
important to ‘open’ the vulva before foaling. It is not
enough just to remove the stitches that were put in
when the mare was ‘Caslicked’, and in any case these
should have been removed 2 weeks after the proce-
dure. The stitched area must be cut open before the
foal emerges. If this is not done, at best the tissue of
that area will tear and bruise severely, mak-
ing future repair difficult; at worst, the foal will
suffocate.

It is also an important hygiene measure to wash
and dry the mare’s udder.

Parturition is the term used to describe the expul-
sion of the fetus (and its membranes) from the
uterus through the maternal passages by natural
forces. Themostimportantinitiating factor for partu-
rition is the maturation of the fetal hypothalamic-
pituitary—adrenal axis. The production of cortisol
from the fetal adrenal gland may be the ultimate
trigger of the process of parturition. This increase in
cortisol indicates the foal’s ‘readiness for birth’.
Oxytocinis the hormone produced by thedam and
plays a key role in all stages of labour. In the mare
oxytocin release can be blocked by external stimuli,
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which allows the mare, at least temporarily, to resist
the fetal signals for birth, e.g. if she is disturbed.

The act of parturition is a continuous process but it
is customary to divide it into three stages, as in other
species.

First stage

Thislastsfor 1-4hand begins with the onsetof uterine
contractions. The changes are not visible externally
but they prepare the birth canal and fetus for expul-
sion. During this stage the muscles of the uterus begin
to contract and push the fetus against the cervix. This
helpsthe cervix todilate. Thefoal begins tomove of its
own accord, rotating itself and extending the front
legsand head. The increasing myometrial activity, to-
gether with spontaneous fetal movements, will result
in rotation of the cranial part of the fetal body into a
dorsosacral position. The front legs and head are ex-
tended. These processes usually result in discomfort
inthemareand the following signs:

* Becoming restless and exhibiting colic-like signs
(looking at flanks, tail switching, frequently get-
ting up and down).

¢ Exhibiting patchy sweating (flanks, neck, behind
elbows).

* Yawning.

* When the cervixis fully dilated the allantoic mem-
brane ruptures and several litres of allantoic fluid
escape from the genital tract. This is popularly
called ‘the waters breaking’ and indicates the end
of the first stage.

As the mare approaches the end of the first stage
of labour her tail should be bandaged and her vulval
area cleaned and dried. Mares do not normally strain
during the first stage of parturition.

Second stage

The onset of the second stage occurs abruptly
and commences with the onset of forcible abdominal
straining and/or the appearance of the amnion.
These two features usually occur almost simultane-
ously. During stage two, actual delivery of the foal
takes place. The mare usually lies down and goes into
lateral recumbency until the foal is born. The outer
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red membrane ruptures and theamnion (transparent
bluish-white membrane) is quickly visible at the
vulva and fluid and a fetal foot should be visible.
Straining occurs regularly and both front feet should
soon appear. As the amnion emerges at the vulva,
one foreleg is in front of the other by some 10cm.
Shortly the nose should appear also. The greatest ef-
fort is associated with delivering the head, with the
passage of the chest and hips usually occurring rela-
tively easily. As the head and shoulders pass through
the pelvis, the amnion should rupture. If necessary,
the mare can be assisted by gentle pulling on the
foal’s frontlegs.

The foal has arelatively long umbilical cord, which
is still intact after delivery. When possible, the cord
should be left intact for a few minutes to help the cir-
culation of the newborn foal. Care should be taken
not to disturb the mare at this stage or she may rise
and rupture the cord. The cord usually ruptures at a
predetermined place due to movements of the mare
and/or foal several minutes (up to 15 min) after birth.
Once the umbilical cord has ruptured, the stump
should be checked for haemorrhage and disinfected
with dilute chlorhexidine. This disinfection of the
navel needs to be repeated several times during
the firstfew days of life. If the mare is stilllying down,
the foal can be moved towards the mare’s head to try
to reduce the chance of the foal being stood on when
the mare attempts to get up. All disturbances should
bekepttoaminimum during thisstage.

The second stage of labour usually occurs at night;
the average duration is about 15min and normally it
should not exceed 1h.

Third stage

This involves passage of the fetal membranes, often
termed ‘delivery of the afterbirth’, and usually oc-
curs within 1h on average and should not take more
than 2h. Continuing myometrial activity plays an
important role during this process. There is contro-
versy with respect to the time interval for placental
expulsion. Recognition of the precise time at which
the process has become pathological if the mem-
branes have not been passed is difficult.

The placenta initially should be tied up so that it
hangs just above the hocks. This should avoid it
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being stepped on before it is passed. If the placenta is
not passed within 3 h, the vet should be contacted.

The uterus contracts very quickly after foaling and
this process carries on for several days until the
uterus is almost as small as it was before the mare
became pregnant. This process of becoming smaller
is known as ‘involution’.

Complications

Premature induction of foaling

This is rarely indicated in the mare. Mares for induc-
tion have to be selected very carefully because it is
difficult to ensure the maturity of the foal when in-
ducing parturition.

Dystocia

Dystocia means difficult birth and is possible if either
the first or second stage of parturition does not
progress or is prolonged. Speedy recognition of dys-
tocia is necessary to save the life of the mare and
foal and prevent injury to the mare’s reproductive
tract.

Dystocia is usually caused by the foal not being
delivered in the right direction or one of its legs being
bent backwards. This is more likely in the foal
compared with other domestic animals because of its
long limbs and neck. Sometimes the foal may be
presented ‘back to front’, i.e. the rump is presented
first, which is known as a breech birth. Dystocia can
be caused also by problems with the dam, such as not
straining properly. Rarely the bony pelvis of the dam,
through which the foal must be delivered, may be
small.

Studies in thoroughbreds have suggested an
incidence of 4%, i.e. 4 in 100 births do not proceed
normally. Dystocia is not a common problem and
the more severe forms of dystocia are the rarest.
There are three main reasons why equine dystocia is
so serious:

(1) The mare will continue to push and strain even if
the foal is stuck. The mare may strain so hard that
her uterus ruptures, leading to peritonitis or fatal
bleeding.



(2) During delivery the placenta separates quickly
and so the foal loses its oxygen supply and must
breatheitself.

(3) Theplacentaisoftenretained following dystocia,
with serious consequences if not treated.

For an equine nurse, it is important to recognise if
the foaling is abnormal. There are six main clues:

(1) Failure of the glistening white amnion, with front
legs and nose to appear shortly after the waters
have broken.

(2) Appearance of the bright-red allantochorion at
the vulval lips at the start of the second stage,
with no fluid loss noticed.

Reproduction

(3) Repeated forceful
happening.

(4) No straining for lengthy periods once the am-
nion has appeared.

(5) The mare continually gets up and down and rolls
from side to side.

(6) The foal is stuck at the hips once the head, legs
and chest are out.

straining with nothing

In all potential dystocia cases the vet should be con-
tacted as soon as you realise that things are not right.
There is no time to spare with a foaling and it is better
to call for help too soon rather than too late (see
Example4.1).

Example 4.1 Foaling difficulties

A nursing emergency

An owner rings your equine hospital to say that a vet is
referring a mare to you as an emergency because she has
been in non-productive labour for over 30 min. They are
currently waiting for transport and the mare is very
distressed and straining hard.

Your initial response is to reassure the owner and
recommend that the mare is kept walking TO REDUCE
STRAINING until the vet is able to either place a nasogastric
tube in the trachea or administer an epidural to stop the
abdominal efforts or administer other medication to help.
You establish how long it will take for the mare to arrive and
arrange for the duty vet to talk to the referring vet.
Meanwhile, you organise a team and equipment, with
aplan of action ready to deal with the mare as soon as she
arrives. This is an emergency requiring effective nursing
teamwork.

The vet informs you that the problem is thought to be one
of fetal oversize, i.e. the foal is simply too large to deliver
normally and assisted vaginal delivery (attempts to deliver the
foal in the awake mare with sedation and epidural) have
failed. Together you plan to:

e Perform controlled vaginal delivery under general
anaesthesia if possible to do so.

e |f the foal cannot be delivered within 15 min or it becomes
obvious that it will not be possible to do so within 15 min,
then a Caesarean section will be performed.

e |fthe foal is obviously dead on arrival, consider a fetotomy
(cutting up the dead fetus to extract it from the mare).
As nurse in charge you rapidly set up equipment and organise
personnel for:

e General anaesthesia.

e Foaling equipment, including sterile ropes, lots of obstetric
lubrication, stomach pump and tubes.

e Equipment for midline laparotomy for Caesarean section.

e Fetotomy equipment, including fetotome, wire saw and
handgrips.

e Equipmentto revive the newborn anaesthetised foal,
including separate oxygen supply, towels and staff to receive
and revive it.

When the mare arrives soon thereafter you take her straight to
the anaesthetic knockdown box, where the vets perform a
rapid clinical examination and general anaesthesia is induced.
When the mare is recumbent, hobbles are attached to the
hindpasterns and a hoist used to elevate the hindquarters. This
effect of gravity sometimes helps the clinician to repel and
reposition the fetus. While controlled vaginal delivery is
attempted, you concentrate on clipping the abdomen and
preparing the mare for surgery.

Because the foal is alive but too big for delivery through
the mare’s small pelvis, the clinician elects to perform a
Caesarean section.The mare is moved into the operating
theatre and surgery is performed rapidly under light general
anaesthesia to avoid fetal respiratory depression. The most

(Continued on p. 96.).
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Example4.1 Continued

important factor in foal survival is rapid delivery and
immediate neonatal care. When the surgeon lifts the

foal up and out of the uterus by its hindlimbs, it is transferred
toyou and a second nurse to hold adjacent to the mare

until the umbilical cord has finished pulsing. You clamp the
cord, while the other nurse concentrates on getting the

foal breathing. It is then moved away from the dam to
administer oxygen and be dried while being held in a sternal
position.

After surgery, colostrum is milked off the mare in recovery and
given to the foal by stomach tube. The foal is introduced to
the dam, once she is fully awake and on her feet under careful
supervision. It is important to supervise the foal's nursing efforts
because they may distress the mare by traumatising the surgical
site; for this reason, a belly bandage is used on the mare. The mare
is watched carefully until the placenta and normal droppings are
passed, because retained fetal membranes and ileus are common
complications of the procedure (see Chapter 18).

After foaling

After a Caesarean section, mare fertility is adversely
affected. This may in part be due to trauma by at-
tempts at vaginal delivery as much as the surgical
procedure itself. Dramatic swelling and bruising of
the vagina and vulva can occur with normal deliv-
eries. This usually resolves within a few days of foal-
ing. Sometimes vulval tears may have to be stitched,
known as Caslick’s procedure. There are a range of
other conditions that are more serious, usually re-
quiring immediate veterinary assistance. In rare
cases the damage to the vulva and/or vagina may
be much more serious. The foal’s foot may tear
completely through the vagina and may even rip
completely between the anus and vulva.

First postpartum oestrus

First postpartum oestrus or foal heat is characterised
by normal follicular development and ovulation by
day 20 postpartum in almost 100% of mares. By day
10 postpartum around half of all foaled mares have
ovulated.

As the uterus decreases in size (involutes), so
postpartum luminal fluid (lochia) is discharged from
the uterine lumen. This uterine discharge is normal
and often noticeable as a vaginal exudate (bloody,
brown or mucopurulent) about 3 or 4 days after
parturition. The colour generally becomes paler
by day 5. Delayed uterine involution invariably fol-
lows dystocia, abortion, placentitis and placental
retention.

In the early postpartum stages (first 2-3 days) the
mare may exhibit systemic signs such as dullness,
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inappetence and mild colic. In severe cases, usually
subsequent to placental retention or dystocia, there
may be evidence of septicaemia and laminitis.

Most commercial stud farms aim to produce as
many healthy foals, as early as possible, from mares
mated the previous year, hence they will breed at foal
heat. Against the obvious time-saving advantage of
this, there are two negative issues to consider:

(1) Pregnancy rate at foal heat: there is a lower preg-
nancy rate for mares mated at the first postpar-
tum oestrus.

(2) Subsequent foaling rate of mares diagnosed
pregnant from a foal heat mating: there may
be an increased incidence of early embryonic
mortality.

Infertility (subfertility) in the mare

Very few mares are permanently and completely in-
fertile, but subfertility of varying degrees is a major
problem. There are many causes of subfertility,
which can act either alone or in combination with
each other. Broadly, they can be categorised into in-
fectious or non-infectious factors, with the latter
being further divided into anatomical abnormalities
and functional aberrations (Table 4.1). To calculate
the reproductive efficiency of a mare, several para-
meters are used (see Key points 4.1).

Pregnancy failure

Pregnancy failure is a source of major economic loss
to the horse industry. Embryonic death occurs before
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Table 4.1 Summary of the causes of mare
subfertility

| Anatomical Il Functional Il Infectious
Defective vulva Anoestrus Endometritis: bacterial/fungal
Defective vestibulovaginal o Seasonal (winter/early spring) Metritis

constriction e Poor body condition Pyometra

Vesicovaginal reflux
(urine pooling)
Vaginal bleeding
Persistent hymen
Abnormal cervix
Uterine tumour
Uterine haematoma
Uterine adhesions
Uterine cysts

Partial dilatation of the uterus

Abnormal oviduct
Ovarian tumour
Pituitary abnormality

e Disease

o Chromosome abnormality
Lactation related

e Prolonged luteal function

e Pregnancy/pseudopregnancy
o Silentheat

Pregnancy failure:
viral/bacterial/fungal

Irregular or prolonged oestrus

o Transitional (‘spring’) oestrus
Ovulatory dysfunction
Pregnancy failure

o Earlyembryonic death

e Abortion

Key points 4.1

Mare reproductive efficiency

Below are some of the parameters used. The percentages
in parentheses give likely figures on a well-managed stud
farm.

e Fertilisation rate: number of ova fertilised/number of
ovulations (85-90%).

® Pregnancy rate: number of mares pregnant on a specified
day (often day 15) per breeding cycle (50—70%) or per
breeding season (80-95%).

e Live foal rate (most reliable indicator of overall reproductive
efficiency): number of mares foaling/number of mares bred
(65-90%); this figure is likely to be below owner
expectations.

® Pregnancy loss rate: number not foaling/number pregnant
on a specified day (day 15) (15-20%).

e Farlyembryonic death: conceptus loss before
organogenesis is complete (day 15-40) (5-15%).

40 days of gestation when organogenesis is com-
plete, with early embryonic death (EED) occurring be-
fore the maternal recognition of pregnancy. Early fetal
death occurs before 150 days of gestation; thus, late
fetal death occurs afterwards. Abortion is defined as

expulsion of the fetus and its membranes before 300
days, whereas a stillbirth is expulsion of the fetus and
its membranes from day 300 onwards.

Fetal death/abortion

Anoverall abortion rate of 10% after 60 days of gesta-
tion is usually cited for the horse. In practice, it is im-
portant to distinguish infectious from non-infectious
causes. Signs of an impending or recent abortion
include:

¢ vaginal discharge
¢ running milk
* colic

When abortion occurs, the mare should be isolated,
a history obtained and the fetus and fetal mem-
branes sent to an approved laboratory for autopsy.
The causes of equine abortion can be broadly divided
into non-infectious (70%), infectious (15%) and
unknown (15%).

Non-infectious causes of abortion and

stillbirth: twinning

Historically, twins have been the single most
important cause of abortion. However, it is now
much less common due to the widespread use of
ultrasonography.
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Umbilical cord abnormalities

In mares, the umbilical cord is twisted, usually in a
clockwise spiral. The normal length is 36-83cm
(mean 55 cm). Increased cord length has been associ-
ated with excessive cord torsion, which can cause
vascular obstruction of the urachus. This can re-
sult in abortion of an autolysed fetus. Decreased
cord length can cause premature tearing of fetal
membranes, leading to fetal asphyxia.

Premature placental separation

When placental separation occurs shortly before par-
turition, the thickened placenta often does not rup-
ture through the cervical star, and the allantochorion
bulges out of the vulva (‘red-bag’ delivery). The foal
can become hypoxic, resulting in neonatal malad-
justment syndrome (NMS).

Infectious causes of abortion
The main causal agents of infectious abortion are:

* Viruses, including equine herpes virus (EHV) and
equine viral arteritis (EVA), and equine infectious
anaemia.

¢ Bacteria that gain access to the placenta, which can
cause abortion in the mare. They are often oppor-
tunist pathogens that can be isolated from normal
mares, i.e. Streptococcus spp. and Escherichia coli.
Others are considered to be venereal pathogens,
i.e. Pseudomonas spp. and Klebsiella spp. Recently,
leptospirosis has been diagnosed in association
with abortion.

* Aspergillus spp. are the most common cause of my-
cotic placentitis and mycotic abortion in the mare.

Endometritis

Reduced fertility associated with endometritis has
been recognised for many years in broodmares. The
term ‘endometritis’ refers to the acute or chronic in-
flammatory process involving the endometrium.
These changes frequently occur as a result of micro-
bial infection, but they can be due also to non-
infectious causes. One of the main obstacles to pro-
ducing the maximum number of live, healthy foals
from mares bred during the previous season is
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susceptibility to persistent acute endometritis fol-
lowing breeding.

Artificial insemination (Al)

This involves the collection, evaluation and dilution
of semen from the stallion and then the timely infu-
sion of an adequate number of viable sperm into the
mare’s uterus.

A successful Al programme depends upon vari-
ous factors in the stallion and the mare:

(1) Stallion:
(a) Athorough examination for breeding sound-
ness on the stallion being used.
(b) Confirmation that the stallion has semen of
sufficient quality.
(c) Appropriate cooling and storage of the
semen sample after collection.

(2) Mare:
(@) A  satisfactory  breeding  soundness
examination.

(b) Induction of an ovulatory oestrus.

(c) Accurate prediction of ovulation.

(d) Correct timing of insemination relative to
ovulation.

(e) Appropriate storage, thawing and handling
of semen.

(f) Correctinsemination technique.

(g) Post-insemination examination and treat-
ments as required.

(h) Correct pregnancy diagnosis 14-16 days
after insemination.

Artificial insemination in the horse requires a high
degree of veterinary input and is not a cheap alterna-
tive to natural breeding.

Advantages and disadvantages of Al

Although Al has many advantages there are also
drawbacks that must be considered.
Advantages of using Al

(1) Maximises the efficiency of stallion usage be-
cause more mares can be inseminated from one
ejaculate, which means that a stallion can breed
more mares per year.



(2) Transportof semenacross or even between coun-
tries is possible.

(3) Canevaluate the semen on a regular basis.

(4) Use of semen extenders with proper antibiotics
to preserve the longevity of sperm and minimise
bacterial contamination.

(5) Implementation of minimal contamination
breeding techniques for mares that are suscepti-
ble to uterine infections.

(6) Enhances the safety of animals and animal
handlers.

(7) The mare (and foal) can be kept at home and
the risks of infection and injury from transport
arereduced.

(8) Reduces the risk of venereal diseases spreading
throughout a breeding population.

Disadvantages of using Al

(1) Higher costs due tolabour and paperwork.

(2) Requirement of adequate infrastructure and
capable skilled vets.

(3) Risk of genetic, viral or bacterial disease
transmission.

(4) Semen from some stallions will not tolerate the
cooling and/or the freezing and thawing pro-
cess, therefore stallion variability is an added
problem.

(5) Some breed societies, notably the thoroughbred
registration authorities, will not allow the regis-
tration of foals born by Al

For an AI programme to be successful, strict
attention should be paid to health precautions and
hygiene. Guidelines and Codes of Conduct to
reduce the risk of disease transmission should be
strictly followed.

Storage of semen: fresh, chilled and
frozen semen

The temperature at which semen should be stored
depends on the period of time for which it needs to
remain viable. In general:

¢ Semen thatis going to be used within 12 h after col-
lection can be stored at room temperature ina dark
environment.
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e Ifsemenisintended to last longer than 12 h, either
because of stallion unavailability or need for
semen transport, it should be chilled down to
5-8°C over a2-3h period.

e If life expectancy of the semen is longer than
72h, cryopreservation (freezing) should be
considered.

Semen that is collected should be diluted with an
appropriate extender regardless of its intended use.
Extenders used for the storage of stallion semen
are typically based on egg-yolk, skim milk or a com-
bination of both. The extenders contain sugars, other
nutrients and antibiotics to optimise the survival
time of the sperm.

Frozen semen is the most difficult and conception
rates may be very poor if strict stallion selection and
careful insemination routines are not practised.
Technically, frozen semen requires a lot of veterinary
input to determine the optimal time and frequency to
inseminate mares. There are many other problems
associated with the use of frozen semen. One of these
is that mare owners are often charged large amounts
of money for semen of unknown potential. Unfortu-
nately it is not easy to do controlled fertility testing of
frozen-thawed equine semen and at present, there-
fore, standardisation is almost completely absent in
this industry.

Nurse’s role
Anurse’srolein Al may include:

® Checking the mare’s identity from a passport or
similar document.

e If semen has been imported, the accompanying
documentation should be checked and confirmed
that the stallion is seronegative for EVA.

¢ Ensuring that semen storage is adequate, e.g. by
regularly filling liquid nitrogen flasks and main-
taining clear records.

® Preparing the mare for insemination, preferably
by using stocks for restraint. The tail should be
bandaged and tied out of the perineal region (Fig.
4.6). The vulva and perineal area should be
cleansed thoroughly with dilute povidone iodine
solution or mild soap. This is then rinsed off thor-
oughly with fresh warm water and the perineal
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Fig.4.6 Preparingamare forAl.

area dried with clean, soft, disposable (paper)
towels. Because there may be a small delay
between cleaning the mare and insemination,
the vet may empty the mare’s rectum of faeces to
prevent contamination of the area after cleansing.
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® Observing the mare for oestrus behaviour, be-
cause correct timing of the Al is critical. The clini-
cian may use hormonal treatments, e.g. hCG, to
facilitate this.
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England, G.C.W. (1996) Allen’s Fertility and Obstetrics in the
Horse. Blackwell Science, Oxford.

Knottenbelt, D.C., LeBlanc, M.M. & Pascoe R.R. (with con-
tribution from Asbury, A.C.) (2001) Handbook of Equine
Stud Medicine. WB Saunders, London.

Pycock, J.F. (1997) Self Assessment Colour Review of Equine
Reproduction and Stud Medicine. Manson Publishing,
London.

Samper, J. (2000) Equine Breeding Management and Artificial
Insemination. WB Saunders, Philadelphia, PA.
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Horses are fundamentally non-ruminant herbivores,
which means that they are suited to eating high-fibre
diets owing to continual microbial fermentation
within the caecum and colon. The horse evolved to
eat mainly grass with some other herbage and, when
available, ‘wild’ cereals and other starch-containing
feedstuffs. The horse naturally is a social animal,
living in groups and spending the majority of its
time foraging in a diverse and seasonally variable
environment.

Domestication has meant that horses now tend
to be kept in stables and/or on managed pastures
and we are responsible for their feeding. This,
together with the increasing demand for horses to
perform at levels that require energy intakes above
those able to be provided by their more ‘natural’
diet, has resulted in the addition of cereal grains
and their by-products, as well as supplemental fat,
in modern equine diets. This has benefits but also
potential disadvantages, including;:

e The close confinement of horses
e Restriction of access to buddies
* Restriction of feeding to ‘meal times’

Optimal feeding of horses uses both art and sci-
ence: the science provides the information about the
digestive and metabolic processes, the nutrient re-
quirements and the principles behind feeding prac-
tices; the art is the ability to convert this theory into
practice for the individual horse, its needs and its
likes and dislikes. Although good nutrition cannot
improve the basic ability of a horse, poor nutrition
may limit performance.

Overview of the digestive system
of ahorse

The horse’s digestive system can be considered in
two sections. The first section has similarities to
the precaecal digestive system of a monogastric (i.e.
single-stomached) animal; the second is more like
the rumen of a cow (Fig. 5.1).

First section: precaecal (mouth,
oesophagus, stomach, small intestine)
monogastric-like

* Chewing involves complex jaw movements
incorporating lateral and vertical components.

® The jaw sweeps approximately 60000 times a day
when grazing.

® The type of feed influences the movements of the
jaw during chewing and the speed of ingestion.
The average 500-kg horse takes about 40min
or 3400 chews to eat a kilogram of hay or about
10min and just 850 chews for a kilogram of oats,
leaving more time to get ‘bored’.

¢ Chewing movements are relatively long and wide
in horses eating grass but are reduced when
hay, cereals or pelleted feeds are fed, increasing
the chances of lateral and medial hooks (enamel
points) developing.

e Saliva in horses is produced in response to chew-
ing food rather than in anticipation of eating.
Feeds that are chewed less result in swallowed
boluses with higher dry matter (DM) content, e.g.
with a hay bolus the DM content is around 20%
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Cow Horse

Total volume 200 L

Total volume 350 L

whereas that of a cereal-based feed bolus is more
like 3040%.

¢ The equine stomach is relatively small in size and
inelastic. Horses have evolved to eat high-fibre
diets almost continuously, i.e. they are ‘trickle
feeders’. In general the rate of gastric emptying
is proportional to the square root of the volume,
i.e. the larger the meal, the more rapid the gastric
emptying. In addition, the larger the meal, the
more quickly it passes through the small intestine
with less digestion time.

¢ Alimited amount of bacterial fermentation occurs
in the stomach of horses in the initial stages,
especially of easily available sugars and starches,
which is stopped on mixing with the gastric juices.
With large cereal-based meals there is slower
and/or reduced mixing of the feed with the gastric
juices and therefore an increased risk of abnormal
fermentation (see Fig. 5.2).

® The basic digestive processes (enzymatic degra-
dation of proteins, fats, starches and sugars) are
similar to those of other monogastric animals but
the activity of several of the enzymes is lower in
horses.

* Amylase activity is limited in horses, so they have
a finite capacity to digest starch—a major com-
ponent of cereal grains—in the small intestine
(recommended intake of starch is < 2g/100kg
bodyweight (BW) per meal). Adult horses also
appear to have a limited ability to digest lactose
(itissuggested not to feed >75 g /100 kg BW of milk

102

Dog

1.3% Fig.5.1 Comparative guide to the digestive
system of the cow, horse and dog. By
13.1% permission of Pedigree Masterfoods (a Division
Total volume 7 L of Mars UK Ltd.).

SaCccus caecus the stomach
e non-glandular

stratified squamous

epithelium soluble
® most bacterial CHO
fermentation

occurs here
actic acid

8
kel
=
= pyloric region
% ® proteolytic
fundic region activity of
® 1000 x 10° @ pepsin is
bacteria per gram i Ho0 50 15-20 x that
of ingesta "ty and degrad? in fundic
e mainly lactobacteria region

Fig.5.2 General guide to the cycle of events in the stomach. By permission
of Pedigree Masterfoods (a Division of Mars UK Ltd.).

powder otherwise there is an increased risk of
diarrhoea).

e When large meals of either pellets or cereal
grains are fed infrequently, a transient state
of hypovolaemia results because of upper gas-
trointestinal secretions, including saliva. In quick
or greedy feeders there can be a large loss in plas-
ma volume. Horses should be prevented from
bolting their feed, e.g. by adding large stones to
the feed bucket or spreading the feed over a large
trough area. Adding chaff can be beneficial. If a lot
of grain is fed, it should be spread over several
meals.



¢ The majority of minerals and trace elements given
to horses are absorbed in the small intestine, as are
most of the dietary vitamins. Phosphorus, how-
ever, is mainly absorbed in the hindgut; high
phosphorus intakes, especially plant phytates,
may interfere with calcium absorption but this
does not work the other way around.

Second section: caecum/colon—-rumen-like

¢ Ahigh proportion of the available starch ingested
is degraded to glucose before absorption in the
small intestine, unless its digestive capacity is
overwhelmed.

The rest is subjected to microbial fermentation,
mostly in the large intestine along with dietary
fibre. (NB: Some fermentation will occur in the
small intestine but to a varying extent according
to the individual, the feedstuff concerned, and
the feeding practices followed). Mammals cannot
break down the linkages between the glucose
molecules of cellulose. Horses rely on bacterial
fermentation to accomplish this initial step in
fibre digestion. The breakdown products are pre-
dominantly short-chain or volatile fatty acids.
These can be used directly as an energy fuel by
the gut cells themselves, but the majority are
absorbed and converted to either glucose or fat.
This is ultimately less efficient than obtaining
energy from carbohydrate sources directly, via
glucose (see Fig. 5.3).

Nutrition

Unlike the ruminant, this microbial fermentation
obviously occurs after the ‘monogastric’-like sec-
tion rather than before.

Microbial protein, which is synthesised in the
large intestine, cannot be utilised to any great ex-
tent by the horse. This means that animals with a
high demand for protein (foals, lactating mares
and probably intensively exercising horses) must
be fed high-quality protein, which can be broken
down and absorbed primarily in the precaecal
section of the gut.

The colonic fermentation cycle of fluid-shifts
and changes in bacterial populations is a meal-
induced event and basically is not seen in horses
fed continuously.

The extent to which cereal starch provides glucose
or volatile fatty acids as the end result of digestion
depends on its precaecal and even pre-ileal diges-
tibility. This in turn varies according to the feedstuff
under consideration and the process-ing to which
the feedstuff has been subjected (see Fig. 5.4).

Large grain meals (or pastures with high sugar
contents) may overwhelm the digestive capacity
of the small intestine, leading to rapid fermenta-
tion of the carbohydrate in the hindgut, a decrease
in the pH and excessive growth of those bacteria
that can live under such conditions. Consequently
there may be a degree of lysis of those bacteria
that cannot live at such low pH, allowing the
release of endotoxins and damage to the mucosa
of the caecum and colon. This may allow the

stomach | small intestine : large intestine
100
fermentable fibre
vegetable oils — 80
digestible carbohydrate I AR - =
f ".’ L 2 60
4 |2
o
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©
volatlle fatty acids 20
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energy) _ energy & & ?§\z\ & X S X &
~ for use N & N2 S N S
@‘\ \0\\\\ \\\@h \&\0 é?’& %«0\\ QQQQ

Fig.5.3 Overview of the digestive processes involved with the three main
energy sources in the horse. Copyright of Pedigree Masterfoods (a Division of
Mars UK Ltd.).

Fig.5.4 Effect of feedstuff and processing on pre-ileal starch digestibility.
Meyer etal. (1995).
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absorption of endotoxins and other toxic sub-
stances with potential clinical consequences,
including colic, diarrhoea and laminitis. Hay-
or roughage-based diets do not result in such
decreases in caecal pH but they may not provide
sufficient usable or net energy for some horse’s
needs.

General comments about feeding horses

Water

The amount of water required by a horse will vary
according to the individual, its diet, work schedule
and its sweating rate, as well as the environmental
temperature. Although non-lactating horses on
lush pastures, with shade, undertaking no work can
thrive in theory without additional water, this is not
advisable.
The recommendations are:

* Provide a constant supply of fresh clean water,
including for foals from 10 days old.

¢ Ensurethat water containers are regularly cleaned
and checked; any ice must be broken to enable
access.

¢ The environmental temperature will have a large
effect on the amount of water consumed; increase
supply in hot conditions or if the horse sweats
considerably.

* Do not give a horse large amounts of water (espe-
cially very cold water) immediately after hard
exercise. Let them have repeated small amounts
(5-6 swallows).

Feed plenty of suitable roughage

Horses have evolved as hindgut fermenters who
naturally live on a predominantly forage-based
diet, the fibrous components of which act as a
source of energy. Suitable roughage occupies a
horse’s time chewing and reduces the risk of devel-
oping vices.

Thus, roughage should be the foundation of any
horse’s diet, even those in hard work. Some horses
and ponies may not require anything else. Hays
with higher energy levels and greater digestibilities
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should be considered, especially for those animals in
competitive work. Horses in general should be fed
as much roughage as possible; grain should be fed
only when the horses” energy requirements cannot
be met by forage alone (sometimes small amounts of
grain or other concentrates may be needed to carry
supplemental protein or minerals to balance the
ration).

¢ For the majority of horses, at least 50% of their diet
on a DM basis should be suitable forage (around
1kg/100kg BW). Even fit, very intensively work-
ing horses should be fed at least 35% and prefer-
ably 40% of their DM intake as forage. The exact
amounts needed will vary according to the forage
type and nature.

® One of the major factors affecting the energy con-
tent of preserved forage is the stage of maturity at
which the plant is cut. Older plants have increased
fibre content, a lower percentage of leaves and
reduced digestibility. Legume hays tend to have
higher energy values than grass hays such as
Timothy.

¢ All forage should be as dust free as possible and
free from mould (see Chapter 1).

¢ Consider mixing additional good-quality, short-
chopped fibre (e.g. chaff of >2cm in length) with
concentrate feeds, especially for horses that bolt
their food.

* Many pastures and forages will not provide all the
nutrients that a horse needs. An appropriate vita-
min and mineral mix may be satisfactory for many
horses at rest and, depending on the pasture, for
those in light/moderate work. Additional feed
is likely to be required for the young growing
animal, the pregnant and lactating mare and for
those in hard work.

Feed little and often

Feed smaller and more frequent concentrate/
cereal-based meals. Ideally feed <500g/100kg BW
per meal in general and <400g/100kg per meal of
oats, i.e.ideally =2 kg per meal for a 500-kg horse. In-
crease the number of meals per day rather than the
amount per meal. It is important to remember that
horses have evolved to bite, chew thoroughly and



then swallow small amounts of highly fibrous diets
almost continuously for up to 18h/day. Divide the
daily concentrate feed into three to four meals a day
rather than having two large feeds.

If a horse appears to require ever-increasing
amounts of feed in each of its meals in order to main-
tain condition and type of ride desired, consider:

¢ Increasing the number of meals

¢ Changing to a feed with a higher energy content

¢ Adding additional oil (see below)

¢ Seeking veterinary advice if a horse loses weight
significantly or rapidly

Add supplementary oil

Most forage-based diets and those based on grains,
fat-extracted oilseed meals and hays contain 2-5%
oil and typically ~3%. Recently there has been
increasing use of supplemental vegetable oil in horse
diets:

(1) Feeding oil-supplemented diets, with appro-
priate training, has been suggested to result in
a range of effects on a variety of physiological
and metabolic parameters as well as on perfor-
mance. In order to obtain metabolic benefits from
the feeding of oil or oil-supplemented diets, in
addition to those associated with its high
energy density and lack of starch content, the
oil needs to be fed for several months. The sug-
gested benefits include:

(a) increased mobilisation of free fatty acids
(FFAs) and increased speed of mobilisation;

(b) increased speed of uptake of FFAs into
muscle, often considered to be rate limiting;

(o) a glycogen-sparing effect so that fatigue is
delayed and performance improved; this
is especially important in endurance
activities;

(d) increased high-intensity exercise capacity.

(2) The increase in the energy density of the feed
(vegetable oils have about 2.5 times as much
digestible energy as maize/corn and 3 times as
much as oats) effectively means that the horse
may take in more energy even if its appetite
decreases. Many horses when in hard work and
regularly competed have areduced appetite.

Nutrition

(3) More fibre can be fed and less cereal or
hydrolysable starch need to be fed while still
maintaining the desired energy intake.

(4) Anoil-supplemented diet may have behavioural
advantages over high cereal starch diets.

(5) Because oil in the diet is converted more effi-
ciently to usable energy than feeds such as hay
and cereals, this may help to reduce the heatload
on the horse, which may be particularly useful
when competing under hot and humid condi-
tions. It also reduces the water requirement.

(6) Alow-starch, high-fibre diet that is supplement-
ed, if necessary, with oil is recommended for the
feeding of many horses that are prone to suffer-
ing from tying up, i.e. equine rhabdomyolysis
syndrome.

(7) Additional oil may benefit skin and hoof appear-
ance, but exact requirements of the various FFAs
are unknown.

Supplemental fat or oil diets can be supplied in four
main ways:

(1) As an oil-supplemented, manufactured diet:
such diets should be balanced with respect to the
protein, vitamin and mineral intake that they
provide when fed with forage (and salt as re-
quired); a simple, practical and convenient way
to feed high-oil diets.

(2) High-oil supplemental feedstuffs (such as rice
bran: ~20-30%) that are also high in fibre and
usually low in starch. However, many of the rice
brans available have the same disadvantages as
wheat bran in that they have a very imbalanced
calcium to phosphorus content. Alternatives
include whole oilseeds (15-26% oil).

(3) Supplemental animal fat: often unpalatable and
generally not recommended.

(4) Supplemental vegetable oils (such as corn oil
or soya oil): should be of feed grade and
non-rancid.

Any supplemental oil or oil-supplemented feed
should be introduced slowly. Dietary oils are usually
hydrolysed in the small intestine and the capacity of
lipid hydrolysis in herbivores seems to adapt over a
week or two. Horses have been shown to be able to
digestand utilise up to20% of the dietas fat, although
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~10% of the daily intake has been suggested in the
literature to provide the maximal beneficial meta-
bolic effects when incorporated in a complete and
balanced feed. Adding oil to existing feed has the po-
tential to create multiple imbalances and therefore it
is recommended to add less than the 10% suggested
above. Levels of 5-8% in the total diet are more com-
mon in some high-performing horses. Many perfor-
mance horses can be fed up to 400 ml daily in divided
doses without any problems, provided that it has
been introduced gradually, the extra energy is re-
quired and the oil is not rancid.

It is important to note that supplemental oil per se
does not provide any additional protein, vitamins or
minerals (unless fortified by the manufacturer). If the
horse is not receiving sufficient of these for its work-
load from its basal diet, then an appropriate addi-
tional mix may be needed or one should consider a
manufactured, balanced, high-oil feed. It is also im-
portant to ensure a sufficient calcium intake.

Itis recommended that additional vitamin E be fed
in combination with any supplemental vegetable oil.
Exact recommendations are not known but an addi-
tional (above requirements) 1001U of vitamin E for
every 100ml of added supplemental oil is a current
recommendation.

When to feed

¢ There has been considerable debate over when
and what to feed horses before exercise. Recently
it has been recommended that grain should be
withheld from eventers for at least 3h before
exercise, but repeated small quantities of hay
should be fed to ensure proper gastrointestinal
tract function.

* Glucose peaksat ~1-3hafterameal, whichisasso-
ciated with a rise in insulin. This may slow the
release of FFAs into the circulation (so the horse
has to rely even more on stored glycogen). If exer-
cised at this stage, there may be a drop in blood
glucose during the first stages of exercise, which
may not be desirable because the brain can only
use glucose as a fuel.

¢ Alarge amount of fluid, which comes effectively
from the circulating blood, is secreted into the gut
during digestion. Exercising under these condi-
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tions would, in effect, be similar to working a
dehydrated horse.

¢ Adistended gastrointestinal tract may restrict the
space available for lung expansion.

¢ Following a meal, blood flow is diverted to the gut
toenable the products of digestion to be utilised ef-
ficiently. This may reduce the blood flow to work-
ing muscles and other organs where it may be
better employed.

Feed according to the individual and
its workload

The amount and type of feed that a horse requires
will depend upon many factors including;:

Age, health and temperament

¢ Theamountand type of work carried out
¢ Environmental conditions

The body condition required

¢ Thetype of ride preferred

It will vary depending on the individual horse and
rider.

* Young growing horses, aged horses and pregnant
and lactating mares usually will require supple-
mental feed in addition to forage or pasture. In
some cases just adding legume hay such as alfalfa
may be sufficient.

* Horses have a finite appetite, which influences
what they can be fed in order to meet their energy
requirements. This ranges from ~1.5t0 3.0% of BW
onan ‘as fed” basis for most adult horses, although
foals may eat significantly more. On average, most
horses eat ~2-2.5% BW/day on an ‘as fed’ basis
and ~2% on a DM basis (i.e. 10kg DM for a 500kg
horse).

¢ Compound manufactured feeds are formulated to
be fed at certain levels. If a horse eats less than the
manufacturer’s recommendations for that work
load, then an appropriate vitamin and mineral
supplementmay be needed. Alternatively a differ-
entdiet thatisless energy denseshould be fed with
the appropriate vitamin and mineral fortification.

® Feed according to workload and individual needs;
feed intake should never be increased in anticipa-
tion of an increase in workload.



* Reduce the amount of cereal and other concen-
trates fed from the evening meal on the night
before rest days to around one-third until the
evening meal on the day they are returned to
work. The volume, if required, can be made up
with short-chopped fibre/chaff. If rest is likely to
be prolonged, consider changing to a feed of lower
energy content or rely on roughage alone (with
or without a general vitamin/mineral mix, as
appropriate).

* Monitor body condition and weight regularly.
Obese or underweight horses are unlikely to per-
form optimally. Certain clinical conditions may re-
sult in a loss of weight. Judgement by eye can be
inaccurate. Calibrated weighbridges are the most
accurate. Weigh tapes provide an approximation
butcanbe outby asignificant margin, especially in
fit, lean horses or pregnant mares.

Feed by weight not volume

It is important to feed by weight rather than by vol-
ume (scoop, bucket, etc.). For example, oats weigh far
less for a given volume than corn, so if cereal intakes
were changed on a volume basis the horse effectively
would be fed less oats (weight for weight) and far less
actual energy (see Table 5.1).

Make any change in feed gradually

¢ The microbial population of the hindgut becomes
adapted to the type of feed provided. Rapid
changes in diet may cause marked fluctuations
in this microbial population, which can result in
digestive disturbances. Sudden changes in the
amount or type of concentrates fed are particu-
larly likely to produce problems. Try to vary
the amount gradually rather than the type of feed.

Nutrition

* Minor changes should be made in a stepwise
manner over 3-5 days. More major changes
may take up to 2 weeks. Even in a fully grain-
adapted horse, the grain (concentrate) ideally
should not be increased by more than ~0.5kg/day
(for a 500-kg horse).

* Ponies, especially if pregnant, have an in-
creased risk of developing hyperlipaemia if
abruptly starved. It is much safer to reduce the
diet to a half-maintenance level than to com-
pletely starve a pony for weight loss purposes.
Wherever appropriate, the diet can be made up
to near appetite levels by substituting low-
energy forages. Poorly digested, highly silicated
forages such as straw increase the risk of
impaction.

Keep to aroutine, whenever possible

It is beneficial to maintain a standard routine
within the yard. One aim is to adhere to regular
feeding times that fit within a workable timetable.
For the majority of horses, roughage should
be available continually. If the amount of roughage
needs to be limited, then switch to a lower
energy-dense variety, e.g. from alfalfa to grass
hay. Try to maximise the time taken by the horse
to eat the amount offered by hanging the hay in a
difficult to reach location or using double or treble
hay nets to reduce the amount pulled out with each
mouthful.

Store all feeds appropriately

Correct storage of feedstuffs is essential to preserve
their nutrient value, to ensure that palatability is
retained and to prevent pest, fungal or bacterial
contamination:

Table 5.1 Guide to the relative feeding value

. Feed Volume Digestible energy Relative feeding value Relative feeding value
of cereals by weight and volume (absolute )
values willvary with source) (kg/l) (MJ/kg) to corn by weight to corn by volume
Corn 0.8 14 100 100
QOats, regular 0.4 12 86 43
Qats, hull-less 0.7 15.5 m 97
Barley 0.7 13.5 97 84
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e Store all feeds in cool, dry, well-aired but fairly
dark conditions.

® Preferably store coarse mixes in pest-proof bins.
Beware of increased moisture levels within certain
bins, which might increase the risk of mould
growth.

* Remember to empty and clean out galvanised bins
between feed loads.

* Do not feed poor-quality hay: haylages where
there has been damage to the packaging; spoiled
leftover feed; dusty, mouldy or contaminated
ingredients.

Feeding supplements

¢ Theuse of supplements is widespread and is often
based on a myth that some essential nutrient is
lacking in the ration or that if X amount is good
then 2X must be better. In many cases, although
such supplements may not have any positive ben-
efits, there are usually no negatives. Occasionally
problems with excessive supplementation can
occur (see Table 5.2).

* Only supplement if there is a specific shortfall or
likely to be a deficiency in the diet.

® Check whether it would be possible to avoid or
reduce the need for additional supplementation
by changing the core ration if appropriate (e.g.
to one of a lower energy density if feeding far
less than recommended for type and intensity of
work).

* Mix any vitamins and minerals in with the
feed, especially when dampened, just before
feeding in order to minimise any interactions.
This is especially important for vitamins E
and C if elements such as iron and copper are
present because they speed up the loss in
activity.

¢ Palatability sometimes can be a problem, so add
any supplements gradually and mix well.

* Monitor and be prepared to alter as the require-
ments change or as responses dictate.

* Beware of oversupplementation, especially if
multiple preparations are being fed.
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Maintenance requirements can be defined as ‘the
daily intake that maintains constant bodyweight
and body composition, as well as the health of
a healthy adult horse with zero energy retention,
at a defined level of low activity in comfortable
surroundings’. For some, but not all, nutrients
additional amounts will be needed with exercise
to cover, for example, the nutrient losses in sweat
and to aid in the repair processes. Growth and
reproductive status also impose their own additional
demands.

Ahorse’s nutritional needs can be influenced by a
number of factors, including:

¢ Bodyweight

* Weight of the rider and weight of the tack (need
to be considered when evaluating energy needs,
especially for endurance)

* Body composition and breed

¢ Age/growth (young horses will require more en-
ergy, protein and minerals for growth and an older
horse may need more calcium, phosphorus and
protein due to decreased utilisation)

* Reproductive demands

¢ Exercise intensity or workload (intensity and
duration)

¢ Condition and training of the animal

¢ Environmental conditions

Individual horses vary in their metabolic effi-
ciency (e.g. some horses are ‘good doers’), tempera-
ment, health status (including level of parasitic
burden), appetite, likes and dislikes and other
variables. There is a difference between what a horse
can eat and what it might need for maintenance, so that
many mature horses will gain weight if fed a free
choice of hay and are not exercised.

Feeding plenty of hay can often satisfy mainte-
nance. If legumes such as alfalfa form part of the
forage, then the diet may meet maintenance energy,
protein, calcium and phosphorus requirements.
Light to moderate work can be satisfied by feeding
more forage and switching to more digestible for-
ages. If forage alone is insufficient, then additional
feeds should be added to meet energy needs. Protein,
vitamin and mineral supplements may be needed
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CHAPTER 5

to supply the essential nutrients not contained in
the forage or the forage/concentrate combination.
The nutritional content of forages is often not known
but guidelines are available. Analysis of batches
of preserved hay is possible, so that supplementation
can be based on improved knowledge.

Guidelines to requirements can be provided,
which then need to be tailored to individual circum-
stances. One of the main reference materials used
and referred to is the National Research Council
(NRC) requirements (NRC, 1989). This provides
minimal rather than optimal requirements.

‘Dry matter’ versus ‘as fed”

‘Dry matter’ basis refers to the feed or forage after the
moisture has been taken out, whereas the term ‘as fed”
refers to a feed as it would be fed to a horse. Most con-
centrate feeds such as cereals, cubes, pellets, etc. con-
tain ~10% moisture, with a DM content of 88-92%.
Fresh forage contains 20-60% moisture. Because
only the DM contains nutrients, more feed will need
to be fed to match requirements if the feed contains
more water.

Requirements can be given in a variety of ways.
Two of the most common are:

¢ Per kg DM feed intake
¢ Amounts per day on an ‘as fed” basis

It is important to check which units are being used.
Either can be suitable, but obviously the DM intake
guidelines rely on horses being fed appropriate
amounts of feed for their age, reproductive status,
workload, etc. Guidelines on expected intakes are
given later in this chapter (see Table 5.10).

To convert from an ‘as fed’ to a ‘dry matter’ basis,
divide the ‘as fed’ value by the DM percentage, e.g.
pasture protein content on an ‘as fed” basis is 4% and
the DM content is 40%, so the protein content on a
DM basis would be 4/40x100=10%.

To convert from ‘dry matter’ to an ‘as fed’ basis,
multiply the ‘as fed” value by the DM percentage, e.g.
cereal protein content on a DM basis is 12% and the
DM content is 90%, so the protein content on an ‘as
fed’ basis would be 12x90/100=10.8%.
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What nutrients are needed

Like all animals, horses need to be provided suf-
ficient of the following in a balanced diet:

¢ Energy
e Protein
e Vitamins
e Minerals
e Water

A guideline to the various functions and sources of
the mostimportant nutrients for the horseis outlined
in Table5.2.

Energy

Critical to feeding any horse for health and vitality is
the appropriate and adequate supply of energy. If a
horseis fed toolittle energy forits needsit will tend to
become dull and lethargic, it can lose weight and /or
becomeill. If fed too much energy or inapppropriate
energy sources, it may become excessively lively, can
gain weightand/or becomeill.

Adult horses in particular tend to be fed
primarily for energy and then the diet is balanced
for protein, vitamins and minerals. Presently there
are two main ways used to describe the energy po-
tential of a horse feed: digestible energy (DE) and net
energy (NE). Each of these has been determined in a
number of ways over the years. The DE is the most
commonly used in the UK and USA, with the NE sys-
tem gaining popularity in France and Scandinavia.
Two units of energy are in common use in the horse
industry: the joule (J), predominantly in Europe;
and the calorie, in the USA (4.184] =1 calorie). Some
recommendations are given for estimated metabolic
bodyweight and others are given for actual
bodyweight.

Sources

Certain nutrients in a horse’s diet provide the energy
intake for that individual, following conversion of
their chemical energy to other forms of chemical en-
ergy, mechanical energy and heat. Dietary energy
is provided to the horse by four principal dietary
energy sources:



(1) Hydrolysable carbohydrates, e.g. starch.

(2) Fermentable carbohydrates (e.g. cellulose, pec-
tins and hemicelluloses, which cannot be broken
down by mammalian enzymes).

(3) Fats:naturally ~<3% of total feed intake.

(4) Proteins (not a nutritionally preferred option as
an energy source).

With the exception of feeds high in fats or ash,
the gross energy content of most feeds is similar.
Differences arise mainly from differences in diges-
tibility. Hay is less digestible than cereals and
produces much more spare ‘lost” heat, so is much
more ‘internally heating’ and is therefore especially
useful in winter. The efficiency of conversion of
digestible to usable or net energy also differs widely:
cereals have higher net energy than hay, which in
turn contains more than twice the net energy of
straw; vegetable oils contain proportionally more net
energy than the cereals and 2.25-3 times the amount
of digestible energy. Replacing forage with cereals
and/or fat decreases the amount of feed the animal
has to eat in order to obtain the required amount
of energy (this is important because horses have a
finite appetite).

Maintenance requirement

An adult horse at rest requires very approximately
13-15MJ/100kg BW (for details, see further reading
list) and so typically will need to eat ~1.5-2.0% of its
BW in DM (depending on energy content) to meet
demands.

If the energy content of the feed is high or the ani-
malisagood ‘doer’, it may be able to manage on less
than this amount of feed to satisfy its energy needs
but not its psychological needs. Then, either the diet
should be changed to one with a lower energy intake
or perhaps be bulked out with a lower energy feed
such as more mature hay or chaff.

Pregnant and lactating mares

In late pregnancy some allowance for the energy
needs of the fetus is needed. It has been recommended
that thoroughbred mares in the 9th, 10th and 11th
month of pregnancy should receive 1.11, 1.13 and
1.2 times the maintenance requirements, respectively.

Nutrition

In lactation, mares need maintenance require-
ments plus an allowance for the energy content of
the milk produced. Milk production will vary from
around 2 to4% BW daily, according tobody size, how
good a milker the mare is and the stage of lactation.

Growth and exercise
Need to allow for growth and exercise if appropriate
(see NRC, 1989).

Protein (Table 5.3)

¢ Essential amino acids have to be provided by the
diet because they cannot be manufactured.

® Proteins are not an efficient energy source;
nitrogen must be removed because excess protein
is not stored, resulting in an increased water re-
quirement and potentially higher ammonia levels
in the stable.

¢ Higher amounts of protein are needed for young
growing animals, those in hard work, as well as
pregnant and lactating mares.

¢ The NRC lysine requirements are based on a ratio
of lysine to digestible energy. This may underesti-
mate the lysine requirements in rapidly growing
horses and overestimate them in older slow-
growing horses.

Minerals

Sodium, potassium, chloride

(macrominerals and electrolytes)

Traditional forage-based horse diets are rich in
potassium and require no further supplementation.
A possible exception is for horses working hard
on low-fibre diets for prolonged periods of time,
especially in hot climates. In contrast, traditional
diets contain little sodium, so salt supplementation
is common.

Maintenance

A guide to maintenance requirements is given in
Table 5.4. Low mineral intakes may reduce the
endogenous losses of sodium and potassium and
therefore reduce the daily requirements, but this is
not believed to be so with chloride.
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Table 5.3 Guide to the protein and lysine requirements of horses based on NRC guidelines (NRC, 1989)

¢ The requirements for exercise should take into
consideration the content of sweat and the
amount of sweat produced, i.e. for light, moder-
ate, hard and very heavy exercise the values
are around 0.5-1, 1-2, 2-5 and 7-81 of sweat/
100kg BW, respectively.

¢ Salt should be provided for many horses in work.
For those horses in little or no work the provision
of a salt block may be adequate; ensure that it is
sited so that its use by an individual horse can be
monitored. In particular, where complementary
feed or a vitamin/mineral supplement is being
fed, any block should be of pure salt rather than
mineralised. It is not recommended to use blocks
formulated for other species.

For those horses in heavy work or who sweat
noticeably, the recommendation is that additional
salt should be added to the feed or given as a
supplement during the period of heavy exertion,
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Nutrient Maintenance Exercise Growth Pregnancy /lactation
Protein expressed as: (a) 7-8% (a) 8.5-12% Weanling 9 months, 8.9%
(b) 9.6 (b)9.6 (a)~13% 10 months, 9.0%
(a) % intotal dieton a (c)130-150g (c)170-270¢ (b) 11.95 11 months, 9.5%
90% DMbasis Yearling Lactation
b) g/MI digestible energy/da
EC)) 9/100 Ilg Bvl\/ royicey (a) 11.3% <4 months, 12.0%
E (6)10.75 >4 months, 10.0%
Lysine (g/day) 0.035x g crude protein 0.035x g crude protein Weanling 0.035x g crude protein
0.5g/MJ digestible energy/day
Yearling
0.45 g/MJ digestible energy/day
Two-year-old
0.41g/MJ digestible energy/day
— ) ) ) Table 5.4 Guide to the sodium, potassium
Assumed availability Estimated amount in sweat Maintenance . .
%) () (ma/kq BWIday) and chloride requirements of the horse at rest
(% 9 99 y and the information needed to estimate the
Sodium 80-90 3.2 20 requirements for exercise (which varies
Potassium 30 16 50 according to the literature source)
Chloride 100 5.5 80
Exercise e.g. at the rest stops in a trail ride on a hot day.

Advice on how much salt should be needed for a
particular horse and diet may be calculated, but as
arough guide: for a 500-kg horse the regular daily
amount fed should start at ~14g (1/2 oz)/day and
build up to ~56g (20z)/day, depending on the
core diet, time of year, workload and sweating
rate. If, with the addition of salt, the horse either
will not eat the feed or obviously urinates more
than normal, it may be helpful to reduce the
amount by ~14g (1/2 0z), leave it at this level for
a few days, monitor and reassess. Estimates of
sweat loss can be made by weighing a horse
accurately before and after exercise and calcu-
lating from that: ~0.91 of fluid is lost for every 1 kg
of BW.

Some horses that are fed low levels of forage,
especially if hay is replaced on a weight to weight
basis with haylage, may become deficient in
potassium.
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Table 5.5 Guide to the calcium, phosphorus
and magnesium requirements of the horse at

Approximate amount deposited
inmilk, early and late lactation

restand the information needed to estimate Estimated Estimated amount

the requirements for exercise and lactation availability 9" in sweat Maintenance

(see text) (%) Early Late (g/l) (mg/kg BW/day)
Calcium 50 1.2 0.8 0.12 50
Phosphorus ~ 35-47 0.75 0.5 <0.01 22-30
Magnesium 40 0.09 0.045 0.05 15

Pregnancy/lactation/growth

Pregnant, lactating and growing horses probably
need ~0.1-0.3% of the total diet as salt (on an ‘as
fed’ basis). Pregnant mares need ~0.35% potassium
in the total diet, early lactating mares need slightly
more at ~0.4% and growing horses not in work
need ~0.3%.

Calcium, magnesium and phosphorus
(macrominerals and electrolytes)

The greatest requirements for all three mineralsarein
young growing animals and mares at peak lactation:

* Lossesinsweataresmall.

¢ During prolonged inactivity, the intakes of cal-
cium and phosphorus should be increased to
~20% above recommended levels to compensate
for thelosses from the skeleton.

* Diets need to be formulated to take into account
the calcium content of the hay. Grass hays are
likely to be deficient in calcium, particularly for
growing and lactating horses. Legume hays con-
tain more calcium and are often sufficient for these
animals. Grain is rich in phosphorus but is a very
poor source of calcium. Calcium supplementation
will be needed with a high grain diet, depending
on thelegume intake.

¢ The calcium to phosphorus ratio of the total diet
ideally should be between1.5:1and 2:1.

Maintenance
Minimum requirements have been based on esti-
mated endogenous losses and assumed availabi-
lities, as illustrated in Table 5.5.

The NRC gives the minimum requirements on a
diet basis as being 0.21, 0.15 and 0.08% of the total
diet on an ‘as fed’ basis for calcium, phosphorus and

magnesium, respectively. The author suggests that
levels of 0.4, 0.25 and 0.15% of the diet may be more
like the target minimal values.

Exercise

As for sodium, potassium and chloride, calculations
can be made based on the maintenance requirements
with an allowance for the amount of sweat produced
and the amounts found in sweat. Because the
concentrations in sweat are comparatively low, often
little increase is recommended for horses in work.
The NRC, for example, suggests minimal require-
ments for exercise: calcium, ~3g/kg feed ‘as fed’;
phosphorus, 1.9-2.3 g /kg; magnesium, 1.0-1.2g/kg.
The author would recommend around twice
these levels for calcium, between 150 and 200%
of the phosphorus (to keep the Ca/P ratio between
1.5:1 and 2:1) in order to allow for bone devel-
opments and change during exercise and training
and 1.5-2g/kg feed ‘as fed’ for magnesium. An extra
allowance is needed for young growing horses in
work.

Growth
For calcium in particular, an allowance is needed for
young growing horses that are in work.

Pregnancy and lactation
In pregnancy the minimum requirements based on
the NRC would be:

e Cag/day = 0.45 x MJ/day (~0.4% of total diet
‘as fed’)

e Pg/day = 0.345 x MJ/day (~0.3% of total diet
‘as fed’)

* Mgg/day = 0.115 x MJ/day (~0.1% of total diet
‘as fed’)
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Table 5.6 Suggested intakes of the main

o ) Pregnlancy/ i Maximum upper limit fat-soluble vitamins in IU/kg DM of feed
Vitamin ~ Maintenance lactation Growth Exercise recommended (will need to be modified with individual
A 4000 6000-7000 4000-5000 5000-6000 16000 circumstances)

D 500 900 1000 500 2200
E 100 160 160 160-250 1000
In lactation the requirements depend on the Vitamin C

amount of milk produced and the amount deposited
in the milk. For calcium the requirements for a mod-
erately milking mare in early lactation would be, as
a minimum, ~0.5% of the diet on an ‘as fed’ basis
or5g/kg feed.

Vitamins

Fat-soluble vitamins A, D, E and K

The author and others tend to recommend that the
daily intakes of vitamins A, D and E are 1.5-3 times
those recommended by the NRC (see Table 5.6).
No requirement has been set for vitamin K, which
is involved in blood coagulation. It has been
linked anecdotally with exercise-induced pul-
monary haemorrhage (EIPH) but there has been no
scientific evidence.

Vitamin B (water soluble)
Precise dietary requirements have not been estab-
lished for the horse. Suggested levels are:

¢ Thiamine at 3mg/kg DM feed intake per day for
all animals apart from working horses, for which
thelevelis 5mg/kg DM.

* Riboflavin at 2mg/kg DM for all horses (levels
around twice this have been recommended by
some).

¢ Folic acid suggested levels are 0.55mg/kg DM
feed for adult horses at rest and in light to moder-
ate work, but levels are ~1.1mg/kg DM in preg-
nant and lactating mares and ~1.7 mg/kg DM for
those in intensive work and for young growing
horses with the greatest demands.

¢ VitaminB12:5ug/kg feed ‘as fed’ for performance
horses and 15ug/kg feed for young growing
horses have been suggested.
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The vitamin C needs in the healthy horse are met
by tissue synthesis, but horses that have been
subjected to trauma or major surgery may require
supplementation using suggested levels of 30-
40mg/kgBW/day. Although the efficiency of
absorption from all oral ascorbic acid sources is
thought to be relatively poor, it has been suggested
that ascorbyl palmitate may have better availability
than many others.

Trace elements or microminerals

Aguideis givenin Table5.7.

Feedstuffs commonly fed to horses

Exactly which cereal types and forages are most
likely to be fed will vary from country to country
and area to area. A short overview of some of the
more common non-forage-based feedstuffs used for
horses is given in Table 5.8. A short overview of the
various categories of feedstuffs is given below.

Cereal straights

These are the basic components of home-mixed
feeds purchased from a feed mill or feed wholesaler.
The most common cereals are oats, barley and
maize (corn). Various processes can be applied
beforesale/use, e.g. bruising, rolling, flaking and mi-
cronising, with the aim of improving digestibility /
palatability (and appearance).

Additional separate feedstuffs

These can add to the energy/protein composition of
the ration. Commonly fed examples are:
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Table 5.7 Guide to the recommended

. Pregnancy/
concentrations of trace elements (mg/kg DM) : ) : ) .
in the diet (modified from NRC, 1989) Trace element  Maintenance lactation Growth Exercise Maximum upper limit
Copper 15 20 20 15-20 800 (less in growing horses
if zinc not elevated)
Zinc 45 60-80 60-80 60-80 500 (Zn:Curatio of diet
shouldbe 3:1-4: 1ideally)
Manganese 45 60 60 60 750
Iron 40 50 50 50-70 750
Selenium 0.2 0.2-0.3 0.2 0.2-0.3 2
Cobalt 0.1 0.15 0.15 0.15 10
lodine 0.2 0.2 0.2 0.2-0.3 5

Meyer (1987) has recommended that the iron requirement of the 500-kg horses is 500, 600 and 1200
mg/day for light, moderate and heavy exercise.

* Sugarbeet, usually soaked before feeding
* Molasses

¢ Wheatbran

¢ Ricebran/pollard

¢ Linseed

® Soybean meal

Compound feedstuffs or complementary
complete feedstuffs

These are a mixture of the cereal straights or their
products with additional feeding stuffs and vita-
mins/minerals plus other supplements, produced
by a commercial manufacturer. They are designed
so that, when fed as directed with appropriate
roughage (and usually salt), they provide an ade-
quate and balanced ration for that type of animal.
There are three main formats:

(1) Nuts/pellets/cubes: very popular, especially for
maintenance or light work.

(2) Extruded feeds: vary in popularity, depending
predominantly on country/area.

(3) Coarse mixes (sweet feed): contain a number
of processed cereals together with molasses
or glucose syrup and other ingredients such
as grass nuts/pellets, locust beans, sugar-
beet pellets and protein/mineral/vitamin-
balancing pellets.

Compound complete feeds

These are similar to the above but contain sufficient
fibre sources to be fed without the need for addi-
tional roughage. Not currently popular in the UK but
used in areas where roughage is in limited supply or
very expensive.

Supplementary complementary feeds

These are designed to complement the basic straights
component of the ration and therefore to help correct
any likely deficiencies/imbalances and/or to im-
prove theration. They are produced by a commercial
manufacturer and are not designed to be fed in
large amounts or on their own. The main exam-
ples would be the various cereal (especially oat)
balancers.

Supplements

These are fed in rather small quantities, usually ob-
tained from a commercial manufacturer or com-
mercial feedmill; most (apart from fat/oil, which is
commonly described as a supplement) are not de-
signed to add substantially to the basic energy/
protein content of the diet. They are usually in
the form of powders, liquids or small pellets,
e.g. vitamin/vitamin sources, minerals/electrolytes,
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Table 5.8 Guide to some of the more commonly fed non-forage feeds and typical contents (g/kg DM) in the UK

Feedstuff
content How commonly fed Good points Points to consider
Cereals Whole or more commonly Most are palatable to horses and well Generally low in lysine and methionine;
processed; fibre content digested; included primarily as a calcium generally low —unbalanced
increases from maize, through wheat, source of energy, which is present Ca:Pratio as P relatively high;
triticale, naked oats, barley and oats; mainly as starch. The starch grains of salt and sodium levels generally low
protein content tends to be highest different cereals vary slightly in chemical (~0.2 g Na/kg DM); contain up to 1%
for triticale and decreases structure and size so that their patterns phytates, which make the phosphorus
progressively for wheat, barley, of digestion differ slightly less available and bind calcium
naked oats, oats and maize —even though the phytates may be
broken down in the hindgut, the
released minerals cannot be absorbed
from there; rancidity and spoilage rate
increase with processing
QOats Whole most common; Higher fibre than many cereals in No proven advantage of processing
DM 88% bruised, rolled and crushed; 'naked" relation to its starch content —oat starch unless horse has poor dentition;
CF 100 —without husks — lower fibre, well digested in small intestine, making not more than 0.4 kg/100 kg BW per
0il40 better protein content and quality; itamore ‘safe’ cereal; lowish energy meal; lowest energy content of most
CP110 clipped or racehorse oats remove content; sugar ~1.5% commonly fed grains —increases
Starch 470 part of the fibrous hull and therefore the bulk needed for intensively
Ca0.8 increase the relative starch to fibre exercising horses to meet energy;
P3.5 ratio high variability in nutrient content
Corn/maize Flaking, steaming, and micronising Energy-dense cereal more than twice Lowest crude protein of common
DM ~87% improves small intestinal starch the energy per unit volume of oats, cereals (~8—10% DM); cracked
CF20 digestion although the difference is only 20% on corn commonly fed in the USA
0il 35 a DM basis; less waste heat of but unprocessed corn is not well
CP90 fermentation so more helpful in hot digested in the small intestine, with
Starch 700 conditions; fair source of vitamin anincreased risk of excess starch
Ca0.2 Aunless aged; sugar ~1% on reaching the hindgut; advise not
P3.0 DM basis more than 0.25kg/100 kg BW
per meal; corn is prone to mould
infestation and production of
mycotoxins; adding molasses may
substantially increase intake rate
Barley Generally fed rolled, crimped or Higher level of energy than oats but Whole barley is harder and less
DM ~86% soaked to improve palatability (by lower than corn; lower oil content palatable than oats and starch less
CF50 opening up the closely attached so less risk of rancidity after well digested in the small intestine
0il 20 hull) or cooked/micronised to processing; like oats has a hull; than oats; contains hordenine, which
CP 120 increase digestibility and allegedly sugar ~3.5% can have relevance when testing under
Starch 530 improve behaviour in some horses Jockey Club or FEl rules; more likely to
Ca<1 suffer weevil infestation
P4.0
Wheat Cracked or coarsely ground —often Small grain —higher energy contenton a Often more expensive;
DM ~85% dusty and must be introduced weight basis than corn and nearly twice hard grain needs to be chewed
CF25 gradually; can be steam flaked as much as oats on a volume thoroughly or else increased risk of
0il18 basis; naked grain has ~66% starch undigested starch reaching hindgut; if
CP 120 and 5.5% sugar on a DM basis; low feed is >20% as finely ground wheat,
Starch 660 fibre (~2.5% DM) may form a glutinous mass with
Ca0.5 increased risk of gastric colic; less
P3.5 palatable than corn and oats
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Table 5.8 Continued

Feedstuff

content How commonly fed Good points Points to consider

Wheat bran By-product of wheat flour milling— Usually very palatable—warm bran Very unbalanced Ca: P content—

DM ~88% bran consists predominantly of the mashes can be used as a feed stimulant very high phosphorus; high level

CF120 husk and the thin papery layer from in some horses, especially if mixed with of phytate, which can bind a variety

0il 42 around the starch —very little molasses; can contain relatively high of minerals; avoid high bran diets

CP 175 starch is found in bran; levels of B vitamins; CF varies 10—-13% because they can lead to digestive

Starch 180 low-density flaky ingredient; DM disturbances and mineral imbalances;

Cal various forms are available; do not suddenly feed a high bran

P12 nutritional content is very variable diet as can cause disturbances in the
hindgut flora similar to any abrupt
change in diet

Soyabean Soya bean hulls have a high content of

hulls fermentable fibre and are well digested

DM ~87.5% inthe horse, giving a higher actual

CF 400 energy supply than predicted;

0il 34 palatable and useful as a low-starch,

CP135 relatively high-energy, high-fibre feed

Ca5

P2

Peas Micronised or flaked or split Good protein source with a reasonable Certain varieties including those fed

DM ~87% amino acid profile (lysine ~15-18 g/kg inthe UK contain trypsin

CF60 DM, threonine 8—10 g/kg DM); inhibitors and other anti-nutritive

0il18 sugars ~55g/kg DM factors and therefore must be

CP240 cooked before feeding; other

Starch 400-500 varieties from other countries

Cal contain far lower amounts and can

P5 be fed whole or more commonly
rolled or flaked

Beans— Often cracked, crushed or coarsely High in energy (15MJ DE/kg DM) and Bean protein is not believed to be as

winter ground or rolled following protein with a reasonable lysine content, well digested in the small intestine,

DM ~85-90% micronisation, but can be fed whole; especially the field beans (~ 15 g/kg), and especially if uncooked; most varieties of

CF83 cooked or micronised for certain are suited to horses in hard work or beans are best cooked before feeding

0il 14 varieties such as winter horse breeding/growing animals, but soyabean because they contain low levels of

CP 280 beans and field beans, where has a better amino acid profile; a trypsin (the enzyme that breaks

Starch 400 potentially toxic factors are rich in phosphorus but poor in calcium peptides into amino acids) inhibitor

Cal present; field bean is the main and manganese (~8 mg/kg DM) and other anti-nutritive factors; they

P9 variety grown in the UK; not are normally micronised or cooked

normally fed in large quantities and split open; field beans, for

example, also contain tannins, which
can have adverse effects—again,
appropriate cooking processes are
needed to destroy such anti-nutritive
factors

Soyabean Soya is commonly fed to horses Good source of protein—full fat soya Needs to be appropriately cooked or

meal (dehulled) with the oil removed (soya ~40% protein as fed, with high levels of micronised before feeding to

DM ~90% meal ~1% oil) or as full fat soya, essential amino acids (dehulled meal destroy the protease inhibitors,

CF34 which contains 18—19% oil and can ~36glysine/kg DM; full fat soya anticoagulant factors, allergenic and

0il 15 be used as a meal or more ~24.g/kg DM); low starch around goitrogenic factors; meal is not always

CP470 commonly micronised as a flake 1-3% DM and 8-10% DM sugar very palatable and may need to be

Starch 34 added gradually to the diet;

Ca3 antinutritive factors are destroyed in

P8 meal production; micronised or

(Continued onp, 122.)
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Table 5.8 Continued

Feedstuff
content How commonly fed Good points Points to consider
extruded full fat soyabean flakes
have enhanced palatability and
digestion and improved stability
Linseed Small, oval, flat, shiny, dark brown Linseed contains good protein levels Contains an enzyme that is
meal seeds; linseed meal or cake, (26%) and a very high oil level (39%); thought to release hydrocyanide
DM ~89% where the seeds are cooked and mechanically expelled meal has higher from the glycoside compounds
CF 100 most of the oil extracted and then protein level of ~35% with a much contained within the seed, especially
0il 80 compressed together into small lower oil content (~4-8%) and a high after soaking unless cooked
CP350 rectangles, or linseed oil (bought linolenic acid level and s still thought to —therefore seeds tend to be boiled
Starch 50 ready prepared) can be used; newer have beneficial effects on coat until they spilt open, making a gruel,
Cad.5 forms of processed linseed now condition; linseed meal contains a tea or jelly (dependent on the
P8.5 on the market are designed to be mucilage (30-200 g/kg) that may help amount of water added);
safe to feed without cooking to maintain softer droppings without the cake- or meal-making process
any irritation (cf. bran); ?feed at ~10% will inactivate the enzyme but may
of a grain mix to help with mild not destroy all the antinutritive
impaction factors, so amount fed should still
be limited; solvent-extracted meal
contains low levels of oil (<2%) so has
less effect on coat condition;
lower lysine content than soyabean
meal or other high protein sources
such as canola and only ~50—
60% of the amount of other
essential amino acids
Sugarbeet Can be molassed or non-molassed; Rich in fermentable fibre and well Sugarbeet is usually molassed in
pulp no known antinutritive factors digested predominantly in the hindgut; the UK and sold as dehydrated
(molassed) some digestion of residual sugars in the shreds or pellets that increase
DM ~90% small intestine; better calcium content considerably in volume when
CF130 than most cereals but a similar protein rehydrated, so the tendency is to soak
Qil5 content; better salt (~7.5%) and in at least twice their dehydrated
CP110 therefore sodium content; molassed has volume in water for 12—24 hrs before
Cab asugar content of ~250 g/kg DM feeding; extruded sugarbeet has
P0.8 already been expanded; poor source of
vitamins
Molasses By-product of sugar cane industry; Same energy as barley on a weight basis; Lower protein than barley;
DM ~74% may be mixed with corn oil, for often used to improve palatability and sugar content of feeds or forages
CP40 example, to improve flow reduce dust when added to other mixed with up to 10% or 40%
Ca10 feedstuffs; salt ~5 g/kg DM; molasses, respectively, still have lower
P5 contains ~50% (up to 64% sugar, sugar content than fresh early grass
depending on what they have been diluted
with) of water soluble carbohydrates on a
DM basis
Carrots Whole or sliced length-wise No known antinutritive factors; Horses that are not used to eating
DM ~12% DM content of ~11% and an carrots may bolt them—risk of
CF100 energy value similar to oats on a DM choke, especially if fed chopped;
0Oil15 basis; orange-coloured varieties will go mouldy
CP90 arerichin carotene
Starch 110
Ca5
P3

(a, Calcium g/kg DM; CF, crude fibre g/kg DM; CP, crude protein g/kg DM; DM, dry matter; DE, digestible energy; FEI, Federation Equestre Internationale; Oil, total
crude fat g/kg DM; P, phosphorus g/kg DM; Starch, strach g/kg DM; WSC, water soluble carbohydrates.
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calming agents, fat/oil, ergogenic aids/buffers,
haematonics/products with medicinal claims, herbs
and salt licks/mineral blocks.

Roughage

Chaff and straw

These are the fibrous protective outer layer of grains
and their stems. Straw is more commonly used for
bedding and its use as an accepted portion of the
roughage intake depends on the type, the country
and the age and type of horse being fed. There are
various forms of chaff (basically short-chopped hay
or other roughage source) available. Typically, apart
from alfalfa, they tend to be low in digestible energy,
protein and mineral content and are useful in
bulking out diets. They can be home produced or
purchased, they may be molassed or have other
additions, including ground limestone, herbs and
vitamins/minerals, and can be processed into
cubes/briquettes, etc.

Pasture and hay

There are various types of pasture: legume (e.g.
alfalfa), grass (e.g. meadow, seed, tropical, mixed) or
a combination. There are different ways of conserv-
ing or preserving pasture, including hay, silage and
haylage products.

The nutrient content of fresh or preserved forage
will depend on the species, the stage of maturity and
the season. More mature grasses have higher fibre
content and lower energy and protein levels. The
mineral content of pastures varies with time quite
considerably and so regular analysis of the grass con-
tent may be helpful, e.g. on large stud farms. One
needs to consider not only the nutritive quality of the
hay but also the amount of dust and fungal spores
and therefore the potential adverse effects on the
respiratory system.

Preserved forage intake can be estimated by
weighing the amount offered and allowing for any
wastage. Pasture intake is more complicated because
itis unclear whether pasture intake is purely limited
by the amount of time available for grazing, by the
energy requirements of the horse or by the amount of
supplemental feed.

UK meadow hays from permanent pastures

Nutrition

will tend to provide higher protein (8-12% crude
protein/kg DM) and digestible energy (9-11MJ/kg
DM) values compared with seed hays, which usually
contain one or two grass species, e.g. rye grass
or Timothy. Seed hays are more uniform and tend
to be fairly mature at harvesting in the UK, with
lower energy (8-10MJ/kg DM) and protein
(4-8% DM) levels. Legume-rich hays (alfalfa/clover,
etc.) have high protein and calcium contents.

Haylages (Table 5.9)

Grass and other forage plants such as alfalfa are
wilted to ~50-60% DM (12-24h) and packaged
so that a mild lactic fermentation occurs due to
reduced oxygen levels. This plateaus out at around
pH 4.5, depending on the amount of oxygen and
substrate available, and inhibits the proliferation of
fungal spores. Damage to packaging allows the in-
flux of oxygen, permitting further microbial action.
Haylages contain more water and less fibre, weight
for weight, than hay. Big-bale haylage tends to havea
higher DM content. Botulism is a low but potential
risk with all haylages.

Silage

Fresh grass and legumes are stored immediately in
airtight mounds or bales. A rapid pH drop, greater
water activity and a decrease in available oxygen and
soluble carbohydrate as fermentation progresses all
inhibit the development of fungal spores. Dry matter
levels of >35% and preferably >50% are recom-
mended, with pH < 6 in order to minimise microbial
action. If the pH is 5-6 the DM should exceed 40% to
help prevent clostridial activity. Low-pH silage may
be unpalatable for horses and may cause problems
in donkeys. Specialist advice should be obtained

Table 5.9 Guide to the typical DM content of small- and big-bale
haylages and grass and the hay equivalents

Hay equivalent to 5 kg of
Type Typical DM (%) forage type on a DM basis
Small-bale haylage 50-55 3kg
Big-bale haylage 60-75 4kg
Grass 10 0.5
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Determine bodyweight and condition score

'

Determine if wish/need to increase or decrease BW or Condition

v

Calculate
approximate appetite

/ \

On an As Fed basis — especially if feeding hay and/or hard feed
where moisture levels are fairly constant at ~10%

MUST THEN ENSURE WORKING TO REQUIREMENTS

ON AN AS FED BASIS

On a dry matter basis — advisable if feeding haylage or other high
moisture feeds and if relying on pasture to provide a substantial
portion of the daily intake

e Typically around 1.8 —2.25% BW/day

MUST THEN ENSURE WORKING TO REQUIREMENTS ON A
DRY MATTER BASIS

/

Calculate energy needs for Maintenance — NB these will be in MJ/day to be provided within the appetite on either a DM or as fed basis

nutrition)

Calculate additional needs for Pregnancy, Lactation, Growth, Exercise — & make allowances if wish to increase or decrease weight (see Clinical

A

Determine approximate roughage to concentrate ratio

A

Choose an appropriate and available roughage and calculate how much that amount of that roughage will provide in energy

A

of diet and therefore amount of roughage to feed

are met

energy content

See how much more energy is needed to be provided in the diet but think about these and similar questions
e st possible and appropriate to increase the amount of forage given so that all the energy requirements

e Isitpossible to change to a different type of forage to ensure energy demands can be met
e If more energy is provided by the roughage than needed is it possible to change to one of a lower

/

\

Divide remaining energy needs by remaining appetite for hard
feed to give the approximate energy content of the hard feed
that will be needed to meet energy requirements

.

Or decide what other ingredients you would like or may be
appropriate to add into the diet to complete the ration and then
determine their energy contribution and adjust according to

requirements

/

Check diet meets requirements for other nutrients by calculating the quantities in proposed ration and comparing with
estimated requirements (remember to continue to work on either a Dry Matter or As fed basis)

'

Feed ration and monitor the bodyweight, condition and behaviour etc of the horse

Fig.5.5 Guide to how to formulate a ration for a horse.
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Table 5.10 Guide to the likely food

Guide to approximate Forage (approximate  Concentrate (approximate
appetite (% BW on as % of total diet) % of total diet)
fed basis, 90% DM)

consumption and relative proportions of forage Status

and concentrate based on the NRC guidelines

for horses (NRC, 1989) at various lifestages

and lifestyles which will vary according to Maintenance

individuals and feedstruffs concerned etc. Light work
Moderate work
Intense work
Last third of pregnancy
Early lactation
Weanling
Yearling
Two-year-old

1.5-2.0 100 0
1.5-2.5 75 25
1.75-2.5 60 40
2.0-3.0 40 60
1.5-2.0 70 30
2.5-3.0 50 50
2.0-35 30-40 60-70
2.0-3.0 40 60
1.75-2.5 50 50

on suitability before feeding home-made silage to
horses, especially that produced for cattle.

One of the main advantages of silage is its de-
creased challenge to the respiratory system.

How much forage to feed

The amount of forage to feed will depend on the indi-
vidual, how it is being kept and its energy needs, as
well as what forages are available. In general, with
increasing workload a decreasing amount of forage
will be fed, from ~100% to 40% of the total daily
intake, with the high-energy feeds increasing from
0-60%. The exact ratio will vary with the individual.
Approximate guidelines for forage and concentrate
intakes are given in many of the textbooks but a
very approximate guide based on the NRC guide-
lines (NRC, 1989) is given in Table 5.10. These will
need to be modified according to circumstances and
individuals.

How to formulate a ration
There are many ways of formulating a ration but one
method isillustrated in Fig. 5.5. The tips and sugges-

tions given above should be taken into consideration
whenever designing a ration.

This chapter was intended to provide a general
guide to the various aspects that should be consid-
ered when feeding horses for health and activity. Ad-
ditional factors need to be taken into consideration
when a horse is ill or debilitated and these will be
covered in the next chapter, which concentrates on
clinical nutrition.

Further reading

Harris, P.A. (2001) Nutrition and Clinical Nutrition. Internet
site: www.waltham.com.

Meyer, H. (1987) Nutrition of the equine athlete. In:
Equine Exercise Physiology, vol. 2, ed. by J.R. Gillespie &
N.E. Robinson, pp. 645-673. KEEP Publications, Davis,
CA.

Meyer, H., Radicke, S., Kienzlo, E., et al. (1995) Investiga-
tions on pre-ileal digestion of starch from grain,
potato and manioc in horses. J. Vet. Med. Services A42,
371-81.

NRC (1989) Nutrient Requirements of Horses, 5th Edn.
National Academy Press, Washington, DC.
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CHAPTER 6

Clinical Nutrition

P. A.Harris & ]. M. Naylor

Assisted feeding, 126
Improving appetite, 127 surgery, 132
Enteral or tube feeding, 127

Parenteral feeding, 130

What to feed before and after

How to feed horses with particular
clinical conditions, 133

Feeding for specific clinical
conditions, 137
Further reading, 139

Assisted feeding

Assisted feeding may be needed for:

(1) Sick horses, because they often have reduced
feed consumption.

(2) Horses that have recently undergone certain
types of surgery.

(3) Horses that have head or neck injuries.

The horse’s immune system and general defences,
eveninnormal horses, are known to be severely com-
promised by 5 days of total anorexia. If food intake is
decreased for long periods of time, death can occur
from cardiac or respiratory failure when bodyweight
falls to ~60-70% of ideal. Adult horses, provided that
water intake is maintained, can tolerate at least 2
days of complete starvation. Foals havelower energy
reserves and greater energy demands per unit body
mass than adult horses and cannot survive long peri-
ods without food. If neonates are deprived of milk for
several hours it may have irreversible effects. Prema-
ture foals, and other weak, malnourished or small
horses, may have even lower energy reserves and yet
greater heat loss due to poor body insulation. Many
sick adult animals have higher energy needs than a
normal horse, especially those in a state of hyperme-
tabolism (catabolic), which is more common in hors-
es suffering from trauma, sepsis and stress.
Correcting malnutrition may help survival rates
after illness or surgery. Pre-existing protein malnu-
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trition has been shown to have a more adverse affect
on survival from a salmonella infection than energy
malnutrition. Most sick, aphagic (unable to swallow)
horses should be given vitamins, including the B
vitamins, because the gastrointestinal tract (GIT)
flora may be disturbed adversely, affecting normal
production from the hindgut. A variety of dosages
and cocktails have been suggested, but experimen-
tally it takes a long time to produce clinical signs of a
deficiency and a multi-B vitamin preparation is prob-
ably most useful. Importantly, there is often no ad-
vantage in providing additional support to
well-nourished animals that soon will be able to feed
normally. In such cases, forced feeding may in fact be
counterproductive.

Assistance can be given to improve appetite or
to provide part or all of the horse’s nutrient needs,
either

enterally (given by mouth or oesophagus into the gut)
or

parenterally (via routes bypassing the alimentary
canal, usually intravenously).

When feeding sick horses, knowledge of normal
nutritional requirements is necessary. Foals can be
particularly vulnerable with respect to weight loss,
and an appreciation of the expected weight gain of a
foal at a particular age can be useful. Rapid changes
in weight, with large growth spurts, are undesirable
in foals.



Improving appetite

There are various options:

¢ Providing fresh, highly palatable feeds such as
freshly picked green grass (‘Dr Green’) can be
beneficial, but avoid lawn clippings or very small
pieces of fine grasses.

* Molassed feeds and oats often have a high palata-
bility in healthy horses but this can change in sick
animals.

¢ Providing a mixture of feeds, including some
poorer quality (in a nutritional sense) forages and
feeds, as well as the better ones, because some sick
horses will prefer them.

¢ All feed should be positioned appropriately so
that the horse can easily smell and sample the
various feeds on offer.

¢ It can be useful to include feeds that the horse is
known to like, as well as new tastes.

* Provide different forms of roughage, not just their
normal type.

Treat the reason for the decreased appetite by
managing the primary condition and in particular al-
leviate any pain, toxaemia or fever. Insome individu-
als it may be worth considering directly stimulating
the feeding centre with a benzodiazepine. Diazepam
and its derivatives have been shown to stimulate
appetite in healthy animals but are inconsistent in
sick horses. Ataxia and sedation are potential side
effects, especially in the more depressed animals
(additional caution is needed when there is
hepatic dysfunction).

Enteral or tube feeding

Indications

¢ Horses with an intact functional gut.

e Those willing to eat but oral, pharyngeal or
oesophageal problems make eating difficult or un-
desirable, e.g. post-oesophageal surgery, botulism
and cases of dysphagia (difficulty swallowing).

¢ To provide colostrum and therefore passive trans-
fer of immunity in foals that do not suckle in the
critical post-natal period or whose dams have
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low immunoglobulin concentrations in their
colostrum.

¢ Toadministerlarge volumes of substances that the
horse would not eat willingly, e.g. liquid paraffin.

Methods

Nasogastric tube

Nasogastric tube (Fig. 6.1) can be used once for a
particular purpose, repeatedly introduced or sutured
in place. There are two different types:

(1) Smooth flexible tube, which is less likely to cause
irritation.

(2) Large-bore tubes that help with feeding but
cause more irritation than the smaller tubes.

Neonatal foals require special narrow-bore soft in-
dwelling feeding tubes. Normal nasogastric tubes
are not suitable for indwelling use in foals.

Points to consider

e It is recommended that the feed is introduced
slowly via gravity through the tubes (see
Example6.1).

Example 6.1 Types of diet

Examples of types of diet that can be given through a naso-
gastric tube are given inTable 6.1.The amount of food that is
needed to maintain condition will depend to a certain extent
on whether the horse is in a hypometabolic state (requires
~50-70% of maintenance energy requirements), at mainte-
nance or in a hypermetabolic state (catabolic and can require
up to twice maintenance energy needs), plus whether concur-
rent conditions such as protein-losing enteropathies are pre-
sent (increased protein requirements). Careful monitoring of
bodyweight and condition should be undertaken.

An example of how gradually to introduce complete feed-
ing through a nasogastric tube is given in Tables 6.2 and 6.3.
Itis important to ensure that water needs are met. As a mini-
mum 3 1/100 kg bodyweight (BW)/day is needed, but unless
contraindicated ~4.5-51/100 kg BW should be the target.
Casein is a high-quality protein feed with a high digestibility.
If dehydrated cottage cheese is used it should be low in lac-
tose for an adult horse, otherwise diarrhoea may occur.
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Fig.6.1 Drooling in a horse with pharyngitis secondary to long-term
maintenance of an indwelling nasogastric tube.

¢ Check that thereis no gastricreflux before feeding,
especially in foals (see Chapter 15).

® Check the position of the tube carefully (see
Chapter 8).

e If the tubeisleft in situ it should be plugged with a
syringe case or equivalent between use.

¢ Check for inflammation, irritation and ulceration
around the tube, particularly in the pharynx, if left
insitu. It can be very irritating and may make a sick
horse feel worse. Tube feeding is not practical ina
horse in lateral recumbency.

Indwelling oesophagostomy tube

Theseare occasionally used if tube feeding is likely to
be continued for several days, e.g. for a ruptured
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oesophagus. A fistula tract will form around the tube
from the oesophagus to the skin. This will allow food
spilling out of the oesophagus to drain to the outside
when the tube is removed (during the initial period
before the oesophagus heals).

Oesophagostomy tubes are placed either through
a trauma-induced fistula or preferably via elective
surgery. In the latter, the incision for the tube should
besited to drain in a ventral midline position and the
oesophageal incision should be as small as possible.
Room should be left for drainage around the skin in-
cision at the tube exit point. The tip of the tube should
be placed in the stomach and not the distal oesopha-
gus, because this is less likely to result in displace-
ment or cause reflux oesophagitis. The tube should
be sutured in place immediately where it exits the
neck, with at least two sutures—each capable of
holding the tube in place. It is dangerous to re-
introduce a tube once it has come out, because thereis
a great risk of passing the tube down tissue planes
into the thoracic cavity. If replacement is attempted,
correct positioning of the replaced tube should be
confirmed by endoscopy or radiography before any
food is given. Special soft tubes are now manufac-
tured for the purpose. It is best to choose as small a
tube as is practical without it blocking.

Complications

Complications include tube dislodgement and se-
vere cellulitis secondary to contamination from the
opened oesophagus. Infection can spread to the tho-
rax. Antibiotic cover and appropriate surgical posi-
tioning of the tube help to minimise such problems.

Daily maintenance

® Check sutures at each feeding. These should be
replaced as necessary.

¢ Petroleum jelly may be smeared around the surgi-
cal site to reduce skin damage from the discharges.

¢ Blocked tubes are common at feeding times; clear-
ance of a blockage can be aided by extra water or,
if refractory, pass a polyethylene tube inside
the blocked tube and vigorously flush with water.
Fizzy drinks (e.g. carbonated cola beverages)
have been used successfully to help unblock the
tube!
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Table 6.1 Types of diets that may be considered for enteral feeding (nasogastric tube) in horses

Type of diet

Positive aspects

Points to consider

Colostrum for foals

Milk replacer for foals

Human enteral diets for
foals

Soaked pellet slurries

made from grass- or alfalfa-
based complete feed pellets
(do not use pellets designed to
be fed with long-stem hay)

Colostrum contains necessary
immunoglobulins and the foal relies on
such a passive transfer of immunity
from the dam for the first few weeks

of life. The gut is permeable to these
large proteins for the first 12-18h
(critical period)

Milk composition does vary between
species, but milk from other species can be
used as an alternative to mare’s milk

if this is not available.

Commercial products are available that
are more convenient—use

those designed for horses rather than
cows (different composition, and those
for cattle may contain growth

promoters or antibiotics)

Low residue and therefore easily
digested; high-energy feeds that

may help sick foals with a poor
appetite but higher energy
requirements. They contain more
energy, protein and fat than mare’s
milk and some contain non-lactose
carbohydrate (which may help with
any lactose intolerance but it is best to
confirm this is present)

Relatively inexpensive.

Provide fibre to help maintain hindgut
function and minimise risk of
digestive disturbances.

Usually need to be soaked in water for
atleast2h.

Depending on the feed, ~5¢
complete feed/kg bodyweight soaked
in 6 | of water should be considered
fora 500-kg horse and up to a further
6| added to the mash at feeding
times to help dilute further and flush
the tube. Such a diet would be fed
around three times a day.

May need to start with lower
volumes and increase. Take

time to deliver.

If the immunoglobulin levels are <4 g/l and the foal is

<12h of age then equine colostrum should be given by

stomach tube; if older, intravenous administration of plasma should
be given (see Chapters 14 and 15)

See Chapter 15.

May need to dilute the mare milk replacers more than

recommended by the manufacturers to help improve

digestibility (10-15% dilution), especially in sick foals with
gastrointestinal disorders, but need to increase volume in such cases.
Consider multivitamin preparations in addition (low stores

of vitamin A in particular). Can add 1-4 ml of mineral oil to

each feed if necessary to assist with constipation

Use in foals over 7 days of age, either via a nasogastric tube

or via the bucket. Digestive disorders often occur (bloat,

colic) and the non-lactose products may not be advisable,
except if lactose intolerance has been established, because the
maltose and sucrose they contain may not be well digested

in neonatal foals due to low intestinal maltase and sucrase.
The major disadvantage is that, unlike equine foal milk
replacers, these products are not designed for foals. If they
must be fed, slow infusion of each meal through a feeding
tube over a period of 30-60 min is recommended

Initially no more than 5-7 | of fluid slurry should be

given for a 500-kg horse to minimise the risk of colic; less if
starved. The amounts can be increased in successive

feedings.

Do not use a pump for introducing the slurry; use gravity.
Different recipes are available. Can add oil as an additional
energy source if the ileum is intact and functioning (up to

50 ml/meal and ~1-200 ml/day, building up to

400 ml/day/500-kg horse has been recommended—the
higher amounts can be fed more rapidly if horse has already
been adapted to an oil-supplemented diet, but caution if thereis a
risk of liver disease).

Practically tubes block: need flushing with water, passing down
narrow tubes or fizzy drinks, e.g. ‘cola’

(Continued on p. 130.)
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Table 6.1 Continued

Type of diet Positive aspects

Points to consider

Liquid diets in general Compared with soaked pelleted diets they
flow more easily, less water is needed
and a smaller, less-abrasive tube can

be used
Liquid and soaked ground Home made can be relatively
alfalfa pellet mix inexpensive (see Tables 6.2 and 6.3)

Mixture of human enteral diet
and soaked alfalfa pellet
slurry

These must be introduced gradually to reduce the risk of
laminitis and digestive upsets.

At present all liquid diets that are fed without a fibre source
carry arisk of inducing diarrhoea, especially if the meals

are not gradually infused over a period 1 h or more.

Risk of diarrhoea can be reduced by feeding at least 2 kg of
dehydrated alfalfa per day to maintain large-colon function,
if appropriate.

Base on the requirements of a horse as described in Chapter 5

Ideally a 450-kg horse at rest needs a minimum of 60 MJ of
energy, which would be equivalent to 14 L of full-strength
enteral diets, which would be too expensive and still would not
support hindgut function. Reported problems with feeding at
maintenance levels include diarrhoea and laminitis. Aim for
~50-75% of the energy coming from the enteral diet

and the remainder from dehydrated alfalfa meal. Start the
human enteral diet at ~25% of maintenance and

slowly increase in 25% increments. Problems may be
decreased by slowly infusing the human enteral component
over a period of 30—60 min through a feeding tube and
initially diluting the solution

Table 6.2 Tube feeding regimen for a 450-kg horse (Naylor, 1999): the total daily amounts should be divided between at least three feeds

Regimen Day Day Day Day Day Day Day

1 2 3 4 5 6 7
Dextrose® (g) 300 400 500 600 700 800 900
Casein(g) 300 450 600 750 900 900 900
Qil (canola or corn) (ml) 50 75 100 125 150 175 200
Dehydrated alfalfa 2000 2000 2000 2000 2000 2000 2000
meal (g)
Electrolyte mixture (g) 230 230 230 230 230 230 230
(seeTable 6.3)
Water (L) 21 21 21 21 21 21 21
Digestible energy intake (MJ/day) 28 35 38 43 47 50 52

aSucrose (table sugar) has been substituted successfully in at least one horse but do not abruptly switch sugar types.

¢ Laminitisis a potential complication (especially of
low-fibre, high-carbohydrate diets), so check the
digital pulses and feet daily. The incidence of this
problem can be reduced by always making sure
that increases in the amount of diet are gradual
and by including fibre in the diet whenever pos-
sible. If more needs to be fed to maintain body-
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weight, then consider adding an extra feed rather
than simply increasing the amount per feed.

Parenteral feeding

Total parenteral nutrition (TPN) involves the provi-
sion of a balanced diet and suitable amounts of fluid,



Table 6.3 Maintenance electrolyte mixture: 1-day requirement for a
450-kg horse (modified from Naylor, J. M. (1977) Nutrition of the sick horse.
J. Equine Med. Surg. 1,67-70)

Electrolyte Amount (g)
Sodium chloride, NaCl 10.0
Sodium bicarbonate, NaHCO, 15.0
Potassium chloride, KCl 75.0
Potassium phosphate, dibasic anhydrous, K,HPO, 60.0
Calcium chloride, CaCl,-2H,0 45.0
Magnesium oxide, MgO 25.0

most commonly by intravenous administration. It
can provide part or all of the nutrients that the animal
needs. Even though it is an expensive way of feeding
horses it can be very valuable and in foals, for exam-
ple, even if only used for relatively short periods it
can significantly improve the clinical outcome.

Requirements can be based on the needs of the
normal horse of that size although some allowances
may be required, e.g. additional energy /protein de-
mands inresponse toillness and for any thermoregu-
latory needs must be made. However, many sick
horses havereserves of energy and other nutrients so
itmay notbe necessary to meet 100% of requirements
from the start. Intravenous feeding bypasses some of
the normal regulatory mechanisms in the gut, so it
can be difficult for foals to adapt to this method of
feeding. Blood glucose, in particular, can reach very
high concentrations or fluctuate rapidly if delivery is
not even. For these reasons it may not be desirable to
feed more than maintenance levels intravenously.

It usually takes 3 or more days to achieve adequate
energy intakes and thereforeitis preferable to initiate
TPN earlier rather than later if it is likely to be
needed.

Indications

¢ Foals without a sucking reflex; foals with imma-
ture/compromised GIT, e.g. premature foals and
those with severe diarrhoea or ileus or after
surgery, particularly colics; also cases of sepsis.

¢ Animals with GIT disorders that preclude enteral
feeds.
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¢ Those animals that require more energy than can
be provided by enteral feeds alone.

Administration

e A dedicated catheter is placed in a central vein,
usually the jugular.

¢ Non-thrombogenic polyurethane (long, 6-8, 16-
gauge) catheters are suitable for TPN in foals.

¢ Placeusingaseptictechniques and use catheter ex-
tension tubing so that the catheter itself is not han-
dled. The catheter should be bandaged / protected
and all intravenous tubing changed every 24 h.

¢ Bagsshould be hung and maintained at a comfort-
able temperature and, if necessary, use heated
wrappers to keep warm.

¢ Use coiled intravenous lines if possible.

¢ Non-TPN fluids should be run through a separate
intravenous line to assist in maintaining sterility.

* Replacement of a TPN-dedicated catheter in a foal
is considered an emergency procedure, because
the sudden cessation will result in marked
hypoglycaemia.

¢ A fluid pump is very helpful in ensuring an even
supply of nutrients and is essential in neonates.

How to finish

® Once enteral feed is re-introduced, TPN should be
withdrawn over2-3 daysinanadult, starting with
thelipids and then decreasing the concentration of
glucose and amino acids.

¢ Foals should be weaned off the solutions slowly
over 2 days to prevent possible hypoglycaemia
and seizures. On day 1 removelipids and on day 2
halve the quantities of amino acid and glucose
solutions given.

Monitoring

® Check the site for signs of heat or swelling.

® Check the intravenous line for kinks.

® Check actual TPN delivery against intended
delivery.

¢ Daily monitoring of haematology, especially the
packed cell volume (PCV), total protein, urea, glu-
cose, electrolytelevels (including Na, K, Caand P),
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triglyceride levels and blood acid-base status.
Check plasma for signs of lipaemia if lipid levels
cannot be determined. Foals need blood glucose
checking 6 hourly and liver enzymes should be
monitored.

* Monitor the temperature, pulse and respiration
(TPR) at least 4-6 times daily.

e Test the urine for glucosuria (at least four times a
day) as well as output and specific gravity.

¢ If long term, check bodyweight and condition
score every few days. In foals, check bodyweight
daily.

Potential complications

¢ Risk of thrombophlebitis and sepsis at the catheter
site and septicaemia, especially in the neonate.

e Intolerance to glucose or lipids or other compo-
nents of the diets used (excess glycine reported to
increase glomerular filtration rate, which could
further stress a foal with renal damage; excess glu-
tamate has been linked with retinal and hypothal-
amic degeneration).

¢ Gastrointestinal atrophy—animal studies have
shown that if nutrition is provided exclusively by
the parenteral route the GIT begins to atrophy
after just 3 days. This is a concern in neonatal foals
and is avoided by giving 5-10 ml of milk/h via the
GIT to ensure its development.

® Decrease in gastric pH has been shown in the ab-
sence of enteral feeds, possibly increasing the risk
of gastric ulcers. Anti-ulcer medication via the in-
travenous route (ranitidine) is essential in young
foals.

Types of fluids

Short term

Short term (no more than 12-24 h) dextrose saline is
used in foals; this is best by continuous infusion
rather than boluses (see Chapter 15).

More long term

For longer periods (>24 h), or when a balanced solu-
tion is needed, a more complete combination of car-
bohydrates, protein, electrolytes and lipids will be
needed. Mixing the various components of the TPN
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solution must be undertaken under sterile condi-
tions. Many of the bags provided for parenteral use
have several inlet tubes that allow for sterile mixing.
Alternatively there are now double- or triple-
chamber bags that contain the individual solutions
in the separate chambers and these solutions can be
mixed together when required for immediate use.
Although the resultant solution is predetermined,
such bags are worth considering because they make
iteasier to avoid the problems with bacterial contam-
ination of solutions that can occur with other meth-
ods of mixing. Care should be taken in the use of lipid
solutions in neonates, especially those that have suf-
fered an anoxic insult, because these may develop a
fatty liver. It is worth considering using amino acid
and glucose solutions; although they do not meet the
energy requirements, they do not carry the risk of
problems associated with lipid solutions and are
available in dual-compartment premixed solutions.
Foals can be weaned on and off these solutions over
24-36h (Table 6.4).

Inadulthorses similar solutions can be used, but at
lower volumes of intakes because energy and fluid
requirements are not directly proportional to body-
weight. Itis frequently prohibitively expensive. One
of the few indications for the emergency use of TPN
inadultsis hyperlipaemia in ponies (see Chapter 14).

What to feed before and after surgery

In most cases their standard home diet or a variant
thereof should be fed before and after surgery be-
cause this minimises the problems that can be
associated with dietary changes, such as laminitis,
colic and diarrhoea. However, high-grain-based
feed should be reduced considerably or preferably
stopped altogether, unless the time off work will be
very short.

* Wherever possible, maximise fibre intake so that
time spent chewing and eating is optimised.

* Avoid sudden changes in bedding and diet.

* Do notbe tempted to overfeed a horse in poor con-
dition; always make changes gradually, find out
the type of roughage being fed at home and either
gradually increase theamount or switch to a better
quality product over a 10-day period. Only intro-



Clinical Nutrition

Table 6.4 Type of fluid composition for total parenteral nutrition (TPN) in a foal

Fluid composition Procedure Observations

Glucose: 50% dextrose solution
(500 mg dextrose/ml, ~7 kJ
energy/ml)

Start ~10 g/kg BW/day

(20 ml/kg/day) and can increase by
2-3g/kg BW/day if required.

Care and monitor diligently if go
over 15g/kg BW/day; often a
sensible ceiling level

Signs of intolerance include diarrhoea, hyperglycaemia and
glucosuria. If persistent signs are seen, then reduce the amount
of glucose given and the energy lost replaced by lipid until the
hyperglycaemia resolves

May cause additional demand on the respiratory system
(excrete excess CO,) and therefore use sparingly in foals with
respiratory distress

Lipids: 20% solution (200 mg
lipid/ml, ~8 kJ/ml)

Start ~1g/kg BW/day (5 ml/kg/day)
and can be increased to 3 g/kg/day if
itis well tolerated and done gradually

Signs of intolerance include hyperlipaemia and diarrhoea.
Hyperlipaemia is said to be more common if lipid is given at
>3.6 g/kg/day

Start atrate of
2 g protein/kg BW/day

Protein: 10% amino acid
solution (100 mg protein/ml,
~3kJ/ml)
gradually to 3 g/kg BW/day if
needed

(20 ml/kg/day) and can be increased

Should provide 60% or less of the energy in TPN
Advised to be avoided in foals with liver failure or with anoxic
liver damage

I horses/foals often have an increased protein requirement.
To avoid the horse using amino acids for energy, the ration of
non-protein calories provided to grams of nitrogen should be
kept at 100—200 (take 6.2 g amino acid to contain 1g
nitrogen) or ~400-800 kJ non-protein energy/g

nitrogen

Branched chain amino acids may have clinical advantages over
aromatic amino acids but has not been proven in horses.

Has been recommended that for foals with renal failure should
reduce amount of glycine in particular that is given

Excess protein is not recommended, even in cases of protein-
losing nephropathy

duce concentrates if improving the roughage is
insufficient (see later).

¢ Wait to diet obese horses until after the horse has
recovered from its surgical procedure. It is usually
best to feed at least a half-maintenance hay ration.
Starvation can cause complications.

¢ Following surgery the nutritional regimen will
depend on: the surgery that has been undertaken,
the feeds available, the individual horse and the
potential lay-off time.

In many cases the recommendation is usually a

gradual return to normal ration, with hay being

introduced first and then grain introduced if

necessary. Further comments on particular diets

following certain surgical procedures are given in

Table 6.5.

How to feed horses with particular

clinical conditions

Obviously, before such advice should be given an ac-
curate diagnosis needs tobe made. Inaddition, anac-
curate assessment of the nutritional status of the
horse, as well as its bodyweight and condition, is
needed (see Table 6.6).

Thin horse

One of the most common problems in which nutri-
tion can play a large role is the thin horse. This
condition is multifactorial and can occur for many
reasons—from inadequate energy provision to poor
absorption,

excessive loss or metabolism of
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Table 6.5 Guide to particular diets that may be advantageous before and after certain surgical procedures?

Condition

Diet

Hospitalised horses

Pre-surgery

Pre-abdominal
surgery

Oesophageal problems,
especially those with
sutured oesophageal
incisions or
pericircumferential
ulceration

Choke: occasionally
re-impact following
successful treatment
due to spasm
associated with the
ulceration or fibrosis
and stricture

Removal of caecum

Extensive large-colon
resection: GIT passage
time, fibre, protein and

Be aware of behaviour issues associated with the change in environment. Will need to occupy as much time
as possible with eating if appropriate

Alfalfa grass or high-quality grass-hay diets with ad libitum access to water and trace mineralised salt or
preferably a vitamin/mineral mix may be best for long-term support of those patients that are not

suffering from gastrointestinal tract (GIT) problems. For short-stay patients their regular ‘at home' diet may be
best, particularly their normal roughage, but it may be advisable to reduce concentrates

If concentrated energy feeds are to be fed then not more than 0.4 kg/100 kg BW. Supplemental oil may be
worth considering for those horses who need a bit more energy but for whom cereal-rich concentrates are not
the answer

Food deprivation has been recommended to reduce gut fill and abdominal volume, potentially facilitating
anaesthesia, particularly respiratory function, and exploration of the abdominal cavity (see Chapter 20).
Within a couple of days of food deprivation there may be depression of the immune system and severe
changes will be seen by 5 days.Wound healing may be depressed and the risk of diarrhoea increased, as well
as potentially increased prevalence of gastric ulceration

Fast for ~12-24h because 80% of the manure produced by a fasting horse will be passed in the first 24 h and
faecal production is minimal by 48 h. This may facilitate surgery when time allows, e.g. for cryptorchids

Many colics are emergency cases and fasting is not an option. Prolonged fasting makes residual faeces hard,
which may make passage past a surgical site more difficult

Mineral oils (10 ml/kg) or magnesium sulphate (1 g/kg) given 12 h before surgery may help to soften the faeces
and empty the distal colon and rectum. Enemas can be used but the resultant stress on the horse and the
microflora of such techniques need to be considered. Gastrointestinal ulcers are a risk to consider too

Wound healing can be an issue and feeding a traditional hay grain diet soon after surgery can be fatal in

horses that have been sutured to close an oesophageal laceration or incision

Liquid diets fed through a tube give the best healing rate. An oesophagostomy tube placed distal to the

injury or incision gives the best wound healing but nasogastric tubes have a lower overall incidence of

complications (see text). Paying special attention to the nutritional management for ~ 1-2 months

following the injury can be very beneficial:

o Soft mashes (slowest healing rate) for a minimum of 30-45 days

o Slurries or liquid diets through nasogastric tube (intermediate healing rate)—can use initially and then
switch to the soft mashes

o Liquid diets through a tube placed either at or distal to the site of injury

o |flarge amounts of saliva are being lost—increased risk of hyonatraemia and hypochloraemia—advise to
increase the amount of salt fed to the horse and ensure an adequate water intake

Feeding a soft mash diet for 30—45 days following choke can help to prevent re-obstruction, reduce trauma to
the mucosa and allow strictures, due to fibrous connective tissue or spasm, time to dilate

Always feed a diet composed solely of soft mashes made from soaked complete feed, alfalfa pellets or alfalfa
meal for at least a month if a post-choke oesophagoscopy reveals oesophageal ulceration or the horse
rechokes

No long-term dietary modifications needed

Often recommended after 24 days, an alfalfa or alfalfa/grass-hay diet can be gradually introduced
Add 0.5 kg of bran daily for the required additional phosphorus or add a phosphorus supplement. Grain
should not be introduced until 2 weeks after surgery. Only feed in small meals—perhaps a maximum of
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Table 6.5 Continued

Clinical Nutrition

Condition Diet

phosphorus digestion
arereduced, leading to
long-term problems
with malnutrition

the colon

need to be supplemented.

1kg per feed for a 500-kg horse—to reduce the risks of nutrients escaping small intestinal digestion and overloading

Alfalfa pellets may not be tolerated; straight grass hays are likely to be nutritionally inadequate and would

Avoid straw, mature stemmy hays, coastal Bermuda grass or other forages with high indigestible fibre

content at all times post-surgery

Smallintestinal
surgery:

Usually recommend no feed or water by mouth in the first 24 h following small intestinal anastamosis. Water at 12—
24 honce gastric reflux ceases (1L, ~6—7 swallows per hour) until not thirsty or for at least 12h and

then feed introduced at 36—48 h post-surgery if no reflux for 12—24 h.The best initial diet is probably hand-
grazing fresh grass every few hours. After 12 h if no problems, one can start increasing the amount offered

over the next 24—48 h until eating ad lib.

This will vary according to the operation performed.

Must provide fluids intravenously during the initial period. Ideally feed some dextrose, amino acids and protein intravenously if
the total period of deprivation has been >48 h (rarely done).

Based on studies of oesophageal healing it has been recommended to avoid feeding hay diets in the first few

weeks postoperatively. Fibrous, stemmy hays, chaff and straw should be avoided.

Base diets on soft mashes or gruels made from ground feeds such as ground, dried grass, alfalfa or complete

feeds. Palatability can be improved by adding some molasses and salt. Initially meals should be small and

separated by 3—4 h. Aim to start at ~25% of maintenance (0.4% BW) on day 2 or 3 after surgery

and increase to maintenance by 5 days. Can use liquid diets in some cases if required. If intake does not

match this, try additional supplementation by allowing to graze fresh grass

More than 60% small

intestinal resection Long-term diet should be low grain.

Long-term problems include malabsorption, weight loss, lethargy and diarrhoea.

Diet based on alfalfa, recommended supplemented with corn or canola oil (100-200 ml b.i.d. or t.i.d.) and
with a small amount of grain to make it palatable. Oil should be fed only if sufficient ileum is left to

ensure absorption.

Or pelleted (1-2 cm) alfalfa in many small meals. Soya hulls, unmollassed sugarbeet pulp and other highly

digestible fibre sources may be of value

Rectal surgery

Laxative diet to reduce pressure on suture lines. Fresh grass and certain pelleted or cubed complete diets

(based on finely ground, not coarsely chopped, alfalfa because the grinding decreases passage time and increases
faecal water content). Some complete feeds based on alfalfa can give soft manure

All these regimens vary according to the preferences of the individual vets and their clinic’s routine practices. This table is a general guide only (see Mair

etal., 2001).

nutrients, and specific diseases such as malabsorp-
tion or malignancy. A number of factors may be pre-
sent in a single individual, e.g. marginal diet made
worse by poor dentition. The status of the teeth and
the worming programme should be assessed in all
cases. An evaluation of the diet and managemental
regimen also will be needed. Regular recording of
bodyweight and body condition can be very valu-
able. Hydration must be considered as well.

Rehabilitating thin horses without disease

In the absence of intercurrent disease the simple
method to rehabilitate a thin horse is to increase the
intake of digestible nutrients. It is very impor-tant
thatchanges are made gradually. The overzealousre-
introduction of feed can be rapidly fatal. Successful
rehabilitation programmes incorporate gradual ac-
climatisation to more or better quality feeds in grad-
ual steps over a period of several weeks.
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Table 6.6 Body condition scoring for horses (modified from: Henneke, D. R., Potter, G. D., Kreider J. L. & Yeates, B. F.(1983) Relationship between condition
score, physical measurements and body fat percentage in mares. Equine Vet. J. 15,371-372; Ralston, S. L.(1991) Performance horse nutrition. In: Large
Animal Clinical Nutrition, ed. by J. M. Naylor &S. L. Ralston, pp. 417-422. Mosby Year Book, St. Louis, MI)

Score Description Tail-head Rump Loin (back) Withers Ribs Neck
1 Emaciated Boney T. coxae and T. ischii Spinous processes Bones visible Bones protruding ~ Bonesvisible
(skin and bones) very prominent prominent
2 Very thin Boney T.coxae andT.ischii Spinous processes, Bones faintly Bones prominent Bones faintly
prominent slight fat covering visible visible
atbase, transverse
processes feel
rounded
3 Thin Boney, cannot T. coxae rounded, Spinous processes Outline visible Bones visible Thin, flat
see individual T.ischii not visible visible, fat musculature
vertebra covering halfway
up; transverse
processes cannot
be felt
4 Moderately thin Fat palpable T. coxae not visible Concave Smooth Faintly visible Some fat
5 Moderate Spongy fat Flat Smooth Easily palpable Blends smoothly
with body
6 Moderately Soft fat Rounded Rounded Some fat Some fat Some fat
fleshy
7 Fleshy Rounded, soft Slight crease Some fat Fat between ribs Some fat
fat
8 Fat Flabby fat Crease Crease Rounded Hard to feel Thickened
9 Obese Bulging fat Obvious crease Obvious crease Bulging fat Patchy fat pads Bulging fat /fat
pads

If the horse is not at its maximum dry matter (DM)
intake it can be fed more. Problems with competition
from other horses may require separate management
of the nutritionally challenged animal. Providing a
waterproof rug can help to reduce energy expendi-
turein a cold, wet or windy environment, and gener-
al good nursing, e.g. grooming, can improve the
feeling of well-being.

If the feed is low in digestible nutrients, or the nu-
tritional demands on the horse are high, e.g. for
growth, then the diet will have to be changed to in-
crease the nutrient density. Poor-quality roughage
can be improved by replacing it with a legume or
roughage harvested earlier in its growth phase,
which has a higher digestible energy and protein
content. Poorly preserved roughages can be replaced
with better preserved forages. It is often easier to get
good-quality haylage than hay in the UK. If the
roughage is marginal rather than totally unsuitable,
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a simple method of improving overall quality is to
add some well-preserved alfalfa to the diet; thishas a
higher digestibility and will increase the concentra-
tion of protein and minerals. Alfalfa is a rich source of
calcium, which is particularly important for growing
orlactating horses. The amount of alfalfa that should
befed depends on the situation. Weanlings can be fed
diets in which all the roughage is alfalfa. This would
be wasteful for horses that are no longer growing or
lactating and there is no point in feeding more than
half of the roughage as alfalfa for mature, non-
lactating horses. Simply switching to a high-quality
grass hay or haylage would be another method of
giving suitable roughage to a thin horse in these cir-
cumstances. Certain dietary supplements contain-
ing live yeast may help to improve digestibility,
improve the growth of foals sucking supplemented
mares and may improve performance on marginal
diets. Brewer’s yeast (30-60g daily for a 500-kg



horse) can be incorporated into the diet as a source of
B vitamins (feed with alittle grain and possibly some
molasses) and also may have digestive benefits.
Nutrient density also can be improved by feeding
concentrates. Those thin horses that are still in their
rapid growth phase may require a mixture of grain
and a protein supplement to meet both their energy
and protein needs.

It is possible to meet all of a horse’s needs with a
few simple feeds. However, deficiencies of calcium
and some of the trace nutrients, particularly copper,
selenium, vitamin E and biotin, can occur with sim-
ple rations. For this reason a vitamin/mineral sup-
plement may be required. Mineral supplements can
be incorporated into the concentrate or top-dressed
on the feed. Vitamin E is of particular concern in
horses kept in stables for very long periods (months
to years) without access to fresh forage. It is thought
to be associated with equine motor neurone
disease.

The initial therapeutic objective for a horse that is
cachectic (extreme weight loss with muscle loss and
weakness) as a result of severe feed deficiency is sim-
ply to re-acclimatise it to a normal maintenance diet
based on roughage alone. Only after this should any
consideration be given to feeding a more nutritious
‘booster” diet. A period of at least 10 days is thought
to be required for this initial digestive and metabolic
re-adaptation. Successful rehabilitation of severely
thin horses has been described using a roughage-
based diet fed ina controlled fashion. On the firstday,
intake was limited to an amount that would provide
only 50% of the maintenance requirements for a
horse of similar size but at ideal bodyweight. The
amount offered was increased day by day until the
horses were eating a 100% maintenance ration on
day 10. All horses gained weight on this regimen,
mortality was low and there was some suggestion
that diets based on poorer quality roughage (oat hay)
might give better results than starting with straight
alfalfa hay. The most consistent serum chemistry ab-
normality detected during refeeding was hypophos-
phataemia, so additional inorganic phosphate or
possibly bran starting at ~0.1kg and gradually in-
creasing to 0.5kg daily might be appropriate (for a
500-kg horse).

Once the horse has been re-introduced success-
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fully to a maintenance ration it can be fed a more nu-
tritious diet. Grain is a good source of energy and
contains sufficient protein for most situations, but al-
ways limit increases to no more than 0.5 kg/day (for
a 500-kg horse). The protein and calcium content of
the ration can be increased by adding alfalfa to the
roughage component or by feeding a protein supple-
ment. Again, changes should be gradual.

With time, even severe loss of condition can be re-
versed. Young, growing animals also can recover
from periods of severe nutritional deprivation. Clo-
sure of growth plates is delayed if nutritional depri-
vation occurs while the horse is growing, and there
are only small effects on final mature size or onset of
oestrous.

Feeding for specific clinical conditions

Liver failure and hyperlipaemia

See Chapter 14 for horses and Chapter 15 for foals.

Protein-losing conditions

e For nephropathies use high-quality protein
sources but do not provide excessive protein
because it may exacerbate any azotaemia.

e For protein-losing gastroenteropathies (PLGE) in
the acute stage, a plasma transfusion is often
needed. If TPN is needed then the maximum per-
centage of protein energy that should be used in
solution should be ~12% (of total energy in k).

¢ In chronic PLGE cases, diets of a high quality (i.e.
digestibility, amino acid spectrum and balance)
and quantity of protein should be fed (e.g. addi-
tional soyabean meal, canola meal or alfalfa hay
as roughage) unless the horse is concurrently
azotaemic.

Diarrhoea

* Requirements vary with the disease.

* Ingeneral, many require additional protein.

e Ifthediarrhoea is due primarily to small intestinal
dysfunction then little or no grain should be fed.
Highly digestible fibre is essential in all cases be-
cause the volatile fatty acids produced, together
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with glutamine and aspartate, are primary energy
sources for the enterocytes. Avoid overly mature,
poorly digestible hays.

If the condition is mainly a large-bowel dys-
function, grain could be beneficial. However, the
exact site and extent of pathology are often diffi-
cult to ascertain in the live horse, making precise
recommendations difficult. Start slowly and
build the grain component up to 50% of the ration
if this does not exacerbate the diarrhoea. Amineral
supplement (particularly if not feeding a legume
hay) with added oil (up to 20% if introduced
gradually and if small intestinal function is
adequate) and water-soluble vitamins also may
be indicated.

Frequent small meals are preferable.

Often diarrhoea occurs in a state of energy, miner-
al and vitamin malnutrition. If small intestinal fat
digestion is impaired for more than 1-2 weeks
then fat-soluble vitamins A, D, E and possibly K
should be given parenterally. Vitamin B supple-
mentation may be advisable.

Monitor the electrolyte status, especially in cases
of colitis and salmonellosis.

Probiotics may be worth considering.

Renal failure

Supply adequate nutrition without excessive pro-
tein but it is better to maintain energy intake than
to over-restrict the protein (dietary crude protein
should be <10% of the DM). Good-quality grass
hay, possibly with 1-2kg of oats or maize, is one
suggestion. Avoid oversupplementing with calci-
um, which can happen if alfalfa hay is used as
the roughage or with overzealous mineral
supplementation.

If weight cannot be maintained, consider adding
corn oil in grain twice a day, but watch for li-
paemia.

Try to maintain the blood urea nitrogen (BUN)
to creatinine ratios (mg/dl) between 10:1 and
15:1 (<10:1 suggests inadequate dietary protein;
>15:1 suggests that dietary protein may be exces-
sive and possibly will aggravate the degree of
uraemia).

Avoid alfalfa, but if this is the only thing that the
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horse will eat it is preferable to the horse starving.
Itis important to maintain appetite.

Old horse

Unless kidney or liver problems are present it may
be worth considering a more palatable and di-
gestible diet than traditional maintenance feeds.
Ideally, provide a diet with 12-14% protein,
0.3-0.4% phosphorus and 0.6-0.8% calcium.
Roughage should be a good-quality hay, ideally a
grass/alfalfa mix.

If dentition is poor, consider a slurry of cubes or
pellets made from grass or alfalfa. Soaked sugar-
beat and soya hulls also can be of value.

If this is insufficient, add a highly digestible con-
centrate whose digestibility has been enhanced by
processing.

Additional soyabean meal (for lysine), 50-100g
of Brewers’ yeast and up to 500ml of vegetable
oil per day (500-kg horse, if thin) may be
helpful, but be careful if there is concurrent liver
disease.

Equine rhabdomyolysis syndrome (ERS)

Most, if notall, of the daily intake of feed should be
forage, either fresh (pasture) or preserved (non-
legume hay). An appropriate general vitamin and
mineral supplement normally will be required to
ensure adequate overall nutrition.

Do not turn the horse out onto lush fast-growing
pastures.

If the horse is kept indoors, prolonged daily peri-
ods outside in a sparse paddock is often beneficial.
If thehorse’s energy needs cannotbe met by forage
alone, then provide a fibre-based complementary
manufactured feed, i.e. a high-fibre, low-cereal
(Iow-oat) feed. These feeds tend to be ‘low-energy’
feeds. If the horse requires more energy then
consider adding additional supplementary oil,
remembering to balance the protein, vitamin, min-
eral and trace element intake.

Itisadvisable to try to ensure that the diet provides
asufficientintake of electrolytes. Ensure that suffi-
cient salt is given. Feed an appropriate electrolyte
supplement following or during prolonged exer-



cise, especially in hot weather, to compensate for
sweat losses.

¢ Although vitamin E and selenium supplementa-
tion is often advised, these nutrients are actually
not deficientin the majority of cases. However, itis
advisable to ensure that all horses, especially those
inhard work, are fed adequate amounts of vitamin
E and selenium.

¢ Avoid the addition of wheat bran to the horse’s
diet whenever possible, and always avoid large
amounts (unbalanced calcium to phosphorus
ratio).

* Small amounts of soaked sugarbeet may be fed,
but the non-molassed variety is recommended.

* Do not feed in anticipation of an increase in work-
load; wait until additional energy is needed.

Laminitis

* Prevention is best (see Chapter 16). Feed in a simi-
lar way to that described for ERS, based on forage
with minimal cereals and, utilising oil as an energy
source if required and appropriate.

* Restrict access to grass, especially lush or frosted
pastures. Muzzling may be of value in certain
cases.

* Obese ponies with a history of laminitis should be
restricted to 50-80% of their maintenance require-
ments using grass hay (plus a vitamin and mineral
mix as required) until a normal weight is regained.

¢ In horses with endotoxic shock or other severe
disease, particular attention should be paid to
electrolyte status, especially potassium.

Clinical Nutrition

Hyperkalaemic periodic paralysis

The aim is to control the potassium intake. Ideally
keep at <1% potassium in the total diet.

The biggest source of potassium is forage, but this
varies tremendously according to type, region,
irrigation and stage of cutting, so analysis may be
needed. In general, grass-type forages have
around half (0.8-1.7% on a DM basis) the potas-
sium content of the legumes (1.5-3%). More
mature forage has alower potassium content than
young, rapidly growing forage.

Satisfactory diets can be made by mixing unmo-
lassed sugarbeet pulp (which is low in potassium)
with appropriate hay and a low-potassium vita-
min/mineral supplement. Specific diets are now
available in the USA.

It is best to avoid lush grass, early harvest hay,
legumes, alfalfa and soyabean meal and sugarbeet
molasses.

Further reading

Harris, P.A. (2001) Nutrition and Clinical Nutrition. Internet
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Gastroenterology. Saunders, London.

Naylor, .M. (1999) How and what to feed a thin horse with

and without disease; what to feed pre- and post surgery;
feeding the sick horse. In: Proce. BEVA Specialist Days on
Behaviour and Nutrition, ed. by P.A. Harris, GM. Go-
marsall, H.P.B. Davidson & R.E. Green, pp. 81-86. Equine
Veterinary Journal Ltd., Newmarket.
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Basic principles

A client asking for emergency assistance may be
stressed. It is essential to respond in a prompt and
caring manner, offering them reassurance and help-
ful professional advice. This is an important nursing
role.

Definition of first aid

First aid is the initial help that is given following
injury or illness. It may need to be followed up by
‘second aid’, which could involve more sophisticat-
ed treatment or investigations, depending on the
severity of the initial problem.

The objectives of first aid are to:

e Preservelife

e Preventsuffering

e Stabilise the patient’s condition
e Relieve acute conditions

¢ Promoterecovery

Basic Rules of first aid

Safety

A distressed horse can behave in an unpredictable
manner. A vital role of the first aider is to take charge
of the situation and ensure the safety of everyone
present.

Triage
Triage is the prioritisation of emergencies occurring
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at the same time. There are a number of rating
systems to divide cases into categories to allow their
prioritisation, e.g.:

e Life-threatening
e Urgent

¢ Semi-urgent

¢ Non-urgent

® Delay acceptable

This categorisation can vary; if a patient’s condition
alters, a change of category to which it has been allo-
cated may be required. Prioritising emergency cases
is difficult. It may need careful explanation to the
waiting client: e.g. a horse with choke can be very
alarming to a client who has not seen one before but
this would rank below a road traffic accident, a
wound with severe bleeding (see Example 7.1) or a
colic, but above the call to attend the horse that has
been lame for 2 weeks.

Immediate treatment—A,B,C
In a life-threatening situation, the immediate points
to assess are:

o A: AIRWAY —is the airway clear? Straighten head
and neck carefully and remove any obstructions
(e.g. bedding). Where and when it is feasible to do
so, it may be possible to pass a nasopharyngeal
tube. Some cases, e.g. a horse with bilateral laryn-
geal paralysis, may require emergency insertion of
a tracheostomy tube.

e B: BREATHING —is the patient breathing normally?
Look, Listen and Feel. If apnoea is present (i.e. the
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Example7.1 Bleeding

Control of haemorrhage

A horse is presented to the clinic with deep wounds to its hind-
limbs, having been caught in fencing. Blood is spurting
repeatedly from the inside of the left fetlock and darker blood
pours continuously from a wound above the right hock. The
horse is shaking, has a weak pulse and a heart rate of 80 beats
per minute (bpm). Mucous membrane colour is normal but
capillary refill time is >3s.

Triage

Which wound to treat first? The fetlock wound is probably
arterial bleeding due to the pulsatile nature and brighter
colouration of the blood lost. The venous bleeding is from a
much larger vessel, possibly the saphenous vein, and blood
loss such as this could result in hypovolaemic shock and
death. Hypovolaemic shock is characterised by depression,
fast weak pulse (reduced blood pressure), increased capillary
refill time, cold extremities, reduced pulse pressure and
hyperventilation.

Attempts are made to apply pressure over the tibial wound
with a pad of gamgee. Meanwhile, a blood sample is taken
that can be tested later. Swabs, poultice or, in an emergency,
any clean material can be used to apply pressure on or near
the tibial wound. Pressure should be applied for a minimum of
5min, timed with a clock (early peeping usually results in
renewed bleeding).

The horse will not stand still, so a small dose of an
intravenous sedative is given.An alginate dressing is applied
to the wound, followed by a pad of swabs tightly bandaged in
place with a few tight turns of a conforming bandage. On
close inspection the fetlock wound has a piece of wood
protruding from it, making direct pressure inappropriate. An
examination with a sterile gloved finger following cleaning of
the wound indicates a synovial penetration.

Atight bandage with minimal padding is applied above
the wound to stem bleeding. This can be left in place for up to
2 hifitis necessary to transport the horse and will be
tolerated better than an old-fashioned tourniquet. The blood
sample is centrifuged and a packed cell volume of 28% is
recorded.

Having stemmed the flow of blood, a thorough
examination is carried out with particular attention to the
cardiovascular system. Temperature, pulse, respiration, colour
and capillary refill are monitored carefully and an estimate of
blood pressure and blood loss is made. The horse is prepared
for surgery while 10-151 of warm polyionic fluids are
administered. The horse is kept quiet and warm and its
clinical parameters are continually reassessed as first aid
responsibility is passed over to ongoing hospital
treatment.

horse is not breathing) then intubate and start
positive pressure ventilation at 4-6 breaths per
minute, using oxygen if available. If specific
airway tubes are unavailable, intranasal oxygen
can be given using any wide-bore tubing and the
nostrils occluded to expand the chest. Flow rate

(see Chapter 20). Successful cardiopulmonary
resuscitation (CPR) depends on prompt diagnosis
of the arrest and full facilities being available for
treatment.

should be adjusted so that the chest can be expand- General approach to an emergency

edin2-3s. When attending any emergency, the most obvious

e C: CIRCULATION —does the patient have a pulse? ruleis don’t panic!
If not, compress left chest wall over heart (above
costochondral junctions just behind the elbow) at Assessment

20-30 compressions per minute using hands or
knee, while monitoring pupil size. Remember that
an airway should be established first. This is
difficult to do in the adult horse and is unlikely to
be effective in any horse much larger than 300kg

The first aider in charge must quickly gather the nec-
essary information required and act on it, as below:

* S: scan to evaluate rapidly the patient, client and
environment
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e [ identify the relevant problems and predict the
most likely results

e P:prioritiseand decide where theimmediate needs
lie

¢ P:plan what action is to be taken and by whom

® E:executethe plan

® R: reassess and repeat and continue until the
patient (and the owner) is stabilised.

Data collection

The more urgent the situation, the less evaluation
and more action that is required immediately. Each
time the S.I.PPE.R. cycleis completed, more detailed
information is gathered (see Fig. 7.1).

The general appearance and vital signs (tempera-
ture, pulse, respiratory rate and consciousness) of the
patient are best used for initial assessment. History
taking should be directed to save time, but care
should be taken to listen to the client. The priority is
to determine the patient’s status and not to make a
definitive diagnosis initially. Often a clinical exami-
nation is carried out at the same time. Economic con-
siderations, including whether the horse is insured
and what sort of cover is in force, may also need to be
addressed early on. Findings should be recorded as
soon as is practical.

Pain
Evenif the horserequires euthanasia, some basic first
aid, particularly pain control, may be required while

ACTION

Urgency

THINKING

Time

Fig.7.1 Time for evaluation as urgency increases.
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decisions are made. A horse in pain will often react
in an unpredictable fashion, making evaluation and
treatment more hazardous.

Restraint

In order to facilitate the safe evaluation and treat-
mentof the patient, it should be securely restrained at
all times by a competent handler. Additional re-
straint, e.g. the use of a skin twitch or sedation, may
be needed (see Chapter 1).

Nursing

The patient’s environment should be checked to
see if it is safe or if improvisations need to be
made. This may entail rigging up an electricity
supply or extra lighting near the patient, providing
shelter for a horse recumbent in a field using a
tarpaulin or bales or moving it away from danger
such as a road or river. The patient should be kept
warm, quiet and calm. This is often a role that the
owner can assist with, as long as it is safe for them to
do so. Communication of your first aid objectives
to owners and handlers will not only allow them to
assist your efforts but will also help to relieve their
anxieties.

Emergency planning

Forward planning can make dealing with emergen-
cies considerably more efficient. Clients should be
encouraged to do this by having a first aid kit and
vital telephone numbers to hand. Similarly, nursing
staff at an equine practice can be prepared by having
a list of emergency contact numbers, e.g. for horse
transporters, slaughterers and insurance companies,
readily available. A number of basic kits also should
be maintained that can be collected instantly with all
the necessary components to do a specific task. Such
kits may be required for intravenous catheter place-
ment, limb immobilisation, euthanasia, large-
volume fluid administration and tracheostomy tube
insertion, for example.

Bandaging and immobilisation

Bandages, particularly of the limbs, are an important
part of first aid in the horse. An injured horse may



well be excited, anxious and dangerous to bandage
without sedation.

Functions of any bandage

¢ Cover wounds to control bleeding

¢ Controls swelling

¢ Protect the injury from further trauma

* Providea clean environment for wound healing
¢ Keep adressingin place

® Restrict movement and reduce pain

In an emergency the aesthetic appearance of a
bandage does not matter, but an overtight bandage
may cause damage, particularly if left on for >2h.
The horse may not make you aware of the discomfort
of an excessively tight bandage, so ensure:

® Theinjured area is adequately protected.

¢ Thebandage fits snugly and is well padded.

* Pressure over the tendonsis even.

® Pressure is avoided over bony prominences, e.g.
the accessory carpal bone of the knee. They should
be adequately padded or the bandage split to
avoid pressure sores.

e Soft tissues in the contralateral limb are sup-
ported. This is extremely important when a
horse is severely lame, especially in heavy
individuals.

Bandages

Any bandage is basically made up of three parts:

(1) The primary layer: usually this is a non-stick dress-
ing pad, e.g. Melonin® or Rondopad®, which
may be held in place by bandage padding such
as Soffban®.

(2) The secondary layer: this is the padding that pro-
tects the injury and controls swelling. With inad-
equate padding and overtight bandaging there
is a risk of causing a so-called bandage bow (i.e.
damage to tendons), or a pressure sore. A variety
of padding materials can be used. Cottonwool is
ideal, because it will conform well to the shape of
the leg and is inexpensive. This is compressed
evenly with a conforming bandage (KBand®, or
Crepeknit®).

Basic First Aid

(3) The tertiary layer: this is the sealing layer that
holds the dressing in place and protects the lay-
ers underneath. Commonly some sort of stretch
bandage is used that sticks to itself, such as Ve-
trap®, or a sticky bandage such as Elastoplast®.
This sealing layer should not extend beyond the
edge of the underlying padding in case it causes
sores by rubbing. This is particularly true with
foot bandages, where the heels and the back
of the pastern are easily traumatised by a stiff
bandage. On some other sites, e.g. the hock or
knee, using a sticky bandage extending onto the
skin may be the only way of keeping a bandage
in place.

Robert Jones bandage (R]B)

This is a heavily padded limb bandage that is made
up of several compressed layers of cottonwool. It
aims to provide strength, rigidity and even pressure
for:

¢ Limb support

e Control of limb oedema
e Stabilisation of fractures
e Protection of soft tissues

Half-limb R]B

This should extend from the floor to the proximal
metatarsus or metacarpus and will require up to four
or five rolls of cotton wool with 8-10 cm conforming
bandages. Any wound is covered with a suitable pri-
mary layer (e.g. a sterile non-adherent dressing such
as Melonin®) held in place with conforming padding
(e.g. Soffban®). The first layer of cottonwool is ap-
plied adding extra distally, if necessary, to even out
the thickness to ~2-3cm throughout. Conforming
bandages (minimum 10 cm width) are used to com-
press the cottonwool firmly and evenly. At least two
further layers are constructed similarly. The cotton-
wool frequently will be thicker in the middle, so extra
padding may need to be added at either end of the
bandage to provide even support without any weak
points. Splints, if applicable, are incorporated after
the final layer and the entire structure is covered in
7.5-cm elastic adhesive bandage (e.g. Elastoplast®)
applied with constant even pressure. The finished
bandage should be an even tubular cylinder, sound-
ing like a ripe melon when tapped.
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Full-limb R]B

This requires 8-10rolls of cotton wool and 15-20 con-
forming bandages. In the forelimb it should extend
from the floor to the point of the elbow. In the
hindlimb it should extend from the floor to the pro-
ximal one-third of the tibia. Occasionally splints are
incorporated within such a bandage.

Many horses resent immobilisation, especially
with hindlimb joints, and will panic and kick out vio-
lently when they first try to move, which may be
part-way through application of the bandage. An
RJB will provide support, but if a fracture is sus-
pected, then a splint also may be incorporated to
increase the rigidity of the bandage.

Splints

Objectives of a bandage splint

¢ To prevent further injury to bone and soft tissues
¢ Tosupportalimb fracture

¢ Toenable a horse to travel for further treatment

Ideally a splint should immobilise the joints above
and below the area of damage. For first aid purposes
it must be quick and easy to apply in the field. Proper
limb immobilisation requires knowledge of limb
anatomy and the types of fractures involved. The
forelimb and hindlimb are divided into four areas.
Each region requires different splinting techniques
and an inappropriate splint may do more harm than
good. Figure7.2 givesasummary of splint placement
for fractures and Figs 7.3-7.8 give examples of differ-
ent types of bandage splints on the forelimb and
hindlimb.

Splinting materials

Many materials can be improvised in an emergency,
e.g. broom handles, wood (45 x 20mm), Farriers’
rasps, plastic piping or guttering (112-mm diameter
cutin half). The material should be sawn to a suitable
length and the ends padded. The ideal splint will
belight but rigid. It also should be strong enough for
the job and if in doubt a double thickness should be
used.

Board splint
A board splint is used for suspensory apparatus
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breakdowns, severe tendon lacerations or distal joint
luxations, to support the limb in flexion and prevent
further overextension injury to soft tissues. A board
of ~40 x 12 x 2cm is secured to the toe by drilling
through the hoof and board and fixing with 18-gauge
wire. The limb is bandaged and padded and the
board is secured to the caudal aspect of the bandage
with elastic adhesive tape so that the limb is fixed in
flexion and the weight of the horse bears on the point
of the toe (Fig.7.9).

Commercially available splints
¢ Farley compression boot

¢ Kimzey leg-saver splint

¢ The monkey splint

These are easy to apply and provide excellent
support. The drawback is that these splints, to be
effective, are made to fit a narrow range of sizes and
so the correct size is not always available.

Applied first aid

This section covers examples of common first aid sit-
uations encountered in practice, considering condi-
tions related to each body system in turn. Further
information is available in Chapter 4 and Chapters
13-16.

Integument

Always consider the anatomy of the skin itself and
determine the depth and location of the injury in
order to decide on management.

Types of wounds

® Puncture or penetrating wound: often has a small
entry point, which may be visible only after clip-
ping away the hair. Deeper structures are likely to
be involved or contaminated.

® Laceration: a tearing or cutting of the skin, variable
in depth and tissues involved.

¢ Contusion: bruising, without skin penetration.

o Abrasion: usually as a result of friction; removal
of superficial layers of skin. Less likely to
involve deeper structures, but may be intensely
painful.



4 ulna, humerus and scapula:
thick padding to elbow with
caudal splint to fix carpus

3 distal radius to elbow:
extended splint to mid scapula,
lateral aspect

full limb Robert Jones bandage

2 distal metacarpus to distal radius:
lateral (wood) and caudal (gutter)
splints to elbow

full limb Robert Jones bandage

1 distal metacarpus, proximal and distal
phalanx: dorsal splint (wood or gutter)

half limb Robert Jones bandage

Fig.7.2 Summary of splint placement for fractures of the forelimb and hindlimb.

® Burn or scald: determine the area affected and if
deeper structures are involved.

The wound’s position

A small innocuous-looking wound and, in particu-
lar, puncture wounds may have very serious compli-
cations due to the involvement or contamination of
deeper structures, such as tendon sheaths, joints,
blood vessels, body cavities, tendons and ligaments
or bones. Such wounds should be investigated fur-
ther to rule out the involvement of vital structures.

Basic First Aid

proximal to the stifle:
no satisfactory splinting possible —
rely on muscle support

tarsus to stifle:
lateral splint to hip
(steel or wood)

full limb Robert Jones bandage

distal metatarsus to tarsus:
Lateral (wood) and caudal (gutter)
splints to tuber calcis

full limb Robert Jones bandage

distal metatarsus and below:
dorsal splint (wood or gutter)

half limb Robert Jones bandage

It helps to understand how an injury happened:
e.g.the horse that fell on the road and has a large skin
deficit over the dorsal carpus will have landed with
the limb in a flexed position, exposing a completely
different area than that seen when the horse is stand-
ing normally. There will usually be a hidden pocket
of highly contaminated tissue distal to the wound in
these cases.

Key anatomical structures that may be involved in
equine wounds causing severe complications
include: digital tendon sheath; navicular bursa;
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Grey area: area of injury
being protected with
lateral and caudal splints

Grey area: area of injury,
N.B Dorsal splint

Fig.7.4 Splint placement for Group 2 fractures of the forelimb. (Kindly
supplied by Lucy Begg.)

Fig.7.3 Splintplacement for Group 1 fractures of the forelimb. (Kindly

supplied by Lucy Begg.)

calcaneal bursa; bicipital bursa; extensor tendon * Whereis the damage located?
sheaths; any limb joint, particularly elbow, fetlock, * Whereis the patientlocated?
hock and pastern joints; splint bone. ¢ How has the injury been managed up to now?
¢ [stheinjury contaminated?

Assessment of awound ® Arethere any other injuries?
The key questions to ask are: ¢ Tetanus status?
¢ How did the accident happen? Detailed assessment of a wound may need to wait
¢ How long ago did it happen? (Even wounds with until is has been cleaned up, at least to some degree,

minimal contamination repair best within 6-8h) to avoid further contamination of deeper structures.
¢ Isthe patient bleeding? This should be carried out using gloves, and a sterile
¢ Arethere any injured persons? metal probe and sterile saline may be required by the
¢ Whatis the clinical state of the patient? clinician to explore the wound.
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Grey area: area of injury;
ulna, humerus or scapula

Lateral splint

Grey area: area of
injury protected
with lateral splint
with padding over
scapula

caudal splint

Fig.7.6 Splint placement for Group 4 fractures of the forelimb. (Kindly
supplied by Lucy Begg.)

Fig.7.5 Splint placement for Group 3 fractures of the forelimb. (Kindly contamination of the wound, application of un-
supplied by Lucy Begg) suitable material or by bacteria multiplying

within the wound. Obvious blood, soil and other
Action and procedures debris should be removed from around the
wound using swabs, cotton wool or paper towel.
Ideally the hair then should be removed from a
wide area around the wound with scissors or
preferably fine clippers, protecting the exposed
tissues by packing with damp swabs or a water-

Wounds

After initial assessment of the wound, anatomy and
general condition of the patient, the general first aid
rule for wounds is Clot, Clean and Cover:

(1) Clot: excessive haemorrhage should be dealt soluble carboxymethylcellulose gel (e.g. Intra-
with first. Once this is under control, the wound site®, Smith & N ephew®). The surrounding skin
should be cleaned thoroughly. should be cleaned with damp swabs before re-

(2) Clean: high levels of bacterial contamination pre- moving the packing to remove small particles of
vent wound healing. This occurs due to initial hair and debris. The wound then should be
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Grey area:
area of
injury. Splints
applied
laterally and
centrally

Fig.7.7 Splint placement for Group 2 fractures of the hindlimb. (Kindly
supplied by Lucy Begg.)

3
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lavaged thoroughly using sterile saline, water,
dilute povidone iodine (0.1-0.2%) or dilute
chlorhexidine (0.05%). Large volumes should be
used, ideally at 10-15psi of pressure. Higher
pressure will force bacteria and debris deeper
into the tissues. A pump-up garden sprayer
(Fig. 7.10), if available, works well or a (clean)
hosepipe can be used. If not available, a 50-ml
syringe and an 18-g needle will give a pressure
of up to 7 psi. Lavage should be continued until
the wound appears clean but not so that the
tissues become pale and waterlogged. A vetocca-
sionally may prescribe a final lavage of anti-
biotics, e.g. sodium benzylpenicillin, or, if soil
contamination is present, metronidazole.

Cover: carboxymethylcellulose gel (e.g. Intra-
site®) provides a moist environment for the tis-
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Grey area:

area of injury
protected by
lateral splint
with padding
over hip

Fig. 7.8 Splint placement for Group 3 fractures of the hindlimb. (Kindly
supplied by Lucy Begg.)

sues, protects from further contamination and
may encourage migration of bacteria out of the
tissues into the gel. The wound should be packed
with one of these products and covered with a
sterilenon-adhesive dressing. Inan emergency, a
disposable nappy or plastic food wrap can be
used to protect the wound. A conventional pres-
sure bandage should be applied in the normal
way and the patient transported or prepared for
further treatment. Any flaps of skin should be re-
placed in their normal position. Wounds pene-
trating the chest should be covered and pressure



Fig.7.9 Board splint for suspensory
apparatus or flexor breakdown. (From Wyn-
Jones, G.(1988). Equine Lameness. Blackwell
Scientific Publications, Oxford.) {a)

=
=
\

Z

Fig.7.10 Pump-up garden sprayer used for wound lavage. (Kindly supplied
by Lucy Begg.)

Basic First Aid

(b} {c}

applied to seal the hole, to prevent the develop-
ment of a pneumothorax. Wounds to eyelids,
tongue or lips may appear simple but usually
will require careful surgical reconstruction.

Burns and scalds

These are fortunately rare, usually superficial and
normally heal quickly. Serious burns may result in
rapid development of shock and hypovolaemia.
Other complications such as corneal injury and
smoke inhalation should be considered, so the
patient should be examined for other problems and
not just skin damage (see Example 7.2).

Chemical burns

Treatment involves copious lavage with water,
avoiding contamination of the persons handling
the patient. Dry chemicals should be brushed off
gently using protective clothing and gloves.

149



CHAPTER 7

Example7.2 Burns

Treatment of burns

A horse is rescued from a burning stable block and has partial
thickness burns over its hindquarters.

The burns are cooled rapidly by lavage with large volumes
of water (or normal saline or application of ice in a plastic bag)
to reduce further thermal damage. Burnt tissues continue to
cook long after the heat source is removed. Pain may be
extreme and the vet may prescribe analgesics and
tranquillisers. Once cooling has been achieved, the burns are
covered with carboxymethylcellulose gel (or dilute povidone
iodine, 0.1-0.2%) and protected with a plastic disposable
drape or non-adherent sterile dressing to prevent further
contamination.

Secondary infection is a serious complication of deep
burns.When the eyes are examined for damage, they are
swollen and painful. The vet administers antibiotic ointment
and atropine eye drops. Lungs are auscultated for signs of
smoke inhalation. Intranasal oxygen (10—15 L/min),
bronchodilators (such as Clenbuterol) and broad-spectrum
antibiotics may be required to combat smoke damage, carbon
monoxide poisoning, pulmonary oedema and pneumonia.
Polyionic fluids are administered to combat shock.

Nettlerash

If a horse rolls in nettles a variety of dramatic clinical
signs may be seen, particularly in thin-skinned
breeds. A horse may appear very lame and even
stagger as if ataxic. They can mimic colic in their
distress and discomfort (see Example 7.3).

Bites and stings

These may cause swelling of the affected part,
usually the muzzle or limb. Cold should be applied
to help reduce this, and anti-inflammatory and
analgesic medication may be administered as
required.

Poisoning

A poison is any substance that causes injury or death
ifingested, inhaled, absorbed or injected in sufficient
quantity.
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Example7.3 Urticaria

Treating nettle rash

A yearling thoroughbred is reported to be staggering around
the field in a distressed state, falling over and sometimes
rolling. Multiple small raised swellings have appeared on the
skin.

The patient may well have rolled in some stinging nettles.
Examination is carried out to exclude other causes of ataxia
(e.g. neck trauma), keeping the patient quiet and reassured.
Hosing or washing with cool water can soothe the skin, or
sometimes calomine lotion is used. The vet may prescribe
tranquillisers and analgesics.

Examples of the more commonly encountered
toxicagents include:

e Bacterial: botulism, endotoxin, tetanus

® Chemical: ionophores, organophosphates, lead,
smoke

¢ Plants: oak, ragwort, yew

Assessment
Suspicion of poisoning is a much more common
event than actual occurrence. First aid often will
be requested for suspected poisoning when a horse
becomes ill for no obvious reason. Until a diagnosis
is made the owners may blame poisoning, when in
facta more straightforward cause exists. A diagnosis
of poisoning should be made only if a horse was
clearly seen to have digested something. Poisoning
can cause a variety of clinical signs, including:
anorexia, ataxia, collapse, colic, constriction or
dilation of the pupils, convulsions, depression,
diarrhoea, dysphagia, dyspnoea, excitement, muscle
tremors, sweating,
death.

The amount of material that the horse has been
exposed to and over what time period is import-

muscle weakness, sudden

ant. Samples of suspect feedstuffs or other ma-
terials should be collected as soon as possible and
placed into appropriate containers so that further
laboratory investigations can be used to confirm
the diagnosis. In the case of chemicals, the owner
should be warned to take great care to avoid self-



contamination. It should be established whether
other animals are affected or at risk.

Action and procedures

General first aid for the suspected poison case means
providing supportive care and treating severe symp-
toms, e.g. bleeding. Specific antidotes may be given
in the few cases where they are available and the
cause is identified with certainty, e.g. bleeding due to
ingestion of warfarin is treated with vitamin K1. The
condition of the patient should be monitored repeat-
edly. Drug treatment may be prescribed according
to the signs shown (see Example 7.4). In some cases
activated charcoal may be given by stomach tube
to reduce toxin absorption. Alternatively, liquid
paraffin may be given to speed passage of the toxin
through the gut.

Example 7.4 Suspected poisoning

A farmer rings to say that his horse is showing signs of colic. On
presentation the horse is in moderate pain with muscle
tremors, sweating and dyspnoea, and has started drooling
saliva and passing diarrhoea.

Athorough clinical examination is required to differentiate
between a number of causes, including colic, choke, botulism
and grass sickness. Examination of the eyes reveals marked
miosis. The horse becomes more excitable and the
muscle tremors worsen. The vet sedates the horse, an
intravenous catheter is inserted and blood samples are taken.
Polyionic fluids are administered and the vital signs
monitored.

Further questioning reveals that the horse may have been
exposed to hay contaminated with sheep dip, and
organophosphate (OP) poisoning is suspected. The exact
make and concentration of the product is established and
checks made with the manufacturer to confirm the active
ingredients. Atropine is administered (despite risk of gut side
effects) and the effects of the OP (salivation, sweating and
miosis) begin to improve. A stomach tube is passed and
activated charcoal is given. If available, oximes are a specific
antidote to OPs but are not indicated for carbamate
poisoning, so it is important to know the precise toxic agent.

Basic First Aid

Useful contacts

¢ Manufacturer of a particular product.
¢ National Poisons Information Service Units. (see
Appendix, p. 438)

Ocular

Conditions requiring first aid that involve the eye
include:

¢ Lacerations of the eyelid, sclera, or cornea

e Uveitis

¢ Fracture of the orbit

¢ Corneal penetrating wound or foreign body
¢ Corneal ulceration

e Glaucoma

Assessment

Successful treatment of eye injuries depends on
prompt and aggressive treatment. It is important
to ascertain how and when the injury occurred
and whether the horse has had previous occurrences
of eye pain, as tends to happen with recurrent
uveitis.

The injured eye often is too painful to allow com-
plete examination without sedation and topical or
regional anaesthesia (see Example 7.5). Attempting
to force open a painful eye may result in rupture of the
globe and should be avoided.

Action
Itisimportant to protect the eye from further trauma,
including self-trauma. This can be done by holding

Example 7.5 Eye injury

Ahorse is found in the field with a painful, swollen, tightly
closed (blepharospasm) eye with excessive tear loss (epiphora)
and a constricted pupil (miosis) and is attempting to rub it
againsta wall.

Most of the possible eye conditions may present with such
signs. After sedation, a hayseed is observed in the medial
canthus. This is lavaged from the eye by gentle flushing using
sterile water.
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the horse or using sedation. Eye protection guards,
such asracing blinkers, may be used if available; they
may help to avoid brightlight.

Gentle palpation of the globe through the eyelids
will help to establish if it has ruptured and therefore
lost pressure. Cold compresses may help to reduce
pain and swelling but care should be taken to
avoid pressing on the globe. The vet may administer
sedation or regional analgesia to enable a full
examination.

Eyelid lacerations

The horseowner always should be advised to have
these surgically repaired if the eyelid margin is
disrupted. Flaps of eyelid skin should never be cut off!

Corneal ulcers

Melting ulcers can progress rapidly to rupture. Fluo-
roscein dye should be used to determine the depth
and extent of the ulceration when the horse will toler-
ate examination.

Gastrointestinal

Conditions requiring first aid that involve the
gastrointestinal tract (GIT) include:

e Anterior enteritis

e Choke

e Colic

e Diarrhoea

¢ Eventration (see Example7.6)
¢ Gastric ulceration

e Herniation

e Peritonitis

* Bowel orrectal prolapse

e Rectal tear

Horses are prone to colic due to the unnatural feed-
ing practices that we impose upon them, together
with their low pain threshold. Also, certain anatomi-
cal features create potential problems, including:

(1) The horse is unable to open the cardia of
the stomach and vomit. This may result in rup-
ture of the stomach before fluid or gas reflux can
occur.
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Example7.6 Castration complication

Eventration

A horse that had undergone an open castration earlier in the
day has a large pink tubular structure hanging from one of the
wounds and is showing signs of pain.

Firstit is important to establish whether it is bowel or
omentum that has prolapsed. Examination confirms that it is
prolapsed small bowel. The priority then is to prevent further
damage, contamination or loss of bowel that has herniated
through the castration wound. The same approach applies for
rectal prolapses. The patient should be kept calm using
sedation if necessary and the bowel supported and protected
by tying a large plastic disposable drape underneath the body.
A sheet (damped with clean water) or similar material can be
used to improvise some protection. The patient should be
prepared forimmediate surgery to repair the prolapse.

(2) Fluid secretions and gas are produced continu-
ously and will cause rapid distension if a bowel
obstruction occurs. Large-colon torsions will
cause the horse to bloat quickly, can compromise
breathing and rapidly produce severe shock.

(3) The large intestine has a number of tight
bends and variations in diameter, which make
obstructions more likely.

Colic

Some types of colic can become life threatening very
rapidly. Only by quickly recognising the severity of
the colic can the chance of recovery be maximised in
the more serious cases. The goal in assessment of
the colic case is to determine if the problem is treatable
medically or if surgical intervention is needed. It is im-
portant also to differentiate abdominal pain from
other conditions such as azoturia, foaling and
laminitis. It is a common first aid condition.

Signs of colic

® Absence of, or reduced, gut sounds
¢ Cool extremities

¢ Depression

Elevated pulse rate

Kicking or biting at the abdomen



¢ Lack of appetite (anorexia)

¢ Lack of bowel movements

e Lip curling (Flehmen response)

¢ Pawing the ground

¢ Playing with water without drinking

¢ Rapid respiration and/or flared nostrils

¢ Repeatedly lying down and getting up

¢ Rolling, especially violently

e Sitting in a dog-like position or lying on its back
e Stretching out as if to urinate without doing so
¢ Sweating

¢ Turning the head towards the flank

Abdominal pain may make the horse violent
and dangerous to handlers. In extreme cases
the horse must be confined alone to a well-bedded
box or left in a sand school until help arrives. Gentle
walking (but on a suitable surface in case the horse
goes down) may ease the pain, but the horse should
not be walked for protracted periods causing
exhaustion. Feed should be withdrawn from the
patient.

Horses in severe pain may need to be sedated
to allow safe and complete examination. Pulse rate
(a good prognostic indicator, with >80bpm being
considered very serious) and blood for packed cell
volume (PCV) and total protein determination
should be taken prior to sedation if possible.

In addition to the parameters described below for
diarrhoea, the intensity and duration of pain and
whether continuous or intermittent, gut sounds,
amount of abdominal distension, passage and
nature of droppings, previous colic history, worm-
ing status and any treatment given are all important
data to collect and record.

Many episodes of colic are related to a recent
change in management, feeding or exercise and so
these should be checked. The colic patient should be
prepared for other diagnostics, including peritoneal
tap, rectal examination, passage of a stomach tube or
ultrasonography as required by the vet. If a colic case
is very shocked and dehydrated, administration of
intravenous fluids will be required.

An important role for the equine nurse is to
assist the vet in deciding whether the colic case is
surgical and then to aid in the rapid preparation of

Basic First Aid

the case for surgery when appropriate, e.g. clip,
catheterise, remove shoes.

Choke
Acute obstruction of the oesophagus by impacted
feed is commonly known as choke. It is a frequent
equine first aid problem, which can be alarming
when first seen but is rarely life threatening. Horses
often arch their necks and cough, with saliva and
feed material appearing at the mouth and nostrils.
Itis important to establish the duration of choking
and what and how much has been eaten.

Action for choke

Remove all feedstuffs immediately and keep the
patient calm. Sedation may be prescribed by the vet.
Itis said that massaging the left side of the neck along
the line of the oesophagus may help to shift an
obstruction. Prolonged cases may require intra-
venous fluids. If the obstruction does not clear with
conservative treatment, then lavage or even surgery
may be required.

Acute diarrhoea

This can be a first aid emergency because severe fluid
loss may lead to hypovolaemic shock. History taking
is important to determine possible source and any
other horses affected or in contact. Salmonella
infection should be considered.

With severe diarrhoea cases, it is important to
monitor hydration status, including parameters
suchas pulse, capillary refill time (CRT), skin tenting,
total protein measurement and PCV. Severely infect-
ed or red mucous membranes are indicative of endo-
toxaemia. Bounding digital pulses may indicate
impending laminitis as a complication. Pyrexia may
occur with abdominal pain prior to diarrhoea devel-
oping. Faecal samples may be required for labo-
ratory culture and electrolyte disturbances should
beidentified.

Nursing action for diarrhoea cases

Fluids can be life-saving; the route of administration
and the type selected will depend on the clinician’s
assessment of the individual case. Intravenous hy-
pertonic saline is required if hypovolaemia is severe,
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followed up with polyionic fluids. Electrolyte dis-
turbances should be corrected. Patients with low
plasma protein levels (<45g/1) may require intra-
venous plasma slowly to support plasma oncotic
pressure.

Urinogenital

Conditions requiring first aid that involve the
urogenital tract include:

¢ Acuterenal failure

¢ Cystic calculi (see Example 7.7)

¢ Dystocia

¢ Penile prolapse or trauma

¢ Post-castration complications (see Example 7.8)
¢ Prolapsed bladder

* Prolapsed uterus

* Ruptured bladder

¢ Testicular torsion

¢ Urethral obstruction

Example 7.7 Urinary problem

Calculi

A gelding is presented with abdominal pain, making frequent
attempts to urinate but only passing small amounts of blood-
stained urine.

Sedation may be administered at the clinician’s discretion
before a well-lubricated urinary catheter is passed to relieve
the obstruction and prevent possible bladder rupture. The
distal penis is grasped in one gloved hand, exposing the glans,
and the catheter is slowly introduced. Usually a urethral
obstruction can be moved back to the bladder to relieve
pressure prior to further investigation. A mid- and end-stream
urine sample may be collected for urinalysis.

Assessment

With any urinary condition it is important to assess
the stance of the horse during urination, the colour
and amount of urine passed and whether urinationis
painful. Observe if urine is passed in a continuous
or intermittent stream and be aware of water intake.
Hydpration status also can be important in urinary
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Example7.8 Castration complication

Post-castration bleeding

A horse gelded earlier in the day has a continuous stream of
blood from an open castration wound, having been turned out
and cantered round the field.

If the bleeding is continuous, the need for intervention is
very likely. If blood is only dripping, the patient should be kept
calm and quiet in a loose box to see if clotting will occur. For
severe blood loss, see Example 7.1.The castration wound can
be packed temporarily with sterile swabs or bandage to
attempt to stem bleeding, but further surgery may be required
tofind and ligate the bleeding vessel(s).

tract disease. Take note of the time of occurrence
and amount of any bleeding in relation to urination
and, with traumatic injuries or post-castration bleed-
ing, assess cardiovascular status and blood loss.

Nursing action

Penile trauma

Bleeding may be profuse to the extent that surgery
may be required. Cold hosing or cooling with ice
packswill help to control swelling. Apply pressure or
abandage to control bleeding and swelling. Support
the penis using a disposable drape (or similar) to
prevent further vascular damage.

Paraphymosis
Paraphymosis is the inability of a horse to retract its
penis in the prepuce. It can occur for several reasons,
including general debilitation or occasionally fol-
lowing sedation with phenothiazine derivative
tranquillisers, e.g. acepromazine.

Nursing first aid action may include:

¢ Establishing and removing the inciting cause
where possible

® Cleaning the penis and prepuce with mild
cleansers and antiseptic cream or petroleum
jelly

* Reducing swelling and supporting the prolapsed
penis with some form of truss



Dystocia

Dystocia is defined as difficulty in giving birth.
Emergency veterinary attention should be sought
as soon as there is any indication of problems. (See
Chapter4.)

Neurological
Neurological conditions requiring first aid include:

¢ Brachial plexus injury

e Convulsions

¢ Equine herpes virus 1 (EHV1) myeloencephalitis

e Electrocution

* Head and spinal trauma

* Hepaticencephalopathy

¢ Peripheral nerve injuries: facial, supraspinous,
femoral, radial

e Tetanus

* Wobbler syndrome

Assessment

Neurological emergencies are usually acute in onset,
serious and may deteriorate rapidly. Signs can vary
from mild subtle deficits of gait or mental state to
terminal convulsions. Convulsing or ataxic horses
present a danger to those handling them. They
should be handled with extreme caution.

Parameters to assess

e Coordination

¢ Cranial nerve function

* Head carriage

e Level of consciousness: mental state and
behaviour

e Muscle tone

¢ Pattern of respiration (and changes with therapy)

¢ Pupil size, symmetry and response to light

¢ Reflexes, e.g. flexor, patellar and panniculus

e Tailand anal tone

¢ Urinary retention or incontinence

Note that after exercise or severe stress, adrenaline will
abolish many reflexes for 1-2h. Hence, the horse that
is recumbent, e.g. following a fall, can be difficult to
assess immediately following the accident (see
Example7.9).

Basic First Aid

Example7.9 Recumbency

Nursing first aid for the recumbent horse

A young thoroughbred is discovered down in its box at evening
stables, having suffered a fall earlier in the day during exercise.
Itis bright and alert and showing no other clinical signs.

The first consideration must be the safety of the people
with the horse. Recumbent horses can make unexpected
attempts to get to their feet and may be suffering neurological
deficits resulting in ataxia or even convulsions. The admission
of people to a confined area with a recumbent patient should
be strictly controlled. No single person should attend to the
horse without someone else being present. Any physical
objects that may cause the horse further injury should be
removed or, if this is not possible, shielded with bales of hay or
straw. If struggling or convulsing, sedation may be required to
avoid injury to the patient, for safety reasons, and to facilitate
afull clinical examination. A blanket spread under the horse’s
head will limit trauma and contamination to the eyes. If a
horse is down in an open area, bedding should be placed
under and around the horse. Bales can provide shelter and
prop the horse in sternal recumbency. If the horse has
collapsed with tack on, this should be removed with care,
cutting the girth straps if necessary. A full and careful
examination should be carried out to assess the patient’s
status. Feed and water can be offered at regular intervals, if
appropriate. Care should be taken regarding the risk of
infection spreading to other horses. The vet may require
assistance to roll the horse to check for possible fractures on
the horse’s ‘down’ side.

Nursing action

General

Safety of handlers and prevention of further trauma
is essential. In some cases, sedation or anaesthesia
may be required. Monitor the horse repeatedly for
signs of deterioration. Good nursing management of
the recumbent horse (see example) is important with
neurological cases.

Convulsions or seizures

These are rare in the horse and may be generalised or
localised. If generalised there will be muscle spasms,
involuntary recumbency and loss of consciousness.
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Severe depression and blindness may follow this.
Partial seizures may produce localised signs, such as
facial or limb twitching, compulsive circling or self-
mutilation of a particular area. Poor prognostic signs
include increasing frequency or intensity of seizures
and poor response to treatment.

Causes of seizures can be classified into:

(1) Structural brain disease: neoplasia, abscesses,
other masses such as cholesterol granuloma,
meningitis, damage following intracarotid
injection, etc.

(2) Metabolic brain disease: hypocalcaemia, hypogly-
caemia, neonatal maladjustment syndrome (see
Chapter 15), hyperthermia, etc.

(3) Idiopathic (i.e. of unknown cause) brain disease: such
asidiopathic epilepsy in Arab foals.

Convulsions sometimes can be difficult to differenti-
ate from the horse thatis struggling to freeitself or get
up. Other differential diagnoses for seizures include:

¢ Anormalfoal that may twitch in its sleep

¢ Colic

¢ Exertional rhabdomyolisis

* Narcolepsy or cataplexy

® Syncope or fainting arising from various causes
¢ Tetanus

Treatment to stop a seizure will involve sedation or
anaesthesia, and drugs may be required to combat
central nervous system (CNS) swelling. Non-
steroidal anti-inflammatory drugs, e.g. flunixin, also
can be useful. Antibiotics may help if a bacte-
rial cause is suspected or secondary infection is a
risk.

Fluids should be given with caution (can cause
more CNS swelling). Administration rates should be
slow and not changed rapidly. Specific treatments
may be needed for certain conditions, e.g. tetanus
antitoxin for tetanus.

Metabolic and environmental

Metabolic and environmental conditions that may
require first aid nursing include:

¢ Exertional rhabdomyolysis (tying up, azoturia)
(see Example 7.10)

156

Example7.10 Rhabdomyolysis

A competition horse comes in from fast exercise and becomes
progressively stiff, distressed and unwilling to move, with a
raised heart rate. Colic-like symptoms and profuse sweating,
accompanied by hard painful muscles over the hindquarters
and back. Urine is dark red in colour.

These signs are typical of equine rhabdomyolysis syndrome
(ERS). Management should include the following:

(1) Avoid exercise wherever possible. Treat in situ or bring
transport to the patient, but avoid prolonged
transportation in order to limit further muscle damage.

(2) Keepthe patient calm and warm and away from
draughts.

(3) Blood samples should be taken to determine muscle
enzyme levels and evaluate the degree of damage.

(4) Itis essential to maintain renal function and fluid
balance, especially if myoglobinuria is present, i.e. dark
red urine.

(5) Ifthe horse has become recumbent, give intravenous
fluids rapidly and through multiple large-bore (10-12-
gauge) catheters. Commercially available 5-L bags
(Hartmanns) are ideal for use in the field.

(6) Monitor urine output.

(7) Drug treatment: analgesia for the reduction of both pain

and anxiety is important for the horse's welfare, as well as

making it easier to handle; a single dose of steroids is
often used in the early stages to combat shock and
improve tissue perfusion.

General nursing support: if the horse remains recumbent

but can be made to sit sternally it should do so by being

propped up, e.g. with bales of straw; the distal limbs
should be bandaged; an antimicrobial lubricant should
be applied to the eyes to minimise the risk of corneal
abrasion; urinary catheterisation may need to be
considered.

¢

~

* heat stroke, heat exhaustion, hyperthermia (see
Example7.11)

¢ Hypocalcaemia (‘thumps’, synchronous diaph-
ragmatic flutter and hypocalcaemic tetany)

Assessment of any problem should include the
horse’s history: particularly recent exercise, diet,
lactation and stress. Itis always important to monitor



Heat stroke and
exhaustion

Example 7.11

A horse completes a long-diistance ride on a hot humid day,
after which it is depressed, unwilling to move and ataxic, with
slow deep respiration. Heart rate is 80 bpm with a weak pulse,
and mucous membranes are conjested. The horse is no longer
sweating but body temperature is 42°C.

This is typical of heat stroke and it is essential to start
cooling as rapidlly as possible, with as many helpers as possible.
To do this, use water (4—10°C) applied all over to effect. Use
sponges both sides, in addition to a hose or buckets. Do not
use wet towels because they reduce evaporation and
convection. This rapid cooling should be done in any horse
with a temperature above 40°C (104°F). Move into shade as
soon as possible. Alternate 30 s of slow walking (to increase
airflow over the patient) with 30s of cooling. Use fans if
available. Offer half-buckets of oral electrolyte solution
frequently. If refused, try plain water. Monitor temperature:

a cooling rate of 1°Cin 10 min can be achieved; continue until
atemperature of 38-39°Cis reached.

The horse is still distressed and refusing to eat or drink despite a
rectal temperature of 39°C. Mild colic and muscle cramps
develop. Heart and respiratory rates are high with synchronous
diaphragmatic flutter, and pulse is weak and irreqular.

Treat for exhaustion: if no colic, 5-10 L of isotonic oral
rehydration fluid should be given by stomach tube. It may be
difficult to pass a stomach tube and intravenous fluids may be
simpler. The response to treatment should be monitored by
assessment of pulse rate and quality, mucous membrane
colour and, most importantly, the animal’s demeanour. Good
nursing will include encouraging the horse to eat and drink.

vital signs. Taking blood tests for biochemistry can be
helpful.

Tetanic hypocalcaemia
This condition is also called eclampsia or transit
tetany. Causes include:

¢ Blister beetle toxicity in the USA

e Diarrhoea and colic

e Excessive bicarbonate administration

¢ Exhaustion in endurance horses

* Heavy lactation, particularly in draught mares

Basic First Aid

e Idiopathic
¢ Transportand stress

Clinical signs

The most obvious sign is a twitch in the flank area
in synchrony with each heartbeat. This may be
obvious enough to produce an audible thump,
hence the traditional name of ‘thumps’. Other
signs sweating, generalised stiffness,
muscle twitches, raised heart rate and a raised
temperature.

include

Laboratory findings
Ablood sample that shows alow serum calcium level
(4-6mg/dl) confirms the diagnosis.

Action

The horse is kept calm and quiet. Calcium boroglu-
conate (500ml, 20% diluted 1:4 in saline) is given
slowly intravenously, monitoring the heart and
pulse. An electrocardiograph (ECG) monitor is use-
ful if available. If extrasystole or an increase in heart
sounds occurs, infusion should be stopped immedi-
ately. Complete recovery may take several hours and
repeat treatments may be required.

Respiratory

Respiratory conditions that may require first aid
nursing include:

¢ Acute respiratory infection

* Acute respiratory obstruction

¢ Acute small-airway disease

¢ Anaphylaxis

¢ Exercise-induced pulmonary haemorrhage
¢ Pneumothorax

¢ Pulmonary oedema

¢ Shipping fever and pleuritis

Anatomical considerations
It should be remembered that the horse is an obligate
nasal breather.

Assessment

Firstly determine whether the upper or lower respi-
ratory tract is involved. Upper respiratory emergen-
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cies are frequently obstructions and may rapidly
become life threatening, so speed is vital. These can
be distinguished by the ‘snoring’ noise that the
individual is making when breathing, particularly
on inspiration. Lower respiratory disease producing
respiratory distress can usually be determined by
auscultation of the thorax. Inspiratory difficulty
oftenis more pronounced than difficulty in breathing
out with an upper airway obstruction; the opposite is
true with lower airway obstructions, such as chronic
obstructive pulmonary disease (COPD).
Points to observe are:

® Respiratory rate and effort

* Passage of air through both nostrils

¢ Nasal discharge

¢ Temperature

e Stridor (snoring noise associated with difficulty in
breathing coming from upper airway)

¢ Stance (elbows abducted and neck extended)

¢ Swelling around nose or throat

¢ Lungsounds onauscultation.

Establishing a patent airway
This can be vital if the horse is seriously compro-
mised.

Nasotracheal tube

Inserting a nasotracheal tube may be difficult to per-
form on a distressed, conscious horse. It may not be
possible unless the patient collapses or is sedated.
The tube should be lubricated well and passed
through the ventral meatus. A 450-kg horse will take
a 22-mm tube, but try a smaller size first and replace
with a larger one when possible. Extend neck and
rotate the tube as it is passed into the pharynx. If
the oesophagus is entered there will be resistance
and the tube can be palpated below the larynx. Once
in place, the tube should be secured with insulating
tape to ensure thatit is notlost in the airway!

Tracheotomy

This is the formation of an opening into the trachea
for the insertion of a tube, thereby allowing the
patient an open airway through which to breathe.
This is only justifiable in an absolute emergency to
maintain an airway. Usually there is little time for
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preparation. Ideally the area should be clipped and
prepared with a sterile scrub. The site is the junction
of the upper and middle one-third of the ventral
neck, where the trachea is easily palpable. Under se-
dation if required, local anaesthesia is infiltrated and
a 7-cm midline incision is made down to the trachea.
Incise horizontally between two rings no more than
50% of circumference and insert appropriately sized
tube. Hold rings apart or improvise a tube if a tra-
cheostomy tube is not available. In a life-threatening
emergency, the sterile technique may need to be
abandoned and any available tube, e.g. piece of
stomach tube, inserted into the airway as rapidly
as possible.

To care for the in-dwelling tracheotomy tube, the
following steps should be followed:

® A tracheotomy requires maintaining an open
wound. Although strict asepsis is not possible,
every effort must be made to keep contamina-
tion to a minimum.

® The incision and clipped area surrounding the
wound must be surgically prepped twice daily
to keep clean of exudate and prevent wound
infection.

¢ The tube must be replaced daily with a sterile one.

® Suctioning the secretions from the tube and tra-
chea may be necessary if there is a significant
amount present, which can cause decreased air-
flow. All suction apparatus must be sterile.

® Check that the straps securing the tube (if present)
are keeping the tube in place.

¢ Bandaging the tube in place may be beneficial in
keeping the wound clean and free from contami-
nation from bedding.

¢ Bandaging materials must give and not cause con-
striction if the horse moves its head up and down.

¢ Horses with tracheotomy tubes should be fed off
the ground so asnot tointroduce hay and dust into
the trachea.

Care must be taken to preventbedding from entering
the tube and airway. A dust-free management proto-
col must be followed closely.

Orotracheal intubation
This is usually a last resort when the horse is
collapsed or needs general anaesthesia. A section of



5-cm diameter pipe is inserted as a gag between the
incisors to prevent the tube itself from being chewed.
Extend the neck and rotate the tube as it is passed
through the pharynx.

Supplementary oxygen

Oxygen may need to be administered to a horse in
respiratory distress once a clear airway has been
provided by any of the above methods. Sometimes
it is possible to pass oxygen tubing into the trachea,
or nasal insufflation is performed by passing
tubing into ventral nares and occluding the nostrils
toexpand the chestand then releasing for exhalation.
Minimum flow rates of 10-15L/min are required.
Oxygen is best humidified by passing through
sterile water, if possible, especially for longer term
administration.

Treating anaphylaxis

Occasionally a horse may present with acute difficul-
ty in breathing (dyspnoea) and an elevated breathing
rate (tachypnoea), which may be due to an acute aller-
gicreaction. Treatment is by intravenous administra-
tion of steroids (usually dexamethasone). Rarely,
adrenaline diluted in water or saline may be required
for true anaphylaxis.

Improving alveolar ventilation

For penetrating chest wounds, close and cover
as soon as possible to minimise air aspiration and
pneumothorax (the presence of free air within the
chest cavity).

Treating pneumothorax

This is an uncommon emergency, the severity reflect-
ing the amount of free air that has got into the chest
cavity. As with other thoracic conditions such as
pneumonia or COPD, there will be dyspnoea with-
out dramatic respiratory noise. On auscultation
there will be the absence of lung sounds dorsally.

Treatment involves:

(1) Treating the underlying cause, e.g. cleaning and
sealing the wound.

(2) Administering oxygen if needed.

(3) Removing the free air from the chest after the
wounds are closed. A chest drain should be intro-

Basic First Aid

duced following aseptic preparation. The chest
drain should have a one-way valve (e.g. a Heim-
lich valve) or a valve can be improvised using a
glove or condom taped around a catheter with a
drainage hole at the far end. This will collapse
with negative pressure and prevent the aspira-
tion of air.

Treating nasal obstruction
To cause nasal obstruction, both nostrils must be
involved. Causes include bee stings, snake or dog
bite, nettle stings, burns, trauma and anaphylaxis.
With nasal obstruction it helps to keep the head up
to reduce further swelling, so sedation is contraindi-
cated. Apply cold to decrease swelling. The clinician
may prescribe anti-inflammatory medication. In
severe cases, pass a tube into the nasal passages
and tape in place. Administer supplementary oxy-
genif required.

Cardiovascular

Cardiovascular conditions that may require nursing
first aid include:

¢ Arrhythmias

¢ Haemorrhage

¢ Shock (hypovolaemic, septic, endotoxic, cardio-
genic, traumatic, anaphylactic)

Shock

Shockisa profound physiological changein thebody
with circulatory collapse and consequently inade-
quate tissue oxygenation, often caused by poor
perfusion. It can be assessed by:

¢ Pulserate, quality and blood pressure
* Capillary refill time (CRT)

* Mucous membrane colour

¢ Hydration (PCV/TP)

¢ Demeanour

¢ Urine production

* Response to treatment.

Shock can be present in a wide variety of emergency
situations and always should be considered, what-
ever else is going wrong.
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Nursing action and procedures

A successful outcome is more likely when shock is
treated in the early (hyperdynamic) phase. The
aim of treatment is to raise tissue perfusion to
higher than normal rates. Aggressive fluid and drug
therapy frequently is required.

Haemorrhage

Haemorrhage can cause shock. Remember that with
severe haemorrhage death can occur with little or no
change in PCV. Mucous membrane colour also is a
poor indicator of severity of blood loss until levels
have fallen very low. Aggessive early treatment, in-
cluding intravenous fluids and whole blood, may be
required.

Cardiac arrhythmias

Cardiac arrhythmias (loss of the normal heart
rhythm) occur commonly in the horse and rarely
require treatment. Certain cardiac arrhythmias
may be rapidly life threatening. An ECG examina-
tion is required to determine whether treatment is
feasible.

Musculoskeletal

Musculoskeletal conditions that may require nurs-
ing firstaid include:

* Foot problems (e.g. foot abscess), foreign body
penetration and laminitis

¢ Joint, bursa and tendon sheath infection or trauma

® Sudden non-weight-bearing lameness, e.g.

fractures, luxation, and ligament and tendon

injury

Nursing assessment (see Summary 7.1)

Catch thelamehorseifloose and prevent movement.
However, avoid chasing an injured horse that
will not be caught until sufficient help is
available. Weight bearing on an unstable limb will
increase soft-tissue damage, resulting in a poorer
prognosis.

Keep the horse calm and warm and monitor for
signs of shock. Consider whether the injury is unilat-
eral or bilateral: a horse with bilateral injuries is often
reluctant to move. Assess the degree of weight bear-
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Summary 7.1

Assessing the musculoskeletal system

JEDI CUTS PADS
Joint pain Crepitus PAIn
Effusion Unnatural movement Deformity
Digital pulses Tenderness Swelling
Immobility Shock

ing. Carefully palpate and inspect all structures. The
order is unimportant but a routine should be es-
tablished so that the examination is complete and
methodical, e.g. work from the foot up.

It may be difficult to make a definitive diagnosis
despite the horse being very lame. It should be
remembered that as well as fractures there are
other causes of severe lameness, such as septicjoints,
catastrophic tendon injuries and most commonly
pus in the foot (subsolar abscessation).

The vet will decide whether the injury warrants
immediate humane destruction or whether further
investigations are required, particularly radiogra-
phy and ultrasonography. If the horse is to be moved
for further treatment, applying proper support
bandages is an important nursing role.

Orthopaedic  injuries requiring
euthanasia include:

immediate

Multiple fractures

e Complete tibial or femoral fractures

Complete humeral fractures

Complete radial fractures in patients >300 kg

e Compound comminuted fractures, especially
with severe soft-tissue damage

Severe long-standing septic joint or synovial
sheath or bursa

® Severe loss of or damage to soft tissues

Road traffic accidents and other
major accidents

In such public circumstances it is particularly impor-
tant to consider human safety. Ask for all persons not
required to be removed from the scene immediately.



The key points are:

¢ Triageisimportant

¢ Shock s likely

¢ Arrestany haemorrhage

* Assess for fractures and other major injuries

The clinician may need to sedate an injured horse
to prevent further injury to the emergency team,

Major emergencies that require you to
contact a vetimmediately

e Choke

e Colic

e Collapse

® Eyetrauma

e Foaling and related concerns, e.g. retained placenta
* Major wounds

e Profuse haemorrhage

e Respiratory distress

e Road traffic accidents

e Severe lameness

Basic First Aid

patient and onlookers. In some cases, anaesthesia
may be necessary to move the horse or to enable com-
plete assessment if the horse is distressed, particu-
larly if euthanasia looks necessary.

These situations can be difficult but if routine first
aid principles are followed the problems can be
solved successfully and safely. If in doubt, seek ad-
vice from a vetas soon as possible (see Summary 7.2).
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The ability to assess the abnormalities in a horse’s
appearance or behaviour requires a knowledge of
normality and vigilant observation.

As a veterinary nurse it is important not only to
be able to recognise signs of disease but also to record
and report them accurately. Following a routine
helps to avoid omissions. Most clinicians use a
system known as SOAP, which refers to:

e Subjective
¢ Objective

e Assessment
e Plan.

The equine nurse should be able to record both sub-
jective and objective findings clearly and report them
to the vetin charge, whose responsibility it is to assess
these findings and formulate a plan for the future.

Records

Recording of clinical progress should be carried out
at least once daily and every equine hospital ought
to have record sheets available for this purpose (Fig.
8.1). Animals in intensive care may benefit from the
use of separate assessment sheets, which should be
completed several times a day (Fig. 8.2). Although
details of medication given to the patient should be
recorded on these sheets and in the plan section of the
horse’s clinical records, it is easy to lose sight of the
details, soitis best to have a separate chart for record-
ing the administration of medication (Fig. 8.3). Sepa-
ratesheets should be available for monitoring during
general anaesthesia (see Chapter 20).
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Subjective assessment

Initially horses should be observed from outside
the stable. Note should be made of their demeanour,
attitude and responsiveness to stimuli, as well as
whether or not they are up, moving around and
interested in food. Notes are generally abbreviated,
e.g. BAR (bright, alert, responsive), QAR (quiet,
alert, responsive), QAU (quiet, alert, unresponsive),
etc.

Signs such as a bright eye and a glossy coat are
also reasonable indicators of health and well-being,
whereas a dull coat can indicate disease. The horse’s
physique should be noted: underweight with very
visible ribs; overweight; any asymmetries due to
muscle wastage.

Objective assessment

This involves assessment of measurable characteris-
tics such as the vital signs and hydration status,
as well as signs of pain or lameness. First the tem-
perature, pulse and respiration (TPR) values are
recorded (Table 8.1) and then a more detailed investi-
gation can be carried out. Also, notes should be made
of the quantity and type of food ingested, the water
intake and whether urine and faeces have been
passed.

The normal horse’s water requirement is approxi-
mately 40ml/kg bodyweight/day. Polydipsia (in-
creased water intake) can occur due to a variety of
conditions, including kidney disease and fever.
Reduced food or water intake also should be noted.
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Fig.8.1 Clinical progress records.

Table 8.1 Normal values for temperature, pulse and respiration in the adult
horse?

Temperature 98.5-100.5°F (37.0-38.0°C)
Pulse 25-42 beats per minute
Respiration 10-20 breaths per minute

2The pulse and respiration rates of ponies tend to be slightly higher than
those of horses.

Difficulty prehending (taking in) or masticating (chew-
ing) food or dysphagia (difficulty swallowing) may
cause an apparent reduction in appetite or abnormal
eating.

Respiration

Count the horse’s respiration rate by careful observa-
tion of rib movements; this is best done from outside
the stable before disturbing the animal. The rate of ei-

General Nursing

ther inspirations or expirations should be counted
over Imin to avoid inaccuracies. An alternative
method for counting the respiration rate is to feel the
expiratory breaths at the nose, but some horses will
react to the proximity of a stranger with fear, which
can elevate the respiratory rate. In cold weather the
exhaled breaths may be seen and counted.

Dyspnoea (difficulty breathing) can result from
problems during inspiration, expiration or both. The
horse is an obligate nasal breather (cannot breathe
through its mouth). Damage or blockage of the nasal
passages can therefore obstruct breathing and cause
inspiratory dyspnoea even if the mouthis clear. Expi-
ratory dyspnoea can follow lung diseases that reduce
the elastic recoil of the lungs, such as bronchitis or
pleural adhesions. Mixed dyspnoea occurs if there
is impedance of both inspiration and expiration.
This can be a consequence of pneumonia or space-
occupying diseases of the pleural cavity, such as
pneumothorax or pyothorax (respectively air or pus
in the pleural cavity), or it may be secondary to other
problems that cause respiratory pain, such as
broken ribs. Severe dyspnoea can result in thoraco-
abdominal breathing (where the abdominal muscles
become involved in helping to force out breath). This
is a common consequence of severe expiratory dysp-
noea caused by chronic obstructive pulmonary disease
(COPD). A characteristic ‘double” breath (heaves) is
seen with the development of a ‘heave line’ in the
caudal abdomen.

Disorders of breathing rate include apnoea (stop-
ping breathing), which may occur intermittently
during unconsciousness or light planes of anaesthe-
sia. Tachypnoea (increased breathing rate) can occur
due to pain, fever and heat, acidosis and during/
after exercise. Bradypnoea (abnormally slow breath-
ing) is rather less common, but can occur as a con-
sequence of metabolic alkalosis as well as during
unconsciousness. Alternating periods of deep, rapid
breaths followed by shallow breathing and apnoea
(Cheyne-Stokes breathing) is an indicator of hypoxia (re-
duced oxygen in the blood) or disease of the central
nervous system (CNS). Breathing that is rapid and
deep may occur:

¢ Pathologically due to pyrexia (a raised tempera-
ture), acidosis or anaemia (reduction in red blood
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cells and hence oxygen-carrying capacity of the
blood).
¢ Physiologically due to exercise or anxiety.

Conversely, fast and shallow breathing may be a con-
sequence of restrictive lung disease such as pleuritis
(inflamed pleurae), pneumothorax or pyothorax, or
may occur due to respiratory pain. Breathing that
is slow and deep is usually a consequence of partial
airway obstructions, whereas slow and shallow
breathing may follow CNS depression or alkalosis
(see Chapter 13).
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Pulse

The horse should be approached calmly and quietly
to avoid false elevation of the pulse rate due to fear.
The pulse rate can be counted by palpation of any
artery situated near the body surface. The most com-
monly used arteries are the transverse facial, sub-
mandibular, coccygeal and digital arteries, and while
the horse is anaesthetised the lingual pulse can be
assessed (Fig. 8.4).

To count the pulse rate, an artery is located and
partially occluded by finger pressure. This allows the
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pulsation of the artery to be felt. Finger pressure that
is too weak or too strong may prevent the pulse from
being palpable. Having located the pulse with the
fingertips, the rate is counted over a period of 1min
to avoid inaccuracies. Increased pulse rates can
indicate anxiety, pain or heart failure.

Each arterial pulsation should correspond to a
contraction of the ventricles of the heart. Placing the
hand or a stethoscope over the heart base in the left

axilla while palpating the arterial pulse allows
concurrent assessment of the heart and pulse rates.
Abnormal heartbeats can result in a pulse deficit (a
pulse rate that is reduced compared with the heart
rate).

The pulse rhythm is normally regular, although it
may increase during inspiration and decrease during
expiration (sinus arrhythmia). In addition, some
horses miss occasional heart beats (dropped beats) at
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transverse facial artery
(palpable in a depression
just caudal to the eye)

submandibular artery
(palpable as it crosses
the mandible)

lingual artery
(palpable on the underside
of the tongue in the mouth)

palmar digital
arteries (palpable
at the level of the
proximal sesamoid
bones and at the
caudal aspect of
the pastern)

rest. However, irregular pulse rhythms can indicate
an abnormality.

The normal pulse feels strong and firm. A weak
pulse feels fainter or more ‘fluttery” than a normal
pulse, and may indicate reduced cardiac output due
to debilitation, disease or shock as well as anaesthe-
sia, unconsciousness or sleep. A hyperkinetic pulse
(one with increased pressure), on the other hand, can
feel as though it has rather more depth than a normal
pulse, and canbe associated withincreased heartrate
due to fever, exercise, hypoxia, pain or fear. A partic-
ularly strong and jerky pulse is often referred to as
a ‘water hammer pulse” and may be associated with
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coccygeal arteries
(palpable on the ventral
aspect of the coccygeal
spine, in the midline)

Fig.8.4 Locations of the arterial pulses. (a) Diagram of the head showing
the positions where pulses are palpable: the transverse facial artery is
palpable in a depression just caudal to the eye; the submandibular artery is
palpable as it crosses the mandible; the lingual artery is palpable on the
underside of the tongue in the midline. Diagram of the lateral (b) and
palmar/plantar (c) aspects of the pastern, showing the location of the
palmar/plantar digital arteries and the sites where they are palpable: at the
level of the proximal sesamoid bones and at the palmar/plantar aspect of the
pastern. (d) Diagram showing the site at which the coccygeal artery is
palpable: on the ventral aspect of the coccygeal vertebrae in the midline. (i.e.
on the underside of the tail).

anaemia and some forms of cardiac disease, such as
valvular insufficiency.

Temperature

The temperature is taken rectally. It is advisable to
familiarise yourself with the horse before taking its
temperature and then approach the hindquarters
carefully, standing close to the side to avoid being
kicked. The lubricated bulb of the thermometer
should be inserted about 2 inches into the rectum and
angled towards the rectal wall to avoid faecal ma-
terial, otherwise the rectal temperature recorded



may be inaccurate. After 1 min the thermometer may
be removed and wiped clean prior to reading it. It
should then be reset/turned off, wiped clean with
antiseptic and stored safely to avoid contamination
and breakage. The thermometer should not be left
unattended in the rectum.

A digital thermometer, when switched on, takes
a few seconds before it is ready for use. After 1 min a
bleep sounds to indicate that the temperature can be
read. It should be turned off to reset it. A traditional
clinical mercury thermometer contains a kink in the
mercury tube to prevent backflow, so that the maxi-
mum temperature reached is recorded. To reset the
thermometer, the mercury within it must be shaken
down (avoiding hard surfaces).

Abnormalities in temperature include:

e Pyrexia/hyperthermia (increased temperature),
which can result from infection, pain, excitement
or, occasionally, heat stroke

* Hypothermia (reduced temperature), which fol-
lows shock, collapse and blood loss.

Although temperatureis usually recorded in degrees
centigrade (°C), some clinicians are more familiar
with the use of Fahrenheit (°F) values. Most ther-
mometers show temperature on both scales but
some do not. For conversion, the following equations
should be employed:

°C=(°F-32)x5/9

Clinical examination

Having checked and recorded the TPR values and
any abnormalities in character of these vital signs, a
full clinical examination should be carried out and
the findings recorded.

°F =(9/5x°C) + 32

Mucous membranes

Healthy mucous membranes should be a pale pink
colour and the capillary refill time (CRT), assessed
by blanching a gum with finger pressure and then
recording the time for the normal colour to return,
should be within 2s.

Pallor of the mucous membranes can relate to
reduced cardiac output, blood loss and anaemia.

General Nursing

Congestion (filling of the blood vessels, resulting in
them becoming visible as fine red lines) can be
caused by toxaemia (release of bacterial toxins into the
blood) and septicaemia (release of bacteria into the
blood). The mucous membranes may become cyarnot-
ic (bluish) if blood oxygenation is reduced due to ill-
ness or lung disease. With severe colics, the mucous
membranes often take on a dull muddy appearance
due to a combination of dehydration and toxaemia.
In severe cases of toxaemia they become purplish,
and petechiation and echymosis (haemorrhage from
the blood vessels, causing a mottled or bruised ap-
pearance) may be seen. Liver disease can cause
icterus or jaundice (a yellowish appearance due to an
increase in blood levels of bile pigments). However,
a horse that has not eaten recently also may show
signs of jaundice (i.e. appear icteric) despite being
perfectly well.

Hydration status

Clinical examination is important to assess fluid
deficits (see Chapter 13).

Cardiac examination

Cardiac auscultation may be carried out by applying
the stethoscope to both sides of the chest in the axil-
lary region. It may be necessary to move the right
forelimb forwards in order to listen far enough for-
ward on the right side to hear the heart properly. The
heart should be listened to over several minutes so
that any abnormal sounds or rhythm irregularities
may be identified.

What do you hear when you listen to the heart?

The normal heart beat sounds something like
b-lub-dup-d, although often it is only the first and
second heart sounds (the lub-dup) that are identi-
fied. The first or S1 sound (lub) relates to the start of
systole (the emptying of the heart) and the second or
S2 (dup) occurs as the semi-lunar valves in the arter-
ies close at the end of systole. The S3 (d) sound is that
made by the fast phase of blood flow into the ventri-
cles during diastole (the filling of the heart). A pause
follows and then the 54 (b) sound is heard just before
the S1 sound. This is composed of the noise made by
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the atria contracting just before systole begins and
the closing of the mitral and tricuspid valves (the two
atrioventricular valves). The S1-S2 period therefore
encompasses systole, whereas diastole occurs dur-
ing the period from S2, through S3 and S4, to S1.
Other cardiac noises are referred to as murmurs.

Respiratory system examination

Assessment of breathing should have been carried
out initially, but other signs also may indicate respi-
ratory disease, including;:

¢ Swellings of the glands at the angle of the jaw and
between the mandibles

¢ Nasal discharges

¢ Coughing

* Abnormal respiratory noises

Nasal discharges may be watery, mucoid, purulent
or haemorrhagic. In some cases food material may
be seen coming from the nostrils, most commonly
due to an oesophageal obstruction (choke). Unilater-
al nasal discharges are likely to come from the nasal
passages or paranasal sinuses (which contain molar
tooth roots and so may become infected if a tooth
root infection occurs). The presence of bilateral nasal
discharge often indicates that the cause lies deeper
within the respiratory system, such as from the
lungs.

Abnormal respiratory noises may be heard; specific
noises can relate to specific problems. Sounds caused
by pain on breathing, such as grunts and groans, may
be heard without using a stethoscope. Most com-
monly heard at exercise, stridor (a loud inspiratory
snore) indicates partial obstruction of the upper res-
piratory tract. However, most adventitious sounds
(abnormal noises superimposed on normal respira-
tory noises) can be heard only with a stethoscope,
and some can be heard only when forced hyperventi-
lation (e.g. by making the horse breathe into a plastic
bag) is used to maximise respiratory noise.

Abdominal examination

The abdomen is divided into four quarters or quad-
rants: left upper and lower; and right upper and
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lower. Movement of food and liquid through the guts
causes gurgling sounds (i.e. borborygmi) to be audi-
ble, particularly in the left quadrants and the right
lower quadrant. The right upper quadrant is domi-
nated by sounds from the caecum, which makes
gentle mixing sounds interspersed about every 2 min
by a sound not unlike the flushing of a toilet.

Increased borborygmi can relate to recent feeding
ormay indicate gut hypermotility, which can be asso-
ciated with colic, particularly after the ingestion of
highly digestible and fermentable material. Reduced
gut sounds also can indicate problems; impactions
canresultin gut hypomotility, as can ileus (gut stasis),
which canresult from a range of intestinal conditions
or may follow anaesthesia (particularly for colic
surgery). The clinical signs of ileus include moderate
to severe abdominal pain (colic), depression, dehy-
dration, absent/scant passage of faeces and de-
creased or absent borborygmi.

Information on bowel sounds should be noted, to-
gether with the frequency and character of faeces
passed. The normal horse defaecates 8-12 times in
24 h, and the faeces should consist of firm balls of ex-
crement that break on hitting the ground. Reduced
faecal production, diarrhoea or the production of
hard tarry faeces may indicate gastrointestinal dis-
ease. The newborn foal should pass meconium (the
dark tarry fetal faeces) within the first 6-12h of life
before normal foal dung (of a softer consistency) can
be passed.

The horse is unable to vomit, so if gut stasis or
blockage occurs large volumes of secretory fluid can
build up in the stomach. Because the horse is de-
signed to be a continual eater, the stomach is small
and a build-up of fluid can rapidly cause intense pain
and even rupture of the stomach. Horses with colic
benefit from siphoning off this fluid (reflux) through
anasogastric tube (see How to . . . 8.1). This can give
immediate pain relief and reduces the likelihood of
gastricrupture.

Colic (abdominal pain) in the horse is potentially
a serious emergency, which responds best to rapid
treatment (see Chapter 7).

Other gastrointestinal diseases may cause anorexia
(reduced appetite) or changes in the appetite. Liver
disease in particular may cause the development of



Howto... 8.1

Passage of a nasogastric (stomach) tube

Indications
e Todecompress the stomach.
e To give nasogastric fluids/liquid feed.

Method

e Select an appropriate sized tube (generally foal, small,
medium, large horse).

e Hold it up against the horse to estimate the length required
toreach the stomach and mark it.

¢ Have an experienced handler hold the horse on strong
headcollar and lead-rope.

e Restrain the horse adequately. This may necessitate
twitching/sedation and the horse may need to be backed
into a corner or put in stocks.

e Lubricate the fenestrated end of the tube and hang it over
shoulders.

o \Vith one hand over the nose, insert the fenestrated end of
the tube ventromedially into the nasal passages using the
other hand.

o Using the thumb of the hand on the horse’s nose, keep the
tube guided ventromedially and held in place.

o Advance the tube slowly but firmly; the horse will resent

it for first 25 cm or so but then usually it is well tolerated.
(If the tube will not go in, take it out and start again.

It may have gone into the middle or lateral meatus,
which is not wide enough to accommodate the tube.

If the tube feels tight, change it for a smaller

size.)

e Atthe larynx you may have to twist the tube and advance it
and retract it a few times to induce swallowing. Blowing
down the tube may help. Once through the larynx,
watch/palpate the left-hand side of the neck to check that
it goes down the oesophagus and not the trachea. Check

General Nursing

thatitis in place by feeling for breaths from the end of the
tube. If itis intratracheal, pull it back out through the larynx
and advance it again.

When the tube is in the stomach gurgling can be heard at
the end of tube and stomach contents can be smelt.
Siphoning of stomach contents then may be possible or
fluids may be administered if the stomach is not full.

If the nasogastric tube is to be left in place it can be secured
to the headcollar with sticky tape; care should be taken to
ensure that it does not become dislodged and that damage
to the nasal and oesophageal mucosa does not occur. A
bung should be inserted to prevent air from entering the
stomach via the tube.

Potential complications

e Incorrect tube placement (i.e. intratracheal) can cause
aspiration pneumonia; avoid this by ensuring that the tube
is in the oesophagus.

Irritation or erosion of the oesophagus and nasopharynx
can occur.Avoid this by gentle use of a well-lubricated tube
with a smooth exterior. Nose bleeds are not uncommon,
and are unlikely to represent a serious problem (will stop
within 15 min), but if oesophageal damage is suspected it
should be examined endoscopically to assess any injuries.
Kinking or obstruction of the tube may complicate fluid
delivery. Ifitis difficult to pump in fluids, try moving the
tube a little and then pumping again. If in doubt, remove
tube, unblock it and re-commence procedure.

After use, tubes should be flushed and cleaned with a dilute
chlorhexidine solution and hung up to dry. They should be
stored somewhere clean and dry, and abrasions of the sur-
face, which can scratch the inside of the horse's nasal mucosa,
should be avoided. If they become damaged, they should be
replaced.

anabnormal appetite (pica) resulting in the ingestion

of indigestible substances such as soil.

Musculoskeletal examination

See Chapter 16.

Care and nursing of patients

Sick horses require nursing care. At the most basic
level this means the provision of a suitable environ-
ment and sufficient fluids and nutrition for their
needs. These requirements depend on the age of the
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horse as well as on its type or breed and its medical
condition. A horse that has had pneumonia, for
instance, may well be able to eat and drink normally,
whereas a horse that has had, say, oesophageal
surgery may require total parenteral (intravenous)
nutrition and fluids. As well as the provision of
nutritional requirements, nursing may involve
removal of waste (e.g. by catheterisation of the
bladder (see How to...8.2). In addition, nursing
may constitute giving medication, cleaning and
flushing catheters, dressing wounds and changing
bandages.

General management

There are a variety of bedding materials on which
horses can be stabled (see Chapter 1). While hospi-
talised, most horses will benefit from hand-walking
or turnout for exercise and access to grass; access to
grass can help to stimulate the digestive system but
may be contraindicated in certain cases.

Managing the horse’s food and water intake is a
vital part of the nursing of a sick horse (see Chapters
5and 13).

Howto...8.2

Catheterisation of the bladder

Indications

o To withdraw an uncontaminated urine sample.

o Toempty the bladder if normal micturition is not possible.
e Prior to some types of bladder/penile surgery.

¢ During a general anaesthetic.

Method
Suitably restrain the horse using sedation/twitching/stocks.

Males

o Grasp and extrude the penis.

o \Wash it thoroughly with dilute povidone iodine.

o \Wearing sterile gloves, and without touching the tip of a
sterile flexible urinary catheter (or foal stomach tube),
|lubricate it with a water-based lubricant (one containing a
local anaesthetic, e.g. Xylocaine (Astra) can be particularly
helpful).

e Insertinto urethral orifice and feed it in from the packet
(still not touching the actual catheter).

o Advance it until urine is voided (approximately 60 cm in an
average 500-kg male). If no urine is voided, try moving the
catheter slightly in or out or applying syringe pressure to
theend.

Females
o Bandage tail and hold it to one side.

e \Wash perineum in dilute povidone iodine.

e Insert sterile gloved hand into vagina approximately 10 cm
(inan average 500-kg female), feeling for urethral orifice in
floor of vagina.

o Once the urethra has been identified, use finger in this
position to guide a sterile lubricated catheter (usually a
semi-rigid one is used) into the urethra and advance it.

Potential complications

e Introduction of infection to the bladder is unlikely but
iatrogenic cystitis could result from inadequate
hygiene.

o Blockage of the catheter may occur. If no urine is voided, try
moving the catheter slightly in case it is up against the
bladder wall. Alternatively try flushing some sterile saline in
through the catheter. If blockage with crystals occurs, the
catheter may need to be removed and the procedure
re-commenced.

e Damage to the urethral mucosa can result from poor
technique or roughening of the outside of the catheter.
Always use a well-lubricated catheter with a smooth
surface.

After use, catheters should be flushed and cleaned with a
dilute chlorhexidine solution. They may then be re-sterilised. If
they become damaged or develop any surface abrasions that
could cause injury to the horse’s urethral mucosa, they should
be replaced.
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Patient care

Maintenance of body temperature
Sick horses may have a reduced ability to control
their body temperature. Temperature monitoring
is important. Rugs and blankets are used to reduce
heat loss (particularly in clipped individuals),
and heat lamps and heat pads may be used (particu-
larly with foals) but care must be taken to avoid
burns.

In rare cases when horses are acutely hyperther-
mic, cool water baths, ice packs and fans can be used
to aid temperature reduction.

Care of the skin

Grooming is important both psychologically and to
help to avoid sores developing in ill and recumbent
horses. The coat should be brushed thoroughly
at least once daily to remove any dirt or sweat, and
the mane and tail may be combed out. Soiling of
the skin can be avoided by prompt removal of any
faeces passed and prompt cleaning of the perineum
after defaecation or urination. Tail bandaging can
be employed to prevent soiling but bandaging can
cause pressure-related injuries and more often a
loose rectal sleeve is used to keep the tail clean
(seeFig. 1.8).

Soiled areas should be washed and dried daily.
Clipping of surrounding hair with electric clippers
or half-curved scissors is advisable so that adequate
drying can be ensured. Where any body fluids
(e.g. urine around the perineum, or wound dis-
charge) fall on the skin, protection from scalding
can be achieved by applying petroleum jelly (e.g.
Vaseline®) twice daily after cleaning and drying of
the affected area.

Cleaning should be carried out with a dilute solu-
tion of antiseptic. All damp areas then should be
dried with soft towels. Hair dryers and heat lamps
also may be used to aid drying, but care should be
taken to avoid burns.

One of the complications of dealing with sores on
horses is the potential for the colonisation of dam-
aged tissue with blow-fly maggots within less than
24 (fly strike). To avoid this, fly control in hospitals
must be stringent and fly repellents may be required
onindividual horses.

General Nursing

Dressings
Wherever possible, wounds should be dressed in
order to:

¢ Keep the wound clean

¢ Reduce inflammation and fluid loss from the
wound

¢ Control swelling and encourage healing

Bandages also can be used to provide support to in-
jured limbs. When a limb is injured, a support dress-
ing should be applied to the contralateral limb
because this will be bearing more weight and will be
subject to increased stresses. In addition, frog
support dressings may be applied to the feet (see
Chapter 16) to reduce the chance of laminitis devel-
oping. Where possible, pressure sores should be pre-
vented by the use of padded dressings over pressure
points. When they do occur, soft padded non-adher-
ent dressings should be used to assist healing and
prevent exacerbation of the injury.

It is important to ensure that bandages are never
applied too tight or they may cause damage to un-
derlying tissues. They must be applied evenly.

Nursing the aged horse

The aged horse may have specific health problems

that need to be taken into account. Ageing results in

irreversible changes in many of the body’s organs,

and many old horses will have subclinical disease.
Diseases that become more common in old age

include:

¢ Liver disease

* Musculoskeletal diseases, such as arthritis

¢ Some hormonal diseases, such as pituitary
adenoma (equine Cushing’s disease).

General management of the apparently healthy aged
horse should include stringent monitoring for signs
of disease. Twice yearly dental checks are advisable
in order to check for gum disease and loose teeth, to
ensure that the molars still form a good grinding sur-
face and to rasp off any sharp molar edges. Regular
farriery should be continued into old age to ensure
good foot balance and thus minimise any joint pain
that may accompany arthritic changes. Exercise may
need to be reduced (although small amounts of regu-
lar exercise are usually better than no exercise at all)
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and feeding may need to be increased due to reduced
efficiency of digestion (see Chapter 5)

Nursing the recumbent patient

Recumbency (the inability to stand) may follow in-
juries of the head, spine or limbs, neurological dis-
ease, old age and severe disease or debilitation.
Horses do not cope well either physically or pscho-
logically with recumbency (see Summary 8.1). Long-
term nursing of recumbent horses is rare but
recumbent foal care is more common. Nursing is
aimed at providing the optimal environment for
the horse to stand as soon as possible and, at the
same time, avoiding complications. Regular turning
(preferably at least every 4h) is necessary (see How
to...8.3). Slinging of recumbent horses can be
carried out and may help. Many horses do not
tolerate slings well and sling-related sores can be
a problem.

Where possible, recumbent horses should be en-
couraged to eat a normal diet, although they may
have an increased risk of developing aspiration
pneumonia. Food and water should be provided in
low-edged buckets positioned so that they are easily
accessible but notin danger of being knocked over or
fallen into. Highly palatable food may be offered to
tempt the horse (see Chapter 5).

Moving the recumbent or unconscious horse

Situations when unconscious or recumbent horses
may need to be moved include the transport of
anaesthetised animals between the induction or re-
covery room and the operating theatre and the trans-
port of seriously injured animals to a place where
they can be treated. Profound sedation, anaesthesia
or unconsciousness is a prerequisite because horses
are easily panicked by being restrained. Any injured
areas should be dressed or supported prior to at-

Summary 8.1 The complications of recumbency

Hypostatic pneumonia

Hypostatic pneumonia occurs when pooling of blood in de-
pendent lungs causes reduced aeration and secondary infec-
tion. Clinical signs include dyspnoea, rapid shallow breathing,
moist respiratory noises and depression. Blood gas monitoring
can allow early identification of this condition. If profound hy-
poxia (<60 mmHg p,0,) occurs, nasal insufflation of oxygen
should be commenced; if profound hypercapnia (>60 mmHg
p,C0,) occurs, mechanical ventilation may be necessary.
Hypostatic pneumonia occurs in sick and debilitated animals,
particularly if they remain in lateral recumbency for long peri-
ods. It can be avoided by turning at least every 4 h and encour-
aging sternal recumbency. Coupage may also be helpful in
foals and miniature horses.

Decubital ulcers

These are pressure-related sores (bedsores) that follow pro-
longed recumbency. They are predisposed to by pressure,
moistness of the skin and poor skin circulation. They most
commonly affect boney prominences such as the distal limbs,
elbows, hocks, tuber coxae and the head. They can be avoided

by careful padding of such prominences with dry soft pads. A
thick, soft, dry bedding such as paper, auboise or shavings can
be helpful, or foam mats, duvets and water beds may be used
(particularly in foals). Careful positioning is of extreme impor-
tance. Pads should be changed daily to avoid the skin under-
neath becoming moist. In addition, the skin should be kept
clean and dry. If any wounds occur, they should be treated
promptly by washing and drying of affected areas and use of
emollient creams. Periods of lateral recumbency can help to
take pressure off the affected areas but may increase the like-
lihood of hypostatic pneumonia developing. Physiotherapy
techniques that help to promote blood circulation to affected
areas can be helpful.

Myopathies and neuropathies

Muscle and nerve damage can occur during or soon after
anaesthesia and may prevent horses from being able to rise
post-anaesthesia. In addition, horses that are recumbent for
other reasons may develop myopathies and neuropathies if
they are not positioned carefully on adequately padded bed-
ding/matting (see Chapter 20).
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Howto... 8.3

Turning the recumbent horse

Indications

e Positioning during anaesthesia.

e Assisting the recumbent horse to rise.

e Turning the recumbent horse to avoid complications of
recumbency.

Method

e This should never be attempted without a minimum of
three experienced handlers.

e Extreme care must be taken at all times to avoid human
injury.

e The horse should always have a headcollar on and one
person should control head movements.

e [fthe horse is unconscious or deeply sedated, ropes may be
applied to the pasterns (after padding) to aid control of the
limbs; however, this is likely to cause panic in conscious
animals and should be avoided.

e Easily accessible, quick-release, non-slip knots always
should be used.

o Adeeply unconscious horse may be moved from lateral
recumbency on one side to the other by rolling it onto its

back and over, with the limbs controlled by ropes;
however, this should never be attempted in the conscious
animal.

e Ahorse in lateral recumbency may be helped into sternal
recumbency by having the hindlegs flexed at the hock and
stifle and the front legs flexed at the knee to bring the
limbs in towards the body. Pushing hard on its back,
while the head is brought round towards the upper side,
should allow the horse to be brought into sternal
recumbency.

e Ahorse in sternal recumbency may need to be supported
by bales or padded wedges at its back. The muscles of the
lower hindlimb are subjected to pressure in this position,
and the horse should be moved from one side to the other
atleastevery 4h.

e Short periods of lateral recumbency and passive
movements of the limbs can help to maintain the limb
circulation.

Potential complications
o Handlerinjury
e Horseinjury

tempting to move the horse, and further injury
should be avoided.

Whatever the method of moving horses, it is im-
portant to bear in mind the potential dangers to both
handlers and horse. Sufficient handlers always
should be present to deal with any eventuality. At
least one person should be responsible for avoiding
injury to the horse’s head and eyes, and in some cases
a hood or blindfold may be applied both to reduce
stimulation of the horse and for its protection. All
areas where ropes, hobbles and headcollars are in
contact with the horse should be well padded to
avoid injury. The cheek piece of a headcollar overlies
the facial nerve, and particular care should be taken
to pad this area in order to avoid nerve damage.
Direct pressure in the pastern area can cause tendon
damage, so the pasterns also should be well padded.
All knots should be non-slipping, quick-release
knots that can be undone rapidly.

Foals weighing up to 100kg may be moved by
stretcher or trolley, with sufficient staff present to re-
strain the foal. For larger horses the most common
mode of transport in hospital situations is by a winch
connected to pastern hobbles (Fig. 8.5). At least three
staff members are required: one to control the winch,
one to position the body and one to control the head.
Some hospitals use drag mats or trolleys for moving
horses, but these are more commonly used in field
situations.

In the field, a horse can be moved (with care) using
traction applied to strong soft ropes around the
brisket, breech or withers. These ropes can be used
to drag an injured horse onto a drag mat, which then
can be used to move the horse, or may be connected
to a winch to drag the horse onto an ambulance box
ortoatractor or digger to move the horse. Arope also
should be connected to a strong headcollar to allow
control and movement of the head. Hobbles also can
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Fig.8.5 Moving an anaesthetised horse into
the operating theatre using hobbles and a
winch. Any attempt to move a partially
conscious animal should be avoided, if
possible. General anaesthesia is safer when
dealing with such large and potentially
dangerous animals.

be applied to the pastern area to control the limbs. In

partially conscious animals this can cause increased Further reading

t li di the likelihood of injury. I
° m}? & I:g ?n 1ncretase € e 0(1 kj) mlll: e Spiers, V.C. (1997) Clinical Examination of Horses. WB
such situations, extreme care must be taken to Saunders, Philadelphia, PA.

avoid injury to either humans or the horse involved.
General anaesthesia (using total intravenous
methods) is usually the only safe solution.
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The Health and Safety at Work Act (HSAWA) 1974
applies to all persons at work. The Act encompasses
all areas of working practice by the use of ‘enabling
legislation’, which allows for new regulations to be
implemented quickly under the umbrella of the
HSAWA. Serious breaches of health and safety legis-
lation can lead to criminal charges. Itis implemented
by the ‘Health and Safety Executive’ (HSE), who pro-
duce a poster (‘Health and Safety Law—What you
should know’) that should be available in all prac-
tices. Parts of it relate to employees (such as veterinary
nurses) who must:

e Take reasonable care for the health and safety of
themselves and of others who may be affected by
their acts or omissions at work.

e Cooperate with the employer as far as is necessary
toenable any duty or requirement under the Actto
be performed or complied with.

* Not interfere, recklessly or intentionally, with any-
thing provided in the interests of health and safety.

In general terms there is a requirement for the
employer to:

(1) Provide asafe working environment.

(2) Carry out suitable training and supervision to en-
sure that employees are not likely to be a danger
to themselves or colleagues.

(3) Provide personal protective equipment where the
HSAWA or where a risk assessment indicates
thatitis required.

(4) Provide a safety policy statement of how the
employer intends to ensure a safe and healthy

environment. This need be in written form only
when there are five or more persons in the
practice.

(5) Provide a duty of care to employees. In a veteri-
nary practice this could be extended to the
clients, when they are on the premises or when
visiting the patients.

(6) Safesystems of work should be established, writ-
ten down and displayed.

(7) Maintain equipment in a safe working condition
and to the manufacturer’s specification.

(8) Keep the premises, including practice vehicles in
a good state of repair.

(9) The working environment should be maintained
to provide adequate facilities and arrangements
for the employee’s welfare at work. This should
include the provision of suitable washing and
toilet facilities. There should also be an area set
aside for rest and refreshments.

Regulations and associated acts relating to the
HSAWA are listed below:

(1) Management of Health and Safety at Work
Regulations 1992 (amended 1996)

(2) Electricity at Work Regulations 1989

(3) Chemical Hazards Information and Packaging
Regulations 1993

(4) Control of Waste Regulations 1992

(5) Misuse of Drugs Regulations 1985

(6) Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations 1995

(7) Control of Substances Hazardous to Health
Regulations 1999
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(8) Firearms Amended Act 1988*

(9) Environmental Protection Act 1989*

(10) Litter (Animal Droppings) Order 1991*

(11) Trade Union Reform and Employment Rights
Act1993

(12) Provision and Use of Work Equipment Regula-
tions 1992

(13) Workplace (Health, Safety and Welfare) Regula-
tions 1992

(14) Health and Safety (Display Screen) Regulations
1992

(15) Lifting Operations and Lifting Equipment
Regulations 1998

(16) Manual Handling Operations Regulations 1992

(17) Personal Protective Equipment Regulations
1992

(18) Fire Precautions Act 1971* and Fire Precautions
(Workplace) Regulations 1997

(19) Health and Safety (First Aid) Regulations 1981

(20) Health and Safety (Signs and Signals) Regula-
tions 1996

Note that the Acts indicated by an asterisk are sepa-
rate legislation that have a strong influence on the
safety management of veterinary practices. This list
is not exhaustive and is constantly being updated; it
is therefore prudent to check with The Stationery
Office to ensure that the latest guidelines and regula-
tions are being followed.

Risk assessments

Arisk assessment is a methodical investigation of the
work to be performed, the hazards involved and the
risks associated with those hazards. It can take many
forms, depending on the nature of the work. The
usual practice is to follow a series of questions that
canbeasked of the working procedure, e.g.: Whatif X
happens? How can Y be done safely? Is there a suit-
able alternative? If not, what protective measures are
needed?

Ahazard is defined as something with the potential
to cause harm. A risk is the probability of harm being
caused resulting in injury. For example, the height
of a tightrope, once established, could represent a
hazard with known consequences (falls resulting
in injury), however the risk of injury can be reduced
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greatly by the use of a safety rope and a catch net.
The decision to use a safety net is an example of the
result of the thought process required in making
risk assessments.

General risk assessments and systems of work
or ‘standard operating procedures (SOPs)" are of
great importance in the maintenance of a safe work-
ing environment and good management practice.
These also should contain information on the haz-
ards and risks associated with a particular task,
together with the relevant first aid instructions. This
could be related also to chemical products that
have either general or specific first aid measures in-
cluded in the text of health and safety data sheets.
Tables 9.1 and 9.2 give two examples of risk assess-
ment forms.

Areas to be considered in an equine veterinary
practice include:

(1) Electrical safety, particularly with use of mains-
operated electric clippers.
(2) Chemical safety. Chemicals used in the workplace
are subject to the Control of Substances Haz-
ardous to Health Regulations (COSHH) 1999.
Thenature of the chemicals, their use and dispos-
alneed to be considered. Medicines and pharma-
ceutical preparations that carry a risk to persons
handling them should be treated as hazardous
chemicals for safety management purposes.
Any spillages must be dealt with properly. The
action to be taken in the event of a spillage or
release of substances depends on what is spilt
and where. This could range from a drop of blood
on the worktop, easily mopped up with an
absorbent swab, to widespread release of poten-
tially harmful fumes. Generally, the areas to con-
sider are:
¢ Liquid spills: if acids, alkalis, mercury, flam-
mable or toxic solvents are spilt, then use a
dedicated ‘complete spillage kit’, which will
contain quick-acting absorbent material, ap-
propriate neutralisers and bags to collect the
wastein.

* Fumes: evacuate area and call emergency
services.

¢ Eye contamination: sterile eye washes or a
hand-washing sink should be used to flush the



Table 9.1 Example of arisk assessment form

(3)

(4)

Safety Management in the Practice

Activity
Hazard

Person
involved

Precautions

Emergency
procedures

Training
requirements

Waste disposal
Signed and dated

by competent person

Handling horses for examination
Physical injury from kicks, bites, compression, rapid movement

Veterinary nurses, surgeons and grooms in the practice

Physically it staff, stout footwear, overalls and appropriate
handling equipment, e.g. Chifney bit

If a member of staff is injured, the horse must be secured and/
or removed from the vicinity to remove the risk of further
injury. Casualty to be assessed, carry out first aid required or
call an ambulance

All staff handling horses in the practice or on the practice’s
business must be fully trained in the handling of horses in
clinical situations. They must be aware of the warning signs
and be able to control the horse to avoid accidents or be able
to warn others of impending problems. They must have a
good knowledge of the examination procedures so that some
anticipation can be made

Not applicable

affected eye copiously. Medical advice should
be sought immediately.
Postage of pathological samples. Packaging and
sample handling will need to have a risk assess-
ment that may be general in its format, indicating
the packing process and labelling. The current
legislation (guidelines available from main post
offices) has specificlegal requirements relating to
thelabelling and standard of packaging required
(see Chapter 12).
Disposal of general waste, sharps and clinical waste.
The relevant regulations are:
¢ Control of Pollution Act (1974)
¢ Controlled Waste Regulations (1992)
¢ Environmental Protection Act (1990)

These are important to the correct segregation,
storage, transfer and eventual destruction of
waste products produced at the practice. Waste
must be classified as:

¢ Clinical waste: anything that is, or is contami-
nated with, animal tissue/fluids/excretions,

medicines or other pharmaceutical products,
which may be hazardous to health. It needs to
be collected into and stored in yellow plastic
sacks, printed with ‘clinical waste’ on the
outside.

¢ ‘Sharps’:includes used needles, scalpel blades
and other sharp objects. These must be putim-
mediately into the yellow plastic tubs, which
are sealed when full.

¢ Special waste: bottles and vials contaminated
with pharmaceutical products that should be
putinto specific plastic bins.

¢ Cadavers: these are technically clinical waste.
Most equine practices have an arrangement
with a licensed knackerman.

(5) Mechanical and lifting equipment.
(6) Offices and reception areas, including computer

and general equipment safety.

(7) Pressure systems, including transportable gas

cylinders, autoclaves and pipelines. The purpose
of The Pressure Systems and Transportable
Gas Containers Regulations 1989, with the asso-
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Table 9.2 Another example of a risk
assessment form

Activity Induction of anaesthesia (induction box)

Hazard Sedated horse in an unfamiliar environment; horse may be in pain and/or
anxious; weight of the horse; collapse of horse on induction

Person Grooms, veterinary nurses and surgeons

involved

Precautions Preparation of equipment before horse arrives; quiet, calm atmosphere;
shoes to be removed or covered with rubber protective overshoes;
padded appropriate headcollar; staff to wear appropriate protective
clothing. All equipment should be in position before the horse arrives
toreduce the risk of the horse waking before it is settled on the
operating table. i.e. hoists in position, intubation equipment ready,
anaesthetic reservoir bag filled, spare syringes of induction agents drawn up
and in close proximity to the induction box, hobbles laid out ready

Emergency As per system of work instructions. Secure the safety of the casualty

procedures from further injury

Training Professional qualifications and ‘on the job" supervision and tutoring for

requirements
Waste disposal Not applicable

Signed and dated
by competent person*

staff inexperienced with horses in this situation

*The competent person would be a member of nursing or veterinary staff with a full understanding of the risks

involved and behaviour of horses in this situation

ciated HSE guidance notes, are to prevent haz-
ards to people and property by the inadvertent
release of energy stored in a gas system under
pressure.

(8) Handling of horses (see Chapter 1).

(9) Pregnancy: a member of staff who is pregnant
should inform her supervisor in writing because
a risk assessment of her working environment
and work conditions will need to be made to pro-
tect her health and safety and that of her child.
Risk areas that require assessment are:
e Radiation
* Night working
* Manual handling (including animals)
¢ Extremes of temperature
* Physical posture and prolonged standing
¢ Contact with some pathogenic organisms
* Contact with cytotoxic agents
* Pharmaceuticals that may cause harm to the

mother, breastfed child or unborn child.
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First aid management

One or more members of staff should be trained in
basic firstaid techniques and there should be a desig-
nated first aid officer. It is the responsibility of
this person to keep the approved first aid box up to
date.

First aid training is available from the St John
Ambulance brigade or the Red Cross. There are also
companies that will provide first aid training specifi-
cally tailored to the workplace and they are able to
advise practices regarding the numbers of staff that it
would be necessary to train. Manuals in first aid tech-
niques can be provided by the above organisations
and are often of most use in conjunction with a formal
course. First aid manuals alone are not a substitute
for training.

Detailed understanding and administration of
human first aid is beyond the scope of this book.
Readers are referred to the standard texts on the sub-



ject (see further reading list) or, better still, recom-
mended to undergo proper first aid training.

Accidents that occur at work or when on the employ-
er’sbusiness mustbe recorded. This can be in an acci-
dent book approved by the HSE (form B1 510) or by
forms produced in the practice. Practice-produced
forms can have additional comments, such as reme-
dial action taken as a result of the accident, and any
changes in procedure that result from it. This is a use-
ful addition in that the process to change a proce-
dure, where an accident has occurred, is the basis of
good health and safety management. Accident de-
tails should include:

¢ The full name, address and occupation of the in-
jured person.

* A signature from the person reporting the acci-
dent, including the time and date of the injury and
when the report was made. This must also include
the address and occupation of the person report-
ing the accident if different from the casualty.

¢ Arecord of the accident, clearly stating the place,
time, first aider and any witnesses. This informa-
tion may be useful should an insurance claim be
made.

® Details that may be required by the HSE if an
injury warrants investigation by them.

Reporting accidents

The Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations require the employer to re-
portserious accidents and occurrences directly to the
HSE. There are three main categories described by
the legislation:

(1) Major or fatal accidents, which include a frac-
tured long bone, skull, spine or pelvis or loss
of sight in an eye, plus any other injury that re-
sults in the injured person being admitted to hos-
pital as an inpatient for more than 24h, unless
this is solely for observation. A fatality includes
those accidents where the injured person dies
within a year of the original injury sustained at
work.

Safety Management in the Practice

(2) Accidents where a person is off work for three or
more days.

(3) Dangerous occurrences and near misses, e.g.
uncontrolled release of a substance liable to be
hazardous to health.

Major and fatal accidents must be reported by tele-
phone as soon as possible after the event. A written
report confirming the details (form F2508) must be
sent within 7 days. Dangerous occurrences should be
reported to the HSE (form F2508) whether or not a
person has been injured.

Radiation safety and the law

Itis essential to realise that radiation can have serious
effects on the body. The risks must be understood so
that appropriate protective measures are taken to
minimise this, particularly by equine nurses who
may be at risk in their work.

Radiation injuries
The effects of ionising radiation include:

(1) Somatic effects: direct effects of radiation due to
the absorption of energy by the tissues. Very
large amounts of radiation cause burns (erythe-
ma), inflammation and tissue destruction (necro-
sis). Rapidly growing cells, especially in the skin,
bowel, blood-cell-forming marrow, embryos and
reproductive organs, are most affected. These are
directly related to the dose of radiation received.
In the early days of radiology, the most recog-
nised syndromes included eye cataract and thy-
roid gland insufficiency. Somatic effects are
rarely a significant risk in modern diagnostic
radiology.

(2) Stochastic effects: injuries that may or may not
develop regardless of the radiation dose. They
occur as a result of damage to the genome
throughionisation. The higher theradiation dose
and the more frequent the exposure, the more
likely they are to occur. They are also cumulative,
i.e. repeated exposure gradually increases the
chance of disease. They are insidious because one
does not feel the effect of radiation and lesions
may develop years later.
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(a) Genetic hazards: modification of the DNA
(mutations) may not have any direct effects
on the affected person but may lead to abnor-
malities in their children.

(b) Carcinogenic effects: probably the main
concern associated with radiation is the risk
of malignancy. Tumours may develop any-
wherein thebody and occur many years after
exposure.

Monitoring radiation exposure

The amount of radiation that the personnel and
patient are subjected to must be monitored
constantly.

Methods of measurement
(1) Radiation counters: these devicesare designed to
measure the ambient radiation immediately.

Geiger—-Miiller counters (see Chapter 17, Fig.

17.32) are the most commonly used and should

be available when performing scintigraphy, to

measure potential soiling of the workbench and
equipment with radiopharmaceuticals. These
must be calibrated for the right type of radiation
and the appropriate wavelength.

(2) Personal dosimeters:

(a) The simplest dosimeters are special X-ray
films placed in a film badge. These record the
radiation as would a normal radiographic
film. Filters in the badge help to differentiate
between different types of radiation. They
are usually worn for 4-6 weeks and then
processed to give an exposure dose. Film
badges should be worn under lead aprons to
record the whole body exposure. Finger-ring
badges are available to measure the exposure
to non-protected areas and should be used
for more risky procedures, including deliv-
ery of drug for scintigraphy and hand-
holding of X-ray cassettes.

(b) Thermoluminescent dosimeters use spe-
cial phosphor screens placed in dosimeter
badges. The crystals are activated by radia-
tion but require heat to produce a flash of
light. They can, therefore, be used foralonger
time to record radiation exposure and are
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sensitive to a wide range of radiations. They
arere-usable.

(c) Pocket electronic dosimeters, similar to
Geiger tubes, are also available for immedi-
ate monitoring of the exposure. These are
particularly useful for occasional assistants
or for risky procedures such as fluoroscopy.
They are less accurate and not ideal for long-
term monitoring.

Radiation regulations

Since radiation hazards were first appreciated, the
law has gradually evolved to take into account the
recognised risks and to protect workers. The current
regulations in the UK are compiled in the lonising
Radiation Regulations of 1999 (IRR 99) and appended
Approved Code of Practice. These regulations com-
plement the Health and Safety at Work Act and are
based on the recommendations of the International
Commission on Radiological Protection of 1977
(ICRP 77). The Code of Practice sets practical
rules based on the interpretation of the law. It
coversallaspects of radiation protection and work. A
booklet entitled Guidance Notes for the Protection
of Persons Against lonising Radiation Arising From
Veterinary Use is published by the HSE to provide
guidance notes for veterinary workers. This booklet
should be available to all personnel involved in radi-
ology and should be read carefully by potential
radiographers.

Principles of the Ionising Radiation
Regulations 1999
There are three major principles:

(1) Radiography should be carried out only if ab-
solutely required. Thisis largely a matter of inter-
pretation and the law remains vague in this
regard. Practically, it means that radiographs
should be taken only if there is a definite clinical
indication for it and the diagnosis cannot be ob-
tained by any other means.

(2) All steps should be taken to keep radiation to
personnel to a minimum. This rule spans from
the ICRP 77's ALARA principle, namely that
exposure must be kept As Low As Reasonably



(3)

Achievable. A major implication is that every-
thing should be set up in order to prevent
having to repeat exposures, including adequate
exposure charts, trained personnel, etc. The
Code of Practice gives detailed indications in
thisregard.

The dose limits set by law must not be exceeded:
the dose limits are based on what the legislator
regards as an acceptable work-related risk. This
has been based on high-risk industries and
corresponds to a risk of cancer or other radiation
injury of 1 in 1000 over a lifetime. These doses
are arguably very high. A radiation worker
should not be exposed to more than 50 mSv/year
and members of the public to no more than
5mSv per year. Doses ten times less are actually
recommended by the National Radiological
Protection Board (the HSE advisory board).
For veterinary use, the maximum dose is
10mSv/year, and it is stated that it should not
normally exceed 3 mSv/year.

Main points covered by the regulations

(VY)

(2)

(3)

@)

The veterinary practice must notify the HSE
prior to using radiography or nuclear imaging
facilities, using a special form (F25229/99).

The HSE may appoint a radiation protection
advisor (RPA), usually a veterinary radiologist
holding a specialist diploma (DVR or
DipEAVDI). The role of the RPA is to advise
on the necessary requirements and risks and
provide practical help whenever needed. The
RPA must be involved also in writing up the
Local Rules.

A radiation protection supervisor (RPS) must be
appointed within the practice (usually a senior
partner), whose responsibility it is to enforce
the regulations and supervise the use of the
equipment.

Controlled areas: the area where radiation is
used must be designated a controlled area (a
special triangular sign and the words
‘Controlled Area” must be displayed (Fig. 9.1).
Practically, this corresponds to a distance of
2m from the primary beam. Because horizontal
beams are used routinely to radiograph horses,
the whole room should be designated. This

Safety Management in the Practice

NO
UNAUTHORISED

ENTRY

Fig.9.1 Example of asign placed at the entrance to a controlled radiation

area.

(5)

implies the use of warning signs and limitation
of access to the room when it is in use.
Fixed units are often linked to a sign outside
the room, which is lit when the machine is
switched on.

Written system of work: entry into a controlled
area must be restricted to persons under a writ-
ten system of work (NSW). This describes who is
allowed into the room, the expected workload,
the protocol used to monitor radiation expo-
sure, the names of the RPS and RPA and the
maximum dose accepted for the personnel. It
must, by law, also state that the X-ray unit must
beisolated from the mains after each use. Access
to the room may be unrestricted when this is the
case. A copy of the WSW is tobe displayed in the
X-ray and scintigraphy rooms.
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(6)

)

®

C))

(10)

Local rules: these are a broader list of rules to be
followed to use the radiation area (X-ray or
scintigraphy). It encompasses the WSW. It de-
scribes the regulations and the names and de-
tails of the RPA and RPS. It sets standard
procedures to follow to perform radiography,
i.e. names of personnel allowed to enter the
room and use the equipment (see below), proto-
cols, maintenance protocol for the equipment
and use of protective equipment. Abasic contin-
gency plan for faults, fire or accidents, should
be included.

Training: only adequately trained personnel
should be involved in any procedure.
Limitations for higher risk persons: with preg-
nant women and persons under 18 years of age it is
not a legal requirement but it is advised that
these persons should not be involved. This
should be stated in the WSW.

Dose assessment: it is a legal requirement that
dosimeters be worn on the trunk during radia-
tion work. If a significant exposure to unpro-
tected parts of the body is expected, extremity
dosimeters also must be used. The meters
should be analysed every 1-3 months, depend-
ing on the RPA’s advice, and records must be
kept for 2 years. The RPA also determines regu-
lar checks for the radiation levels in the relevant
rooms. Alist of local dosimetry services is avail-
able from the HSE.

X-ray equipment: most requirements have been
described above. All units must include tube fil-
ters and a beam collimator. It is the responsibili-
ty of the provider to ensure that the equipment
is safe, but maintenance services must be car-
ried out at least yearly. Regular controls of the
radiation emanating from the tube (outside the
primary beam) must be made (film badges may
be used for this purpose).

Radiation protection

Protection against the effects of radiation should not
be taken lightly. Mostly it relies on common sense but
some guidelines should be followed.
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Limiting exposure to radiation

Protection is never absolute, so limiting exposure to
radiation is the best compromise. The principles are
the same for all types of radiation, but concentrating
onradiography primarily, one should:

4]

@

3

Limit the number of radiographs: radiography
is not a localising technique, only an imaging
method that is used once a problem is suspected.
The number of X-rays should be limited to those
absolutely required. However, a complete series
of projections should be obtained to avoid miss-
ing any abnormalities. It is important to avoid
having to repeat any views. An adequate tech-
nique chart and standardised processing are
prerequisites. Each examination should be well
planned, according to a routine:
(a) Prepare and label the cassettes
(b) Prepare the patient
(c) Ensureadequate restraint
(d) Position the tube head, then the cassette
(e) Always check the film focal distance
(FFD).
It is important to reduce the risk of movement,
the most common cause of wasted radiographs.
Limit the amount of radiation produced: use the
fastest cassettes providing sufficient quality;
avoid unnecessary use of grids and filters.
Avoid the path of X-rays: no personnel should be
exposed to the primary beam. Evidence of a fin-
ger (even gloved) on a radiograph is an offence.
The beam goes through the cassette, so no part of
the body should be placed behind it. The farther
fromthe beam, theless the exposure. Itis general-
ly considered that a distance of 2m (2 yards) is
safe, but only the people absolutely required
should be in the room at all. The minimum num-
ber of operators and assistants should be used.
The use of stocks or other restraining devices is
helpful; self-standing cassette holders are ideal
but not always practical. Cassettes should not be
held directly by hand, even gloved, unless ab-
solutely necessary (as in stifle projections). In the
latter case, the largest possible cassettes should
be used. Otherwise, long handles generally are
recommended, although not so long that move-



Fig.9.2 Protective clothing used for radiography, including lead gown,
gloves and thyroid shield and a long-handled cassette holder. The gowns are
held on a rail to avoid damaging the lead fabric.

ment blur becomes likely. The regulations re-
quire that the exposure switch be on a wire at
least 2m long. A screen with at least 0.5-mm lead
shielding must be fitted to protect the control
area of fixed radiographic units. Virtually all X-
ray tubes leak, so one should stay as far from the
tube as possible.

Protection against radiation

No material can stop all the X-rays. Heavy metals
such as lead and barium absorb the radiation well,
but the proportion of the beam removed is related to
the thickness of the metal.
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Protective clothing (Fig. 9.2)

Most items include sheets of lead rubber between
protective fabrics. Only very thin layers can be used
to design practical clothing: gowns usually have
a lead thickness equivalent of 0.25mm. This is suf-
ficient to reduce significantly the low-energy scat-
tered rays but not the primary beam. Gloves and
thyroid shields are slightly thicker (0.35mm) to
protect against higher scatter close to the beam. A
thickness of 2mm of lead or equivalent would be
necessary to attenuate the primary beam adequately.
Lead rubber is very fragile and protective clothing
should be looked after carefully. Folding will break
the lead, causing tears that let X-rays through.
Aprons therefore should be hung carefully over thick
bars or hangers, never folded or dropped on the floor.
They should be checked for defects regularly by ex-
posing a film through them.

Premises

Premises used should be shielded adequately to pro-
tect members of the public outside the X-ray room.
Single brick walls and other materials equivalent to
0.5mm of lead are sufficient to protect against scat-
tered radiation. Equine radiography, however, in-
volves the use of horizontal and oblique beams, so all
the walls, floor and openings should be protected
sufficiently to nearly stop the primary beam photons.
This requires a double thickness of brick, 15cm of
solid concrete or an equivalent of 2 mm of lead. Doors
and all wooden partitions, etc. should be lined with
lead ply. Windows should be placed high enough or
covered.

Field radiography

When performing radiographic examinations out-
doors, itis virtually impossible to control adequately
all the above parameters. The vet is responsible for
the safety of the personnel. The controlled area is de-
fined as the arealocated within 2 m of the centre of the
beam. Whenever possible, the procedure should be
performed within a walled area, ensuring that no
members of the public are present behind insuffi-
ciently thick walls. If performed outdoors, the beam
must be oriented away from any dwellings or areas
where access cannot be controlled.

183



CHAPTER 9

The local rules, risk assessments and staff training British Red Cross (1998) Practical First Aid. British Red
are important parts of the management of health Cross, London.

and safety in the workplace, both for radiation and St John Ambulance Association (1997) First Aid Manual. St
for all other issues. Each member of staff should be John Ambulance Association, London.

encouraged to take an active interest in the safe

working environment and contribute positively to

the maintenance of a safe working culture.
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The duties of a receptionist

Reception skills are often given minimal training
time, yet can prove hard to learn. Flexibility,
tolerance and understanding need to be combined
with excellent organisational and communicational
skills. It is likely that an equine veterinary nurse
(EVN) will have come into practice to work with
horses, butitis their ‘people’ skills that may be tested
most. Dealing with clients at emotional moments can
be very difficult and should never be regarded as
unimportant.

Atreception

When a client firsts walks into the practice or tele-
phones the office, the first point of contact will be
with whoever is at reception. This person plays a
key role. No-one in the practice should be left on
reception without appropriate training.

A professional appearance should be adopted
at all times (see Key points 10.1), ideally a practical
uniform that is clean and tidy, together with an
approachable demeanour. On arrival, clients should
be acknowledged even if the receptionist is busy.
This may mean excusing oneself from another task in
order to say a quick hello, but clients should never be
ignored.

Interpersonal skills are crucial. Greet the client
in a friendly manner and use their name, if possible.
Regular clients like to feel that the practice staff
know them and will appreciate it if you can remem-
ber their horses’ details too. Listen carefully to all the

Key points 10.1 Uniform

What is a professional uniform?

In equine practice, a traditional uniform for a veterinary nurse
is impractical. Itis common nowadays for practices to supply
their own personalised garments. It is important that this
uniform is clean and presentable and this may mean keeping
a change of uniform to hand. Badges are a common way of
letting clients know to whom they are speaking and their
role in the practice, e.g. receptionist, student nurse, head
nurse.

information given by the client and make notes of
any relevant details. Ensure that you are aware of
the different specialisms of the vets at your practice
(see Key points 10.2), the practice policies for pro-
cedures such as colt castration and vaccine regimes,
as well as what exactly are classified as serious emer-
gencies. Itis a good idea to incorporate this informa-
tion into a reception handbook for easy reference by
all staff.

Key points 10.2 Roles

Who does what?

You may have vets in your practice who specialise in certain
procedures and not others. Some vets may be interested in
surgery and others in medicine. Make sure you are aware of
the special interests of all your colleagues; you will be very
unpopular with both the practice and the owner if the
wrong veterinary surgeon is sent to a visit!
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If you do not know the answer to a client’s
question, ask them to wait while you find out. If an
answer is still unavailable, offer to telephone the
client back when the answer is available and remem-
ber todo so.

The reception area must be clean and tidy at all
times. Posters and leaflets advertising products that
are recommended and available at the practice are
useful. Any reading materials should be up to date
and appropriate. Comfortable seating should be
provided, ideally with a view to outside parking for
owners with horses in trailers.

Answering the telephone (Fig. 10.1)

All telephone calls should be answered promptly
with the standard greeting used by the practice (see
Key points 10.3). Firstly obtain details regarding who
is calling and what it concerns. If the caller needs to
speak to a vet or make an appointment, it is extreme-
ly important to obtain all their relevant details (see
Key points 10.4), so that case notes can be retrieved or
other arrangements made. The client may have an
enquiry that you are unable to deal with at the pre-
sent time. If you have to put the caller ‘on hold’, keep
going back to apologise for any delay. If you know
that there will be an unavoidable wait, it may be bet-
ter for the client to be telephoned back. Ensure that a
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Key points 10.3 Greeting

Which greeting?

Itis common today to answer with the name of the practice. It
is important that clients are aware of where they have called
once the telephone is answered and therefore all practice
staff should answer calls in the same way. Some practices also
add 'how may I help?’ to the greeting, or you may be required
to give your name, e.g. 'Jane speaking’, when answering.

message reaches the person concerned. Many prac-
tices have a message book at reception or nearby,
where messages can be recorded and ticked off when
they are no longer outstanding. A reception
handbook can help with practice policy, especially
concerning information and advice that can be given
out over the telephone. Client details are confiden-
tial; unless you have permission from the client to
distribute them, then this information should never
be given out to other callers. If a caller is trying to
reach one of your clients, take their details and
contact the client yourself.

Giving out advice over the telephone can be diffi-
cult, however experienced you are. You should never
give out any advice without the full permission of a

Fig.10.1 Effective communication skills are
of the utmost importance when dealing with
telephone calls. (Photo: courtesy of Karl
Holliman.)



Key points 10.4 Facts required

What information do | need?

When dealing with any enquiry it is important to obtain all
the necessary information quickly and efficiently, especially
in an emergency situation.Again, a reception handbook could
contain alist to remind you of any areas you may otherwise
omit.

Information should include:

Name of owner/keeper: this may not be the caller; check
under which surname the horse is registered.

Address of owner/keeper: this may not be where the
horse is kept, but it may be where the account will be sent.
Contact telephone number: always take a contact
number.

Details of horse: more than just its name —you may have
many animals with the same name on record.

Basic case history: even in an emergency situation it can
be vital to know if the horse is under any treatment or has
had any similar problems in the past.

Condition: a basic outline of the condition that the vet is
going to treat. For example, ‘it's bleeding’ can mean
anything from a minor ooze to a major haemorrhage.
Where is the patient? Is it at home? If so, check the exact
whereabouts; there can be several ‘Church Farms' in any
one area! Isit outon a hack? In this case, is the animal

accessible by car? Isit at a show?, etc.

Is the animal registered at this practice? If not, this will
need to be clarified with the vets concerned according to
the Royal College of Veterinary Surgeons (RCVS) code of
conduct.

vet. If a vet is not available for advice or if you are in
any doubt, the client should be given an appoint-
ment or at least arrange for a vet to call back.

First aid advice over the telephone

It is likely that any first aid or emergency situation
will be brought to your attention over the telephone.
Often the caller will be very stressed and it can be
very difficult to obtain accurate and detailed infor-
mation (see Chapter 7). Care always must be taken
when trying to ascertain the degree of seriousness
over the telephone. If you are unsure whether the
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problem is an emergency, then refer to the vet (ideal-
ly the one who will see the case) as soon as possible.
The client should be reassured that a vet will be con-
tacted and sent to them as soon as possible, should it
berequired.

Oncethe vet hasbeenreached, a call to let the client
know that he/she is on the way, along with an ap-
proximate time, may be appropriate. Sending a vet
out to an emergency call will undoubtedly make the
remainder of the day’s calls late. It is good practice
policy to telephone these clients and warn them of an
expected delay.

Arranging visits

The majority of cases will be seen on visits to the yard
where the horse is kept. Some of these will be at large
yards where the vet visits regularly. Others will be
kept in a paddock with one or two ponies, which
the practice visits only very occasionally. Familiarise
yourself with all the main yards and contacts for
regular visits because this can save time in collecting
details. Keep this sort of information by the tele-
phone for easy reference for everyone.

Remember that the owner’s name and address
areasimportant as the clinical details of the problem.
A veterinary practice is a business and cannot
function without accounts being paid. Make sure
that the owner’s details such as title, initial and ad-
dress, including postcode, are on file for accounting
purposes.

The horse’s details obviously need to be taken, as
does the reason for the visit, so that appropriate time
can be allocated. In some practices, routine visits
such as vaccinations may be booked in directly and a
time given. For other cases a convenientday and time
may be suggested by the client and confirmed by the
practice later.

Getting clear directions to yards that are not visit-
ed regularly is crucial. If you are dealing with a new
venue, it may be useful to find out exactly what facil-
ities are available; some procedures can be impos-
sible without the aid of electricity or a clean water
supply.

Some visits may require more than one vet or the
help of an EVN and therefore need to be arranged for
a time that does not upset the smooth running of the
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remainder of the practice. Personal safety of practice
staff on visits can be a concern and the attending vet
may need the back-up of another member of staff
for safety reasons. A newly qualified vet may benefit
from the assistance of another member of the practice
when he/she first starts. Some clients will bring
horses to your clinic for examinations, particularly in
the bigger equine hospitals.

Second opinions

Second opinion and/or referral cases are commonly
seen in equine practices, either from non-specialist
mixed practices or from practices that donothave the
resources (such as an operating theatre) to treat the
condition in question.

Second opinion cases are brought to your attention
either by the referring vet or by clients who may be
dissatisfied with the treatment they have received
from their original practice. In the first case, it is rela-
tively simple to organise: the original practice sends
the case history to the second practice, where the ani-
mal is examined and the opinions of the examining
vet are sent back to the original practice. When the
client instigates the second opinion, the same rules
need to be applied. The client may be under the im-
pression that the patient can be examined by another
practice without their usual vet needing to know.
They may feel also that they do not wish to ‘upset’
their usual practice. However, it should be explained
that the primary practice needs to be contacted before
the animal is seen, both for reasons of professional
ethics and good clinical practice. Never be seen to
criticise another practice, its service or its treatment,
this is extremely unprofessional.

If a client makes a booking to seea vetin your prac-
tice without notifying you of any previous treatment,
not only are they putting their horse in possible dan-
ger butalso your practice may be entering into super-
session. Supersession occurs when a second vet takes
over the case of another vet without their knowledge.
This is an unethical situation; refer to the RCVS
Guide to Professional Conduct for further information
(see further reading list). It is safe to assume that
all new animals registering with you will have seen
another veterinary surgeon previously, unless they
arenewborn!
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Contacting a previous veterinary practice may
give you useful information on the client as well as
the animals concerned. Debtors, for example, may
try to move from practice to practice and you may
find that you are taking on extra problems!

It must be remembered that in a true emergency
situation animals can be seen at any practice. A vet
must deal with any suffering animal and it cannot be
turned away because it is not your client.

Second opinion or referral?

* A second opinion is when a vet or client seeks the
opinion of another vet on a particular case. The
second vet may be either in the same practice or at
another clinic. For example, if a horse has been
treated for a skin disease with certain drugs but
seems to be getting no better, they another opinion
on the case can be sought from another veterinary
surgeon.

* Areferral is instigated by a vet when it is felt that
the condition needs specialist therapy. For exam-
ple, if a horse has been diagnosed with a skin dis-
ease that requires specialist therapy, it is referred
to a veterinary dermatologist.

Taking a case history

When dealing with second opinions, referral cases
and new clients you may be required to take a case
history from another practice. This information can
be crucial to the correct continuation of treatment.
The person taking the details should have a clear
understanding of veterinary terminology. It can be
useful to have any previous history faxed or e-
mailed through to your practice; a typed case sum-
mary is most helpful. The case history as given by the
client in a second opinion case may be misleading.
Ensure thatall records are available in the practice be-
fore the animal is examined.

Client communication

With each type of client, there are different points to
consider. Difficult and emotional situations have to
be handled diplomatically while always keeping a
professional manner.



New clients

When new clients come into your surgery you have
an ideal opportunity to promote the services of the
practice. They should feel well informed with regard
to how the practice is run and the services available.
Some clinics have an information pack to hand out,
which can be helpful if kept up to date. Itis an oppor-
tunity to train your clients. Let them know important
facts that help the practice to run efficiently, e.g. when
to telephone to speak to a vet, book a visit, what to do
with queries out of hours, when to settle their ac-
count and other key points. Providing an all-round
service, especially for new owners, can be extremely
rewarding. The client should feel that they can al-
ways approach the practice with queries regarding
their horse.

Young clients

When dealing with very young clients, check that
they are old enough to give their consent for
procedures, to collect drugs and be responsible
for their accounts. Usually this means that they have
to be over 18 years of age. Certain procedures will
have to be explained sympathetically and simply;
young children often accept the euthanasia of their
pony far better than do adults, but often will get
distressed by the practicalities. It is often better to ask
children to wait outside whilst their parents discuss
procedures, and it may be useful to have some toys to
distract clients with young families whilst they arein
the practice.

Older or physically impaired clients

Older clients may be suffering from physical disabil-
ities that sometimes are not obvious. Make sure that
they have understood what has been said (they may
be hard of hearing). Ensure that they are comfortable
if they have to wait for long periods. Some older peo-
plefind it difficult to talk to the vetand may feel more
comfortable talking to nursing staff.

If a vet is to make a visit to an older or physically
impaired client, diplomatically check to see if help
may be needed. Remember that the vet may be liable
if the client is putin danger. The key to managing the
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situation is to pre-empt any problems before they
occur.

Customer care

All your clients should receive the same high
standard of customer care. On leaving the practice,
the owner should feel that they have had a good ser-
vice from a professional organisation that cares
about both them and their horse. Satisfied clients will
promote your practice to other owners. This is the
best form of advertising available!

Admitting and discharging patients

Admission

Adequate time should be allowed to admit patients
to your clinic; it is always necessary to review the
patient’s history (see Key points 10.5) and a consent
form must be signed before the animal is left. Al-
though the vet may have taken an in-depth clinical
history, a general history should be taken routinely
on admittance.

Key points 10.5 Admitting a patient

o Check the condition of the animal: have there been any
changes since its last examination?

o When did the horse have its last feed?

o Has it been taking any medication?

o Check the date of its last vaccination and particularly
ensure that it is up to date for anti-tetanus prophylaxis

o Check with the owner if there is anything special or
unusual relating to their horse, e.g. requiring soaked hay

e Listand label the items that have been left with the horse,
e.g. headcollar, rugs, etc., to ensure that these are returned
to the owner on discharge

Owners / agents will often wish to unload and put
the horse in a hospital stable or stall themselves, and
this may be preferable in some cases. However, check
the practice policy with regard to owners entering
other clinic areas.
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Consent forms

The owner or their agent should always sign a form
of consent before the patient is left at the clinic
(Fig. 10.2), however minor the procedure or however
well the practice may know them. This consent form
should ensure that all parties understand the pro-
cedures that are about to take place and if completed
correctly the form will protect the practice in the case
of a future dispute.

It is likely that your practice will have its own per-
sonalised consent forms, which are either produced
by computer from the client records or completed by
hand. Remember that a consent form is only as good
as the information it contains and therefore must be
completed fully. The Veterinary Defence Society pro-
duce a form that lists all the relevant details required
on a surgical consent form (Fig. 10.3) but your prac-
tice may have added items such as hospitalisation /
treatment consent or euthanasia consent to its forms.
It may be appropriate to add a statement enabling
any of the vets working in the practice to perform the
procedure, thus ensuring that the owner is aware
that it may not be the vet they regularly consult per-
forming the surgery.

On admitting the horse, read through the
consent form with the owner and ensure that all
the details are correct and understood by all
parties.
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Fig.10.2 A consent form should always be
signed by the client before the patient s left at
the clinic. (Photo: courtesy of Karl Holliman.)

Completion of a consent form

(1) Patient details should be described adequately:

(a) Name: it may be appropriate to use a full
name rather than a stable name.

(b) Breed: a general description so that the horse
isrecognisable.

(c) Colour: any distinguishing marks should be
noted.

(d) Ageand gender: both may have a bearing on
the treatment received by the patient. Check
that there is no possibility of mares being
pregnant.

Details of the owner should be double-checked

with your records and a contact telephone

number (for the time the animal is with you)
should always be noted.

Details of the procedure should be described and

explained clearly if complicated terminology is

used.

(4) Informed consent mustalwaysbe obtained and if
any part of the treatment is not clearly stated on
the consent form, i.e. the owner / agent has not
signed for it, this could lead to later problems
(Fig. 10.4).

(5) The form should be signed by the owner or a
recognised agent acting on their behalf and by
witnesses if considered appropriate. The person
signing the consent form must be over 18 years
old.

2

~

3

~



Fig.10.3 Anexample of a consent form.
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FORM OF CONSENT

FOR ANAESTHESIA AND SURGICAL PROCEDURES IN HORSES

Description of Patient

NAME e o o

Breed

Colour Age T

Owier / Agenl

Mame . R

Address e ——

Tefephane Home

Work

Operation.. ... -

Any relevant clinical history / special precautions _

[ hereby give permission for the administration of an anaesthetic to the above animal and 1o
the surgical operation detailed on this form, together with any other procedures which may
prove necessary, [ undersland chat all anaesthetic technigues and surgical procedures invelve
some risk w the animal,

I have notified (ke insurers conceming the procedures planned for this animal.

Signature Owner/Agent Datc

Name

{(BLOCK CAPITALS)
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Discharging a patient

Arrangements for discharging a patient should be
made only when the vet has confirmed that the horse
is sufficiently recovered to leave the clinic. It may be
that the vet has discussed further treatment with the
owner prior to collection of the patient or they may be
planning to discuss this at discharge. In either case it
is good practice to complete a discharge form, outlin-
ing all aspects of aftercare, to be collected with the
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Fig.10.4 An explanation of the procedure
should be given to the client. (Photo: courtesy
of Karl Holliman.)

Fig.10.5 Adischarge form should be given to
the client along with a verbal explanation of
post-operative care. (Photo: courtesy of Karl
Holliman.)

patient. It can be difficult for owners to remember all
the advice given at one time, and having a discharge
form to refer to can save phone calls to the practice or
misunderstood directions. For horses returning to
large yards, a discharge form can be used as a good
method of communicating any further treatment re-
quired to all yard staff (Fig. 10.5).

A practice discharge form can be devised easily
(Fig. 10.6), perhaps with the addition of who dis-
charged the patient and to whom. Discharge instruc-
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A Veterinary Clinic;

Their address

HORSE:

OWNER:
ADDRESS:

DISCHARGE INSTRUCTIONS

VETERINARY SURGEON:

PROCEDURE:

DATE PERFORMEL:

STARLING:

EXERCISE:

FEED:

DRESSINGS:

DRUGS TO TAKE HOME:

FOLLOW U

MISCELLANEOUS:

DATE OF DISCITARGE:

Signature

COwnerfAgent [Jate

Mame

Fig.10.6 Anexample of a discharge form.

tions should be discussed with the vet and a copy
should be kept for practice records.

Practice administration

Patient records

Filing

Many practices have computer systems for client
records but there will still be an amount of paper or

{RLOCK CAPITALS)

electronic filing to be done on a daily basis. Radi-
ographs, laboratory reports, insurance claims and
other documentation need to be kept within a system
that ensures that the information contained can be
retrieved quickly and easily (see Key points 10.6).
Filing that is mis-managed and not kept up to date
can lead to wasted time spent searching for inacces-
sible documents.

There are legal requirements regarding the length
of time some documents are stored. (Table 10.1)
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Key points 10.6 Filing

General points of a filing system

e Enables easy and quick retrieval of files

e Applicable system of indexing (usually alphabetical or
numerical)

e Secure (data protection)

e Colour coded: misfiled files are obvious; groups of files are
easily identified

e Allowance for necessary expansion

e Easily accessed—i.e. placed where the file is needed, e.g.
patient records in reception area

Table 10.1 Document storage time

Type of document Legally required storage time
VAT records 6 years

PAYE records 3 years (after the pertaining year)
Accident records 3years

Specific practice-generated documents, such as con-
sent forms and diagnostic reports, do not carry any
statutory obligations but the Veterinary Defence So-
ciety advises that they be kept for at least 2 years. The
RCVS recommends that records be kept for a mini-
mum of 6 years, especially where there may be a dis-
pute about a particular case.

Computers in the practice

There are many different types of computer systems
used in practice with differing programs to suit prac-
tice needs. Computers are generally used in five
main ways:

(1) Patientrecords

(2) Clientaccounts

(3) Appointment systems
(4) Stock control

(5) Business analysis

Your practice also is likely to use its system for word
processing, and some practices also will rely on their
computer systems for areas such as budgets, salary
systems and desktop publishing. Employers who
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keep data such as personnel records on their comput-
er systems should be aware of the Data Protection Act
1984. If the practice keeps data such as personnel
records on its computer system, it needs to register as
a‘data user’ with the Data Protection Registrar.

Money control systems

If your clients do not pay their bills or if money is ha-
bitually lost to the practice as a result of accounting
errors, then business budgets will suffer, the services
you are able to offer your clients will suffer and your
wages will suffer. A veterinary practice is a business
like any other, and even if you are the target for
clients complaining about the practice prices, it is
worth remembering that they are paying private
medical fees for large expensive animals!

Practice policies must be adhered to when dealing
with client payments. The person dealing with each
payment should be responsible for it being entered
either onto the computer or in a cashbook. At each
change of shift, the till should be reconciled to check
for inaccuracies, although many equine payments
will be settled by monthly account. Costs outstand-
ing and estimates of future treatments may require
discussion with the owner. If the client advises you
that ‘it’s being paid by insurance’, check that they
haveinformed theirinsurance company and that this
has been confirmed before large accounts start
mounting up.

Insurance claim forms should always be handed
directly to the vet in charge of the case, or whatever
system your practice has, to ensure that they are com-
pleted promptly. Oftenin a busy practice where there
seems to be mountains of paper, an insurance form
can ‘disappear’, which almost certainly will mean a
delay in receiving payment for the practice.

Taking payment (Table 10.2)

The most immediate type of payment to the practice
is in cash. However, mistakes can be made easily,
both in counting the money received and in the
change given. Care should be taken in looking for
possible forged notes. Some practices will have a
‘forgery pen’, which can be used at the time of pay-
ment. Cheques often are sent to the practice by post



Table 10.2 Advantages and disadvantages of different types of payment
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Type of payment Advantages Disadvantages
Cash e Instant method of receiving payment o Mistakes can occur in counting/giving change
o |tisthe only type of payment that cannot be refused o Large amounts of cash in the practice lead to a security risk
Cheque o Easily posted after receiving account o Delayin the practice receiving monies into its account due to
o Saferthan cash bank clearing systems
¢ Nochange to give o Charges for clearing cheques and for ‘bounced’ cheques
NB: Always take the number of the guarantee card
Credit cards and o |f the practice has an electronic transfer, same-day credit o Aflatfeeis charged to the practice for debit card
debit cards can be paid into the practice account transactions and a percentage of the transaction made by

o The vast majority of clients will carry their 'cards' at all

a credit card

times and will therefore be able to make prompt payments

but the details should be checked thoroughly before
they are entered as payment. The date, numbers and
amount in words should be correct and of course
the cheque must be signed. If the cheque is in aname
other than the registered name of the client, then note
this on the client records because this will save time if
the cheque is returned to the practice uncleared and
the client needs to be contacted. If the client is present
while writing the cheque, ask to take the number of
the cheque guarantee card.

Debit cards have taken the place of cheques in
that they mean same-day payments to the practice
if you have an electronic terminal, unlike cheques,
which usually require a few days to clear. Credit
cards also will mean prompt payments to the
practice and are useful for those clients who cannot
afford the whole payment at once, even though there
is a charge to the practice. It is better for practice
turnover if the client owes money to the credit card

company rather than to the practice. Check that the
signature given by the client matches the signature
on the card.

Invoicing

Invoices request money to be paid and are usually
either computer generated or hand written. If they
are the latter, ensure that they are clear and that the
addition is correct. Value-added tax should beadded
to veterinary fees and should be shown as a separate
figure.

Further reading

Lane, D.R. & Cooper, B. Veterinary Nursing, 2" edn,
pp- 152-162. Butterworth-Heinemann, Oxford.

Royal College of Veterinary Surgeons. Guide to Professional
Conduct. RCVS, London.
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Medicines and their Management

R. J. Baxter & R. D. Jones
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Administration of medicines, 199
Further reading, 204

Pharmacology is the study of the actions of medicines
on living things; medicines are chemical substances
that modify the functions of living things; and the
subject of pharmacy relates to the practical prepara-
tion and dispensing of medicines.

Legal requirements in
veterinary pharmacy

There are over 30 legal requirements and codes of
practice that relate to veterinary pharmacy. The
principal ones governing the sale and supply of
veterinary medicinal products are the Medicines Act
(1968), the Misuse of Drugs Act (1971), the Misuse of
Drugs Regulations (1985) and the Medicines (Veteri-
nary drugs)(Pharmacy and Merchants’ List) Order
(1992).

The British Veterinary Association runs pharmacy
courses and produces a Code of Practice on medi-
cines to ensurebest pharmacy practice. Therearealso
regulatory bodies, such as the Veterinary Medicines
Directorate (VMD), which is an executive agency
of the Ministry of Agriculture, Fisheries and Food,
and the European Medicines Evaluation Agency
(EMEA). Both have an active role in the licensing
and regulation of veterinary medicines. In the UK,
veterinary medicines are classified into the legal
categories shown in Table 11.1.

Currently only a vet may prescribe medicines for
animal use, and vets may dispense medicines only
for animals under their care. Equine nurses need to
be able to understand and administer the correct
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doses of such medication, as well as to store such
medicines appropriately. When medicines are pre-
scribed that could causeill-effects to the owners, they
must be made aware of the risks and be suitably
informed of a safe method of administration and
waste disposal.

Storage of medicines

Organisation of a pharmacy should be based around
security, careful stock control (especially with re-
spect to expiry dates) and correct storage of all
medicines according to the manufacturers’ recom-
mendations. The pharmacy should be in a room that
is insulated from extremes of temperature and hu-
midity, any windows should be screened to prevent
direct sunlight from falling on medicines and ade-
quate ventilation should be ensured. Most medicines
that can be affected by light are kept in brown glass
bottles. A fridge should be available for the storage
of those medicines that require low temperatures
(suchas vaccines, antisera, certain reconstituted anti-
biotics and certain hormonal products). The fridge
must be kept at 2-8°C and a maximum-minimum
thermometer must be kept in the fridge and checked
daily to ensure that medicines are not exposed to
higher or lower temperatures.

If multidose vials are opened they should be
marked with the date of opening. Previously dis-
pensed medication should never be accepted back
into the pharmacy, because it may have been stored
incorrectly or contaminated.



Table 11.1 Legal categories of medicines

Legal category Definition

GSL General sales listmedicines , which may be sold
without prescription or restriction

P Pharmacy medicines, which may be supplied by a vet
for administration to animals under their care, or
over the counter by a pharmacist. Very few veterinary
medicines fall into this category

PML Pharmacy and merchant’s list medlicines; these can
be supplied by a vet for administration to animals
under their care.They also can be sold in pharmacies
under the supervision of a pharmacist and supplied
by an agricultural merchant who has the appropriate
registration, e.g. sale of equine anthelmintics

POM Prescription-only medicines; these may be supplied
by a vet for administration to animals under their
care or supplied by a pharmacist on a vet's
prescription

D Controlled drugs; substances controlled by the
Misuse of Drugs Act 1971 (see text)

STA Special treatment authorisation; where there is no
suitable product available in the UK to treat a
particular condition in a specific animal, a vet may
apply for an STA from the VMD. This allows the
supply of a medicine on a named patient basis under
certain conditions, e.g. virginiamycin for laminitis
control in ponies

Particular care must be taken with controlled
medicines under the Dangerous Drugs Act. These
are substances that are capable of being abused, e.g.
cannabis and ketamine. Controlled medicines are
divided into five schedules in decreasing order of
stringency of control. A vet has the authority to
supply drugs in Schedules 2, 3, 4 and 5 under the
Misuse of Drugs Regulations 1985. Some Schedule 2
and 3 controlled medicines, which include medica-
tion such as pethidine, are relatively commonly
prescribed for equine use. There are specific controls
ensuring that they are used safely and responsibly.
These include the requirement for any prescription
tobein the vet’s own handwriting to minimise the risk
of forgery.

Certain Schedule 2 and 3 controlled medicines
must be kept in a locked receptacle, the key of which
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should be kept by an appropriate vet or authorised
person. A locked car is not deemed to be a lockable
receptacle. If controlled medicines are to be carried
in a car they should be in a locked metal container
bolted to the chassis.

Details of all controlled medicines used should be
recorded in a bound ledger at the time of receipt and
at each time of use. The records must be retained for
inspection for a period of at least 2 years after the last
entry.

Recording of medicines supplied

The Medicines (Restrictions on the Administration
of Veterinary Medicinal Products) Regulations
(1994) and the Medicines (Exemptions for Merchants
in Veterinary Medicines) Order (1998) demand that
all vets should keep permanent records after admin-
istration of medicines to food-producing species
(which can include horses, according to European
Union legislation). A detailed audit of stock
should be taken annually and this should include
any medicines stored outside the pharmacy, e.g. in
vets’ cars.

Medicines prescribed for use by the client should
be recorded in this manner by the vet, and where
large numbers of horses are present the owner/
handler also should keep records of the details of
those animals that are treated. The National Office of
Animal Health in conjunction with the Animal
Health Distributors Association produce a book for
such records, as do the National Trainers Federation.

All medicines must be labelled, prior to dis-
pensing, with:

¢ Theanimal’s identity

e The owner’s name and address

e Thedate

¢ The name and address of the prescribing veteri-
nary practice

* The quantity and strength of medication
prescribed

* The dosing instructions

Labels should also state:

(1) Foranimal treatment only
(2) Keep out of reach of children
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(3) The withdrawal period of the drug in food-
producing animals and competition horses

Medicines dispensed within the practice need not
carry all this information but should be identified
clearly. Unlabelled syringes of medication are not
acceptable. The use of cytotoxic drugs in the equine
practice requires the same precautions as their use
elsewhere. Guidance Note MS21 from the Health
and Safety Executive gives precise guidance on the
precautions needed for the safe use of these drugs.

Safety

The Royal College of Veterinary Surgeons (RCVS)
recommends thateach practice have a Practice Safety
Officer, ideally a vet. They should be responsible for
overseeing the legal and ethical requirements for the
sale and supply of veterinary medicinal products
(VMPs). All medicinal products must be treated as
potentially harmful. Accidental exposure to all
medicines should be carefully avoided, particularly
those that may affect humans. If in doubt, gloves
should be worn when handling medication and
additional protective clothing where necessary.
Needle caps always should be kept on, and some
medicines should never be handled by certain
personnel, e.g. griseofulvin/prostaglandins should
not be handled by pregnant women (see Chapter 9).

Sharps, unused medication and clinical waste
should be disposed of in separate sealable yellow
plastic tubs that should be incinerated by a licensed
company in order to comply with the Collection and
Disposal of Waste Regulations 1988 and the Environ-
mental Protection Act 1990. The recycling of certain
items such as syringes and urinary catheters is pos-
sible. First they should be dismantled and soaked
in enzymatic solutions to dissolve blood and then
cleaned with dilute antiseptics (such as chlorhexi-
dine), sterilised and re-used. Such re-use is rarely
economical.

Use of medicines in competition animals

Restrictions apply to the use of certain medicines that
may affect performance in competition animals.
Owing to the difficulty in testing some of these medi-
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cines, the use of other medicines that may leave simi-
lar residues is also restricted. For the purposes of the
Jockey Club Rules such restrictions apply to anti-
pyretics, analgesics, anti-inflammatories, cytotoxic
drugs, antihistamines, diuretics, local anaesthetics,
muscle relaxants, respiratory stimulants, sex hor-
mones, anabolic steroids, corticosteroids and sub-
stances affecting blood coagulation. Vaccines and
most antibiotics can be used, but care must be
taken not to use medicines that may leave residues
in the blood, e.g. procaine penicillin, which can
leave procaine (another local anaesthetic) residues
for up to a month or more. Care should be taken also
when using topical products, particularly if the skin
is damaged, because significant amounts may be
absorbed.

Regulations regarding vaccinations should be
followed. The majority of UK competition horse
organisations, e.g. the Jockey Club, recommend
vaccination against equine influenza (and some-
times tetanus). Records of when vaccines were given
are kept on the horse’s passports, which may be
brought with the horse into a hospital. The Jockey
Club Rules for equine influenza vaccination are as
follows:

® Primary course: two injections 21-92 days apart

e First booster: booster 150-215 days after 2nd
injection of primary course

® Annual boosters: within 365 days of first booster

Calculation of dosages

Correct calculation of a dosage is vital for the safety
of the animal for which a medicine is prescribed, as
well as ensuring the medicine’s efficacy. If insuf-
ficientis given itis unlikely to work, and an excessive
dosemay have toxicside effects. Itis the vet’s respon-
sibility to prescribe the correct dose and for this
specific reason dosages are not included in this text-
book for equine nurses. However, it is important
for nurses to understand how a correct dose is
calculated.

The active ingredients of most medicines are
expressed in terms of their weight, using metric
measurements of kilograms (kg), grams (g), milli-
grams (mg) and micrograms (which is not routinely



abbreviated). With liquids containing a solution or
suspension of medicine, measurements are made
inlitres (L) and millilitres (ml).

Most medicines have stated doseratesin thelitera-
ture, which are usually expressed in terms of the
dose/kg bodyweight. Knowledge of the horse’s
weight is therefore essential, and in hospitals a
weighbridge may be available for monitoring and
recording of bodyweight. If unavailable, approxima-
tions of bodyweight can be made by a combination of
an experienced eye and a weight tape (this is used to
measure the horse’s girth, which then is compared
with the height and an approximate weight is given).
Asarough guide:

¢ Theaverage foal weighs around 60 kg when born

* The average 12hh child’s pony might weigh
about 250 kg

* The average lean 15.2hh thoroughbred weighs
around 500 kg

The formula for calculating a horse’s approximate
weightis as follows:

Girth (cm) x Length (cm)
11900

Weight (kg) =

where girth is the measurement around the horse’s
thorax behind the withers and front legs, and length
is the measurement from the point of the shoulder to
the point of the buttocks (tuber ischii).

Many medicines are not available in a pure form;
some are extracted from animal tissues, e.g. insulin
and oxytocin. The concentration of such medicines
is provided in terms of international units (IU). If
the active ingredient is presented in a solid base, the
strength will be stated in terms of weight of the
medicine per weight of the medication (w/w). If a
medicine is presented as a solution, the strength of
the solution is usually expressed as weight of the
medicine per volume of the solution (w/v), or it may
be expressed as a percentage. To convert a percent-
age solution to mg/ml, multiply by 10 (e.g. a 15%
solution contains 150 mg/ml).

Once the dose rate of the medicine and the weight
of the patient are known, the quantity of medication
that needs to be administered can be calculated
(seeHowto ... 11.1).
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Calculation of dosages

o Dose in mg/kg/day x bodyweight of horse = amount of
dose to give daily.

e Take care to calculate the amount of medication that needs
to be given based on its percentage of active ingredient
and not the total weight or volume.

Example

e |f0.7 mg/kg of a medicine needs to be given to a 450-kg
horse, then 0.7 x 450=315mg or 0.315 g of the medicine
needs to be given.

e Intheimaginary case above, if an injectable solution of
50 mg/ml of the medicine is available, then 1 ml of solution
will contain 50 mg of the medicine. The number of
millilitres of the medicine needed to give the correct dose
of 315mg s therefore 315/50=6.3 ml.

o |f however, the medicine was available as 10 mg drug/1 g
of powder, the amount of powder that would need to be
givenwould be 315/10=31.5g.

NB

e microgram x 1000=mg
e mgx1000=g

e gx1000=kg

A minority of doses are expressed in terms of the
quantity of medication needed per square metre of
body surface area. Such medicines are uncommon,
but this type of dosing allows for increased dose rates
in smaller animals. A surface area to weight (depend-
ing on size) conversion chart is needed to calculate
the doses of such medicines.

Directions on a pharmacy label or prescription
should be in clear English without abbreviation but
some Latin abbreviations are used (see Table 11.2).

Administration of medicines

There are several types of medication used in
horses (see Summary 11.1) and these may be given by
a variety of routes to achieve either local or systemic
effects.
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Table 11.2 Abbreviationsin common use in the pharmacy

Abbreviation Latin Translation

b.d. bis die Twice daily
b.d.s. bis die sumendus Twice daily

b.i.d. bisin die Twice daily

p.o. per os By mouth

q.i.d. quarter in die Four times daily
q.s. quantum sufficiat Sufficient

s.id. semel in die Once daily

tid. terin die Three times daily

Other abbreviations used include e.o.d. (every other day) and n.t.g. (not to be
given).

Summary 11.1

Types of medication most commonly
used in horses (see Chapter 20 for
futher information)

 Analgesics: used as painkillers

o Anthelminitics: used in the treatment of endoparasites

e Antibiotics: compounds produced by microorganisms or
synthesised to kill or inhibit bacterial growth

e Bronchodilators: used to increase airway width, commonly
by reducing smooth-muscle spasm

e Corticosteroids: used for their anti-inflammatory action

e Diuretics: used to increase urine output

e Non-steroidal anti-inflammatory drugs (NSAIDs), e.g.
phenylbutazone, used to inhibit inflammatory mediators
and to help reduce the pain and swelling of inflammation

e \Vaccines: antigenic material, e.g. tetanus toxoid designed
to stimulate an immune response

Administration of medicines locally/topically

Local and topical administration of medicines in-
cludes the application of medicines to the skin and
eyes, as well as the internal surface of the lungs, rec-
tum, uterus and joints. Delivering a high concentra-
tion of medication locally can reduce the quantity of
medicine that otherwise would be required systemi-
cally to achieve the same effect. In some cases, local
administration is the only way of achieving effica-
cious quantities at the site of action.
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Eye conditions may necessitate medicines being
applied directly to the surface of the eye. Care should
be taken to avoid allowing the tip of the nozzle to
touch the eye or eyelids because this can resultin bac-
teria being transferred onto the end of the tube.
Alternatively, medication may be delivered through
an indwelling lavage system, or subconjunctival
injections may be given to provide high local levels
of injectable medication.

Skin conditions may be treated with a variety
of types of medication, including creams (semi-solid
emulsion in oil, fat or water that penetrates the
skin well), ointments (semi-solid, greasy and does
not penetrate the skin), powders (that usually only
penetrate the skin poorly), lotions and aerosol
sprays. Particular care should be taken if the skin is
broken. Intradermal injections are used occasionally
to provide a local dose of a substance within the skin.
Most commonly they are used for injecting potential
allergens as part of an intradermal skin test.

Administration of medication directly to the lungs
can be achieved by connecting a nebuliser or a
metered dose inhaler to an equine facemask (Fig.
11.1). Delivering medicines in this manner can
allow rapid onset of activity with comparatively low
dose rates of medicines and can be very useful in
some cases.

Some medicines are given rectally (e.g. enemas,
which can be given via rubber tubing inserted into
the rectum); this is an act of veterinary surgery in the
horse. Particular care must be taken to avoid rectal
tears. Administration of medicines to the interior of
the femalereproductive tractalso mustbe carried out
with care; this is a common method for the treatment
of endometritis in the mare.

Intra-articular injections may need to be given as
partof a diagnostic procedure in lameness investiga-
tion, or to medicate joints. Surgical clipping and
preparation of the site prior to injection is necessary
to reduce the risk of sepsis.

Administration of systemic medicines
enterally (orally)

Administration of medicines by mouth (see How to
... 11.2) avoids the risk of iatrogenic infection
following penetration of the skin by injection and
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Fig. 11.1 Horse inhaling steroids for
respiratory condition via an aeromask.

Administration of oral medication mixed with water to form a paste and then given by
.. syringe.
Indications
: . ; o Anexperienced handler may be needed to hold the horse’s
e Veterinary medical products that are only licensed for oral head down
use. i

¢ Nose twitching the horse may aid control of the head.

o After checking that the mouth is empty, the tip of the
syringe should be inserted at the side of the mouth,
pointing up towards the back of the tongue.

¢ The medication should be introduced directly onto the
tongue.

¢ Holding the horse's head up and trying to keep its mouth
shut may help to prevent him spitting it out.

o Use of licensed oral alternatives in cases where parenteral
administration is contraindicated.

Method

e Oral medicine can be mixed into feed: try feeding the
powder or granules in food that is highly palatable;
molassed food helps to hide flavours, as does the addition
of peppermints. Titbits such as chopped carrots can
increase palatability. Alternatively, medication may be
hidden within an apple or carrot by coring out a portion,
introducing the medication and then plugging the hole
through which it was introduced.

e Horses that will not take medicine in feed may be forced to
take it directly by mouth using an oral dosing syringe.

¢ Some medicine also is available in a paste form, and those
that are not may, in some cases (check first with the vet), be

Potential complications

o Difficulty in ensuring that the complete dose is ingested.

e Aspiration of medication, causing aspiration pneumonia
(this is unlikely to happen).

o Less efficacy of medication compared with parenteral
routes.

e Injury to fractious horses or their handlers.
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Subcutaneous and intramuscular injections

Indications
o Administration of medications licensed for use by these
routes.

Method for subcutaneous injections

o Subcutaneous injections are given usually on the side of
the neck, just in front of the leading edge of the shoulder
blade.

o An appropriate size (e.g. 21-gauge) of sterile hypodermic
needle attached to a luer-mounted syringe can be slid into
afold of skin lifted by hand.

o After drawing back on the syringe plunger to ensure that
inadvertent puncture of a blood vessel has not occurred,
the medicine can be injected.

Method for intramuscular injections

e |ntramuscular injections can be given in many sites, but the
most commonly used are the brisket, the neck and the
rump.

® A(40-mm) sterile hypodermic needle attached to a luer-
mounted syringe is suitable in most horses.

o The site on the rump is approximately halfway along an
imaginary line between the point of the hip and the tail
base.When using it, stand as far forward as possible to
avoid being kicked.

e Inthe neck, aneedle can be introduced about a hands

breadth back from the front of the shoulder, halfway

between the under side of the neck and the upper side of
the neck.

On the brisket, a needle can be introduced to either of the

large masses of muscle medial to the upper front legs.

Fine-gauge (e.g. 21-gauge) needles can be used to inject

solutions of medication. These may be slid in at right angles

to the skin with little response, but larger needles (e.g. 18-

or 19-gauge) that are used to inject thicker suspensions of

The neck

The rump
/ ¢
The brisket //\ /

medication may need to be inserted quickly and deftly. The
site should be thumped once or twice and the needle then
introduced rapidly and firmly perpendicular to the skin,
right up to the hub. Alternatively, the skin may be pinched
and the needle slid in.

o Afirm connection between the syringe and the needle
should be made before withdrawing the plunger of the
syringe, to ensure that venepuncture has not occurred, and
then giving the injection.

Potential complications

e Injury to fractious horses or their handlers, including
accidental self-injection; should this occur, take details of
the medicine involved and seek medical attention.

e Inadvertent puncture of structures other than muscle, e.g.
venepuncture (see above) or damage to the vertebral
column/nuchal ligament in the neck or the sciatic nerve in
the hindlimb. Adherence to the method advised should
ensure that these structures are avoided but if damage to
them is suspected then immediate veterinary attention
should be sought.

e Pain/stiffness/abscessation at the injection site: seek
veterinary attention.

¢ Anaphylaxis, i.e. acute allergic reaction: seek veterinary
attention.

reduces the risk of being injured by the horse. It
also enables owners to treat their horse more easily.
Absorption of medicines from the gastrointestinal
system is, however, slow and relatively unpre-
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dictable and accidental aspiration of medicines
can occur, so parenteral routes may be preferred, par-
ticularly when horses may be reluctant to eat their
medication.
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Intravenous injection

Indications
o Administration of intravenous medication.

Method

e Intravenous medication may be given by injection into the
vein using a needle (a 19- or 20-gauge, 25-mm or 40-mm
needle is usually ideal) and syringe, or may be given via a
catheter (see Chapter 13).The jugular veins are normally
used but other sites (such as the lateral thoracic and
cephalic veins) can be used if necessary.

e Thejugularvein can be located on either side of the neck by
palpation.

o [fitis difficult to see, it can be located by raising it
(occluding it close to the thoracic inlet) and watching it fill
with blood.

e Before injection is carried out, the area should be clipped
and prepared surgically and then swabbed with surgical
spirit.

e forinjection, the vein is raised and the needle inserted
deftly at an angle of 45° to the skin pointing upwards.

o [fthe needle was removed from the syringe, blood should
be seen immediately issuing from the needle. If the needle

and syringe are still attached, the plunger will need to be
withdrawn to ensure that blood flows into the syringe.

e Once the needle is located in the vein, the medicine is
injected slowly, with intermittent drawing back of the
plunger to ensure that the needle remains in the vein.

e For catheterinsertion, see Chapter 12.

Potential complications

e njury to fractious horses or their handlers, including
accidental self-injection: should this occur, take details of
the medicine and seek medical attention.

Inadvertent puncture of other structures: e.g. intra-arterial
injections can occur by accident when a needle is inserted
too deeply during attempts to find a vein. Blood usually
flows into the syringe/spurts out of the needle under
pressure. Intravenous medication should not be given into
an artery because adverse reactions such as acute collapse
may occur. Inmediate veterinary attention should be
sought.

Extravascular injection may cause pain/infection at the
injection site or may even cause tissue sloughs in the case
of irritant substances: seek veterinary attention.

o Anaphylaxis: seek veterinary attention.

L intravenous administration

subcutaneous or intramuscular

'/ administration
/ oral administration

plasma concentration

Time
Fig. 11.2 Relative plasma concentrations of medicines given by different
routes: intravenous administration gives an immediate high peak followed by
an exponential fall in plasma concentrations; intramuscular administration
gives a peak plasma concentration after about 15 min followed by a more
gradual reduction in plasma levels, as does subcutaneous administration;
oral administration gives lower peak plasma concentration about 4 h after
administration of the medicine. The speed of reduction of the plasma
concentration of the medicine depends on its half-life within the individual.

Administration of systemic medicines
parenterally (by injection)

Medicines administered by injection rapidly give
more predictable levels in the body systems
(Fig. 11.2) than do medicines given orally. The route
of parenteral administration adopted i.e. subcuta-
neous, intramuscular (see How to . .. 11.3) or intra-
venous (see How to . . . 11.4) usually depends on the
formulation and the routes for which it is licensed.
Where medicines may be given by several routes, the
intravenous route is often chosen initially by the clin-
ician so that optimal plasma concentrations can be
achieved. In some cases, however, the intramuscular
or subcutaneous routes may be chosen because they
may give a longer duration of effect.

Horses are often uncomfortable at the site of injec-
tions (particularly intramuscular injections) for
24-48h and so repeat injections should be given
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at another site, or the site should be rotated on a
daily basis. If swelling occurs at the site of a neck
injection, food and water may need to be provided
at araised level. Occasionally such a swelling devel-
ops into an abscess, even with good technique. This
may require veterinary attention. Other complica-
tions include allergy to the medication used, which
can result in signs ranging from pain and swelling
at the injection site to sweating, colic and collapse.
The latter signs necessitate veterinary attention
and cessation of treatment with the medicine that
caused them. The prescribing vet must report sus-
pected adversereactions to the manufacturer and the
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VMD on Form MLA 252A under the Suspected
Adverse Reaction Surveillance Scheme. This is a
legal requirement.

Further reading

Bishop, Y. (2001) BVA Code of Practice on Medicines and
BVA Guidelines on the Prudent Use of Antimicrobials.
In: The Veterinary Formulary, 5th edn., pp. 1-29. The
Pharmaceutical Press, London (also available direct
from the British Veterinary Association as two separate
documents).

Jones R.D. & Taylor PM. (1998) Medicines for the mil-
lennium? Equine Vet. Educ. 10, 328-333.
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Laboratory health and safety

There are various legislative Acts and Regulations
thataffectany work carried outin alaboratory. These
are covered in Chapter9.

Laboratory apparatus

Care and cleaning

Equipment and work surfaces are best cleaned ‘as
you go along’. You need to know how to care for the
basiclaboratory apparatus.

Glassware
There is an efficient ‘five-point’ way to clean glass-
ware while wearing gloves:

(1) Soakindetergent

(2) Remove surface material with soft bristle brush

(3) Soak in disinfectant (often when a ‘batch’ of
equipment is ready to clean)

(4) Rinse two or three times in distilled /deionised
water

(5) Drainand dry.

Microscope

This is an important piece of precision equipment
that should be kept in one place and not moved
unnecessarily. It must be:

¢ Kept away from vibrating objects (e.g. washing
machine, centrifuge)

¢ Kept covered when notin use

¢ Kept with the lowest power objective in position
when notin use

¢ Cleaned (lenses and eyepieces) only with special
lens paper that will not scratch

e (Cleaned of oil, when used with the oil immersion
objective, straight after use.

Centrifuge

Proper use of the centrifuge should limit its contami-
nation. As a general rule, the inner bowl should be
cleaned and disinfected regularly. In addition, rou-
tine servicing needs to be carried out and someone
must be responsible for this.

Incubator

Potentially dangerous bacteria may be grown in an
incubator, so it is important that there is a set proce-
dure forits care. This should be set out by the practice
using advice from the manufacturer.

Equipment

Pipettes

Theseare used to transfer fluids and measure quanti-
ties. The meniscus of the fluid in the pipette must be
level with the mark required. There are five different

types:

205



CHAPTER 12

(1) Graduated pipettes are inscribed with divisions to
indicate volume, e.g. a 10-ml pipette is divided
into 1-ml divisions.

(2) One-mark volumetric pipettes only have a single
mark on them where a specific volume is
measurable.

(3) Micropipettes usually come with disposable pipe-
tte tips and are used for measuring very small
volumes.

(4) Automatic pipettes: ‘single-shot’, where you dial
the volume required, which is then dispensed
from a reservoir; and ‘multi-head’, which usu-
ally have eight tips so that eight wells may be
filled at once (e.g. used for enzyme-linked
immunosorbent assay work).

(5) Pasteur pipettes: either glass with a rubber bulb at
the end, or, more often now, all plastic; these are
not graduated (e.g. used to draw serum from a
clotted blood sample).

Microscope
Most practices will have a compound binocular micro-
scope, which has the following components:

e Foot (base); the part contacting the work surface
that houses the light source.

e Light source; intensity altered via a dial. This
should be turned down before turning the micro-
scope off, or if the light is left on when the
microscope is notin use.

e Limb; upright part between foot and body. The
microscope must be held by foot and limb if
moved.

¢ The light passes from the source through a lens to
amirror. This directs the light via the iris diaphragm
to the sub-stage condenser (altered by the condenser
knob). The iris diaphragm determines how much
light passes through the condenser; the condenser
focuses the light onto the slide.

¢ Thestage holds theslideand is moved aboutby the
mechanical stage.

¢ The stage is racked up and down by both coarse
(outer knob) and fine (inner knob) adjustment.

* Above the stage is the nose piece, with a rotating
turret that holds the objective lenses (usually three
or four).

¢ Light passes through the objective lens in use, up
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to the eyepiece lenses. These can be adjusted to suit
the individual.

o The Vernier scales are like map coordinates on each
side of the stage; the location of something on the
slide therefore may be recorded precisely.

For a step-by-step guide to the use of a microscope,
seeHowto...12.1.

Use of the microscope

¢ Have lowest objective in place and light intensity down low

e Slide on stage, placed centrally

e Switch on and turn light dial up as required to be able to
see

e Adjust distance between eyepieces so that you view both
fields as one

e Focus on subject using first coarse then fine focus

e Adjust condenser and diaphragm to have optimal
illumination

e Examine field on slide logically (e.g. top to bottom, left to
right)

o Tolook atan areain more detail, rotate in the next
objective lens ‘up" and adjust the fine focus (may need
more light; adjust condenser and diaphragm)

e To use oil immersion, first locate spot of interest using the
lowest power. Then place a drop of oil on the slide at that
spot and rotate the oil immersion lens into place. The lens
should be in touch with the oil but not the slide! Adjust
using fine focus. When finished, lower stage and clean lens
immediately

Centrifuge

A centrifuge is used to separate cells/debris (sedi-
ment) from fluid (supernatant). There are three
different types of centrifuge:

(1) Swing out: rotor with specimen buckets sus-
pended vertically from the arms of the rotor.
When rotor slows they fall into a vertical posi-
tion, slightly remixing samples.

(2) Angle-head: has holes drilled round rotor at set
angles. Deposit is laid down at a fixed angle and
may be disturbed when tubes are placed verti-



cally in test tube racks. Samples are placed in
buckets with rubber cushions at the bottom that
mustbebalanced. The inner guard bowl of the cen-
trifuge is very solid for safety. A further safety
feature of most centrifuges is a lid lock (prevents
opening while still spinning).

(3) Microhaematocrit: used particularly for separat-
ing whole blood in capillary tubes to obtain a
packed cell volume (PCV). A safety plate is
screwed down on top of the balanced samples,
which are placed on a horizontal bed, and a rub-
ber cushion seals the outside lip of the rotor. Both
of these should be replaced regularly.

For safe use of a centrifuge, see How to . . . 12.2.

Safe use of a centrifuge

e Keepit on aflat solid surface away from the edge (they can
‘walk'!)

e Keepitregularly cleaned, lubricated and serviced (maintain
alogof use)

o Place samples opposite each other (i.e. balanced); if only
one, use a blank tube as ballast

o Screw down safety plate securely once samples are in
place; then close lid properly

o Use bucket lids to prevent aerosolisation of samples

e Remember that it is electrical! Keep cables and plug out of
water

Incubator

Incubators are sealed units used to culture bacteria.
They are very well insulated so that the internal tem-
perature is maintained at a set temperature, usually
37°C. This is the ideal temperature for most patho-
genic bacteria. A daily record of the temperature
should be kept.

Laboratory analysers

For biochemistry

Various machines are used to assess biochemical
parameters in different fluid samples, such as serum
or peritoneal fluid. A colorimeter measures the light
absorbed or transmitted by a solution at a parti-
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cular wavelength, via filters. Aspectrophotometer does
the same thing but via prisms or monochromatic
gratings. Both are wet chemistry systems as distinct
from dry systems, where a sample is put onto a
reagentstrip and thereflectivelightis analysed as the
reaction occurs (e.g. “Vet test’ machines).

For haematology

Samples are frequently submitted for a ‘CBC’ (com-
plete blood count, i.e. white cell count and various
red cell parameters). Electric cell counters are used
widely to assess cell numbers. The drawback of these
compared with manual counting is that there is no
distinction between types of cells, i.e. it does not give
a ‘differential count’. Thus, for example, in a thoraco-
centesis sample the epithelial cells would be ‘seen’ as
leucocytes, giving a spuriously high white cell count.

Blood—haematology

Blood forms about 10% of bodyweight and com-
prises cells in plasma. Plasma is the liquid part of
blood and differs from serum; serum is what is left
when a clot has formed (i.e. plasma without clotting
factors).

Cells

Normal blood cells include erythrocytes (red blood
cells), leucocytes (white blood cells) and thrombo-
cytes (platelets).

Plasma

Plasma comprises the following components:

e Water

¢ Plasma proteins (albumin, globulin, fibrinogen,
prothrombin)

¢ Mineral salts

* Nutrients (amino acids, carbohydrates, fatty
acids)

¢ Gases (carbon dioxide and, less so, oxygen, as free
gases in solution)

* Waste products (urea, creatinine)

e Hormones

¢ Enzymes
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e Antibodies
e Antitoxins

Functions of blood
Blood is used to transport:

* Oxygen to and carbon dioxide away from tissues

¢ Digested nutrients to tissues

* Waste products from tissues to kidneys for
excretion

¢ Water to tissues

¢ Hormones and enzymes around body

Blood is used to regulate:

¢ Body temperature by heat distribution

¢ Haemorrhage via clotting mechanism

. pH

¢ Againstinfection via the cells it contains

* Againstinfection via the antibodies and antitoxins
it transports

Collection of blood

Blood is usually collected from veins (venepunc-
ture), notably the

¢ Jugular vein (most often used, readily accessiblein
adults and foals)

¢ Cephalic vein on forelimb

® Saphenous vein on hindlimb

¢ Transverse facial vein (small volume only)

It is most easily collected using a ‘Vacutainer’
tube (see How to ... 12.3) with needle and holder
(yellow), but an ordinary hypodermic needle and
syringe also may be used. There are various types
of ‘Vacutainer’, depending on the anticoagulant
they contain:

¢ Red top: plain, no anticoagulant

e Purple top: ethylenediaminetetraacetic acid
(EDTA)

¢ Green top: heparin

* Grey top: oxalate fluoride, for assessing glucose
concentration

* Yellow top: acid citrate dextrose, for cross-
matching or blood typing

* Blue top: citrate, for coagulation studies
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To collect blood

e Restrain the horse properly before blood sampling is
attempted.

e Adult horses should be wearing a headcollar or bridle no
matter how quiet they seem.

e Foals must be held properly around the head and body
(e.g.'tail and ear" hold).

¢ Have 'Vacutainer' ready assembled.

e Raise vein by applying gentle pressure at its base (usually
use left vein).

e Clip hair over vein one-third of the way down the neck,
with scissors perpendicular to the direction of the vein.
Here, should avoid the carotid artery, which is more
superficial in the caudal neck.

e (Clean with spirit-soaked swab.

¢ Gently sink needle, bevel up and parallel with vein, into
skin over vein until a lack of resistance is felt. Blood should
drip from the other end of the needle.

e (lip'Vacutainer' onto needle and hold steady (EDTA tube
firstif >1 tube).

¢ Remove needle from neck and apply pressure to vein for
2 min while inverting the tube.

Foals will often struggle violently and their veins are
smaller, more ‘corded’ and harder to sample. They
are also very susceptible to infection and so an
aseptic technique is essential (see Chapter 15).

Some people prefer a ‘stab’ technique whereby the
needle is quickly pushed into the vein without the
sinking technique. It is important to develop what
works best for you and it may vary depending on
the horse and its temperament.

Blood also may be required from arteries, most
commonly for blood gas analysis. Sites include the:

e Facial artery (heavily sedated/anaesthetised
horse)

¢ Transverse facial
anaesthetised horse)

¢ Dorsal metatarsal artery (preferred in recumbent
foals)

¢ Carotid artery (conscious horse)

* Median artery (safer if anaesthetised /sedated)

artery (heavily sedated/



Haematology

Packed cell volume

The packed cell volume (PCV) is estimated (see How
to...12.4) and describes the percentage of whole
blood made up of cells. This is not the same as the
microhaematocrit, which is calculated in an analyser.

To estimate a PCV

e Take whole blood in an EDTA tube

e Ensure thatit is mixed adequately

o Fill plain capillary microhaematocrit tube three-quarters
full'by capillary action

Plug end with plastic while finger is on other end

Use microhaematocrit centrifuge for 5 min

Place in haematocrit reader with bottom of tube contents
atzero and top of plasma meniscus at 100

Read off number level at top of red column; this is the PCV
that must be recorded

The buffy coat is the grey layer on top of the red cells

The plasma is above the buffy coat

If afresh blood sample is collected directly from the horse
by a lancet puncture, then a heparinised microhaematocrit
capillary tube must be used in the centrifuge

The normal PCV in a horse varies with age, fitness
and breed, and the ‘normal’ value varies between
laboratories, but generally the values are: Thorough-
bred, 40-46%; hunter type, 35-40%; pony, 33-37%.
Greater values are found in ‘hot-blooded’ breeds
such as Arabians and Thoroughbreds, fitter horses
and excited horses (splenic contraction). Neonates
have a PCV of 40-52%, which decreases to 29-41%
by 6 months of age. Interpretation of samples from
foals must take this into account.

Anincreased PCV may be due to:

¢ Dehydration
e Stress, excitement (splenic contraction)
¢ Endotoxicshock

Adecreased PCV may be due to:

¢ Blood loss anaemia, e.g. haemorrhage

Laboratory Diagnosis

Table 12.1 Normal values of haematology parameters

Thoroughbred Hunter Pony
RBC (x10'2/L) 7.2-9.6 6.2-8.9 6.0-7.5
Hb (g/dL) 13.3-16.5 12.0-14.6 11.0-13.4
MCHC (g/dL) 34-36 34-36 33-36
MCV (fl) 48-58 45-57 44-55
MCH (pg) 14.1-18.1 15.1-19.3 16.7-19.3
WBC (x10%/L) 5.4-143 6.0-12.0 6.0-12.0
Platelet count 100-350 200-350 200-350
(x10°/L)

RBC, red blood cells; Hb, haemoglobin; MCHC, mean corpuscular haemoglo-
bin concentration (an index of the haemoglobin concentration per 100 ml of
packed RBCs); MCV, mean corpuscular volume (average volume of each RBC);
MCH, mean corpuscular haemoglobin (average haemoglobin content of a sin-
gle RBC); WBC, white blood cells.

¢ Haemolytic anaemia, e.g. isoimmune haemolytic
anaemia in foals

¢ Decreased erythrocyte production, e.g. secondary
to chronic inflammatory disease, nutritional defi-
ciency, neoplasia or toxicity

Redblood cells

The normal ranges for red blood cell-related parame-
ters vary according to the type of horse, similar to the
PCV. Refer to the range given for the laboratory used
but as a general guide see Table 12.1.

Red blood cell production

Red blood cells are produced from stem cells in the
bone marrow. They divide and commence haemo-
globin synthesis, which is stored in the cytoplasm.
Once haemoglobin production is complete, the nu-
cleusis extruded and the cells are called reticulocytes.
These do not usually leave the bone marrow and are
rarely seen in the peripheral circulation except in
cases of severe anaemia. At this time the cells have a
variable blue—grey appearance, which is known as
polychromasia. Once mature, the cells have a uni-
form appearance and are released into the peripheral
circulation.

Red blood cell morphology

Spikey or irregular margins of red cells seen on a
smear is termed crenation and usually results from

209



CHAPTER 12

cell shrinkage during slow air drying of the blood
film. The basophilic remnants of the nucleus may be
visible in an immature red blood cell and are called
Howell-Jolly bodies. Supravital stains are useful to
detect the presence of abnormal inclusions in a red
blood cell, such as Babesia spp.

Erythrocyte indices in the horse are not as useful as
in small animals for showing regenerative changes
wherebig cells reflect regeneration. However,amod-
erate increase in the mean corpuscular volume can
reflect a regenerative anaemia, as can anisocytosis
(cells of differing sizes).

Haemoglobin concentration is measured by
assessing the degree of a chemical reaction by col-
orimetry or spectrophotometry. This may be per-
formed manually or by an automated analyser.

White blood cells
There are a number of different white blood cells:

* Neutrophils (= polymorphs): neutrophilia if in-
flammation, stress or corticosteroid use. May
be mature with lobed nucleus or immature with
band-shaped nucleus and foamy cytoplasm.

¢ Lymphocytes: lymphopenia in early viral infec-
tion, stress or corticosteroids. Large rounded
nucleus that dominates the cell.

* Monocytes: monocytosis in chronicinflammation.
Large bean-shaped nucleus.

¢ Eosinophils: eosinophilia, possibly with hy-
persensitivity or parasite infection. Covered in
granules, appears raspberry-like with ‘Diff-Quik’
stain.

¢ Basophils: also covered in granules but basophilic
as distinct from eosinophils.

The resting ratio of neutrophils to lymphocytes is
60:40. Normal values for white blood cells in the
adult horse are summarised in Table 12.2.

Blood smears
To make a blood smear, see How to . . . 12.5. General-
ly, if submitting smears elsewhere send two or three
unstained slides with two or three Romanowsky-
type stained slides in proper slide carriers, correctly
labelled.

Common faults in blood smears include:
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To make a blood smear

e Prepare slide as soon as possible after blood collection.
Cells are alive and start to degenerate immediately after
collection, which will affect their morphology.

e Take a clean smear-free microscope slide.

e Place a small drop of well-mixed EDTA and whole blood at
leftend of slide.

e Place spreader slide edge on right side of drop at an angle
of 30° to the main slide.

e Draw spreader towards left; blood will fill join between
spreader and main slide.

e Briskly push spreader to the right, drawing out film of
blood across whole of main slide.

¢ Allow to air dry (clean spreader slide while drying).

¢ Readytostain! Follow manufacturer's directions for each
type of stain. Generally flood slide with stain for set time
andrinse.

¢ Most common stains are Romanowsky type (combination
of basic and acidic stains dissolved in methyl alcohol).

¢ Example stains are Leishman's, Giemsa stain and quick
polychromatic stains such as 'Diff-Quik’.

Table 12.2 The normalvalues for white blood cells in the adult horse

Cell type Normal range (x10%/L)
Total leucocyte count (white cell count) 6.0-12.0

Neutrophils 2.7-6.7

Lymphocytes 1.5-5.5

Eosinophils 0.1-0.6

Monocytes 0.0-0.2

Basophils 0.0-0.3

(1) Thickness: too thick (individual cells cannot be
seen) or too thin (insufficient cells)

(2) Unequal distribution, leaving thin and thick
bands

(3) Crenation due to too slow air drying of the smear

(4) Streaks and spots, which make interpretation
difficult

(5) Incorrect staining: may need several different
stains per sample



Faults (1), (2) and (4) are avoidable with good tech-
nique in spreading the drop of blood; but it takes
practice!

Blood smears should be examined logically, e.g.
using the ‘battlement technique’: the slide is covered
by repeatedly moving two fields up, two fields along
and two fields down until 100 cells have been count-
ed to give a percentage of each cell type. In this way a
manual differential count can be performed. Alterna-
tively, automated counters will give a differential
count.

Equine haematology differs from that in other
species. The difficulty in assessing regenerative
anaemias from the red blood cell parameters has
been mentioned already. Rouleaux formation
describes the stacking of red cells in columns and
is readily seen on a blood smear. This may occur in
association with increased plasma protein concen-
trations in other species but is a normal feature of
equine blood.

Platelets

Platelet counts are routinely performed on EDTA
samples from smears or by electronic cell analysers.
The EDTA may cause platelet clumping, and more
accurate counts can be obtained from blood collected
into tubes containing sodium citrate.

Laboratory Diagnosis

Blood—biochemistry

Serum biochemistry analysis

Most biochemical assays are performed by automat-
ed machines. High-throughput diagnostic laborato-
ries use ‘wet’ analysers where liquid reagents are
added to samples and the chemical reaction is mea-
sured by a spectrophotometer. Smaller laboratories
may use ‘dry” analysers; these are more expensive
per test but give instant results from a small number
of tests or samples. With all laboratory tests, but
particularly biochemistry, it is important to check
normal values according to the laboratory you
use.

Serum proteins

The total serum protein concentration (g/L) consists
of the combined concentrations of albumin and glob-
ulins (see Table 12.3). These may be estimated by col-
orimetry in automated machines or the total serum
protein concentration may be estimated manually
using a refractometer. Serum protein electrophoresis
may be used to quantify the individual components
of the total globulins. This is useful when the total
globulin concentration is abnormal.

Table 12.3 Normal values of serum proteins
and common causes of abnormalities

Total serum protein

Albumin Globulin

Normal value
Increased value

Decreased value

60-70g/L
o Dehydration
e Secondaryto

albumin

25-40g/L
o Dehydration

20-35¢g/L
o Dehydration
o Acute inflammation

increased globulins o Chronicinflammation

e Parasitism
o Liverfailure

o Secondary to decreased o Protein losing o Immune dysfunction

enteropathy
Massive exudate
production
Protein losing
nephropathy
Liver failure
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Specific globulin estimations

Acute-phase proteins form one group of the total
globulins (alpha-globulins). They are produced by
the liver in response to inflammation and include
fibrinogen and haptaglobin. These are useful as sen-
sitive indicators of inflammation. The immunoglo-
bulins (gamma-globulins) include the antibodies.
Specific measurement of antibody levels (immun-
oglobulin G) is useful to determine the immune
status of an animal and is commonly used to assess
the efficacy of transfer of maternal immunity to a
newborn foal via the colostrum.

Electrolytes

Sodium, potassium, chloride, calcium, magnesium
and phosphorus can all be measured in the blood
(see Chapter 13).

Acid-base balance

Normal tissue metabolism results in the production
of hydrogen ions whose concentrations are closely
controlled by homeostatic mechanisms. Hydrogen
ion concentrations are measured on pHscale 1-14.. In
the normal horse, blood is slightly alkaline (pH
7.35-7.45). Processes leading to a rise or fall in blood
pH are known as alkalosis and acidosis, respectively
(see Chapter 13).

Muscle enzymes

If muscle cells are damaged, enzymes leak into
the blood and may be measured. The two important
enzymes are:

e Creatinine phosphokinase (CPK): highest concentra-
tions are found in skeletal muscle, cardiac muscle
and brain tissue.

* Aspartateaminotransferase (AST), which is found in
skeletal muscle, cardiac muscle and the liver.

The most often damaged of these is skeletal muscle,
e.g. in exertional rhabdomyolysis, myositis or post-
anaesthetic myopathy. The plasma concentration of
CPK peaks within 6 h and rapidly decreases, where-
as AST concentrations peak at 24 h and remain high
for 7-10 days. The values reached are in the thou-
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sands rather than hundreds. Dehydration may result
in AST and CPK concentrations of a few hundred
more than normal.

Liver enzymes
These include:

o AP (alkaline phosphatase): not liver specific but may
reflect chronic damage to the hepatobiliary tract.
Can check the isoenzyme intestinal AP in order to
see if increased value is of liver origin. Normal
range is 86-2851U/L.

o AST (aspartate aminotransferase): not liver specific
(alsoreleased from muscle) butis released in acute
liver disease. Normal range is 138—4091U /L.

o GGT (gamma-glutamyl transferase): technically not
liver specific because it is also increased if there is
renal or pancreatic disease. These are, however,
rare so it is in fact a very useful indicator in both
acute and chronic liver disease. It reflects damage
to the biliary tract. Normal range is 0-441U /L.

e GLDH (glutamate dehydrogenase): liver specific
and reflects current damage (‘acute” enzyme) but
is unstable in transit and so requires assay shortly
after collection. Normal range is 0-11.8 IU/L.

e LDH (lactate dehydrogenase): need to look at
the isoenzyme related to liver because it is a
widespread enzyme. It is not particularly useful.
Normal rangeis 162-4121U/L.

e SDH (sorbitol dehydrogenase): liver specific and
released early in damage (‘acute” enzyme). It is
not stable therefore as GLDH. Normal range is
0-81U/L.

Remember: dehydration mimics increased serum
concentrations of liver enzymes.

Serum bilirubin concentrations are of limited use in
the horse compared with other species. They are
often not increased in equine liver disease but in-
creases may be seen with biliary disease. The most
common physiological reason for an increase in
bilirubin concentration is anorexia.

If liver failure is suspected then a liver function test
such as the total serum bile acid estimation (TSBA)
should be carried out. This is an extremely useful test
to monitor the progression of liver disease. Blood
ammonia concentrations also may be increased in



cases of liver disease, especially those showing
encephalopathy. However, ammonia is not stable
in plasma and needs to be assayed rapidly after col-
lection. Other analytes may be altered in hepatic
disease, such as triglyceride levels. These are
particularly significant in hyperlipaemia, a metabo-
lic disorder seen in ponies, particularly Shetlands,
where increased triglyceride concentrations will be
encountered.

Blood glucose

The normal range for blood glucose concentration is
3.5-6.0mmol /L (60-100 mg/dl). It can be estimated
using dipsticks or, better, a biochemistry analyser.
Transient increases in blood glucose concentration
are common and may be due to insulin resistance
(stress, pregnancy, obesity or breed related, e.g.
Shetland ponies), corticosteroid administration
or o,-agonist administration (sedative). Prolonged
hyperglycaemia is uncommon in the horse but if it
occurs it is usually due to hyperadrenocorticism
(‘Cushing’s disease’). Hypoglycaemia is extremely
uncommon in horses but may be associated with
anorexia or liver failure.

Foals have an increased blood glucose concentra-
tion compared with adults: 108-190mg/dl in the
neonate, decreasing to 105-165mg/dl by 12 months.
Monitoring glucose concentrations is important in
sick foals.

Renal function

Assessment of urinary function may be made
from:

¢ Creatinine
e Blood urea
¢ Blood urea nitrogen (BUN).

Although an increase in the circulating concentra-
tions of urea and creatinine (azotaemia) indicates
renal failure, 75% of renal function will have been lost
already by this point (see Chapter 14). Azotaemia is
therefore an insensitive indicator of the onset of fail-
ure. However, further changes in the concentrations
canbe used to assess progress, so they are then useful
as monitors. Small increases in urea and BUN are
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often found in dehydration, diseases with tissue
catabolism and if the horse is on a high-protein diet.
Increases in creatinine occur in severe acute my-
opathies. If urea, creatinine and BUN are all in-
creased, then a nephropathy (renal disease) should
be suspected.

Intestinal function

Intestinal disease may result in the release of cellular
enzymes from the damaged enterocytes. Typically
those used clinically are:

e AP: released following damage to the intes-
tinal epithelium; intestinal AP is the gut-specific
isoenzyme.

¢ LDH: release of the intestinal isoenzyme reflects
gut damage.

Anything thatinvades the mucosa lining of the intes-
tine will damage it and result in increased serum
concentrations of these isoenzymes. Broadly, this
divides into:

* parasites, e.g. cyathostomes
e cellular infiltrates, e.g. lymphosarcoma, eosino-
philic enteritis.

An assessment of intestinal function may be made
with the oral glucose tolerance test. This test measures
the absorption of glucose from the small intestine
into the bloodstream. Any condition affecting
the small intestine may disrupt the glucose absorp-
tion and result in a decreased glucose absorption
(malabsorption).

Urine collection

Urine may be collected as a free-flow sample collect-
ed during normal micturition. It is usually most use-
ful to collect a mid-stream sample. Alternatively,
urine may be collected by catheterisation. This is a
simple technique in both the mare and the male
horse. Samples collected by catheterisation are often
more appropriate for bacteriological examination
because contamination from the external genitalia is
avoided. However, catheterised samples will often
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have increased red cell, transitional epithelial cell
and protein concentrations.

Urine samples should be collected into clean ster-
ile containers. Ideally the sample will be analysed
immediately but preservatives, such as boric acid,
may be used if there is going to be a delay before
analysis.

Urine appearance

Normal horse urine is yellow and may range from
clear to cloudy in appearance. The colour may vary
fromlight to dark, depending on the hydrationstatus
of the animal. It may froth when shaken, due to the
normal high protein content. Crystals are often visi-
ble in the urine and result from the high concentra-
tion of calcium carbonate in normal equine urine.
These may settle out as a sludge if the sample is
allowed to stand.

Red discolouration of urine may be a result of
haematuria, i.e. blood in the urine. The red blood
cells, and therefore the colour, will settle out if the
sample is left to stand and, in addition, the red blood
cells will be seen during microscopic examination of
the urine deposit. Haemoglobinuria, with a pink to
red appearance, may be distinguished from haema-

turia, because the discolouration will not settle out
if the sample is left to stand. Also, in cases of haem-
oglobinuria the plasma usually will have an
abnormal orange/red discolouration. Rarely, drug
administration may cause abnormal urine dis-
colouration (e.g. rifampicin may result in orange
urine). Brown to red/black discolouration of the
urine is associated with myoglobinuria. (Note: myo-
globinuria, unlike haemoglobinuria, will not be
associated with any visible discolouration of the
plasma.)

Specific gravity

Specific gravity is a measure of the density of a fluid.
It is measured with reference to distilled water
(which has a reference value of 1.000) by refrac-
tometer or, less reliably, on a dipstick.

Normal equine urine may have a specific gravity
in therange 1.020-1.050.

Chemical tests

A variety of biochemical tests may be performed on
equine urine (see Table 12.4). These are commonly
performed on a dipstick for ease of measurement,

Table 12.4 Biochemical tests on equine urine

Test Normalrange Disease that may cause
an abnormal result

pH 7.0-9.0 Acidic with concentrate feeding or
metabolic acidosis

Protein <100mg% Massive concentrations seen with
glomerular disease; slight increases
seen with lower tract inflammation

Glucose None usually present Glucosuria can be seen with

hyperadrenocorticism, stress or excess
glucose administration

Ketosis is rarely seen in horses

Bilirubinuria may be rarely seen with

obstructive jaundice or haemolysis

Haemoglobinuria seen with severe

intravascular haemolysis

Ketones None usually present
Bilirubin None usually present
Haemoglobin None usually present
Myoglobin None usually present

Myoglobinuria is seen with extensive

muscle cell degeneration
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but where abnormalities are detected it is sensible to
confirm these by other more accurate methods.

Urine deposit

Examination of the urine deposit or sediment by
microscopy is an important part of the examination
of a urine sample (see Table 12.5).

Biopsy techniques

Tissuebiopsies are collected for histopathological ex-
amination. This usually allows definitive diagnosis
where other techniques such as fine-needle aspirates
and smears are limited. Biopsies may be taken froma
number of sites in the horse:

e Skin: should not be prepared surgically because
this would destroy the microscopic features. Fol-
lowinglocal anaestheticadministration at the site,
a punch biopsy, elliptical biopsy or excisional
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biopsy is taken. The horse usually would be
sedated for this simple procedure.

 Liver: site should be prepared surgically and a
sample taken using a Tru-cut technique with the
needle introduced through the skin and inter-
costal muscles, which have been infiltrated with
local anaesthetic. The horse should be sedated.

* Endometrium: taken using a special instrument
introduced through the cervix. The tail should be
bandaged out of the way and the perineum and
vulva should be clean.

® Rectal biopsy: similar to endometrial biopsy, al-
though cleaning of the region is not required.

® Neoplasm: the preparation required depends on
the location of the neoplasm.

Samples are submitted for histopathology (need to
be placed in formol saline; see below) and /or to bac-
teriology for culture (need to be collected aseptically
and usually placed on a sterile isotonic saline-soaked
swab in a sterile container). Handling of the tissue

Table 12.5 Examination of equine urine

. nten
deposit Content

Normal finding Disease that may cause

an abnormal result

Red blood cells

White blood cells

Transitional/epithelial cells

Bacteria

Crystals (may be
distinguished by their

morphological appearance)

Casts

None usually present Red cells may be seen
following catheterisation or
may indicate inflammation,

trauma or neoplasia

None usually present Marked numbers associated

with inflammation

Few usually present Marked numbers may indicate
inflammation, trauma or

neoplasia of the bladder

None usually present Presence only significant if
accompanied by inflammatory

cells

Calcium carbonate crystals

are commonly seen; triple
phosphate and calcium oxalate
crystals are rarely seen

Cellular casts are rarely seen;
hyaline (protein) casts may be
seen occasionally

Increased numbers of triple
phosphate crystals may
indicate infection

Tubular damage may result
inincreased numbers of
cellular casts
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sample must be done with care and as atraumatically
as possible (e.g. use a hypodermic needle point to
transfer liver biopsy from Tru-cut needle to sample
pot). If facilities allow, samples may be submitted for
frozen section or immunofluorescence; advice
should be sought from those assessing the samples as
to sample size and fixative requirements.

Faecal analysis

Faecal samples need to be as fresh as possible. This
sometimes may necessitate collection directly from
the horse. There are very real risks associated with
this, including damage to personnel and the rectal
mucosa tearing, which may result in life-threatening
peritonitis. A rectal examination is an act of veteri-
nary surgery to be undertaken by a qualified
clinician with proper restraint of the horse.

Equine faecal samples may be assessed for number
and type of parasite ova or larvae (see Fig. 12.1). Ova
are counted using faecal flotation (see How to. ..
12.6) or sedimentation, usually followed by the
McMaster technique, which uses a special counting
chamber.

Use of flotation to examine a faecal sample

(Based on differences in specific gravity: water at 1.000 com-

pared with most ova at 1.100—1.200 and certain ‘solutions’

(e.g.zincsulphate) at 1.200-1.250.)

(1) Mixfaecesand 'solution and sieve through a fine gauze.

(2) Collectdraining sample into test tube so that itis full and
seal with a cover slip.

(3) Leave for 20 min.

(4) Lift coverslip off vertically and place on microscope slide,
with fluid trapped between them.

(5) Using a low-power objective, examine microscopically.

Large strongyle and small strongyle (cyathos-
tome) eggs may be identified. It is also possible to
identify tapeworm eggs (Anoplocephala species) but
they rarely float out of the solution and so may be
missed. Whole adult tapeworms or their segments
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Fig.12.1 Example of a nematode egg (magnification x 680).

may be seen but only sporadically (a serum test is
now available for the more accurate diagnosis of
tapeworm infection).

Larvae are separated from a faecal sample via sedi-
mentation using the Baermann apparatus. This is
suitable for looking at larvae from a patent lung-
worm (Dictyocaulus viviparous) infection or a case of
cyathostomosis. Cyathostomes are a major cause
of parasitic disease in the UK at this time.

Skin and hair

Collection of specimens

Horses undergo dermatological investigation fre-
quently, because there is a vast expanse of hair and
skin to sample and skin conditions are relatively
common. Various techniques are used:

* Hair plucks: e.g. for dermatophyte (‘ringworm’)
culture. The area to be sampled should be wiped
with 70% isopropyl alcohol (to reduce contami-
nants) and allowed to dry. Hair plucks should
be taken with sterile forceps from the edge of a
suspected lesion (e.g. hairless area) and placed
into a sterile container.

* Hair brushings: rarely performed in horses but may
be used to investigate dermatophytosis.

® Acetate tape preparations: usually used to identify
Oxyuris equi, or ‘pinworm’, infections in the peri-
anal region. The tape should be pressed on a
number of areas around the anus and placed
on a microscope slide prepared with mineral oil.



e Skinscrapings: e.g. for mite identification, especial-
ly Chorioptes. Any hair should be mostly clipped
away before mineral oil is rubbed into the site. A
scalpel blade thenis held at right angles to the skin
and gentle pressure applied as it is stroked to and
fro until capillary ooze is seen. The sample then
should be placed in a sterile container or applied
directly to a microscope slide.

If a sample is being taken from a horse suspected to
have a zoonotic infection (one transmissible to man)
such as dermatophytosis (‘ringworm’), extra care
must be taken in sampling. Gloves should be worn
and disposed of safely after use and any equipment
used must be considered similarly. No other part
of the body (horse or human) should be touched
so that contact contamination is avoided. Any per-
sonnel involved with the handling of the samples
or equipment used must be informed of the risk,
either directly or through correct labelling of the
samples.

Collection of body fluids

A number of body fluids may be collected for diag-
nostic purposes (see Table 12.6 for normal features).
In all cases the collection should be performed using

Table 12.6 Normalfeatures of fluid samples

Laboratory Diagnosis

as sterile a technique as possible. In the field, surgical
asepsis often is not possible but adequate prepara-
tion of the site of sampling (usually an area 15cm x
15cm) together with sterile equipment and gloved
hands should be employed. Effective restraint of the
horse is also essential to avoid injuries and a break in
the aseptic technique.

Samples should be collected into sterile containers
and split between plain vessels (biochemistry, bacte-
riology, limited cytology) and an EDTA vessel (cytol-
ogy). In specific cases other vessels may be required,
such as oxalate fluoride for glucose estimation or
selective culture media. Depending on the sample
collected, a variety of tests may be performed;
usually these consist of total protein estimation and
cytological examination. Most fluids collected
normally would be relatively acellular with a low
protein concentration. Increases in either of these
parameters may occur with disease and are most
marked when inflammation is present. Occasionally
a specific diagnosis may be reached, e.g. with the
identification of neoplastic cells in a sample.

Peritoneal fluid collection

Peritoneal fluid is most easily collected in the stand-
ing animal from a site 10-15 cm behind the xiphister-

Feature Peritoneal fluid Pleural fluid Synovial fluid Cerebrospinal
fluid

Colour Pale yellow/yellow Yellow Pale yellow Colourless

Turbidity Clear Clear Clear Clear

Viscosity Not tacky Not tacky Tacky (will form a string) Not tacky

Nucleated cell count

Predominant
cells present

Protein concentration

Other

<5x 107 cells/KL

Large mononuclear
cells and neutrophils

<20g/L

<10x 10° cells/L

Large mononuclear
cells and neutrophils

<40g/L

<0.5% 10 cells/L

Mononuclear cells

<15g/L

<0.01x 10 cells/L

Mononuclear
cells

<1.0g/L

CPK: <251U/L
Glucose:
1.7-4.2 mmol/L
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num in the ventral midline. In this place the needle
will pass through the linea alba at the most depen-
dent point of the abdomen. After adequate restraint
and preparation of the site, a needle is placed
through the skin and into the linea alba. It is then
slowly advanced into the abdomen until peritoneal
fluid drips out. In most horses an 18-gauge 1.5-inch
needle is suitable, but longer needles may be needed
in obese animals. In the neonate the technique may
be performed in the recumbent animal but extra care
must be taken to avoid inadvertent puncture of the
intestine.

Pleural fluid

Pleural fluid is collected by thoracocentesis through
an intercostal space. In normal horses only a small
volume of pleural fluid is present in the dependent
part of the thorax. In cases of pleural disease an
increased volume of fluid may be present. Thoracic
ultrasonography is invaluable in identifying the
site for pleural fluid collection.

After preparation of the site, local anaestheticis in-
filtrated into the intercostal tissues. A needle then is
inserted immediately cranial to the rib and into the
pleural space. The pleural space usually contains a
negative pressureso entry willbeaccompanied by an
influx of air. Once this is recognised, the needle
should be closed to prevent the creation of a pneu-
mothorax. Inmost horses a 19-gauge 2-inch needle is
most suitable for diagnostic thoracocentesis. If ex-
cess pleural fluid is present then it will usually ap-
pear from the needle under pressure. If therapeutic
pleural drainage is indicated then a large intra-
venous catheter, bitch urinary catheter or human
chest drain is more suitable.

Synovial fluid

Selection of the most suitable anatomical site for syn-
ovial fluid collection varies with the horse and the
fluid to be collected. Following adequate prepara-
tion, a small bleb of local anaesthetic may be used to
reduce movement of the horse as the needle is insert-
ed. The most suitable needle will vary with the size of
the horse and the synovial cavity under investiga-
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tion. Once the needle is inserted, synovial fluid
usually will flow freely from the hub and can be
collected. Occasionally aspiration with a syringe
may be used.

Cerebrospinal fluid

Cerebrospinal fluid (CSF) may be collected from the
lumbosacral space in the standing horse or from the
atlanto-occipital space in the recumbent animal. Fol-
lowing adequate preparation of the site, a bleb
of local anaesthetic is placed under the skin at the
point of needle entry. For the lumbosacral puncture a
long needle is required and a bovine paravertebral
needle with a stylet is most useful. For atlanto-
occipital puncturea 19-gauge 3.25-inch spinal needle
with stylet is appropriate. In each case, as the needle
is inserted an appreciable loss of resistance is felt as
the needle enters the space and the stylet then should
beremoved toallow fluid collection. Bilateral jugular
vein occlusion may help the collection by increasing
the CSF pressure.

Submission of pathological samples

After collection, all samples deteriorate. To minimise
this, the samples should be placed in a suitable pre-
servative, where appropriate, and transported to the
analysing laboratory as soon as possible. Samples
should arrive at the laboratory ready for immediate
analysis and not at the weekend.

Records, labelling and request forms

Any sample collected from an animal must be identi-
fied suitably and accompanied by a completed
request form prior to submission to an internal or
external laboratory for analysis. Information that
isneeded on a request form includes:

¢ Owner’sname

¢ Animal’s name or identification

* Animal’s details: age, gender and breed

¢ Date and time of sample collection

® Relevant clinical history of the animal (including
previous samples submitted)



e Listof samples (and their type) to be submitted
¢ Details of samples and the sample sites
¢ Details of the tests or investigations required.

Packaging of samples

Allsamples, even those being transported toan inter-
nal practice laboratory, need to be packaged suitably
toensure that they arrive safely and securely. In addi-
tion there must be norisk of leakage if a rigid contain-
er is broken and no risk to personnel handling the
package. Those samples being transported by the
postal service must comply with United Nations
Packing Instruction 602. This can be obtained from
the Post Office and includes the following;:

¢ Samples should be placed in a labelled, watertight
and leak-proof primary container made of glass,
metal or plastic.

® Specialised leak-proof seals are available or
alternatively a screw cap may be used with addi-
tional waterproof tape wound around the way the
thread tightens the cap.

¢ The primary container with suitable padding and
enough absorbent material to absorb all its con-
tents is placed in a secondary container.

® The secondary container should be durable,
watertight and leak-proof. If enough padding and
absorbent material is included it may contain
several primary containers.

* An itemised list of contents, the identity of the
shipper and receiver (with contact numbers) and
any additional paperwork (request forms) should
be attached to the secondary container.

® The secondary container and attachments are
placed in an outer shipping package.

¢ The outer shipping package, usually cardboard,
should protect its contents from external damage
and be labelled with the sender and receiver de-
tails and contact numbers and appropriate
hazard designation.

e It is best to obtain packaging and or practical in-
structions from the laboratory to which samples
are being sent.

In addition, the following Post Office regulations
should be complied with:

Laboratory Diagnosis

¢ Packages should be sent First Class or Data Post.

e They should be labelled ‘PATHOLOGICAL
SPECIMEN—FRAGILE. HANDLE WITH CARE'".

* Primary containers should be sealed securely and
have a maximum volume of 50 ml.

* Secondary containers may be a leak-proof plastic
bag placed within a rigid container such as a
plastic clip-down tub, screw-to-metal cylinder
or two-piece polystyrene box.

¢ Itisrecommended thata padded (Jiffy) bagis used
as the outer shipping package.

Sample deterioration/loss

Gross damage, loss or contamination of a sample
is uncommon and can be avoided with suitable
packaging and handling. However, even mild
deterioration of a sample can render it unsuitable for
analysis or contribute to erroneous results being
produced.

Autolysis

Autolysis is the process of cell membrane break-
down leading to destruction and lysis of cells. Itis an
inevitable process once samples are collected, but
is accelerated by increased temperatures and
humidity. The use of preservatives and cooling help
to slow down the rate of autolysis.

Haemolysis

Haemolysis is the process of degeneration of blood
cells. It is most apparent in red blood cells and is
exacerbated by extremes of temperature and physi-
cal shock. Itis clinically important because haemoly-
sis causes discolouration of the serum or plasma,
which then may distort any subsequent colorimetric
or photometric analysis. Where possible, serum or
plasma should be harvested from a blood sample
soon after collection and before transport to the
laboratory.

Necrosis

Necrosis is the process of cell death and lysis that oc-
curs in tissues after death or in tissue samples after
collection. It begins immediately and, especially at
high temperatures, may rapidly render a sample
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unsuitable for histopathological examination. To re-
duce this deterioration, fresh tissue samples should
betransferred immediately into a fixative. Most com-
monly 10% formol saline is used. This is made by
diluting formalin (a concentrated 40% solution of
formaldehyde in water) in a buffered saline solution
as a 1:10 solution. Samples should be placed in ten
times their volume of the 10% formol saline in a
wide-mouthed container that allows easy retrieval
at the laboratory.

Submission of samples

Virus detection may be carried out using swabs,
body fluids or tissues. A special transport medium is
usually required (containing proteins to support
the virus and antibodies to inhibit bacteria) and the
sample needs to be collected early in the course of
disease. Transport to the laboratory should notbe de-
layed and the samples may need to be sent packed
with ice. Details like this are important; the labora-
tory always should be consulted if there is doubt
about the type of sample required and way in which
itshould be sent.

Samples required

Where viral disease is suspected, samples may be
collected and submitted in order to make a diagnosis.
With a more epidemiological perspective, samples
are used to assess vaccine efficacy and to eradicate
disease. Some important notifiable diseases are
caused by viruses, e.g. equine viral arteritis (EVA)
and African horse sickness. Samples may be assayed
for:

¢ Virusisolation (VI)

® Viral antigens (AG), by a variety of techniques
such as enzyme-linked immunosorbent assay
(ELISA), polymerase chain reaction (PCR),
immunofluorescence or radioimmunoassay
(RIA)

¢ Antibody titre (AB), e.g. an agar gel immuno-
diffusion test (‘Coggins test’) if equine infectious
anaemia is suspected.
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Serial samples may be required to demonstrate
a rising antibody titre. Samples frequently required
include:

* Blood: e.g. equine influenza (AB, VI, AG), equine
herpes virus (AB, VI, AG)

¢ Tissues: e.g. fetal tissues for equine herpes virus
(AG, VD)

® Swabs: e.g. nasopharyngeal swabs for equine
influenza (VI), conjunctival swabs for EVA (V)

¢ Body fluids: e.g. semen for EVA (V).

Microbiology

Microorganisms (or microbes) are living organisms,
namely bacteria, fungi, viruses and protozoa (see
Table 12.7), that are too small to be seen with
the naked eye. Those that cause disease are termed
pathogens. Pathogens are almost invariably parasites,
living in or on the horse as a host. Not all of
these harm the host: those that neither benefit nor
harm the host are commensal and those that bene-
fit the host are mutualistic. Commensalism, para-
sitism and mutualism are all examples of symbiosis,
where different organisms live closely together.
Another group, saprophytes, are free-living microbes
in the soil that derive their nutrients from dead
plants and animals. Microorganisms are measured
in micrometres (um, i.e. 1000th of a millimetre). For
example, most bacteria are between 0.5 and 5um
long.

Microorganisms and disease

If a microbe invades and replicates within an animal
then that animal is infected. An infection may be
clinical (overt) or sub-clinical (occult), depending on
whether there are signs of disease. A disease may be
endemic if it is constantly present in an animal popu-
lation but only clinically recognisable in a few indi-
viduals. Endemic diseases are usually less severe
(low morbidity). An epidemic is a disease of high
morbidity that is present infrequently in the popula-
tion. When it occurs, an epidemic usually is rapidly
spreading and present in many individuals. Zoonotic
disease is a disease of animals that is transmissible
to man. Examples of zoonoses with respect to



Table 12.7 Comparison of microorganisms
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Feature Bacteria Viruses Fungi Protozoa

Size 0.5-5um 20-300nm 3.8um 10-200 um

Number of cells Unicellular Non-cellular Multicellular Unicellular or multicellular
Cell wall Yes No Yes No

Reproduction Asexual or conjugation Replicate within cells Asexual and sexual by spores Asexual and sexual
Motility Some motile Not motile Not motile Motile

Nucleus No membrane-bound nucleus No Membrane-bound nucleus Membrane-bound nucleus
Nucleic acids DNA and RNA DNA or RNA DNA and RNA DNA and RNA

Toxin synthesis Some produce toxins No Some produce toxins Some produce toxins

horses include dermatophytosis (‘ringworm’) and
salmonellosis.

The development of disease from infection in
any animal is the result of an imbalance between the
animal’s immune system and the microorganism
challenge to which it is exposed. This challenge is
determined by the amount of microbe presentand its
virulence. The virulence of a microbe is its degree of
pathogenicity (i.e. ability to cause disease) and de-
pends on factors individual to it, such as its ability
to gain access to the host cells and whether it can
produce toxins to damage host physiology.

For a microbe to cause disease it must be able to:

¢ Enter the host

¢ Overcome or avoid the host defences
* Replicate and establish a presence

¢ Damage the host tissues.

Some microorganisms do this by secreting or releas-
ing toxins that have deleterious effects on the host
cells. Others, such as viruses, may directly invade the
host cells and cause damage or cell death.

Toxin synthesis is a significant factor in the devel-
opment of disease in any animal; in horses, both
endotoxins and exotoxins are of major significance.
Exotoxins are synthesised by the living microbe (bac-
teria or fungus), e.g. tetanus toxin is an exotoxin pro-
duced by Clostridium tetani causing tetanus, which is
often fatal in horses. Endotoxins are part of the bacter-
ial cell wall of some Gram-negative bacteria and are
only released when it dies. Although not as immedi-
ately life threatening as exotoxins, they exerta devas-
tating effect on the horse’s health if not addressed,
e.g. in horses with severe gastrointestinal compro-
mise ‘endotoxic shock’ may occur. This is where the

gut wall becomes ‘leaky’, allowing bacteria and
endotoxins across it, which then trigger a cascade of
inflammatory reactions resulting in potentially fatal
endotoxic shock.

Toxaemia describes the presence of toxins in the
blood. Using similar terminology, viraemia indicates
viruses in the blood, bacteraemia denotes bacteria in
the blood, septicaemia refers to the active replication
of bacteria in the blood and pyaemia suggests pus
in the blood.

Basic bacterial cell structure

Bacteria are generally encased in a cell wall, which
varies in thickness and in composition; this variety
accounts for why some are Gram positive and some
Gram negative. Around this there is usually a capsule
that protects the cell and may contribute to its viru-
lence. Inside the cell wall is the cell membrane, which
surrounds the fluid cytoplasm. Within this floats the
bacterial chromosome, which is the genetic material of
the cell. There also may be one or more plasmids; these
are important in the development of antibiotic resis-
tance. Some bacteria possess other structures outside
the cell wall, including flagella (to help movement),
pili (important in cell reproduction) and fimbriae
(involved in adherence of the bacteria to host cells).

Classification of bacteria
Three shapes are recognised:
(1) Bacilli (rod shaped)

(2) Cocci (spherical)
(3) Spirilla (spiral shaped)
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Curved bacilli are termed vibrios. Paired cocci are

described as diplococci whereas a chain of them are

called streptococci (e.g. Streptococcus equi subspecies

equi, which causes ‘strangles’) and a cluster of cocci

are known as staphylococci (e.g. Staphylococcus aureus,

which is a common equine commensal bacteria).
Bacteria are further classified as:

¢ Gram-stain positive, e.g. Clostridium species
¢ Gram-stain negative, e.g. Salmonella species

This depends on the cell wall characteristics.

Acid-fast bacilli are another group differentiated
on the basis of a staining technique. They are stained
red with carbol fuchsin before being heated. They
are then resistant to decolourisation with acid
alcohol and so retain the red colour when counter-
stained with methylene blue. This is known as a
Ziehl-Neelsen stain; examples of acid-fast bacilli are
the Mycobacteria.

There is a distinction between aerobic bacteria,
which can only grow when oxygen is present (e.g.
those found on the skin) and anaerobic species. Oblig-
ateanaerobes cannot withstand oxygen in the environ-
ment whereas facultative anaerobes will grow with or
without it. Microaerophilic bacteria favour conditions
when the concentration of oxygen is lower than in
atmospheric air.

Bacterial reproduction
Bacteria reproduce by:

(1) Binary fission, where the cell simply divides into
two identical daughter cells (asexual).

(2) Conjugation, which involves the transfer of DNA
from one bacterial cell to another, via a pilus.
Conjugation is important because the recipient
cell acquires new genetic material, e.g. resistance
to an antibiotic.

Gram-positive bacteria tend to reproduce by fis-
sion but Gram-negative species favour conjugation.
Spore production occurs when environmental con-
ditions are unfavourable; the endospore forms
within the bacterium. Spores are extremely resistant
to destruction and can survive for years. Clostridium
species, which cause botulism and tetanus, are
examples of spore-forming organisms. Spores are
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destroyed by autoclaving, dry heat (160° for >2h!)
and Tyndallisation (repeated steaming).

Bacterial culture

Bacteria may be grown in the laboratory in a culture
medium; this is a solid or liquid that contains the
nutrients for a particular species in the correct pro-
portions. Solid media are usually found in flat-lidded
clear petri dishes. There are a number of media com-
monly available to veterinary practice laboratories
(see Table 12.8) and the type of media used depends
on the bacteria suspected to be present.

Additionally, biochemical media may be used to
differentiate between different species of bacteria by
demonstrating the way in which the species react
with themedia, shown as an indicator colour change.

Once a plate has been selected appropriate to the
bacteria suspected, then the sample must be “plated
out’ onto it (see How to . . . 12.7). This is done to dis-
perse the sample so that colonies grow thinly and
may be identified, e.g. by the ‘streaking method’.

Viruses

Viruses comprise a capsid made of protein encasing
nucleic acid, which may be RNA or DNA. A number

To plate out a bacterial culture

* Place asmall sample of the culture (e.g. one drop) onto the
medium at the edge of the plate

Flame a platinum bacterial loop until itis red hot, allow to
cool and touch onto agar somewhere distant from the
sample

Streak from the sample in a zigzag across one-third of the
plate

Use a hooded Bunsen flame to heat the loop again to red
hot

Cool loop and repeat streaking, going from the zigzags
already there to form a new patch over another one-third
of the plate

Repeat again to cover the last one-third of the plate and lid
the plate before it is incubated
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Table 12.8 Media commonly usedin

Veterinary practice laboratories Medium Plate (P) or broth (B) Type Willgrow.. . .

Nutrient agar P Simple (basal) Any

Chocolate agar P Enriched Certain pathogens

Blood agar P Enriched Most pathogens

MacConkey's agar P Selective (for enteric Enteric species: lactose
species) and fermenters vs. non-lactose
differential fermenters

Deoxycholate P Selective Salmonella species

citrate agar

Sabouraud’s agar P Selective Fungi

Nutrient broth B Simple (basal) Any

MacConkey's broth B Selective Enteric species

Selenite broth B Enrichment Salmonella species

of shapes are recognised, including helical, icosahe-
dral, complex and composite. Additional variety is
provided by the presence or absence of an envelope
around the capsid. Viruses replicate by attaching to a
host cell through recognition of a particular receptor
on that cell. The virus then discharges its genetic
material into the host cell. This genetic material is
reproduced by the host cell, forming new viral parts.
These are then released either by rupture of the cell
membrane or by passing through it without destruc-
tion of the host cell.

Fungi

Horses may be infected by both of the two main types
of fungi: multicellular moulds (e.g. dermatophytes,
‘ringworm’); and unicellular yeasts (e.g. Candidasp.),
seen in furring of the tongue in sick foals.

Bacteriological examination

Bacteriological examination of samples may be per-
formed within a practice laboratory or sentaway, e.g.
testing for contagious equine metritis swabs (CEM)
should be sent to a laboratory approved by the
Horserace Betting Levy Board. Some fungal samples
will be dealt with internally compared with a viral
assay, which usually requires specialist laboratory
work.

Bacteria are examined by making a smear on a
microscope slide. The smear may be made:

¢ Directly from a swab that is rolled onto the slide
(e.g. from open wound or vesicle)

¢ Fromaliquid using a sterile wire loop or pipette to
transfer one drop (e.g. from an abscess)

¢ Fromanagar plate with a sterile wireloop, picking
off a colony and mixing with sterile saline.

The smear then must be heat fixed once it has air
dried by passing it through a Bunsen flame (sample
facing up!) two or three times. Once cooled, it can
then be stained.

A simple stain is methylene blue, which should
be used to cover the slide for 3min before it is
rinsed with tap water and examined for bacteria.
An idea of the number of bacteria and their
shape may be obtained. Alternatively, a Gram
stain may be used (see How to . .. 12.8), which will
both reveal the bacteria present and help to classify
them.

Itis important to note that swabs taken for bacteri-
ology, as with any pathological sample, need to be
collected and processed as quickly as possible. La-
belling must be correct to both identify the sample
and avoid unnecessary delay in processing. They
may be taken from a variety of sites and should be
taken aseptically to avoid contamination, which will
give spurious results. In equine practice, swabs are
routinely taken from:

* The nasopharynx (in investigating, for example,
suspected ‘strangles’ caused by Streptococcus equi
subspecies equii)
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Howto...12.8

To do a gram stain

(1) Flood smear with oxalate crystal violet solution
(1min)

(2) Rinse with tap water

(3) Flood smear with stabilised Lugol-PVP complex
(1min)

(4) Rinse with tap water

(5) Decolourise with acetone/alcohol mixture

(6) Rinse with tap water

(7) Flood with safranin solution (1min)

(8) Rinsein tap water

(9) Dry

(10) Examine using oil immersion lens

Gram-positive bacteria stain blue, because they are not de-
colourised. Gram-negative bacteria are decolourised and take
up the colour of the counterstain, which is red.

e The clitoris (to detect the presence of Taylorella
equigenitalis, the causative organism in contagious
equine metritis)

e The uterus (to detect the presence of infectious
endometritis)

¢ Abscesses and wounds

¢ Duringsurgery (e.g. from a septic tendon sheath)

¢ The conjunctiva.

Ectoparasites

Ectoparasites affect the horse externally, as distinct
from endoparasites that are internal parasites. A
wide variety of ectoparasites affect equines; someare
host specific and some have the potential to affect
other species, including humans (zoonotic).

Lice

Acommon ectoparasitein the horseis thelouse, lead-
ing to lice infestation (pediculosis), which often oc-
curs in groups of horses when housed in the winter
months. Both biting lice (Damalinia equi) and sucking
lice (Haematopinus asini) are found (see Figs 12.2 and
12.3). Lice are six-legged and about 2mm in length.
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Fig.12.2 Example of a sucking louse (magnification x 44).

Fig.12.3 Example of a biting louse (magpnification x 60).

The biting species have obvious mouthparts when
compared with the sucking species. The eggs (nits)
may be seen attached to the mane and tail hairs and
sometimes the adult lice can be seen in the mane, tail,
along the dorsum or anywhere else. Other clinical
signs can include pruritus (this may cause secondary
self-induced trauma), alopecia and anaemia if the
infestation is severe. Lice are host specific and only
survive a few days off the horse. Transmission is by
direct contact or fomites (e.g. grooming equipment,
rugs or tack). A cure may be effected by synthetic
pyrethroids, e.g. permethrin.

Mites

Chorioptic mange
Chorioptic mange in horses is caused by Chorioptes
equi (see Fig. 12.4). These host-specific eight-legged



Fig.12.4 Example of a Chorioptes mite (magnification x 150).

mites live on the skin surface for their entire lifecycle
and causelocal irritation. They are typically found in
the long hair (feathers) of the distal limb of heavy
horses and cobs, where their presence causes stamp-
ing and self-trauma and is often complicated by
secondary bacterial infection. Clinical disease is
more common in the winter. Transmission is by
direct or indirect contact.

The mites may be identified from skin scrapings,
which should be collected from new lesions after ex-
cess hair has been clipped off. They are superficial,
unlike Psoroptes equi (see below), and so only chew
skin debris rather than penetrating the skin. Treat-
ment for all mites is as for lice, and topical ivermectin
or fipronil (unlicensed) is also effective.

Psoroptic mange

Psoroptes equi and Psoroptes communis are host-
specific mites that are less common (and not found in
the UK, where the disease is notifable). They live on
the skin surface, typically around the mane and tail,
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where they cause intense pruritus. Diagnosis is by
identification of the mite on skin scrapings. The mites
are very similar to Chorioptes equi but in Psoroptes the
mouthparts are less round and the pedicels (parts at
the ends of all eight legs to which the cup-shaped
suckers are attached) are longer and jointed. They
measure about 0.75 mm in length.

Sarcoptic mange

Sarcoptes scabiei are burrowing mites that affect
domestic mammals and man. The condition is
extremely rare in the horse. They induce marked
pruritus and often there is severe self-trauma with
excoriation and skin damage. Deep skin scrapings
are required to identify the mites, which can be
difficult to find. Sarcoptes mites are smaller than the
other types, measuring up to 0.4 mm in length. They
are more rounded and notably are covered in
distinctive ridges and scales in their dorsum.

Ticks

Ticks may be found on horses, particularly in known
tick areas such as moorland. The species involved is
the castor bean tick, Ixodes ricinus, which will affect
birds and mammals, including man. It is readily
identified attached to the horse by its mouthparts
and the tick’s body enlarges as it feeds. The pale grey
female measures up to 1 cminlength, compared with
the male that is 2-3 mm. They are usually found on
the lower parts of the horse and care must be taken
when removing them to avoid leaving the mouth-
parts embedded in the skin. Their significance is
not yet fully understood, but it is suspected that they
are important vectors for the transmission of blood-
borne disease such as babesiosis, borreliosis and
ehrlichiosis in horses.

Harvest mites

Larvae of the ‘harvest mite’ Trombicula autumnalis
may be seen on the lower limbs of horses in the late
summer and autumn. They will also affect other
mammals, including man. The nymph and adult
stages are free living. Large numbers of ovoid
orange-brown larvae about 0.6 mm long may be seen
clustered together. They may be associated withlocal
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irritation and have been reported to be associated
with ‘headshaking’ in horses when found uncom-
monly in the ears. Treatment is as for lice.

Culicoides

These are very small flies (‘midges’), the adult
females of which bite and feed on blood. They are
irritating, are vectors for disease (e.g. for African
horse sickness) and cause a hypersensitivity reaction
in sensitised horses (‘sweet itch’). They affect all
mammals, including man.

Stomoxys calcitrans

This is the stable fly and looks similar to a housefly. It
is a very irritating ectoparasite because it causes
painful bites. It may bite other domestic mammals
and man. Itisalso implicated in insect hypersensitiv-
ity and is a vector for Habronema.

Habronema muscae/microstoma

These species affect horses and donkeys and are
pathogenic in terms of their effect in the skin and
eyes. This is how the infestation is generally recog-
nised; the appearance of reddish-brown non-healing
areas (‘summer sores’) on the skin, prepuce, penis or,
in the eye, conjunctivitis with ulcers. Larvae may be
seen in samples submitted for microscopy. Treat-
ment is aimed at reducing the inflammation and
preventing re-infestation.

Onchocerca cervicalis

This equine nematode is widespread in the UK but
rarely causes clinical disease. The larval stage is
transmitted via Culicoides species as vector to the pre-
ferred site, the ligamentum nuchae at the withers.
There it causes a painless swelling, which forms
a defined lump. Unless this becomes secondarily
infected, it does not break open to the surface. Once
developed to adults, fresh microfilariae are pro-
duced that migrate predominantly to the skin of the
ventral midline but also to the face, neck and lower
limbs. Alopecia, ulceration and scaling with possible
pruritus may be observed, which are thought to re-
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sult from hypersensitivity to the nematode rather
than direct pathogenic effects. Ivermectin is an
effective treatment.

Endoparasites

Horses are potential hosts to a range of endopara-
sites, including:

* Nematodes: Parascaris equorum, Strongyloides
westeri, Oxyuris equi, Cyathostome
Strongylus species, Dictyocaulus arnfieldi

e Cestodes: Anoplocephala species, Echinococcus
species

® Protozoa: Sarcocystis neurona, Ehrlichia species

* Gastrophilus species

species,

Nematodes

The use of faecal examination for the detection of
various life stages of different types of nematodes is
described earlier in this chapter: the limitations of
this in assessing the presence or degree of parasitism
cannot be overestimated. In addition, changes may
be noted on blood haematology/biochemistry and
histopathology may be used. The most clinically
significant nematodes are the cyathostomes (small
strongyles, about eight significant species) and large
strongyles (three main species).

Cyathostomes

These have a direct, non-migratory life cycle. Eggs
in faeces on pasture develop to third-stage larvae.
These are ingested and invade the large colon wall
where they develop to fourth-stage larvae. These
emerge and moult to adults, which lay eggs that
are passed in the faeces. The larvae in the gut wall are
able to hypobiose (arrest development) for months
toyears. The prepatent period (i.e. development time
from egg to an egg-laying adult) is 620 weeks.
Clinical signs of cyathostomosis include weight loss,
diarrhoea, colicand ventral oedema.

Large strongyles

These have a direct migratory life cycle and do not
hypobiose. The adult stages are in the large intestine
but the larval stages may migrate to damage certain
arteries (the cranial mesenteric artery is the main



site), the liver and the peritoneum. Clinical signs of
strongylosis (mixed small and large strongyles) in-
clude weight loss, possibly diarrhoea, colic and
anaemia.

Cestodes

There are two important species of tapeworm rele-
vant to equines: Anoplocephala perfoliata and, less
commonly, A. magna. They have an indirect life cycle
via the oribatid mite as an intermediate host. Anoplo-
cephala perfoliata is found in the distal small intestine
and caecum where it may cause colic. Tapeworm
eggs and segments may be identified in the faeces
and a blood test is also available to detect infestation.

There are two main strains of Echinococcus granulo-
sus in domestic species: E. granulosus granulosus and
E. granulosus equinus. They are both found in Europe.
The life cycle of E. g. granulosus involves ruminants
and dogs or foxes, whereas in E. g. equinus equines
arethespecificintermediate hostas opposed to rumi-
nants. Following ingestion of an infective segment
from dog or fox faeces, the larval stage develops in
theliver (usually rarely in the lung) giving a ‘hydatid
cyst’. These rarely seem to cause a clinical problem
for the horse and are often found incidentally at
post-mortem examination.

Protozoa

Sarcocystis neurona is the causative organism in
equine protozoal myelitis, which is confined largely
to North America. It must be borne in mind, there-
fore, when dealing with neurological disease in
imported horses.

Ehrlichia risticii is the causative organism of
Potomac horse fever in North America. Ehrlichia
equi is the cause of tick-borne fever in ruminants
transmitted by ticks and is suspected to cause disease
in equines, but this has not yet been assessed fully.

Gastrophilus species

There are four important species of this insect, of
which Gastrophilus intestinalis and G. nasalis are most
often identified. The adult flies lay yellow sticky
eggs, which are attached to the hairs on the forelegs

Laboratory Diagnosis

or head. These are licked during grooming and hatch
to larvae, which are ingested. These attach to the
stomach mucosa and persist for 10-12 months before
being passed in the faeces, where they pupate and
adult flies emerge. The red-brown larvae may be
identified in the stomach during gastroscopy or
at post-mortem examination, where they are seen
attached to the mucosa.

Control measures

Endoparasite control may be achieved by manage-
ment of the grazing pasture and the horse. It is im-
portant to remember that most of the parasite burden
exists on the pasture and not in the horse. Although
several groups of anthelmintics are readily avail-
able, these will only treat the parasites in the animal.
Hence, except in the case of a clinically parasitised
animal, these products should be used only to reduce
future contamination of the pasture. For this to be
effective, all animals should be treated at the same
time, all newcomers should be treated on arrival and,
if possible, animals should be moved to a clean envi-
ronment after treatment. Over-use of wormers has
already led to anthelmintic resistance in other
animals and this has been recognised also in horses.

It should be emphasised that simple pasture
management techniques can be as effective and more
economical than the use of anthelmintics. Such
techniques are based on regular removal of faeces
(and the worm eggs) from the pasture. Depending on
circumstances, this may be performed effectively by
hand or with mechanical devices.
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Fluid therapy is an integral part of supportive care,
required in nursing many clinical conditions. Disor-
ders of fluid, electrolyte and metabolic status can
arise from:

¢ Theinability to eat or drink

¢ Loss of fluids or electrolytes

e Trapping of fluid within the body (e.g. pooling
within the gut)

¢ Aconsequence of shock

The aims of fluid therapy are to:

(1) Replace and correct any imbalances.

(2) Restore the effective circulating volume and
blood pressure.

(3) Provide the body’s maintenance requirements of
water and electrolytes.

To do this, it is necessary to understand the normal
physiological processes that control body water,
electrolyte and acid-base balance and the patho-
physiological processes that disrupt these homeosta-
tic mechanisms.

Electrolytes are molecules that, when dissolved in
water, dissociate into positively (cations) and nega-
tively (anions) charged ions. A solution is a liquid that
comprises water and dissolved substances. A solu-
tion is isotonic if it has the same concentration of dis-
solved substances as another solution, e.g. plasma. A
solution with a higher concentration of dissolved
substances is hypertonic, whereas a solution with a
lower concentration is hypotonic. If solutions of dif-
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ferent concentrations are mixed, then they equili-
brate to a new concentration. This process is called
diffusion.

Water and electrolytes

Water is the most abundant molecule in the horse’s
body and represents approximately 65-70% of an
adult horse’s bodyweight. The total body water
(TBW) varies between individuals, depending on:

e Age

e Gender

¢ Nutritional status

¢ Environmental factors.

Fat contains almost no water, therefore lean animals
and neonates have more body water than older or
obese animals. The TBW of foals is proportionately
higher than in adult animals (almost 80% of body-
weight) and gradually decreases as the animal ages.

Distribution of body fluids (Table 13.1)
The TBW is divided between:

(1) Intracellular fluid (ICF): approximately 30-40% of
bodyweight.
(2) Extracellular fluid (ECF): approximately 20-30%
of bodyweight, divided into:
(a) Interstitial fluid (10-12% bodyweight),
(b) Intravascular fluid or plasma (4-6% of
bodyweight),



Table 13.1 Fluid compartments in adult horses (NB: 11 of water weighs

Tkg)

Fluid Proportion of bodyweight Approximate volume
(L)ina500-kg horse

Total body water 65-70% 325-350

Intracellular fluid 30-40% 150-200

Extracellular fluid 20-30% 100-150

Interstitial fluid 10-12% 50-60

Intravascular fluid 4-6% 20-30

Transcellular fluid 8-10% 40-50

(o) Transcellular fluids (8-10% bodyweight).
Transcellular fluids are fluids that have been
produced by transport across glandular cell
walls. In the horse these are primarily fluids
within the gastrointestinal tract but also in-
clude cerebrospinal fluid, bile, saliva and
semen.

Although the osmolality (concentration of dissolved
solutes) of the ICF and ECF is the same, there is a
marked difference between the ionic compositions of
the two compartments. The ECF has:

¢ High concentrations of sodium (Na*) and chloride
(CIN) ions.

* Low concentrations of bicarbonate (HCO;),
potassium (K*), inorganic phosphate (PO;),
calcium (Ca?*) and magnesium (Mg?*) ions.

The ICF has:

¢ High concentrations of K* and PO, ions.
e Low concentrations of Na*, ClI-and CaZ*ions.

Exchange of water between compartments

Water is constantly moving between the different
body compartments. The movement of water is gov-
erned by osmotic and hydrostatic pressure gradients. If
a semi-permeable membrane (e.g. a cell membrane)
separates two solutions, water will move from
the lower concentration solution to the higher con-
centration solution down a concentration gradient
(osmosis).

The body compartments are separated by cell
membranes that allow free passage of water but are
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selectively permeable to dissolved solutes. Move-
ment of water along an osmotic pressure gradient is the
most important determinant of water movement in
the body.

Cell membranes act as barriers to some solutes
but not to others. Only those dissolved solutes
that are unable to move across cell membranes
between adjacent compartments are able to exert an
osmotic pressure and cause water to move between
compartments.

Movement of water between the ICF
and the ECF

Movement of water between the ICF and the ECF de-
pends on osmotic pressure differences between these
two compartments. If water is added to the ECF com-
partment, the osmoconcentration of the ECF de-
creases and an osmotic pressure gradient between
the ECF and the ICF causes water to move into the
cells until the osmoconcentrations are equalised. If
waterislost from, orastrongsaltsolutionisadded to,
the ECF, the osmoconcentration of the ECF will be
higher than that of the ICF, resulting in movement of
water out of the cells.

Movement of water between the plasma and
the interstitial fluid

Both osmotic pressure and hydrostatic pressure de-
termine the movement of water between the plasma
and the interstitial fluid across the capillary walls.
The capillary walls (unlike the cell membranes) are
permeable to electrolytes and other dissolved solutes
(e.g. glucose) that are important in providing osmot-
ic forces between the ICF and the ECF. These mole-
culesdonotexertan osmotic pressure gradientat this
interface. In the healthy horse, the capillary wall is
essentially impermeable to protein macromole-
cules and therefore the plasma protein represents
the major osmotic pressure difference between the
plasma and the interstitial fluid. Plasma proteins
therefore tend to ‘hold” water within the capillaries
because the protein concentration of plasma is much
higher than that of the interstitial fluid. In sick,
shocked (e.g. endotoxic) horses, changes in the
capillary walls result in leakage of protein out of the
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plasma and consequently loss of water from the
circulation into the interstitial space, resulting in
peripheral oedema and a loss of circulating blood
volume.

The tendency for water to be drawn from the inter-
stitial space into the circulation is offset by hydrostatic
pressure. As the heart contracts, the pressure in the
capillaries increases, tending to force water out of the
circulation.

Regulation of total body water (TBW)

Water is lost from the body in:

e Urine

* Faeces

e Sweat

¢ Expired breath

¢ Milk (in the lactating mare).

The amount of water lost will be affected by environ-
mental factors, including ambient temperature,
humidity and the horse’s workload. In the diseased
horse, additional water losses may occur due to
haemorrhage, diarrhoea, nasogastric reflux or se-
questering (i.e. trapping) of abnormal quantities of
fluid in one part of the body.
Water is gained by:

® Drinking

* Ingestion of water in food

* Generation of water by protein, fat and carbohy-
drate metabolism.

On average, a healthy 500-kg horse will drink approxi-
mately 12—401 of fluid each day (or 25-80 ml[kg/day).

Normally, gains and losses of water are kept in
balance by regulatory mechanisms. The amount of
water in the body is monitored by osmoreceptors in
the brain, which detect changes in the concentration
of water in body fluids, and by stretch receptors in
blood vessels, which detect changes in the circulat-
ing blood volume. This sensory information is re-
layed to the hypothalamus in the brain, which
controls the intake of water by influencing thirst and
regulating loss of water by the release of antidiuretic
hormone (ADH), which acts on the kidneys and con-
trols the amount of urine produced (Fig. 13.1).
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Fig. 13.1 Feedback control of body water content.

Disturbances of water balance

Dehydration is defined as a reduction in TBW and
occurs because of water deprivation (either through
lack of access to water or the inability to swallow) or
because of excessive fluid loss.

The effective circulating volume is a term used to
refer to the fluid in the circulation. If the circulating
volume is adequate the horse is said to be normo-
volaemic. States of inadequate or excessive circulating
volume are termed hypovolaemia and hypervolaemia,
respectively.

Hypovolaemia may occur as a result of dehydra-
tion, although if the onset of dehydrationis insidious
the effective circulating volume may be maintained
despite areduction in TBW. Hypovolaemia may also
occur as a result of haemorrhage, shock or sequestra-
tion of abnormal quantities of fluids in the body.

Hypovolaemia is associated with:

® Reduction in circulatory fluid volume

e Reduced venous return to the heart

¢ Decreased cardiac output

¢ Inadequate tissue perfusion

¢ Development of metabolic acidosis due to poor
tissue perfusion.

The end result of these responses is circulatory shock,
which if untreated may resultin death.

Definition of shock: profound physiological changes
to the body causing circulatory collapse and con-
sequently inadequate tissue oxygenation and perfu-
sion. Basically treatment involves re-establishing



tissue blood flow, so fluid therapy is vital. It is also
important to treat the underlying cause. Shock may
beinitiated by many things, including;:

¢ Allergicreactions

¢ Blood loss

¢ Dehydration

¢ Infection, including endotoxic or septic shock,
when bacterial infection results in toxin release

e Trauma.

Assessment of hydration status and
effective circulating volume

Clinical examination

Clinical examination is the first,and most important,
means of assessing fluid deficits. The clinical signs of
dehydration include:

* Decreased skin elasticity
e Sunken eyes
* Dry mucous membranes.

Clinical signs of hypovolaemia include:

¢ Tachycardia (increased heart rate)
¢ Pale mucous membrane colour

¢ Prolonged capillary refill time

e Poor pulse quality

¢ Cool extremities

¢ Delayed jugular refill time.

Although it is not possible to make an accurate as-
sessment of percentage dehydration on the basis of
clinical signs alone, a subjective assessment of mild,
moderate or severe dehydration is possible and an
estimation of the percentage fluid deficit can be made
(seeTable 13.2).

Packed cell volume (PCV) and total plasma
protein concentration

Packed cell volume and total plasma protein concen-
tration are invaluable for assessing fluid deficits and
monitoring the response to fluid therapy. These can
be performed easily and quickly, requiring only
a small centrifuge, a microhaematometer and
refractometer (see How to . . . 13.1).
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Table 13.2 Estimation of water loss and dehydration based on clinical

signs
Dehydration ~ Water loss Clinical signs
(% bodyweight)
Mild 5-7 Slight decrease in skin elasticity, dry

mucous membranes, prolonged jugular
venous filling time (12s)

Decreased skin elasticity, dry mucous
membranes, prolonged capillary refill
time (>25s), prolonged jugular venous
filling time (>12s)

Depression, decreased skin elasticity,
sunken eyes, pale, dry mucous
membranes, prolonged capillary refill
time, weak pulse quality, increased
heart rate (>40 bpm), prolonged jugular
venous filling time, cool extremities

Moderate 8-10

Severe >10

Technique to measure PCV and total plasma
protein concentration

e Venous blood should be collected into a vacutainer or
blood collection tube containing either heparin or
ethylenediaminetetraacetic acid (EDTA).

o |f measurements are being taken from a horse with an
indwelling intravenous catheter, then blood may be
withdrawn through the catheter. The first 20 ml of blood
should be discarded to ensure that a representative blood
sample is collected.

e Blood s transferred to small capillary tubes and the ends of
the tubes are sealed.

o Thetubes are placed in a centrifuge and spun for 3
min at 1500 rpm to separate the blood cells from the
plasma.

o The capillary tube is placed in the microhaematometer and
the PCV can be measured as a percentage of the total
blood volume.

o Tomeasure total protein concentration of plasma, the
capillary tube is snapped carefully above the packed cells
and a drop of plasma is placed onto the refractometer. The
total protein concentration of the sample may be
measured in units of g/L.
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Table 13.3 Interpretation of PCV and total plasma protein concentration

PCv Total protein

Dehydration T {

Splenic contraction

(e.g. with pain, fear or excitement) T N
Dehydration with protein loss T Nord
Acute blood loss { {

Chronic blood loss { N
Dehydration with anaemia N T

T, Increased:; I, decreased: N, within reference range.

Interpretation of PCV and total plasma

protein concentration

The normal PCV range is 32-52% and the total
plasma protein range is 5.9-8.4g/L. Both PCV and
the total protein concentration should be interpreted
together and guidelines for their interpretation are
given in Table 13.3. An elevation of both PCV and
total protein concentration occurs in dehydration. As
arough guide they increase by approximately 5-10%
and 10g/L, respectively, for each 2-3% increase in
percentage dehydration above 5%. An anaemic ani-
mal that has become dehydrated may show a PCV
within the normal range but with a concurrent eleva-
tion in the total protein concentration.

Urine specific gravity

Urine specific gravity is a measure of the concentra-
tion of urine, which is easily measured by refractom-
etry. Inadult horses, the urine specific gravity ranges
from 1.020 to 1.050, whereas in foals the urine is more
dilute and therefore has a lower specific gravity. Asa
horse becomes dehydrated, the kidneys attempt to
conserve water, therefore the amount of urine pro-
duced decreases and the concentration of the urine
(and urine specific gravity) increases. If a dehydrated
horse has a urine specific gravity of less than 1.020,
this suggests renal impairment, which should be
investigated.

Central venous pressure
Central venous pressure is dependent on the cardiac

output and venous return. It is influenced by:
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¢ Blood volume

Vascular tone

Heart rate
¢ Ventricular contractility.

Central venous pressure falls in association with hy-
povolaemia and is elevated with hypervolaemia.
Measurement of central venous pressure may be
used to assess cardiac function and to monitor fluid
therapy. Normal central venous pressure ranges
from between -3 to +7 cmH,0O.

Procedure to measure central venous
pressure (see Fig. 13.2)

¢ Advance a long, saline-filled intravenous catheter into the
right atrium via the jugular vein (18—24-inch catheter

in adult horses or 12-inch catheter in foals).

Attach a saline-filled extension tube to the intravenous
catheter (patient line).

Connect a water manometer to the extension tube via a
three-way tap.

Attach a saline-filled syringe to the remaining inlet of the
three-way tap.

Position the manometer so that the baseline (0 cm) is at the
level of the right atrium, using the shoulder as a landmark.
Ensure that the horse's head is in a normal

position.

Close the manometer and flush the patient line.

Close the patient line and flush the water manometer with
saline.

Turn the three-way tap so that the patient line is open to
the water manometer.

The fluid column in the water manometer will fall to the
level of the central venous pressure.

Arterial blood pressure

Hypovolaemia will result in a fall in arterial blood
pressure and in many clinical situations the goal
of fluid therapy is to restore the arterial blood pres-
sure. Arterial blood pressure may be measured
directly via an intra-arterial catheter or indirectly



plastic catheter
in jugular vein

Fig.13.2 Central venous pressure line.

Table 13.4 Normal values of arterial blood pressure

Direct measurement Indirect measurement

Mean 80-110mmHg 82-110mmHg
Systolic 110-160 mmHg 100-135mmHg
Diastolic 70-90 mmHg 70-97 mmHg

using Doppler or oscillation techniques (see
Table 13.4). In the standing horse, intra-arterial
catheters are maintained most easily in the trans-
verse facial artery for direct arterial blood pressure
monitoring. Indirect arterial blood pressure moni-
toring is usually achieved by applying a cuff around
the tail to measure the pressure in the middle coc-
cygeal artery.

Fluid Therapy

infusion fluid
(0.9% saline or
5% dextrose)

open-ended
manometer tube

standard giving set

control clamp
centimetre scale

line of sternum

three-way tap

giving set
extension tubes
apparatus for the measurement of central venous

pressure

Serum urea and creatinine concentrations

Serum urea and creatinine concentrations are el-
evated in acute dehydration. Significant increases
inboth urea and creatinine reflect prerenal failure as-
sociated with hypovolaemia. Restoration of effective
circulating blood volume with fluid therapy should
producearapid response in serum creatininein these
horses. If serum creatinine concentrations remain
persistently increased, the presence of primary renal
dysfunction should be considered.

Electrolyte imbalances (see Table 13.5)

Sodium

Sodium is the major cation within the ECF and is
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Table 13.5 Conditions associated with electrolyte and metabolic
imbalances

Electrolyte/metabolicimbalance Condition

Sodium
Hyponatraemia Oesophageal obstruction
Enterocolitis
Intestinal obstruction
Polyuric renal failure
Urinary tract disruption
Inappropriate ADH secretion
Hypernatraemia Enterocolitis
Excessive sweating
Wiater deprivation
Potassium
Hypokalaemia Enterocolitis
Intestinal obstruction
Anorexia
Renal tubular acidosis
Polyuric renal failure
Diuretic administration
Bicarbonate administration
Insulin administration
Hyperkalaemia Muscle necrosis
Urinary tract disruption
Anuric renal failure
Hyperkalaemic periodic paralysis
Chloride
Hypochloraemia Intestinal obstruction
lleus
Proximal enteritis
Exhausted horse syndrome
Equine rhabdomyolysis
syndrome
Hyperchloraemia Excessive saltintake
Renal dysfunction
Calcium
Hypocalcaemia Stress/transit
Lactation tetany
Acute renal failure
Hypercalcaemia Chronicrenalfailure
Hypercalcaemia of malignancy

Vitamin D toxicosis

NB: hypo = low levels; hyper =raised levels.

important in the development of plasma osmotic
pressure and therefore in maintaining the fluid
volume of the ECE. Alterations in sodium con-
centrations may lead to clinical signs associated with
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cerebral oedema or dehydration, namely depression,
seizures, blindness and ataxia. Sodium is ingested
with food and water and lost from the body in urine,
sweat and faeces.

Hyponatraemia (i.e. low blood sodium) is usually
the result of excessive loss of sodium, as occurs with
oesophageal obstruction, enterocolitis, intestinal ob-
struction, polyuric renal failure or urinary tract dis-
ruption, and rarely may be due to a reduced intake of
sodium.

Hypernatraemia (i.e. raised blood sodium) is
rare but can follow acute dehydration or excessive
sodium replacement in fluid therapy.

Potassium

Potassium is the primary intracellular cation. The
normal intracellular potassium concentration is
145-150mmol/L, whereas its extracellular con-
centration is 2.4—4.7 mmol/L. Serum potassium con-
centrations are useless in estimating total body
potassium levels. Total body potassium levels may
be low and yet the serum potassium concentrations
may be normal.

Potassium has a central role in the maintenance of
cell membrane electrical potentials. Its distribution
between the intracellular and extracellular compart-
ments is influenced by the acid-base status. Potas-
sium ions leave or enter the cells in exchange for
hydrogen ions so that serum or plasma potassium
levels rise during acidosis and fall during alkalosis.

Potassium is lost from the body in gastrointestinal
secretions, sweat and urine. Hypokalaemia (i.e. low
blood potassium) may occur in anorexic horses due
to rapid depletion of potassium levels, or due to loss
of potassium ions in horses with diarrhoea.

Hyperkalaemia (i.e. raised blood potassium) is un-
usual in the horse unless associated with severe
acidosis, haemolysis or impaired renal function.
Hyperkalaemia should be considered as a medical
emergency because it frequently leads to cardiac
arrhythmias.

Chloride

Chloride ions are present in high concentrations in
the ECF and therefore changes in the plasma concen-



trations tend to reflect changes in the total body lev-
els. At most sites within the body, chloride tends
to follow sodium passively by diffusion across the
cell membrane so that regulation of the chloride
concentration within the ECFis related directly to the
sodium concentration. In the ECF, the chloride con-
centrations are inversely related to the bicarbonate
concentrations. The amount of chloride excreted
in the urine is dependent on the body’s need for
bicarbonate.

Hypochloraemia (i.e. low blood chloride) usually
occurs as a result of loss of chlorine ions in gastro-
intestinal secretions and therefore occurs with
oesophageal obstruction (choke), reflux due to
ileus, proximal enteritis or intestinal obstruction.
Hypochloraemia is usually accompanied by meta-
bolic alkalosis.

Primary hyperchloraemia (i.e. raised blood chlo-
ride) due to excessive salt intake is uncommon but
hyperchloraemia may accompany renal dysfunction
and dehydration due to water loss only.

Calcium

Calcium is abundant throughout the body. It has an
intergral role in multiple physiological processes,
including nervous, skeletal muscle and smooth-
muscle function and blood clotting.

Hypocalcaemia (i.e. low blood calcium) may be
associated with lactation, particularly if the mare
is stressed by transport. Mild hypocalcaemia fre-
quently is observed in horses with colic and may
contribute to postoperative ileus.

Hypercalcaemia (i.e. raised blood calcium) is
usually due to chronic renal failure but rarely may
be due to paraneoplastic syndromes or vitamin D
toxicosis.

Assessment of electrolyte imbalances

The assessment of electrolyte disorders must be
based on laboratory evaluation of serum concentra-
tions of electrolytes (see Table 13.6).

Serum concentrations of sodium areaccurateinas-
sessing sodium deficits or relative excesses because
sodium is an extracellular ion, whereas measure-
ment of serum potassium concentration does not re-
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Table 13.6 Reference values for plasma electrolyte ranges in mature
horses

Electrolyte Reference range (mmol/l)
Sodium 132-146

Potassium 24-4.7

Chloride 99-109

Calcium 2.7-3.2

flect the whole body content of potassium because
this is primarily an intracellular ion. Acid-base
status further complicates the interpretation of
serum potassium ion concentrations.

Estimates of sodium and potassium deficits for the
purpose of replacement therapy are made by con-
sidering the difference between the measured and
desired serum concentrations, the horse’s body
weight and the distribution of the ion within the
body, as follows:

Na deficit (mmol/L) = (Desired [Nal— Actual [NaD
x bodyweight (kg) x 0.6

K deficit (mmol/L) = (Desired [K1- Actual [KD
x bodyweight (kg) x 0.3

where [electrolyte] = concentration of electrolyte.
Measurements of calcium are affected by serum
protein concentrations because 40-50% of calcium is
protein-bound. Protein-bound calcium decreases as
the concentration of albumin decreases, and ionised
calcium increases with acidosis. Therefore, the total
calcium deficit cannot be calculated accurately. Mea-
surement of ionised calcium concentration is prefer-
able because this is the physiologically active form.

Acid-base balance

Definition of pH: a scale used to measure acidity and
alkalinity, with zero being most acidic, 14 being most
alkaline and 7 being neutral.

Blood pH is dependent on the respiratory system
and the function of a variety of buffering systems.
The clinically important variables that contribute
to the metabolic component of acid-base balance
are sodium, chloride and other unidentified anions
and plasma proteins. Metabolic disturbances are
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buffered by the carbonic acid/bicarbonate system
and therefore disturbances can be manifested by a
changeinbicarbonate. The bicarbonate buffering can
be represented by:

CO,+H,0 - H,CO,«>H"+HCO,~
carbonicacid bicarbonate

Acid-base imbalances are conventionally classified
as respiratory or metabolic in origin. Failure of ven-
tilation results in the inability to remove carbon
dioxide, producing respiratory acidosis, whereas
hyperventilation results in removal of excessive
carbon dioxide causing respiratory alkalosis.

Metabolic acidosis is the most common acid-base
disorderin horses. Metabolic acidosis can be the result
of excessive production of organic acids, particularly
lactate, due to poor perfusion of tissues, or the exces-
sive loss of bicarbonate ions. Metabolic acidosis is as-
sociated with shock, hypovolaemia, diarrhoea, sepsis,
enterocolitis, intestinal obstruction or renal disease.

In metabolic acidosis, the increased H* (number of
hydrogen ions) in the plasma causes the equilibrium
equation above to shift to the left, so that H* combines
with HCO;~ (bicarbonate), which in turn increases
the plasma pCO, (carbon dioxide), which may be ex-
creted as CO, from the lungs. Therefore, metabolic
acidosis results in a decrease in plasma HCO,~
and an increased respiratory rate.

Metabolic alkalosis is uncommon in horses and is
usually associated with hypochloraemia. This may
occur in conditions resulting in the production of
high volumes of gastric reflux (e.g. grass sickness,
ileus, proximal enteritis or intestinal obstruction), ex-
haustion or exertional rhabdomyolysis. In addition,
metabolic alkalosis may be associated with hypoal-
buminaemia, because albumin is a weak acid, and
may occur with severe enterocolitis, renal disease or
severe parasitism.

In metabolic alkalosis, the equilibrium is shifted to
the right, so that more bicarbonate is produced.

Mixed metabolic acidosis and alkalosis may be present
in horses with gastrointestinal disease. This occurs
when fluid is sequestered in the proximal gas-
trointestinal tract, leading to chlorine and hydrogen
ion loss and metabolic alkalosis, with a concurrent
reduction in effective circulating volume, producing
shock, poor tissue perfusion and lactic acidosis.
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Assessment of acid-base balance

Although a venous blood sample is adequate for as-
sessment of the metabolic contribution to acid-base
balance, an arterial blood sample is used for assess-
ment of the respiratory component. Arterial samples
may be obtained in the standing horse from the trans-
verse facial artery, which runs over the temple,
lateral to the eye. In foals it may be easier to take sam-
ples from the dorsal metatarsal artery, which lies on
the lateral aspect of the third metatarsal (cannon)
bone, just distal to the tarsus. The infiltration of a
small volume of local anaesthetic subcutaneously
over theartery may makesampling easier. Ideally the
blood sample should be processed immediately but
samples may be stored onice forup to4 hif necessary.
Acid-base status is assessed by measuring:

¢ Blood gases

e Serum bicarbonate ion concentrations
e Aniongap

¢ Base deficit.

Normal values forarterial and venous blood analysis
are shownin Table 13.7.

Assessment of the pH and pCO, in arterial blood
will provide an indication of whether respiratory
acidosis or respiratory alkalosis is present (see
Table 13.8):

e In respiratory acidosis the pH will be decreased
and pCO, will be increased.

e In respiratory alkalosis the pH will be increased
and pCO, will be decreased.

Metabolic disorders are reflected as an alteration in
bicarbonateion concentrationin both the venous and
arterial samples.

Table 13.7 Reference ranges for blood gas analysis in mature horses

Arterial Venous
pH 7.347-7.475 7.345-7.433
p0, (mmHg) 80-112 37-56
pCO, (mmHg) 36-46 38-48
HCO;~ (mmol/L) 22-29 22-29
Base excess (mmol/L) -1.7t0+3.9 —2.7t0+4.1
Anion gap (mEg/L) 10-20




Table 13.8 Interpretation of blood gas analysis and acid—base abnormali-
ties in arterial blood samples

pH pCO, [HCO;1  Aniongap
Respiratory acidosis l T N N
Respiratory alkalosis T { N N
Metabolic acidosis 2 N 2 NorT
Metabolic alkalosis ) N T N
Mixed metabolic acidosis/ N N N T

alkalosis

7T, Increased; ., decreased; N, within reference range.

The anion gap is the calculated difference between
measured cations and anions and is represented by
the equation:

Anion gap = ([Na*]+[K*]) - ([Cl~]+[HCO3"])

The anion gap is increased in horses in which meta-
bolic acidosis is due to lactic acidosis secondary to
endotoxaemia or hypovolaemic shock. It is un-
changed in horses with metabolicacidosis due toloss
of bicarbonate ions. Assessment of anion gap may
be useful to identify horses with mixed metabolic
acidosis and alkalosis (see Table 13.8), which might
otherwise go unnoticed, because in these horses the
pH and bicarbonate concentration may be normal
due to the two conflicting processes counteracting
each other.

Principles of fluid therapy

In most clinical situations, the goals of fluid therapy
are:

(1) Replacement of existing deficits.
(2) Supplying maintenance fluid requirements.
(3) Matching ongoing losses.

Occasionally overhydration (administration of fluid
in excess of the horse’s requirements) may be in-
dicated, e.g. in the treatment of horses with colonic
impaction.

Basic considerations

There are four essential questions for practical fluid
therapy:
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e What type of fluid does the animal need?

¢ How much fluid does the animal need?

e Which route of administration should be used?
e Atwhatrate should the fluid be given?

Types of fluid used for fluid therapy

Crystalloids

Hartmann's solution or lactated Ringer’s solution

¢ These are isotonic fluids, which means that their
effective osmotic pressure is the same as intra-
cellular fluid and therefore they do not cause a net
movement of water into or out of the cells but
remain in the ECE.

¢ Hartmann’s or lactated Ringer’s solution contains
sodium, potassium, chloride and lactate in con-
centrations similar to ECF.

® These fluids are excellent for replacement
therapy because they are restricted to the ECF
compartment due to their high sodium
content. However, the high sodium content also
means that they are unsuitable for maintenance
therapy.

Normal saline (0.9% sodium chloride, NaCl)

* Isotonic.

¢ Normalsaline has a high sodium contentand does
not contain lactate. Therefore administration of
large volumes can produce a dilutional acidosis
and hyperkalaemia. Consequently, normal saline
should not be used for volume replacement but to
correct specific sodium or chloride deficits and as
an acidifying solution.

Hypertonic saline (7.2% NaCl)

e This is a hypertonic fluid that causes movement of
water out of the ICF compartment into the ECF
compartment and therefore is used to expand the
circulating volume.

¢ Hypertonic saline is extremely useful in the treat-
ment of animals in shock where the aim of therapy
is to restore an effective circulating volume as
quickly as possible.

* Because hypertonic saline does not replace fluid
but rather causes a redistribution of fluid in the
body, it is essential that large quantities of isotonic
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fluids are given following the administration of
hypertonic saline.

¢ Hypertonic saline is contraindicated in exhausted
horses, horses suffering heat stress and renal
disease. There are reservations about its use in
haemorrhagic shock because increasing the blood
pressure may promote further bleeding. It should
not be used in horses with ongoing, uncontrolled
bleeding.

5% Dextrose
e Isotonic.
¢ Used for maintenance therapy.

Colloids (e.g. Gelofusin, Haemaccel, Hespan starch,
dextrans)

® These fluids contain large molecules that are
maintained in the intravascular fluid compart-
ment, thereby increasing the colloid osmotic
pressure and causing movement of water into the
circulation from the interstitium.

¢ Colloids are useful if the total protein concentra-
tion falls below 35g/1, to increase the colloidal
osmotic pressure and ‘hold” fluid within the
circulation.

¢ Colloidsare widely used in other species to restore
the effective circulating volume in the treatment of
shock. However, the large volumes required in
the adult horse mean that their use is usually
prohibited by cost.

¢ Colloids may be used in the management of shock
in foals when rapid improvements in cardiovas-
cular function are necessary. They should be
infused together with isotonic, polyionic fluids
(e.g. Hartmann’s solution) for the best results.

* Some colloids have been associated with anaphy-
lacticreactions in horses.

Plasma

¢ Plasma may be considered to be another form of
colloidal fluids.

e It is used primarily in the treatment of hypopro-
teinaemia and hypogammaglobulinaemia in foals
(seebelow).
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Whole blood

¢ Whole blood is rarely indicated except for cases of
acute, severe haemorrhage or severe anaemia.
¢ Blood transfusions are discussed below.

Replacement therapy

Replacement of fluid and restoration of an effective
circulating volume is the first priority in the
treatment of horses presenting with signs of shock
and cardiovascular collapse. Intravenous fluid ther-
apy is necessary to provide sufficient volumes of
fluid quickly. Effective circulating volume can be
restored using crystalloid, colloidal solutions or
plasma, although crystalloid solutions are most com-
monly used in horses because the volumes of col-
loidal solutions and plasma required tend to be very
expensive.

Isotonic crystalloids

For most conditions, isotonic polyionic fluid is
the most appropriate and safest choice. If no elec-
trolyte abnormalities are suspected or identified,
Hartmann'’s or lactated Ringer’s solutions are most
commonly used.

The volume of fluid required to replace the fluid
deficit can be calculated easily using the equation:

Litres of fluid needed = Bodyweight (kg) x
% Dehydration

That is, a 500kg horse, at 5% dehydration, requires
2500 L. Any evidence of continued fluid loss (e.g.
nasogastric reflux, diarrhoea) also must be taken into
consideration.

The rate of administration depends on:

¢ Severity of the fluid loss

¢ Type of fluid needed

¢ Disease being treated

¢ Route of administration

* Presence or absence of electrolyte abnormalities
requiring correction.

It is usually recommended that half the required
volume of fluids should be given over the first 6h
and the remainder given over the next 12h. In adult



horses with cardiovascular collapse, fluids may be
administered safely at rates of up to30L/h.

Fluid may be administered as a continuous
infusion (either by gravity flow or with an infusion
pump) or alternatively in boluses whereby the total
volume of fluid to be administered in 24 h is divided
into aliquots, that are then administered inter-
mittently at a faster rate.

Overzealous administration of fluids will result
in diuresis before adequate expansion of the ECF
compartment can occur. Fluid overload produces
signs of pulmonary oedema and therefore the respi-
ratory rate and effort should be monitored if large
volumes of fluid are being administered quickly.
Fluid overload is rarein adult horses but care must be
taken when administering fluids to young foals.
Monitoring the central venous pressure is the most
objective means of monitoring the rate of fluid
administration.

Hypertonic (7.2%) saline

Hypertonic (7.2%) saline is a valuable alternative
to isotonic crystalloids for the treatment of horses
with endotoxic, haemorrhagic or hypovolaemic
shock. In the presence of shock, the volume of
isotonic fluids required to achieve an obvious im-
provement in cardiovascular signs may be more than
501. This amount of fluid may take several hours to
administer. Attempts to administer isotonic fluids
more quickly may result in complications such
as pulmonary oedema, hypoproteinaemia and
oedema.

The administration of hypertonic saline results in
increased cardiac output, increased arterial blood
pressure, increased plasma volume and a reduction
of PCV and total protein concentration. Hypertonic
saline should be given at a dose of 4-6ml/kg (2-3L
for a 500-kg horse) over a period of approximately
10-20min. Hypertonic saline is indicated in emer-
gency situations where rapid restoration of effective
circulating volumeis needed to preservelife. Itisalso
particularly useful in the pre-anaesthetic stabilisa-
tion of horses with strangulating bowel lesions. It
provides rapid improvement in cardiovascular
status, which allows anaesthesia and surgery to
be performed sooner. It is an initial resuscitative
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measure and large quantities of isotonic fluids must
be given subsequently.

Correction of acid—base abnormalities

Although the ultimate goal in acid-base disorders
is to resolve the underlying condition, stabilisation
of the disturbance is often required. It is important
to appreciate that respiratory acid—base disorders
cannot be alleviated by fluid therapy and require
modification of respiratory function.

Metabolic acidosis

The most important part of treatment for metabolic
acidosis is restoration of the circulating volume with
either Hartmann’s or lactated Ringer’s solutions.
Thesebuffered solutions have a mild alkalising effect
but, more importantly, restoration of renal blood
flow allows the kidneys to excrete the excess anions
and correct the acid—base balance.

The use of sodium bicarbonate in the treatment of
metabolic acidosis is controversial. Sodium bicar-
bonate increases the plasma sodium concentration,
thereby alkalising the blood, and excess bicarbonate
is excreted as carbon dioxide by the lungs. Adminis-
tration of bicarbonate will decrease serum potassium
and ionised calcium concentrations. Paradoxical
cerebral acidosis may occur if metabolic acidosis is
corrected too rapidly. Sodium bicarbonate should be
used with caution in the following circumstances:

¢ Respiratory dysfunction: if the lungs are unable to
excrete excess bicarbonate as carbon dioxide there
will be anincrease in pCO,, therefore exacerbating
acidosis. For this reason, sodium bicarbonate
should be used with care in anaesthetised horses.

* Hypocalcaemia: administration of sodium bicar-
bonate may result in tetany.

¢ Severe hypokalaemia: sodium bicarbonate may
worsen hypokalaemia.

* Congestive heart failure: large sodium loads may
exacerbate fluid retention.

Sodium bicarbonate should be supplemented only
when the serum base deficit is greater than 10-
15mmol/L (or serum bicarbonate is less than
15mmol/L). The amount to be given can be
calculated as:
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HCO; deficit (mmol) = 0.4 x Bodyweight (kg)
x Base deficit (mmol/L)

It is common practice to replace half the deficit
initially over a 1-2h period and to replace the
remaining deficit over the next 12-24 h. Bicarbonate
is available as 5% and 8.4% solutions. Both of these
are hypertonic and should be diluted with sterile
water before use. Bicarbonate should not beadded to
solutions containing calcium because precipitation
may occur.

Metabolic alkalosis

Metabolic alkalosis is uncommon in horses but may
be associated with heat stress, exertion or in horses
with nasogastric reflux, when it is usually associated
with hypochloraemia and hypokalaemia. Therapy is
primarily aimed at replacement of chloride and pro-
motion of renal excretion of bicarbonate by restoring
the effective circulating volume. Normal saline sup-
plemented with potassium is the fluid of choice for
the treatment of metabolic alkalosis.

Correction of electrolyte abnormalities
Sodium

Hyponatraemia

Normal saline, Hartmann’s or lactated Ringer’s
solutions are generally appropriate for the treat-
ment of asymptomatic hyponatraemia. Hypertonic
(7.2%) saline should be used only for symptomatic
hyponatraemia.

Hypernatraemia
Hypernatraemia indicates a relative water loss. Re-
placement of water can be achieved using 5% dex-
trose, because at this concentration dextrose is
metabolised to water and carbon dioxide. Alterna-
tively an infusion of 0.45% saline in 2.5% dextrose
may be used to supply additional fluid without low-
ering the serum sodium concentration too rapidly.
Extreme caution should be exercised in the treatment
of hypernatraemia because cerebral oedema may de-
velop if the plasma osmolarity is reduced too rapidly.
If hypernatraemia is associated with a normal or
increased extracellular fluid volume, as in water-
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retaining renal failure, then treatment also involves
salt restriction and the administration of diuretics.

Potassium
As discussed previously, it is difficult to assess accu-
rately the total body stores of potassium.

Hypokalaemia

Hypokalaemia is very common and potassium
should be supplemented when serum potassium
falls below 3mmol/L, especially if the animal is
anorexic. Potassium chloride may be added to in-
travenous fluids (5-40mmol K*/L). Care should be
taken not to administer potassium at rates of more
than 0.5mmol/kg/h because cardiac dysrhythmias
may occur. Alternatively, potassium may be safely
given to horses orally at 5-40 g every 6-12 h.

Hyperkalaemia

Hyperkalaemia is life-threatening because it causes
cardiac dysrhythmias and should be considered a
medical emergency. The concentration of potassium
in the ECF can be reduced by promoting the uptake
of potassium into the cells. This can be achieved by
administration of sodium bicarbonate or insulin
(0.1-0.5u/kg) or enhancement of the secretion of in-
sulin by dextrose infusion (6 ml/kg of 5% dextrose)
and sodium bicarbonate administration. Adminis-
tration of calcium chloride (0.5ml calcium boroglu-
conate/kg by slow intravenous infusion) also has
been advocated for its cardioprotective effects.

Calcium

Replacement of calcium in horses requires caution. It
is impossible to calculate calcium deficits accurately
and therefore treatment is generally given to effect.
A 23% calcium gluconate solution (0.25-1ml/kg)
should be diluted and administered slowly to effect
over a period of 1224 h.

Maintenance fluid therapy

The maintenance fluid requirement is the volume
of fluid required to replace the normal ongoing loss-
es and additional losses that occur as a result of the
clinical problem. The normal ongoing losses are
made up of:



(1) Sensible losses: representing fluid lost in the
urine that can be adjusted according to the
body’s overall water balance.

(2) Insensible losses: these are inevitable and in-
clude fluid lost in faeces, during cellular meta-
bolism, breathing and sweating. The normal
maintenance requirement for an adult horse is
approximately 40ml/kg/day (i.e. a 500-kg horse
needs at least 201 of fluid each day). However,
diarrhoea or nasogastric reflux can considerably
increase this figure.

Maintenance fluid therapy may be provided either
with oral or intravenous fluids.

Intravenous maintenance fluid therapy

Fluids for maintenance therapy are predominantly
needed for the ICF compartment, which has very
different sodium and potassium concentrations
compared with the ECF compartment. The net
sodium concentration of normal urine is much less
than that of the ECF (40mmol/L) whereas that of
potassium is much higher (20mmol/L). Although
Hartmann's or lactated Ringer’s solutions are often
used for short-term maintenance, these solutions
provide too much sodium and insufficient potas-
sium. If renal function is normal, the excess sodium
can be excreted; however, if these solutions are used
for maintenance in the long term then hypokalaemia
will result. It is therefore preferable to use either
0.18% sodium chloride (N /5) and 4% dextrose solu-
tion with 20mmol/L of potassium chloride added,
or a mixture of 1 part Hartmann’s solution and 2
parts 5% dextrose solution with 15mmol/L of potas-
sium chloride added.

Ideally maintenance fluids should be ad-
ministered as a constant infusion (approximately
5 drops/s for a 500-kg horse using a giving set
delivering 20 drops/mL). However, if necessary, the
daily requirement may be divided into 4-6 aliquots
and administered as boluses. This is an inefficient
method because some fluid is lost by urination
following rapid bolus administration.
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Routes of fluid administration

When selecting a route of administration for fluids
several factors should be considered, including the
volume of fluid to be administered, the type of fluid
required, the specific condition being treated and the
expense.

In horses, fluids are most commonly administered
by oral (voluntary drinking or nasogastric intuba-
tion) or intravenous routes.

Oral administration of fluids

The oral route should be used if possible because it
is more physiological, obviates the need for sterile
fluids and catheters, carries a low risk of infection
and is cheap. If this route is to be used the horse must
be able and willing to drink and swallow fluids, must
be able to tolerate fluids (i.e. this route should not
be used if horses are refluxing) and must be able to
absorb fluids (i.e. may be unsuitable for animals
with diarrhoea).

If the horse is unable or unwilling to drink, fluids
may be administered via a nasogastric tube. The
average adult horse can tolerate approximately 8L
of fluid by nasogastric intubation, which can be
repeated every 2-4h as required. Whenever fluid
is administered by intubation it is important to
ensure that there is no gastric reflux prior to adminis-
tration of fluids, to prevent overdistension of the
stomach.

The disadvantages of nasogastric intubation are
that some horses will not tolerate passing of a
stomach tube and that repeated intubation may
cause trauma to the nasal passages, pharynx, larynx
or oesophagus. If repeated fluid administration is
required, in-dwelling stomach tubes may be used.
However, these may cause pharyngitis and
oesophageal stricture formation. Fluids should not
be administered by nasogastric intubation to re-
cumbent horses.

The oral route for administration of fluids is un-
suitable in the following circumstances:

¢ Iflarge volumes of fluids are required.
* In emergency situations, when fluid needs are
immediate.
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* When the horse is refluxing or unable to absorb
water from the gastrointestinal tract.

In these conditions fluids should be administered
intravenously.

Intravenous administration of fluids
Intravenous catheters and their management

Catheter selection

The choice of which catheter system to use and which
vein to access for fluid and medication depends on
several factors, including;:

¢ The volume and rate of fluid to be administered
¢ The type of fluid administered

¢ The potential for thrombosis

® The duration of catheterisation required

¢ Costs.

Catheters are available in a number of materials, in-
cluding polypropylene, polyethylene, PVC, polyte-
trafluoroethylene (Teflon), nylon, silicone (silastic)
and polyurethane. All catheter materials incite vary-
ing degrees of inflammation and thrombus forma-
tion but some materials are more thrombogenic than
others. The softer materials tend to cause less inflam-
mation and are therefore less thrombogenic. Silastic
and polyurethane catheters are the softest, least
thrombogenic, most flexible and least likely to kink
and therefore most appropriate for long-term use.
Polypropylene and teflon catheters tend to be the
most thrombogenic and are prone to kinking and
cracking with long-term use.

Various techniques are available for the introduc-
tion of a catheter into a blood vessel. The basic ‘over
the needle’ technique relies on the advancement of the
catheter into the vessel over a stylet, which is with-
drawn once the catheter is in position (Fig. 13.3).
Problems associated with this basic design have in-
cluded excessive venous trauma, carotid puncture,
catheter laceration, air embolism, limited catheter
length and shorter catheter durability.

Alternative designs have been used to minimise
these problems and allow the placement of catheters
of greater length. The Seldinger technique for percu-
taneous catheterisation allows the introduction of a
long catheter over a flexible guide wire (Fig. 13.4).
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Fig. 13.3 Braunule MT® polypropylene catheters hubbed with thumb
support are introduced using an ‘over-the-needle’ technique.

Fig. 13.4 Apolyurethane Mila® long-term catheter is introduced using the
‘Seldinger’ over-the-wire technique.

This ‘over-the wire’ technique allows entry into a vein
without a cut-down and results in minimal trauma
to the surrounding tissues because small-gauge
needles are used to seat the stainless-steel wire
inside the vascular lumen. This technique is rather
cumbersome and requires some experience. Wire
breakage and wire embolism are potentially serious
complications of this technique.

The ‘catheter-through-catheter’ principle is also
used in the horse. These polyurethane catheters are
introduced through a polypropylene cannula, which
is inserted into the vein over a stylet. The catheter is
packed in a sterile plastic sleeve that fits tightly into
the cannula, so the catheter can be fed into the vein
without being touched. Following this, the cannula
should be backed out of the vein and the catheter
fixed in place. Although asepsis is more easily main-
tained with this technique, the cannula cannot be re-
moved completely because its diameter is smaller



than the hub of the catheter. Therefore, it must re-
main attached to the extravenous part of the catheter.
This is not only impractical but makes it difficult
to fix the catheter to the skin. As a compromise in
horses, the cannula is usually left in the vein as a
protective sheath around the proximal part of the
catheter. However, this increases the rate of throm-
bosis and decreases the longevity of the catheter. In
some catheter designs this cannula can be split and
therefore can be removed totally, regardless of the
size of the catheter hub.

The standard catheter design consists of a catheter
with a hub for connection of an extension, a fluid line
or an injection cap. The presence of the hub at the
level of the insertion site has several disadvantages
(kinking, irritation, contamination). Alternative
catheter designs with an integrated or ‘swaged-on’
extension, continuous with the intravascular part of
the catheter, are now available in most brands.

Different designs are utilised for fixation of the
catheter to the skin at the insertion site. There are
catheters with simple hubs, hubs with ‘wing’ sup-
ports for suture fixation and ‘thumb’ supports on
cannulae that can be incorporated into a skin suture.

Some recent catheter designs contain haemostatic
valves. If a catheter becomes disconnected, retro-
grade flow of blood or normograde flow of air
through the catheter is impossible.

Large-gauge (10G and 12G) catheters permit
rapid administration of large volumes of fluid butare
more thrombogenic and unsuitable for long-term
use. Smaller gauge polyurethane catheters (16G)
should be used for long-term intravenous catheteri-
sation for the administration of medications and
can be maintained for up to 30 days with minimal
complications.

How to place a catheter

Intravenous catheters are usually placed in one of the
jugular veins. The jugular veins are large and easy to
catheterise and allow for easy access to and mainte-
nance of the catheter. The disadvantage of using the
jugular veins are that if thrombosis and/or throm-
bophlebitis occur they can have severe and life-
threatening consequences (e.g. oedema of the head).
Alternatively the cephalic (Fig. 13.5) or lateral tho-
racic veins can be used. These veins are less easy to
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Fig. 13.5 ATeflon Angiocatheter® placed in the cephalic vein.

access but the sequelae of thrombophlebitis are less
severe in these locations. Although the saphenous
vein of the hindlimbs can be used, catheter place-
ment and handling may be dangerous and it is often
difficult to maintain a catheter in this location for any
length of time.

The following is a list of materials required for
venous catheterisation in the horse:

¢ Catheter of choice for given purpose
¢ Clippers

* Zincoxide tape

¢ Surgical scrub and surgical spirit

e Sterile gloves

* Local anaestheticagent

¢ Scalpel blade (optional)

¢ 20-Gauge hypodermic needle

¢ Suture material or Superglue
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Fig. 13.6 Introduction of a polyurethane Mila® catheter in normograde
fashion into the left jugular vein using an ‘over-the-needle’ technique. Note
that the surrounding area has been clipped, aseptically prepared and sterile

gloves are worn.

Extension piece with zinc oxide tape wings
(T-piece)

Injection cap or three-way tap

Fluid line coil for fluid replacement

Heparinised saline (101U /ml).

Technique (Fig. 13.6)

It is essential that catheters are placed using an
aseptic technique. The operator should wear
sterile gloves.

A wide area of skin should be clipped over the
cranial two-thirds of the jugular vein and then
aseptically prepared. Catheters should not be
placed in the distal one-third of the neck because
inadvertent puncture of the carotid is more likely.
A subcutaneous bleb of local anaesthetic solu-
tion should be deposited subcutaneously over the
vein.

A small stab incision can be made through the
skin at the catheterisation site. However, this may
lead to unnecessarily large or deep incisions in
inexperienced hands.

The direction of catheter placement is contro-
versial. Some clinicians argue that catheters
should be placed against the direction of blood
flow (retrograde), to minimise the risk of air em-
bolism should the catheter become disconnected
(this argument obviously does not apply to
catheters with haemostatic valves). Others argue
that catheters placed in an antegrade manner
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result in decreased turbulence of blood flow and
consequently decreased irritation of the endo-
thelium. Antegrade catheter placement also
allows for easier recognition of inadvertent
penetration of the carotid artery and more rapid
fluid administration.

¢ The catheter should be advanced through the skin

into the vein at a reasonably acute angle (about
70°) until blood wells up in the hub. If inadvertent
puncture of the carotid artery occurs, blood will
spurt from the hub of the catheter. If this occurs
then the catheter and stylet should be withdrawn
immediately and firm pressure applied to the site
for at least 5min. Once blood is observed in the
hub, the angle of advancement is reduced so that
the catheter comes to lie almost parallel with the
skin (20-30°) and the catheter and stylet are ad-
vanced together into the vein until the hub reaches
the skin. The stylet must be held firmly together
with the catheter so that the stylet cannot back out
of the catheter during the procedure. Some clini-
cians prefer to withdraw the stylet partially from
the catheter once blood is seen in the hub, before
the catheter is advanced, to minimise the risk
of puncturing the medial wall of the vein. This
should be done only with caution because it
may cause the catheter to kink; and attempts to re-
introduce the stylet once it has been backed
out should be avoided because this may result in
cutting the catheter.

Once the catheter has been placed within the
vein, its hub should be secured to the skin with
Superglue or sutures. These sutures should min-
imise the movement of the catheter into and out of
the vein as the horse moves its neck. An extension
piece or injection site with a flexible extension
should beattached to the catheter and also sutured
to the skin. These facilitate frequent manipulation,
decrease direct handling of the catheter parts close
to the skin and prolong the life of the catheter.
The use of ‘swaged-on’ or ‘integrated extension’
catheters in which the intravenous part is continu-
ous with the external part of the catheter reduces
the risk of kinking or irritation of the skin. These
catheters avoid the need for any connecting pieces
and prevent concentration of bending forces at the
level of the skin portal.



¢ The inclusion of a coiled fluid line that stretches
as the horse moves around its box is essential
if horses are left unattended as fluids are being
administered (see Fig. 1.1). The coiled line helps to
minimise tension on the catheter and therefore re-
duce the possibility of catheter problems. The
fluid line should be fixed to the patient’s mane or
halter to avoid undue tension on the catheter and
its connections.

e Itis advisable to apply a protective bandage over
the catheter in foals to prevent contamination,
because they spend considerable amounts of time
lying down, and to prevent interference by the
mare.

Monitoring and maintenance

A catheterised vein should be checked several times
each day for increased firmness, heat, pain, dis-
charge or swelling. If any of these signs arise, the
catheter should be removed immediately.

Proper disciplined management of the catheter
is indicated, especially at the level of the hub where
movement is greatestand where the catheter connec-
tions (three-way taps, extensions, fluid lines, injec-
tion caps) are attached. Any manipulation of the
catheter or its connections should be performed,
with care, as aseptically as possible.

Prior to injection into the catheter, the injection cap
should be cleaned with antiseptic or spirit and
allowed to air dry before introduction of a needle.
Narrow-gauge (23 or 21G) needles should be used
and the number of times the cap is penetrated should
be kept to a minimum. Different drugs administered
at the same time should be injected through the same
needle.

Every time a catheter is used for drug administra-
tion, it should be flushed with 10-20ml of he-
parinised saline (10000IU heparin to 11 of Ringer’s
solution or saline, giving a final concentration of
10IU/ml). This ensures that all of the potentially
irritating drug is flushed into the vein and prevents
occlusion of the catheter by blood clots. During intra-
venous fluid administration, fluid bags should be
checked regularly to ensure that they do not run
empty, because the catheter may rapidly become ob-
structed by a thrombus. Stiff catheters or wide-bore
catheters should not be left in the vein for more than 3

Fluid Therapy
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Fig. 13.7 Akinked polyurethane catheter.

days. Itis always preferable to replace a catheter and
to use a different venous access site rather than leave
the same catheter in the one vein for too long.

Catheter-related complications

Kinking/backing out/catheter movement (see Fig. 13.7).
The degree of catheter kinking is dependent on the
movement, softness and construction of the hub of
the catheter.

It is essential that the catheter is carefully secured
to the skin to prevent kinking of the catheter as the
horse moves its neck. The softness of the material
also will affect its tendency to kink. Very soft
materials are so flexible that they cannot kink and
the very rigid materials are sufficiently stiff not to
do so. Materials of intermediate softness (e.g. Teflon)
tend to kink most frequently.

Catheters usually kink at the transition between
the catheter and the hub. The newer catheter designs
with integrated extensions are superior because they
donot contain this weakness.

Kinking may result in irritation and thrombosis,
blocking of the catheter, leakage of the fluid sub-
cutaneously and catheter breakage.

Breaking/leakage. Foreign body embolism as a result
of a broken catheter can result from catheter lacera-
tion with the stylet during insertion or from frequent
bending and kinking of the catheter at the hub. Abro-
ken catheter usually lodges in the heart or the lungs,
from where it is virtually impossible to retrieve.
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Fig. 13.8 Thrombophlebitis following intravenous catheterisation of the
jugularvein. The vein is occluded and hard, warm and painful on palpation.

Disconnection. Disconnection of the catheter from a
fluid line or injection cap may lead to death of the
patient. It remains unclear whether this is due to
massive air embolism or exsanguination. The use of
catheters with haemostatic valves obviously elimi-
nates the occurrence of these complications.

Thrombosis. All catheters are thrombogenic. Thrombus
formation usually occurs as a result of trauma during
catheter placement (puncture or cut-down), exces-
sive catheter movement or excessive duration of
catheterisation. Thrombus formation is more com-
mon in horses that are excessively dehydrated,
endotoxaemic or septicaemic and therefore extra
vigilance should be taken in very sick animals.

Thrombophlebitis (Fig. 13.8). Thrombophlebitis oc-
curs when thrombosis is complicated by catheter
contamination. The most common source of catheter
contamination is the skin. Skin bacteria are intro-
duced during catheter placement, following con-
tamination of the hub from the surrounding skin or
from manipulation of the intravenous line. Throm-
bophlebitis may resultin abscessation of the veinand
can cause septicaemia.

Jugular occlusion. Unilateral jugular occlusion will
not impair blood drainage from the head signifi-
cantly, although it may result in external signs of
unilateral venous congestion. Bilateral occlusion,
however, may result in marked nasal oedema
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and life-threatening dyspnoea, requiring emergency
tracheostomy.

Embolism. Embolism canoccursecondary toairleak-

age, catheter breakage or laceration, breakage of the
introduction wire, thrombosis or thrombophlebitis.

Blood transfusion

Indications

The objectives of a blood transfusion are to expand
the circulatory volume and to supplement red blood
cells to improve the oxygen delivery to the tissues.
The benefits from a blood transfusion are temporary,
providing supplemental blood until the recipient’s
bone marrow responds and produces new red blood
cells.

Whole blood transfusion may be indicated follow-
ing acute and severe blood loss (e.g. during surgery,
accidental trauma, guttural pouch mycosis or partu-
rition accidents), after chronic blood loss or in the
treatment of anaemia resulting from red blood cell
destruction (haemolysis) in neonatal erythrolysis or
other haemolytic anaemias.

In general, a blood transfusion is indicated after an
acute haemorrhage if more than one-third of the total
blood volume has been lost (~15L in a 500-kg horse
with a total blood volume of ~45L) or if the PCV falls
below 15%. It should be considered, however, that
after acute blood loss significant changes in PCV and
total protein may not be evident until 12-24h after
the haemorrhage, due to release of red blood cells
from the spleen. Therefore, the absolute PCVis notas
important an indicator of the need for a blood trans-
fusion as the rate at which the PCV falls. Following
acute and severe haemorrhage, the effective circulat-
ing volume will be depleted and the horse will show
signs of hypovolaemia. It is important that the
circulating volume is restored by administration of
crystalloids or hypertonic saline in addition to the
administration of whole blood.

In horses with chronic blood loss or haemolytic
anaemia, the gradual onset of the condition means
that the effective circulating volume is maintained
and therefore lower PCVs may be tolerated. Transfu-
sion should be considered if the PCV falls below 8%.



Selection of a donor

Potential blood donors should be identified locally
before the need for blood arises. A suitable donor
should: be a stallion, gelding or maiden mare, be
healthy and vaccinated, weigh at least 450kg and
have anormal PCV and total plasma protein concen-
tration. At least 30 blood factors, such as red blood
cellantigens and alloantibodies, have beenidentified
in horses. The antigens have been classed into the
seven blood systems: A, C, D, K, P,Q and U. As there
are over 400000 possible equine blood types, a true
‘universal donor” does not exist and a totally com-
patible blood transfusion is unlikely. If screening is
possible, Aa and Qa negative horses that are also
negative for alloantibodies offer the best choice for
donors to recipients of unknown blood type.

For a summary of the various factors involved
in choosing a donor for blood transfusion, see
Summary 13.1.

Blood transfusion

Summary 13.1

o |deally the donor and recipient blood should be cross-
matched before transfusion to prevent problems with
either agglutination or lysis of the donor or recipient red
blood cells during transfusion. However, this requires
laboratory work and a time delay. A simple screen for
agglutination can be carried out by mixing donor serum
with recipient red blood cells and looking for agglutination
(clumping) of the red blood cells.

Most horses share dominant blood groups and a serious
transfusion reaction is unlikely provided that the donor and
recipient horses have not been transfused before.

Ideally choose a previously untransfused gelding of the
same type/breed as the donor.

Bleed the donor horse using a strict aseptic technique via a
wide-gauge jugular catheter into blood collection bags
(commercially available) containing ACD (acid citrate
dextrose) as the anticoagulant. These should be gently
agitated periodically during collection to ensure adequate
mixing of the blood and anticoagulant. Blood can be
collected into bottles with an ACD/blood ratio of 1: 15.
Upto 101 of blood can be collected from a healthy 500-kg
donor horse.

Fluid Therapy

Volume of blood to transfuse

The transfusion should not exceed 20% of the total
blood volume, calculated as 8% of bodyweight.
Volume overload should be considered in smaller
patients, especially foals. A more precise estimate
of the volume required can be obtained from the
following calculation:
Litres of blood required

_ (Desired PCV —PCV of recipient)

B PCV of donor

y (Bodyweight in kg x 0.08)

PCV of donor

Storage of blood

Whole blood is usually administered immediately,
although whole blood in ACD may be stored in a
refrigerator at 4°C for up to 3 weeks.

Administration of blood

Blood is delivered through an administration set
with an in-line filter. An intravenous catheter should
be placed in the recipient. Blood is delivered slowly
at0.1ml/kg (slow drip) for 10 min while the horse is
closely monitored for signs of increased heart rate,
increased respiratory rate, trembling, restlessness,
urticaria or collapse. If no adverse reactions are seen
in the first 10min, blood may be administered at a
rate of 20ml/kg/h. If signs of an adverse reaction
occur, flunixin meglumine (1.1mg/kg) should be
administered. If signs improve, transfusion can be
continued but at a slower rate. In cases of severe
reaction, administration of adrenaline, high-volume
intravenous polyionic fluids and prednisolone
sodium succinate should be considered.

Plasma transfusion

Indications

Plasma transfusion is indicated in:

(1) Foals with failure of passive transfer and im-
munoglobulin G levels less than 400mg/dl
in order to boost the levels of circulating
immunoglobulins and reduce the risk of sepsis.
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(2) In adult horses with severe hypoalbuminaemia
(usually secondary to protein loss from the
gastrointestinal tract) to support the plasma
colloidal osmotic pressure. Plasma transfusion
should be considered in horses with signs of
peripheral oedema and a total protein concen-
tration of less than 40 g/dl.

(3) Horses with disseminated intravascular coagu-
lation, to supply additional clotting factors.

Sources

Either commercially available plasma or plasma
collected from another horse (e.g. the foal’s dam)
may be used. If plasma is collected from another
horse, whole blood should be collected as described
above and the bags left to hang for several hours to
allow for sedimentation of the red blood cells. The
supernatant plasma then may besiphoned or decant-
ed from the settled red cells, with an expected plasma
yield of 40-50% of the total blood volume collected.
Plasma may be stored frozen at 0°C for atleast 1 year.
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Administration of plasma

It is not possible to calculate the precise volume of
plasma required due to individual variation in redis-
tribution from the vascular space and loss of protein.
As a general rule, foals with complete failure of pas-
sive transfer need 2—41 of intravenous plasma over a
2-4-day period. The foal’s immunoglobulin G levels
should be monitored daily and further transfusions
performed as required. Adult horses will generally
require a minimum of 6-81of plasma to increase their
plasma protein by 5-10g/dl.

Durham, A.E. (1996) Blood and plasma transfusion in the
horse. Equine Vet. Educ. 8(1), 8-12.

Ecker, G.L. (1995) Fluid and ion regulation: a primer on
water and ion losses during exercise. Equine Vet. Educ.
7(4),210-215.

Seahom, T.L. & Comick-Seahom, J. (1994) Fluid therapy. Vet.
Clinics N. Am.: Equine Practice 10(3), 517-525.
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Infectious and non-infectious disease

Definitions

e Infectious diseases are caused by bacteria, viruses,
fungi and protozoa.

o Contagious diseases are transmissible between ani-
mals or between animals and people (these are
zoonotic diseases). Many, but not all, infectious
diseases are therefore also contagious.

e Some horses become carriers of infectious disease
and may shed the organism continuously or inter-
mittently. In persistently infected carriers the organ-
ism is shed continuously (e.g. Streptococcus equi
carriers). In latently infected carriers, the organism
is shed intermittently during periods of reactiva-
tion (e.g. equine herpes virus carriers).

* Transmission of contagious disease can be direct
(from animal to animal by physical contact) or
indirect (via aerosols, discharges or via grooms,
nurses or veterinary surgeons). Some infectious
agents can survive in the environment for long
enough to infect the horse indirectly via feed
bowls, water troughs or bedding. Objects that
transmit pathogens are called fomnites.

* Some infectious diseases are transmitted by
vectors, e.g. mites and midges.

* Non-infectious diseases are diseases that are not
caused by bacteria, viruses, fungi or protozoa.

Infectious and contagious disease

Infectious and contagious diseases are extremely im-
portant in horses. Contagious diseases are especially
important in groups of young horses, e.g. in training
yards. Controlling the spread of infectious and con-
tagious diseases in yards and in equine veterinary
hospitals is a fundamental goal of management and
nursing strategies. Infectious diseases can be con-
trolled in yards by:

¢ Isolation and testing of new horses

¢ Isolation and testing of horses with clinical signs
of disease

e Strict hygiene precautions

® Vaccination

In equine veterinary hospitals precautions must be
taken to recognise and isolate infectious disease
cases to prevent spread to other hospitalised horses
(see Chapter 1).

Vaccination is possible for some of the equine in-
fectious diseases, notably tetanus and influenza. Vac-
cines aim to produce an effective and appropriate
immune response against that microorganism by
stimulating the effector cells of the immune system:
the lymphocytes (see Table 14.1). There are essen-
tially two types of vaccine: killed or live. Killed vac-
cines are the most common and consist either of
whole bacteria/ viruses or of part (‘sub-units’) of the
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Table 14.1 Types of vaccines and their action

Lymphocytetype  Function Requiredin Stimulated by

B Lymphocyte Produces Virus infections Killed vaccines
antibody Bacterial infections  Live vaccines

TLymphocyte Killsinfected  Virusinfections Live vaccines
cells Certain bacteria,

e.g.R. equi

bacterium/virus, e.g. surface proteins. Live vaccines
are modified versions of the living bacterium/virus
that do not cause disease but produce immunity.
There are no live vaccines for use in horses in the UK
at present, but other countries do have live equine
vaccinations available, e.g. there is a live intranasal
equine influenza vaccination in the USA. Vaccines
can be given systemically (by intramuscular injec-
tion) or mucosaly (orally or intranasaly). All
currently licensed equine vaccines in the UK are
given by intramuscular injection.

Respiratory system diseases

Respiratory diseases are the most common and im-
portant group of medical diseases affecting horses.
Along with colic they account for the majority of
equine medical consultations. There are many dif-
ferent equine respiratory diseases but they can be
grouped into four broad categories:

(1) Infectious upperrespiratory tract disease (IURD)

(2) Non-infectious upper respiratory tract disease
(NIURD)

(3) Infectious lower respiratory tract disease ILRD)

(4) Non-infectious lower respiratory tract disease
(NILRD)

The most important respiratory diseases are in the
TURD group (e.g. equine influenza virus infections)
and the NILRD group (e.g. chronic obstructive pul-
monary disease).

These four groups of respiratory disease have the
following characteristics:

e JURD: mainly young horses, often occurs as
outbreaks, depression, pyrexia, nasal discharge,
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coughing, lymphadenopathy; no dyspnoea, no
abnormalities on lung auscultation.

e NIURD: any age of horse, usually single cases
only, nasal discharge, epistaxis, possibly facial
swelling.

e ILRD: any age of horse, coughing, nasal dis-
charge, depression, dyspnoea, tachypnoea, pyrex-
ia, abnormal lung auscultation, + pleural effusion.

e NILRD: often older horses, coughing, nasal dis-
charge, dyspnoea, tachypnoea, exercise intoler-
ance, lung auscultation abnormal; no depression,
no pyrexia, nolymphadenopathy.

Although coughing is a specific clinical sign for res-
piratory disease, in horses it is not (in contrast to
small animals) a sensitive indicator of respiratory
disease.

Flexible endoscopes are used frequently in the
investigation of respiratory disease in the horse.
Proper care and disinfection of these instruments is
an important nursing duty to avoid spread of infec-
tion from horse to horse, damage to the instruments
or to the personnel using them (see How to . . . 14.1).

Infectious upper respiratory tract
disease (IURD)

¢ Equineinfluenza virus (EIV)
¢ Equine herpes virus (EHV)

¢ Equine viral arteritis (EVA)
¢ Equine rhinovirus (ERV)

¢ Adenovirus

e Streptococcus equi (S. equi)

¢ Sinusitis

¢ Guttural pouch empyema
¢ Guttural pouch mycosis

Equine influenza virus (EIV)

Aetiology
The EIV is a virus that undergoes frequent genetic
changes to produce different virus strains. This is
called ‘antigenic drift’ and is responsible for frequent
outbreaks of disease that may spread globally. The
Far Eastis implicated as the main source of new virus
strains.

The EIV is classified into two groups (A equi 1 and
Aequi2)based onits surface proteins: Aequi 1 viruses



Cleaning an endoscope

¢ The endoscope should be cleaned as soon as possible after
use to prevent mucus drying within the instrument.

o The endoscope should be wiped over with a prorietary
cleaning solution such as ‘Endoscope dettol’.

o The biopsy channel then should be flushed with the same
solution and a cleaning brush put down the channel to
remove debris.

o The channel should be flushed again.

e Theinstrument should be connected to the power unitand
a disinfectant solution aspirated through the flushing
channel. This should be rinsed using water.

o Airand water buttons should be depressed to blow out all
remaining water from the system.

¢ The outside of the endoscope may be wiped over with a
solution of 70% alcohol.

o The endoscope then should be hung up to dry.

o Some endoscopes are now fully immersible and a leak test
should be performed before immersion to ensure that fluid
will not enter the optic system.

o Wherever possible, endoscopes should be sterilised using
ethylene oxide at the end of the day because this is a more
effective means of sterilisation than chemical solutions.
Like arthroscopy equipment, this type of fibre-optic
equipment would be damaged by heat sterilisation.

o (Care must be taken not to coil the endoscope excessively
prior to gas sterilisation because this will damage the
optical fibres.

o Always check the exact protocol with the manufacterer
(see further reading list) (see Fig 14.1).

have not been isolated in the UK for 15 years. Vac-
cines generally contain a mixture of both Aequi1and
Aequi?2 viruses.

Pathogenesis

Infection is acquired mainly by inhalation of virus
via aerosols from other infected horses or via virus-
containing droplets in the horse’s environment.
Indirect transmission via feed buckets or grooms/
handlers/nurses/veterinary surgeons is possible.
However, virus survival outside the horse is limited.

Medical Nursing

The virus replicates mainly in the upper respiratory
tract (nasal cavity, pharynx and proximal trachea),
causing epithelial destruction. Clinical signs are due
to local epithelial damage and the systemic inflam-
matory and immune response to infection. The virus
generally does not cause viraemia (virus particles in
the blood stream).

Clinical signs

¢ Shortincubation period

e Clinical signs usually appear within 1-5 days of
exposure

* Generally transient, self-limiting disease resolv-
ing within 3—6 weeks provided that horses are well
managed

* Pyrexia (up to 42°C)

¢ Depression

¢ Inappetence

¢ Conjunctivitis and ocular discharge

* Nasal discharge, initially serous but becoming
mucopurulent after 4-5 days

¢ Lymphadenopathy, especially the submandibular
lymphnodes

¢ Coughing

¢ Generally no lower respiratory tract signs

* Horses may experience chronic poor performance
syndromes after the initial acute phase of infection

Diagnosis

¢ History.

¢ Clinical signs.

® Haematology may reveal reduced total white
blood cell counts (leucopenia) with reduced lym-
phocytes (lymphopenia) within the first 7-14 days
after infection. This may be followed by an
increase in total white blood cell counts (leu-
cocytosis) with associated increase in lymphocyte
numbers (lymphocytosis) between 14-28 days
after infection. At this stage the numbers of lym-
phocytes may exceed the number of neutrophils.
This is referred to as a ‘reverse ratio” and is usually
taken as evidence of virus infection (in the normal
horse there are more neutrophils than lympho-
cytes, i.e. the neutrophil /lymphocyte ratiois 2:1).
Note that this is not a specific change for EIV
infections but rather a non-specific change seen
with most virus infections.
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¢ Virology: demonstration of virus antigens in nasal
or nasopharyngeal swabs collected early in infec-
tion (within 7-10 days of exposure) confirms the
diagnosis. This is done using the quick (same-day)
and reliable fluorescent antibody test.

e Serology: demonstration of rising antibody
titres on paired serum samples taken 10-14 days
apart confirms exposure to virus. A high titre on a
single sample is also considered diagnostic. The
assay used is the single radial haemolysis (SRH)
assay.

Treatment and nursing

¢ Isolate.

* Rest foratleast3 weeks.

e Improve stable management: switch to dust-
free bedding and feed-soaked hay, or better still
haylage. Palatable short feed should be offered to
promote food intake. Water intake should be
monitored, although inadequate water intake is
seldom a significant nursing problem with EIV
cases.

® Broad-spectrum antibiotics (e.g. potentiated
sulphonamides) are generally used to prevent
secondary bacterial infection.

e Other drugs are used occasionally to improve
removal of discharge from the airway (e.g.
mucolytics).

e In the USA, immunomodulators (‘immuno-
stimulants’) are used by some, although none
arelicensed in the UK.

Prevention

The EIV is difficult to control by management alone
because horses are kept for competition and so are
routinely transported and mixed extensively. Vacci-
nation is therefore the means by which EIV is con-
trolled. Vaccination is compulsory under Jockey
Club and Federation Equestre Internationale (FEI)
rules in the UK. Most vaccines are whole killed virus
vaccines (e.g. ‘Duvaxyn’ from Fort Dodge Animal
Health; ‘Prevac’ from Intervet) but a 1 sub-unit
‘Iscom’ vaccine is also available (‘Equip’, from
Schering-Plough Animal Health). All currently avai-
lable EIV vaccines are administered intramuscularly
(see Chapter 11).
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Equine hepes virus (EHV)

Aetiology

¢ Ofthenine herpes viruses identified to date, EHV-
1and EHV-4 are the most important in the UK.

* Both viruses cause respiratory disease.

e EHV-1 also causes abortion, neurological disease
and ocular disease and is consequently regarded
as the more significant of the two viruses.

e Both viruses establish latent infections in which
the carrier horse is normal but sheds infectious
virus intermittently and usually asymptomati-
cally when stressed, e.g. while at race meetings,
events, shows or when hospitalised.

Pathogenesis

Infections with EHV-1and EHV-4 areacquired by the
respiratory route, mainly by aerosols. Indirect trans-
mission is also important, especially from abortions
where uterine fluids may contain large amounts of
virus. There is some potential for indirect transmis-
sion although virus survival outside the horse is lim-
ited. After inhalation, both viruses replicate in the
upper respiratory tract and cause epithelial destruc-
tionand associated clinical signs. The EHV-1invades
through the epithelium and causes viraemia, which
can persist up to 21 days after infection. Viraemia dis-
tributes virus to the uterus, nervous system and eye.
Abortion usually occurs in the last one-third of preg-
nancy. Neurological and ocular disease occur during
or shortly after the viraemic phase of infection

Clinical signs

¢ Shortincubation period

¢ Clinical signs usually appear within 1-5 days of
exposure

* Pyrexia (up to42°C)

¢ Depression

¢ Inappetence

¢ Conjunctivitis and ocular discharge

* Nasal discharge, initially serous but becoming
mucopurulent after 4-5 days

¢ Lymphadenopathy, especially the submandibular
lymphnodes

¢ Coughing

* Pneumonia may occur in foals with both EHV-1
and EHV-4



¢ Abortion in the last third of pregnancy (EHV-1)

e Paresisor paralysis affecting mainly the hindlimbs
within 7-21 days after infection (EHV-1)

¢ Retinallesions (EHV-1).

Diagnosis

¢ History.

¢ Clinical signs.

® Haematology: initially leucopenia with lympho-
penia followed by leucocytosis with lymphocyto-
sis 14-28 days after infection.

e Virology: demonstration of virus antigens in nasal
or nasopharyngeal swabs collected early in infec-
tion (within 7-10 days of exposure) by fluorescent
antibody test.

® Serology: demonstration of rising antibody titres
on paired serum samples taken 10-14 days apart
confirms exposure to virus. A high titre on a single
sample is also considered to be diagnostic. The
assay used is the complement fixation test (CFT).

Treatment and nursing

e Isolate; this is especially important with aborting
mares where barrier nursing provides the best
means of controlling spread.

¢ Aborting mares should be monitored for signs of
metritis.

¢ For respiratory disease, take horses out of training
for at least 4 weeks and improve stable manage-
ment: switch to dust-free bedding and feed-
soaked hay, or better still haylage. Palatable short
feed should be offered to promote food intake.
Water intake should be monitored although inad-
equate water intake is seldom a significant nurs-
ing problem.

e For respiratory disease, broad-spectrum anti-
biotics (e.g. potentiated sulphonamides) are
generally used to prevent secondary bacterial
infection. Other drugs are occasionally used to
improve removal of discharge from the airway
(e.g. mucolytics).

e Inthe USA, immunomodulators (‘immunostimu-
lants’) are used by some practitioners, although
none are licensed in the UK.

¢ Horses with paresis or paralysis require careful
nursing to prevent self-inflicted injury or becom-
ing cast. Recumbent horses should be supported

Medical Nursing

carefully to prevent skin ulceration and muscle
or nerve injury. Bladder catheterisation may be
required and slings may be needed to support
horses with hindlimb paralysis. Some horses will
warrant euthanasia on humane grounds. The use
of corticosteroids in neurological cases is contro-
versial because they may reduce inflammation in
the central nervous system (CNS) but may allow
increased virus replication and thus potentially
cause more injury (see later section on nervous
system diseases).

Prevention

As for EIV, control is based on vaccination. Vaccina-
tion is not compulsory and this, coupled with the al-
leged poor efficacy of current vaccines, means that a
minority of horses in the UK are vaccinated. The vac-
cine currently available in the UK is a combined
EHV-1and EHV-4 whole-viruskilled vaccineadmin-
istered intramuscularly (Duvaxyn 1,4, Fort Dodge
Animal Health). Vaccination is recommended every
6 months or, in pregnant mares, at months 5,7 and 9
of pregnancy.

Equine viral arteritis (EVA)

Equine viral arteritis virus is a notifiable disease in
the UK. The virus is transmitted mainly by stallions
because it establishes persistent infection in some
stallions, known as ‘shedders’, with virus shedding
in semen. The virus is prevalent in Northern Europe.
The UKisatrisk of EVAinfection viaimported breed-
ing stallions. The recommended procedures for EVA
monitoring and prevention are described in a code of
practice issued by the Horserace Betting Levy Board,
which covers the testing, hygiene, isolation and bar-
rier measures that should be taken. Monitoring of
EVA is carried out by serology and virology on stal-
lion genital swabs and semen. The EVA virusis trans-
mitted by both venereal and respiratory routes and
so causes respiratory disease resembling that seen
for EHV-1 and also abortion. The virus may cause
marked vasculitis (more than occurs with EHV infec-
tions) and thus corneal and ventral oedema can be
obvious additional clinical signs. The principles of
therapy are the same as for EHV-1. Vaccination canbe
carried out only under licence from the Ministry for
Agriculture, Fisheries and Food because vaccination
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produces antibodies that complicate the EVA moni-
toring programme. Therefore, horses that are vacci-
nated must be blood tested first.

Equine rhinovirus (ERV)

Equine rhinoviruses are extremely common but
generally only cause mild, self-limiting upper respi-
ratory tract disease resembling, but not as severe
as, that seen for EIV with marginal pyrexia, nasal
discharge, lymphadenopathy and some coughing.
Diagnosis is as described for EIV, although serology
is carried out using a complement fixation test.
Management is also as described for EIV. There is no
vaccine in the UK.

Equine adenovirus

Adenovirus infections are usually subclinical.
However, adenoviruses can cause significant res-
piratory disease in immunocompromised foals,
especially colostrum-deprived foals or Arabian foals
with immunodeficiency conditions.

Streptococcus equi (strangles)

Aetiology

Strangles is caused by Streptococcus equi (S. equi).
This is a Gram-positive bacterium. It is not norm-
ally found in the respiratory tract and its isolation
from any horse is significant and is associated
either with disease or long-term carriage of the
organism. Streptococcus equi is an extremely com-
mon respiratory infection that affects all types of
horse worldwide.

Pathogenesis

Streptococcus equi infection occurs directly from
infected horses via aerosol spread and droplets.
The bacteria can live for a limited time (possibly up
to 3 weeks in moist conditions) in the environment
and so transmission indirectly via feed utensils
and personnel is a significant risk. After infection the
bacteria cause local damage to the epithelium lining
the upper respiratory tract but also invade to reach
local lymph nodes, causing abscesses. In some cases
bacteria may cause systemic infections and produce
abscesses at other sites in the body, e.g. the abdomen
and thorax, producing the condition known as ‘bas-
tard strangles’. Persistent infections can be estab-
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lished in the guttural pouches and this appears to be
the main site for long-term carriage of bacteria.

Clinical signs

¢ Affectsmainly younghorses,and clinical signs are
more severe in young animals.

e Streptococcus equi is highly contagious: there is
usually rapid spread through a group of horses,
with most animals becoming infected (i.e. high
morbidity).

e Initially clinical signs resemble those seen for
the virus infections (EIV and EHV) with pyrexia,
depression, inappetence, mucopurulent nasal
discharge, lymphadenopathy and coughing.

® In classical strangles the disease progresses
with abscesses developing approximately 3 weeks
after infection in the submandibular and retro-
pharyngeal lymph nodes. Other lymph nodes in
the head region, e.g. the parotid lymph node, can
also develop abscesses. Retropharyngeal lymph
node abscesses may become sufficiently large
to obstruct the airway and pharynx, producing
dyspnoea and dysphagia, hence the name
‘strangles’.

¢ Bacteria may spread into the blood and lymphatic
circulations to produce metastatic abscesses in
other lymph nodes or in other organs. The two
main sites affected are the thorax and the ab-
domen. This is a chronic syndrome known as ‘bas-
tard strangles’ that may have a duration of 6-9
months. It is difficult to diagnose and treat and
the majority of horses with bastard strangles do
not survive. Symptoms of bastard strangles are
often vague but include depression, weight loss,
intermittent pyrexia, colic, coughing and exercise
intolerance.

* Up to 10% of cases may develop chronic absces-
sation of the guttural pouch (guttural pouch
empyema) with persistent unilateral purulent
nasal discharge, coughing and possibly dyspnoea
and dysphagia if there is significant compression
of theairway and pharynx. Inlong-standing infec-
tions the pus may become inspissated to form
hard, pebble-like masses known as chondroids. In
this case there is no nasal discharge but the horseis
still infectious to others, because viable bacteria
will be present in the pouch. Bacteria may persist



in the pouch for many months, with shedding pos-
sibly continuing for over 3 years in some cases.

* Some horses develop immune-mediated vas-
culitis (“purpura haemorrhagica’). This causes
urticaria-like swellings over the proximal limbs,
head and trunk, with petechial haemorrhages in
mucous membranes, and is often fatal.

* Many cases do not develop abscesses or other
sequelae and merely develop a transient self-
limiting respiratory disease. This syndrome is
referred to as ‘atypical strangles” and often goes
undetected.

Diagnosis

¢ History.

e Clinical signs, especially if abscesses are present,
are suggestive although early cases are difficult to
differentiate from virus infections.

* Bacteriology on nasal and nasopharyngeal swabs
confirms the diagnosis.

* Endoscopy is required to identify guttural pouch
empyema.

* Radiography and ultrasonography are useful to con-
firm the presence of retropharyngeal lymph node
abscesses.

Treatment and nursing

The treatment of strangles with antibiotics provokes
strong and conflicting opinion amongst clinicians.
The bacteria are usually sensitive to penicillins but
there is concern that antibiotic treatment may pro-
mote abscess formation and delay recovery. Many
practices do not use antibiotics at any stage of infec-
tion whereas others treat with antibiotics in the early
stages of infection to improve welfare and to reduce
shedding of bacteria from infected horses. There is
agreement that antibiotics should not be used once
abscesses are developing. Abscesses should be man-
aged by hot compresses to encourage maturation
and bursting; large abscesses may require needle or
surgical drainage. Compression of the airway may
require placement of a temporary tracheotomy tube
until the abscess matures and bursts or is drained.
Guttural pouch empyema can be treated success-
fully by placing a Foley catheter into the pouch via
the nose. Leaving it in place and lavaging with 1-3L
of saline/water/dilute (0.1%) povidine iodine twice

Medical Nursing

daily until the pouch is clean. Chondroids usually
canberemoved endoscopically using a polyp basket.

Prevention

Although strangles vaccines are widely used in the
USA and Australia, there are no vaccines licensed
in the UK. Control therefore relies totally on
management precautions. A code of practice has
been released by the Horserace Betting Levy Board
that establishes standard protocols for control-
ling the spread of S. equi. The principles of control
are:

¢ Isolate all newly arrived horses

¢ Collect nasal or nasopharyngeal swabs at weekly
intervals

¢ Only allow new arrivals to join the group once
they have had three negative swabs

¢ Investigate suspected cases promptly

¢ Isolate clinical cases immediately and maintain
strict barrier nursing

¢ Confirm thatrecovered cases are bacteriologically
negative before re-entering the herd.

Sinusitis

The important sinuses clinically are the maxillary
and frontal sinuses. In the horse the frontal sinus
drains into the maxillary sinus, which in turn drains
into the nasal cavity. The sinuses connect to and are
extensions of the nasal cavity (see anatomy section,
Chapter 2).

Aetiology

Sinusitis can develop secondary to any of the viral or
bacterial upper respiratory tract infections but clini-
cally apparent sinusitis is associated with bacterial
infection of the sinuses. The most common bacte-
rium involved is Streptococcus zooepidemicus, al-
though a variety of other Gram-positive as well
as Gram-negative bacteria can be involved. The
most common presentation is maxillary sinusitis
secondary to cheek tooth abscessation, because the
caudal four cheek teeth (premolar 4-molar 3) have
their residual crown in the maxillary sinus.

Clinical signs
¢ Chronic, foul smelling, unilateral nasal discharge
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¢ The affected sinus is dull on percussion and may
be painful

¢ There is usually little or no facial swelling

e If the primary problem is dental there will be
quidding

e Ipsilateral submandibular lymphadenopathy.

Diagnosis

¢ History and clinical examination are useful

¢ Radiography will confirm the presence of pus in
the sinus and dental disease

e Sinoscopy can be used to visualise the sinus
directly.

Treatment and nursing

* Remove the diseased tooth by surgical repulsion
via the maxillary sinus

¢ Lavage (5-10 L of water or dilute (0.1%) povidone
iodine) the sinus via an indwelling Foley catheter
to remove accumulated pus (this may take 2-3
weeks)

e If the sinusitis is primary then treat by lavage

¢ Systemic antibiotics are not useful.

Guttural pouch empyema

This is usually secondary to strangles infection
(see above) although other bacteria, especially
Streprococcus zooepidemicus, can be the cause. In S.
equi infections bacteria may enter the pouch directly
from the nasopharynx or may enter via rupture of
retropharyngeal lymph node abscesses into the
pouch (see Example 14.1). Clinical signs are:

e Persistent mainly unilateral purulent nasal
discharge

e Ipsilateral retropharyngeal lymphadenopathy

¢ Possible swelling in the retropharyngeal region

® Occasionally compression of the airway and
pharynx, producing dyspnoea and dysphagia

Treatment by guttural pouch lavage via a Foley
catheter is generally successful.

Guttural pouch mycosis

This is an uncommon but life-threatening condition
that is due to fungal infection (usually Aspergillus
fumigatus) in the guttural pouch. The fungus colonis-
es and erodes through the wall of the internal carotid
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artery in the pouch and may also damage the cranial
nerves (numbers IX, X and XII) supplying the larynx
and pharynx that travel through the pouch. This
results in:

¢ Large-volume epistaxis, which may be fatal
¢ Dysphagia
¢ Dyspnoea.

All suspected cases should be investigated promptly
(although investigation during an epistaxis episode
is difficult) by endoscopy of the pouch to confirm the
presence of fungi and damage to the arterial wall.
Treatment is surgical and involves ligation of the
internal carotid artery and inclusion of an angio-
plasty balloon proximal to the haemorrhage site.

Non-infectious upper respiratory
tract disease (NIURD)

® Recurrent laryngeal neuropathy (RLN)

¢ Dorsal displacement of the soft palate (DDSP)
¢ Epiglotticentrapment

¢ Fourth branchial arch defects

Theseare conditions of thelarynx and pharynx. They
all cause inspiratory noise during exercise and are
important causes of poor performance.

Recurrent laryngeal neuropathy

Recurrent laryngeal neuropathy (RLN) occurs
mainly in horses over 16 hands, especially thorough-
breds.Itisduetodegeneration of thenerve (recurrent
laryngeal nerve) that supplies the abductor muscle
of the larynx. This results in the horse being unable
to open its larynx fully during exercise, causing
obstruction to airflow and inspiratory noise during
exercise. This varies from whistling sounds through
to harsh, loud, roaring noises. Signs are unusual
in young horses (<5 years old). History and clinical
examination (palpation of the larynx may reveal
muscle wastage and reduced movement) are useful
pointers butdefinitive diagnosis requires endoscopy.
Treatment is surgical: ventriculectomy and chordec-
tomy (Hobday procedure), prosthetic laryngoplasty
(‘tieback’ procedure) or nerve-muscle pedicle grafts.
Although permanent tracheostomies have been used
insome horses, itis now less common.



Example 14.1 Strangles

A pony that had strangles 3 months ago is in your hospital
because it now has difficulty breathing and swallowing. The
pony makes inspiratory noise and has some food material at
its nostrils while eating. It does not have a purulent nasal
discharge.

This pony almost certainly has a large retropharyngeal
lymph node abscess that is compressing the larynx and
pharynx. It presents two nursing problems:

(1) Itshould be regarded as contagious and must be
isolated.

(2) The laryngeal and pharyngeal obstruction may become
life threatening.

The pony should be housed in a separate area of the hospital.
A limited number of staff, ideally one staff member, should
deal with the pony and only after attending to their other
cases. Feed, utensils and headcollars should not leave the
stable or be used on other horses. All people entering the
stable should wear overalls dedicated to that stable, change
into wellington boots or put on overshoes and wear gloves.
Theatre caps should be considered. Disinfectant should be
available outside the stable to clean footwear on leaving the
stable. The abscess should be managed by twice-daily hot
compresses to encourage the abscess to mature and burst. In
the meantime the pony should be monitored carefully and a
temporary tracheostomy tube may need to be placed to
relieve the dyspnoea. The pony also should be monitored for
signs of aspiration pneumonia. Antibiotics should not be used
on this pony. Soft, palatable feed should be offered, e.g.
soaked cubes to facilitate swallowing. The pony should be fed
from the ground to minimise the risk of feed inhalation while
swallowing.

Dorsal displacement of the soft palate

Dorsal displacement of the soft palate (DDSP) causes
acute obstruction of the airway because the soft
palate is displaced from its normal position below
the epiglottis and is sucked into the airway during
exercise. This produces loud choking noises and the
horse usually will stop running until the palate repo-
sitionsitself. Diagnosis is difficult and requires video
endoscopy (see Fig. 14.1) on a high-speed treadmill.

Medical Nursing

Fig. 14.1 Avideo endoscope. (a) Before the endoscope is immersed, it must
be pressure tested for leaks. (b) After rinsing the biopsy channel it should be
cleaned thoroughly with a brush. (c) The endoscope should be placed ina
washing bath for disinfection once the exterior has been wiped down, the
channels have been rinsed and the biopsy channel has been brushed.
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Treatment requires identification and elimination
of any underlying respiratory disease and possibly
surgical modification of the soft palate.

Epiglottic entrapment

Epiglottic entrapment describes a condition where
the epiglottis becomes trapped in a fold of soft tissue
that runs between the base of the epiglottis and the
tongue. Diagnosis is by endoscopy. Treatment is
surgical and involves sectioning the soft-tissue fold.

Fourth branchial arch defects

Fourth branchial arch defects are congenital defects
in which some regions of the larynx and pharynx fail
to develop properly from the fourth branchial arch.
Diagnosis is by endoscopy and there is no effective
treatment.

Infectious lower respiratory
tract disease (ILRD)

¢ Pleuropneumonia
® Rhodococcus equi

® Dictyocaulus arnfieldi
® Parascaris equorum

Pleuropneumonia

Aetiology

Pleuropneumonia is a serious, potentially fatal,
bacterial infection of the lungs and pleura causing
pneumonia and pleural effusion/pleuritis (fluid in
the pleural space). Although it is uncommon in UK it
is very important to recognise and treat this con-
dition promptly, because it can be rapidly fatal (see
Example 14.2). Affected horses often have a history
of recent stress, e.g. lengthy transport or surgery. A
wide range of bacteria may be involved, although S.
zooepidemicus is a common isolate.

Clinical signs

¢ Pyrexia

* Depression

¢ Tachypnoea
¢ Dyspnoea

¢ Thoracic pain
e Weightloss
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Example 14.2 Pleuropneumonia

A 9-year-old sport horse had a lengthy arthroscopy procedure
inyour clinic 2 days ago. This morning when you carry out your
routine assessment of the inpatients you find that it is
depressed and has pyrexia, nasal discharge and difficulty
breathing. What do you do?

This horse is very likely to have pleuropneumonia. You
should record the clinical parameters in the case notes and
get helpimmediately. The vet may suspect pleuropneumonia
on the basis of the clinical examination (decreased breathing
sounds in the ventral thorax and demonstration of a fluid line
on thoracic percussion). An ultrasound examination will
confirm the presence of pleural fluid. The horse will require
intensive therapy and nursing: pleural drainage and lavage,
intravenous antibiotics, intravenous fluids (to replace fluid
lostinto the pleural space) and systemic non-steroidal anti-
inflammatory drugs (to provide pain relief and protect against
endotoxaemia). The horse should be monitored closely and
handled carefully and quietly throughout treatment. It should
be offered soft, palatable feed and free access to water. These
cases are a major challenge but treatment is worthwhile
because recovery is usually complete.

¢ Coughing

¢ Foul-smelling (often bloody) nasal discharge

* Rapid deterioration

® Decreased breathing sounds ventrally, with
abnormal lung sounds dorsally

¢ Percussion reveals loss of resonance ventrally and
this delineates the level of pleural fluid.

Diagnosis

¢ Radiography and ultrasonography are helpful for
confirmation

e Collect pleural fluid and nasal discharge for
bacteriology.

Treatment and nursing

* Aggressive treatment is needed

¢ Drain pleural fluid (insert the drain in intercostal
spaces 7, 8 or 9 on either left or right sides) and
lavage with large-volume sterile saline

® Broad-spectrum antibiotics i.v., e.g. penicillin,
gentamycin and metronidazole



¢ Non-steroidal anti-inflammatory
(NSAIDs), e.g. flunixin
¢ Intravenous fluids.

drugs

Rhodococcus equi

Rhodococcus equi is a soil-borne bacterium and in
some regions is an important cause of pneumonia in
older foals (up to 6 months old). Dense stocking
and dusty, dry weather are important predisposing
factors. Two main syndromes occur:

(1) The acute form: foals develop acute, severe,
diffuse pneumonia and die within a few days.

(2) The chronic form: localised abscesses develop in
thelungs and cause depression, ill thrift (i.e. poor
bodily condition) and coughing.

Occasionally gut infections occur, producing colic
and diarrhoea. Tracheal lavage, bacteriology and
thoracic radiography are diagnostic. Treatment is
difficult and requires antibiotic treatment with ery-
thromyecin and rifampicin for 3-4 months.

Dictyocaulus arnfieldi (lungworm)

The reservoir of infection and asymptomatic host
is the donkey. Infection in horses/ponies causes
clinical signs but infected horses usually do not
produce eggs. Clinical signs are due to migrat-
ing larvae * adults in the lungs and resemble the
signs seen with chronic obstructive pulmonary
disease (COPD). Diagnosis is by demonstrating
eosinophils and larvae in tracheal lavage samples.
Treatment is by anthelminthics (e.g. ivermectin or
fenbendazole).

Parascaris equorum

This causes disease in yearlings/young horses dur-
ing their first full season at pasture. Clinical signs are
due to migrating larvae through the lungs. Clinical
signs are depression, coughing, nasal discharge,
tachypnoea and dyspnoea. Diagnosis is by demon-
strating eosinophils and larvae in tracheal lavage
samples. Treatment is by anthelminthics (e.g. iver-
mectin or fenbendazole).

Medical Nursing

Non-infectious lower respiratory
tract diseases (NILRD)

¢ Chronic obstructive pulmonary disease (COPD)/
heaves

¢ Summer-pasture-associated obstructive pulmon-
ary disease

¢ Foreign bodies

¢ Neoplasia.

Chronic obstructive pulmonary disease/heaves

Aetiology

Chronic obstructive pulmonary disease (COPD), or
heaves, is very common in the UK and is the most
common cause of respiratory disease in older horses.
It is a pulmonary hypersensitivity to spores of fungi
and moulds that are commonly found on straw and
hay and are present in large concentrations in most
stables, especially in stables with poor ventilation.
The most common allergens associated with this
disease are Aspergillus fumigatus and Micropolyspora
faeni, although many other types of fungus and
mould can be involved. Other allergens in stables,
e.g. forage mites, also may be involved.

Pathogenesis

The disease is likely to have a genetic basis although
this is not proven. When horses with COPD are ex-
posed to allergens a complex inflammatory cascade
isinitiated, which results in:

¢ Airway inflammation

¢ Increase in the volume and viscosity of airway
discharge

¢ Increased numbers of inflammatory cells (neu-
trophils) in the airway

* Bronchospasm

* Changes in airway and alveolar epithelium, re-
sulting in loss of specialised cells (e.g. ciliated cells
and surfactant-producing cells).

These changes occur throughout the lower respira-
tory tract but are particularly marked in the small
airways (the bronchioles). The net result of these
changes is difficulty in moving air in and out of the
lung: decreased ventilation due to increased resis-
tance toairflow along theairway and decreased com-
pliance (elasticity) in the lung. Most of the pathology
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is reversible, except in end-stage disease where ex-
tensive pulmonary fibrosis may be present.

Clinical signs

Chronic obstructive pulmonary disease affects older
animals, with peak age at onset being 9-10 years old.
Ponies are more commonly affected than horses but
all breeds and males and females are susceptible.
Clinical signs initially appear slowly and are associ-
ated with stabling. Generally there will be improve-
ment with turn out, at least in the early stages of the
disease.

¢ Affected animals are bright, alert and usually in
good condition

¢ There is a history of poor performance/exercise
intolerance

¢ Tachypnoea

* Dyspnoea, particularly expiratory with double
expiratory effort

* May develop a ‘heave line’ (hypertrophy of
abdominal muscles due to chronic and severe
dyspnoea)

* Nostril flare

¢ Nasal discharge

¢ Coughingis notalways present

* Auscultation reveals crackling and wheezing in
caudodorsal lung field in around 50% of cases.

Diagnosis

e History is extremely useful, especially one of
chronic disease and an association with stabling
where stables contain straw and /or hay.

¢ Clinical findings are also useful but many affected
horses have only subtle symptoms at rest.

* Endoscopy is extremely valuable because it allows
direct visualisation of the lower airway as well as
enabling easy collection of airway lavage samples.
Astandard 1-m endoscope will allow examination
of the cervical trachea but will not allow visualisa-
tion of the distal airway (carina and bronchial
tree). Aminimum length of 1.8 mis required for ex-
amination of the lower airway. Affected horses
have moderate to copious quantities of mucopus
in the trachea and distally with pools of discharge
collecting at the thoracic inlet.

e Tracheal lavage (TL) and bronchoalveolar lavage
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(BAL) are the most important samples to col-
lectand are used for cytology and bacteriology. Af-
fected horses have an increase in neutrophils in
both locations. Tracheal lavage can be carried out
with most practice endoscopes and is quick, easy
and suitable for group investigations. Broncho-
alveolar lavage, on the other hand, requires a long
endoscope (minimum length 1.8 m) and so is often
carried out using a BAL catheter. Bronchoalveolar
lavage is less well tolerated than TL and horses
often require sedation. It is more time consuming
than TL and is less suitable for group investiga-
tions. In most situations TL samples are diagnostic
but BAL samples (which provide a better quality
sample) are required in some cases to establish a
diagnosis.

e Simple lung function tests can be carried out
by assessing the response to an intravenous or
inhaled dose of a bronchodilator, e.g. clenbut-
erol (Ventipulmin®, from Boehringer Ingeheim).
Measuring arterial oxygen levels at rest is usually
not diagnostic unless the horse has very severe
disease.

¢ Radiography, ultrasonography and haematology
are less useful because these are usually normal in
cases of COPD.

Treatment and nursing

The aims of therapy are to remove the source of aller-
gens from the horse’s environment and to reverse the
changes in the airway and lung. Therapy is usually
approached in a stepwise fashion:

e Step 1: environmental management. Turn the horse
out 24 h per day or if this is not possible improve
the stable environment by increasing ventilation
and improving drainage. Do not use straw bed-
ding but substitute with dust-extracted wood
shavings (not sawdust), paper or rubber. Shavings
and paper beds must be maintained as shallow
litter because deep-litter beds promote heavy
fungus and mould growth. If hay is fed it should
be soaked (a 20-30-min soak for a loosely packed
hay net is perfectly adequate) before use and
the hay net should be eaten before it dries out
again. Haylage is a better dust-free source of
forage than hay. Complete cube diets provide a



temporary means of achieving low dust levels in
stables.

Step 2: bronchodilators and mucolytics. Bronchodila-
tors are used to reverse bronchoconstriction and
improve ciliary clearance. Clenbuterol given
in-feed is the most commonly used drug, al-
though other less-potent bronchodilators are
also available (e.g. theophylline, aminophylline,
etamphylline).

Step 3: oral corticosteroids. Corticosteroids (dexam-
ethasone and prednisolone) are a useful adjunct to
bronchodilators and mucolytics because steroids
block the inflammatory cascade. However be-
cause of the risk of inducing laminitis, corticos-
teroids are not used routinely.

Some horses experience acute exacerbations of
disease and present with severe symptoms. These
should be managed by either intravenous or inhaled
bronchodilators (e.g. clenbuterol) and not by intra-
venous corticosteroids (see Example 14.3). Inhala-
tion therapy can be carried out using;:

* Solutions of drugs and either ultrasonic or com-
pressed air nebulisers attached to a nose bag-like
face mask.

Example 14.3 Respiratory distress

You have a COPD horse in your clinic that suddenly develops
acute dyspnoea and respiratory distress. What do you do?
Make a note of the respiratory rate and your assessment of
its breathing effort in the case notes and contact a vet. The
horse is probably having an acute bronchospasm episode and
requires immediate treatment with either intravenous
clenbuterol or nebulised clenbuterol. The horse should not be
moved from its stable until its breathing has improved
following treatment. However, you do need to examine the
stable environment and find the source of allergen challenge,
either in this stable or in adjacent stables, to prevent further
acute episodes. You should turn the horse out if possible once
you are happy that the episode is under control. The horse
should not be treated with corticosteroids instead of
clenbuterol to control the episode and it should not be
sedated because this further reduces breathing effort.

Medical Nursing

* Dry powder drug formulations with delivery
using metered dose inhalers (as used in asthma
patients), using a spacer device or a rubber bulb
that fits into the horse’s nose (see Chapter 11).

Prevention

If the horse is not exposed to allergens then the
disease will not return. In practice this is impossible
to achieve but stable management should be ap-
proached with the aim of achieving zero exposure
to allergens, dust or irritant gases. Sodium cromo-
glycate by inhalation may be useful to reduce
the severity of disease in horses where ex-
posure cannot be avoided. Control should be
regarded as a failure if the horse requires fre-
quent treatment with bronchodilators to alleviate
its symptoms.

Summer-pasture-associated obstructive
pulmonary disease

This is a COPD-like disease that occurs in late
spring/summer. It is also a pulmonary hypersensi-
tivity but is associated with plant and tree pollens.
Oil seed rape has been implicated but not proven as
a key allergen agent. Most cases are older horses
with previous histories of COPD whereas some are
younger horses with no history of COPD. Clinical
signs resemble COPD closely, although the symp-
toms are often more severe. Diagnosis and treatment
are as for COPD but aggressive drug management is
needed and corticosteroids are usually included in
therapy for this reason. Preventing exposure to
pollen allergens is difficult, but stabling during the
day may help.

Treatment

Sodium cromoglycate or steroids (by inhalation) are
used, starting in early spring to prevent/reduce
symptoms during the risk period.

Foreign bodies

Although uncommon, foreign bodies (e.g. brambles,
blackthorn hedging) have been found in horse lungs.
Foreign bodies present like COPD cases on clinical
examination except that there is often marked
coughing. Definitive diagnosis is only possible by
endoscopy.
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Neoplasia
Pulmonary tumours are rare in horses but these also
present like COPD cases.

Circulatory system diseases

Heart murmurs and changes in rhythm (arrhythmias)
are extremely common in horses. However, in con-
trast to small animals, the majority of murmurs and
arryhthmias are not clinically significant. The chal-
lenge is to identify the small proportion of horses that
have clinically significant murmurs or arrhythmias
(see Summary 14.1). However, because most horses
are kept for athletic use, clinically significant cardiac
abnormalities will present much earlier than in small

Summary 14.1

Clinical summary: examination of the
cardiovascular system

e General appraisal of the horse for oedema, dyspnoea or
tachypnoea.

e Assess the peripheral arterial pulse at the facial or
transverse facial (the median or digital arteries can also be
used).

o Normal pulse rate: 25-42 bpm.

¢ Normal pulse rhythm: regular (sinus arrhythmia is usually
not present), although many horses have regular pauses in
rhythm at rest associated with second-degree
atrioventricular block.

e Assess mucous membranes for colour, hydration and
capillary refill time.

e Assess the jugular pulse height and jugular filling time.

¢ Normaljugular pulse height is in the lower one-third of the
neck.

¢ Normaljugularfilling time is 12—15s.

e Auscultate the heart.

e Heart failure initially results in poor performance, with few
other clinical signs apart from a raised resting heart rate
(50—60 bpm). This is compensated heart failure.

o This progresses to decompensated failure with obvious
clinical signs, including exercise intolerance, lethargy,
ventral oedema, tachypnoea and dyspnoea with raised
resting heart rate, weak pulses and arrhythmias.

262

animals. In stark contrast to small animals, equine
cardiology is primarily a diagnostic and prognostic
exercise: horses with heart failure are seldom treated
unless they are in-foal brood mares or breeding stal-
lions. Thelist of commonly occurring cardiovascular
disorders is comparatively short for horses:

* Ventricular septal defect
¢ Patent ductus arteriosus
Valvular regurgitation
Pericardial effusion
Arrhythmias

Ventricular septal defect

This is the most common congenital cardiac defect in
horses and is more common in certain breeds, e.g.
Welsh Mountain ponies. There is a defect in the
septum between the right and left ventricles, which
results in blood flow through the septum when the
ventricles contract in systole. This results in a loud,
coarse systolic murmur on the right side of the chest
and also a loud coarse systolic murmur on the left
side of the chest. Large defects result in heart failure
and death in early life but horses with small defects
may live for many years and even work.

Patent ductus arteriosus

The ductus arteriosus connects the pulmonary artery
to the aorta and is a fetal structure that allows blood
tobypass the lungs. In most thoroughbred foals there
is a delay in closure of the ductus and it may remain
patent for up to 5-7 days after birth, producing a con-
tinuous (systolic and diastolic) murmur on the left
side of the chest. If the ductus does not close the horse
will not grow properly and most will present for
investigation before they reach the yearling stage.

Valvular regurgitations

Valvular regurgitation results in heart murmurs.
Regurgitation occurs for a number of reasons:

* Congenital dysplasias (failure of the valves to
form properly)

¢ Endocarditis (bacterial inflammation of the inner
lining of the heart valves)



¢ Endocardiosis (non-infectious, progressive, age-
related, thickening and degeneration of the inner
lining of the heart valves)

¢ Chordae tendinae rupture (these are the chords
that support and tense the heart valves and are
essential for normal valve function).

In the majority of horses with quiet murmurs there is
no apparent valve pathology and the regurgitation
appears to be spontaneous or functional and
non-progressive.

Regurgitation commonly occurs in the mitral
valve (between the left atrium and left ventricle) and
the tricuspid valve (between the right atrium and
right ventricle). Quiet murmurs from these two
valves are extremely common in horses in training;
they do not appear to have any clinical significance
and are non-progressive. In contrast, endocarditis
(caused by bacteria that enter the circulation, e.g.
from an intravenous catheter site, and lodge on the
heart valves) and chord rupture (this usually occurs
during exercise) resultinloud, progressive murmurs
that lead to heart failure. In young horses, aortic
valve regurgitation occurs less commonly but this
murmur is very common in older horses because it is
usually due to endocardiosis of the valve. This mur-
mur is generally progressive and eventually results
inleft ventricular failure.

Pericardial effusions

These are uncommon in horses and are often non-
infectious effusions, rather than due to bacterial
infection in the pericardium. Pericardial effusions
prevent proper filling of the right ventricle during
diastole and produce signs of right-sided output
failure. The heart sounds are muffled on auscultation
and there may be a quiet murmur, but murmurs are
not a consistent finding.

Arrhythias

Although horses develop a range of arrythmias the
most commonly encountered are:

* Second-degree atrioventricular block
¢ Atrial fibrillation

Medical Nursing

e Atrial premature contractions
¢ Ventricular premature contractions.

Second-degree atrioventricularblock
Second-degree atrioventricular block is a normal
phenomenon in fit horses at rest. The heart rate is
normal and has regular pauses consisting of missed
or ‘dropped’ beats. Typically the rhythm consists of
one dropped beat in every four to six beats but this is
variable. The phenomenon disappears with exercise
or excitement once the heart rate increases above
60bpm.

Atrial fibrillation

Atrial fibrillation is the most common pathological
arrhythmia. Usually it occurs spontaneously (i.e.
without any underlying heart disease), mainly in
large horses, and causes poor performance, specifi-
cally fading during strenuous exercise. It willalso ap-
pear during decompensated heart failure as one of
the symptoms of heart failure. Atrial fibrillation re-
sults in an irregular heart beat and peripheral pulse.
In some, but not all, horses with spontaneous atrial
fibrillation the condition can be treated successfully
with quinidine sulphate given by stomach tube.
Quinidine has a number of unwanted effects and can
result in dangerous tachycardia, hypotension and
even death. Horses therefore require careful moni-
toring and nursing during treatment. It is important
to watch the horse carefully for signs of toxicity:
depression, tachycardia, hypotension, sweating
and muscle tremors, diarrhoea, colic, nasal mucous
membrane oedema, urticaria, ataxia and death.
Treatment should be stopped if:

* Six doses have been given and the horse still has
atrial fibrillation

¢ Tachycardia develops (>100bpm)

¢ Other electrocardiogram abnormalities develop.

If toxicity develops the horse requires urgent
treatment. The role of the nurse is to assist with the
following treatments:

¢ Keep the horse calm and do not take it out of the

stable
¢ Givedigoxin (1 mg/450kgi.v.)
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e Fit large-gauge intravenous catheters to one or
both jugular veins and give 40-50 L of Hartmann's
(lactated Ringer’s) solution as quickly as possible
orgive2 Lofhypertonicsaline followed by 40-50 L
of Hartmann's solution

* Givebicarbonate (1mg/kgi.v.)

¢ The horse may require phenylephrine (2% solu-
tioni.v. to effect)

¢ Give activated charcoal or mineral oil by stomach
tube to reduce absorption of quinidine from the
gut.

Atrial premature contractions

Atrial premature contractions are often found after
exercise in horses in training. Isolated atrial prema-
ture contractions are usually not significant but fre-
quent contractions may indicate myocardial disease
and usually are significant, particularly if there is a
history of poor performance.

Ventricular premature contractions

Ventricular premature contractions are commonly
seen in horses with surgical colic that have hypo-
volaemia, electrolyte and acid-base disturbances.
Such contractions associated with colic cases usually
resolve spontaneously once the circulatory disorders
are corrected post-operatively.

Diagnosis of heart disease

e History

¢ Clinical examination
¢ Electrocardiography
¢ Echocardiography

Electrocardiography

Electrocardiography records the electrical activity of
the heart on the surface of the horse. The way in
which the electrical impulses travel through the
equine heart means that, in contrast to small animals,
equine electrocardiography can be used only to
determine the heart rate and rhythm and is therefore
restricted to the investigation of arrhythmias.

Using electrocardiography

(1) There is no advantage in using complex lead
arrangements.
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(2) The horse should not be sedated because this af-
fects the heart rate and rhythm.

(3) The simple, practical lead position used is the
base-apex lead, which requires three electrodes:
a positive, a negative and an earth:

(a) The negative electrode is positioned on the
left neck (close to the heart base).

(b) The positive electrode is positioned over the
cardiac apex region.

(c) The earth electrode can be positioned any-
where but usually is positioned behind the
scapula to make a triangle with the other two
electrodes.

(4) By using large-diameter (55-mm) adhesive elec-
trodes there is usually no need to clip the horse
unless it has along winter coat.

(5) Mostrecordings are madein the stable with a sta-
ticmachine.

(6) Radiotelemetry is useful for detecting arrhyth-
mias at exercise (e.g. exercise-induced atrial fib-
rillation) and also for determining the exercise
capacity of the heart.

(7) Twenty-four-hour monitors (e.g. Halter moni-
tors) are useful for identifying infrequent rhythm
changes.

Echocardiography

Ultrasound examination of the heart (echocardiogra-
phy) is the most useful investigation for murmurs; it
allows identification of the type of murmur, and
measurements of the heart chambers and walls can
be made to assess the significance of murmurs. A
sector machine equipped with a 2.25-MHz probe
and M-mode and Doppler systems are required to
carry out a full echocardiographic examination (see
Chapter 17).

Imaging is carried out from both right and left
sides of the chest wall and an area approximately
15cm x 20 cm should be clipped behind the point of
the elbow.

Haematopoietic system diseases

* Anaemia
¢ Lymphoma
* Neonatalisoerythrolysis



Definitions

* Leucopenia: decreased total white blood cell
count

* Leucocytosis: increased total white blood cell
count

* Neutropenia: decreased neutrophil count

¢ Neutrophilia: increased neutrophil count

¢ Thrombocytopenia: decreased platelet count

* Anaemia: decreased red blood cell count.

For normal values, see Chapter 12.

Anaemia

Aetiology

¢ Haemorrhage

¢ Immune-mediated haemolysis
e Chronic disease

* Bone marrow depression

Diagnosis

Establishing the cause of anaemia can be difficultand
time consuming. Arange of investigations may need
to be carried out, including:

* Assess patient for signs of haemorrhage externally
or from the gut (melaena), kidney (haematuria) or
into the thorax or abdomen (haemothorax and
haemoperitoneum).

¢ Immune-mediated destruction of red blood cells
in the circulation will result in jaundice.

* Leakage of red blood cells through damaged
blood vessel walls (vasculitis) will result in oede-
ma, focal haemorrhages in mucous membranes
(petechiation) or subcutaneous haematomas.

e Total and differential white and red blood cell
counts as well as platelet counts should be tested;
also the horse’siron status may be worth checking,
although few horses become iron deficient.

¢ Laboratory assessment of clotting parameters.

¢ Check for immune-mediated haemolysis
(Coomb's test).

¢ Bone marrow biopsy from the sternum or rib may
be required to establish a diagnosis.

Clinical signs
* Weakness and depression
* Weightloss (if chronic)

Medical Nursing

¢ Pale mucous membranes
¢ Tachycardia and weak pulse
¢ Possibly jaundice

Treatment

Treatment depends on establishing the underlying
cause. Blood transfusions may be required for emer-
gency therapy for severe anaemia with packed cell
volume (PCV) <12% (see Chapter 13).

Lymphoma

The symptoms of lymphoma vary depending on
the sites in which these solid lymphoid tumours
develop. Leukaemia (neoplastic lymphocytes in the
circulation) is rare. Lymphoma in horses occurs as:

(1) Multicentric lymphoma with multiple lymphnode
enlargements and variable other clinical signs,
depending on which other organs are involved.
This is the most common type of lymphoma.

(2) Intestinal lymphoma with thickening of the gut
wall by tumour, producing malabsorption (see
later section on weight loss).

(3) Cutaneous lymphoma with multiple subcutaneous
tumours.

(4) Mediastinal lymphoma with tumours in thoracic
lymph nodes and thymus causing respiratory
signs and pleural effusion.

Treatment is usually impossible, although cortico-
steroids may provide temporary amelioration. Ra-
diotherapy has been attempted on localised masses.

Neonatal isoerythrolysis

Aetiology

This describes a condition where the neonatal foal’s
red blood cells are destroyed by antibodies in the
mare’s colostrum directed against the foal’s red
blood cells. This occurs when the mare does not have
major red blood cell antigens (A and Q) that are
present on the stallion’s red blood cells, i.e. A—Q-
mares covered by A+Q+ stallions producing A+Q+
foals. The red blood cells from the foal possess the
stallion’s A and Q antigens and its red blood cells
are recognised as foreign antigens by the mare,
which induces antibody production against the
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foal’s red blood cells. The mare becomes sensitised at
the first foaling because this is when there is mixing
of blood between the foal and mare. This syndrome
therefore develops on second and subsequent preg-
nancies. When the foal suckles, antibodies against its
own red blood cells are absorbed, which result in
destruction of the foal’s red blood cells.

Clinical signs

¢ Signs develop over the first 2-3 days after birth

* Weakness, jaundice, anaemia, tachycardia

¢ Ifuntreated, may progress to collapse and seizures
and death

Treatment

Transfuse the foal with blood from the mare that has
been washed three times to remove antibody (see
Chapter 15). The foal also may require plasma to
correct failed passive transfer.

Prevention

The condition can be prevented in future pregnan-
cies by either blood-typing mares and avoiding
A+Q+ stallions with A—Q- mares, or muzzling the
foal (and providing colostrum and milk from anoth-
er mare by bottle) for the first 4 days of life.

Alimentary system diseases

The alimentary system in horses is fundamentally
different from that of dogs and cats. Horses are herbi-
vores and their gut is specialised for the digestion
of forage (see Chapter 5).

Alimentary tract diseases cause three main
syndromes:

e Weightloss
¢ Diarrhoea
¢ Colic (abdominal pain)

Weightloss (Table 14.2)

Anorexia

Anorexia is the loss of the desire to eat. The horse is
able to eat but does not want to because it feels
unwell. This may be because of pain or infection in
the mouth (e.g. dental disease), the oesophagus (e.g.
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Table 14.2 Causes of weight loss

Anorexia

Dysphagia

Malabsorption

Protein loss

Increased metabolic requirements
Pathological changes in metabolic activity
Lack of food

ulceration), the stomach or duodenum (e.g. ulcera-
tion or neoplasia, especially squamous cell carcino-
ma) or elsewhere in the abdomen (e.g. peritonitis or
abdominal abscess).

Dysphagia

Dysphagia is the physical inability to pick up, chew
or swallow food and can be due to compromised oral
cavity, pharynx or oesophagus. In horses pharyngeal
and oesophageal problems always result in the re-
flux of food and saliva from the nostrils rather than
the mouth. Dropping of food from the mouth (called
‘quidding’) is associated with dental or other oral
cavity disorders. Dysphagia may result from local
problems with these regions or may be due to: neuro-
logical disorders, e.g. grass sickness, guttural pouch
myecosis; compression of these regions by guttural
pouch swellings or retropharyngeal lymph node ab-
scesses; or part of generalised diseases, e.g. tetanus
and botulism. The management and nursing of
dysphagia thus depends on the underlying cause.

Choke

Choke s the classic cause of oesophageal obstruction
inhorses. Chokeis due to obstruction of the oesopha-
gus with dry feed, especially short feeds and particu-
larly poorly soaked sugarbeet pulp. Greedy horses
or horses with poor teeth are particularly prone
to choke and may experience repeated episodes
(see Example 14.4). Protracted or repeated choke
episodes may result in oesophageal injury with
permanent loss of function and dysphagia, e.g.
strictures.

Clinical signs
¢ Variable degree of distress



Example 14.4 Choke

You are nursing a horse that has had an oesophageal food
impaction (‘choke’) relieved by the veterinary surgeon
yesterday. The horse has been allowed to resume eating and
now has food and saliva at its nostrils. What do you do?

This horse has further problems with oesophageal
obstruction. The immediate priority is to remove the food and
water from its stable before getting assistance to reduce the
risk of aspiration of food into the airway. The horse will require
sedation and re-examination by endoscope to establish what
the problem is with the oesophagus. When food is re-
introduced it would be prudent to offer small quantities of
feed and perhaps to put some large stones in the feed to make
the horse search for its feed so that it takes longer to eat.

Drooling saliva and reflux of food and saliva from
thenose

¢ Coughing

Repeated swallowing or retching movements.

Diagnosis

¢ History and clinical examination

¢ Endoscopy (a 3-m endoscope is required to reach
the stomach in adult horses).

Treatment

¢ Sedate and give spasmolytic

* Remove impaction by gentle, small-volume
warm-water lavage by stomach tube, taking care
to keep the horse’s head down to avoid aspiration

e Ifthisis unsuccessful, repeat under general anaes-
thetic with endotracheal tube fitted to prevent
aspiration

¢ The horse should be treated with broad-spectrum
antibiotics because of aspiration
pneumonia.

risk of

Nursing care after the impaction is cleared

¢ Withhold food for atleast 12h

® Feed small quantities of well-soaked pellets
initially

¢ Ideally start feeding with grass rather than hay

¢ Allow free access to water

* Observe carefully for signs of choke reappearing.

Medical Nursing

Malabsorption

Malabsorption describes conditions in which thereis
reduced ability of the gut to absorb nutrients after
food has been digested. Malabsorption occurs main-
ly in small intestinal disease but is also a feature of
some large intestinal diseases. All diseases that cause
malabsorption do so by reducing the blood supply to
or damaging the gut wall and reducing its ability to
absorb nutrients. Unless the large intestine is affect-
ed, malabsorption in horses usually does not cause
diarrhoea, in marked contrast with small animals.
The main causes of malabsorption are:

¢ Parasitism: mainly due to the migrating larval
(rather than adult) stages of the large redworms
(Strongylus vulgaris, S. edentatus and S. equinus)
which cause damage and thickening of the gut
wall. The small redworms (cyathostomes) also can
cause malabsorption. Tapeworms (Anoploce-
phala) do not seem to cause malabsorption.

¢ Chronic salmonellosis: note that this is a zoonosis
and strict barrier nursing is required of these cases.

¢ Granulomatous enteritis: this is due to inflamma-
tory cell infiltration into the gut wall, possibly as
aresult of bacterial infection.

¢ Lymphosarcoma.

¢ Idiopathic: in approximately 50% of malabsorp-
tion cases a diagnosis is not made.

Nursing a malabsorption case

¢ Corticosteroids (prednisolone) may help to
reduce gut wall thickening and improve function.

* Feed good quality hay or haylage ad libitum.

¢ Avoid cereals but if the horse is still losing weight
feed cereals little and often, or try adding oil to the
diet (see Chapter 6).

Protein loss

Protein (albumin) loss occurs in association with in-
testinal disease due to leakage of protein through
damaged gut wall and also in renal disease due to
protein loss through damaged glomeruli.

Increased metabolic requirements

Increased requirements for nutrients due to work,
pregnancy or lactation cause weight loss if the diet is
not adequate.
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Pathological changes in metabolic activity
Pituitary adenoma (Cushing’s disease), liver disease,
hyperlipaemia and grass sickness (dysautonomia)
all result in weight loss.

Diarrhoea (Table 14.3)

Diarrhoea is extremely common in foals and is usu-
ally benign, associated with:

¢ Themare’s first oestrus after parturition (‘foal heat
scours’)
¢ Dietary changes, e.g. introducing creep feed

Foaldiarrhoea canbe duetoviral (e.g.Rotavirus) and
bacterial infections (e.g. Salmonella and Campylobac-
ter), especially on large studs or where hygiene is
poor. Salmonella and Campylobacter are both zoonoses
and care must be taken to protect spread to handlers.
Control of viral and bacterial diarrhoea in foals relies
on improving hygiene in foaling pens and reducing
stocking density. A killed virus vaccine is available
for prevention of rotavirus diarrhoea (Duvaxyn R,
from Fort Dodge Animal Health) by vaccinating the
mare in late pregnancy. The parasite Strongyloides
westeri can be the cause of diarrhoea in young foals.
This parasite is transmitted to the foal from the mare
via the mare’s milk.

Nursing the diarrhoeic foal

¢ Keep thefoal’s perineum and hindlimbs clean and
coated with petroleum jelly to prevent burning
and excoriation of the skin

* Monitor the foal closely for signs of depression
or dehydration, because these require immediate
investigation and management with intra-
venous fluids

Table 14.3 Causes of diarrhoea

¢ Administer simple kaolin-based absorbents by
mouth

¢ Do not use antibiotics

e If the diarrhoea continues, consider muzzling the
foal to limit milk intake. In this case the foal will
need bottle feeding with electrolytes to prevent
dehydration or sometimes intravenous fluids (see
Chapter 15)

Diarrhoea in adult horses

Diarrhoea in adult horses is uncommon and is al-
ways associated with large intestinal disease, either
as the primary or secondary problem. It is not possi-
ble to differentiate small and large intestinal disease
in horses on the basis of the nature of diarrhoea, as
can be done for small animals. Diarrhoea in adults
is usually severe and can be life threatening.

Salmonella

Salmonella infections produce a spectrum of disease
from peracute, haemorrhagic diarrhoea through to
mild chronic diarrhoea. All salmonella cases should
bebarrier nursed to prevent spread and hygiene pre-
cautions must be taken, because this is a zoonosis.

Cyathostomiasis

Cyathostomiasis is a well-recognised cause of se-
vere, possibly fatal diarrhoea in horses in the spring.
Diarrhoea is due to mass emergence of overwintered
‘hypobiotic’ larvae from the wall of the caecum and
ventral colon causing extensive damage to the gut
wall. Treatment of this disease is difficult because se-
vere, possibly fatal, gut damage has occurred by the
time clinical signs appear. Hypobiotic cyathostome
larvae are resistant to anthelminthic treatment and
control is based around elimination of larvae from

Infoals

Inadults

e Dietary changes

e Virusinfections, e.g. Rotavirus

e Bacterial infections, e.g. Salmonella, Campylobacter,
Escherichia coli

e Parasiticinfections, e.g. Strongyloides westeri

o Bacterial infections e.g. Salmonella

e Parasitic infections, e.g. Cyathostomiasis

* Haemorrhagic oedematous colon

® Peritonitis

o Drug-induced diarrhoea, e.g. antibiotics and non-steroidal anti-inflammatory drugs
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the gut in the autumn using either increased doses
of fenbendazole or routine doses of ivermectin or
moxidectin. Severe cases of acute diarrhoea in adult
horses require hospitalisation and treatment with
intravenous fluids.

Colic

The term colic refers to abdominal pain and is not
a specific diagnosis. The various causes of colic are
listed in Table 14.4 and initial assessment of the colic
case aims to separate the alimentary causes from the
non-alimentary causes.

Most colics are due to alimentary disease and
the majority (approximately 90%) of colics do not
require surgical intervention, in other words they
are medical colics that require only medical man-
agement. With medical colics, the clinical signs are
usually, but not always, less severe.

The common medical colics are:

* spasmodic colic
* tympanic colic
¢ colonicimpactions.
The medical colics have four predisposing factors
in common:

(1) Exercise and excitement.
(2) Diet:

(a) Toolittle fibre.

(b) Poor quality fibre.

Table 14.4 Causes of colic

Medical Nursing

(o) Eatingbedding or sand.
(d) Changes in diet, especially increases in
cereals.

(e) Sudden access to lush grazing.

(3) Inactivity, e.g. stabling in the autumn or being
hospitalised.

(4) Parasitism: especially large strongyle (Strongylus
vulgaris) larval damage to the blood vessels
supplying the gut wall.

Management and nursing of medical colics

The horse should not be allowed to become too vio-
lent or to roll frequently because this may result in
injury and perhaps may predispose to gut torsion.

Spasmodic colic is probably the most common
cause of colic. The pain is due to intestinal spasm
and horses have intermittent bouts of moderate to
severe pain and are often normal or quiet between
episodes. Treatment is by analgesics and spasmolyt-
ics and diet restriction (hay and bran mashes only for
24h).

Typanic/flatulent colic is due to gut distension with
gas, usually the caecum and colon, after feeding on
highly fermentable feeds. The pain is intermittent to
moderate, becoming more severe and continuous.
There may be flatulence. Treatment is the same as for
spasmodic colic.

Colonic impactions usually occur at the pelvic
flexure and are predisposed to by situations that
resultin decreased gut motility, such as:

Alimentary tract causes

Non-alimentary tract causes

Conditions that resemble colic

Spasmodic colic

Tympanic colic

Colonicimpactions

Smallintestinal obstruction (e.g. torsion,
herniation, intussusception,
pedunculated lipoma)

Large intestinal obstruction (e.g. torsion,
displacement, entrapment)
Gastroduodenal ulcers and neoplasia
Grass sickness

Proximal enteritis

Other causes of severe enteritis, e.g. Salmonella

o Peritoneal pain (peritonitis, abdominal abscess)

o Liver disease (ragwort poisoning, cholelithiasis)

o Urinary (renal calculi, pyelonephritis, bladder calculi)
® Reproductive (uterine torsion)

o Myopathies (thabdomyolysis)

o Laminitis

o QOther orthopaedic conditions, e.g.
bilateral flexor tendon rupture
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® Decreased water intake

¢ Eating bedding or sand

¢ Diet change in autumn when the horse is stabled
for the winter

¢ Poor dentition

¢ Inactivity, especially stable rest when unwell

¢ After general anaesthetic

¢ Parasitism.

The pain is progressive: initially vague and intermit-
tent, becoming mild/moderate and continuous.
Horses lie quietly, occasionally rolling and get more
active as gut distends. There are reduced faeces or no
faeces produced at all. Treatment includes:

¢ Stomach tubing laxatives (liquid paraffin or
Epsom salts)

¢ Analgesics

® The horse being turned out or lunged to promote
gut activity and relieve the impaction

® Restriction of further feed intake

¢ Intravenousand oral fluids

® Occasionally surgery for severe cases.

Grass sickness (equine dysautonomia)

This is a diffuse nervous system disease that presents
with mainly alimentary signs. It was first described
in Scotland but now occurs all over the UK, although
it is still more common in the North and East. It
affects mainly young adults (2-7 years old) at grass
between April and July. Usually the horse will have
moved recently (<6 months ago) to the farm. The
disease closely resembles dysautonomias of cats
(Key—Gaskell syndrome) and hares.

Clinical signs
There are three forms of grass sickness:

(1) Acute grass sickness:

(a) Rapid death (within 3 days).

(b) Profound depression, unrelenting colic,
silentabdomen, tachycardia, salivation, dys-
phagia, nasogastric reflux, muscle tremors.

(2) Subacute grass sickness:

(a) Deathoccursinapproximately 7 days.

(b) Signs similar to acute but there is spectacular
weight loss with severe dysphagia and naso-
gastric reflux when stomach-tubed.
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(3) Chronic grass sickness:

(a) Chronic disease (lasting weeks to months)
with progressive weight loss without gastric
reflux.

(b) Depression, tremors, sweating, tachycardia,
dysphagia, decreased gut sounds.

Diagnosis

¢ Based on clinical signs

e Ileal biopsy is currently the only ante-mortem
diagnosticaid

® Research is looking for non-invasive simple tests,
e.g. use of phenylephrine eye drops

Treatment

¢ Chronic cases that are bright, can swallow and are
not emaciated can be nursed to recovery. The
importance of human contact to keep the horse
stimulated and interested is critical (see further
reading list)

¢ Keep stabled and rugged

¢ Offer palatable high-energy feeds

* Treatment with cisapride helps to restore gut
motility.

Liver disease

Aetiology
The liver has a large capacity for regeneration and a
large functional reserve. This means that:

¢ Mild liver damage does not result in clinical signs:
this is liver disease.

¢ Clinical signs only appear after more than 75% of
theliver hasbeen destroyed and thus the prognosis
ispoor whatevertheaetiology: thisisliver failure.

¢ Clinical signs appear abruptly (once the hepatic
reserve has been destroyed), although most aeti-
ologies, in particular ragwort poisoning, involve
gradual, progressive destruction of hepatocytes.

There are many different causes of liver disease
and failure in horses. Liver damage may be caused
by (in decreasing order of likelihood):

¢ Plant toxicities (e.g. ragwort, St John’s Wort)

¢ Non-differentiated cirrhosis

e Other toxicities (e.g. mouldy corn, causing
leucoencephalomalacia)



¢ Cholangiohepatitis (infection and inflammation
of biliary tract)

¢ Haemochromatosis (abnormal uptake of iron)

e Hyperlipaemia (assessed using serum triglyc-
eride concentration)

¢ Cholelithiasis (‘stone’ in biliary tract)

e Serum hepatitis (‘Theiler’s disease’, due to ad-
ministration of an equine product, e.g. tetanus
antitoxin)

¢ Parasitism (rare, possibly liver fluke but many
question that it clinically affects horses)

* Tyzzer’s disease (in foals, caused by Clostridium
piliformis).

Ragwort poisoning. This is caused by eating ragwort
(Senecio jacoboea) plants and is mainly due to inges-
tion of small quantities of plants over a long (usually
a few weeks) period. Ragwort is not palatable
and horses usually only eat the plant when it is
wilted, although in starvation the fresh green plant
may be eaten. The main means by which horses
become poisoned is therefore via hay made from
pasture with ragwort contamination and most own-
ers thus will be unaware that their horse has eaten
ragwort.

The liver-toxic compounds in ragwort plants are
pyrrolizidine alkaloids. These are compounds that
prevent liver cells from dividing and forming new
daughter cells, resulting in an increase in size of
hepatocytes (‘hepatic megalocytosis’) followed by
death of hepatocytes and replacement of these cells
by fibrous tissue (‘cirrhosis’). This is most obvious
around the biliary tree because this area experiences
the highest concentrations of alkaloid toxins.

Although this is a chronic poisoning, clinical signs
appear abruptly, usually several months after the
ragwort was eaten, after more than 75% of the liver
has been destroyed.

Non-differentiated cirrhosis. This is the other main
cause of liver disease although itisless common than
ragwort poisoning. These horses have a similar pre-
sentation to ragwort poisoning. There is extensive
liver cirrhosis but without the megalocytosis seen
in ragwort cases. The cause of this syndrome is
unknown but may be an alternative presentation for
ragwort poisoning.

Medical Nursing

Liver disease secondary toanumber of other diseases:

¢ Hyperlipaemia

¢ Pituitary adenoma

¢ Abdominal abscess

® Secondary neoplasia (metastatic spread from
other sites)

Pathogenesis

The pathogenesis of liver disease involves loss of
hepatocytes and, in the case of cirrhotic liver dis-
eases, obstruction to bile flow. Loss of hepatocytes re-
sults in disruption of the many metabolic functions
of the liver. The liver is central to the metabolism of
carbohydrates, lipids and proteins. It is responsible
for the production of almost all of the plasma pro-
teins and clotting factors. It eliminates toxic nitrogen
waste from protein metabolism by converting
ammonia to urea in the liver before it is transported
to the kidney for excretion. Aromatic amino acids
arriving from the large intestine are converted into
branched-chain amino acids before entering the
circulation. The liver metabolises and excretes phyl-
loerythrin, the photodynamic intermediate break-
down product of chlorophyll. Theliverisresponsible
for the conjugation and excretion of bilirubin and bile
acids. Vitamins A, D, E, K and B12 are stored in
theliver.

Clinical signs
Clinical signs all relate to loss of the liver’s metabolic
functions and consist of:

¢ Weight loss and anorexia

¢ Depression

¢ Abdominal pain (mild/moderate and intermit-
tent)

¢ Hepatic encephalopathy with depression, ataxia,
tremors, circling and head pressing. Note that
seizures are unusual and horses generally become
comatose

e Photosensitisation, with lesions on the white
regions of skin, e.g. the muzzle and distal limbs

¢ Ventral oedema

¢ Jaundice

¢ Petechiation of mucous membranes is a potential
sign butis rarely seen
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CHAPTER 14

Diagnosis

Diagnosis is based on history and clinical signs but
relies heavily on blood biochemistry (see Chapter
12):

® Prolonged bromsulphalein clearance (this test
measures the ability of the liver to remove an
exogenous dye from the circulation)

¢ Definitive diagnosis of liver disease requires ultra-
sound examination and liver biopsy

¢ Ultrasound is useful to examine liver for homo-
geneity and is valuable for biopsy guidance (espe-
cially if focal lesions are detectable).

Treatment

e Liver disease cases are worth treating (some sur-
vive), although there are no specific therapies
for ragwort poisoning

¢ Consider welfare carefully before treating liver
failure.

Nursing horses with liver disease. Dietary manage-
ment is the only practical/affordable option:

(1) Low protein:

(a) Avoid most cereals (barley, wheat and oats).

(b) Avoid early-cut hay.

(c) Avoid clover or alfalfa hay.

(d) Feed oat hay ad libitum or (less satisfactory)
feed meadow hay ad libitum.

(2) High carbohydrate:

(a) Feed molassed sugarbeet pulp plus maize
(2:1 ratio) little and often, to appetite, at a
rate of up to 2kg/100kg bodyweight.

(b) Maize is also rich in branched-chain amino
acids.

(3) Supplement vitamins A, D, Eand B12.

Nursing horses with liver failure (see Example 14.5)

(1) Sedation (xylazine, detomidine or romifidine is
better than acepromazine because this may
precipitate seizures).

(2) Maintain plasma glucose levels (intravenous
dextrose as continuous infusion of 5% solution in
0.9% saline; or oral glucose) and add potassium
chloride as required.
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Example 14.5 Liver disease

A horse presents with depression, anorexia and ataxia. The
owner reports that the horse has been circling in its stable. How
would you manage this horse until a diagnosis is made?

This type of case presents a significant nursing challenge.
The horse is very likely to be in liver failure. The main concerns
are to encourage food intake and to prevent the horse from
injuring itself. The horse should be offered oat hay and
molassed sugarbeet pulp with maize mix, with palatable
additional feeds like carrots or apples to encourage appetite.
Intravenous dextrose saline and treatment with oral
neomycin or lactulose might improve the CNS signs. The horse
should be kept in a well-bedded or ideally padded box with
built-up bedding at the edge of the box to help prevent the
horse becoming cast. Stable bandages should be applied to
protect the legs. The horse may need sedating to allow safe
handling but this should be done with care. The horse’s
welfare should be forefront in the nursing priorities and early,
rather than later, decisions about euthanasia must be taken.

(3) Decrease ammonia production in the gut by oral
neomycin or oral lactulose:
(a) Supplement vitamins A, D and E.
(b) Feed high-carbohydrate, low-protein diet.
(c) Dietasforliver disease management: oat hay
with maize/molassed beet pulp (2:1).

Prevention

Ragwort should be removed from pastures used for
grazing or for making hay. Pulling them up and
burning best controls the plants. Herbicides can also
be used. Mowing and leaving the plants in the field
will not control ragwort, as horses will eat the wilted
plant and it will leave the young plantlets behind.

Renal system diseases

e Prerenal azotaemia
e Acuterenal failure
e Chronicrenal failure

Definitions
* Azotaemia: elevated blood concentrations of the
nitrogen waste products that the kidney excretes



(urea and creatinine). In most situations
azotaemia in horses is due to endotoxaemia and
other causes of hypovolaemia (‘shock’) causing
decreased renal perfusion. This is referred to as
prerenal azotaemia.

* Renal disease: a reduction in kidney function thatis
not sufficient to cause azotaemia (i.e. is not de-
tectable using routine biochemistry tests). More
sophisticated tests of renal function, e.g. fractional
clearance of electrolytes, need to be used to detect
renal disease. There are generally no clinical signs
associated with renal disease.

® Renal failure: occurs when more than 75% of
kidney function has been lost. Failure is associated
with clinical signs and increased concentrations
of urea and creatinine in the blood.

See Chapter 12.

Prerenal azotaemia

This is the most common reason for elevated blood
urea and creatinine levels in horses. It occurs sec-
ondary to hypovolaemia induced by endotoxaemia,
e.g. in surgical colic cases or peracute salmonellosis,
diarrhoea or severe haemorrhage. Diagnosis is made
by demonstrating azotaemia with well-concentrated
urine (specific gravity >1.030). Provided that the con-
dition is recognised and treated promptly with intra-
venous fluids to restore the circulating volume, the
condition is completely reversible and does not
resultin damage to the kidney.

Acute renal failure

This can be a consequence of untreated hypo-
volaemia (i.e. a progression from prerenal azo-
taemia). It may also result from damage to the kidney
by nephrotoxins, e