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Chapter 1
Introduction

Kathryn Kiser

Keywords warfarin • direct oral anticoagulants • international normalized ratio 
(INR) • drug drug interactions • diet • heparin • low molecular weight heparins • 
fondaparinux • antiplatelets

Warfarin and other coumarin derivatives have long been the mainstays of oral antico-
agulant therapy. While evidence has proven them effective for treating and decreas-
ing the risk of thromboembolism, these agents also have many burdensome traits for 
use for both the clinician and patient. As narrow therapeutic index drugs, the thera-
peutic window between efficacy and toxicity is small with little correlation between 
dose and therapeutic effect. Genetic factors and other interpatient variability, such as 
diet and drug-drug interactions, also contribute to the wide dose range and need for 
frequent monitoring of the international normalized ratio (INR). The alternative ther-
apies to oral anticoagulants used to only include injectable anticoagulants which 
were often utilized in place of or in addition to warfarin. These injectable agents limi-
tations were mainly in cost and route of administration, and thus lack of patient 
acceptance. Fortunately, we have entered an era where several viable oral anticoagu-
lant alternatives exist. These direct oral anticoagulants have much more predictable 

K. Kiser, PharmD, BCACP
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Ambulatory Care Clinical Specialist - NHC Farragut,
South College School of Pharmacy,  
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dose-response profiles thus eliminating the need for frequent monitoring. In addition, 
they have few dietary precautions and much less drug-drug interactions. However, 
these agents are not benign, not interchangeable, and not entirely characterized in 
regards to drug-drug interactions, reversibility, or use in populations outside of those 
in the pivotal clinical trials. Dosing, although more predictable in response, does 
have limitations including various doses and renal doses based on indication. As 
such, management of all the anticoagulants, whether warfarin, injectable, or the 
direct oral anticoagulants, is complicated and very patient specific. A need for exten-
sive education of health care professionals is required.

Given the amount and complexity of information surrounding the use of antico-
agulants, a lengthy didactic educational format has the potential to be overwhelm-
ing to the reader and difficult to translate and apply to direct patient care. This 
casebook is designed to provide clinical cases to simultaneously develop the read-
ers’ knowledge base, problem-solving skills, and practically apply their knowledge 
to a variety of clinical situations. These cases will be short focused case presenta-
tions that provide critical information and pose questions to the reader at key points 
in the decision making process. The cases will be relevant to what clinicians will 
encounter on a daily basis and focus on a variety of disease states for which anti-
coagulants are used. Cases will also focus on scenarios that clinicians may not 
encounter as often, but are equally important to be able to act upon such as a bleed-
ing patient, patient scheduled for elective or emergent procedure, patient with 
changing renal function, or new drugs that may have a drug-drug interaction with 
an anticoagulant.

Included in the case studies will be evidence-based discussions that provide con-
text and support for the process of selecting or managing the different anticoagulant 
treatment options. The case studies will be designed to instruct the reader how to 
select and effectively utilize the most appropriate agent for a given clinical scenario. 
They will focus on key features of warfarin, injectable anticoagulants such as hepa-
rin, low molecular weight heparins, or fondaparinux, the direct oral anticoagulants, 
and antiplatelets, as applicable. At the end of each case there are self-assessment 
questions to aid in reinforcement of main case concepts and application of 
knowledge.

K. Kiser
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Chapter 2
CHA2DS2-VASc and HAS-BLED Risk 
Stratification Tools

Lea E. dela Pena

Abstract When deciding on appropriate therapy for stroke prevention in patients 
with atrial fibrillation, clinicians should calculate a CHA2DS2-VASc score as well as 
a HAS-BLED score in order to determine the patient’s risk for stroke and risk for 
bleeding, respectively; higher scores indicate increased risk for stroke and/or bleed. 
Medication options include aspirin plus clopidogrel, warfarin, dabigatran, rivaroxa-
ban, apixaban, or edoxaban; patient-specific factors must be taken into account 
when deciding the best option for a patient, which include cost, adherence, drug 
interactions, monitoring, and patient preference.

Keywords Atrial fibrillation • Stroke prevention • CHA2DS2-VASc • HAS-BLED • 
Aspirin plus clopidogrel

 Case Introduction

A 67 year old female patient with past medical history significant for hypertension, 
type 2 diabetes, dyslipidemia, obesity, and GERD presents to the emergency room 
with a 2  day complaint of racing heartbeat, shortness of breath, dizziness, and 
fatigue. Her vital signs are as follows: BP 152/86 mmHg, pulse 132 bpm, respira-
tory rate 24 breaths per minute, and O2 saturation 99% on room air. Twelve lead 
EKG reveals atrial fibrillation. Lab work is otherwise unremarkable. Her home 
medications include lisinopril, metformin, glipizide, atorvastatin, ranitidine, MVI, 
and calcium + vitamin D. She denies any history of tobacco or alcohol use. She is 
started on IV metoprolol for rate control.

L.E. dela Pena, PharmD, BCPS  
Midwestern University Chicago College of Pharmacy,  
555 W 31st Street, Downers Grove, IL 60515, USA
e-mail: ldelap@midwestern.edu

mailto:ldelap@midwestern.edu
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 Case Discussion

What factors need to be considered when developing a medication regimen to pre-
vent stroke in this patient?

 Risk of Stroke

There are multiple ways of stratifying a patient’s risk for stroke. Current AHA/ACC/
HRS guidelines suggest using the CHA2DS2-VASc score [1]. This score is calcu-
lated based on the risk factors a patient has for stroke, with a possible maximum 
score of 9. The factors that go into a CHA2DS2-VASc score are included in Table 2.1. 
The higher the CHA2DS2-VASc score the higher the patient’s annual risk for stroke 
as shown in Table 2.2 [1]. The treatment options, based on overall score includes no 
therapy, antiplatelet therapy, or anticoagulant therapy as shown in Table 2.3.

Table 2.1 CHA2DS2-VASc score

Risk factor for stroke Score

Congestive heart failure/left ventricular dysfunction 1
Hypertension 1
Age ≥ 75 years old 2
Diabetes mellitus 1
Stroke/transient ischemic attack/arterial thromboembolism 2
Vascular disease 1
Age 65–74 years old 1
Sex category (female) 1

Table 2.2 Annual risk of 
stroke based on  
CHA2DS2-VASc score

CHA2DS2-VASc score Adjusted stroke rate per year (%)

0 0
1 1.3
2 2.2
3 3.2
4 4.0
5 6.7
6 9.8
7 9.6
8 6.7
9 15.2

Table 2.3 Stroke prevention 
therapy based on  
CHA2DS2-VASc score

Score Treatment

0 No therapy or aspirin
1 Aspirin or oral anticoagulant
≥2 Oral anticoagulant

L.E. dela Pena
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According to current guidelines, oral anticoagulant indicates one of the follow-
ing medications: warfarin, dabigatran, rivaroxaban, or apixaban [1]; edoxaban 
was not yet approved when the most recent guidelines were published, but it is 
commonly included in this group as well. This patient has a CHA2DS2-VASc score 
of 4—one point each for hypertension, diabetes, age 65–74 years old, and female 
sex—so she is indicated for oral anticoagulation.

 Risk of Bleeding

One major drawback to anticoagulation in stroke prevention is the potential for 
bleeding, including major bleeding such as intracranial hemorrhage and gastroin-
testinal bleeding, which can be fatal. The HAS-BLED score is one way to stratify 
a patient’s risk for bleeding. Similar to the CHA2DS2-VASc score, the higher  
the HAS- BLED score, the higher the risk for bleeding. The maximum possible  
HAS-BLED score is 9, and is calculated based on many factors illustrated in 
Table 2.4 [2].

A HAS-BLED score of ≥3 indicates that a patient is at high risk of developing a 
bleed. However, it is important to note that a score of ≥3 does not mean oral antico-
agulants are contraindicated or that therapy should be discontinued. Instead, clini-
cians should use this score to see if there are any factors that could be modified to 
help decrease this risk such as controlling blood pressure or decreasing alcohol 
intake, as well as regularly re-evaluating patients on oral anticoagulants to make 
sure the benefits still far outweigh the risks. There are also other risk factors that are 
not part of the HAS-BLED score that can put a patient at increased risk of bleeding, 
such as patients with a history of falls or other risk factors for falls, such as balance 
problems, vision problems, or medications such as sedatives. This patient has a 
HAS-BLED score of 1 (elderly). Together with her CHA2DS2-VASc score of 4, this 
indicates that the benefits of oral anticoagulation outweigh the risks of bleeding for 

Table 2.4 HAS-BLED score

Risk factor for bleeding Score

Hypertension (uncontrolled, SBP >160 mmHg) 1
Abnormal renal and/or liver function
 •  Renal: dialysis, renal transplantation, serum creatinine >2.3 mg/dL 

(≥200 μmol/L)
 •  Liver: chronic hepatic disease, bilirubin >2× upper limit of normal,  

AST/ALT/Alk Phos >3× upper limit of normal

1 or 2

Stroke 1
Bleeding (history or predisposition to bleeding) 1
Labile INRs (time in therapeutic range < 60%) 1
Elderly (> or = 65 years old) 1
Drugs (concomitant antiplatelet or non-steroidal anti-inflammatory agents) or 
alcohol (> or = 8 drinks per week)

1 or 2

2 CHA2DS2-VASc and HAS-BLED Risk Stratification Tools
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our patient. The risk versus benefit of initiating anticoagulation therapy becomes a 
bit more blurred when the CHA2DS2-VASc score is ≥2 and the HAS-BLED score is 
≥3, indicating that a patient is indicated for oral anticoagulation, but is also at high 
risk of developing a bleed. In situations like this, it is prudent to look at other risk 
factors for stroke and bleeding, as well as discussing the potential benefits and 
drawbacks of the different medications.

 How Does a Clinician Choose Among the Various Agents 
for Stroke Prevention?

The ACTIVE-A trial showed that clopidogrel plus aspirin reduced the rate of major 
vascular events, including stroke, compared to aspirin monotherapy in patients 
with atrial fibrillation; however, an increase in major bleeding was found in the 
clopidogrel plus aspirin group [3]. The ACTIVE-W trial showed that warfarin is 
superior to clopidogrel plus aspirin in preventing strokes in patients with atrial 
fibrillation [4]. The overall rate of major bleeding was similar between the two 
groups in ACTIVE-W; however there was an increased number of intracranial 
bleeds in the warfarin group [4]. Aspirin monotherapy or aspirin plus clopidogrel 
combination therapy should be considered in patients at low risk for stroke or in 
patients in whom oral anticoagulation is contraindicated or where the risks out-
weigh the benefits. A discussion with the patient and family members/caregivers 
may yield useful information that can help distinguish which patients are better 
suited for a particular medication; this can include the patient or family’s prefer-
ence, a history of non- adherence with medications or appointments, and/or patients 
with a history of falls/bleeds.

When choosing between warfarin and the direct oral anticoagulants (DOACs) 
(dabigatran, rivaroxaban, apixaban, edoxaban), it should be noted that the DOACs 
are not indicated if a patient has valvular atrial fibrillation or extremely poor renal 
function; additionally, edoxaban should not be used if a patient has a CrCl >95 mL/
min [5]. Warfarin does not have these limitations. However, there are also other fac-
tors to assess including cost, adherence, drug interactions, monitoring, and patient 
preference. For our patient, she would be eligible for either warfarin or one of the 
DOACs; the exact drug could only be chosen after a thorough discussion with the 
patient. This discussion can include the following points:

• The patient’s risk for stroke using their individual CHA2DS2-VASc score
• The patient’s risk for major bleed using their HAS-BLED score
• The possible medication options for the patient based on the above scoring 

systems
• Patient-specific factors that may make one or more medications more preferable 

compared to others. Table 2.5 discusses some key points that the clinician can 
use when deciding between options. While certain medications may be  preferable 
due to patient-specific characteristics, ultimately the final decision comes down 
to shared decision making between the clinician and patient/family.

L.E. dela Pena
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 Key Points

• Calculate a CHA2DS2-VASc score in order to assess a patient’s annual risk for 
stroke.

• Calculate a HAS-BLED score in order to assess a patient’s risk for bleeding.

Table 2.5 Considerations for clinical decision making with oral anticoagulation therapy [5–9]

Issue/concern
Drugs to 
consider Drugs to avoid Comments

Non-adherence 
to medication 
doses

Warfarin Dabigatran
Rivaroxaban
Apixaban
Edoxaban

The DOACs in general are not ideal 
medications if patients cannot reliably 
adhere to the prescribed regimen as even 
one missed dose can put the patient at 
risk for stroke
Both dabigatran and apixaban are dosed 
twice daily which can further decrease 
adherence

Non-adherence 
to medical 
appointments

Dabigatran
Rivaroxaban
Apixaban
Edoxaban

Warfarin

Cost Warfarin Dabigatran
Rivaroxaban
Apixaban
Edoxaban

Since the DOACs are relatively new to 
the market, there are no generic 
equivalents currently available

GI bleed Warfarin Dabigatran
Renal dose 
adjustments

Warfarin Dabigatran
Apixaban
Rivaroxaban
Edoxban

For apixban, if patients have at least two 
of the following characteristics, a dose 
adjustment is warranted: age ≥ 80 years 
old, weight ≤ 60 kg, or SCr ≥ 1.5 mg/dL
In addition to renally adjusting doses due 
to reduced kidney function, do not use 
edoxaban in patients with 
CrCL > 95 mlm/min

Availability of 
an antidote

Warfarin
Dabigatran

Rivaroxaban
Apixaban
Edoxaban

Less laboratory 
monitoring

Dabigatran
Rivaroxaban
Apixaban
Edoxban

Warfarin

Drug 
interactions

Dabigatran
Rivaroxaban
Apixaban
Edoxaban

Warfarin Although the DOACs do not interact with 
as many medications as warfarin, caution 
should still be exercised when using these 
medications, especially if medications go 
through certain pathways (see cases 
28–31 for more information)
There are several examples of drug 
interactions with warfarin that may make 
DOACs preferable such as amiodarone or 
frequent antibiotic use

2 CHA2DS2-VASc and HAS-BLED Risk Stratification Tools
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• A HAS-BLED score of ≥3 does not preclude a patient from starting or continu-
ing oral anticoagulation. Modify any risk factors for bleeding if possible.

• Medication options for stroke prevention include aspirin, aspirin plus clopido-
grel, warfarin, dabigatran, rivaroxaban, apixaban, or edoxaban.

• Take into account patient-specific factors when deciding between warfarin and 
the DOACs, including cost, adherence, drug interactions, monitoring, and patient 
preference.

 Self-Assessment Questions

 1. A 66 year old male patient just got out of surgery for bioprosthetic aortic valve 
replacement. He has a past medical history of atrial fibrillation, hypertension, 
gout, and BPH.  Prior to this hospital admission and surgery, his medications 
included apixaban, lisinopril, HCTZ, and tamsulosin. His labs and renal function 
are all within normal limits. Which of the following medications is the best for 
this patient’s anticoagulation needs?

 (a) Apixaban
 (b) Warfarin with goal INR 2.0–3.0
 (c) Warfarin with goal INR 2.5–3.5
 (d) Aspirin plus clopidogrel

The correct answer is B. The patient’s CHA2DS2-VASc score is 2 (1 point each 
for age and hypertension) which indicates that anticoagulation is still needed in this 
patient. His HAS-BLED score is 1 for being over 65 years old which indicates that 
his risk of a major bleed is not high. The patient now has valvular atrial fibrillation 
due to the aortic valve replacement so he will not be able to continue on apixaban or 
start any of the other DOACs, which makes answer A incorrect. He does not have 
mechanical mitral valve replacement which makes answer C incorrect. Warfarin 
was shown to be superior to aspirin plus clopidogrel in preventing strokes in patients 
with atrial fibrillation, so answer D is also incorrect.

 2. A 54 year old female patient with newly diagnosed non-valvular atrial fibrilla-
tion is ready to start on a medication for stroke prevention. She would ideally 
like something that is taken once a day with minimal appointments needed as she 
works full time. Her past medical history is significant for hypertension, type 2 
diabetes, GERD, and seasonal allergies. Her medications include metformin XR, 
omeprazole, and loratadine. Her estimated CrCl is >100 mL/min; all other labs 
and vitals are within normal limits. Which of the following medications would 
be best suited for this patient?

 (a) Warfarin
 (b) Apixaban
 (c) Dabigatran
 (d) Edoxaban
 (e) Rivaroxaban

L.E. dela Pena
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The correct answer is E. Her CHA2DS2-VASc score is 3 (hypertension, diabetes, 
female sex) which indicates that oral anticoagulation is needed. This patient prefers 
once daily medications which would make answers B and C incorrect; if she is 
unable to adhere to a twice daily regimen, she may miss a dose which would put her 
at risk for stroke. Additionally she has a CrCl >95  mL/min which would make 
answer D incorrect. Answer A is incorrect since the patient states she would like a 
medication that required minimal appointments due to her work schedule.
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Chapter 3
Male with Priority of Ischemic Stroke 
Reduction

David Parra and Augustus Hough

Abstract Although all direct oral anticoagulants compare equally or favorably ver-
sus warfarin in the prevention of stroke or systemic embolism in patients with non-
valvular atrial fibrillation examination of stroke components in the pivotal trials 
with direct oral anticoagulants may influence selection.

Keywords Atrial fibrillation • Ischemic stroke • Hemorrhage • Risk stratification • 
Risk-benefit • Shared decision making

A 77-year-old male presents to office for initiation of oral anticoagulation for non- 
valvular atrial fibrillation. He has a past medical history of hypertension (controlled 
with an average of previous months readings of 136/72 mmHg), type 2 diabetes, 
osteoarthritis of the knees, benign prostatic hypertrophy, and insomnia. His CHADS2 
score is 3, with a CHA2DS2-VASc score of 4. Pertinent laboratory values include 
CrCl estimated by Cockcroft-Gault equation 105 mL/min and CBC within normal 
limits. Current medications include aspirin, simvastatin, lisinopril, amlodipine, tera-
zosin, metformin, and zolpidem as needed. The patient reports his mother had a 
disabling stroke and after caring for her for year he wanted to avoid one “at all 
costs”. After a discussion of the benefits and risks of oral anticoagulation he indi-
cates a preference for the greatest possible stroke risk reduction, and places a lower 
priority on minimizing bleeding risk.
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Based on the above history, patient preferences, laboratory values, and current 
medications, what is the most appropriate oral anticoagulant to reduce ischemic 
stroke for this patient?

 1. Apixaban
 2. Dabigatran
 3. Edoxaban
 4. Rivaroxaban
 5. Warfarin

 Discussion

Although it is well accepted that oral anticoagulation is superior to antiplatelet ther-
apy in reducing stroke and systemic embolism in patients with non-valvular atrial 
fibrillation it is less clear which oral anticoagulant, if any, is superior in reducing 
what is considered by many to be the most feared complication of atrial fibrillation; 
ischemic stroke. While each direct oral anticoagulant has been compared directly to 
warfarin there are no comparative data between the direct oral anticoagulants, and 
each of the pivotal trials comparing each individual agent to warfarin differed in 
regards to the degree of warfarin control, and thromboembolic risk of the patient 
populations studied. Nonetheless, since the primary endpoint of each of these piv-
otal trials was the same (stroke or systemic embolism) examination of the effects on 
the primary endpoint and its sub-components can provide general observations that 
may be useful in guiding selection of an agent in a patient whose primary objective 
is reducing ischemic stroke over other outcomes.

In the ROCKET AF trial rivaroxaban was demonstrated to be non-inferior when 
compared to warfarin with respect to stroke or systemic embolism [1]. An evalua-
tion of the stroke components revealed no statistical difference between rivaroxaban 
or warfarin with respect to ischemic stroke. Similarly, in the ENGAGE AF-TIMI 48 
trial both high dose (60 mg once daily adjusted to 30 mg once daily based on renal 
function) and low dose (30 mg once daily adjusted to 15 mg once daily based on 
renal function) edoxaban were demonstrated to be non-inferior when compared to 
warfarin with respect to stroke or systemic embolism [2]. However, an evaluation of 
the stroke components revealed that while there was no statistical difference between 
high dose edoxaban or warfarin with respect to ischemic stroke there was a statisti-
cally significant higher rate of ischemic stroke with low dose edoxaban versus war-
farin. In contrast, in the ARISTOTLE trial apixaban was demonstrated to be superior 
when compared to warfarin with respect to stroke or systemic embolism [3]. Despite 
this, evaluation of the stroke components revealed no statistical difference between 
apixaban or warfarin with respect to ischemic or uncertain type of stroke (ischemic 
stroke was not reported individually). In the RE-LY trial high dose dabigatran 
(150 mg twice daily) was superior to warfarin and lower dose (110 mg twice daily) 
non-inferior to warfarin with respect to stroke or systemic embolism [4]. In addi-
tion, dabigatran 150 mg twice daily was superior to both warfarin and dabigatran 
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110 mg twice daily with respect to ischemic or unspecified stroke. See Table 3.1 for 
summary of the results from these trials.

Given these findings and that the patient places reducing ischemic stroke as his 
highest priority with oral anticoagulation it would appear dabigatran 150  mg 
twice daily would be the most reasonable agent. Careful review of his renal func-
tion and concurrent medications do not provide any concerns with the selection of 
dabigatran. In the United States edoxaban would not be indicated per product 
labeling based upon his renal function (CrCl > 95 ml/min). He should be advised 
to discontinue aspirin when dabigatran is initiated as there is no additional benefit 
of aspirin in addition to oral anticoagulation in reducing stroke or systemic embo-
lism in patients with non-valvular atrial fibrillation. Exceptions to this may be in 
patients with recent acute coronary syndromes, or coronary artery stenting.

 Key Points

• All direct oral anticoagulants compare equally or favorably versus warfarin in 
the prevention of stroke or systemic embolism in patients with non- valvular 
atrial fibrillation.

• Direct comparison between direct oral anticoagulants in the prevention of stroke 
or systemic embolism in patients with non-valvular atrial fibrillation are not 
available.

• Examination of stroke components in the pivotal trials with direct oral antico-
agulants reveals that only dabigatran 150 mg twice daily had statistically signifi-
cant fewer cases of ischemic stroke versus warfarin.

• Dabigatran 150 mg twice daily may be preferred in patients whose primary pri-
ority is to reduce ischemic stroke and whom place lesser value on bleeding risks.

Table 3.1 Summary of clinical trial endpoint data for oral anticoagulants in atrial fibrillation

Trial Drug

Primary endpoint result 
(stroke and systemic 
embolism) versus warfarin

Ischemic stroke endpointa 
versus warfarin

ARISTOTLE Apixaban Superior No difference
ENGAGE 
AF-TIMI 48

Edoxaban high 
dose

Non-inferior No difference

Edoxaban low 
dose

Non-inferior Statistically higher with 
edoxaban low dose

RE-LY Dabigatran 
150 mg twice 
daily

Superior Statistically lower with 
dabigatran 150 mg twice 
daily

Dabigatran 
110 mg twice 
daily

Non-inferior No difference

ROCKET AF Rivaroxaban Non-inferior No difference
aIn the Aristotle and RE-LY this included ischemic or uncertain/unspecified type of stroke

3 Male with Priority of Ischemic Stroke Reduction



18

 Self-Assessment Questions

 1. Which of the following have been shown to be superior to warfarin in reducing 
the risk of stroke or systemic embolism in patients with non-valvular atrial fibril-
lation (select all that apply)?

 (a) apixaban at dose appropriate based on weight, renal function and age
 (b) dabigatran 150 mg twice daily
 (c) dabigatran 110 mg twice daily
 (d) edoxaban 60 mg once daily
 (e) rivaroxaban at dose appropriate based on renal function

Correct answers: a (abixaban) and b (dabigatran 150 mg twice daily).
Rationale: Both apixaban and high dose dabigatran (150 mg twice daily) demon-

strated superiority to warfarin in reducing stroke or systemic embolism in patients 
with non-valvular atrial fibrillation (ARISTOTLE and RE-LY trials respectively). 
Rivaroxaban, dabigatran 110 mg twice daily, and edoxaban (high and low doses) all 
demonstrated non-inferiority to warfarin in reducing stroke or systemic embolism 
in patients with non-valvular atrial fibrillation (ROCKET AF, RE-LY, and ENGAGE 
AF-TIMI 48 trials respectively).

 2. In a patient who places the greatest value in reducing ischemic stroke which of 
the following oral anticoagulants would be most appropriate for non-valvular 
atrial fibrillation?

 (a) apixaban at dose appropriate based on weight, renal function and age
 (b) dabigatran 150 mg twice daily
 (c) edoxaban 60 mg once daily
 (d) rivaroxaban at dose appropriate based on renal function

Correct answer: b (dabigatran 150 mg twice daily).
Rationale: When reviewing stroke endpoints in the pivotal trials comparing each 

direct oral anticoagulant with warfarin in patients with non-valvular atrial fibrilla-
tion only dabigatran 150 mg twice daily revealed a statistically significant differ-
ence (lower) in rates of ischemic stroke (RE-LY trial).

Disclaimer The views expressed in this chapter reflect those of the authors, and not necessarily 
those of the Department of Veterans Affairs
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Chapter 4
Choosing an Anticoagulant in an Elderly 
Patient

Jena I. Burkhart

Abstract Elderly patients pose a difficult treatment dilemma for clinicians in terms 
of deciding upon an anticoagulant to minimize the patient’s risk for thromboembo-
lism, stroke or death, with the potential for increasing the risk of a potentially seri-
ous bleeding event (e.g., a recurrent GI bleed or intracerebral hemorrhage). Validated 
clinical tools exist to assess embolic vs. bleeding risk and these tools can assist cli-
nicians in deciding upon the most appropriate anticoagulant choice in this special 
patient population.

Keywords Elderly • Atrial fibrillation • Thromboembolism • Stroke • Bleeding • 
Practical considerations

 Case Introduction

Lucy is an 88-year-old female with a long history of hypertension, heart failure 
(HF), CKD stage 4 (last CrCl estimated 20 mL/min), and hypothyroidism. She also 
has a history of hospitalization for gastrointestinal (GI) bleeding due to H. pylori 
infection 1.5 years ago. She was discharged from the hospital several days ago after 
being admitted for a TIA and new onset atrial fibrillation (AF). The patient was 
referred to her PCP after discharge from the hospital for further evaluation of her AF 
and anticoagulation treatment options. The patient is currently taking esomeprazole 
for h/o H. pylori, as well as furosemide, metoprolol, lisinopril, levothyroxine, cal-
citriol, and acetaminophen. Which anticoagulant treatment is most appropriate 
given the patient’s age and medical history?
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 Case Discussion

There are several main concerns to take into consideration when treating patients of 
this nature with anticoagulants. These include recurrence of GI bleed or other bleed-
ing event, recent TIA and risk for a subsequent event, and worsening of Afib leading 
to worsened HF.

This patient, an elderly woman with newly diagnosed atrial fibrillation and recent 
TIA, is at risk for both recurrent stroke and bleeding. This case represents a com-
mon challenge frequently faced by clinicians, who must weigh the benefits of begin-
ning treatment with an anticoagulant to minimize the patient’s risk for 
thromboembolism, stroke or death from atrial fibrillation, with the potential for 
increasing the risk of a potentially serious bleeding event (e.g., a recurrent GI bleed 
or intracerebral hemorrhage). The decision is difficult, and in many cases concerns 
about bleeding may lead to the decision not to prescribe an anticoagulant. Therefore, 
many patients who are appropriate candidates for an anticoagulant may not be 
treated [1, 2]. To further complicate the therapeutic decision, there is also consider-
ation warranted for initiation of antiplatelet therapy with aspirin after a TIA/isch-
emic stroke. In a recent study by Rothwell and colleagues, pooled data from all 
randomized trials of aspirin versus control in secondary prevention after TIA or 
ischemic stroke demonstrated that intervention with aspirin substantially reduced 
the risk of recurrent stroke particularly when given in the first 6 weeks after the 
initial event [3]. So at this juncture, would aspirin or warfarin, or both be warranted? 
This decision is not exactly clear and warrants careful consideration based on the 
patient’s unique characteristics, balancing risks vs. benefits of combination therapy 
vs. warfarin alone.

Data indicates that only about 50% of patients with AF in either hospital or 
ambulatory care settings who are at high risk for stroke receive a vitamin K antago-
nist (VKA) [4]. This “underanticoagulation” represents a critical need, and is a 
major public health issue, as it leaves many patients at risk for thromboembolism or 
stroke. Regarding patients who are treated with VKAs, it is important to clarify a 
common concern related to the risk for bleeding when the INR is elevated. It is 
widely accepted that an INR range of 2.0–3.0 is the appropriate goal for most 
patients with nonvalvular AF. An INR below 2.0 may lead to ischemic stroke of 
death; conversely, an INR above 4.0 is associated with an increased risk for intracra-
nial bleeding [5].

What is the patient’s CHA2DS2-VASc risk stratification score, and given this, 
what is her risk for stroke (low vs. moderate vs. high)?

Tools for assessing stroke risk, such as CHADS2 or CHA2DS2-VASc are options 
for use in clinical practice. The CHA2DS2-VASc tool is similar to the CHADS2 tool, 
however is also includes the risk factors of female gender and vascular disease, and 
age-related risk begins at the age of 65 years [6]. The CHA2DS2-VASc tool has been 
shown to improve stroke risk prediction and help identify more patients who may 
be ideal for anticoagulation therapy for stroke reduction. The CHA2DS2-VASc 
score is based on a point system, with 1 point assigned for each of the following: 
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female sex, CHF, HTN, Age 65–74 years, diabetes, and vascular disease (history of 
MI, PAD, or aortic atherosclerosis); 2 points are assigned for prior stroke/TIA and 
age ≥ 75 years. This patient’s CHA2DS2-VASc score is 7 (maximum possible score 
9), placing her at high risk for stroke, with an estimated unadjusted ischemic stroke 
rate of approximately 11.2% per year [6]. Based on the 2012 focused updates for 
the management of AF developed by the American College of Cardiology, the 
American Heart Associated and the European Society of Cardiology, treatment with 
a VKA is indicated [7].

What do you think her risk of bleeding is based on the HAS-BLED score?
Older patients are generally at high risk for thromboembolism, yet they are also 

at increased risk for anticoagulant-related bleeding [8]. Therefore, a balanced 
assessment should also include the patient’s bleeding risk.

There are several clinical prediction tools available to evaluate bleeding risk in 
patients on an anticoagulant [8]. One tool, HAS-BLED, has been incorporated into 
the 2010 ESC guidelines, and the Canadian guidelines for managing AF. Based on 
the information in the case, the patient’s HAS-BLED score is ≥3, meaning she is a 
“high risk” for bleeding [9, 10].

What are the anticoagulant treatment options that exist for Lucy and how do you 
decide on the most appropriate one?

Given Lucy is deemed at high risk for an embolic event, if sole therapy with an 
anticoagulant is preferred, her anticoagulant treatment options would be: warfarin 
treated with an INR goal of 2.0–3.0, or one of the direct oral anticoagulants 
(DOACs)—dabigatran, apixaban, rivaroxaban, and edoxaban. Warfarin has long 
been considered the cornerstone of anticoagulant therapy for prevention of stroke in 
patients with atrial fibrillation. The benefits of warfarin over aspirin in older patients 
with atrial fibrillation is well validated [11]. However, warfarin can pose challenges 
in its use given its multitude of drug-drug, drug-food interactions, and the necessity 
for close monitoring of INR values. Since the DOACs do not require routine labora-
tory monitoring, may be less susceptible to dietary and drug interactions, and do not 
have warfarin’s narrow therapeutic window, their use may be attractive for the older 
adult patient who has limited ability to attend anticoagulation clinics, is taking mul-
tiple medications, and is at increased risk for bleeding and/or thrombosis. 
Anticoagulation with each of these DOACs led to similar or lower rates both of 
ischemic stroke and major bleeding compared to adjusted dose warfarin (INR of 
2.0–3.0) in patients with nonvalvular AF in large randomized trials [12].

Despite the DOACs looking like extremely attractive options for an older adult, 
several practical considerations must be considered when weighing whether to use 
one versus warfarin in elderly patients. Two of the DOACs (dabigatran and apixa-
ban) require twice daily dosing, and dabigatran’s package insert recommends that is 
be stored in the original dispensed bottle only to protect from light [13]. Twice daily 
dosing is often not practical in older patients and the inability of dabigatran to be 
placed in a weekly pillbox may render its administration unreliable [14]. Cost is 
also a very important consideration, with the DOACs costing considerably more 
than  warfarin for a 30-day supply. Finally, renal function status must be taken into 
account when deciding on a DOAC vs. warfarin. Most of the DOACs are 
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 contraindicated in patients with chronic severe kidney disease whose estimated 
 glomerular filtration rate is less than 30 mL/min. Warfarin can be safely and effec-
tively used in severe kidney disease with close follow-up and monitoring. Other 
disadvantages of the DOACs include lack of easily available monitoring of blood 
levels and compliance, lack of FDA-approval as an anticoagulant option for those 
patients with prosthetic valves, and the potential that unanticipated side effects 
becoming evident with long- term use.

In conclusion, when deciding on an appropriate anticoagulant treatment for an 
older individual, it is extremely important to be aware of both stroke and bleeding 
risk assessment tools, and that the clinician weighs the risks vs. the benefits of the 
individual agents to ensure the safest, most appropriate option is chosen for the 
unique patient.

 Key Points

• Clinicians are often faced with the challenge of weighing the benefits of begin-
ning treatment with an anticoagulant to minimize the patient’s risk for thrombo-
embolism, stroke or death, with the potential for increasing the risk of a 
potentially serious bleeding event (e.g., a recurrent GI bleed or intracerebral 
hemorrhage), especially in extremely elderly individuals.

• The CHA2DS2-VASc tool as well as the HAS-BLED tool are validated, easy to 
use clinical tools that can help in assessing risk for embolic event vs. risk for 
bleeding.

• There are several treatment options available for the prevention of stroke in 
patients with atrial fibrillation and when treating elderly patients, each option 
must be given careful consideration when deciding upon the best agent for that 
individual patient.

• When deciding on an appropriate anticoagulant treatment for an older individual, 
it is extremely important to be aware of both stroke and bleeding risk assessment 
tools.

 Self-Assessment Questions

 1. Which of the following patients would be the BEST candidate for DOAC 
therapy?

 (a) A 80yo patient with AF, CHA2DS2-VASc score = 5, severe hepatic dysfunc-
tion, and mitral valve stenosis

 (b) A 88yo patient with AF, CHA2DS2-VASc score = 7, and has had a prior GI 
bleed requiring transfusion and ICU stay
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 (c) A 77yo patient with recurrent stroke and afib, and INR is highly variable on 
warfarin due to non-adherence with the medication

 (d) A 72yo patient with CHA2DS2-VASc score of 6, with afib and a new onset 
DVT, is homebound, and a CrCl of 50 mL/min

Correct answer: c.
Answer a. although risk score is high enough to warrant anticoagulation, not a 

candidate for a DOAC because of the patient’s hepatic dysfunction.
Answer b. not the best candidate for a DOAC due to prior history of GIB requir-

ing transfusion, at high risk for recurrence and minimal reversal options at this time.
Answer c. is likely not a candidate as patient has problems with adherence. 

Adherence is still crucial with the DOACs for them to be optimally effective.
Answer d. is the BEST options as patient has an appropriate FDA indication for 

a DOAC, has adequate renal function to safely take a DOAC, and the homebound 
status makes monitoring warfarin a challenge.

 2. Which is the preferred oral anticoagulant for patients with a prosthetic valve?

 (a) Warfarin
 (b) Dabigatran
 (c) Rivaroxaban
 (d) Apixaban
 (e) Edoxaban

Correct answer: a. warfarin is the only agent mentioned in the list that is also 
FDA indicated for stroke prevention in patients with a prosthetic valve.
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Chapter 5
Patient with Prior History of GI Hemorrhage

Michael Brenner and David Parra

Abstract The benefits of using anticoagulants for stroke prevention in atrial fibril-
lation patients with prior GI bleed can outweigh the risks. Selecting warfarin or a 
direct oral anticoagulant with a similar incidence of GI bleeding compared to war-
farin should be considered to minimize the risk for bleeding.

Keywords Anticoagulation • GI hemorrhage • Atrial fibrillation • Direct oral anti-
coagulants • DOACs • Warfarin

 Case Introduction

A 68 year old male is diagnosed with non-valvular atrial fibrillation. Past medical 
history consists of hypertension, type 2 diabetes, heart failure with reduced ejection 
fraction, (echocardiogram 1 year ago revealed LVEF of 35% and normal valvular 
function) and upper gastrointestinal (GI) bleed 2  months ago while on aspirin 
enteric-coated 81 mg per day. At the time of the GI bleed the patient presented to the 
Emergency Room with hypotension and a hemoglobin of 6. He received 3 units of 
packed red blood cells and underwent esophagogastroduodenoscopy with success-
ful sclerotherapy of a large peptic ulcer. Aspirin was discontinued and a proton 
pump inhibitor was initiated at that time. The patient has a CHA2DS2-VASc score of 
4 and CHADS2 score of 3 as well as a HAS-BLED score is 3. After discussion of 
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the risks and benefits of anticoagulation he agrees to therapy. The patient has diffi-
culty attending appointments due to lack of transportation and relies on his brother 
who works full-time. His medications consist of lisinopril, metoprolol succinate, 
omeprazole and metformin. A review of the patient’s medication refill history 
reveals good compliance. He reports no known drug allergies. He denies alcohol, 
tobacco, and illicit drug use. All labs are within normal limits. The patient’s esti-
mated CrCl based on Cockcroft-Gault equation is 85 mL/min.

Based on the case description, what is the preferred anticoagulant for this patient?

 1. Warfarin
 2. Apixaban
 3. Dabigatran
 4. Edoxaban
 5. Rivaroxaban

 Case Discussion

Given a diagnosis of atrial fibrillation with a CHA2DS2-VASc risk score of 4 (age, 
hypertension, heart failure, and type 2 diabetes) and CHADS2 score of 3 (hyperten-
sion, heart failure, and diabetes mellitus), anticoagulation should be considered in 
this patient to reduce the risk for stroke. The patient’s HAS-BLED score of 3 indi-
cates the patient is at high risk for major bleeding which should be taken into 
account when selecting an agent. Other considerations that factor into selecting an 
appropriate anticoagulant are presence of valvular disease, age, bleeding risk, drug- 
drug and drug-food interactions, renal and hepatic function, complete blood count, 
medication adherence, patient preference, financial considerations, and ability and 
willingness to attend appointments.

Given that this patient has a history of a GI bleed on aspirin, choosing an antico-
agulant must be done with thoughtful consideration. A history of GI bleeding does 
not eliminate the use of anticoagulants if the benefits outweigh the risk. However, 
the cause, length of time since the bleed, severity and risk of recurrence of the bleed, 
as well as concomitant aggravating (e.g. additional antiplatelet or non-steroidal 
anti-inflammatory agents) and protective (e.g. proton pump inhibitors) factors at the 
time of the bleed must all be given thoughtful consideration prior to initiation of 
anticoagulation. For example, GI bleeding secondary to arteriovenous malforma-
tions, esophageal varices, ulcerative colitis, or an unidentified source may influence 
the decision differently than bleeding due to a source with a known cause (e.g. 
NSAIDs, infectious diarrhea, colon polyps, hemorrhoids, or anal fissures) that can 
be successfully treated. Consultation with specialty services (e.g. gastroenterology/
hepatology) may be warranted to fully estimate risk of recurrence. If a GI bleed 
occurs while on an anticoagulant, consideration to resume therapy should be done 
once the patient is hemodynamically stable. A cohort study revealed that not restart-
ing warfarin after a GI bleed was associated with an increased risk for thrombosis 
and death compared to patients who were restarted. Resuming warfarin between 
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days 1 and 7 (median time for resumption was 4 days) after a GI bleed was  associated 
with a lower risk of thrombosis. Although recurrent GI bleed was higher with 
resumption of warfarin, the risk was modest and nonsignificant [1]. This type of 
study has not been done with DOACs, but it may be reasonable to withhold therapy 
closer to 7 days after the bleed given their attainment of therapeutic anticoagulation 
is much quicker (within hours) than warfarin (days). Landmark trials studying 
DOACs have reported the incidence of GI bleeding as compared to warfarin (see 
Table 5.1 for summary of these results). In the RE-LY trial, the rate of major bleed-
ing compared to warfarin was similar with dabigatran 150 mg twice daily and lower 
with dabigatran 110 mg twice daily. With regards to GI bleeding, dabigatran 150 mg 
had a higher incidence compared to warfarin, while dabigatran 110 mg had a similar 
incidence of GI bleeding to warfarin. Dabigatran 110 mg is not approved for use in 
the United States, but is available in other countries. [2]. Approximately 50% of the 
major GI bleeding events on both doses of dabigatran met the criteria for life- 
threatening bleeding, but the incidence was lower than warfarin. Criteria for life- 
threatening bleeding per the International Society on Thrombosis and Haemostasis 
(ISTH) is defined as fatal bleeding, symptomatic intracranial bleeding, bleeding 
with decrease of hemoglobin of ≥5  g/dL, bleeding requiring inotropic support, 
bleeding requiring surgery, or transfusion of ≥4 units of packed red blood cells. In 
the ROCKET-AF trial, rivaroxaban demonstrated a similar incidence of major and 
non-major clinically relevant bleeding compared to warfarin. However, the inci-
dence of GI bleeding was significantly higher with rivaroxaban compared to warfa-
rin, although the incidence of life-threatening GI bleeding was not different. 
Gastrointestinal bleeding included upper, lower, and rectal sites [3]. Of the GI 
bleeds that occurred, 87% did not meet criteria for life-threatening bleeds which 
was defined as transfusion of ≥4 g/dL of red blood cells. In the ENGAGE-AF-TIMI 
48 trial the rate of major bleeding was significantly higher with warfarin compared 
with edoxaban high dose (HD) and edoxaban low dose (LD). Edoxaban HD was 
defined as 60 mg (adjusted to 30 mg based on renal function) and LD was defined 
as 30 mg (adjusted to 15 mg based on renal function). The rate of GI bleeding was 
higher with edoxaban HD and lower with edoxaban LD in comparison to warfarin, 
and both met statistical significance [4]. In the ARISTOTLE trial, the rate of major 
bleeding was significantly lower with apixaban compared to warfarin. Unlike dabi-
gatran, edoxaban and rivaroxaban, apixaban displayed a lower incidence of GI 
bleeding compared to warfarin, but was not statistically significant [5]. There is no 

Table 5.1 Summary of clinical trial data for oral anticoagulants incidence of GI bleeding

Trial Drug Incidence of GI bleeding versus warfarin

ARISTOTLE Apixaban No difference
ENGAGE AF-TIMI 48 Edoxaban LD Statistically lower with edoxaban LD

Edoxaban HD Statistically higher with edoxaban HD
RE-LY Dabigatran 110 mg No difference

Dabigatran 150 mg Statistically higher with dabigatran 150 mg
ROCKET AF Rivaroxaban Statistically higher with rivaroxaban
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published data that reports whether any of the GI bleeds met the ISTH criteria for 
life-threatening bleeding.

There are no drug-drug interactions that exist between the patient’s current medi-
cation list and anticoagulants. Renal and hepatic function and complete blood count 
are normal. Transportation is a concern since the patient does not have a car and 
relies on his brother. Since the patient’s sibling has full-time job, appointment com-
pliance may not be optimal, which can affect routine INR monitoring with warfarin. 
DOACs do not require frequent monitoring, unlike warfarin; making these medica-
tions more advantageous in a situation where a patient cannot reliability attend 
regular appointments.

Dabigatran 150 mg, edoxaban HD, and rivaroxaban are not preferred first line anti-
coagulants for this patient as they have higher rates of GI bleed at normal doses com-
pared to warfarin. Patient has normal renal function and thus reduced doses of the 
DOACs are not indicated. Apixaban has similar rates of GI bleeding to warfarin. Since 
appointment compliance may be difficult, apixaban would be preferred over warfarin 
for this patient. Dabigatran 110 mg could also be considered outside of the United 
States as a treatment option as this dose has similar rates of GI bleeding to warfarin.

 Key Points

• In patients with non-valvular atrial fibrillation the CHA2DS2-VASc score should 
be used in conjunction with a bleeding risk score (e.g. HAS-BLED) to guide 
therapeutic decisions.

• The decision to anticoagulate a patient with non-valvular atrial fibrillation and a 
history of GI bleeding should incorporate the patients thromboembolic risk as 
well as patient specific factors surrounding the bleed such as location, cause, and 
risk of recurrence.

• Rivaroxaban and higher doses of dabigatran and edoxaban increase the risk of GI 
bleeding compared to warfarin in patients with non-valvular atrial fibrillation.

• In patients with a history of GI bleeding apixaban, lower dose dabigatran, or 
warfarin should be considered when a decision has been made to anticoagulate.

 Self-Assessment Questions

 1. Which of the following anticoagulant(s) did not have a higher incidence of GI 
bleeding compared to warfarin in patients with non-valvular atrial fibrillation?

 (a) Apixaban
 (b) Dabigatran 150 mg twice daily
 (c) Edoxaban HD once daily
 (d) Rivaroxaban

Correct Answer: A (Apixaban)
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Rationale: In the RE-LY, ENGAGE AF TIMI 48, and ROCKET-AF trial, both 
dabigatran and rivaroxaban respectively demonstrated a higher incidence of GI 
bleeding compared to warfarin. In the ARISTOTLE trial, the incidence of GI bleed-
ing was similar between apixaban and warfarin.

 2. Which anticoagulant has been shown to yield a higher rate of major bleeding 
than warfarin?

 (a) Apixaban
 (b) Edoxaban LD once daily
 (c) Dabigatran 150 mg twice daily
 (d) Rivaroxaban
 (e) None of the above

Correct Answer: C (Dabigatran 150 mg twice daily)

Rationale: Major bleeding was similar between dabigatran 150mg, rivaroxaban, 
edoxaban LD once daily, and warfarin whereas apixaban yielded a lower rate than 
warfarin.

Disclaimer The views expressed in this presentation reflect those of the authors, and not neces-
sarily those of the Department of Veterans Affairs.
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Chapter 6
Patients with a History of Intracranial 
Hemorrhage

Jordan D. Long and Douglas C. Anderson

Abstract Patients with prior intracranial hemorrhage may have indications that 
warrant the initiation of anticoagulant therapy. The decision if therapy should be 
initiated, how long after the ICH should therapy be started, and what therapy to use 
is vital to patient care and safety.

Keywords Anticoagulation • Stroke • Hemorrhagic stroke • Intracranial hemor-
rhage • Intracerebral hemorrhage • Subarachnoid hemorrhage • Intraventricular 
hemorrhage • Anticoagulant reinitiation

 Case Introduction

MS is a 47 year old female who presented to the anticoagulation clinic with a com-
plaint of “the worst headache I’ve ever had,” asking to get her INR checked because 
she believed, “My blood is too thick.” On triage by the pharmacist she was found to 
have slurred speech, blurred vision, and right-sided face drooping. She had been 
woken up in the middle of the night with the headache which grew progressively 
worse. An INR was checked and was found to be 4.2 (target 2.0–3.0) and blood 
pressure 187/103 mmHg. She was sent to the emergency department to rule out 
stroke. The patient had a medical history of atrial fibrillation, hypertension, type 2 
diabetes, and hyperlipidemia. Her home medication list on admission included 
lisinopril, hydrochlorothiazide, metformin, atorvastatin, and warfarin. She was 
reportedly compliant with all medications. Her INR the previous month was 2.4 and 
she had been well controlled on her warfarin therapy. Recreational drug use included 
moderate alcohol use (1–2 drinks per month), no tobacco or illicit drug use. In the 
emergency department, warfarin was held and she was treated with intravenous 
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vitamin K 10 mg and prothrombin complex concentrate to reverse the anticoagula-
tion. CT confirmed intracranial hemorrhage.

In treatment of ICH in patients on VKA therapy, rapid reversal of anticoagulation 
is recommended [1]. Current recommendations are that rapid reversal be accom-
plished using 4-factor prothrombin complex concentrate (PCC) which contains fac-
tors II, VII, IX, and X and does not require cross matching [2]. Vitamin K 5–10 mg 
by slow IV infusion should be added to PCC therapy rather than used alone. Fresh 
frozen plasma (FFP) and cryoprecipitate both require cross-matching and pose the 
risk of infusion reactions and thus PCC is preferred.

Irreversible cerebral hemorrhage has been reported with direct oral anticoagu-
lants (DOACs) [3]. There is limited data on reversing these agents in the presence 
of ICH. Supportive measures, activated PCC, 4-factor PCC, antifibrinolytic agents 
(e.g. tranexamic acid, aminocaproic acid), and hemodialysis (for dabigatran) have 
all been suggested. The monoclonal antibody fragment idarucizumab has been 
approved for reversal of dabigatran-induced anticoagulation. In the RE-VERSE AD 
study, patients with atrial fibrillation were given two doses of idarucizumab 2.5 g 
15 min apart [4]. This resulted in complete reversal of dilute thrombin time and 
ecarin clotting time within 10–30 min. For the anti-Xa agents, reversal with 4-factor 
PCC should provide the factor Xa needed to reverse the coagulopathy, though no 
data exist to guide therapy [5].

Anticoagulation therapy in patients with prior or recent intracranial hemorrhage 
is a complicated therapeutic decision that includes a lot of medical variables. Since 
stroke risk independently varies from patient to patient and with many options for 
inpatient and outpatient anticoagulant therapy, it is important to know when to anti-
coagulate a patient and what anticoagulant is best to use. No matter what decision 
is made in regards to anticoagulant therapy, a holistic approach should be taken 
when making a treatment plan for patients with a history of intracranial 
hemorrhage.

Preventing recurrent ICH is important in all patients who have a prior history 
of ICH.  General steps for secondary cardiovascular risk reduction should be 
implemented. Blood pressure should be aggressively controlled; a long term goal 
of <130/80 mmHg should be attained for the best prevention of recurrence [1]. 
Blood glucose should also be tightly controlled (between 80 and 110 mg/dL). ICH 
patients who have recurrence have been shown to have improved outcomes if 
blood glucose is within goal on admission. Patients should avoid alcohol con-
sumption of >2 drinks per day, while also abstaining from tobacco and illicit drug 
use. Admitted patients should be frequently ambulated and intermittent pneumatic 
compression should be used.

Multiple factors should be considered before a decision is made on whether to 
anticoagulate a patient or not. Location of the prior ICH is an important factor to 
consider. Patients with prior lobar ICH are at a higher risk of recurrence compared 
to patients with a prior deep ICH [1]. Presence of micro-bleeds and patients of 
older age increases the risk of recurrence, especially if the hemorrhage was in the 
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lobar location. It is recommended that anticoagulant therapy not be restarted in 
patients with a previous lobar ICH [1]. Anticoagulant therapy may be considered 
for patients with prior non-lobar ICH, however, the indication for anticoagulation 
should be considered [1]. Patients with a mechanical heart valve replacement 
(MVR) would be at a higher risk of ischemic stroke compared to patients without 
MVR. There is currently no recommended time after cessation of ICH to restart 
anticoagulation. It has been suggested that patients with a mechanical heart valve 
should wait at least 4 weeks after cessation of prior ICH to reduce the risk of 
recurrent ICH [1]. Of note, none of the DOACs are approved for use in patients 
with MVR because of lack of studies showing their efficacy and safety in patients 
with an MVR.  When the decision is made that anticoagulation therapy is not 
appropriate for patients, antiplatelet therapy may be appropriate in patients regard-
less of location of prior ICH [1]. Studies have not shown efficacy of antiplatelet 
therapy in patients with MVR, but can be used alone in patient with prosthetic 
heart valves to reduce the risk of ischemic stroke [6]. Appropriateness of anti-
platelet therapy should be assessed in patients with prior ICH to reduce the risk of 
recurrence.

When the decision is made that anticoagulation therapy is needed in a patient 
with prior ICH, the choice of therapy is important to maintain proper anticoagula-
tion while minimizing the risk of ICH recurrence. For patients that need VTE 
prophylaxis after an ICH, including patients with Factor V Leiden, Lupus antico-
agulant, recurrent VTE, massive pulmonary embolism, or a high CHA2DS2-VASc, 
LMWH is the most appropriate option for reduction and can be given 1–4 days 
after onset if the patient is immobile [1]. For long term anticoagulant therapy, 
there are limited head to head comparisons between therapies in patients with 
prior ICH. In one meta-analysis, it was shown that a pooled group of patients on 
DOACs (dabigatran, edoxaban, apixaban, rivaroxaban) had less occurrence of 
hemorrhagic stroke compared to patients being treated with warfarin, regardless 
of prior ICH or not, in patients with atrial fibrillation [7]. In comparison of warfa-
rin versus dabigatran in patients with atrial fibrillation, patients on dabigatran 
showed less occurrence of hemorrhagic stroke [8]. Heparins and LMWHs have 
not been studied significantly in this patient population and their benefit of use 
should be weighed against the risks. Current ACC/AHA guidelines state that the 
usefulness of DOACs in patients with a history of ICH to reduce recurrence in 
uncertain [1].

The time to wait after ICH to restart anticoagulation therapy can vary among 
patients and depends on the risk factors of recurrent ICH and thromboembolism. In 
one study, the estimated optimal time to restart long-term anticoagulation therapy has 
been shown to be between 10 and 30 weeks after ICH [9]. In other reports, restarting 
long-term anticoagulation therapy between 1 and 3 weeks after ICH has been argued 
in patients with a high risk of thromboembolism and low risk of recurrent ICH. An 
evaluation of the patient is critical to ensure that the benefits heavily outweigh the 
risks of anticoagulation before restarting therapy so early after an ICH [5].
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 Key Points

• Preventative measures, such as tightly controlling blood pressure and glucose, 
limiting alcohol consumption, and abstaining from tobacco and alcohol, are 
important in patients that have a history of hemorrhagic stroke.

• In patients with a prior ICH and a mechanical heart valve, warfarin should be 
used with the appropriate INR goals because of proven efficacy.

• In patients with atrial fibrillation (without a mechanical heart valve) with a his-
tory of ICH who are at a high risk of thromboembolism, including patients with 
coagulopathies or a high CHA2DS2-VASc, can be restarted on warfarin, DOACs, 
or LMWHs.

• The time after ICH to restart anticoagulant therapy varies among patients, 
depending on thromboembolic risk and risk of ICH recurrence.

• Patients with prior ICH should be educated on the risks of restarting anticoagu-
lant therapy, including the signs and symptoms of recurrent ICH.

 Self-Assessment Questions

 1. Which one of the following characteristics is most likely to increase the risk of 
recurrent intracerebral hemorrhage?

 (a) previous ICH without micro-bleeds
 (b) previous lobar ICH
 (c) previous TIA
 (d) controlled blood pressure

Correct Answer: B. Previous lobar intracerebral hemorrhage.
Answer B is correct. Patients with a lobar ICH have a high risk of recurrence. It 

is recommended that patients with a previous lobar ICH not be restarted on antico-
agulant therapy. Answer A is incorrect because ICH without micro-bleeds has a 
decreased risk of recurrence compared to the presence of micro-bleeds. Answer C 
and D are incorrect because history of TIA and controlled blood pressure do not 
increase your risk of ICH over the other options.

 2. What is the appropriate time to wait before restarting long-term anticoagulation 
(if indicated) after an intracerebral hemorrhage?

 (a) 1–3 days
 (b) 1 week
 (c) 10 and 30 weeks
 (d) After 40 weeks

Correct answer: C. Between 10 and 30 weeks.
Answer C is the correct answer. A retrospective study looking at the outcomes of 

patients restarted on long-term anticoagulation therapy showed that patients 
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restarted on therapy between 10 and 30 weeks had better outcomes than other times. 
Patients needing VTE prophylaxis can be started on LMWH days after an ICH, but 
this is only for immobile patients and is at a prophylactic dose.
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Chapter 7
Concerns with Anticoagulant Adherence

David Parra and Michael Brenner

Abstract Non-adherence to oral anticoagulation increases the risk of thromboem-
bolism underscoring the need for effective evaluation of adherence and implementa-
tion of strategies to improve adherence. Assessment of the patient’s priorities and 
preferences, understanding of medical conditions and expectations of therapies, 
adverse effect concerns, affordability of therapy, and understanding of renewal/refill 
process should all be considered when selecting an oral anticoagulant.

Keywords Medication adherence • Medication compliance • Enhancing medica-
tion adherence • Patient adherence • Treatment adherence • Adverse outcomes • 
Dosing regimens • Shared decision making • Drug storage

A 65-year-old male presents to his primary care providers office for routine follow-
 up. He has a past medical history of non-valvular atrial fibrillation, coronary artery 
disease (history of myocardial infarction 2007 with subsequent four vessel coronary 
artery bypass grafting), history of transient ischemic attack, type 2 diabetes, hyper-
tension, dyslipidemia, and mild cognitive impairment. Pertinent laboratory data 
includes CrCl as estimated by Cockcroft-Gault equation 118 mL/min, CBC within 
normal limits, and a low density lipoprotein cholesterol level of 185mg/dL (baseline 
200mg/dL). Blood pressure in the office is 158/88 mmHg and he reports he does not 
measure it at home. Current medications include dabigatran 150 mg by mouth twice 
daily, losartan, hydrochlorothiazide, nifedipine, doxazosin, metoprolol tartrate, 
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maximal dose atorvastatin, metformin, and glipizide. He denies any chest pains, 
palpitations, dizziness or lightheadedness and has no complaints. After a thorough 
review of his medications he does admit he has “some trouble at times” in remem-
bering to take his medications. He keeps all pill bottles on his kitchen counter, but 
will realize about one to two times a week that he has missed either his morning or 
evening doses. In addition, upon further questioning he states “I skip my pills at 
times as I think they cause me a lot of heartburn…when I skip them I feel better.”

How critical is adherence with anticoagulants and can it be improved?
Adherence with oral anticoagulation is paramount in providing adequate prophy-

laxis from ischemic stroke in patients with atrial fibrillation. Unfortunately, many 
factors may lead to less than optimal adherence including poor patient understanding 
of benefits, risks, and goals of anticoagulation, side effects, inability to afford ther-
apy, difficulty in obtaining renewal or refills, administration or storage requirements, 
medical and non-medical media coverage, among others. Assessment of adherence 
is critical in patients receiving oral anticoagulation and should be conducted regu-
larly during all routine visits or upon suspicion of potential nonadherence (e.g., noti-
fication by insurer (or other mechanism) of poor refill history, occurrence of embolic 
event, erratic INR control if receiving therapy with warfarin). Suggested questions to 
assist in assessing patient adherence are included in Table 7.1. Non-adherence to 
anticoagulation with warfarin or direct oral anticoagulants (DOACs) is associated 
with an increase in adverse outcomes including stroke and all-cause mortality [1, 2]. 
In one study the risk of stroke with nonadherence increased with higher CHA2DS2-
VASc scores and with greater duration of no anticoagulation [2]. Interestingly, in this 
study of over 64,000 patients adherence to therapy appeared to be most important in 
patients with CHA2DS2-VASc score ≥ 2, as time not taking anticoagulation was not 
associated with stroke in patients with a CHA2DS2-VASc score of 0–1. However, it 
should be noted that the median follow-up in this study was 1.1 years.

While certain characteristics of anticoagulation with warfarin such as need for 
regular lab-work, changing doses over time, numerous drug-drug and drug-dietary 
interactions may lend to nonadherence with warfarin, the requirement for frequent 
monitoring may allow for rapid identification of patients who are not adherent 
allowing early intervention. On the other hand, certain characteristics of the DOACs 
such as cost and lack of need for regular monitoring may increase the risk of 
 nonadherence with them. Characteristics that may influence adherence to an oral 
anticoagulant that should be considered when selecting a therapy are shown in 
Table 7.2.

Table 7.1 Suggested 
questions when assessing 
medication adherence

1. What are you taking this medication for?
2. How are you taking this medication?
3. What problems have you had with this medication?
4.  How many days a week (a month) do you miss 

your medication?
5. How do you refill this medication?
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Although specific adherence rates in the pivotal randomized controlled trials 
with the DOACs are not available, overall discontinuation rates were between 
21–25% and not significantly different than discontinuation rates (17–27%) 
observed with warfarin [3]. How this compares to real-world experience and com-
paratively between different oral anticoagulants is only beginning to be described. 
In the previously referred retrospective cohort analysis [2] of 64,661 patients using 
a large US commercial insurance database, adherence (defined as the proportion of 
days covered ≥80%) was better for the DOACs than warfarin (p < 0.001), but still 
disappointingly sub-optimal at 58.9% (vs. 49.9% with warfarin). Interestingly the 
theoretical advantage in regards to adherence of once daily rivaroxaban was not 
reflected in the proportion of days covered ≥80% as it was very similar to dabiga-
tran and apixaban (59.5% vs. 57.3% vs. 62.5% respectively; p value not provided).

So, while it is apparent that poor adherence with oral anticoagulation will increase 
adverse events, it is also apparent that greater utilization of DOACs will not solve 
the problem. As such, certain strategies need to be considered. Instrumental in this 
effort includes shared decision making between the clinician and patient at the time 
of therapy is initially being recommended. Patient priorities and preferences must be 
considered when developing a treatment strategy as well as a focus on patient educa-
tion and understanding. Adherence is improved when patients understand their diag-
nosis and indication for therapy, believe in the therapy, and trust the provider [4]. In 
addition, adherence is also associated with female sex, regular users of cardiovascu-
lar drugs and CHA2DS2-VASc score ≥ 2 [5]. Specific interventions such as medica-
tion organizers (i.e. pill boxes) interactive voice response systems, compliance-linked 
financial incentives, and patient self-testing and monitoring have demonstrated 
promise with warfarin therapy [6]. With the DOACs it is becoming apparent that 
periodic monitoring is a necessary component in maintaining adherence. A specific 
study focusing on dabigatran revealed that appropriate patient selection (review to 
assure appropriate indication and assessment of patients  adherence to prior warfarin 
therapy or other medications), provision of pharmacist-led monitoring, longer dura-
tion of monitoring, and more intensive care (tailoring of monitoring process,  

Table 7.2 Characteristics of oral anticoagulants that may influence adherence to consider when 
selecting therapy

 •  Monitoring requirements (frequency and type of lab-work or lack of requirement for 
regular monitoring)

 • Dosing complexity (variable doses over time, or day to day)
 • Frequency of administration
 •  Ability to crush tablets (e.g., patients with enteral feeding tubes or dysphagia who take 

medications in applesauce)
 • Storage requirements (dabigatran must be kept in original container)
 •  Dietary requirements (consistency in vitamin K foods with warfarin, rivaroxaban 

administration with dinner, dabigatran administration with full glass of water)
 •  Side effect profile which may limit tolerability (patients with underlying esophageal 

conditions may be more prone to dyspepsia with dabigatran)
 • Cost
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contacting patients) to non-adherent patients all were associated with a greater pro-
portion of days covered of ≥80% [7]. Recent guidance focusing on the use of 
DOACs provide specific recommendations to regular monitoring and highlight the 
need for regular assessment of adherence as a component of this [8, 9].

In regards to our patient a careful review of current medications, vitals, and lab 
results reveal that he is probably poorly adherent to multiple therapies. Given his 
CHA2DS2-VASc of six, poor adherence with his oral anticoagulant is of particular 
concern. Poor response of his lipid panel to atorvastatin 80 mg, poor blood pressure 
control despite five anti-hypertensive agents, and failure to monitor his blood pres-
sure at home, all independently of how he answered the initial question regarding 
medication adherence, should prompt a more detailed and personal discussion on 
adherence. Efforts should be made in regards to identifying his priorities and prefer-
ences, understanding (health literacy) of his medical conditions and expectations of 
therapies, adverse effect concerns, affordability with therapy, and understanding of 
renewal/refill process. His treatment strategy should then be adjusted accordingly 
and include a component of long-term monitoring. The patient’s apparent “heart-
burn” may be contributing to nonadherence and may very well be related to dabiga-
tran therapy. If the patient is interested in using a medication organizer, the storage 
requirements of dabigatran may complicate this modality to improve adherence. 
Although once-daily versus twice-daily doses of oral anticoagulants is not clearly 
associated with improvement of adherence as assessed by proportion of days cov-
ered ≥80%, this patient may put a high personal preference to once-daily dosing or 
perhaps even prefer twice-daily dosing over the requirement to take the once-daily 
medication (rivaroxaban) with a meal. In addition, anticoagulation with warfarin 
should also be reconsidered as the need for regularly scheduled visits and the ability 
to measure the degree of anticoagulation will provide greater objective insight into 
his adherence. Lastly, given that the patient has a diagnosis of mild cognitive impair-
ment this should be monitored closely, and consideration given (after discussion 
with patient) to involving family members or health care surrogates with his medi-
cation management and monitoring.

 Key Points

• The risk of stroke with nonadherence to oral anticoagulation increases with 
higher CHA2DS2-VASc scores and with greater duration of no anticoagulation.

• Although real-world adherence (defined as the proportion of days covered 
≥80%) may appear better for the DOACs than warfarin it is still disappointingly 
sub-optimal.

• Once-daily versus twice-daily doses of oral anticoagulants is not clearly associ-
ated with improvement of adherence as assessed by proportion of days covered 
≥80% and efforts to evaluate and improve adherence should be instituted regard-
less of the dosing regimen selected.
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• Adherence is improved when patients understand their diagnosis and indication 
for therapy, believe in the therapy, and trust the provider.

• Efforts should be made in regards to identifying the patient’s priorities and pref-
erences, understanding (health literacy) of medical conditions and expectations 
of therapies, adverse effect concerns, affordability with therapy, and understand-
ing of renewal/refill process. Treatment strategy should then be adjusted accord-
ingly and include a component of long-term monitoring.

 Self-Assessment Questions

 1. Which of the following is not suitable for use in a medication organizer?

 (a) apixaban
 (b) dabigatran
 (c) edoxaban
 (d) rivaroxaban
 (e) warfarin

Correct answer: b (dabigatran). Dabigatran must be stored in its original bottle to 
protect from moisture, and should not be put in pill boxes or pill organizers 
(PRADAXA Package Insert, 2015).

 2. List 5 important things that may impact patient adherence thereby influencing 
the initial selection of an oral anticoagulant.

Answer: Patient’s priorities, patient’s health literacy, patient’s belief in therapy, 
patient’s trust of provider, adverse effect concerns, affordability with therapy, ability 
to adhere to monitoring (e.g., regular lab-work with warfarin), patient’s administra-
tion preferences (e.g., once daily, requirement to be taken with a meal or not, use of 
medication organizer), comorbidities (e.g., cognitive impairment) among other 
things may impact patient adherence thereby influencing selection of an oral 
anticoagulant.

Disclosure The views expressed in this chapter reflect those of the authors, and not necessarily 
those of the Department of Veterans Affairs.
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Chapter 8
Oral Anticoagulants in Stable Moderate 
Chronic Kidney Disease

James C. Lee

Abstract Although renal dosing recommendations are available for direct oral 
anticoagulants (DOAC), their use in atrial fibrillation patients with stable renal 
function bordering the recommended functional criteria for dose adjustments com-
plicates dose selection and safe long-term use. Increased monitoring and assess-
ment of the benefits and risks of direct oral anticoagulation therapy are required to 
mitigate poor outcomes resulting from clinical status changes requiring DOAC dose 
adjustments.

Keywords Stable chronic kidney disease • Rivaroxaban • Direct oral anticoagu-
lants • Renal dosing • Atrial fibrillation • Direct oral anticoagulant management  
Direct oral anticoagulant monitoring • Drug interactions

 Case Introduction

LJ is a generally healthy and independent 70-year-old African-American female 
with a prior medical history significant for atrial fibrillation, hypertension, conges-
tive heart failure, dyslipidemia, and recurrent urinary tract infections (UTI). Her 
baseline creatinine clearance (CrCl) is 55 mL/min, and serum creatinine (SCr) of 
1.3 mg/dL for the past several years. LJ has been on warfarin therapy for 15 years 
with an International Normalized Ratio (INR) time in therapeutic range (TTR) of 
90%. Her anticoagulation is managed by an anticoagulation specialty clinic. LJ’s 
niece assists her with picking up medications (lisinopril, metoprolol succinate, ator-
vastatin, warfarin, calcium/vitamin D—all with reasonable Medicaid copays) and 
reliably drives LJ to all of her clinic appointments. LJ utilizes a weekly pillbox and 
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organizes her own medications. She cooks for herself and is consistent with her 
weekly dietary vitamin K intake, although she does occasionally have an extra serv-
ing of broccoli.

During her cardiology appointment today, LJ inquired about the “new blood 
thinners that are on TV.” Her cardiologist is now contemplating if warfarin should 
be continued or if LJ should be transitioned to a direct oral anticoagulant (DOAC).

 Case Discussion

 Background

Chronic kidney disease (CKD) Stage III is defined as a moderately decreased glo-
merular filtration rate (GFR) of 30–59 mL/min for 3 or 4 months with or without 
kidney damage [1]. Stage III CKD is further subdivided into two states: IIIa (45–
59 mL/min) and IIIb (30–44 mL/min). Individuals with CKD are at increased risk 
of cardiovascular events and death, with marked increase in all-cause cardiovascular 
mortality at Stage IIIb and greater [2, 3]. Kidney disease is also known to be a risk 
factor for venous thrombosis as a result of the overall hypercoagulable state arising 
from abnormally elevated clotting factor activity and decreased endogenous antico-
agulant activity [4].

Although overall control and safety of warfarin therapy is complicated by various 
clinical factors and genetic factors, the therapeutic activity of warfarin is not signifi-
cantly altered by changes in renal function as compared to DOACs due to its exten-
sive metabolism into inactive metabolites prior to renal elimination. Decreased 
anticoagulation stability and dose requirements, however, have been observed in 
warfarin-treated patients with CKD [5, 6]. Despite this, warfarin has still been sug-
gested as the oral anticoagulant of choice in patients with severe renal impairment [7].

Evidence for DOAC use in the setting of moderate chronic kidney disease is 
lacking. Renally-based DOAC dose modifications exist for atrial fibrillation, but not 
with venous thromboembolism treatment or prophylaxis (with the exception of 
edoxaban). DOAC avoidance is recommended in those with severely reduced renal 
function, and it should be noted that renal function criteria are agent-specific 
(Table 8.1) Although DOACs do not require routine monitoring of their therapeutic 
activity due to their predictable pharmacokinetic and pharmacodynamics profiles in 

Table 8.1 Renal function criteria for direct oral anticoagulant discontinuation or avoidance [8–11]

Indication
Dabigatran  
(CrCl mL/min)

Rivaroxaban  
(CrCl mL/min) Apixaban

Edoxaban  
(CrCl mL/min)

Atrial fibrillation <15 <15 NR <15 or >95
DVT/PE treatment <30 <30 NR <15
DVT prophylaxis <30 <30 NR N/A

CrCl creatinine clearance, NR no recommendation provided, N/A not an FDA-approved indication
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Table 8.2 Degree of renal elimination  
of DOACs [8–11]

Renal elimination (%)

Dabigatran 80
Rivaroxaban 36
Apixaban 27
Edoxaban 50

normal renal function, DOAC use and dosing in the setting of stable moderate CKD 
should be approached with added caution due to DOAC reliance on renal elimina-
tion and possible potential DOAC accumulation.

 What Factors Should be Considered When Selecting an Oral 
Anticoagulant for Patients with Stable Moderate Renal 
Function?

• Oral anticoagulant characteristics

 – Warfarin: Affordable as a generic medication, but requires regular monitor-
ing of therapeutic activity. Anticoagulation control is influenced by various 
clinical and lifestyle factors such as dietary vitamin K intake. Dietary vitamin 
K intake is likely to be limited in those with CKD due to the high potassium 
content found in a wide variety of vegetables, thereby reducing the impact of 
diet on INR stability [12]. Anticoagulation intensity is easily monitored and 
reversible agents are readily accessible. Therapeutic activity is not dependent 
on renal function.

 – DOAC: All currently available agents are brand medications, potentially 
impacting patient affordability and accessibility based on individual insurance 
plans. Concomitant use of strong or dual CYP3A4 and p-glycoprotein inhibi-
tors are contraindicated with most DOACs or require dose reduction. Due to 
the differences in the degree of renal clearance of each DOAC (Table 8.2), 
renal function criteria for dose modification are agent and indication- specific. 
DOACs do not require regular monitoring of therapeutic activity, but regular 
assessment of renal function and a complete blood count (CBC) is recom-
mended to monitor for bleeding and distinguish between expected versus 
acute changes in renal function. Due to DOAC dependence on renal elimina-
tion, more frequent monitoring should be considered in those with reduced or 
variable renal function and in scenarios where impaired baseline function may 
be further acutely altered. Monitoring of therapeutic activity is agent-specific 
and less well established. Although common coagulation assays such as INR 
and aPTT may detect DOAC presence, assays correlating therapeutic activity 
with drug concentration are not currently widely available or approved [13]. 
Although INR may become elevated with DOAC use, it should not be consid-
ered a reliable marker of DOAC therapeutic activity.

8 Oral Anticoagulants in Stable Moderate Chronic Kidney Disease
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• Patient considerations

 – Baseline renal function: Assess if baseline function is reduced to CKD stage 
III or below where DOAC dose reduction may be potentially required (broadly, 
50 mL/min or less). Although potentially more convenient, the risk for DOAC 
accumulation and supratherapeutic activity in worsened renal insufficiency is 
greater than with warfarin. Assess baseline function and variability over a 
selected time period. Is renal function stable or suddenly and unexpectedly 
decreased compared to 3 months ago, 6 months, or one to 2 years ago? Is the 
etiology unknown or have new medications (e.g., vancomycin, long-term 
non-steroidal anti-inflammatory drug use, chemotherapy) or recently diag-
nosed medical conditions (e.g., acute kidney injuries, systemic lupus nephri-
tis, uncontrolled hypertension or diabetes, etc.) become part of the picture? 
LJ’s renal function is moderately reduced and appears stable based on the 
given information. Her provider should be aware of the agent-specific indica-
tions for DOAC dose reduction, especially as LJ has borderline renal function 
that may require a dose reduction sometime in the future (Table 8.3).

 – Comorbid illnesses: Will comorbid or history of acute illnesses lead to a 
higher likelihood of treatment with drugs that significantly interact with war-
farin or DOACs? LJ’s history of recurrent UTI may result in regular use of 
antibiotics (e.g., ciprofloxacin, sulfamethoxazole/trimethoprim, etc.) that 
require warfarin dose reduction. Although drug–drug interactions with com-
mon medications may require warfarin dose adjustments, anticoagulation 
intensity can be monitored and adjusted for. LJ’s long-term medications 
appear to be streamlined and without significant drug–drug interactions 
(Table 8.4). This makes either warfarin or a DOAC viable options.

 – Adherence and control with warfarin therapy: Evaluate if the existing 
anticoagulation regimen is well-controlled and monitoring parameters are 
acceptable to the patient. Has the patient “failed” warfarin therapy? Is the 
patient willing to adhere to regular monitoring or do other daily activities and 
responsibilities pose a barrier to appropriate monitoring frequency? LJ 

Table 8.3 Renal function criteria for reduced direct oral anticoagulant dosing [8–11]

Indication Dabigatran Rivaroxaban Apixaban Edoxaban

Atrial fibrillation CrCl
15–30 mL/min

CrCl
15–50 mL/min

SCr
>1.5 mg/dLa

CrCl
15–50 mL/min 

DVT/PE treatment NR NR NR CrCl
15–50 mL/minb

DVT prophylaxis NR NR NR —

NR no recommendation provided, CrCl creatinine clearance, SCr serum creatinine
aAge (80 years and older) and weight (60 kg or less) must also be assessed. Two of the three crite-
ria must be met for dose reduction
bWeight (60  kg or less) and concomitant use of certain P-gp inhibitors (verapamil, quinidine, 
azithromycin, clarithromycin, erythromycin, oral itraconazole, oral ketoconazole) must also be 
considered

J.C. Lee



47

Table 8.4 Significant drug–drug interactions with direct oral anticoagulants [8–11]

DOAC dose reduction required Avoid DOAC with concurrent use

Dabigatran P-gp inhibitors + CrCl 30–50 
(AF): Reduce dose to 75 mg BID
  • Dronedarone
  • Ketoconazole

P-gp inducers (any indication)
  • Rifampin
P-gp inhibitors + CrCl < 30 (AF)
  • Dronedarone
  • Ketoconazole
P-gp inhibitors + CrCl < 50 (VTE 
treatment, VTE prophylaxis)
  • Dronedarone
  • Ketoconazole

Rivaroxaban N/A Combined P-gp + strong CYP3A4 
Inhibitors (any indication)
  • Conivaptan
  • Indinavir
  • Itraconazole
  • Ketoconazole
  • Lopinavir/ritonavir
  • Ritonavir
Combined P-gp + strong CYP3A4 
Inducers (any indication)
  • Carbamazepine
  • Phenytoin
  • Rifampin
  • St. John’s wort
CrCl 15–80 + combined 
P-gp + moderate CYP3A4 inhibitors 
(any indication)
  • Diltiazem
  • Dronedarone
  • Erythromycin
  • Verapamil

Apixaban Combined Dual Strong 
P-gp + CYP3A4 inhibitors (on 
5 mg/10 mg original dose/any 
indication):
Reduce dose by 50% to 2.5 mg/5 mg
  • Clarithromycin
  • Itraconazole
  • Ketoconazole
  • Ritonavir

Combined Dual Strong 
P-gp + CYP3A4 inhibitors (on 2.5 mg 
original dose/any indication)
  • Clarithromycin
  • Itraconazole
  • Ketoconazole
  • Ritonavir

Edoxaban Reduce dose to 30 mg daily (VTE)
  • Azithromycin
  • Clarithromycin
  • Erythromycin
  • Itraconazole (oral)
  • Ketoconazole (oral)
  • Quinidine
  • Verapamil

P-gp inducers
  • Rifampin

AF atrial fibrillation, CrCl creatinine clearance, P-gp P-glycoprotein, VTE venous  thromboembolism
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appears capable of independently managing her medical affairs and diet, and 
does not appear to have any barriers to routine clinic follow-up. Her TTR 
indicates excellent control (TTR >60%) with warfarin. Additionally, the 
nature and tone of her inquiry about DOACs may not necessarily be indicative 
of a strong desire to discontinue her current regimen.

 – Affordability: Consult with the patient’s pharmacy or insurance drug formu-
lary to ensure that the selected DOAC is covered by the insurance plan. LJ 
should be made aware that an increased copayment or coinsurance is possible 
as DOACs may be assigned to a higher medication formulary tier (e.g., Tier 2 
or Tier 3) with higher out-of-pocket cost compared to warfarin (typically a 
Tier 1 medication). Non-preferred DOACs likely require full out-of-pocket 
payment. The potential increase to out-of-pocket cost should be acceptable to 
the patient before transitioning from warfarin, especially for those who are 
likely to have fixed or limited incomes.

 – Patient decision-making capacity: Is the patient capable of reliably com-
municating health status changes with providers and pursuing care when nec-
essary? Considerations may include medical conditions worsening cognition 
or neurological deficits, limited transportation access, poor adherence to 
appointments, frequent emergency department visits, etc. Patients with poor 
cognition who also have difficulty adhering to complex warfarin dosing 
instructions or providing good self-care, but possess adequate social support 
may benefit from DOAC treatment simplicity. Conversely, a patient with poor 
understanding and social support may be unable to adequately assess 
treatment- related complications that warrant further assessment. LJ appears to 
be functionally independent and has good social support available if needed.

• Provider considerations

 – Routine monitoring is required regardless of anticoagulant: Annual 
assessment of renal function and complete blood count are recommended for 
all DOACs. With moderate CKD or worsening insufficiency, more frequent 
laboratory monitoring should be performed. Continuing DOAC use should be 
reconsidered or discontinued if renal function has demonstrated a consistent 
or accelerating decline. LJ appears to have stable moderate CKD.

 – Weigh the benefits and risks of continuing current therapy: Providers 
should assess their capacity for safely managing all modes of anticoagulation 
therapy. If existing warfarin therapy is well controlled and acceptable to the 
patient, increasing INR monitoring interval should be considered. Transition 
to a DOAC may not necessarily lead to improved patient adherence, espe-
cially if systematic provider follow-up is lacking [14].

 The Outcome

LJ’s cardiologist decided to start rivaroxaban 20 mg daily with dinner based on the 
convenience of once daily dosing and LJ’s CrCl > 50 mL/min. LJ agreed to the 
transition as well as regular assessment of her renal function every 6 months. The 
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cardiologist informed the anticoagulation clinic of the therapy change and requested 
the clinic to manage the transition. The anticoagulation clinic verified a copay of 
$15 per month for rivaroxaban, which LJ found acceptable compared to her $5 
copay for warfarin. LJ filled her rivaroxaban prescription and brought it with her to 
her anticoagulation clinic appointment. LJ’s INR was 2.7; warfarin was stopped and 
rivaroxaban was initiated that evening as her INR was less than 3, as recommended 
by the FDA-approved Prescribing Information. LJ was informed that the clinic 
would follow-up with her by phone in 3  months to assess ongoing rivaroxaban 
therapy.

 Key Points

• DOAC use in the setting of stable moderate CKD should be considered carefully 
due to the risk of drug accumulation if renal function worsens or an inappropriate 
dose is selected. Renal function criteria for dose modifications are available for 
all DOACs for the indication of atrial fibrillation. If existing warfarin therapy is 
well-controlled and acceptable to the patient, consider continuing with warfarin 
therapy.

• More frequent assessment of renal function and CBC should be performed 
with DOAC therapy. Those with borderline moderate renal function should be 
closely monitored to ensure the appropriate DOAC dosing is selected to avoid 
 underanticoagulation (e.g., using renally-adjusted dose in normal renal func-
tion) or overanticoagulation (e.g., using standard dose or contraindication to 
use with reduced renal function). If renal function deteriorates further, transi-
tion to warfarin should be considered due to the limited evidence, interpreta-
tion, and access to useful coagulation assays for measuring ongoing DOAC 
therapeutic activity.

• When considering DOAC therapy in moderate CKD, consider all relevant factors 
in addition to patient and provider convenience. These include but are not limited 
to baseline renal function, patient affordability, overall medication adherence, 
logistical barriers affecting monitoring adherence, acceptance of routine labora-
tory monitoring, patient decision-making capacity, barriers to timely provider 
care, and prior anticoagulation control with warfarin.

 Self-Assessment Questions

 1. Which of the following patients being anticoagulated for atrial fibrillation is 
dosed appropriately?

 (a) A 32 year old 62 kg male with a CrCl of 20 mL/min taking edoxaban 30 mg 
daily

 (b) A 41 year old, 76 kg female with a CrCl of 55 mL/min taking rivaroxaban 
15 mg daily
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 (c) A 53  year old, 55  kg male with a CrCl of 25  mL/min taking dabigatran 
150 mg twice daily

 (d) A 60 year old, 80 kg female with a SCr of 1.7 mg/dL taking apixaban 2.5 mg 
twice daily

Rationale for Question #1

 (a) Correct. Edoxaban requires a dose reduction if CrCl 15–50 mL/min. The 
non-adjusted dose is 60  mg daily for those with CrCl 50–95  mL/min. 
Edoxaban should also be avoided in those with CrCl greater than 95 mL/min 
when anticoagulating for atrial fibrillation.

 (b) Incorrect. This dose is the renally-adjusted dose. Reducing rivaroxaban dose 
is required if CrCl 15–50 mL/min. The non-adjusted dose is 20 mg daily. 
The patient is thus at risk for underanticoagulation.

 (c) Incorrect. Dabigatran requires a dose reduction if CrCl 15–30 mL/min. This 
patient is currently on the non-adjusted dose. The renally-adjusted dose is 
75 mg twice daily. This patient is thus at risk for overanticoagulation.

 (d) Incorrect. Apixaban requires a dose reduction in those who have at least two 
of the following three criteria: age 80 years or older, body weight 60 kg or 
less, or SCr 1.5 mg/dL or greater. This patient only fulfills one criterion (ele-
vated serum creatinine). The non-adjusted dose is 5 mg twice daily. This 
patient is thus at risk for underanticoagulation.

 2. Which of the following patients with atrial fibrillation and moderate chronic 
kidney disease would transitioning to the proposed alternative anticoagulation 
therapy be the most appropriate?

 (a) (Transitioning from warfarin to DOAC): A 76 year old female on warfarin 
for 15 years with a 90% INR time in therapeutic range (TTR) who is on an 
antiretroviral regimen that includes lopinavir/ritonavir.

 (b) (Transitioning from warfarin to DOAC): A 61 year old male on warfarin for 
3 years with a 65% TTR with Tier 3 copays for all DOACs, and consistently 
forgets to take his warfarin once a week.

 (c) (Transitioning from DOAC to warfarin): A 55 year old male on rivaroxaban 
15 mg daily for 3 years who has exhibited a steady decline in CrCl from 
35 mL/min to 20 mL/min over the past 2 years.

 (d) (Transitioning from DOAC to warfarin): A 40 year old female on apixaban 
2.5 mg twice daily for 2 years with affordable Tier 1 copays for apixaban and 
exhibits adherence with twice-daily therapy.

Rationale for Question #2:

 (a) Incorrect. Continuing warfarin is favorable due to the concomitant use of a 
strong dual inhibitor of CYP3A4 and P-glycoprotein. Concomitant use of 
strong CYP3A4 and P-glycoprotein inhibitors (i.e., ritonavir) with DOACs 
should be avoided. Additionally, the patient has demonstrated excellent anti-
coagulation control with her existing warfarin therapy.
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 (b) Incorrect. Although the patient’s TTR is lower than the patient described in 
answer choice A, high DOAC copays and regular medication non-adherence 
are issues that may lead to underanticoagulation. DOACs have shorter half-
lives compared to warfarin, and regularly missed DOAC doses would expose 
the patient to periods of no anticoagulation. Warfarin is also likely to be 
more acceptable due to lower out-of-pocket costs.

 (c) Correct. This patient is exhibiting declining renal function and is approaching 
the renal functional threshold where most DOACs would be contraindicated. 
If rivaroxaban is continued, renal function should be assessed more frequently 
due to the recommendation for discontinuation should CrCl decrease below 
15 mL/min. Considering the patient’s age and life expectancy, it is likely he 
would need to transition to warfarin eventually. The need for regular monitor-
ing with warfarin versus more frequent laboratory draws should be discussed 
with the patient when determining when to discontinue rivaroxaban and initi-
ate warfarin.

 (d) Incorrect. Despite the requirement for twice-daily dosing, the patient is able 
to afford apixaban and is adherent to a more frequent dosing interval com-
pared to once-daily warfarin. Although warfarin elimination is not depen-
dent on renal function, patient acceptability of relatively more frequent 
monitoring should be discussed with the patient prior to discontinuing exist-
ing DOAC therapy.
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Chapter 9
Oral Anticoagulants in Severe Renal 
Dysfunction

Jennifer Babin

Abstract When choosing an anticoagulant for a patient with chronic kidney dis-
ease (CKD), consider that patients with CKD were excluded from landmark direct 
oral anticoagulant (DOAC) trials if their creatinine clearance (CrCl) was <25–30 mL/
min, but use of these agents has been approved in patients with a CrCl as low as 
15 mL/min based on extrapolated data. Limited data suggests that warfarin is ben-
eficial and relatively safe in patients with CKD and atrial fibrillation.

Keywords Non-dialysis dependent chronic kidney disease • Severe chronic kidney 
disease • Atrial fibrillation • Anticoagulation • Direct oral anticoagulant • Warfarin  
Stroke risk • Bleeding risk

Case Introduction

TC is a 58 year old Caucasian female with a history of hypertension and non- dialysis 
dependent chronic kidney disease (CKD) who has been diagnosed with atrial fibril-
lation. Her weight today in clinic is 62 kg, height is 168 cm, serum creatinine (SCr) 
is 2.0 mg/dL, and creatinine clearance (CrCl) is 30 mL/min based on the Cockcroft-
Gault equation. Estimated glomerular filtration rate (GFR) is 26 mL/min based on 
the MDRD equation and 27 mL/min based on the CKD-EPI equation. Her baseline 
SCr is consistently around 2.0  mg/dL.  She has health insurance through her 
employer and has no difficulty paying for her medications. She also reports good 
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adherence with her current anti-hypertensive prescriptions. Her physician must 
decide on the most appropriate anticoagulation plan for TC.

 Case Discussion

 What Is this Patient’s Risk of Stroke and Bleeding?

Risk of stroke and bleeding must be weighed when deciding whether to start 
anticoagulation, especially in patients with CKD. Stroke risk in atrial fibrillation 
is commonly estimated using the CHA2DS2-VASc score, which evaluates con-
gestive heart failure, hypertension, age, diabetes, history of stroke or transient 
ischemic attack, vascular disease, and sex as risk factors. This patient’s CHA2DS2-
VASc score is 2 since she has hypertension and is a female, indicating she is at 
high risk of having an ischemic stroke [1]. It is important to note that CKD also 
contributes to stroke risk, although it is not included as a factor in the CHA2DS2-
VASc score [2, 3]. Likewise, bleeding risk can be estimated using the HAS-
BLED score (Table  9.1), which lists hypertension, abnormal renal or liver 
function, stroke, bleeding history, labile INRs, age, and concomitant use of alco-
hol or drugs with bleeding risk as risk factors. Although this patient has a history 
of hypertension and CKD, her HAS- BLED score is 0 since systolic blood pres-
sure must be >160 mmHg and SCr must be ≥2.26 mg/dL in order to qualify as 
risk factors. However, as with stroke risk, CKD also increases bleeding risk, 
although it is not included as a factor in the HAS- BLED score [2]. In this patient 
with newly diagnosed atrial fibrillation and CKD, the risk of stroke appears to 
outweigh the risk of bleeding.

Table 9.1 The HAS-BLED score for assessment of one year major bleeding risk in patients with 
atrial fibrillation [2]

Hypertensiona

Abnormal renalb or liver functionc

Stroke
Bleeding history or predisposition
Labile INRsd

Elderlye

Drugsf or alcohol concomitantly

1 point
1 point each
1 point
1 point
1 point
1 point
1 point each

INR international normalized ratio
aUncontrolled hypertension with systolic blood pressure >160 mmHg
bPresence of long-term dialysis, kidney transplantation, or serum creatinine ≥2.26 mg/dL
cChronic hepatic disease (i.e. cirrhosis) or biochemical evidence of significant hepatic derange-
ment (i.e. bilirubin >2 times the upper limit of normal in association with aspartate or alanine 
aminotransferase or alkaline phosphatase level >3 times the upper limit of normal)
dTime in therapeutic range <60%
eAge >65 years or frail condition
fAntiplatelet agents or nonsteroidal anti-inflammatory agents
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 What Is the Evidence for Use of Direct Oral Anticoagulants 
(DOACs) in Severe CKD?

This patient’s estimated GFR places her into the severely decreased renal function 
category according to KDIGO guidelines, although her CrCl, which tends to over-
estimate renal function, is slightly higher [4, 5]. The landmark studies for dabiga-
tran, rivaroxaban, apixaban, and edoxaban included few patients with CKD, and an 
even smaller number with severe CKD. Of note, studies examining all four of the 
DOACs used the Cockcroft-Gault equation to estimate renal function in participants 
[5, 6]. Use of actual body weight in the equation, as opposed to ideal or adjusted 
body weight, was specified in the dabigatran and rivaroxaban trials [5]. The weight 
selected may significantly impact the accuracy of the calculated creatinine clear-
ance. Some studies have found that using actual instead of ideal body weight for 
normal-weight patients can falsely elevate estimated creatinine clearance using the 
Cockcroft-Gault equation [7, 8].

The RE-LY trial, which compared dabigatran with warfarin in patients with atrial 
fibrillation, excluded patients with a CrCl  <30  mL/min. Patients with a CrCl 
30–50 mL/min comprised about 19% of the study population [9]. However, even 
though patients with severe renal dysfunction were not included in the study, the 
Food and Drug Administration (FDA) approved a lower dose (75 mg twice daily) 
for patients with a CrCl 15–30 mL/min based on pharmacokinetic modeling, which 
estimated that in patients with impaired renal function, the lower dose would result 
in drug exposure comparable to that of the approved higher dose in patients with 
normal renal function [10].

The ROCKET AF trial compared rivaroxaban with warfarin and also excluded 
patients with a CrCl  <30  mL/min. The median CrCl of study participants was 
67 mL/min. Patients with moderate renal dysfunction received a reduced dose of 
rivaroxaban (15 mg daily), and were found to have increased stroke and bleeding 
rates compared to patients with mild renal dysfunction, although rates remained 
similar to warfarin [11].

The landmark trial for apixaban, ARISTOTLE, excluded patients with SCr 
>2.5 mg/dL or CrCl <25 mL/min. Of the patients who were enrolled, 1.5% had a 
CrCl ≤30 mL/min. The apixaban dose was reduced to 2.5 mg twice daily if patients 
had a SCr ≥1.5 mg/dL and met one additional criterion, either age ≥80 years or 
weight ≤60 kg [12]. A sub-group analysis found that apixaban reduced stroke and 
bleeding risk more effectively than warfarin even with declining renal function, 
although stroke and bleeding risk both became more elevated as renal function 
declined [13].

As with the landmark dabigatran and rivaroxaban studies, the landmark edoxa-
ban trial excluded patients with a CrCl  <30  mL/min. The trial also specified a 
reduced anticoagulant dose for patients with a CrCl 30–50 mL/min (about 19% of 
participants) [6]. However, according to the manufacturer, 30 mg daily can be used 
in patients with a CrCl 15–50 mL/min, which includes patients who were not repre-
sented in the study [14].
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Additional considerations for using DOACs in patients with CKD, including 
cost, monitoring, and drug interactions, are discussed in Chapter 8. See Table 9.2 for 
a summary of trial information and FDA approved renal dosing for the DOACs.

 What Are Considerations When Using Warfarin in CKD?

General considerations for warfarin use are presented in Chapter 8. When deter-
mining a plan specifically for patients with moderate to severe renal dysfunction, 
consider that the majority of studies that have examined the use of warfarin in 
patients with atrial fibrillation and CKD have been observational studies in 
patients with end-stage renal disease. These studies have found conflicting results 
regarding bleeding and stroke risk [2]. Recently a large Danish observational 
cohort study was published that found a net clinical benefit with warfarin in non-
dialysis dependent patients with CKD who have a CHA2DS2-VASc score >2 [19]. 
A meta-analysis that included this study also concluded that use of warfarin in this 
patient population is associated with a decrease in stroke, although the authors 
noted high heterogeneity [3].

Table 9.2 DOAC data in patients with CKD and atrial fibrillation [6, 9, 11, 12, 14–18]

Dabigatran Rivaroxaban Apixaban Edoxaban

Landmark 
trial, 
publication 
year

RE-LY, 2009 ROCKET AF, 
2011

ARISTOTLE, 
2011

ENGAGE 
AF-TIMI 48, 2013

Trial renal 
inclusion  
criteria

CrCl ≥30 mL/min CrCl ≥30 mL/min CrCl ≥25 mL/min 
and SCr ≤2.5 mg/
dL

CrCl ≥30 mL/min

Number of 
trial 
participants  
with renal 
impairment

19% with 
CrCl <50 mL/min

21% with 
CrCl <50 mL/min

15% with CrCl 
31–50 mL/min, 
1.5% with 
CrCl ≤30 mL/min

19% with 
CrCl ≤50 mL/min

Trial dose for 
renal 
impairment

110 mg or 150 mg 
twice daily 
(standard dose for 
all participants)

15 mg daily for 
CrCl 30–49 mL/min

2.5 mg twice 
daily if ≥2 criteria 
met: 
age ≥80 years, 
weight ≤60 kg, 
SCr ≥1.5 mg/dL

15 mg or 30 mg 
daily if CrCl 
30–50 mL/min

FDA approved 
dose for renal 
impairment

75 mg twice daily 
for CrCl 
15–30 mL/min

15 mg daily for 
CrCl 15–50 mL/min

2.5 mg twice 
daily if ≥2 criteria 
met: 
age ≥80 years, 
weight ≤60 kg, 
SCr ≥1.5 mg/dL

30 mg daily for 
CrCl 15–50 mL/min

CKD chronic kidney disease, CrCl creatinine clearance, DOAC direct oral anticoagulant, FDA 
U.S. Food and Drug Administration, min minute, mL milliliter, SCr serum creatinine
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There are some potential concerns when choosing warfarin for patients with 
CKD. Some studies have noted a possible relationship between warfarin use and 
vascular calcification [20]. Others note the potential for supratherapeutic INRs to 
contribute to faster progression of CKD. Warfarin use in CKD has also been associ-
ated with low bone density [2]. When dosing warfarin, consider that average dose 
requirements are typically lower in patients with CKD [21].

 What Is the Best Anticoagulation Plan for this Patient?

Based on landmark DOAC study criteria, this patient would have been included in 
all of the above studies with her stable CrCl of 30 mL/min. Also, according to the 
FDA, dabigatran, rivaroxaban, and edoxaban are acceptable options with her current 
renal function. However, her CrCl is only one point away from meeting exclusion 
criteria for all trials except ARISTOTLE, and considering that DOAC data is limited 
for patients with moderate to severe renal dysfunction, these medications should be 
used with caution in this patient. Although less convenient in terms of monitoring, 
there is more data and experience supporting the safety of warfarin in severe CKD.

 Key Points

• The risks of both stroke and bleeding are increased in patients with CKD.
• Patients were excluded from landmark DOAC trials if their CrCl was <25–30 mL/

min. However, the FDA has approved the use of dabigatran, rivaroxaban, and 
edoxaban in patients with a CrCl as low as 15 mL/min based on extrapolated data.

• Limited data suggests benefit from warfarin in patients with non-dialysis depen-
dent CKD and atrial fibrillation.

 Self-Assessment Questions

 1. The landmark trial involving which of the following anticoagulants included 
patients with CrCl as low as 25 mL/min?

 (a) Dabigatran
 (b) Rivaroxaban
 (c) Apixaban
 (d) Edoxaban

C. Apixaban is the correct answer (ARISTOTLE trial). All other landmark trials 
(RE-LY, ROCKET AF, ENGAGE AF-TIMI 48) excluded patients with a 
CrCl <30 mL/min. However, the FDA has approved reduced dabigatran, rivaroxaban, 
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and edoxaban dosing for patients with CrCl <25–30 mL/min based on pharmacoki-
netic modeling and extrapolation of study results.

 2. What is a potential limitation of the HAS-BLED score when used to assess 
bleeding risk in patients with moderate to severe CKD?

Answer: The score does not account for bleeding risk in patients with less severe 
CKD.

Explanation: Abnormal renal function is only counted as a point in the HAS- BLED 
score if the patient is on long-term dialysis, has a history of kidney transplantation, or 
their SCr is ≥2.26 mg/dL. However, studies have shown that patients with less severe 
CKD still have an increased bleeding risk. When using this scoring system for patients 
with CKD who have a SCr <2.26, it may underestimate their risk of bleeding.
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Chapter 10
Oral Anticoagulants in Patients with Variable 
Renal Function

James C. Lee

Abstract The ongoing use of direct oral anticoagulant therapy versus warfarin in 
individuals with varying renal function is challenging. The degree of renal function 
variability, the context in which renal function changes occur, and other patient and 
provider-specific factors must be carefully evaluated when assessing the benefits 
and risks of ongoing direct oral anticoagulant therapy.

Keywords Variable renal function • Direct oral anticoagulants • Atrial fibrillation  
Transitions of care • Acute kidney injury • Rivaroxaban • Overanticoagulation  
Renal dosing • Coagulation assays • Monitoring

 Case Introduction

LJ is a generally healthy and independent 70-year-old African-American female 
with a prior medical history significant for atrial fibrillation, hypertension, conges-
tive heart failure, dyslipidemia, recurrent urinary tract infections (UTI), baseline 
creatinine clearance (CrCl) of 55 mL/min, and weighs 82 kg. Previously, LJ took 
warfarin for 15 years, with a time in therapeutic range (TTR) of 90%. Her cardiolo-
gist started rivaroxaban 20 mg daily 1 year ago when she inquired about the “new 
blood thinners that are on TV.” Her niece helps her obtain medications (all with 
reasonable Medicaid copays) and reliably drives her to clinic appointments.

LJ was hospitalized with worsening dyspnea, significant bruising on both arms, 
and edema and found to have acutely decompensated heart failure, and acute kidney 
injury. Serum creatinine was markedly elevated, with reduced CrCl of 13 mL/min. 
A CBC with differential was unremarkable.
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 Case Discussion

 Background

Despite the various factors influencing effective warfarin therapy, the therapeutic 
intensity of warfarin is independent of renal function due to its extensive hepatic 
metabolism into inactive metabolites prior to renal elimination. In contrast, the ther-
apeutic activity of non-warfarin anticoagulants such as low-molecular weight hepa-
rins (LMWH) and direct oral anticoagulants (DOACs) involve significant renal 
elimination unchanged, and are thus significantly affected by chronically or acutely 
impaired renal elimination [1].

Although recommendations for the use and monitoring of LMWH in renal insuf-
ficiency are more established, guidance for DOAC management is still emerging 
[2–5]. In the setting of normal renal function, DOACs do not require routine 
 monitoring of therapeutic activity due to their predictable pharmacokinetic and phar-
macodynamic profiles. Renal dosing for DOACs is recommended in atrial fibrilla-
tion, but not venous thromboembolism treatment or prophylaxis (except edoxaban) 
[6–9]. DOAC agent and dose selection should take into account both reduced (e.g. 
dabigatran, rivaroxaban, apixaban) and normal renal function (e.g. edoxaban).

Support for DOAC use in varying renal insufficiency is limited, and warfarin remains 
the preferred oral anticoagulant with established insufficiency [10, 11]. Compared to 
individuals with stable chronic kidney disease, acute clinical changes such as acute 
kidney injury may transiently increase the risk for DOAC accumulation and potentially 
lead to increased bleeding risk as a result of supratherapeutic DOAC drug concentra-
tions. Varying renal function further complicates the selection of an appropriate main-
tenance DOAC dose in those with borderline renal insufficiency where the use of 
renally-adjusted DOAC doses would be potentially more appropriate.

As DOACs continue to be increasingly prescribed, routine renal function and 
complete blood count (CBC) monitoring are recommended at least annually and 
should be assessed more frequently in those with variable or reduced renal function 
[4, 11]. Measurement of DOAC therapeutic activity may be useful in those with 
varying renal function, but limited availability of useful coagulation assays to mea-
sure DOAC activity and limited recommendations for monitoring and coagulation 
assay interpretation represent significant barriers.

 Considerations for DOAC Management in Variable Renal 
Function

 Upon Admission

• Assess renal function change: Assess immediately upon admission and 
repeat frequently to assess trends and improvement. Compare current func-
tion with pre-admission function. Close attention should be paid to the DOAC 
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used and anticoagulation indication, as the criteria for DOAC contraindica-
tion or DOAC dose reduction is agent and indication-specific. For LJ, rivar-
oxaban should initially be held given her markedly decreased function. 
Reducing rivaroxaban to 15 mg/day would have been an appropriate alterna-
tive if the decline was not as severe (e.g. CrCl was 15–50 mL/min) or if she 
had not been exhibiting clinical signs or consequences of potential drug 
accumulation.

• Assess for bleeding: Has declining renal function been accompanied by 
symptoms associated with drug accumulation and supratherapeutic activity 
(e.g. significantly increased bruising without clear cause, any bleeding, 
abnormal CBC)? Additionally, assess for recent falls or head trauma to deter-
mine if more extensive rule out screening is warranted (e.g. suspicion of 
intracranial processes). Consider DOAC therapeutic activity monitoring  
if reliable and appropriately sensitive coagulation assays are available 
(Table  10.1). DOAC reversal may be pursued if DOAC-specific reversal 
agents are available, in addition to alternative supportive measures. Given the 
concern for rivaroxaban accumulation in LJ, a CBC should be drawn to rule 
out any bleeding.

• Assess medications adherence: Assess DOAC adherence and for the pres-
ence of any significant drug-drug interactions (e.g. p-gp, CYP3A4, CYP2C9 
inhibitors) known to increase DOAC drug concentrations. Evidence of  
poor DOAC adherence may decrease immediate concern for DOAC accumu-
lation with accompanying worsened renal function, while excellent DOAC 
adherence may be cause for increased vigilance for bleeding. Investigate 
medication history directly from the patient, patient’s caregiver, and patient’s 
pharmacy. If an interacting medication is discovered and cannot be dis-
continued or substituted with an alternative agent, the DOAC should be 
discontinued.

Table 10.1 Coagulation assay utility for direct oral anticoagulants [5, 12]

PT/INR Widely available, but sensitivity is agent-specific and limited to 
detecting DOAC presence. Possibly useful for apixaban and 
rivaroxaban. Least utility with dabigatran and edoxaban

aPTT Widely available, but with utility limited to detecting dabigatran 
presence. No utility with apixaban, rivaroxaban, or edoxaban

Chromogenic 
anti-Factor Xa

Mixed utility with Factor X inhibitors due to lack of FDA-approved 
calibrations available. No utility with dabigatran

TT Limited utility with dabigatran due to high sensitivity even at low drug 
concentrations

dTT Not widely available. Limited utility and less sensitive to dabigatran at 
lower drug concentrations

ECT Not widely available. Sensitive to dabigatran at all drug concentrations

aPTT active partial thromboplastin time, dTT diluted thrombin time, ECT ecarin clotting time, TT 
thrombin time
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 Case Continuation

Given LJ’s increased bruising and concern for possible rivaroxaban accumulation 
with her worsened renal function, rivaroxaban was held for the duration of admis-
sion. Her hemoglobin and hematocrit were unchanged from her pre-hospitalization 
baseline and were within normal limits. Renally-adjusted rivaroxaban dosing was 
not considered as it was unclear if her renal function would continue to deteriorate. 
She was treated and prepared for discharge home as her primary symptoms resolved 
and renal function improved (CrCl 47 mL/min). Worsening of existing bruising was 
not noted.

 Prior to Discharge

• Consider dose reduction or alternative agent: Does the patient have a history 
of frequent AKI, evidence of worsening renal insufficiency, or is taking medica-
tions known to be nephrotoxic or produce significant drug-drug interactions? 
Overall decline or acutely changing renal function may complicate the selection 
of an appropriate maintenance DOAC dose. The concurrent use of non-steroidal 
anti-inflammatory agents or antiplatelet agents could also increase the additive 
bleeding risk. Factors such as these complicate the selection of a standard versus 
renally-adjusted DOAC dose, especially in those with borderline renal function. 
Short-term or long-term use of P-gp and strong CYP3A4 inhibitors may not be 
able to be avoided, and if so, DOACs should be avoided. Appropriate rivaroxa-
ban dosing for LJ is challenging since her baseline CrCl borders above the rec-
ommended CrCl cutoff (50 mL/min) for rivaroxaban dose reduction while her 
renal function on discharge indicates the need, at least temporarily, for the 
renally-adjusted dose. Apixaban could be considered depending on her serum 
creatinine. Dabigatran is inappropriate due to its more extensive renal elimina-
tion compared to the other DOACs. Warfarin is likely the best alternative if con-
sidering switching agents.

• Recommend close outpatient follow-up of clinical status and renal function 
especially if continuing a DOAC. More frequent phone follow-up to monitor for 
worsening bleeding or bruising during the transition of care period should be 
considered if any medications are modified. If LJ redevelops significant bruising 
and reduced renal function compared to baseline, consider continuing to hold 
rivaroxaban until post-hospitalization outpatient follow-up. Consider a  temporary 
dose reduction in LJ to 15  mg daily if resuming anticoagulation is clinically 
appropriate based on her renal function status.

• Assess the benefits and risks of continued anticoagulation: If bleeding risk 
appears to outweigh the benefit of continued anticoagulation in the short-term, 
consider holding anticoagulation until outpatient follow-up, especially if throm-
botic risk if low. LJ has a moderate stroke risk score, so rivaroxaban could be 
continued upon discharge as there is no evidence of additional or active 
bleeding.
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• Inform the anticoagulation provider of any medication/anticoagulant changes, 
dose changes, or anticoagulant discontinuation. All changes should be reviewed 
upon discharge with the patient or patient’s caregiver to avoid duplicate therapy 
with old prescriptions still located in the patient’s home. Inform the patient’s phar-
macy to discontinue old anticoagulant prescriptions to avoid unintended refills.

 Case Continuation

LJ’s rivaroxaban was resumed upon discharge at her original dose. Two weeks fol-
lowing discharge during anticoagulation clinic follow-up, LJ was assessed for addi-
tional medication changes and adherence, and did not exhibit any signs or symptoms 
concerning for overanticoagulation (bleeding, bruising, etc). Repeat renal function 
testing was performed, with CrCl improving to 52 mL/min. Repeat CBC was unre-
markable. LJ’s anticoagulation provider discussed the major benefits (e.g. no need 
for regular therapeutic monitoring, improved bleeding risk profile with rivaroxaban 
vs warfarin, lack of dietary restrictions) and risks (e.g. concern for inappropriate 
dosing based with renal function decline/variable function, lack of reversal agent) of 
continuing rivaroxaban or transitioning to an alternative DOAC or warfarin.

 During Hospitalization Follow-up

• Reassess renal function to assess recovery towards baseline function. More fre-
quent monitoring of renal function, CBC, and resolution of clinical symptoms 
within 1–2 weeks should be considered until return to baseline function is con-
firmed. Consider repeating a CBC if concerns or evidence of new bleeding 
persist.

• Reassess appropriateness of current dosing: Has renal function and the 
patient’s overall clinical picture returned to the pre-hospitalization baseline? 
Assess if the original DOAC dose should be resumed or if a modified dose or 
discontinuation is warranted. If renal function does not recover completely or a 
pattern of increasingly frequent events associated with variable and acutely 
worsened renal function becomes apparent, warfarin should be considered in 
place of continued DOAC therapy. If considering alternative DOACs, consider 
the differences in dosing frequency and differences in renal function criteria 
guiding dose adjustments. For LJ, it is reasonable to continue her current dose of 
rivaroxaban.

• Reassess the benefits and risks of long-term anticoagulation: Does the patient 
remain a good candidate for anticoagulation? If the patient is deemed to be at 
increased risk of poor anticoagulation safety outcomes (e.g. worsening renal 
function, increasing fall frequency) compared to the benefits, anticoagulation 
should be discontinued. LJ appears to be otherwise healthy, has good social sup-
port at home, and a history of adherence to her previous and current anticoagula-
tion regimens.

10 Oral Anticoagulants in Patients with Variable Renal Function
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 The Outcome

Rivaroxaban 20 mg daily was continued. Given LJ’s borderline renal function and 
concern for variation downwards, repeat labs were to be redrawn in 1 month. LJ 
would be contacted by telephone for clinical assessment again in 2 weeks and in 
6  weeks to discuss lab results, as well as a decision on whether to continue or 
modify rivaroxaban therapy.

 Key Points

• DOAC use in the setting of variable renal function should be scrutinized care-
fully or even avoided, especially if renal function severely fluctuates and borders 
cutoff criteria for dose adjustments. DOACs should be discontinued if it appears 
that renal insufficiency is worsening. Warfarin should be considered as the anti-
coagulant of choice in variable and severe renal insufficiency (e.g. approaching 
CrCl 30 mL/min) since its therapeutic intensity is not significantly altered by 
renal dysfunction.

• More frequent assessment of renal function and CBC should be performed in 
those with variable renal insufficiency. If available, drawing coagulation assays 
sensitive to the specific DOAC may be useful to determine the extent of accumu-
lation if significant concern exists for severe DOAC accumulation. These coagu-
lation assays are not currently widely available and/or standardized. Consider 
regular patient communication by phone or electronic messaging if in-clinic 
assessments are less frequent to ensure continued medication adherence and 
anticoagulation efficacy and safety.

• Consider all patient factors in addition to patient and provider convenience when 
considering continued DOAC use in those with variable renal insufficiency that 
borders criteria for DOAC dose adjustments. If renal function remains unstable 
and complicates the selection of a maintenance DOAC dose, warfarin may be a 
more manageable alternative.

 Self-Assessment Questions

Please also reference Chap. 8 figures and tables.

 1. Which of the following patients on direct oral anticoagulant therapy for atrial 
fibrillation should more frequent renal function monitoring be considered?

 (a) A 32-year-old 92 kg male patient on apixaban with a serum creatinine of 
0.6 mg/dL being treated with oral vancomycin for Clostridium difficile.
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 (b) A 42-year-old male on rivaroxaban with no additional prior medical history 
other than hypertension.

 (c) A 51-year-old male on dabigatran with stage III chronic kidney disease.
 (d) A 76-year-old female on warfarin status-post renal transplantation and 

recently started on a 14-day course of sulfamethoxazole-trimethoprim DS 
for urinary tract infection.

Rationale for question #1

 (a) Incorrect. Apixaban requires dose adjustment in those being treated for atrial 
fibrillation who possess two of the three following factors: Age of 80 years 
or older, body weight of 60 kg or less, or serum creatinine 1.5 mg/dL or 
greater. Patients on concomitant strong dual inhibitors of CYP 3A4 and P-gp 
should also use a reduced apixaban dose. Oral vancomycin is largely con-
fined to the GI tract when taken orally.

 (b) Incorrect. This patient likely does not require any closer monitoring than 
usual as he does not appear to have a complicated medical history that 
includes renal insufficiency.

 (c) Correct. Stage III CKD is defined as GFR between 30 and 44  mL/min. 
Dabigatran requires dose adjustment in those being treated for atrial fibrilla-
tion with a CrCl 15–30  mL/min and is contraindicated in those with 
CrCl <15 mL/min. The CrCl cutoff for contraindication to dabigatran differs 
with anticoagulation indication.

 (d) Incorrect. Although there is a clinically significant drug-drug interaction 
with warfarin, renal function is not expected to have a clinically relevant 
effect on warfarin elimination or INR.

 2. Which of the following direct oral anticoagulants is correctly matched with the 
CrCl cutoff requiring a renally-adjusted dose when anticoagulating for atrial 
fibrillation?

 (a) Apixaban—CrCl <30 mL/min
 (b) Dabigatran—CrCl <30 mL/min
 (c) Edoxaban—CrCl >50mL/min
 (d) Rivaroxaban—CrCl >50 mL/min

Rationale

 (a) Incorrect. Apixaban dose adjustments are considered based on serum creati-
nine, not creatinine clearance. Caution, however, should be heeded if renal 
insufficiency worsens.

 (b) Correct. Dabigatran dose should be decreased starting at CrCl 30  mL/
min.

 (c) Incorrect. Edoxaban does not require dose adjustment at this level of func-
tion, but should be avoided if CrCl exceeds 95 mL/min.

 (d) Incorrect. Rivaroxaban dose should be adjusted if CrCl is between 15 and 
50 mL/min.

10 Oral Anticoagulants in Patients with Variable Renal Function
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Chapter 11
Patient with Concomitant Stable Coronary 
Artery Disease

Michael Brenner and Augustus Hough

Abstract There are no randomized controlled trials published for the use of either 
vitamin k antagonist or direct oral anticoagulants (DOACs) monotherapy in second-
ary heart prevention. There have been some pre-specified analyses from landmark 
trials studied for atrial fibrillation that have demonstrated a similar incidence of 
myocardial infarction between DOACs and warfarin.

Keywords Atrial fibrillation • Stable coronary artery disease (CAD) • Warfarin  
Direct oral anticoagulants • DOACs • Aspirin • Antiplatelet therapy

A 76 year old male presents to the office for routine follow-up. He complains of 
intermittent nosebleeds over the past few weeks. His past medical history consists 
of coronary artery disease (s/p coronary artery bypass grafting × 3 in 2007 and s/p 
myocardial infarction with drug-eluting stent in 2004), atrial fibrillation, hyperten-
sion, type 2 diabetes, anemia, and stage 3 chronic kidney disease. An echocardio-
gram was done recently that revealed normal left ventricular and right ventricular 
size and function, as well as normal valvular function. Vital signs today include 
blood pressure 126/78, pulse 62, height 70 in., and weight 80 kg. Pertinent labora-
tory values include SCr 1.8 (Est CrCl 39.5 mL/min), BUN 31, Hg 10.1 g/dL, Hct 
35.4%, POC INR 2.7 (TTR >80% over past year), LFT within normal limits. 
Medications include warfarin with goal INR 2–3, aspirin, atorvastatin, lisinopril, 
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chlorthalidone, pantoprazole, and glipizide. The patient has a CHA2DS2-VASC score 
of 5 and CHADS2 score of 3, and a HAS-BLED score of 3. Denies alcohol or 
tobacco use.

What is the most appropriate antithrombotic treatment option for this patient?

 Case Discussion

Using antiplatelet therapy with anticoagulation can increase the risk for major bleed-
ing and hospitalization for bleeding more than anticoagulation alone [1]. Antiplatelet 
agents such as aspirin and clopidogrel (if intolerant to aspirin) are cornerstone thera-
pies for secondary prevention in stable coronary artery disease (CAD). Anticoagulation 
is important for stroke prevention in atrial fibrillation, but precaution must be made 
when used in combination with antiplatelet agents to minimize the risk for bleeding. 
For patients with an acute coronary syndrome or recent stent placement within the 
last year, continuing concomitant antiplatelet and anticoagulation therapies are ideal 
up to 12 months, but for stable CAD the evidence is less clear. Based on this patient’s 
CHA2DS2-VASc/CHADS2 score, continuing anticoagulation is recommended over 
aspirin monotherapy. Based on the patient’s HAS- BLED score indicating a high risk 
of bleeding, complaints of nosebleed and anemia, discontinuing aspirin should be 
considered to allow continuation of anticoagulation.

No randomized trials exist on optimal antithrombotic therapy for stable CAD with 
concomitant atrial fibrillation. The 2012 CHEST antithrombotic therapy guidelines 
recommend warfarin rather than the combination of warfarin and aspirin [2]. The 
2011 AHA-ACCF Secondary prevention guidelines recommend the combination of 
warfarin and aspirin in stable CAD patients if there is a compelling indication for 
anticoagulation [3]. The 2015 update for practical management of non-valvular atrial 
fibrillation by the European Heart Rhythm Association recommend avoiding anti-
platelet agents in stable CAD patients receiving oral anticoagulants. There are no 
randomized controlled trials published in stable CAD with concomitant atrial fibril-
lation between vitamin K antagonist (VKA) and direct oral anticoagulants (DOACs). 
See Table  11.1 for summary of guideline recommendations. Data from the 

Table 11.1 Summary of guideline recommendations for antiplatelet therapy with antithrombotic 
therapy in stable CAD patients

Clinical practice guidelines
Recommendation on antiplatelet therapy in stable CAD 
receiving warfarin

2012 CHEST Antithrombosis [2] Recommend warfarin over the combination of 
antiplatelet therapy and warfarin

2011 AHA-ACCF secondary 
prevention [3]

Recommend continuing antiplatelet therapy while on 
warfarin

2015 European Heart Rhythm 
Association [4]

Avoid the combination of the antiplatelet therapy and 
anticoagulants

M. Brenner and A. Hough
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 landmark atrial fibrillation trials of the DOACs versus VKA did not suggest that 
there would be heterogeneity in effects on background coronary disease outcomes. 
Specifically in the RELY study which compared dabigatran and VKA, the initial 
trial publication suggested a higher rate of MI in the dabigatran 150 mg twice daily 
arm than VKA. However, this was later found to be nonsignificant after all data was 
reviewed [5, 6]. A pre-specified substudy of the RE-LY trial was done for patients 
with a history of CAD or a previous MI to determine the relationship with myocar-
dial ischemic events. A nonsignificant trend for an increase in MIs was observed in 
the dabigatran group for both doses compared with warfarin. Other myocardial isch-
emic events (unstable angina, need for revascularization, cardiac arrest, or cardiac 
death) were the same between both doses of dabigatran and warfarin. There was no 
dose-dependent effect on MI observed [7]. The FDA completed a study in Medicare 
patients comparing both medications for ischemic or clot-related stroke, gastroin-
testinal bleeding, MI, and death. The incidence of MI was similar between dabiga-
tran and VKA. In the evaluations of the rivaroxaban, apixaban, and edoxaban versus 
VKA therapy there was no significant difference in MI rates in the trial arms [8–10]. 
Due to the lack of prospective data for the DOACs in stable CAD, it would be rea-
sonable to prefer VKA at this point based on the presence of historic data.

The recommendations for use of VKA in stable CAD without concomitant anti-
platelet therapy are derived from both direct and indirect data sources. Direct data 
comes from a meta-analysis of historic evaluation as well as the ASPECT-2 and 
WARIS II studies [11–13]. These evaluations did not show a significant reduction in 
cardiovascular or thromboembolic events in patients with CAD and atrial fibrilla-
tion when aspirin was added to VKA therapy. Secondary data supporting VKA 
therapy without antiplatelet therapy in stable CAD and atrial fibrillation comes from 
a sub-study from the SPORTIF trial. This study, which was nonrandomized, com-
pared warfarin monotherapy to low dose aspirin (<100 mg/day) with warfarin (INR 
goal 2–3). The incidence of stroke/systemic embolism or myocardial infarction 
(MI) was similar between both groups, but major bleeding was significantly higher 
by two-fold for combination therapy [14]. Finally, a Danish cohort study evaluated 
patients with atrial fibrillation and the combinations of VKA, aspirin, and/or clopi-
dogrel compared to VKA monotherapy. Coronary events or thromboembolism were 
similar between all groups and all combination therapies had more serious bleeds 
compared to VKA monotherapy [15].

Based on this patient’s CHA2DS2-VASc and CHADS2 score, anticoagulation is 
recommended over aspirin alone. This approach appears to provide better balance 
for thrombotic event prevention. It should be noted that the data with VKA in stable 
CAD is limited by its age as patients in these historic evaluations were not treated 
with modern approaches (e.g., second/third generation drug eluting stents). However 
in patients with stable CAD and atrial fibrillation, the data would still be expected 
to be relevant. Based on the patient’s HAS-BLED score and hemoglobin level in the 
presence of stable CAD, aspirin should be discontinued to allow for continuation of 
anticoagulation while minimizing the risk for bleeding. There are no contraindica-
tions or any reason that the patient must switch from warfarin to a DOAC. Based on 
the information provided and clinical evidence, continuation of warfarin alone is the 
best clinical option of those provided.
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 Key Points

• Vitamin K antagonist (VKA) monotherapy has similar rates of coronary events 
compared to VKA and antiplatelet therapy in stable CAD and atrial fibrillation.

• There are no randomized controlled trials published in stable coronary artery 
disease with concomitant atrial fibrillation between vitamin K antagonist and 
direct oral anticoagulants.

• Pre-specified analyses have demonstrated similar rates of myocardial infarction 
between direct oral anticoagulants and vitamin K antagonist.

 Self-Assessment Questions

 1. Which of the following direct oral anticoagulants has similar rates of myocardial 
infarction to warfarin for secondary heart prevention?

 (a) Apixaban 5 mg twice daily
 (b) Edoxaban 60 mg once daily
 (c) Rivaroxaban 20 mg once daily
 (d) All of the above

Correct Answer: D (All of the above)
Rationale: All three direct oral anticoagulants mentioned above have shown a 

similar rate of myocardial infarction when compared to warfarin in their respective 
trials. Pre-specified analyses have been done in the ARISTOTLE and ROCKET AF 
trials for patients with coronary artery disease with the same results. No pre- 
specified analysis has been published for edoxaban at this time.

 2. Which of the following provides the best summary of the outcomes of combin-
ing warfarin and aspirin versus warfarin alone in patients with atrial fibrillation 
and stable coronary artery disease?

 (a) More bleeding and less major adverse cardiovascular events
 (b) More bleeding and more major adverse cardiovascular events
 (c) More bleeding and similar major adverse cardiovascular events
 (d) Similar bleeding and less major adverse cardiovascular events

Correct Answer: C (More bleeding and similar major adverse cardiovascular 
effects)

Rationale: Based on direct and indirect data sources, such as the ASPECT II and 
WARIS II trials, and the sub-study of the SPORTIF trial, combining aspirin and 
warfarin showed higher bleeding rates and similar rates of cardiovascular events.

Disclaimer The views expressed in this chapter reflect those of the authors, and not necessarily 
those of the Department of Veterans Affairs.
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Chapter 12
Patient with Concomitant Acute Venous 
Thromboembolism

Lea E. dela Pena

Abstract In patients with atrial fibrillation who develop an acute venous thrombo-
embolism, it is important to initiate anticoagulant dosing for the acute VTE, which 
may differ from dosing for atrial fibrillation depending on the particular agent. 
Parenteral anticoagulants are needed at the start of therapy if dabigatran, edoxaban, 
or warfarin is chosen, and should be prescribed at full treatment doses. The patient 
should be fully anticoagulated during the first 3 months of therapy after the VTE in 
order to prevent clot propagation and embolism.

Keywords Atrial fibrillation • Venous thromboembolism • Parenteral anticoagulant  
Clot propagation

 Case Introduction

A 55 year old male patient with past medical history significant for BPH, hyperten-
sion, and atrial fibrillation is in the hospital with a new diagnosis of deep vein 
thrombosis (DVT). He recently returned from an 8 hour international flight when he 
began complaining of leg swelling and tenderness. He travels internationally often 
for work. He currently takes tamsulosin, lisinopril, and aspirin. Vitals are stable, 
current height and weight is 70 in. and 85 kg, respectively, and hepatic/renal func-
tion is unremarkable. He has been started on a heparin drip, but physicians want to 
transition him to an oral medication in preparation for discharge.
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 Case Discussion

What oral anticoagulants can be utilized to treat this patient’s atrial fibrillation and 
DVT?

• His oral options would be warfarin (bridged with a rapid acting agent, such as 
LMWH, until INR ≥2), dabigatran, rivaroxaban, apixaban, or edoxaban.

How would his provider choose among the various agents available to use?

• The provider should first make sure the patient does not have any contraindica-
tions to any of the medications; typically if a patient has a contraindication to a 
DOAC, he/she should be initiated on warfarin instead. Also, certain patient popu-
lations were not well studied in the clinical trials that led to approval of the 
DOACs, so these patients should be started on warfarin; these would include 
such populations as pediatric patients, patients with poor renal or hepatic func-
tion, patients with diagnosed thrombophilia, breastfeeding women, or patients 
with extremes of body weight [1]. Pregnant patients were also not adequately 
studied in the DOAC clinical trials; however, warfarin is not an option for these 
patients as it is considered teratogenic [2]. Our patient does not fall into any of 
the criteria for contraindications or populations that were not well-studied, so he 
is a candidate for warfarin or one of the DOACs.

• Drug interactions are also important to assess. Our patient does not have any 
clinically significant drug interactions with any of the anticoagulant medications 
up for consideration. His aspirin therapy will be stopped upon initiation of the 
anticoagulant.

• Patient adherence is important to assess as well. If a patient has issues with miss-
ing doses of medications, DOAC therapy may not be ideal as even missing just 
one dose can quickly put a patient at risk for a recurrent clot.

• The patient should also be brought into this conversation about choosing a par-
ticular anticoagulant. His preferences for once daily vs twice daily administra-
tion, dietary restrictions, frequent laboratory monitoring, and cost should be 
taken into consideration. Given his frequent travel for work, he may not be able 
to commit to the necessary laboratory monitoring needed for warfarin therapy, 
unless he is able to obtain a home INR monitor. Three of the medications (war-
farin, dabigatran, and edoxaban) require a parenteral anticoagulant be adminis-
tered prior to or at the beginning of therapy. The parenteral anticoagulant is 
usually a low molecular weight heparin (LMWH) such as enoxaparin or daltepa-
rin, unfractionated heparin (UFH), or fondaparinux, given at treatment (not pro-
phylactic) doses. If the patient is not agreeable to using an injectable medication, 
even for just a few days, these options may not be ideal for him.

What additional laboratory tests should be ordered prior to initiating therapy?

• A complete blood count, activated partial thromboplastin time, and prothrombin 
time should be ordered to ensure he does not have an underlying coagulopathy.

L.E. dela Pena
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• A serum creatinine, as well as a calculated creatinine clearance, should be 
obtained to classify any underlying renal impairment which may affect dosing of 
certain agents.

Should the provider prescribe dosing for atrial fibrillation or DVT for this patient?

• The provider should prescribe anticoagulant dosing for the acute DVT (see 
Table 12.1). Some agents will have different dosing depending on the exact indi-
cation as discussed below.

• Warfarin dosing and target INR will be the same regardless if treating for atrial 
fibrillation or DVT.

• Rivaroxaban and apixaban have different initial dosing for DVT compared to 
atrial fibrillation as outlined in the Table 12.2, assuming no dosing adjustments 
needed based on patient characteristics such as reduced renal function [3–5].

• Dabigatran and edoxaban have the same dosing for atrial fibrillation as well as 
acute DVT: 150 mg BID and 60 mg daily, respectively. However, it is important 
to keep in mind that parenteral anticoagulant must be used for a few days prior 
to this initiation [1].

Table 12.1 Initial dosing for oral anticoagulants to treat acute DVT [2, 4–8]

Oral 
medication Dosing Dosing adjustments if applicable

Warfarin Typically 2.5–10 mg po daily overlapped 
with parenteral anticoagulant for at least 
5 days AND until two therapeutic INRs

N/A

Dabigatran Parenteral anticoagulant × 5–10 days, 
followed by dabigatran 150 mg po BID

If CrCL ≤ 30 mL/min—no 
dosing recommendations 
provided by manufacturer

Rivaroxaban 15 mg po BID with food × 21 days, then 
change to 20 mg po daily with food

N/A

Apixaban 10 mg po BID × 7 days, then change to 
5 mg po BID

N/A

Edoxaban Parenteral anticoagulant × 5–10 days, 
followed by 60 mg po daily

If CrCL 15–50 mL/min, 
weight ≤ 60 kg or patient is on 
P-gp inhibitor, reduce edoxaban 
dose to 30 mg po daily

Table 12.2 Comparison of different dosing based on indication for rivaroxaban and apixaban

Rivaroxaban Apixaban

Atrial fibrillation 
dosing

20 mg daily with the evening meal 5 mg BID

VTE dosing 15 mg BID with food × 3 weeks then 
20 mg once daily

10 mg BID × 7 days, then 
5 mg BID
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What is the expected duration of anticoagulation treatment for this patient?

• Since this is the patient’s first DVT and likely due to a long international flight, 
he will only need anticoagulation for approximately 3 months for the DVT [9]. 
Patients need to be monitored closely during this time and must be fully antico-
agulated in order to prevent further clot propagation and embolism.

• At the end of that time, therapy should be reassessed to see if further anticoagula-
tion is needed for the DVT [9].

Which medication would be appropriate at the end of the first 3 months of anti-
coagulation therapy?

• Prior to the diagnosis of DVT, this patient’s CHA2DS2-VASc score was one 
(hypertension) so aspirin therapy was selected and an appropriate choice for that 
indication although anticoagulation would also be an appropriate choice. The 
patient still has the same CHA2DS2-VASc score thus can continue the same anti-
platelet therapy. This is an appropriate time to readdress the risk and benefit of 
antiplatelet versus anticoagulant therapy in stroke prevention to determine the 
patient’s preference at this time.

 Key Points

• Assess the patient for any contraindications or precautions to potential medica-
tions. Bring the patient into the conversation when discussing which medication 
to initiate.

• Initial dosing of rivaroxaban and apixaban is different for acute VTE compared 
to atrial fibrillation.

• Dabigatran, edoxaban, and warfarin require parenteral anticoagulation at the 
start of therapy. Parental therapy includes low molecular weight heparin, unfrac-
tionated heparin, or fondaparinux.

• Parenteral anticoagulation, if needed, should be prescribed at full treatment 
doses, instead of prophylactic doses.

• The patient needs to be fully anticoagulated during first 3 months of therapy in 
order to prevent clot propagation and embolism.

 Self-Assessment Questions

 1. A 50 year old female patient with history of atrial fibrillation, hypertension, dys-
lipidemia, and seasonal allergies has just been diagnosed with a new deep vein 
thrombosis. Her current medications include aspirin, hydrochlorothiazide, 
pravastatin, and loratadine. Her labwork is unremarkable. She prefers taking 
medications once a day, but she does have good prescription insurance through 
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her employer. If possible, she would like to avoid any injectable agents since she 
is afraid of needles. Which of the following medications would be best to initiate 
in this patient for her DVT?

 (a) Warfarin with INR goal 2.0–3.0
 (b) Rivaroxaban
 (c) Apixaban
 (d) Edoxaban

The correct answer is B. Cost does not seem to be an issue since she has good 
prescription coverage through her work. Rivaroxaban is taken once daily and 
does not require a parenteral agent prior to initiation. Her labwork is unremark-
able which is important to assess for any coagulopathies or renal/hepatic dys-
function. Warfarin and edoxaban are not correct since both of these agents would 
require a parenteral anticoagulant be administered either prior to or concurrently 
with the oral agent. Apixaban is incorrect because this is dosed twice daily and 
the patient prefers a once daily regimen.

 2. A 64 year old male patient with history of atrial fibrillation, hypertension, osteo-
arthritis, ESRD, and poor adherence is diagnosed with a pulmonary embolism. 
He is currently taking aspirin, lisinopril, and acetaminophen. He is retired and 
prefers generic medications whenever possible. Which of the following antico-
agulants is the best choice to treat this patient’s PE?

 (a) Warfarin with INR goal 2.0–3.0
 (b) Rivaroxaban
 (c) Apixaban
 (d) Edoxaban

The correct answer is A. Warfarin is generic, and thus less expensive than the 
DOACs. With this patient’s history of poor adherence, missing even just one 
dose of a DOAC can put him at increased risk for a recurrent clot. Most DOACs 
were not studied in patients with ESRD. These reasons all make answers B, C, 
and D incorrect. Warfarin has been used in patients with ESRD. He will require 
overlap with a parenteral anticoagulant, likely unfractionated heparin, until his 
INR is in therapeutic range.
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Chapter 13
Patient with Concomitant Mitral Valve 
Stenosis

Augustus Hough and Michael Brenner

Abstract Mitral stenosis is a significant risk factor for stroke in patients with atrial 
fibrillation and serves as an indication for anticoagulation regardless of the presence 
of other traditional stroke risk factors. The preferred oral anticoagulant in patients 
with atrial fibrillation and mitral stenosis is warfarin.

Keywords Mitral valve stenosis • Atrial fibrillation • Stoke risk factor  
Anticoagulation • Valvular atrial fibrillation

 Case Introduction

A 63-year-old male presents to anticoagulation clinic for routine follow-up of war-
farin therapy he takes for history of paroxysmal atrial fibrillation. He also has a 
PMH of moderate-severe mitral stenosis (class C), hypertension, BPH, and anxiety. 
Pertinent laboratory values include CrCl 74 mL/min, POC INR 2.2, CBC within 
normal limits. Patient’s warfarin is generally very well controlled (time in therapeu-
tic range 82%) but he is still employed and is having a difficult time leaving work to 
come to anticoagulation visits. He asks his provider whether continuing anticoagu-
lation therapy is still necessary. He calculated his CHA2DS2-VASc score as 1 using 
an online calculator and would like to consider changing to aspirin alone to reduce 
bleeding risk and improved convenience of therapy. Alternatively, he asks about one 
of the direct oral anticoagulants and if he is a candidate because of lack of 
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monitoring. He has no other complaints at this time but would prefer to make things 
as simple as possible and reduce his risk of bleeding.

What is the most appropriate oral antithrombotic therapy for this patient?

 Case Discussion

The decision regarding the use and selection of antithrombotic therapy (i.e., none, anti-
platelet or anticoagulant) in patients with atrial fibrillation (AF) is generally made with 
consideration of thromboembolic risk as determined by the CHA2DS2- VASc score; 
however, patients with concomitant mitral stenosis (MS) are exceptions. Compared to 
normal sinus rhythm, AF increases the risk of stroke by approximately fivefold in the 
general population and up to 20-fold in patients with mitral stenosis [1]. Since there is 
a high risk of stroke in AF patients with mitral stenosis, anticoagulation is indicated 
regardless of other background risk factors for thromboembolism. The current 2014 
AHA/ACC/HRS guidelines give a Class I (level of evidence B) recommendation for 
the use of anticoagulation (vitamin K antagonist (VKA) or heparin) in patients with 
MS and AF of any type [2]. Similarly, the 2012 CHEST guidelines on antithrombotic 
therapy in atrial fibrillation give a Grade IB recommendation for the use of anticoagu-
lation with VKA therapy (INR target range 2–3) in AF patients with MS regardless of 
CHA2DS2-VASc risk score [3]. Therefore, barring any contraindications, anticoagula-
tion should be recommended versus antiplatelet or no antithrombotic therapy.

The choice of anticoagulant is limited for patients with AF and MS as the only 
recommended oral anticoagulant to date is VKA therapy. The recommendation for 
use of VKA therapy is largely one of historic convention derived from positive 
observational findings rather than from a randomized evidence base [4]. Exclusion 
of direct oral anticoagulants (DOACs) from recommendations in this patient popu-
lation is not based on an expectation of clinical failure versus VKA, but a lack of 
evaluation in this cohort. Patients with MS have consistently been excluded form 
major evaluations of antithrombotic therapies in AF (see Table 13.1 for detailed 

Table 13.1 Exclusion criteria related to valvular disease in pivotal, modern anticoagulation trials

Trial Selected exclusion criteria pertaining to valvular disease

RE-LY [5] History of heart valve disorders (i.e., prosthetic valve or 
hemodynamically relevant valve disease)

ROCKET-AF [6] Hemodynamically significant mitral stenosis or any valve 
prostheses (however, annuloplasty with or without prosthetic 
ring, commissurotomy and/or valvuloplasty were permitted)

ARISTOTLE [7] Clinically significant (moderate or severe) mitral stenosis and 
conditions other than AF that require chronic anticoagulation 
(e.g., prosthetic mechanical heart valve)

ENGAGE AF-TIMI 48 [8] Subjects with moderate or severe mitral stenosis or mechanical 
heart valve (however, subjects with bioprosthetic heart valves, 
mitral valve prolapse, mitral valve regurgitation, and aortic valve 
disease and/or valve repair were included)

ACTIVE W and A [9] Requirement for oral anticoagulant for prosthetic mechanical 
heart valve) and mitral stenosis
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Fig. 13.1 (a) Left atrium, 
(b) left atrial appendage. 
The left atrial appendage 
(LAA) is site of 91% of 
thrombi isolation in 
non-rheumatic (non-mitral 
stenosis (non-MS)) atrial 
fibrillation (AF) while only 
57% of thrombi are 
localized to the LAA in 
rheumatic (MS) 
AF. Illustration used with 
permission: By Patrick 
J. Lynch, medical illustrator 
(Patrick J. Lynch, medical 
illustrator) [CC BY 2.5 
(http://creativecommons.org/
licenses/by/2.5)], via 
Wikimedia Commons

exclusion criteria). This exclusion is based on several lines of reasoning. First, as 
noted earlier, MS significantly increases the thromboembolic risk beyond that seen 
in a typical AF cohort. Second, historical, non-controlled, findings have shown that 
while 91% of thrombi are isolated to the left atrial appendage (LAA) in non- 
rheumatic (non-MS) AF, only 57% of thrombi are localized to the LAA in rheu-
matic (MS) AF indicating that a different etiology of thrombi generation may be 
present, see Fig. 13.1 [10]. These findings provide both clinical and physiologic 
rationales to approach evaluations of MS and non-MS AF cohorts as separate 
entities.
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A final consideration is that patients with MS may become candidates for valvu-
lar interventions (repair or replacement), a setting in which compiled evidence and 
clinical understanding supports VKA therapy (see Chap. 34). Thus, until data is 
available to support the efficacy and safety of DOACs in MS related AF, it is reason-
able that warfarin should remain the therapy of choice for anticoagulation in these 
patients.

Our patient should be instructed to continue warfarin therapy at this time but 
perhaps considerations could be given to longer intervals between INR checks or 
patient self-testing of INR (see Chap. 16).

 Key Points

• The development of atrial fibrillation in a patient with mitral stenosis is associ-
ated with a significant risk of stroke and is an indication for anticoagulation 
therapy regardless of background traditional risk factors for thromboembolism.

• The oral anticoagulant of choice in atrial fibrillation associated with mitral ste-
nosis is warfarin.

• Mitral stenosis was a consistent exclusion criterion in evaluations of the direct 
oral anticoagulants (DOACs); thus, until more data is available the DOACs 
should not be pursued in patients with atrial fibrillation and mitral stenosis.

 Self-Assessment Questions

 1. What is the most appropriate antithrombotic therapy for a 58-year-old patient 
with the following medical history and no contraindications to any of the pro-
posed therapies?
Past Medical History: paroxysmal atrial fibrillation, depression, moderate- severe 
mitral stenosis, obesity, seizure history
 (a) No antithrombotic therapy
 (b) Aspirin 81 mg by month once daily
 (c) Aspirin 81 mg by mouth once daily along with clopidogrel 75 mg once daily
 (d) Warfarin by mouth dosed to INR target range of 2–3

Correct answer: d (warfarin by mouth dosed to INR target range of 2–3)
Rationale: In a patient with atrial fibrillation the presence of concomitant mitral 

stenosis is an indication for anticoagulation with vitamin K antagonist (VKA) ther-
apy with target INR range 2–3 regardless of any other assessment of  thromboembolic 
risk (i.e., regardless of CHA2DS2-VASc score). The CHEST AT9 guidelines on anti-
thrombotic therapy in patients with atrial fibrillation and with mitral stenosis who 
are unable to take VKA therapy suggest aspirin and clopidogrel could be considered; 
but VKA is the preferred agent in patients without contraindications or intolerance.
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 2. In a 67-year-old male patient who has atrial fibrillation and asymptomatic 
moderate- severe mitral stenosis, which is the most appropriate recommendation 
for antithrombotic therapy? (Assuming CrCl >60 mL/min, SCr <1.5)

 (a) Warfarin by mouth dosed to INR target range of 2–3
 (b) Apixaban 5 mg by mouth twice daily
 (c) Rivaroxaban 20 mg by mouth once daily
 (d) All of the above are reasonable

Correct answer: a (warfarin by mouth dosed to INR target range of 2–3)
Rationale: Mitral stenosis was part of the exclusion criteria for the ARISTOTLE and 

ROCKET AF evaluations of apixaban and rivaroxaban respectively. Until data is avail-
able on the safety and efficacy of the direct oral anticoagulants in atrial fibrillation in 
patients with concomitant mitral stenosis warfarin remains the preferred anticoagulant.

Disclaimer The views expressed in this chapter reflect those of the authors, and not necessarily 
those of the Department of Veterans Affairs.
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Chapter 14
Patient with Concomitant Aortic Valve 
Stenosis

Augustus Hough and David Parra

Abstract Aortic valve stenosis, that does not require valvular surgery or interven-
tion, does not impact decisions regarding the use of anticoagulation therapy in atrial 
fibrillation. If anticoagulation is indicated in a patient with atrial fibrillation based 
on presence of other traditional atrial fibrillation related stroke risk factors either 
warfarin or any of the nonwarfarin oral anticoagulants are reasonable choices.

Keywords Aortic valve stenosis • Atrial fibrillation • Anticoagulation • Nonvalvular 
atrial fibrillation

 Case Introduction

A 73-year-old male with history of persistent atrial fibrillation, prior transient isch-
emic attack, heart failure with borderline left ventricular ejection fraction (LVEF) of 
45–50% on past echocardiogram and moderate aortic stenosis is admitted for wors-
ening heart failure. The patient complained on admission of worsening edema and 
dyspnea on exertion and 10 pound weight gain which he attributed to poor compli-
ance with his low sodium diet and diuretic while on vacation. The hospital team 
repeats an echocardiogram during the admission finding an LVEF of 40–45% and 
unchanged moderate aortic valve stenosis. The patient is admitted for diuresis and 
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prior to discharge a discussion takes place regarding appropriateness of his antico-
agulation therapy given presence of aortic valve stenosis for which no valve surgery 
is indicated at this point. The patient was tolerating apixaban prior to admission, 
appreciates the convience of therapy, and wants to continue therapy with apixaban 
if appropriate. Pertinent laboratory values on discharge include SCr 1.5  mg/dL, 
CrCl 56 mL/min, weight 90 kg, CBC within normal limits. Medications prior to 
admission include apixaban, carvedilol, lisinopril, furosemide, and pravastatin.

Based on the above, what is the most appropriate regarding the discharge antico-
agulation plan for this patient?

 Case Discussion

The categorization of atrial fibrillation (AF) as either ‘valvular’ or ‘non-valvular’ has 
become a point of significant discussion regarding anticoagulation decisions in patients 
with AF. While the differentiation is necessary for patients with valvular heart disease 
(VHD) in whom embolic risk is sufficient that they warrant exclusion from standard 
cohorts of atrial fibrillation patients (see Chaps. 13 and 35 for discussions of mitral 
valve stenosis and mechanical valves) this does not capture all VHD patients. In fact, 
there were patients enrolled in the recent landmark trials of anticoagulants in AF that 
had some degree of VHD [1–4]. In light of this, several authors have suggested that the 
terms ‘valvular’ and ‘non-valvular’ AF may be misnomers as patients with non-criti-
cal VHD do not meet the spirit of the definition of ‘valvular’ AF [5, 6]. Unfortunately, 
the identification of critical ‘valvular’ AF patients is made more challenging in that the 
recent landmark trials of antithrombotic therapies in AF all differed on their definition 
of relevant VHD. A consensus reconciliation of these differences at the time of writing 
can be found in the American College of Cardiology/American Heart Association AF 
guidelines which define ‘non-valvular’ AF as AF “in the absence of rheumatic mitral 
stenosis, a mechanical or bioprosthetic heart valve, or mitral valve repair” [7].

With regard to the case at hand, patients with aortic valve stenosis (AVS) without 
pending valve intervention would not be labeled as having ‘valvular’ AF. As such, 
the decisions regarding use of anticoagulation should be made based on traditional 
risk factors rather than the presence of AVS alone. With regard to the choice of anti-
coagulant in the setting of non-critical AVS and AF with CHA2DS2-VASc ≥ 2 war-
farin or any of the direct oral anticoagulants (DOACs) would be options as these 
patients were not excluded from the landmark trials involving these agents [1–4].

Post-hoc analyses of the ROCKET-AF and ARISTOTLE trials revealed that 
patients with VHD enrolled in the trials had similar efficacy outcomes compared to 
the non-VHD patients treated with rivaroxaban and apixaban respectively versus 
their warfarin based control arms (see Chap. 3 for discussion of these trials and 
outcomes) [5, 6]. Safety outcomes for apixaban versus warfarin were also consistent 
in the VHD and non-VHD arms in the ARISTOTLE trial [6]. In the ROCKET-AF 
trial VHD patients, but not the non-VHD patients, had higher rates of both major 
bleeding and combined major and clinically relevant non-major bleeding with riva-
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roxaban versus warfarin, a finding that was statistically significant but as post-hoc 
can only be hypothesis generating [5]. While these overall findings are promising 
and lend support to the use of DOACs in the setting of AF and non-critical VHD it 
should be noted that only 1.5 and 2% of the ROCKET-AF and ARISTOTLE trial 
cohorts respectively had AVS.  In addition, no comparative data is available for 
patients in the landmark trials of dabigatran and edoxaban. As such, any conclusions 
need to be tempered based on the limited data pool from which they are drawn. 
However, at this point there does not appear to be any rationale to forgo the use 
DOACs for AF in the setting of non-critical AVS.

Given the finding that no intervention is planned for this patient’s AVS and the 
present heart failure exacerbation can be attributed to factors outside of the AVS it 
is reasonable to label the patient as ‘non-vavlular’ AF. He can continue with apixa-
ban as he has been tolerating it well and there is no contraindication to its use.

 Key Points

• Patients with non-critical (i.e., not indicated for valvular surgery or intervention) 
aortic valve stenosis would generally not be labeled as having ‘valvular’ atrial 
fibrillation.

• At this point the presence of non-critical aortic valve stenosis does not impact the 
decision to pursue, or not purse, anticoagulation in patients with atrial 
fibrillation.

• Limited post-hoc analyses suggest generally similar effects of DOACs versus 
warfarin in patients with, and without, non-critical aortic valve stenois.

• If no aortic valve intervention pending or planned for a patients aortic valve ste-
nosis the use of DOACs is reasonable with decisions regarding appropriateness 
made as would be done for any other atrial fibrillation patient.

 Self Assessment Questions

 1. Which of the following is the most appropriate antithrombotic therapy for a 
77 year old patient with paroxysmal atrial fibrillation and moderate to severe 
aortic stenosis with a relevant drop in blood pressure with exercise who is being 
evaluated for aortic valve surgery?

 (a) Aspirin
 (b) Dabigatran
 (c) Apixaban
 (d) Warfarin
 (e) C or D

Correct answer: D
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Rationale: Based on presence of atrial fibrillation and age alone patient should be 
considered for anticoagulation, thus aspirin is not appropriate. In addition, because 
aortic valve intervention is imminent it would be reasonable to forgo direct oral 
anticoagulant therapy and give preference to warfarin.

 2. Which clinical situation would be labeled as ‘non-valavular’ atrial fibrillation 
making it amenable to the use of a direct oral anticoagulant such as dabigatran?

 (a) AF in conjunction with moderate mitral valve stenosis with no planned 
intervention

 (b) AF in conjunction with moderate aortic valve stensosis with no planned 
intervention

 (c) AF in conjuction with severe aortic valve stenosis with possible intervention
 (d) A and B
 (e) None of the above

Correct answer: B
Rationale: Mitral stenosis of moderate to severe grading and aortic valve stensosis 

with possible intervention would be reasonable to categorize as critical types of val-
vular heart disease excluding the use of the direct oral anticoagulants. If aortic valve 
stenosis exists without planned intervention the use of direct oral anticoagulants 
would not be excluded and atrial fibrillation could be labeled as ‘non-valvular’.

Disclaimer The views expressed in this chapter reflect those of the authors, and not necessarily 
those of the Department of Veterans Affairs.
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Chapter 15
Best Practice for Switching Stable Warfarin 
Patients

Dave L. Dixon

Abstract While INR variability is frequently encountered in clinical practice, this 
is not true for all patients on warfarin. This case discusses pertinent factors to con-
sider when considering direct oral anticoagulants (DOACs) in patients who are 
stable on warfarin.

Keywords Warfarin • Direct oral anticoagulants • Adherence • Monitoring

 Case Introduction

A 66-year-old Caucasian male presents for his 8-week follow-up visit to check his 
INR. He has no new complaints. He has been taking warfarin for the past year after 
a diagnosis of atrial fibrillation. His INR has remained stable over the past 6 months. 
Other past medical history includes hypertension, GERD, hyperlipidemia, osteoar-
thritis (knees/hands) glaucoma, and depression. His current medications include 
metoprolol succinate, lisinopril, hydrochlorothiazide, esomeprazole, amlodipine, 
atorvastatin, timolol eye drops, acetaminophen, and sertraline. He smokes one pack 
of cigarettes daily, denies alcohol or illicit drug use. He lives in rural Appalachia and 
drives 150 mi round trip to come in for INR checks. He presents today and asks you 
about switching him to “one of the new blood thinners” as he is concerned about 
driving so far and the cost of gas for his car because he is on a fixed income. His 
most recent lab values indicate a serum creatinine of 1.0 mg/dL (CrCl = 86 mL/min) 
and normal hepatic function. An echocardiogram from 2  years ago found an  
ejection fraction of 55%, mild left ventricular hypertrophy, and no significant 
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valvulopathies. He reports no recent diet changes or signs/symptoms of any  bleeding. 
His INR today is 2.7.

 Case Discussion

What factors need to be considered before recommending a direct oral anticoagu-
lants (DOACs)?

 FDA-Approved Indications for Use

It is important to assess for an appropriate indication as the DOACs have limita-
tions compared to warfarin. While each of the DOACs are approved for use in 
patients with atrial fibrillation, patients with valvular disease were not studied in 
the key clinical trials [1]. Furthermore, the RE-ALIGN trial evaluated the safety 
and efficacy of dabigatran in patients with mechanical prosthetic heart valves 
and observed a higher rate of thromboembolic events and excess of major bleed-
ing in patients who received dabigatran, compared to warfarin [2]. This patient 
had a recent echocardiogram that showed no valvulopathies and he does not 
have a prosthetic heart valve. As such, he meets the current indications for a 
DOAC.

 Comparison of DOACs with Warfarin

Overall, studies comparing DOACs with warfarin found similar efficacy and safety 
trends [1]. For the primary endpoint of stroke and venous thromboembolism, riva-
roxaban, edoxaban, and dabigatran 110 mg twice daily were non-inferior to warfa-
rin, while apixaban and dabigatran 150 mg twice daily were found to be superior to 
warfarin [1]. As for the safety comparison with warfarin, major bleeding rates were 
similar for rivaroxaban and dabigatran 150 mg twice daily, while apixaban, edoxa-
ban, and dabigatran 110 mg twice daily were found to cause less major bleeding 
[1]. Table 15.1 summarizes the available safety and efficacy data. Additionally, a 
reduction in the incidence of intracranial haemorrhage was lower among all DOACs 
in comparison with warfarin [1]. Despite these data, differences in trial designs 
prevent us from comparing these agents to each other. Current guidelines do not 
necessarily favor one agent over another, but warfarin is the only oral anticoagulant 
given an A level of evidence rating [4]. In this patient case, shared-decision making 
and taking an individualized approach to anticoagulant selection would be appro-
priate [5].
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 Assessment of Renal Function

While it is well established that patients with renal impairment on warfarin have 
greater INR variability, warfarin is not renally cleared and has no “renal specific” 
dose adjustments [6]. However, each of the DOACs are eliminated by the kid-
neys. While renal dosing is provided for each of the agents, their use is limited in 
patients with advanced kidney disease. Apixaban is the only exception as dosing 
guidance for patients with end-stage renal disease is available in the package 
insert, but this has not yet been evaluated in clinical trials [7]. The patient in this 
case has normal renal function, and therefore, would be a reasonable candidate 
for a DOAC.

 Adherence to Therapy

Adherence is especially important in patients receiving anticoagulant therapy. 
Warfarin is somewhat forgiving of the occasional missed dose and adherence can be 
measured indirectly using the INR. The short half-lives of DOACs requires an even 
greater emphasis on adherence as missed doses quickly diminishes the therapeutic 
effectiveness of these agents. Furthermore, the twice daily dosing of dabigatran and 
apixaban may present a problem for some patients if they do not take other medica-
tions at twice daily intervals.

Should self-monitoring be considered in light of this patient’s transportation 
concerns?

Self-monitoring is a reasonable choice for patients who have difficulty getting to 
a clinic due to lack of transportation or living far from the nearest clinic. Furthermore, 
studies have shown self-monitoring to improve the quality of anticoagulation con-
trol, and even more importantly, a decrease in the number of thromboembolic events 
and mortality [8]. Despite this, patients must be able to execute self-testing cor-
rectly, which requires training and the physical (and mental) ability to perform the 
test. While this would be a reasonable choice for this patient who lives far from the 
nearest clinic, his arthritis and glaucoma may limit him physically to perform the 
testing accurately.

 Which DOAC Would be Preferred in this Patient?

• Dabigatran is twice daily and strongly associated with dyspepsia, which is a 
concern given his history of GERD.

• Apixaban was superior to warfarin in preventing stroke and associated with a 
lower rate of major bleeding, but must be taken twice daily [1]. Patient prefer-
ence should be considered here.
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• Edoxaban is once daily, but is less effective in patients with normal renal func-
tion. The kidneys eliminate 50-60% of edoxaban, which may undertreat patients. 
As a result, edoxaban has a black box warning to avoid using edoxaban in 
patients with CrCl >95 mL/min. However, the ENGAGE-TIMI 48 trial found 
that a higher stroke risk was also observed in patients with CrCl ≥80 mL/min [9]. 
Thus, edoxaban may not be the most effective agent in this patient as his CrCl is 
86 mL/min.

• Rivaroxaban is once daily and appears to be as safe and effective as warfarin [1]. 
It would be important to make sure the patient would take the rivaroxaban in the 
evening with a meal to maximize bioavailability and efficacy.

• Regardless of the DOAC selected, it is important to thoroughly educate the 
patient on the appropriate procedure for when to stop warfarin and begin the new 
agent. Table 15.2 summarizes the current conversion recommendations.

Table 15.2 DOAC and warfarin conversion [10–13]

DOAC DOAC → Warfarin Warfarin → DOAC

Apixaban   1. Stop apixaban
  2.  Begin warfarin + parenteral anticoagulant 

when the next apixaban dose would have 
been given

  3.  Stop parenteral anticoagulant when 
INR ≥ 2.0

1. Stop warfarin
2.  Start apixaban when 

INR < 2.0

Dabigatran Based on creatine clearance (mL/min):
  •   If ≥50, start warfarin 3 days before 

stopping dabigatran
  •    If 30–50, start warfarin 2 days before  

stopping dabigatran
  •    If 15–30, start warfarin 1 day before 

stopping dabigatran
  •    If <15, no recommendations can  

be made

1. Stop warfarin
2.  Start dabigatran when 

INR < 2.0

Edoxaban Option 1:
  •    Reduce the patients dose by half and 

discontinue edoxaban when INR ≥ 2.0
Option 2:
  •    Begin warfarin + parenteral anticoagulant 

when the next apixaban dose would have 
been given

  •    Stop parenteral anticoagulant when 
INR ≥ 2.0

1. Stop warfarin
2.  Start edoxaban when 

INR ≤ 2.5

Rivaroxaban   1. Stop apixaban
  2.  Begin warfarin + parenteral anticoagulant 

when the next apixaban dose would have 
been given

  3.   Stop parenteral anticoagulant when 
INR ≥ 2.0

1. Stop warfarin
2.  Start rivaroxaban when 

INR <3.0

DOAC direct oral anticoagulant

15 Best Practice for Switching Stable Warfarin Patients
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 Key Points

• The primary benefits of switching patients from warfarin to a DOAC include 
convenience for the patient and a reduced risk of intracranial haemorrhage.

• In most cases, patients on warfarin with stable INRs should remain on warfarin.
• Before switching from warfarin to a DOAC, special consideration should be 

given to ensure appropriate indication for use, renal function, and adherence 
considerations.

• Self-monitoring is a reasonable solution for select patients with transportation 
barriers to attending clinic visits for INR monitoring.

 Self-Assessment Questions

 1. Use the patient case scenario above (Case-13): The decision was made to switch 
the patient to rivaroxaban as he was willing to take it at night with his evening 
meal. Given today’s INR (2.7) and that he took his last dose of warfarin the eve-
ning before, which of the following is the best plan for switching this patient 
from warfarin to rivaroxaban?

 (a) Discontinue warfarin and initiate rivaroxaban when the INR is <2.0
 (b) Discontinue warfarin and initiate rivaroxaban when the INR is <2.5
 (c) Since his INR is <3.0, switch to rivaroxaban beginning with tonight’s dose
 (d) Although his INR is <3.0, he should wait 72  h before beginning 

rivaroxaban

The correct answer is C. According to the package insert for rivaroxaban, it is 
appropriate to discontinue warfarin and start rivaroxaban as soon as the INR is 
below 3.0. Considering the patients last warfarin dose was the night before and his 
INR is <3.0 in clinic, it would be appropriate to start rivaroxaban in place of the next 
scheduled warfarin dose. Answer A is incorrect because this is the recommendation 
for converting patients to dabigatran or apixaban. Answer B is incorrect because 
this is the recommendation for converting patients to edoxaban. Answer D is incor-
rect because waiting 72  h would most likely lead to a subtherapeutic 
anticoagulation.

 2. A 68-year-old female presents to the warfarin clinic for routine INR follow up. 
Her past medical history includes atrial fibrillation, hypertension, St. Jude mitral 
valve replacement (2 years ago), dyslipidemia, depression, type 2 diabetes, and 
stage 4 CKD (eGFR ~20 mL/min). She has been quite stable on warfarin 7.5 mg 
daily and comes to clinic monthly to have her INR checked. Her INR today is 
2.8. She voices frustration with the monthly visits and asks if she could be 
switched to one of the “new drugs” instead. Which of the following reasons best 
supports why she is NOT a good candidate for a DOAC? (SELECT ALL THAT 
APPLY)

D.L. Dixon
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 (a) Age > 65 years
 (b) Severely reduced renal function
 (c) Type 2 diabetes
 (d) Valvular disease
 (e) Stable on current regimen

The correct answer is B and D. There is little benefit for most patients in switch-
ing to a DOAC if they are stable on warfarin. Indication for use is a major consider-
ation, especially in this case. This patient has a St. Jude mitral valve, thus she is not 
a candidate for any of the DOACs as they are ONLY approved for use in patients 
with non-valvular atrial fibrillation. Additionally, dabigatran was associated with 
significant adverse events when studied in patients with valvular disease. She also 
has stage 4 CKD and is nearing end-stage disease that will warrant dialysis in the 
near future. While renal dose adjustments are available for dabigatran and edoxa-
ban, it would not be advisable given the potential for increased risk of bleeding. 
Apixaban may be considered but it’s use in patients with end- stage renal disease has 
not been formally studied. Age > 65 years and the presence of type 2 diabetes would 
not prohibit the use of DOAC, but are merely risk factors for having an embolic 
event.
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Chapter 16
Patient-Centered Strategies for Improving 
Warfarin Management

James C. Lee

Abstract The need for regular monitoring of warfarin therapeutic therapy is a 
commonly cited barrier to optimal patient adherence. Alternative warfarin monitor-
ing and management strategies which involve significant patient participation 
should be considered in select patients and may improve patient adherence and 
satisfaction with ongoing warfarin therapy.

Keywords Patient self-testing • Patient self-management • Warfarin • 
Anticoagulation clinic • Distance-based management • Independent diagnostic  
testing facility • Extended interval monitoring • Patient education

 Case Introduction

AM is a 55-year-old Hispanic male with a prior medical history significant for atrial 
fibrillation, prostate cancer (complete remission), type 2 diabetes, chronic kidney dis-
ease stage III, and obesity who has been anticoagulated on warfarin for the past 4 years. 
He is predominantly Spanish-speaking but is conversationally fluent in English. He is 
employed full-time as a custodian for the public school district and works Monday 
through Friday from 9:00 a.m. to 3:30 p.m. He was previously considered for direct 
oral anticoagulant (DOAC) but continued warfarin due to his chronic renal insuffi-
ciency. He has a history of good anticoagulation control with warfarin (85% time in 
therapeutic range), exhibits good medication adherence, and able to remember his 
weekly warfarin regimen when asked. He is usually 30–45 min late for afternoon INR 
follow- up appointments despite rushing from work, and would need to take vacation 
time for appointments during work hours. He occasionally misses appointments but 
always promptly calls the clinic to reschedule and is ultimately seen every 6–8 weeks.
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e-mail: jamlee1@uic.edu
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At today’s appointment, he asks about the availability of weekend clinic appoint-
ments, weekend laboratory draws, or even obtaining a point-of-care testing (POCT) 
coagulometer. The clinic is only open weekdays from 9:00 a.m. to 4:00 p.m. and the 
affiliated medical center’s outpatient phlebotomy service is open Monday through 
Saturday.

 Case Discussion

The complexity of anticoagulation treatment requires regular monitoring to ensure 
continued safety and efficacy [1, 2]. The positive impact of anticoagulation clinics 
on patient clinical and financial outcomes compared to usual care has been previ-
ously reported [3–5]. Telephone-based management provides patients with greater 
convenience in testing times and locations, and even potentially improved clinical 
outcomes compared to clinic-based care [6, 7]. DOACs do not require routine moni-
toring of therapeutic activity in most patients as with warfarin, but due to the signifi-
cance of DOAC dependence on renal clearance, regular renal and hematologic 
assessment are still recommended.

Patient-centered warfarin management includes patient self-testing (PST) and 
patient self-management (PSM). PST and PSM are suggested for highly-motivated 
patients capable of demonstrating competency in self-management strategies [2, 8]. 
PST is defined as patients self-testing their international normalized ratio (INR) via 
a POCT device with an anticoagulation provider managing dosing and testing fre-
quency. PSM incorporates patient self-testing INR and patient self-adjustment of 
dosing and testing frequency.

The clinical benefits of patient self-care are well documented in Europe and 
increasingly in the United States (US) [9–12] Although evidence points towards 
improved patient satisfaction, expanded utilization in the US has lagged in part due 
to cost of testing equipment and supplies, and provider apprehension [13, 14]. 
Patient self- care is inherently distance-based, and provider staffing and lack of 
reimbursement remain barriers to expansion. Other novel patient-provider commu-
nication (e.g. web-based) modalities continue to be developed.

 Patient Considerations

• Competing obligations and day-to-day responsibilities: Consider work sched-
ule flexibility and other time-sensitive life responsibilities that are barriers to 
timely anticoagulation monitoring. Are schedule changes made on short notice 
easily accommodated by the patient or is more advanced notice required? If 
arranging in-person care remains challenging, consider extended interval moni-
toring, distance-based laboratory draws, or PST if on warfarin. Clinicians may 
also consider extending follow-up INR monitoring to 12  weeks intervals if a 
patient demonstrates a reliable history of therapeutic anticoagulation control, 
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follow-up appointment adherence, and medication adherence. Transitioning to a 
DOAC may also be considered given decreased monitoring requirements. AM 
appears to have inflexible work hours, so more flexible means of testing outside 
of normal clinic hours needs to be considered.

• History of treatment and appointment adherence: Is there a persistent history 
of missed appointments and difficulty in rescheduling appointments? Consider 
barriers leading to poor adherence as well. Strategies such as consolidating 
appointments on a single day may be helpful. AM is seen regularly at acceptable 
intervals despite his limited availability and need for rescheduling appointments. 
Continuing clinic-based monitoring may be reasonable, but if more frequent test-
ing is required, use of laboratory services outside normal clinic hours or PST, or 
PSM would also be reasonable.

• Insurance: DOACs are excellent alternatives to warfarin if clinically appropriate 
(e.g. adequate renal function) and if increased copays are acceptable to the 
patient. Small increases in copay may be significant barriers to medication acqui-
sition and adherence for some patients.

• Reliable communication: Assess consistency of provider- and patient-initiated 
communication. Is the patient reliably reachable and do patients timely respond 
when contacted by providers? If communication is unreliable or lacking, PST 
and distance-based management may not be viable due to an impediment of 
communicating critical treatment instructions. AM’s ability to be contacted at 
work during normal clinic hours should be assessed before proceeding with 
distance- based management.

• Patient decision-making capacity: Is the patient capable of reliably communi-
cating health status changes with providers and pursuing care independently 
when necessary? Patients with poor cognition but with good social support may 
benefit from DOAC simplicity. AM appears aware of his limitations to care but 
also has a good history of patient-provider communication and anticoagulation 
stability, making distance-based management viable.

• Patient motivation for self-management/self-testing competency: Is the 
patient physically and cognitively capable of performing the steps required 
for self-testing? Is the patient agreeable and highly motivated to provide self-
care and capable of seeking emergency care when indicated? If yes, PST and 
PSM are viable options. Highly motivated and physically competent patients 
capable of administering self-care are good candidates for PST, PSM, or 
telephone-based laboratory management. AM should be assessed on his com-
fort, willingness, and physical ability to self-test or self-manage warfarin 
therapy.

 Provider/Clinic Considerations

• Specialty anticoagulation clinic referral: Directories of anticoagulation clinic 
locations are available online (e.g. Anticoagulation Forum: http://acforum.org/clin-
ics.php), although patient referral requirements and clinic services offered may vary. 
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Patients managed by medical generalists may benefit from anticoagulation special-
ist management if alternative monitoring approaches (e.g. distance- based manage-
ment, extended interval follow-up, PST/PSM etc.) and dedicated anticoagulation 
management services are not provided by the current clinician. Distance-based ser-
vices incorporating local laboratory draws and PST/PSM may also be available.

• Individualized patient training for PST/PSM: Individualized training and ini-
tial trial periods to assure patient self-testing competency should be implemented 
for all patients initiated on PST/PSM. Consider weekly testing intervals followed 
by progressively longer intervals based on patient success. Regularly address 
physical and cognitive issues as part of the patient assessment. Patients not quali-
fied for PST/PSM, but with otherwise good social support, may benefit from 
local laboratory testing with subsequent provider telephone follow-up. If long- 
term equipment and supply costs limit the ability for patients to self-test at clini-
cally appropriate intervals, PST/PSM should be avoided.

• Development of distance-based management protocols: Clinician policies 
and procedures guiding effective and safe distance-based anticoagulation man-
agement should be in place prior to implementation of distance-based manage-
ment. Issues such as patient-provider communication, patient qualification 
criteria, treatment non-adherence, and resolution of abnormal lab values and 
treatment complications should be addressed. PSM policy and procedures should 
additionally define treatment and communication protocols, eligibility criteria, 
and patient and provider responsibilities in the role of self-management.

• Provider billing and time allocation of distance-based management: 
Insurance reimbursement for non-clinic-based monitoring is inconsistent. 
Providers must ensure adequate time to address and resolve simple and complex 
clinical scenarios. AM appears to be a reliable and clinically stable patient who 
would likely self-test when instructed and not require a significant amount of 
time for provider phone-follow-up.

 The Outcome

AM was able to successfully demonstrate self-testing competency with his primary 
care provider’s office coagulometer. After completing a training session and meet-
ing self-testing competencies, a prescription for a POCT coagulometer and test 
strips were written. AM’s insurance company would not cover the cost of the meter 
or supplies. He was instead able to lease the same coagulometer model used by the 
clinic through an independent diagnostic testing facility (see Table 16.1 for addi-
tional resources) and is paying for test strips on his own. During the initial 3 week 
once-weekly home testing trial period, AM required multiple testing attempts to 
acquire a successful measurement, but improved by the second and third testing 
dates. He was then instructed to test his INR again in 4 weeks. Language barriers 
have not been an issue during telephone follow-up and he has agreed to present to 
clinic in person for assessment once every 6 months.
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 Key Points

• Assess patient motivation and competency for patient self-care. If physical, cog-
nitive, or social support barriers exist, PST or PSM with warfarin therapy may 
not be appropriate. If patients demonstrate high motivation and competency with 
self-testing technique, PST and PSM may be viable. PSM can be considered for 
a subset of highly-motivated and competent patients who possess reliable means 
of communication and predictably stable anticoagulation control.

Table 16.1 Resources for Patients and Professionals

Alere home INR 
monitoring

Frequently asked questions
Example of an Independent Diagnostic Testing Facility (IDTF) and 
its criteria for patient eligibility and testing supply reimbursement
http://www.alerecoag.com/ww/pat/alere-home- inr-monitoring/
frequently-asked-questions.html
Home testing candidates
Example of patient factors to evaluate when considering home INR 
monitoring
http://www.alerecoag.com/ww/pat/alere-home- inr-monitoring/
am-I-a-good-candidate.html

Anticoagulation Forum Anticoagulation clinic directory
Online directory of anticoagulation clinics in the United States and 
Canada
http://acforum.org/clinics.php

Anticoagulation Forum 
Centers of Excellence

Resource center
Comprehensive library for healthcare providers of anticoagulation 
and operational management resources
http://excellence.acforum.org/?page=resource_center
Disease state management >> patient self testing
Includes example documentation, information guides, patient 
educational material, and guidelines
http://excellence.acforum.org/?page=resource_list&resource_
page=Disease%20State%20Management

ClotCare Patient self-testing
Patient-friendly information page on the state and benefits of patient 
self-testing
http://www.clotcare.com/pst.aspx
Self-management of oral anticoagulation
Patient-friendly review of a study evaluating the utility of patient-
self management of warfarin
http://www.clotcare.com/oral_anticoagulation_self_management.
aspx

Clot Connect INR self-testing
Comprehensive patient information sheet discussing patient 
suitability and descriptions of various point-of-care devices
http://files.www.clotconnect.org/INR_Self_Testing.pdf

National Blood Clot 
Alliance

INR self-testing
Comprehensive patient information sheet discussing patient 
suitability and descriptions of various point-of-care devices
https://www.stoptheclot.org/article120.htm
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• Assess existing factors that may be barriers to consistent medication and moni-
toring adherence. Determine if any issues can be improved or are essentially 
non-modifiable. Consistent and reliable patient-provider communication is criti-
cal to high quality distance-based anticoagulation management.

• Consider provider barriers to timely distance-based patient care prior to imple-
mentation. Is the provider or clinic resourced with appropriate time and staffing 
to manage distance-based patients in addition to existing clinic-based responsi-
bilities? Are providers able to safely and adequately resolve questions and 
treatment- related complications in a timely manner? Consider if the effort 
expended on distance-based management is clinically safe and financially 
justifiable.

 Self-Assessment Questions

 1. Which of the following patients taking warfarin is best qualified for patient 
self-testing?

 (a) A 7 year old boy status-post Fontan procedure who relies on his parents to 
administer his warfarin. He has good TTR, but his parents regularly forget 
his appointments and are difficult to contact by clinic staff when attempting 
to reschedule the missed appointments.

 (b) A 32-year-old African American male with difficulty presenting to appoint-
ments during regular business hours due to significant overlap with his full-
time work schedule. He is adherent with medications,  reliably reschedules 
his appointments in a timely manner, and possess good anticoagulation con-
trol (90% time in therapeutic range).

 (c) A 55-year-old white female with previous stroke and left-sided unilateral 
weakness who is wheelchair-bound. She is highly adherent with appointments 
with the help of her children and possesses good anticoagulation control.

 (d) A 67-year-old Chinese female with elementary English proficiency and 
without health insurance. She requires an interpreter at clinic visits, regu-
larly misses 1–2 doses of warfarin per week, and has difficulty recalling her 
dose when asked during appointments.

Rationale for question #1

 (a) Incorrect. This patient is not a good candidate due to his reliance on his par-
ents as his main caregivers. His parents’ unreliability has negatively impacted 
the patient’s appointment patient adherence. Additionally, it is difficult to 
communicate with his parents when rescheduling missed appointments.

 (b) Correct. This patient is likely missing his appointments due to his work 
schedule overlapping with the clinic’s normal operating hours. He appears 
reliable based on his medication adherence and responsibility with resched-
uling appointments.
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 (c) Incorrect. This patient’s physical limitations are likely a physical barrier to 
good testing technique. If her children are willing to assist with testing, PST 
may become viable.

 (d) Incorrect. Language barriers may impede effective patient-provider commu-
nication, particularly if language support services are unavailable. 
Additionally, inability of the patient to consistently adhere or remember her 
dose may also be of concern and should be further evaluated.

 2. Which of the following patients is the best candidate for continued self-testing?

 (a) A patient self-testing for 12  months who is punctual with reporting INR 
results on scheduled testing days and adherent with annual clinic 
follow-up.

 (b) A patient self-testing for 9 months who was recently hospitalized for a stroke 
2 months ago, but with improving physical function.

 (c) A patient self-testing for 6 months who requires occasional reminder calls 
from the clinic to test INR on scheduled testing days.

 (d) A patient self-testing for 2 months who reliably tests on scheduled days and 
calls in INR results to the clinic voicemail, but is difficult to contact when 
providers attempt to follow up results.

Rationale for question #2

 (a) Correct. The patient demonstrates punctuality with appointments and is 
likely able to be consistently contactable by clinic staff.

 (b) Incorrect. Physical ability to self-test should be reassessed based on the 
severity of the patient’s physical deficits.

 (c) Incorrect. Although patient reliability may not be poor, this patient is not the 
best candidate given the need for occasional reminder calls to ensure the 
patients tests at appropriate intervals.

 (d) Incorrect. This patient is not reliably reachable by the clinic. The most sig-
nificant concern is ensuring appropriate care if significantly abnormal INR 
or treatment- related complications are reported to the clinic.
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Chapter 17
Provoked Versus Unprovoked Venous 
Thromboembolism

Jasmine M. Pittman

Abstract Acute VTE anticoagulant treatment selection and duration is based on 
categorization of the VTE as provoked or unprovoked. Malignancy in particular as 
a provoking factor for VTE has different treatment strategies compared to other 
provoking factors. Dosing of LMWH can also be complicated by obesity, and addi-
tional monitoring of anti-factor Xa levels may be appropriate to ensure adequate 
anticoagulation in these patients.

Keywords VTE • Provoked • Unprovoked • Malignancy • LMWH and cancer 
Monitoring LMWH • Anti-factor Xa

 Case Introduction

MS is a 37 y/o WF admitted to the hospital with a proximal deep vein thrombosis 
(DVT) in her left leg. Around 4 months ago, she was diagnosed with an unprovoked 
proximal DVT in her right leg. After her initial DVT diagnosis, MS was put on 
appropriately-dosed rivaroxaban (Xarelto®) for 3 months, but she stopped that med-
ication 2 weeks ago as directed by her physician. Her PMH includes h/o proximal 
DVT in right leg, HTN, and seasonal allergies. Current medications include lisino-
pril, loratadine, and St. John’s wort. She has NKDA. Vital signs: BP 132/78 mmHg, 
HR 67 BPM, RR 17, Ht 69″, Wt 122.3 kg, BMI 39.8 kg/m2. SCr 0.77 mg/dL, Hgb 
13.7 g/dL, Hct 41.1%, Plt 210, PT 13.0 s, and INR 1.05. Upon additional diagnostic 
evaluation during this hospitalization, MS was diagnosed with ovarian cancer, 
which is hypothesized to be a provoking factor for both of her DVTs. MS reports 
being able to afford the co-pays of all of her current medications.

What is the best treatment option for MS, including a drug, dose, and duration of 
therapy?

J.M. Pittman, PharmD, BCACP  
Parkwest Medical Center, Knoxville, TN, USA
e-mail: jmckee@covhlth.com
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 Case Discussion

What are risk factors for venous thromboembolism (VTE) 
development?

There are many risk factors associated with VTE formation. Risk stratification of 
VTE risk is complicated by the fact that many of these risks have shown different 
degrees of association with VTE development [1–4]. Table 17.1 lists these risk factors.

In the situation of recurrent VTE, it is important to assess the patient’s history for 
any risk factors that may contribute to VTE recurrence, such as antiphospholipid 
syndrome or cancer. Medications that may increase the risk of VTE formation 
should be assessed for appropriateness of therapy, and, if possible, switched to 
another agent without the same degree of risk of VTE occurrence [4].

For this patient, her history of a previous DVT and her recently-diagnosed cancer 
contribute to her risk of VTE formation. Her cancer diagnosis makes both of her 
recent DVTs considered “provoked” VTEs.

How is an active VTE treated? Is the treatment of cancer-
associated VTE different from other types of VTE?

Active VTE is treated with an immediate-acting anticoagulant to decrease the odds 
of clot propagation and embolism [5]. Examples of immediate-acting anticoagulants 
are apixaban, argatroban, fondaparinux, low-molecular weight heparin (LMWH), 

Table 17.1 Risk factors 
associated with VTE 
formation [1–4]

Risk factors for nonsurgical patients

Active malignancy
Acute infection (e.g., sepsis)
Acute ischemic stroke
Acute myocardial infarction
Acute rheumatologic disorder
Age ≥ 70 y/o
BMI ≥ 30
Chemotherapya

Heart failure
Hormone therapy (i.e., estrogens)
Previous VTE
Reduced mobility (bedrest for ≥3 days)
Recent surgery (especially orthopedic and open-abdominal 
and pelvic surgeries)
Recent trauma
Respiratory failure
Thrombophilic conditions

aOnly some chemotherapy agents are associated with increasing 
VTE risk
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rivaroxaban, and unfractionated heparin (UFH). Active VTE, without additional 
complications, is recommended to be treated with a direct oral anticoagulant 
(DOAC) over a vitamin K antagonist (VKA), UFH, or a LMWH [4]. The DOACs 
are recommended over VKA for both initial and maintenance VTE treatment based 
upon evidence that the risk of VTE recurrence is similar between both groups, but 
the DOACs demonstrate less bleeding risk [4]. Additionally, DOACs offer greater 
convenience for patients and healthcare providers, with a lack of known dietary 
restrictions and no necessary monitoring [4].

MS’s treatment is further complicated by her malignancy, as initial treatment 
(the first 10 days of treatment) of a cancer-associated VTE is recommended to be a 
LMWH [4]. LMWH is recommended over UFH for this indication because of a 
decrease in mortality rate, although there is no difference in VTE recurrence rate [6]. 
In comparison to fondaparinux for cancer-associated VTE, the rate of VTE recur-
rence was lower with a LMWH [6]. VKA is not appropriate to be used for the initial 
treatment phase due to its long onset to treatment effect, although it may be started 
with a LMWH or UFH to bridge therapy until the VKA is considered to be thera-
peutic (INR of 2.0–3.0) [4, 7].

In the early maintenance phase of cancer-associated VTE, defined as the time 
from the eleventh day to the third month of therapy, LMWH was associated with a 
decreased rate of recurrent VTE without any difference in bleeding or mortality rate 
when compared to VKA [6]. The LMWHs are all assumed to be equally as effective 
for cancer-associated thrombosis, as there have been no studies directly comparing 
them for this indication. Table  17.2 below shows dosing and duration for 
commercially- available LMWHs used in cancer-associated VTE.

DOACs seem promising in the treatment of VTE associated with cancer, as they 
are oral agents with a rapid onset of effect and reduced laboratory monitoring [10]. 
In a trial comparing dabigatran to VKA in cancer patients with active VTE, dabiga-
tran was as effective in preventing recurrent VTE without a difference in bleeding 
risk; a recent meta-analysis showed similar results—that the DOACs are as effec-
tive and as safe as VKA in cancer-associated VTE [11, 12]. While this data seems 
promising for potential use of DOACs for cancer-associated VTE, they have not yet 
been compared to the gold standard of treatment in cancer-associated VTE—
LMWH [10]. The results of various indirect comparisons are inconclusive, with 
some studies showing a potential benefit for DOACs and others showing that 
LMWHs are more effective [12–14]. In data presented at the American College of 

Table 17.2 Dosing of commercially-available LMWHs for cancer-associated VTE [6, 8, 9, 21]

Drug Dosage Maximum dosage

Dalteparin 200 international units/kg/day × 1 month, then 150 
international units/kg/day

18,000 international 
units/day

Enoxaparin 1.5 mg/kg/day or 1 mg/kg BID None listeda

aIn a study comparing warfarin to enoxaparin in patient with cancer, only 11.3% of patients on 
enoxaparin had a BMI > 30 kg/m2, with a maximum weight in that study of 106 kg [23]. With 
obese patients using the 1.5 mg/kg once daily dose, the mean AUC is higher in obese patients than 
in non-obese patients, suggesting additional monitoring may be needed in obese patients to ensure 
efficacy and safety [9]
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Cardiology 65th Annual Scientific Session and Expo, when rivaroxaban was com-
pared to LMWH in cancer-associated VTE, there was no significant difference in 
VTE recurrence or mortality rates when participants were followed for around 
6 months, but the study did have a small sample size of 135 patients [15]. In sum-
mary, the DOACs should not be used as first-line for cancer-associated VTE until 
they have been proven to be as effective and safe as LMWHs in a direct comparison 
that those results are reproducible. Select-d is a study that is currently underway 
that compares rivaroxaban (Xarelto®) to a LMWH in cancer-associated VTE [16]. 
As the evidence supporting the efficacy of DOACs continues to develop in this 
patient population, the recommendations for the first-line treatment may continue to 
evolve in future years.

What patient characteristics are important for making a decision 
regarding MS’s VTE treatment?

Risk of bleeding: Cancer patients are at a 2–6 times higher risk of bleeding on 
anticoagulant therapy than other VTE patients [10]. While the risk of bleeding may 
influence the treatment duration of VTE in patients with non-provoked or VTE pro-
voked by a reversible risk factor, patients with cancer-associated VTE are recom-
mended to receive extended-duration anticoagulation regardless of their bleeding 
risk [4]. In patients who have a high bleeding risk on extended duration anticoagula-
tion, consider using a therapy that has a reversal agent (like UFH, enoxaparin, VKA, 
or dabigatran) to ensure safety.

Insurance coverage: Selecting an item that is affordable for the patient will 
help to ensure adherence, especially in a patient population that is likely to experi-
ence a high financial healthcare burden [17]. Some of the financial burdens that 
cancer patients experience are an inability to afford co-payments and inadequate 
coverage of aspects of their treatment [18]. Choosing a therapy that is covered by 
the patient’s insurance or is considered affordable by the patient should be a prior-
ity for this patient population to help ensure adherence. It is still important to 
ensure that patients are receiving the guideline-recommended therapy, as those 
therapies have been shown to have additional benefits in comparison to other anti-
coagulant options [4, 6]. Patient assistance programs may be helpful in aiding 
patients’ obtaining their medications. NeedyMeds (available at Needymeds.org) 
is a reliable resource to help find coupon cards and patient assistance programs for 
patients. The website can be searched by medication name or by disease state to 
see what assistance programs are available for patients who need financial assis-
tance for their treatments and disease states [19].

Patient preference: Patient participation in therapeutic decision making should 
influence therapy selection. In a study reviewing the experiences of patients with 
cancer and VTE, many patients reported preferring LMWH injections to VKA 
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therapy because of less frequent monitoring and the lack of dietary restrictions [20]. 
For patients with an aversion to injections that would influence adherence to ther-
apy, oral medications may be appropriate. While VKA was shown to be less effec-
tive than LMWH in VTE recurrence in clinical trials of cancer-associated VTE, it 
is still considered to be an appropriate treatment option, especially if  
the patient refuses to give self-injections [6]. There are a variety of factors that 
may influence the efficacy of VKA therapy, including drug interactions, dietary 
restrictions, and a variable dose-response relationship [7, 10]. These factors may 
be especially influential in a cancer patient, where various chemotherapy agents 
and inconsistent dietary intake due to nausea or anorexia can influence maintain-
ing a therapeutic INR [10].

How long is VTE treated in patients with cancer?

Table 17.3 reviews the duration of anticoagulation based on indication, bleed-
ing risk, and what strength of evidence that recommendation holds. Active, non- 
provoked VTE is typically treated for 3  months. In patients with cancer- 
associated thrombosis, like MS, there should be no scheduled stop date. The use 
of treatment should be reassessed at least annually and upon remission of the 
malignancy [4].

Table 17.3 Duration of anticoagulation based on indication [4]

Indication for anticoagulation Bleeding risk
Duration of 
therapy

Strength of recommendation & 
grade of evidence

Unprovoked isolated distal 
DVT

All 3 months 1B and 2C

Unprovoked proximal DVT or 
PE

Low—
moderate

Extended 2B

High 3 months 1B
DVT or PE provoked by 
surgery

All 3 months 1B

DVT or PE provoked by 
transient nonsurgical risk 
factor

All 3 months 1B

Cancer-associated VTE Low—
moderate

Extended 1B

High Extended 2B
Recurrent unprovoked DVT or 
PE

Low Extended 1B
Moderate Extended 2B
High 3 months 2B

Recommendation strength: 1  =  strong, 2  =  weak/conditional. Evidence strength: A  =  high, 
B = moderate, C = low/very low. Extended = no scheduled stop date
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 Case Outcome

MS is put on enoxaparin (Lovenox®) 120 mg SubQ BID, but she 
develops another DVT a month later. What considerations 
should be kept in mind? How should her treatment change?

The first step in this situation is to assess the patient’s adherence to her anti-
coagulant. If the patient is non-adherent, addressing the cause of her non-adher-
ence would be the recommended intervention. If the non-adherence is related to 
cost, finding a cheaper alternative for the patient may be necessary. Education 
regarding the importance of adherence for this medication may also help 
adherence.

If the patient was adherent to the treatment regimen, a change in the regimen 
is required. For a patient who is maintained on VKA, change the patient to a 
LMWH. If the patient was maintained on a LMWH, the dose should be increased 
by 20–30%. This dose of enoxaparin 120 mg SubQ BID is appropriately dosed for 
the patient’s weight and renal function. If a dose adjustment is needed, increasing 
the dose by 20% would be a dose of 144 mg SubQ BID; increasing the dose by 
30% would be a dose of 156 mg SubQ BID. For ease of administration, choosing 
a 150 mg SubQ BID dose is an appropriate option, since syringes are commer-
cially available in that strength.

Of note, because the patient is obese and still developed a VTE on full antico-
agulation, it may be appropriate to monitor her anti-factor Xa concentrations in 
order to ensure therapeutic efficacy of the medication [9, 21]. Peak anti-factor Xa 
concentrations are reached around 4 h after a subcutaneous dose; peak levels are 
most closely associated with therapeutic efficacy [22]. Table 17.4 shows recom-
mended dose adjustments for treatment doses of LMWH based on anti-factor Xa 
concentrations.

Table 17.4 Dose adjustments of treatment-dosing of LMWH based off of anti-factor Xa 
concentrationsa [4, 22]

Drug

When to 
check 
anti-factor Xa 
concentration 
(U/mL)

Target 
anti-factor Xa 
concentration 
(U/mL)

Dose adjustment if 
anti-factor Xa 
concentration < target

When to repeat 
anti-factor Xa 
concentration

Dalteparin 
once daily

4–6 h after 
dose

Around 1.05 Increase by 25–30% 4–6 h after next 
dose

Enoxaparin 
BID

4 h after dose 0.5–1.0 Increase by 25–30% 4 h after dose

aOf note, monitoring anti-factor Xa concentrations is not typically performed in practice for other-
wise healthy patients. In some patients, anti-factor Xa monitoring may be performed to ensure 
adequate dosing for therapeutic efficacy
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 Key Points

• LMWH is the preferred treatment for VTE associated with malignancy.
• Use extended anticoagulant therapy for patients with a VTE associated with 

malignancy.
• Patient-specific factors may influence the selection of the therapy that is chosen.
• Dosing of LMWH is complex in obese patients because of pharmacokinetic 

changes associated with obesity. Use weight-based dosing and consider addi-
tional monitoring with anti-factor Xa levels.

 Self-Assessment Questions

 1. TL is a 62 y/o male who was admitted to the hospital with a diagnosis of a new 
PE, provoked by his hepatic cancer. He has no known drug allergies. His PMH 
includes CKD (unknown stage) and he is currently on lisinopril 20 mg PO daily. 
He is expected to undergo chemotherapy soon. His vital signs today are BP 
128/82 mmHg, HR 72 BPM, RR 20, Temp 97.6°F, Ht 72″, Wt 210 lbs. Pertinent 
labs include SCr 3.2 mg/dL. Which of the following medications would be the 
best anticoagulation option for this patient?

 (a) Dalteparin (Fragmin®) 18,000 units SubQ Q24H + warfarin 5 mg PO daily
 (b) enoxaparin (Lovenox®) 100 mg SubQ Q24H
 (c) rivaroxaban (Xarelto®) 15 mg PO BID
 (d) rivaroxaban (Xarelto®) 20 mg PO daily

ANS: B
B is the best answer choice because LMWH is first-line therapy for initial and 

extended duration treatment of cancer-associated VTE; this patient would require 
a renally-adjusted dose of Lovenox, as his calculated CrCl <30 mL/min. A is not 
an appropriate answer choice because VKA was shown to have a higher VTE 
recurrence rate in comparison to LMWH in patients with cancer-associated 
VTE. C would have been a correct answer choice for this patient if his VTE was 
not associated with a malignancy. D is the non-valvular AFib dosing of 
rivaroxaban.

 2. How long should TL receive anticoagulation for his cancer-associated VTE?

 (a) 10 days
 (b) 3 months
 (c) 6 months
 (d) 1 year
 (e) No scheduled stop date

ANS: E
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E is the best answer choice because anticoagulation should be continued with no 
scheduled stop date in patients with cancer-associated VTE and in those with a sec-
ond unprovoked VTE with low to moderate bleeding risk. A is considered the initial 
treatment period, and anticoagulation is recommended to go beyond the initial treat-
ment period for all types of VTE.  B would have been the correct answer if the 
patient had an unprovoked VTE or a VTE provoked by surgery or a transient risk 
factor. C and D are not timeframes specifically mentioned in the CHEST 2016 
guidelines, but may be appropriate in certain clinical situations, such as a provoked 
VTE with a transient risk factor that has not yet resolved.
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Chapter 18
Venous Thromboembolism (VTE) Prophylaxis 
in Hip and Knee Replacement Surgery

Mary G. Amato and Danielle Carter

Abstract This case presentation describes an elderly patient with osteoarthritis 
undergoing hip replacement and reviews risks and benefits of the various options for 
venous thromboembolism (VTE) prophylaxis. Evidence-based guidelines are 
reviewed as well as patient-specific and institution-specific factors that influence 
selection of therapy for VTE prophylaxis for this type of surgery.

Keywords Orthopedic surgery • Total hip arthroplasty • Total knee arthroplasty 
•  Post-operative venous thromboembolism prophylaxis • Perioperative 
anticoagulation

 Case Introduction

A 74-year-old male with hip osteoarthritis will be having a right total hip arthro-
plasty next month. He has had disabling pain over the past year despite treatment 
with acetaminophen and naproxen, limiting his walking distance, and use of a cane. 
He has a history of well controlled hypertension and BPH and he has no history of 
VTE or bleeding disorder. His current medications are lisinopril, naproxen extended 
release and doxazosin. His weight is 81 kg, blood pressure 140/72, pulse 76, and labs 
show normal CBC, renal and liver function. The medical team asks what regimen 
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would be recommended post-operatively for this patient to prevent VTE. The patient 
has no specific concerns about bleeding or objections to receiving subcutaneous 
injections.

 Case Discussion

What factors should be considered when developing a plan for VTE prophylaxis 
after total hip (THA) or knee (TKA) replacement surgery?

 Risk of Postoperative VTE

Recent studies have shown a decline in postoperative VTE risk with improved 
surgical techniques and early ambulation. However, risk without any prophylactic 
treatment remains substantial with a rate of symptomatic VTE in the first 35 days 
postop estimated at 4.3% based on recent studies [1, 2]. Pharmacologic VTE pro-
phylaxis reduces the risk of VTE by about 50%, although the benefit is partially 
offset by increased risk of bleeding for several agents [2]. Use of graded compres-
sion stockings has been shown to reduce asymptomatic, but not symptomatic 
DVT (RR 0.92, CI 0.77–1.09). Low quality data support over 50% reduction in 
DVT and PE with intermittent pneumatic compression devices (IPC) for up to 
14 days postoperatively compared to no thromboprophylaxis, with no increased 
risk of bleeding. There are issues, however, with compliance with devices that 
require external power sources and logistical issues with use of these devices in 
the hospital [1].

 Risk for Bleeding

Baseline risk for major bleeding events associated with hip and knee replacement 
surgeries without VTE prophylactic agents is estimated to be 1–2%. General risk 
factors for bleeding after these procedures include previous major bleeding, severe 
renal failure, concomitant antiplatelet agent and individual surgical factors. 
Compared to no treatment, significant increases in minor bleeding were seen with 
pharmacologic treatment (RR 1.67, CI 1.18–2.38). Non-significant trends were seen 
for increased major bleeding for Vitamin K antagonists (VKAs, such as warfarin), 
and fondaparinux, compared to no prophylaxis. A significant increase in major 
bleeds was seen for warfarin compared to low molecular weight heparins (LMWH) 
(RR 3.9, CI 1.9–8.1) and non-significant trends for increased major bleed for 
fondaparinux and rivaroxaban compared to LMWHs. [1, 3, 4].
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 Choice of Agent for VTE Prophylaxis

The 2012 American College of Chest Physician (ACCP) guidelines recommend 
VTE prophylaxis for at least 10–14 days with pharmacologic therapy or IPC in all 
patients undergoing THA or TKA [1]. Pharmacologic therapy is recommended 
unless there is particular concern about bleeding complications. See Table 18.1 for 
agent dosing recommendations for prophylaxis after total hip or total knee arthro-
plasty. IPC or no prophylaxis can be used in patients with high risk for bleeding. 
IPC as dual therapy with pharmacologic therapy should be considered if there is 
availability of battery powered IPC devices in the hospital and patients are willing 
to comply with wearing the devices.

ACCP recommends that LMWH be used first line starting 12 h preoperatively 
or 12 h postoperatively, and continued for at least 10–14 days. Extended therapy 
up to 35 days for an additional reduction in symptomatic VTE should also be con-
sidered [1]. Fondaparinux, apixaban, dabigatran, rivaroxaban, low-dose unfrac-
tionated heparin, adjusted-dose VKA, aspirin, or IPC are also acceptable choices. 

Table 18.1 Dosing of agents recommended for VTE prophylaxis after total hip (THA) or knee 
arthroplasty (TKA)

Pharmacologic agent Dose Duration
Adjustment for renal 
insufficiency

Enoxaparin 30 mg SC q12 h or 
40 mg SC 24 h 
(THA)
30 mg SC q12 h 
(TKA)

10–14 days; consider 
an additional 3wk after 
initial phase for THA

30 mg q24 h if CrCl 
<30 mL/min

Dalteparin 5000 IU SC once 
daily (THA)

5–14 days Not defined; may not 
need adjustment

Fondaparinux 2.5 mg SC q24 h 10–14 days; up to 
35 days

Avoid if CrCl  
<30 mL/min

Apixaban 2.5 mg PO BID 12 days (TKA); 
35 days (THA)

No adjustment

Dabigatran 110 mg PO × 1 dose 
(THA),
then 220 mg PO 
daily

28–35 days Avoid if CrCl  
<30 mL/min

Rivaroxaban 10 mg PO once 
daily

12 days (TKA); 
35 days (THA)

Avoid if CrCl  
<30 mL/min

Unfractionated 
heparin

5000 units SC 
q8–12 h

at least 10–14 days None

Vitamin K antagonist 
warfarin

Adjusted to INR 
(1.8–2.3 or 2–3)

at least 10–14 days None

Aspirin 81 mg BID; 
325 mg daily-BID

10–14 days, up to 
4 weeks

None
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Limitations of LMWH include inconvenience of daily injections and risk of hepa-
rin induced thrombocytopenia. Potential limitations based on published studies for 
fondaparinux, rivaroxaban and VKAs include the possibility of increased bleeding 
compared to LMWH. Potential limitations for low dose unfractionated heparin, 
VKA, aspirin, and IPC alone include potential decreased efficacy compared to 
LMWH [1, 5, 6]. Given the similar efficacy and similar rates of bleeding with 
apixaban and dabigatran, these agents have been recommended by ACCP as next 
choices after LMWH. The American Academy of Orthopaedic Surgeons (AAOS) 
guidelines do not recommend one choice of pharmacologic agent over another [7].

Despite the publication of evidence-based guidelines by ACCP and AAOS, the 
treatments used for VTE prophylaxis are highly variable among orthopedic prac-
tices [8]. Experience with various hospitals and informal discussions with practitio-
ners and patients has revealed that warfarin for two (TKA) to four (THA) weeks, 
and aspirin are commonly used in practice in addition to rivaroxaban, LMWH, and 
other agents. At some institutions, centralized anticoagulation clinics or monitoring 
programs are able to achieve better results for time in therapeutic range than was 
reported in clinical trials for patients receiving VKAs such as warfarin, increasing 
provider confidence in using VKAs over other agents at those locations. A lower 
INR target (1.8-2.3) is used at some institutions, despite lack of sufficient evidence 
for efficacy. Some practitioners use individual patient risk factors for VTE such as 
prior VTE to guide duration of treatment. Although the evidence to support efficacy 
of aspirin is not as strong as other agents, it continues to be frequently used by sur-
geons for VTE prophylaxis. There have been concerns about lack of long-term 
safety data and unavailability of reversal agents with the newer oral agents apixa-
ban, dabigatran and rivaroxaban. These concerns may be decreasing with the avail-
ability of longer term safety data and development of reversal agents such as 
idarucizumab (for dabigatran reversal), and andexanet alfa (for factor Xa inhibi-
tors). Idarucizumab has been approved by the FDA for use currently, while andex-
anet alfa has yet to be approved for use in the US.

Dosing recommendations for pharmacologic agents are listed in Table  18.1. 
FDA-approved prescribing information includes recommendations for achievement 
of hemostasis, then administering the first dose of dabigatran 1–4 h after surgery, 
fondaparinux 6–8 h after surgery, rivaroxaban 6-10 hr after surgery, and enoxaparin 
or apixaban 12–24 h after surgery, with options for preoperative and postoperative 
starts for dalteparin.

As this patient has no objection or contraindication to receiving LMWH, it is 
recommended he receive prophylaxis with a low molecular weight heparin begin-
ning at least 12  h before or after surgery, for example, enoxaparin 40  mg SC 
q24 h, continued at least 10–14 days, and up to 35 days. The patient should dis-
continue his naproxen 3–7 days before surgery. It is recommended that patients 
discontinue use of aspirin 7–10 days prior to surgery and any other antiplatelet 
agents as recommended prior to elective THA or TKA (those with history of 
recent acute coronary syndrome/coronary interventions would generally not be 
candidates for this surgery as stopping antiplatelet agents would significantly 
increase thrombotic risk). Patients should also undergo early mobilization after 
surgery [7].
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 Additional Considerations

 1. Screening asymptomatic patients for VTE with Doppler/Duplex ultrasound is 
not recommended [1].

 2. IVC filter placement is not recommended in patients with contraindications to 
other treatments [1].

 3. Increasing the VTE prophylaxis dose of LMWH by 30% may be appropriate in 
morbidly obese patients (BMI >40 kg/m2) [9].

 4. Decreasing VTE prophylaxis dose of enoxaparin may also be appropriate in 
patients with low body weight (<45 kg for women and <57 kg for men).

 Key Points

• Total hip replacement and total knee replacement surgery are significant risk fac-
tors for post-operative VTE.

• Pharmacotherapy for prophylaxis is recommended over IPC or no prophylaxis in 
patients without an unacceptably high risk of bleeding.

• Antiplatelet agents should be discontinued prior to elective THA and TKA as 
appropriate for the patient’s indication.

• VTE prophylaxis with low molecular weight heparin, fondaparinux, apixaban, 
dabigatran, rivaroxaban, low dose unfractionated heparin, vitamin K antagonist, 
or aspirin may be used.

• The 2012 ACCP Antithrombotic guidelines recommend LMWH over other 
agents unless contraindicated or refused by patient.

• Prophylaxis should be continued at least 10–14 days, and considered for up to 
35 days postoperatively.

 Self-Assessment Questions

 1. A 55-year-old woman undergoing hip replacement surgery does not wish to 
receive SC injections. Which of the following regimens would be most accept-
able for VTE prophylaxis?

 (a) Intermittent pneumatic compression
 (b) No thromboprophylaxis
 (c) Fondaparinux
 (d) Apixaban

The best answer is D. Intermittent pneumatic compression or no thromboprophy-
laxis are likely not as effective as pharmacologic therapies. Patient does not wish to 
receive subcutaneous injections so that would make C. fondaparinux not an 
 appropriate choice. An oral agent such as apixaban is an appropriate second choice. 
Warfarin, dabigatran, rivaroxaban or aspirin therapy would also be appropriate.
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 2. A 65-year-old man with renal insufficiency (CrCl 23 mL/min) will be having a 
total knee arthroplasty (TKA). He is willing to take SC injections and has no 
history of prior bleeding events. If LMWH is used for VTE prophylaxis, what 
dosing should be used?

 (a) He should not be treated with LMWH.
 (b) Dalteparin 5000 IU SC once daily
 (c) Enoxaparin 30 mg SC q24 h
 (d) Enoxaparin 40 mg SC q24 h

The best answer is C. Enoxaparin dose adjustment recommendation is 30 mg SC 
q24 h for patients with CrCl <30 mL/min. The standard doses may increase risk of 
bleeding. Dosing of dalteparin in renal insufficiency is less defined and may need to 
be dosed according to anti-Xa levels.
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Chapter 19
Venous Thromboembolism (VTE) Prophylaxis 
in the Intensive Care Unit (ICU)

Dillon Elliott

Abstract Critical illness puts patients at an increased risk for developing venous 
thromboembolism (VTE). Contraindications to pharmacologic VTE prophylaxis 
and/or organ dysfunction can be common in critical illness and can complicate the 
decision of VTE prophylaxis method or agent being used.

Keywords Critical care • Venous thromboembolism (VTE) • Prophylaxis • Trauma 
Renal impairment • Intermittent pneumatic compression (IPC)

 Case Introduction

A 74-year-old male (Ht: 69″, Wt: 75 kg) is admitted to the medical intensive care unit 
for sepsis. His wife states that he received a course of oral antibiotics 2 weeks ago for 
pneumonia, but never seemed to get better. His blood pressure is 89/53 mm Hg, pulse 
95 bpm, and O2 saturation is 92% on mechanical ventilation after undergoing endo-
tracheal intubation in the ER. He has received 2.5 L of fluid resuscitation and is now 
requiring a norepinephrine infusion at 4 μg/min to maintain his blood pressure. His 
past medical history includes type 2 diabetes, stage III chronic kidney disease, and 
COPD. Home medications include: insulin lispro via sliding scale, insulin glargine, 
lisinopril, and fluticasone/salmeterol. Current labs are as follows: BUN 31 mg/dL, 
SCr 1.6 mg/dL, WBC count 18,000/mm3, Hemoglobin 12 g/dL, Hematocrit 36%, 
Platelets 150,000/mm3, Liver panel within normal limits including INR of 1.02. The 
medical team has started the patient on empiric antibiotics and famotidine for stress 
ulcer prophylaxis. What would you recommend as appropriate venous thromboem-
bolism (VTE) prophylaxis for this patient?
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 Case Discussion

 What Factors Should Be Considered When Evaluating Options 
for VTE Prophylaxis in This Critically Ill Patient?

In order to properly assess the need for VTE prophylaxis in this patient, risk factors 
for the development of VTE must be considered. See Table 19.1 for a summary of 
risk factors in critically ill patients. Unfortunately, no widely validated stratification 
tool exists for use in critically ill patients. VTE can occur in critically ill patients 
despite the administration of prophylaxis and lead to poor outcomes. It is generally 
safe to assume that critically ill patients carry high risk of developing VTE and 
pharmacologic prophylaxis, mechanical prophylaxis, or both should be adminis-
tered unless contraindications exist [4]. Our patient is acutely ill, elderly, and cur-
rently receiving mechanical ventilation warranting the need for some form of VTE 
prophylaxis.

Risk of bleeding must be assessed in combination with risk of VTE. Many criti-
cally ill patients are at high risk of bleeding due to their various disease states, 
invasive interventions, and concomitant medications. Bleeding risk varies depend-
ing on the patient and must be individually assessed when considering pharmaco-
logic prophylaxis [4]. See Table 19.2 for bleeding risk factors and contraindications 
to pharmacologic VTE prophylaxis. When bleeding risk is considered a contraindi-
cation to pharmacologic prophylaxis, mechanical prophylaxis with graduated com-
pression stockings (GCS) or intermittent pneumatic compression (IPC) should be 
initiated and continued until risk has resolved and pharmacologic prophylaxis can 
be initiated [1, 6]. Our patient has not received any anticoagulants and does not have 
active bleeding or increased bleeding risk based on laboratory values.

Table 19.1 Risk factors for 
VTE [1–3]

VTE risk factors in critically ill patients

Previous VTE or stroke
Active or history of cancer
Prolonged immobilization
Age > 60
Sepsis
Surgery (higher risk with orthopedic)
Mechanical ventilation
Sedative use
Trauma
Spinal cord injury
Obesity
Pregnancy
Vasopressors
Central venous catheterization
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 Choice of Pharmacologic Agent

Without contraindication to anticoagulants or high bleeding risk, the use of subcu-
taneous low molecular weight heparin (LMWH) or unfractionated heparin (UFH) 
for VTE prophylaxis in critically ill patients are recommended over no prophylaxis 
[1, 6]. See Table 19.3 for dosing of anticoagulants for VTE prophylaxis. The pos-
sibility of one of these two available choices for pharmacologic VTE prophylaxis 
being superior has been evaluated in clinical trials. While several trials have found 
no difference in the occurrence of deep vein thrombosis (DVT) with the two agents, 
one study found dalteparin to have a significantly lower incidence of pulmonary 
embolism (PE) over UFH as a secondary endpoint with no difference in DVT occur-
rence [7]. Based on current literature, both LMWH and UFH are preferred options 
for pharmacologic VTE prophylaxis in medical/surgical critically ill patients with 
UFH being the agent of choice in patients with severe renal impairment (estimated 
CrCl <20 mL/min). Most trials evaluating subcutaneous unfractionated heparin for 
VTE prophylaxis used q12  h dosing intervals and no head to head trials exist 

Table 19.2 Risk of bleeding 
[4, 5]

Contraindications to pharmacologic VTE prophylaxis

Active bleeding
Use of thrombolytics (alteplase etc.) in the last 24 h
Risk factors for bleeding with pharmacologic VTE 
prophylaxis

Active gastroduodenal ulcer
Bleeding in the past 3 months
Platelet count <50,000/μL
Hepatic failure (INR >1.5)
Renal failure
ICU admission
Concomitant anticoagulant or antiplatelet use
Invasive procedures
Acute stroke

Table 19.3 Dosing of pharmacologic agents [10]

Pharmacologic 
agent CrCl ≥30 mL/min CrCl 20–30 mL/min CrCl ≤20 mL/min

Enoxaparin 40 mg SQ q24 ha 30 mg SQ q24 h Not recommended
Dalteparin 5000 units SQ daily No accumulation 

observed in critically ill 
patients with severe renal 
impairment

Unfractionated 
Heparin

5000 units SQ Q8 h or q12 hb

aIn trauma patients, enoxaparin 30 mg SQ BID
bPreferred in patients with CrCl <20 mL/min
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evaluating q8 h vs. q12 h dosing. Warfarin is not recommended for VTE prophylaxis 
due to increased absolute risk of bleeding [6]. Direct oral anticoagulants have been 
studied in critically ill patients and are not recommended [4]. In trauma patients, 
enoxaparin administered at a dose of 30 mg SQ BID is preferred in patients with 
estimated creatinine clearance >30 mL/min due to a statistically significant reduc-
tion of DVT over subcutaneous unfractionated heparin [8, 9].

 Obesity

An increase in dosage of prophylactic enoxaparin to 0.5  mg/kg  SQ daily or 
40 mg SQ Q12 h and UFH to 7500 units SQ q8 h may be considered in morbidly 
obese patients with BMI ≥ 40 [11, 12].

 Monitoring

Platelets

Patients receiving VTE prophylaxis with LMWH or UFH should have a baseline 
platelet level drawn prior to initiation of therapy. Heparin-induced thrombocytope-
nia (HIT) is generally defined as a decrease in platelet level by 50% from baseline 
and below an absolute value of <150,000/mm3 (though HIT can rarely occur with a 
platelet level above 150,000/mm3). Onset of HIT most often occurs within 5–10 days 
from initiation of therapy. The 4 T’s score can be used to evaluate probability of HIT 
in patients with suspected clinical criteria using a summative point score of throm-
bocytopenia, timing of platelet fall, thrombosis, and whether the patient has a thera-
peutic cause for thrombocytopenia. If the clinical suspicion of HIT is likely, heparin 
products should be stopped immediately, alternate anticoagulation should be initi-
ated, and further laboratory investigation is warranted [13].

Serum Creatinine

Serum creatinine should be monitored at baseline and intermittently throughout 
therapy for patients receiving LWMH in order to appropriately adjust dosing of 
these medications or switch to UFH should the patient’s renal function deteriorate.

Hemoglobin and Hematocrit

Hemoglobin and hematocrit should be monitored at baseline and in patients with 
suspicion of bleeding or who have multiple risk factors for bleeding.
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Anti-Factor Xa Assay

Though monitoring of anti-Factor Xa levels with UFH and LMWH therapy for VTE 
prophylaxis has not correlated well in general patient populations, there may be util-
ity in patients with BMI > 40 using a reference range of 0.2–0.5 IU/mL for enoxa-
parin and 0.1–0.4 IU/mL for UFH [11].

How Should This Patient Be Managed?

This patient is at high risk of developing a VTE based on his age and acute illness 
requiring mechanical intubation. He does not have active bleeding and is not at high 
risk of bleeding based on stable hemoglobin/haematocrit, platelets, and an INR 
within normal limits. It would be reasonable for this patient to receive pharmaco-
logic prophylaxis with enoxaparin 40 mg SQ q24 h, heparin 5000 units SQ q8 h or 
q12 h, or dalteparin 5000 units SQ q24 h. While he does have an elevated creatinine 
(estimated CrCl of 40 mL/min) and chronic kidney disease, he is not considered to 
have severe renal impairment. Subcutaneous heparin would be preferred if this 
patients renal function worsens, which should be closely monitored given the poten-
tial for organ failure with sepsis. This patient could also receive mechanical prophy-
laxis with GCS or IPC, as the combination is generally considered acceptable in 
high-risk patients with multiple risk factors for developing VTE.

 Key Points

• Critically ill patients are at increased risk for developing VTE
• No VTE risk stratification tools are available for critically ill patients
• In patients at high risk of bleeding or with active bleeding mechanical VTE pro-

phylaxis is preferred until bleeding or bleeding risk has resolved
• UFH and LMWH are the preferred agents to be used for pharmacologic VTE 

prophylaxis.
• Pharmacologic agents should be dosed appropriately for renal function with 

UFH being the preferred agent in patients with severe renal impairment.
• Trauma patients should receive VTE prophylaxis with enoxaparin at a dose of 

30 mg SQ q12 h as a preferred agent in the absence of severe renal impairment.

 Self-Assessment Questions

 1. A 54-year-old woman is admitted to the neurological intensive care unit from the 
emergency room. She was brought to the hospital early this morning roughly 1 h 
after onset of right-sided weakness. After a CT scan showed an occlusion of the 
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right middle cerebral artery with no evident hemorrhage, the neurologist ordered 
the patient to receive alteplase 0.9 mg/kg with 10% given as a bolus and the 
remaining amount administered over 1 h for ischemic stroke. Current labs are 
within normal limits. Vitals include a blood pressure of 140/86 mm Hg, heart 
rate of 85 bpm, and respiratory rate of 18 bpm. The attending physician has not 
addressed VTE prophylaxis. What would be an appropriate recommendation for 
VTE prophylaxis in this patient?

 (a) Enoxaparin 40 mg subcutaneously daily
 (b) Heparin 5000  units subcutaneously every 12  h  +  intermittent pneumatic 

compression devices
 (c) Intermittent pneumatic compression devices with no pharmacologic 

prophylaxis
 (d) This patient has a contraindication to both pharmacologic and mechanical 

VTE prophylaxis

The correct answer is C. The appropriate VTE prophylaxis recommendation for 
this patient would be to initiate intermittent pneumatic compression devices upon 
admission to the unit and after 24 h bleeding risk should be assessed again. This 
patient’s risk of bleeding is extremely high immediately after receiving alteplase for 
an ischemic stroke. It is recommended to wait at least 24 h after alteplase adminis-
tration before initiating any anticoagulants or antiplatelet agents, therefore Answers 
A and B are incorrect. The patient is still at risk of VTE and does not have contra-
indications to mechanical prophylaxis, therefore Answer D would be insufficient. 
Pharmacologic prophylaxis should be initiated with or without mechanical prophy-
laxis when contraindications to pharmacologic prophylaxis no longer exist.

 2. A 73-year-old man has been in the medical intensive care unit for 5 days after 
admission from his nursing home for shock secondary to urosepsis. He is receiv-
ing enoxaparin 40 mg subcutaneously q24 h for VTE prophylaxis. He has devel-
oped acute kidney injury over the last 5 days and his current creatinine clearance 
is estimated to be 15 mL/min. What recommendation can be made regarding his 
VTE prophylaxis?

 (a) Continue his current regimen of enoxaparin 40 mg subcutaneously q24 h
 (b) Decrease his dose of enoxaparin to 30 mg subcutaneously q24 h
 (c) Discontinue enoxaparin and begin heparin 5000 units subcutaneously every 

12 h
 (d) Discontinue enoxaparin and begin intermittent pneumatic compression 

devices

This patient’s estimated creatinine clearance has worsened to below 20 mL/min 
due to acute kidney injury and enoxaparin has not been studied in patients with 
extreme renal impairment. Therefore, Answers A and B would not be appropriate 
choices for pharmacologic prophylaxis due to concern for drug accumulation. The 
correct answer is C. Unfractionated heparin does not rely on renal elimination and 
is preferred in severe renal impairment. Answer D would be insufficient for this 
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patient as they do not have contraindications to pharmacologic therapy and are at 
high risk for developing VTE due to critical illness.
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Chapter 20
VTE and Recent Drug Eluting Stent (DES) 
Placement

Wendy M. Gabriel

Abstract If a patient with recent stent placement develops a VTE, triple oral anti-
thrombotic therapy may be indicated if the stent was placed within the past 6 months. 
The most evidence based regimen is a combination of clopidogrel, aspirin, and 
warfarin.

Keywords Triple oral antithrombotic therapy • Dual antiplatelet therapy • Venous 
thromboembolism • Anticoagulation • P2Y12 inhibitor • New oral anticoagulant  
• Warfarin • Aspirin

 Case Introduction

A 72 year old male presents to the emergency room with complaints of right leg 
swelling and pain. The symptoms began at 12 PM yesterday and have not gotten 
better with rest overnight. He is from a different state and has been in the car driving 
across the country to help his granddaughter move into college. He has spent the 
past 2 days in the car for 12 h each day. He has a past medical history of hyperten-
sion, dyslipidemia, tobacco use (1/2 pack per day for 55 years), and coronary artery 
disease. He had one drug eluting stent placed emergently 8 months ago due to non-
 ST segment elevation myocardial infarction (NSTEMI). His home medications 
include aspirin, prasugrel, atorvastatin, lisinopril, metoprolol tartrate, SL nitroglyc-
erin PRN, and albuterol PRN. Physical exam reveals that the right leg is swollen and 
is warm and tender to touch. An ultrasound of the right leg shows evidence of acute 
DVT. His serum creatinine is 1.2 mg/dL, current blood pressure is 142/88 mmHg, 
and weight is 76 kg. The emergency room physician starts the patient on enoxaparin 
80 mg subcutaneously q12 h.
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What factors should be considered when developing a plan for acute VTE in a 
patient with CAD?

 Case Discussion

In patients with acute venous thromboembolism (VTE), treatment with anticoagula-
tion is necessary to prevent complications and further thrombosis [1]. Complications 
may include clot extension, pulmonary embolus, and death. For patients with pro-
voked VTE due to transient causes, 3 months of anticoagulation is indicated pro-
vided there are no contraindications to anticoagulation therapy [2]. This patient’s 
VTE is most likely caused by immobility after several days of driving in the car 
across the country. If this was not a provoked VTE, would the duration change? The 
CHEST guidelines recommend at least 3 months of anticoagulation if it is a first 
unprovoked VTE, however extended therapy with no stop date can be considered if 
the patient is a low or moderate bleeding risk [2]. This recommendation does not 
change if the patient experiences a second unprovoked VTE.

 Choosing an Anticoagulant

Dabigatran, rivaroxaban, apixaban, and edoxaban are recommended over warfarin, 
and warfarin is recommended over low-molecular weight heparins for treatment of 
VTE [2]. All four new oral anticoagulants (DOACs) were found to be non-inferior 
to standard therapy warfarin and unfractionated heparin/low-molecular weight hep-
arin in treatment of VTE [3–6]. Further, DOACs have been associated with similar 
rates of recurrent VTE and major bleeding [7], and decreased all-cause mortality 
[8]. This data suggests that DOACs have similar efficacy and a similar if not better 
safety profile when used to treat VTE. The DOACs also offer benefits for patients 
such as no monitoring, no dietary restrictions, and fewer drug interactions. Because 
none of the DOACs have been studied head-to-head, one drug cannot be conclu-
sively considered superior to another. However, a 2015 network meta-analysis com-
pared the DOACs indirectly and reported the relative risks of major bleeding 
between each agent. The analysis reported similar risks with the exception that 
apixaban had a lower relative risk of major bleeding when compared to dabigatran 
(RR: 0.42; 95% CI: 0.21–0.87) and edoxaban (RR: 0.37; 95% CI: 0.19–0.73) [9].

Due to lack of data directly comparing the DOACs to one another, choice of 
anticoagulant is often based on patient specific factors and affordability of the medi-
cation. For this patient, any of the DOACs would be appropriate because he has no 
cytochrome P-450 or p-glycoprotein interactions with the DOACs, good renal func-
tion, no hepatic dysfunction, no contraindications to DOACs, and no history of 
bleeding. Selection for this patient would largely rest on patient preference and 
affordability. Using the HAS-BLED scoring system, he has a score of 1, which 
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indicates he is low risk for bleeding [10]. Even though bleeding risk assessments are 
not as well validated, the HAS-BLED model has the best predictive value to predict 
bleeding events in the first 3 months of therapy [11].

 Considering Antiplatelet Therapy

When determining anticoagulation needs of a patient who is also requiring dual- 
antiplatelet therapy (DAPT), evidence-based recommendations come from trials 
that often do not have the power to make conclusions on both safety and efficacy. 
Most of the literature on triple oral antithrombotic therapy (TOAT) references 
patients with acute coronary syndromes requiring stent placement who were previ-
ously on oral anticoagulants for atrial fibrillation. If this data is extrapolated to treat-
ment with VTE, the recommendation would be to complete TOAT for 6 months post 
drug-eluting stent (DES) placement and then de-escalate to dual treatment with an 
anticoagulant and a single antiplatelet [12, 13]. See Fig. 20.1 for treatment algo-
rithm. The WOEST trial results suggest that clopidogrel, and not aspirin, would be 
the antiplatelet of choice in this situation [14]. By de-escalating therapy, bleeding 
risks and mortality are minimized. This evidence would suggest that because the 
patient’s stent was placed 8 months ago, his aspirin could be discontinued to mini-
mize bleeding risk now that an oral anticoagulant (OAC) is being started. Would it 

Fig. 20.1 Treatment algorithm for new VTE in patient with a stent

Patient With Stent
Develops New VTE

DES placed ≤ 6 months
OR

BMS placed ≤ 1 month

Anticoagulant
(warfarin preferred)

+
DAPT

(clopidogrel + aspirin preferred)

VTE:   venous thromboebolism
DES:   drug eluting stent
BMS:   bare metal stent
DAPT: dual antiplatelet therapy
SAPT: single antiplatelet therapy

Anticoagulant
(warfarin preferred)

+
SAPT

(clopidogrel preferred)

If during treatment, DES placed
> 6 months OR BMS placed > 1
month then de-escalate theraphy

DES placed > 6 months
OR

BMS placed > 1 month
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be wise to keep prasugrel as the antiplatelet agent or should the patient be switched 
to clopidogrel?

All of the studies on TOAT therapy were conducted using clopidogrel, warfarin, 
and aspirin. Little data exists on regimens with any of the DOACs or newer P2Y12 
agents. This presents a challenge when trying to use the DOACs for treatment of 
acute VTE as the CHEST guidelines recommend. A prospective cohort analysis 
found an increased risk in major and minor bleeding in patients receiving TOAT 
with prasugrel when compared to TOAT with clopidogrel (p < 0.001) after place-
ment of DES [15]. Both agents had similar risk of individual components and com-
posite endpoint of death, myocardial infarction, ischemic stroke, and stent 
thrombosis (p = 0.61). This study only had a small number of patients on prasugrel 
(n = 21), however included patients with indications other than atrial fibrillation for 
OAC. The results of this study are not surprising, because prasugrel has been shown 
to have increased risk of bleeding when compared to clopidogrel. At this time, there 
are no studies evaluating the safety and efficacy of ticagrelor used in TOAT.

There is a small amount of evidence in using newer DOAC in TOAT therapy. A 
sub-group analysis from the RE-LY trial compared dabigatran to warfarin in patients 
on DAPT. Data was presented at the 2011 European Society of Cardiology Congress 
and suggests that dabigatran was associated with less major bleeding when com-
pared to warfarin. [16]. Rivaroxaban has been evaluated in post-ACS medication 
regimens, but doses used in that study were much lower than those used for atrial 
fibrillation or acute treatment of VTE. No data evaluating apixaban or edoxaban 
safety and efficacy as a part of TOAT therapy has been published at this time.

 Antiplatelet in Coronary Artery Disease

DAPT is indicated 12 months after stent placement, bare metal or drug eluting, due 
to acute coronary syndrome [17]. After this time period, patients with CAD should 
be treated with life-long single-antiplatelet therapy for secondary prevention of 
coronary events. Aspirin is the preferred antiplatelet and clopidogrel may be used in 
those with an aspirin allergy.

 Key Points

• 3 months of oral anticoagulation is necessary to treat a provoked acute venous 
thromboembolism.

• If therapy with aspirin, P2Y12 inhibitor and anticoagulant is indicated, the evi-
dence suggests that TOAT therapy should be continued for 6 months post drug- 
eluting stent (DES) placement. Clopidogrel would be the best P2Y12 inhibitor to 
use because it has more evidence when used in TOAT regimens.
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• After 6 months, TOAT therapy should be de-escalated to dual treatment with an 
anticoagulant and a single antiplatelet to minimize bleeding risks associated with 
TOAT therapy. Literature suggests that clopidogrel, and not aspirin, would be the 
best antiplatelet to continue at this time. Clopidogrel showed less bleeding than 
aspirin when used with an anticoagulant in the WOEST trial.

• Anticoagulant choice will depend on patient specific factors because warfarin is 
the only anticoagulant with robust data describing risk and benefit when used 
concomitantly with dual-antiplatelet therapy. DOACs might be appropriate to 
use so long as a patient is not high risk of gastrointestinal bleeding. Apixaban is 
the only DOAC that did not show increased GI bleeding when compared to 
warfarin.

 Self-Assessment Questions

 1. AC is a 67 year old male (82 kg) with new acute proximal DVT that is unpro-
voked. He has a past medical history of coronary artery disease, CABG × 2 four 
years ago, dyslipidemia, hypertension, gastrointestinal bleed (6  months ago), 
and depression. The patient is taking aspirin 81 mg PO once daily and no other 
medications that pre-dispose him to bleeding. His serum creatinine is 0.8 mg/dL 
and his blood pressure is controlled at 122/76 mmHg. Which of the following 
would be the best treatment plan for AC’s VTE?

 (a) Enoxaparin 80 mg subcutaneously Q12H and warfarin 5 mg daily. Titrate to 
INR 2–3 and discontinue enoxaparin when INR is therapeutic for 24 h or for 
5 days. Total duration of treatment should be 3 months.

 (b) Enoxaparin 80 mg subcutaneously Q12H for 10 days followed by dabigatran 
150 mg PO BID for indefinite duration.

 (c) Apixaban 10  mg PO BID for 7  days, followed by apixaban 5  mg PO 
BID. Total duration of treatment should be 3 months.

 (d) Rivaroxaban 15 mg PO BID for 21 days followed by rivaroxaban 20 mg PO 
once daily for indefinite duration.

ANSWER: The correct response is C. The patient has three risk factors for bleed-
ing: Age ≥ 65 years, GI bleed, and aspirin use. The CHEST guidelines recommend 
that if a patients has three or more risk factors, treatment for unprovoked DVT 
should be 3 months. After treatment, consideration can be made for further treat-
ment at patient and physician discretion. Because of his coronary artery disease, he 
cannot discontinue the aspirin, and thus eliminate one of his risk factors. All DOACs 
are recommended over warfarin for treatment of VTE and thus consideration should 
be made to pick the best anticoagulant given patient specific factors. Apixaban has 
the lowest bleeding rates when compared to warfarin and is the only DOAC that 
does not have increased GI bleeds when compared to warfarin. Due to this patient’s 
history of a GI bleed, apixaban would be the best option.
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 2. MG is a 40 year old male who is admitted for acute DVT 2 days after receiving 
an elective catheterization secondary to progressive angina pains. His past medi-
cal history includes STEMI 3 months ago with three DES placed, dyslipidemia, 
hypertension, depression, anxiety, and seasonal allergies. His current medica-
tions include aspirin 81 mg daily, ticagrelor 90 mg BID, atenolol 50 mg once 
daily, ramipril 2.5 mg once daily, citalopram 20 mg once daily, and alprazolam 
1 mg TID prn anxiety. Which of the following would be the best recommenda-
tion for his antithrombotic regimen?

 (a) Triple therapy with clopidogrel, aspirin, and dabigatran.
 (b) Triple therapy with ticagrelor, aspirin, and warfarin.
 (c) Dual therapy with clopidogrel and dabigatran.
 (d) Dual therapy with aspirin and warfarin.

ANSWER: The correct response is A.  The patient should be triple therapy 
because his stents were placed only 3  months ago. After 6  months, it would be 
appropriate to discontinue the aspirin and only treat with a P2Y12 inhibitor and oral 
anticoagulant. Because there is no data with ticagrelor, the P2Y12 inhibitor of choice 
would be clopidogrel. Although the literature is not robust, there is a small amount 
of evidence that shows dabigatran has lower bleeding in TOAT when compared to 
warfarin. Dabigatran is also recommended over warfarin for treatment of VTE.
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Chapter 21
Acute VTE in a Patient with Moderate 
Chronic Kidney Disease

Brenda Pahl and Douglas Anderson

Abstract This case discusses therapeutic options for treating an acute VTE in a 
patient with moderate chronic kidney disease. The focus of the treatment is patient 
specific considerations when selecting an oral anticoagulant for outpatient 
treatment.

Keywords Moderate chronic kidney disease • Acute VTE • Direct oral anticoagu-
lants • Oral anticoagulant considerations

 Case Introduction

AF is a 78 year old female who has presented to the emergency department with 
complaints of lower left leg pain and swelling. She recently returned home from 
travel abroad by airplane on an 8 hour flight. She was diagnosed with an acute DVT 
in the proximal popliteal vein after confirmation by an abnormal D dimer and duplex 
ultrasound. As the emergency room provider, you have been asked to manage ther-
apy for this patient. She has a medical history of hypertension, congestive heart 
failure (CHF), type 2 diabetes, obesity (BMI of 30) and moderate renal insuffi-
ciency (Wt. 125 lb, SCr 1.0 mg/dL, CrCL of 41.2 mL/min). Her risks of bleeding 
include age and type 2 diabetes as well as being on aspirin therapy. She has no prior 
history of a VTE. Her risk factors for VTE include CHF and recent travel, her cur-
rent medications include lisinopril, amlodipine, furosemide, potassium chloride, 
aspirin, Lantus, and Humalog as per a sliding scale prior to meals. She is compliant 
with taking her medications, however due to the fact that she does not drive, she has 
difficulty making her medical appointments. She does not qualify for home health 
care, therefore home laboratory monitoring cannot be considered.
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 Case Discussion

Chronic kidney disease (CKD) has become a common health problem. The increase 
in CKD in the United States is the result of an aging population and a high preva-
lence of type 2 diabetes as is the patient described in the case presented above. The 
CDC estimates that more than 10% of adults in the United States, more than 20 
million people, may have some degree of CKD [1]. Several studies have also shown 
that patients with any stage of CKD are at an increased risk for venous thromboem-
bolic (VTE) events [2]. Therefore, the incidence of treating a patient with some 
degree of renal impairment for an acute VTE event will be high.

In January of 2016, the American College of Chest Physicians (CHEST) released 
revised guidelines for VTE management [3]. At the same time, the Anticoagulation 
Forum published guidelines on VTE treatment in the January, 2016 edition of the 
Journal of Thrombosis and Thrombolysis [4]. Both of these guidelines for antico-
agulation management address the use of the direct oral anticoagulants (DOACs), 
warfarin, and low molecular weight heparins (LMWH) for the treatment of VTE. It 
is recommended that most patients with DVTs and some with PEs can be managed 
on an outpatient basis. The guidelines also recommend therapy should be custom-
ized according to clinical circumstances of each individual patient. Patients with 
renal dysfunction require special considerations when selecting an anticoagulant 
therapy.

 What Is the Preferred Anticoagulant for VTE Treatment 
in Patients with Mild Renal Dysfunction?

Warfarin has long been the mainstay of treatment for VTE and can be safely pre-
scribed for patients with severe renal function with no specific dose adjustments 
based on renal clearance. However, recent studies have shown that patients on war-
farin that have CKD require lower maintenance doses and need to be seen more 
often due to decreased stability in dosing [5, 6]. Since warfarin doses are adjusted 
based on the INR, the INR must be monitored on a regular basis. If a patient is 
unable to adhere to the need for frequent lab draws, e.g. patients with transportation 
issues, other options should be considered. Treatment with warfarin must be over-
lapped with either unfractionated heparin, requiring an inpatient stay, or LMWH 
which can be used on an outpatient basis. The LMWHs enoxaparin and dalteparin 
have recommended dose reductions when CrCl is <30 mL/min. One must also con-
sider if the patient is able to self-administer the LMWH or is in need of assistance. 
Home monitoring of the INR during warfarin therapy is a possibility, however the 
patient’s ability to perform the point of care test and insurance coverage would need 
to be considered.

For patients with VTE, who do not have cancer, the 2016 CHEST guidelines 
recommend the use of a direct oral anticoagulant agent over warfarin. DOACs have 
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been proven to be at least as effective and safe as the combination of heparin and 
warfarin in treating acute VTE [7]. Evidence from clinical trials demonstrated that 
DOACs have a lower risk of bleeding, especially intracranial bleeding. Due to the 
fact that DOACs have fixed dosing, they do not require close monitoring to measure 
anticoagulant effect thus offering a convenient alternative for those patients who 
have difficulty maintaining lab appointments. DOACs would be an excellent option 
for AF who has transportation issues. The drawback of these agents is that they all 
possess some degree of renal elimination leading to an increased risk of bleeding 
due to drug accumulation in patients with decreased renal function. Therefore, dos-
ing needs to be adjusted according to the patient’s estimated CrCl (see Table 21.1) 
using the Cockcroft-Gault equation [7].

 Which of the DOACs Is the Best Option for Treating the DVT 
in AF?

The new CHEST guidelines as well as the guidance document from the 
Anticoagulation Forum, do not recommend one DOAC over another. The clinical 
scenario of the patient should be the deciding factor in the selection of a DOAC. 
(See Table 21.2).

Dabigatran (Pradaxa®), a direct thrombin inhibitor, was the first oral, non- vitamin 
k antagonist approved for prevention of stroke in patients with atrial fibrillation 
October 19, 2010. It was approved for treatment of VTE on April 7, 2014. Elimination 

Table 21.1 DOACs dosing for VTE according to renal function [8–10, 14]

DOAC
DVT/PE 
treatment

CrCL 
30–50 mL/
min CrCL <30 mL/min

Other 
considerations

Dabigatran 150 mg twice 
daily after 
5–10 days of 
parenteral 
anticoagulation

CrCl 
<50 mL/min 
with any P-gp 
inhibitor- 
avoid use

No 
recommendation. 
Patients were 
excluded from 
clinical trials

Edoxaban 60 mg daily after 
5–10 days of 
parenteral 
anticoagulant

30 mg daily For CrCl 15–30 mL/
min, dose is 30 mg 
daily

Weight < 60 kg or 
use with specific 
P-gp inhibitors 
dose is 30 mg daily

Rivaroxaban 15 mg twice 
daily for 10 days, 
followed by 
20 mg daily

No dose 
adjustment

Avoid use in CrCl 
<30 mL/min

Apixaban 10 mg twice 
daily for 7 days, 
then 5 mg twice 
daily

No dose 
adjustment

No recommendation 
or evidence in CrCl 
<25 mL/min
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of dabigatran is primarily renal with 80% of an intravenous dose excreted in this 
manner [8]. Dosing for the treatment of venous thromboembolism is 150 mg twice 
daily to begin after 5–10 days of parenteral anticoagulation based on RE-COVER 
and RE-COVER II trials. This would require a hospital admission if using unfrac-
tionated heparin or the ability to inject a LMWH. For patients ≥75 years, the risk of 
bleeding increases with dabigatran. Therefore elderly patients should be monitored 
for signs of bleeding or consider other treatment options. Dosing adjustments for 
renal dysfunction include only those patients who are currently receiving a P-gp 
inhibitor. For these patients, if the CrCl is <50 mL/min while on these medications, 
co-administration should be avoided. There are no dosing recommendations for 
CrCl ≤30 mL/min [8].

Rivaroxaban (Xarelto®) is an oral, reversible, direct Factor Xa inhibitor. 
Rivaroxaban has a dual mode of elimination. Following oral administration, approx-
imately two thirds of the dose undergoes hepatic metabolism where the metabolized 
drug is eliminated partly via renal excretion and the other half eliminated via a 
hepatobiliary route. The remaining one-third of the absorbed dose is excreted 
unchanged through the kidneys. The dose of rivaroxaban approved for acute VTE is 
15 mg twice daily with food for 21 days, followed by 20 mg daily. If the CrCl is less 
than 30 mL/min, rivaroxaban should be avoided [9]. Rivaroxaban does not require 
a 5–10 day treatment of a parenteral agent prior to initiation. This fact, along with a 
once daily dosing option, makes rivaroxaban a good choice for a patient who does 
not want to use a parenteral therapy.

Apixaban (Eliquis®) is another oral direct Factor Xa inhibitor. It is eliminated 
in both urine and feces with renal excretion accounting for about 27% of total 
clearance, the least of all the DOACs. The recommended dose for VTE treatment 
is 10 mg twice daily for 7 days followed by 5 mg twice daily. While there is no 
dose adjustment specifically based on renal function suggested by the manufac-
turer, it should be noted that patients with a serum creatinine >2.5 mg/dL or CrCl 
<25 mL/min were excluded from clinical trials [10]. In clinical trials, apixaban was 

Table 21.2 Patient specific considerations when considering oral anticoagulant for VTE [3]

Patient concern Suggested anticoagulant

Need for once daily dosing Edoxaban, rivaroxaban, warfarin
Poor compliance (missed doses) Warfarin (INR monitoring would detect)
Avoidance of laboratory monitoring Apixaban, dabigatran, edoxaban, rivaroxaban
Avoidance of parenteral therapy Apixaban, rivaroxaban
CrCL <30 mL/min Warfarin
History or high risk of bleeding Apixaban, warfarin
Coronary artery disease Apixaban, edoxaban, rivaroxaban
Need for a reversal agent Dabigatrin, warfarin
Pregnancy No oral options. Use LMWH
Financial concerns Varies by patient insurance. Warfarin least 

expensive

B. Pahl and D. Anderson



147

 associated with a significantly lower risk of bleeding compared to warfarin [11]. 
It would be the recommended DOAC if the risk of bleeding was a concern.

Edoxaban (Savaysa®) is the newest oral direct Factor Xa inhibitor. The renal 
clearance for edoxaban is 50%. Edoxaban is unique in that it is not recommended 
for use in atrial fibrillation patients with a CrCl >95  mL/min. In the ENGAGE 
AF-TIMI 48 study non-valvular atrial fibrillation patients with CrCL >95 mL/min 
had an increased rate of ischemic stroke with edoxaban 60 mg once daily compared 
to patients treated with warfarin [12]. In these patients another anticoagulant should 
be used. In the Hokusi-VTE trial, this was not a finding [13]. The recommended 
dose for DVT and PE treatment is 60 mg once daily after 5–10 days of initial ther-
apy with a parenteral agent. It is recommended to reduce the dose to 30 mg once 
daily if CrCl is 15–50 mL/min. For CrCl ≤15 mL/min, it is not recommended to use 
edoxaban [14].

To address the patient case presented earlier, warfarin dose adjusted based on 
INR with overlapping parenteral anticoagulation, would be an acceptable treat-
ment. However, the patient may have difficulty adhering with the required monitor-
ing. A DOAC, which does not require frequent lab visits, should be considered. 
Rivaroxaban and apixaban do not require initial parenteral anticoagulant therapy 
and can be used as initial therapy for patients with acute VTE.  Because of the 
patient’s CrCl of 41.2 mL/min, the dose of either apixaban or rivaroxaban would be 
the normal dose for DVT treatment. Edoxaban 30 mg daily after 5–10 days of par-
enteral anticoagulation therapy could also be an option. This patient is a diabetic 
who self- administers insulin therapy so co-therapy with a short-course of an 
LMWH would not be a barrier, however the patient may want to avoid additional 
injections. Dabigatran 150 mg twice daily could also be given after 5–10 days of 
parenteral therapy but should be used with caution as the patient is over 75 years of 
age. The patient’s insurance coverage should also be considered when selecting 
between these agents.

 Key Points

• Warfarin has been the main treatment for acute VTE and is recommended in 
patients with severe renal impairment.

• The new, oral anticoagulants offer a safe and effective treatment option for the 
treatment of VTE without intense laboratory monitoring.

• All of the new oral anticoagulants have some degree of renal elimination, there-
fore renal function must be considered when determining appropriate doses.

• Warfarin, dabigatran and edoxaban all require initial treatment of a parenteral 
anticoagulant agent when treating an acute VTE.

• Apixaban and rivaroxaban offer a single agent therapy option for treatment of 
acute VTE.
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• Rivaroxaban and dabigatran should be avoided if CrCl is ≤30 mL/min, while 
edoxaban should be avoided when CrCl ≤15 mL/min.

• The clinical scenario of the patient should be considered when selecting an anti-
coagulant for treating VTE.

 Self-Assessment Questions

 1. If AF’s renal function worsened and her CrCl is now 25 mL/min, which of the 
following anticoagulants could be used to treat her VTE? (Select all that apply).

 (a) Dabigatran 75 mg twice daily
 (b) Rivaroxaban 20 mg daily
 (c) Apixaban 5 mg twice daily
 (d) Edoxaban 30 mg once daily
 (e) Warfarin dose adjusted based on INR

Correct answer(s): C, D, E

(a) Dabigatran 75 mg twice daily would not be a correct choice as there are no 
dosing recommendations for a CrCl ≤30 mL/min for dabigatran.

(b) Rivaroxaban 20 mg daily would not be an option as it should be avoided if 
the CrCl is less than 30 mL/min.

(c) Apixaban 5 mg twice daily would be an anticoagulant that could be used to treat 
the patient as no dose adjustments are recommended for treating acute DVT/PE.

(d) Edoxaban 30 mg once daily would be an anticoagulant that could be used as 
this is the recommended dose for CrCl 15–50 mL/min.

(e) Warfarin dose adjusted based on INR would also be an option as this is the 
suggested therapy in patients with severe renal dysfunction.

 2. Which of the following anticoagulants require 5–10 days of parenteral antico-
agulant therapy either prior to or during treatment when initiating therapy for a 
DVT. (choose all that apply)

 (a) Warfarin
 (b) Edoxaban
 (c) Apixaban
 (d) Rivaroxaban
 (e) Dabigatran

Correct Answer(s): A, B, E

(a) Warfarin requires the use of low molecular weight heparin or unfractionated 
heparin until the INR is therapeutic.

(b) Edoxaban requires 5–10 days of parenteral anticoagulant therapy prior to 
initiation per the manufacturer.

(c) Apixaban does not require the use of a parenteral anticoagulant.
(d) Rivaroxaban does not require the use of a parenteral anticoagulant.
(e) Dagibatran requires 5–10 days of parenteral anticoagulation therapy prior to 

initiation per the manufacturer.
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Chapter 22
Oral Anticoagulation and Duration 
in Recurrent Venous Thromboembolism (VTE)

Regina Arellano

Abstract Long-term anticoagulant therapy for recurrent venous thromboembolism 
(VTE) is determined based on a patient’s underlying thromboembolic risk and 
bleeding risk. Patient characteristics and preferences should be considered when 
selecting appropriate anticoagulant therapy.

Keywords Recurrent deep vein thrombosis • Pulmonary embolism • Venous thrombo-
embolism • Duration • Selecting oral anticoagulation therapy • Thromboembolic 
risk • Bleeding risk

 Case Introduction

A 68-year-old male presents to clinic complaining of pain and swelling in his left 
lower extremity (LLE). His past medical history is significant for unprovoked pul-
monary embolism (PE) one year ago for which he completed approximately 
5 months of oral anticoagulation therapy with warfarin targeted to an INR range of 
2–3. Patient has a family history of VTE. His current weight and height is 148 kg 
and 77 in., respectively. His most recent vital signs and labs are within normal lim-
its, except for most notably serum creatinine of 1.2 mg/dL. His primary care physi-
cian ordered a LLE venous duplex ultrasound, which revealed a non-occlusive deep 
vein thrombus (DVT) confined to the left popliteal vein. Today this patient presents 
to discuss oral anticoagulant options and he does not want injections. Patient reports 
a history of non-adherence to INR monitoring and inconsistency with vitamin K 
intake. Upon further discussion, he admits he does not like to take medications and 
he was uncomfortable with taking more than one tablet at a time which often 
resulted in less than optimal time in therapeutic range (TTR). He also did not like 
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having restrictions to his diet because he frequently travels (note: travel was ruled 
out as a possible etiology for previous and current VTE).

 Case Discussion

What should be considered in developing a plan to manage this patient’s recurrent 
VTE?

 Duration of Therapy

Venous thromboembolism (VTE) includes (DVT) and (PE). Recurrent VTE is par-
ticularly common in patients who present with unprovoked (idiopathic) VTE. One 
study found the risk of recurrence at 2 years to be 4.8% in patients with a provoked 
event versus 12.1% in patients with an unprovoked event [1]. After a second unpro-
voked VTE, long-term anticoagulant therapy is recommended for patients who do 
not have risk factors for bleeding [1]. Long-term anticoagulant therapy is highly rec-
ommended if unprovoked event was a PE or if a second unprovoked VTE occurs [2]. 
This patient presents with a history of unprovoked PE and second unprovoked 
VTE. Long-term therapy should have been considered for his first VTE, however it is 
common in clinical practice to discontinue therapy after approximately 6–12 months, 
especially if patient is having difficulty with adherence to oral anticoagulant and/or 
appropriate monitoring parameters such as INR monitoring.

 Risk of Thrombosis Versus Risk of Major Bleeding

History of VTE is the main risk factor (see Table 22.1) for a second VTE [1]. The 
risk of recurrence is categorized according to underlying etiology (see Table 22.2). 
The risk is considered high if thrombosis was unprovoked or is associated with an 
irreversible risk factor such as underlying hypercoagulable disorder. The risk is 
deemed intermediate if thrombosis was provoked by a minor transient risk factor 
such as prolonged travel and immobility [2]. The incidence of VTE varies by the 
type and duration of travel and by individual risk factors, but the association between 
air travel and VTE is strongest for flights >8–10 h [4]. This patient presents with 
history of unprovoked VTE and a recurrent, acute unprovoked VTE, both factors 
place him at high risk for recurrence. It is also important to recognize that this 
patient reports a lifestyle involving frequent travel which may also increase patient’s 
risk depending on type and duration of travel. Also important to note, in patients 
who discontinue anticoagulation therapy after 3–6 months following an incident 
VTE, the risk of a recurrent event is approximately 10% in the first year, 5% in the 
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second year, and 2–4% for each subsequent year [5]. Risk factors that increase the 
risk of recurrent VTE in patients with an unprovoked VTE include male sex, increas-
ing age and obesity [6]. This patient discontinued therapy within 3–6 months fol-
lowing his first VTE and is an obese male. While this patient would be deemed at 
high risk for recurrent VTE suggesting long-term anticoagulant therapy, risk factors 
for bleeding are important to consider. Risk factors for bleeding include age 65 years 
or older, previous stroke, previous bleeding (e.g., gastrointestinal), active peptic 
ulcer disease, renal impairment, anemia, thrombocytopenia, liver disease, diabetes 
mellitus, use of antiplatelet therapy, poor patient compliance, and decreased 
TTR. One or two risk factors suggests moderate risk of bleeding and >3 risk factors 
suggest high risk of bleeding [7]. This patient is >65 years old and presents with a 
history of poor compliance to appropriate INR monitoring and decreased TTR. While 
evaluating a patient’s risk for both thrombosis and bleeding, it is also important to 
assess whether there is an alternative therapy option which can reduce the risk of 
thrombosis without increasing the risk of bleeding.

Table 22.1 Risk factors for VTE [3]

Risk factor Example

Age Risk doubles with each decade after age 50
Prior history of VTE Strongest known risk factor for DVT and PE
Venous stasis Major medical illness, major surgery, paralysis, obesity, 

varicose veins, immobility
Vascular injury Major orthopedic surgery (e.g., knee and hip replacement), 

trauma (especially fractures of the pelvis, hip, or leg), 
indwelling venous catheters

Hypercoagulable states Malignancy (diagnosed or occult), activated protein C 
resistance/factor V Leiden, prothrombin gene mutation, 
protein C/S deficiency, antithrombin deficiency, 
antiphospholipid antibodies, pregnancy/postpartum

Drug therapy Estrogen-containing oral contraceptives, estrogen 
replacement therapy, selective estrogen receptor 
modulators, heparin induced thrombocytopenia, 
chemotherapy, testosterone

Table 22.2 Risk for recurrent VTE [2]

Clinical presentation of VTE Example

High Unprovoked
Associated with an irreversible risk 
factor

Incurable malignancy
>1 occurrence of unprovoked VTE

Intermediate Provoked by a reversible factor Leg trauma (immobilization)
Within 6 weeks of estrogen therapy
Prolonged air travel (>10 h)

Low Provoked by a major reversible 
factor

Surgery
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 Therapeutic Options Available

Treatment options for the initial phase of an acute VTE include rapid-onset anticoagu-
lant agents to achieve therapeutic anticoagulation allowing stabilization of the throm-
bus and reducing risk of embolism. This patient presents with an acute VTE which 
requires rapid-onset anticoagulant therapy. Available options include (1) an oral anti-
coagulant bridged with low molecular weight heparin (LMWH) or (2) unmonitored 
subcutaneous unfractionated heparin [9] for a minimum of 5 days, or (3) a single-drug 
approach with an oral anticoagulant without the need for bridging with a parenteral 
agent. For VTE in patients without active malignancy, dabigatran, rivaroxaban, apixa-
ban, or edoxaban is suggested over vitamin K antagonists (VKA) therapy as long-
term anticoagulant therapy, while VKA therapy is suggested over LMWH [7]. Drug 
characteristics are an important factor to consider when selecting an appropriate anti-
coagulant therapy (see Table 22.3). Major differences that are important to patients 
include differences in the need for bridging with a parenteral agent and dosing fre-
quency. Variation in drug characteristics that are important to providers include effi-
cacy profiles, pharmacokinetic differences such as renal elimination (see Fig. 22.1), 

Table 22.3 Recommended dosing for DOACs in treatment and secondary prevention of VTE

Treatment
Secondary 
prevention

Renal 
adjustments

Potential 
for adverse 
effects Considerations

Rivaroxaban 15 mg BID × 21 days 
then 20 mg daily

20 mg 
daily

CrCl < 30: 
Avoid

GIB, 
dyspepsia

No parenteral lead-in
Acute VTE: BID 
dosing × 3 weeks
F ↑ with food

Dabigatran LMWH × 5 days
150 mg BID

150 mg 
BID

CrCl < 30: 
Avoid

GIB Parenteral lead-in 
for acute VTE
BID dosing

Apixaban 10 mg BID × 7 days 
then 5 mg BID × 6 
months

2.5 mg 
BID

CrCl < 25 or 
Scr > 2.5: not 
included trials

N/A No parenteral lead-in
BID dosing
Strong dual 
inhibitors of CYP 
3A4 and Pg-P: 
reduce dose of 10 or 
5 mg bid by 50% 
OR AVOID if 
already taking 
2.5 mg bid

Edoxaban LMWH × 5–10 days
60 mg daily

60 mg 
daily

CrCl > 95: 
Avoid
CrCl 
30–50/<60 kg/
Pg-P inhibitor: 
30 mg daily
CrCl < 30: 
Avoid

N/A Parenteral lead-in 
for acute VTE
FDA approval 
ONLY for treatment

BID twice daily, GIB gastrointestinal bleed, F bioavailability 
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potential for drug interactions and safety profile. The risk reduction for recurrent VTE 
with direct oral anticoagulants (DOACs) appears to be similar to the risk reduction 
with VKA, however, the risk of intracranial bleeding is less with DOACs [7]. In trials 
including patients with atrial fibrillation, gastrointestinal bleeding may be higher with 
dabigatran, rivaroxaban, and edoxaban compared to VKA, but has not been seen in 
trials including patients with VTE [7]. Another important consideration is that the 
exclusion criteria varied slightly among the trials including patients with VTE. In gen-
eral, important exclusion criteria to consider include need for thrombolytic therapy, 
clinically significant liver disease (acute or chronic hepatitis or cirrhosis), creatinine 
clearance (CrCl) <30 mL/min (<25 mL/min for apixaban), aspirin use >100 mg/day, 
and other interacting medications. The updated CHEST guideline suggests VKA as 
the preferred agent in renal disease and CrCl <30 mL/min and in patients with poor 
compliance unless compliance is not expected to be an issue with a DOAC [10].

 Patient Characteristics/Preferences

Based on differences in drug characteristics and to assess potential for adverse 
effects, baseline labs should be performed including serum creatinine for appropri-
ate dosing, liver function tests for potential underlying liver disease, and complete 
blood count for potential underlying anemia or thrombocytopenia when selecting an 
appropriate anticoagulant therapy. In addition, concomitant drug therapies and co- 
morbidities such as diabetes or heart failure should be considered and accounted for 
when selecting one of the DOACs. These co-morbidities often introduce the poten-
tial for drug interactions depending on which drug therapy is used to manage them. 
Screening for potential drug interactions (e.g., strong Pg-P and CYP 3A4 inhibitors/
inducers) and co-morbid conditions which can increase risk of bleeding (e.g., ane-
mia, gastrointestinal bleeding, peptic ulcer disease). It is also important to consider 
patient preference for dosing frequency (see Table 22.3), diet restrictions, office vis-
its for INR monitoring, and cost differences. In this patient, important consider-
ations include his preference for a single-drug approach without the need for 
bridging with a parental agent for treatment of his acute VTE. If patient agrees to 
long-term oral anticoagulant therapy to reduce his risk of recurrent VTE, options 
without diet restrictions and with the least pill burden should be considered based on 
his history of non-adherence to multiple doses of warfarin and poor TTR. Fortunately, 
this patient does not have underlying co-morbidities and is not taking any concomi-
tant drug therapy that would impact decision making when choosing a DOAC.

 Key Points

• Long-term therapy is highly recommended to reduce the risk of recurrent VTE in 
patients presenting with an unprovoked VTE, especially in patients with a history 
of unprovoked VTE
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• Underlying thromboembolic risk and bleeding risk is important to guide antico-
agulant selection for treatment and prevention of recurrent VTE

• Consider specific patient characteristics such as renal function, risk factors for 
recurrent VTE, and bleeding risk (age, co-morbidities, history of non-adherence 
to follow-up or other medications), and patient preferences such as preferred 
dosing frequency, dietary needs, and bridging needs when selecting the most 
appropriate anticoagulant therapy

 Self-Assessment Questions

 1. A 75-year-old male presents to your anticoagulation clinic for a follow-up visit. 
PMH is significant for HTN (controlled), osteoarthritis, and recurrent VTE 
(recently diagnosed 3 months ago, previous 1st unprovoked event 2 years ago). 
His medications include warfarin and acetaminophen as needed for pain. His 
most recent vitals and labs are within normal limits and most recent CrCl is 
50 mL/min. Patient is doing well on his current warfarin dose, however has 
been avoiding foods high in vitamin K content and he no longer wishes to 
avoid. He does not agree to have a consistent amount per week because this 
would be too difficult for him. Which of the following is the best management 
for this patient?

 (a) Discontinue warfarin and initiate apixaban which does not interact with 
foods high in vitamin K content

 (b) Discontinue warfarin because recommended duration of therapy is complete 
for this patient due to his high risk for major bleeding

 (c) Discontinue warfarin and initiate dabigatran because this therapeutic option 
is superior to warfarin

 (d) Continue warfarin therapy because this patient is not a candidate for direct 
oral anticoagulants

The correct answer is A. The patient is a high risk for recurrent VTE given 
risk factors of age, sex, and history of VTE and bleeding risk is considered low 
given one risk factor of age, therefore long-term anticoagulation would be rec-
ommended. The direct oral anticoagulants are similar in efficacy to warfarin not 
superior. This patient is a candidate for direct oral anticoagulant.

 2. Which of the following is the best management for an 80-year-old female diag-
nosed with an acute PE and a PMH significant for depression and previous 
unprovoked DVT (3 years ago). This patient presents with a calculated creatinine 
clearance of 58 mL/min and weight of 60 kg?

 (a) Initiate rivaroxaban 15 mg twice daily for 21 days then 20 mg daily
 (b) Initiate low molecular weight heparin + rivaroxaban 20 mg daily
 (c) Initiate apixaban 5 mg daily for 7 days then 2.5 mg daily
 (d) Initiate low molecular weight heparin + dabigatran 75 mg twice daily

22 Oral Anticoagulation and Duration in Recurrent Venous Thromboembolism (VTE)
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The correct answer is A. This patient is presenting with an acute VTE which 
requires initial phase treatment with rapid-onset anticoagulant therapy. Initial par-
enteral anticoagulation is given before dabigatran and edoxaban. It is not given 
before rivaroxaban and apixaban. The recommended dose for dabigatran is 150 mg 
twice daily not 75 mg. The recommended dose for apixaban is 10 mg twice daily for 
7 days then 5 mg twice daily for 6 months then patient can transition to 2.5 mg twice 
daily for long-term therapy to prevent recurrent VTE.
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Chapter 23
Pulmonary Embolism (PE) with Thrombolytic 
Therapy

Justin M. Schmidt

Abstract Unfractionated heparin is the preferred anticoagulant while the effects of 
thrombolysis are evident. Oral anticoagulants are not recommended to be adminis-
tered concurrently with thrombolytics and while direct oral anticoagulants have not 
been adequately studied after thrombolysis, use can be considered after the effects 
of thrombolysis are no longer present in select patients.

Keywords Pulmonary embolism • Thrombolytic • Fibrinolytic • Direct-acting oral 
anticoagulant

 Case Introduction

A 65 y/o male was admitted and transferred to the medical intensive care unit 3 days 
ago after losing consciousness. He was hypotensive, tachycardic, tachypneic, and 
hypoxic on admission. Electrocardiogram revealed right bundle branch block 
(RBBB) and T-wave inversions. His initial NT-proBNP was 1524 pg/mL and his 
troponin I was 1.64 ng/mL. He was started on an unfractionated heparin (UFH) 
infusion protocol. A CT-angiogram revealed a saddle pulmonary embolus with 
extension into the main pulmonary arteries and right ventricular (RV) dilation (to 
view images of a CT of a saddle PE, follow this hyperlink). His BP was minimally 
responsive to fluids. It was decided to administer alteplase as an infusion (100 mg 
over 2 h) as a thrombolytic therapy. His UFH infusion was held prior to the infusion 
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of alteplase and re-initiated 8 h after completion, once the aPTT decreased to 55 s 
(<2 × ULN). The heparin infusion has continued for an additional 3 days and his 
vitals have returned to normal. As the patient is nearing suitability for discharge, the 
issue of oral antithrombotic therapy arises. The patient has no kidney or liver dis-
ease, he is overweight (BMI 28), hypercoagulability workup is negative thus far and 
he has no known cancer.

 Case Discussion

 How Are Patients Who Receive Thrombolytics for VTE Different 
than Those Who Do Not?

Thromolytics are typically reserved for patients with massive or sub-massive pul-
monary embolism (as opposed to those with low-risk PE). Massive PE is gener-
ally defined as a PE with sustained hypotension or bradycardia. Submassive PE 
refers to patients without hemodynamic instability, but with evidence of RV dys-
function or biomarkers suggesting myocardial tissue damage [1]. There is ongo-
ing controversy regarding the use of thrombolytics in patients with submassive PE 
given more evenly matched risk and benefit, but the 2016 CHEST guidelines rec-
ommend against use of thrombolytics in patients without hypotension [2]. The 
case patient should be categorized as having a massive PE given his persistent 
hypotension. The patient also demonstrates RV dysfunction (RV dilation, elevated 
pro-BNP, new RBBB and T-wave inversions) and myocardial necrosis (elevated 
troponin I).

 How Do Thrombolytics Affect Coagulation 
After Discontinuation?

Currently available thrombolytics are typically administered over 2 h or less for this 
indication. After discontinuation, the fibrinolytic and anticoagulant effects outlast 
the detectable serum concentration. aPTT levels less than twice the upper limit of 
normal (ULN) are commonly used to determine when it is safe to re-initiate antico-
agulation (heparin is typically held during administration of thrombolytics in the 
United States, but commonly co-administered in Europe).

The 2016 CHEST guidelines recommend IV UFH for patients receiving throm-
bolytics [2]. This is likely due to the lack of data and experience with co- 
administration of other anticoagulants, the risk of hypotension compromising 
efficacy of subcutaneous and oral routes of administration and the availability of 
protamine to reverse the anticoagulant effects of UFH in the event of a bleed. The 
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case patient’s UFH infusion was discontinued during administration of the alteplase 
infusion and it was restarted 8 h later (the aPTT was <2 × ULN, indicating the thera-
peutic effects of alteplase were decreasing).

 Is There Any Evidence Regarding the Use of Direct Oral 
Anticoagulants (DOACs) in Patients Receiving Thrombolysis?

Evidence regarding DOACs use after thrombolysis is limited. Phase III studies for 
DOACs excluded patients who recently received thrombolytics. An open-labelled 
retrospective cohort study evaluated apixaban and rivaroxaban after 50 mg alteplase 
over 2  h with IV UFH in 159 patients with predominantly submassive PE [3]. 
Approximately 24 h after the alteplase finished infusing, the UFH was discontinued 
and the oral anticoagulant was started. While the results of this study are promising, 
the design and size of the study will limit impact on guideline recommendations. 
This study would not apply to the case patient given that the case patient had a mas-
sive PE (under-represented in the study) and received 100  mg of alteplase while 
holding UFH.

 Which Oral Anticoagulants Can Be Used After Thrombolysis?

Once a patient achieves hemodynamic stability and a reasonable amount of time has 
passed since thrombolysis (e.g., 24–48 h), oral anticoagulation initiation should be 
considered. Warfarin, dabigatran, rivaroxaban, apixaban, and edoxaban are all rea-
sonable options. While there are limited data evaluating DOACs in patients experi-
encing massive PE and in those who receive thrombolysis, they have all proven 
effective in patients with less severe PE. The phase III study evaluating edoxaban 
evaluated a subgroup of patients with RV strain (evidenced by elevated NT-proBNP 
levels), and edoxaban was more effective than warfarin at preventing recurrent 
venous thromboembolism (3.3% vs. 6.2%, respectively, p < 0.05) [4]. The pulmo-
nary embolism severity index (PESI) can help stratify short-term prognosis [5], and 
most patients receiving thrombolysis likely score in the intermediate to very high risk 
groups. Variables included in this tool include age, sex, comorbid disease states, mea-
sures of hemodynamic stability and mental status. This tool can help guide the timing 
of hospital discharge and follow-up. Traditionally, patients intermediate to very high 
risk PE have been hospitalized for at least 5  days during bridging with warfarin, 
whereas those with very low to low risk could be discharged with a low molecular 
weight heparin during this timeframe. Now that the case patient has achieved hemo-
dynamic stability and is >24 h post-thrombolysis, Table 23.1 reviews the oral antico-
agulant therapeutic options and the advantages and disadvantages of each.
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 Key Points

• Oral anticoagulants are not recommended to be administered concurrently with 
thrombolytics (unfractionated heparin is the preferred anticoagulant 
peri-thrombolysis).

• Oral anticoagulants can be used after the effects of thrombolysis are no longer 
present and sufficient time has passed to evaluate for bleeding (e.g., 24–48 h) as 
long as the patient is hemodynamically stable.

• While direct oral anticoagulants have not been adequately studied after throm-
bolysis, use in this setting is not contraindicated.

 Self-Assessment Questions

 1. A patient who experienced a massive pulmonary embolism is in the ICU having 
just received tenecteplase. Which of the following is true regarding the initiation 
of oral anticoagulation for this patient?

 (a) Oral anticoagulation can begin immediately given that the thrombolytic has 
already been administered

 (b) Oral anticoagulation can be started after the patient has achieved hemody-
namic stability and is at least 24 h from administration of fibrinolysis

 (c) Oral anticoagulation should occur only upon discharge from this hospital
 (d) Oral anticoagulation is contraindicated in patients who have received 

thrombolytics

Table 23.1 Advantages and disadvantages of oral anticoagulant therapy after PE and thrombolysis

Therapeutic 
option Advantages Disadvantages

Dabigatran Limited monitoring Would require two more days of LMWH, 
fondaparinux or UFH
Lack of experience/data in this setting

Edoxaban Limited monitoring Would require two more days of LMWH, 
fondaparinux or UFH
Lack of experience/data in this setting

Apixaban Limited monitoring
No additional/alternative 
anticoagulant required

Lack of experience/data in this setting

Rivaroxaban Limited monitoring
No additional/alternative 
anticoagulant required

Lack of experience/data in this setting

Warfarin Greater experience/data in this 
setting

Would require bridging with LMWH, 
fondaparinux or UFH and additional 
monitoring/dietary requirements
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Correct Answer: B. Given concerns for bleeding with fibrinolysis after discontinu-
ation and hemodynamic instability, it is reasonable to wait at least 24 h to start an oral 
anticoagulant. The 2016 CHEST guidelines recommend unfractionated heparin 
around the time of fibrinolysis given the above issues as well as the availability of a 
reversal agent. Administering an oral anticoagulant immediately is incorrect because 
it might be ineffective if absorption of the medication is compromised hypoperfusion. 
If, on the other hand, the perfusion is not compromised, there may be additive effects 
on the risk of bleed given persisting effects on aPTT and fibrinogen levels after throm-
bolytic discontinuation. Option C is incorrect because warfarin is commonly initiated 
in the hospital to hasten the ability to discontinue parenteral anticoagulation. There is 
no reason that DOACs would require outpatient initiation. Option D is not correct 
because, while these medications have not been evaluated in prospective RCTs in 
patients receiving thrombolysis for PE, their use is not specifically contraindicated.

 2. Which of the following are true regarding the use of oral anticoagulants in 
patients receiving thrombolysis for massive PE? Choose all that apply.

 (a) Use of oral anticoagulants may be ineffective during periods of hemody-
namic instability given compromise of intestinal blood flow

 (b) Oral anticoagulants without a reversal agent could pose additional bleeding 
risk if coadministered with a thrombolytic

 (c) Edoxaban has been studied in this setting and is safe and effective
 (d) Randomized controlled studies have established that unfractionated heparin 

is more safe and effective than oral anticoagulants during and shortly after 
thrombolysis

 (e) Given the short serum half-life of thrombolytics, oral anticoagulants should 
be started before thrombolytics to ensure that they are effective when serum 
concentrations are not detectable

Correct Answers: A and B. Theoretical concerns with administration of oral anti-
coagulants to patients with massive PE and thrombolysis include a lack of safety 
given added risk of bleed and lack of efficacy given lack of absorption. Option C 
and D are incorrect because there are no randomized controlled studies evaluating 
oral anticoagulants after thrombolysis for PE. Option E is incorrect because while 
the serum half-lives of thrombolytics are short, their effects are longer lasting.
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Chapter 24
Patient on Oral Anticoagulant Presenting  
with ACS

Craig J. Beavers

Abstract Patients on oral anticoagulation potentially could present with acute cor-
onary syndrome and providers needs to be aware of optimal management in this 
setting. Providers need to assess the type of anticoagulation the patient is on, assess 
the urgency of the procedure, and utilize bleeding avoidance strategies to mitigate 
risk.

Keywords PCI • Acute coronary syndrome • Bleeding avoidance • DOAC • Risk 
assessment • Bivalirudin

 Case Introduction

A 60 year old male with a significant past medical history for hypertension, atrial 
fibrillation, and tobacco abuse presents to the emergency department at 3  PM 
with complaints of severe, substernal chest pain for the last 30 min. His ECG 
shows a 1 mm of ST-segment depression anteriorly. His troponins are elevated 
and he is given a diagnosis of a non-ST segment myocardial infarction (NSTEMI). 
His current vitals include a pulse of 70 beats per min, blood pressure is 
114/71  mmHg, weight 76  kg, and height 180.3  cm. His serum creatinine is 
reported to be 1.03. He was given 324  mg of aspirin and nitroglycerin upon 
arrival. His home medications include apixaban 5 mg twice daily, last dose was at 
8 AM, aspirin, and lisinopril.
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 Case Discussion

The use of a chronic oral anticoagulant (OAC) is common among patients who pres-
ent with acute coronary syndrome (ACS). The exact frequency is unknown due to 
increasing rates of patients with venous thromboembolism (VTE) and atrial fibrilla-
tion (AF). Older estimates suggest anywhere from 5 to 7% of patients undergoing 
percutaneous coronary intervention (PCI) are receiving chronic OAC therapy [1]. 
However, data regarding the optimal management and outcomes for patients who 
present with ACS and who are on OAC are limited. Practitioners are faced with the 
tough position of limiting bleeding events without increasing thrombotic risks. The 
National Cardiovascular Disease Registry indicated that patients receiving warfarin 
at the time of PCI procedure had significantly increased in-hospital bleeding (elec-
tive PCI: adjusted odds ratio [OR] 1.26, urgent PCI: OR 1.42) and in-hospital mor-
tality (elective PCI: 1.4% versus 0.6%, urgent PCI: 8.6% versus 4.5) compared to 
patients not receiving warfarin therapy [1]. Additional registry data has indicated 
that patients on warfarin with unstable angina (UA)/NSTEMI were less likely to 
undergo PCI (OR 0.80, 95% CI 0.75–0.86) or receive aspirin (OR 0.52, 95% CI 
0.46–0.57) or clopidogrel (OR 0.53, 95% CI 0.50–0.56) [2]. Currently, there is no 
data on patients taking the direct oral anticoagulants (DOACs). Due to the data gaps 
and no clinical guidelines on the matter substantial variability exists on the manage-
ment of these patients.

 Considerations for the Management of a Patient Who Takes 
Chronic Warfarin Therapy Who Presents with ACS

For all patients presenting with ACS on warfarin, it is recommended to obtain 
an international normalized ratio (INR). If a patient presents needing an urgent 
PCI (ST-segment elevation myocardial infarction [STEMI] or high-risk 
NSTEMI), then it appears safe to do a PCI without additional anticoagulation 
when the INR is 2–3 [3]. There is no data for a patient who presents with an INR 
>3 thus an individualized strategy should be devised. It may be impractical in 
STEMI patients to attempt vitamin K antagonist reversal due to the need to 
avoid delays in door-to-balloon time [4]. If a patient has UA/NSTEMI and PCI 
can be delayed, then expert consensus advises the INR be ≤1.8 when femoral 
access is to be used [5]. Alternatively, if radial access is to be used then the INR 
should not exceed greater than 2.2 [4]. If a patient has an INR <2, it would be 
appropriate to consider use of recommended ACS intravenous anticoagulation 
(e.g., heparin, bivalirudin) in the lab. If a patient with UA/NSTEMI has an ele-
vated INR and needs to go to procedure earlier (within 24–48 h), then adminis-
tration of vitamin K, fresh frozen plasma, or factor products can be considered 
if the benefits outweigh the risk [5]. Should an UA/NSTEMI patient not require 
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PCI it is prudent to perform a risk/benefit analysis based on anticoagulation 
indication to determine if warfarin should be continued in addition to dual anti-
platelet therapy (DAPT), if it can be stopped in favor of DAPT, or if the OAC 
can be continued without DAPT. See Table 24.1 for a review of consideration 
for the management of VKA during PCI.

 Considerations for the Management of a Patient Who Takes 
Chronic DOACs (Apixaban, Dabigatran, Edoxaban, 
and Rivaroxaban)

Currently, there is no data on the management of patients on DOACs around the 
time of PCI. There is no laboratory measure to monitor the degree of anticoagula-
tion with these agents at presently. It is critical for providers to determine the timing 
of the last dose of these agents in conjunction with renal function assessed through 
creatinine clearance. If a DOAC was administered in the last 4–6 h it would be at 
peak concentrations and potentially place the patient at increased risk of bleeding. 
Limited, mixed data does not provide clear indication if PCI can be performed while 
on a DOAC alone [6]. Thus, in emergent situations, it is recommended by expert 
consensus to give additional heparin or bivalirudin as bailout when needed if throm-
bosis develops during PCI in these scenarios [7]. Furthermore, the decision to con-
tinue or stop the DOAC should be individualized [5]. Like warfarin, if a UA/
NSTEMI patient does not require PCI it is prudent to perform a risk/benefit analysis 
(history of recent venous thromboembolism, high CHA2DS2-VASc, hypercoagula-
ble disorder, history of recent bleeding, poor renal function, etc.) based on antico-
agulation indication to determine if the DOAC should be continued in addition to 
dual antiplatelet therapy (DAPT), if it can be stopped in favor of DAPT, or if the 
OAC can be continued without DAPT.

Table 24.1 Management of VKA during percutaneous coronary intervention (PCI)

Obtain an international normalized ratio (INR)
It appears safe to perform PCI without additional anticoagulation when the INR is 2–3 in 
patients presenting for urgent PCI (STEMI and high-risk NSTEMI)
An individualized strategy should be devised for people with an INR >3
It may be impractical to reverse VKA due to urgency of STEMI or high-risk NSTEMI
Preference should be given to using radial access
Expert consensus advises the INR be ≤1.8 when femoral access is to be used for UA/NSTEMI 
PCI
If a patient has an INR <2, it would be appropriate to consider use of recommended ACS 
intravenous anticoagulation (e.g., heparin, bivalirudin) in the lab
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 Global Considerations in this Population

Expert consensus recommends that patients on oral anticoagulation around PCI 
be managed with implementation of various bleeding avoiding strategies 
(Table 24.2) [8]. In patients on an OAC it is preferred that radial access be used. 
Due to the lower risk of bleeding, preference is given toward using bivalirudin as 
the agents of choice for intravenous anticoagulation [7]. It is also recommend that 
clopidogrel be the preferred antiplatelet for use in ACS for patients on an OAC, 
especially if the patient is going to require DAPT plus the OAC. The use of gly-
coprotein IIb/IIIa inhibitors should be avoided if possible [7]. In addition, the 
patient should be loaded with the P2Y12 inhibitor during or after angiography [7]. 
Data surrounding the role of intravenous P2Y12 cangrelor in this population is 
lacking but could be appealing given its rapid onset and offset. Finally, standard 
reversal practices should be followed for patient on an OAC who develops bleed-
ing during or after PCI including un- activated 4-factor prothrombin complex con-
centrate products for warfarin, idarucizumab for dabigatran, and un-activated 
4-factor prothrombin complex concentrate for the factor Xa inhibitors (See 
Table 42.2 for review of reversal agents) [5, 7].

 Key Points

• It is increasingly common that patients on an OAC present with ACS events and 
potentially require PCI

• This patients are at an increased risk of bleeding events and mortality
• Limited data and expert consensus guide decision making for these  

situations
• Providers need to evaluate the urgency of the procedure, the risk/benefit of con-

tinuing OAC therapy, and the risk/benefit of performing PCI while on  
the OAC.

• For patients receiving warfarin the INR should be measured
• Procedures should be performed via radial access, if able, bleeding avoidance 

strategies should be used, and clopidogrel should be the antiplatelet of choice 
until more data is available

• Standard reversal procedures should be followed if a patient on an OAC develop 
bleeding during or after PCI

Table 24.2 Bleeding avoidance strategies

Pharmacology Bivalirudin, Lower dose heparin, Judicious use of glycoprotein  
IIb/IIIa

Procedure Radial access, Smaller sheath size, Flouro guided access, Ultrasound guide 
access, Bleeding risk stratification

Technology Vascular closure device
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 Self-Assessment Questions

 1. A 65 yo female with history of recurrent DVT on warfarin 5 mg daily presents to 
your emergency department for an ST-segment Elevation Myocardial Infraction 
(STEMI). Her INR was collected by point of care in the emergency department 
and was reported to 2.4 and all other labs are within normal limits. She is taken 
emergently to the catheterization laboratory. As a provider on the STEMI 
response team, you are asked your opinion on how to manage this patient.

 (a) Perform catheterization with radial access, reverse the warfarin using 
4- factor prothrombin complex concentrate, utilize bivalirudin, and assure 
patient is loaded on clopidogrel 600 mg followed by 75 mg daily

 (b) Perform the catheterization with femoral access, perform the cath on warfa-
rin with bailout heparin, administer glycoprotein II/IIIa inhibitor, and assure 
patient is loaded on clopidogrel 600 mg followed by 75 mg daily

 (c) Perform the catheterization with radial access, perform the cath on warfarin 
with bailout bivalirudin, and assure patient is loaded after catheterization on 
clopidgorel 600 mg followed by 75 mg daily

 (d) Perform the catheterization with femoral access, perform the cath on warfa-
rin with bailout bivalirudin, and assure patient is loaded during the proce-
dure with prasugrel 60 mg followed by 10 mg daily

Answer: The correct answer would be C. Given the limited data, it appears safe 
in urgent situations to perform the catheterization on warfarin since the patient’s 
INR is 2–3. This would make answer A incorrect. Based on expert consensus, it is 
preferred that the patient use bivalirudin and radial access, which are a bleeding 
avoidance strategies, and clopidogrel in these situations. This would make answers 
B and D incorrect. Finally, experts recommend avoiding glycoprotein IIb/IIIa inhib-
itors which would also make B incorrect.

 2. Which of the following statements would be true regarding managing a patient 
on apixaban who presents with an ACS event?

 (a) It is best to collect an INR and aPTT level in order to assess the degree of 
anticoagulation

 (b) The majority of data with DOAC suggest using bivaliurdin infusion upon 
presentation and during percutaneous coronary intervention

 (c) The patient should have an INR <1.8 in order to perform the procedure via 
femoral access

 (d) The decision to continue or stop apixaban should be individualized based on 
risk/benefit

Answer: The correct answer is D. Apixaban cannot be monitored via INR or 
aPTT values and provide no use when making decisions regarding the PCI proce-
dure and thus makes answer A incorrect. There currently is limited data to guide 
providers regarding the best means of management; however, expert consensus 
states additional anticoagulation should be considered bailout if the OAC has been 
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recently administered. This makes B is incorrect as this would not be bailout use. 
Expert consensus also indicates that radial artery access in preferred. Since you can-
not monitor the factor Xa inhibitors by INR, the only time it would be ideal to 
consider femoral access is if the apixaban has been withheld for 24–48 h. Thus, 
answer C is not correct.
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Chapter 25
Oral Anticoagulant Therapy Post- 
Percutaneous Coronary Intervention

Craig J. Beavers

Abstract Patients who are on oral anticoagulation who receive a stent via PCI 
represent a challenging patient population. A multitude of pharmacotherapy consid-
erations must be evaluated to design a regimen that reduces bleeding and prevents 
thrombosis.

Keywords Percutaneous coronary intervention • PCI • Bleeding • Stent • Triple 
therapy • DOAC • Dual antiplatelet therapy • DAPT

 Case Introduction

The same patient from case 24 has moved from the catheterization laboratory to the 
floor. He was administered cangrelor as the P2Y12 agent in the lab and received a 
drug-eluting stent to his proximal LAD. They left him on his apxiaban and didn’t 
use any bailout bivalirudin or heparin. The team is now debating long-term manage-
ment of his oral anticoagulant (OAC) and dual antiplatelet therapy (DAPT).

 Case Discussion

What factors need to be considered when developing a plan regarding this patient 
post-PCI regimen?
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 Estimate Bleeding Risk Versus Risk of Ischemia

Careful decision making must occur in the management of patients who require 
DAPT in addition to an OAC, also known as triple therapy (TT). Evidence suggests 
the bleeding risk in these patients is increased two to threefold [1]. One of the first 
considerations should be does the patient still have an indication for the OAC [2]. If 
it is safe to stop the OAC, then it should be contemplated. It is clear from historical 
data that DAPT is superior over warfarin for prevention of ischemic events associ-
ated with stent placement [3]. When applicable, it may be prudent to utilize risk 
scores to characterize the risk of ischemic (stroke, myocardial infarction, stent 
thrombosis) events versus bleeding to aid in decision making. In atrial fibrillation 
(AF) patients, the utilization of the CHA2DS2-VASc and HASBLED for risk assess-
ment, as outlined in Chap. 2, can be used for assessment. For patients with venous 
thromboembolism (VTE), the DASH score (D-dimer abnormal, age ≤50  years, 
male patient, and hormone use at VTE onset) and the American College of Chest 
Physicians bleeding score can be used [4, 5]. However, there are some limitations 
with these scorings systems as some of the same hazards exist in the thrombosis and 
bleeding models [2]. Furthermore, the scoring systems were not devised for patients 
on an OAC plus DAPT or they estimate an annualized versus a short-term risk. The 
patient in the case has a CHA2DS2-VASc score of 4 (4.0% annualized risk) and a 
HASBLED score of 2 (1.88% annualized risk) indicting a higher risk of thrombosis 
versus bleeding. It would be prudent to consider the use of OAC in addition to the 
DAPT.

 Selection of Regimen

If it is decided the patient needs to remain on an OAC in addition to DAPT, then 
consideration of the pharmacotherapy regimen needs to occur to minimize both 
ischemic events and bleeding. The current available evidence is limited in terms of 
large, prospective, adequately powered randomized trials and is mostly derived 
from observational studies, smaller trials, and expert consensus. When considering 
an OAC a provider must contemplate utilization of warfarin versus the direct oral 
anticoagulants (DOACs), such as apixaban, dabigatran, edoxaban, rivaroxaban, in 
conjunction with DAPT [2, 6, 7]. The efficacy and safety of DOACs in patients with 
histories of AF or VTE who have had PCI are lacking. However, data of these agents 
in patients who lack AF or VTE but had a recent ACS demonstrated increased risk 
of bleeding when added to DAPT [8–10]. Given this reason, most experts currently 
recommend to avoid the use of DOACs in this setting until there is more data in AF 
and VTE patients. Preferential consideration should be given to warfarin with a 
lower intensity INR. Ideally the INR range should be 2–2.5 [1]. Similarly to the 
DOACs, it is preferred to avoid the newer P2Y12 inhibitors, such as prasugrel and 
ticagrelor, due to limited evaluation in this population and increased bleeding risk. 
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Finally, it is preferred that aspirin be used at the 81 mg dose also to reduce bleeding 
risk while providing optimal ischemic protection. The patient in the case is cur-
rently on warfarin so it would be ideal to leave him on warfarin but change his goal 
INR range to be 2–2.5. There are trials underway looking at using the DOACs in 
this population.

 Double Versus Triple Therapy

Due to the substantial increase risk of bleeding, it has been theorized removing a 
component of the TT might reduce the bleeding. Removing aspirin has been inves-
tigated in the prospective, open-label, multi-center. What is the Optimal Antiplatelet 
and Anticoagulant Therapy in Patients with Oral Anticoagulation and Coronary 
Stenting (WOEST) trial. In this trial a total of 573 patients on warfarin were ran-
domized to aspirin plus clopidogrel or clopidogrel alone. The trial demonstrated 
lower overall bleeding at 12 months, which was the primary endpoint, in the patients 
on clopidogrel alone versus DAPT (hazard ratio, 0.36; 95% confidence interval, 
0.26–0.50, p < 0.01) [11]. There was no increased rate of thrombotic events; how-
ever, this was a secondary endpoint and trial was not powered to look at these events. 
This trial provides promise regarding this strategy. The one potential concern related 
to dropping aspirin would be the chance of no antiplatelet protection if the patient 
was a clopidogrel non-responder and it would be prudent to assess this should the 
aspirin be removed. Several trials are underway looking at the use of DOACs with 
some of the novel antiplatelets alone. For the patient in the case, it could be consid-
ered to drop the aspirin therapy but it might be wise to assure the patient is a clopi-
dogrel responder via P2Y12 assay. If the patient were a clopidogrel non-responder 
it would be reasonable to one of the new anti-platelets in this instance.

 Duration of Therapy of DAPT

In patients who may need TT the duration of therapy needs to be addressed. If 
patients received a second generation drug-eluting stent (DES), which is the most 
common type of stents utilized currently, the 2016 American College of Cardiology/
American Heart Association Dual Antiplatelet Therapy Guidelines recommend 
12 months of DAPT therapy in patients with an ACS event and 6 months of DAPT 
in patients with stable, elective PCI, generally [1]. If a patient were to get a bare- 
metal stent (BMS), DAPT can be continued for a minimum of 1 month in the elec-
tive setting or up to 12 months post-ACS [1]. Experts recommend shortening the 
duration to 6 months in the post-ACS population when the patient is on TT irrespec-
tive of stent type [7]. It is unclear the optimal management of these patients with the 
use of the novel biodegradable stents. It would be reasonable to continue DAPT for 
a minimum of 6 months in the patient from the case if they were to remain on TT.
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 Other Considerations

If TT is utilized, experts recommend for more frequent INR monitoring and meth-
ods to assure there is a time in therapeutic range is ≥80%. Finally, given the use of 
TT it is prudent to assure the patient is on some form of gastrointestinal prophylaxis 
(GI). If GI prophylaxis is used it would be prudent to use a proton pump inhibitor 
and to avoid omeprazole and esomeprazole due to drug-drug interaction.

 Key Points

• The use of TT increases the risk of bleeding two to threefold
• It is critical for providers to consider the need for an OAC, the selection of the 

type of anticoagulation, degree of anticoagulation, antiplatelet selection, and 
duration of antiplatelet therapy (See Table 25.1 for review)

• At the current time, experts recommend utilization of warfarin therapy when an 
OAC is needed with a goal INR 2–2.5

• It is prudent to avoid the use of the more potent antiplatelet agents, such as 
ticagrelor or prasugrel

• Efforts should be made to assure the patient has close follow-up and is consid-
ered for gastrointestinal prophylaxis

 Self-Assessment Questions

 1. A 70-year-old female patient who is on warfarin for a DVT, which occurred 
12 months ago after a knee surgery, presents to the emergency department for an 
NSTEMI. She is taken to the cath lab and has a drug-eluting stent placed into the 
right coronary artery. Which of the following is true regarding the best manage-
ment of this patient?

 (a) Switch the patient to apixaban 10 mg twice daily for 7 days followed by 
5 mg twice daily plus clopidogrel 75 mg daily and aspirin 81 mg daily

 (b) Keep the patient on warfarin with a goal INR 2–2.5 as well as starting clopi-
dogrel 75 mg daily, aspirin 81 mg daily, and omeprazole 20 mg daily

 (c) Keep the patient on warfarin with a goal INR 2–2.5 as well as starting 
ticagrelor 90  mg twice daily and aspirin 81  mg daily, and pantoprazole 
40 mg daily

 (d) Stop warfarin and start patient on ticagrelor 90 mg twice daily and aspirin 
81 mg daily

ANSWER: Answer D is the best choice. Based on lack of data and expert opin-
ion, it preferred to avoid apixaban due to the potential for increased risk of bleeding 
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which makes answer A incorrect. Answer B is incorrect due to the fact there is drug- 
drug interaction with clopidogrel and omeprazole. If a PPI is use then it is preferred 
to use an agent that does not inhibit CYP2C19. Answer C is incorrect due to lack of 
data and potential for increased bleeding with the more potent antiplatelet agents. 
Answer D is correct because the patient had a provoked reason for a DVT which 

Table 25.1 Key clinical considerations in triple therapy post PCI [6]

Issue Vitamin K antagonist (VKA)
Direct oral anticoagulant 
(DOAC)

Initial antithrombotic 
treatment

TT (low-dose aspirin (ASA)a,b, 
clopidogrel, VKA)

TT (low-dose ASA, clopidogrel, 
DOAC)

Duration of TT Elective setting + BMS: 
1 month
Elective setting + new- 
generation DES: 6 monthsc

ACS setting + BMS/new 
generation DES: 6 monthsd

Elective setting + BMS: 1 month
Elective setting + new-generation 
DES: 6 monthsc

ACS setting + BMS/new 
generation DES: 6 monthsd

Intensity of OAC during 
TT

Reducede Reducedf

Special care during TT Frequent INR monitoringg

Attention to high quality OAi

Routine gastric protectionj

Frequent laboratory monitoringh

Routine gastric protection

Subsequent 
antithrombotic 
treatmentm

VKAk,l+ single antiplatelet 
agentm

DOACl,n+ single antiplatelet 
agentm

TT triple therapy, ACS acute coronary syndrome, DES drug-eluting stent, EES everolimus-eluting 
stent, ZES zotarolimus-eluting stent, BMS bare-metal stent, INR International Normalized Ratio, 
CBC complete blood count, Hgb hemoglobin, PPI proton pump inhibitor, TTR time in therapeutic 
range
a75–100 mg/day
bMay be omitted in selected patients at high risk of bleeding, and low risk of stent thrombosis
cOne month only maybe considered when the risk of bleeding is highly increased, and a new- 
generation EES or ZES has been implanted
dOne month only may be considered when the risk of bleeding is highly increased, and either BMS 
or a new-generation EES or ZES has been implanted
eINR range 2.0–2.5
fLower dose of DOAC: dabigatran 110 mg BID, rivaroxaban 15 mg daily, apixaban 2.5 mg twice 
daily, edoxaban 30 mg daily
gEvery 2 weeks
hCreatinine clearance, CBC, and HgB every 4 weeks
iAverage TTR >70%
jPreferably with PPI not interfering with clopidogrel metabolism (e.g., pantoprazole, dexlansoprazole)
kAfter the initial course of 1–6 months of TT has been completed standard INR range may be 
resumed (unless other indications for reduced are present)
lVKA/DOAC monotherapy may be considered after BMS implantation in elective setting, espe-
cially when bleeding risk is highly increased
mEither low-dose aspirin (75–100  mg/day) or clopidogrel, depending on the individual risk of 
bleeding, especially gastrointestinal, and stent thrombosis
nStandard DOAC dose may be resumed (unless other indications for reduced dose are present)
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typically only requires 3–6 months of treatment. It would be ideal to stop the OAC 
and put on DAPT alone. Furthermore, there is data with aspirin alone to prevent 
recurrent VTE.

 2. Please select the following response(s) regarding triple therapy that is/are true:

 (a) It is important to utilize aspirin doses of <100 mg
 (b) It is critical for the patient to keep on triple therapy for at least 12 months 

after any stent placement for elective and urgent procedures
 (c) The risk of bleeding is lower and ischemic events are higher when aspirin is 

dropped from triple therapy
 (d) It critical to genetically test patients to determine if there would be any issues 

with warfarin metabolism

ANSWER: The only answer which is correct would be A.  It is important to 
assure the lowest dose of aspirin is used to limit bleeding, specifically gastrointesti-
nal bleeding. Answer B is wrong since patients with elective PCI, patients on TT, or 
bare-metal stent placement could allow for shorter duration of therapy. Answer C is 
incorrect since the WOEST trial demonstrated lower bleeding with no increase in 
ischemic events. However, it must be noted that the trial was not powered to look at 
ischemic events. Finally, answer D is incorrect as there is currently no recommenda-
tion per any guidelines to genetically test patients for warfarin metabolism.
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Chapter 26
ST-Segment Elevation Myocardial Infarction 
(Lytic Candidate) on Oral Anticoagulant

Craig J. Beavers

Abstract Patients on oral anticoagulation who present with a ST-segment myocar-
dial infarction and require fibrinolytics therapy represent a high patient population. 
With limited evidence to guide management, providers must assess risk versus ben-
efit and attempt to mitigate bleeding events.

Keywords Fibrinolytics • STEMI • Bleeding • Door-to-needle • Risk assessment  
Hemorrhage

 Case Introduction

A 55-year-old man with history of Factor V Leiden on warfarin presents to a rural 
emergency department with a ST-segment elevation myocardial infarction (STEMI). 
Due to severe weather, the hospital is not going to be able airlift him to a hospital 
with percutaneous coronary intervention (PCI) capability and it would take 2 h via 
ambulance. The team is considering fibrinolytic therapy. His INR was determined to 
be 2.3 via point of care testing in the emergency department. He has normal renal 
function, is 77 kg, and has an additional past medical history of dyslipidemia. His 
current blood pressure is 110/78 mmHg.

 Case Discussion

Based on the 2013 American College of Cardiology Foundation/American Heart 
Association Guideline for the Management of STEMI, the preferred means of 
reperfusion is by PCI within a timely manner [1]. If a STEMI patient arrives to a 
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non-PCI capable hospital and is not able to be transferred to a PCI capable hospital, 
then the guidelines recommend the patient be given fibrinolytic therapy [1] 
(Table  26.1). Due to the increased risk of hemorrhagic events, there are several 
absolute and relative contraindications to fibrinolytic therapy in STEMI. Among the 
relative contraindications is the use of oral anticoagulant (OAC) therapy. Due to 
growing use of OAC in patients with high cardiovascular risk there is an escalating 
potential they may need fibrinolytic therapy [2]. There is limited guidance on how 
to best manage these patients. Data from patients on warfarin who received fibrino-
lytic therapy frequently have major bleeding events. One study demonstrated 7/36 
(19%) of these patients developed major bleeding or intracranial haemorrhage 
(ICH) with only one of the ICH being fatal [3]. This is a marked increase in bleeding 
compared to Thrombolysis in Myocardial Infarction (TIMI) major bleeding noted 
in the alteplase in myocardial infarction clinical trial which was reported to be 2.3% 
[4]. Another study found patients on OAC, specifically warfarin, who received fibri-
nolytics for STEMI trended toward having more serious bleeding [5]. Risk factors 
associated with bleeding included age, aspirin use, and previous fibrinolytic use [5]. 
Two additional analyses found patients on warfarin who were age 65 or older and 
received fibrinolytics therapy appeared to be at an increased risk of bleeding when 
INR values were over 3 [3, 6].

As alluded, there is limited data to guide providers in the management of these 
patients (Table 26.2). Anytime fibrinolytics are considered it is critical that a risk/
benefit analysis be performed. For patients on warfarin, providers can extrapolate 
from the stroke literature and use the barometer of an INR >1.7 as a cut point as a 
contraindication for lytic therapy [7]. For patients on the direct oral anticoagulants 
(DOACs), such as apixaban, dabigatran, edoxaban, or rivaroxaban, it would be 
prudent to determine the time of the last dose and assure the patient does not have 
any reason for impaired clearance [7]. The patient could be considered contraindi-
cated to fibrinolytic therapy should they have had recent exposure (within 6–12 h) 
to their DOAC.  However, despite these recommendations, some experts recom-
mend not withholding fibrinoyltic therapy to patients on an OAC [6]. If the use 
fibrinolytic is decided, there should be an effort to assure blood pressure is 

Table 26.1 Recommended dosing for fibrinolytic agents in myocardial infarction

Medication Full dose

Alteplase (tPA) 15 mg intravenous (IV) bolus, followed by 0.75 mg/kg IV infusion over 
30 min (up to 50 mg), followed by 0.5 mg/kg IV infusion over 60 min 
(up to 35 mg)

Reteplase (r-PA) 10 units + 10 units IV bolus given 30 min apart
Tenecteplase 
(TNK-tPA)

Give the following as a single IV bolus:
30 mg if <60 kg
35 mg if 60 to <70 kg
40 mg if 70 to <80 kg
45 mg if 80 to <90 kg
50 mg if ≥90 kg
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 controlled to prevent risk of ICH [1]. In the United States, the only fibrinolytics in 
use are the fibrin specific agents, which include alteplase, teneceteplase, and 
reteplase. Typically with these agents it recommended to give anticoagulation ther-
apy [1]. However, if a patient was on OAC it would be prudent to withhold this 
therapy. Given the unknown risk/benefit as well as the short door to needle time of 
30 min for fibrinolytic therapy; there is no recommendation for reversal of OAC 
therapy prior to administration of the fibrinolytic. However, if patient receives fibri-
nolytic therapy while on OAC and bleedings occurs then standard reversal prac-
tices should be implemented. Finally, it is unknown in terms of benefit/risk in this 
population if half-dose fibrinolytic therapy could be administered to bridge the 
patient to PCI [8]. However, this strategy could be considered to reduce risk of 
bleeding while treating myocardial ischemia. Any patient on OAC who receives 
fibrinolytics should receive close monitoring during and after administration of 
therapy for up to 48 h (Table 26.3).

The patient in the case has an INR of 2.3 which could potentially put him at risk 
of bleeding. His blood pressure is under control and he is relatively young with 
limited co-morbidities. If a conservative strategy is selected, then the patient would 
be contraindicated to therapy. However, the team decided to administer half-dose 
fibrinolytics in preparation to send him to the nearest PCI capable hospital. The 
patient was closely monitored during and after the administration of fibrinolytic 
therapy.

Table 26.2 Considerations before using fibrinolytic therapy in myocardial infarction

Perform a thorough risk/benefit analysis
If patient is on warfarin, an INR >1.7 can be used as cut point for relative contraindication
Determine time of last dose of anticoagulation, especially for patients on DOACs
Assess patients renal function to assure appropriate clearance
If fibrinolytics are given, assure blood pressure is adequately controlled and patient is closely 
monitored
It is not recommend to provide reversal of the anticoagulation since the door to need time is 
short

Table 26.3 Monitoring parameters for  
fibrinolytic therapy

  • Blood pressure
  • Serum cardiac biomarkers
  • Complete blood count
  • Prothrombin time/INR
  • aPTT
  • ECG
  •  Evidence of gastrointestinal bleeding
  •  Signs of hematuria or gingival bleeding
  •  Acute changes in mental status
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 Key Points

• Ideally transfer the patient to the closest PCI capable facility
• Administration of fibrinolytics to patients on OAC increases the risk of major 

bleeding including ICH
• There is limited data on the optimal management of patient on OAC who need 

fibrinolytics for a STEMI
• A risk/benefit analysis should occur before the administration of fibrinolytic 

therapy
• In a conservative management approach, all patients on OAC would be contrain-

dicated to fibrinolytics
• If it is decided to administer fibrinolytics, the patients’ blood pressure should be 

controlled and the patient should be monitored during and after administration

 Self-Assessment Questions

 1. A 70-year-old patient on dabigatran for atrial fibrillation, history of stroke with 
previous fibrinolytic therapy as treatment, and diabetes is admitted for the man-
agement of a STEMI at his local hospital. His hospital is PCI capable but only 
has one cath lab which currently has another patient who had STEMI occupying 
it. It is likely the case will not be finished in order to reach the door-to-balloon 
time within 90 min requirement. The patient has normal renal function, blood 
pressure of 190/85 mmHg, weight is 70 kg, and the patient took dabigatran 12 h 
ago. How should the emergency department proceed with this patient if they 
were to consider fibrinolytic therapy?

 (a) Start the patient on nicardipine in order to control blood pressure and admin-
ister 50 mg alteplase while waiting for the cath lab to open

 (b) Start the patient on nicardipine in order to control blood pressure and admin-
ister 15 mg intravenous bolus of alteplase over 1–2 min, followed by 50 mg 
over 30 min, then 35 mg over 1 h

 (c) Start the patient on nicardipine in order to control blood pressure, administer 
idarucizumab to reverse the dabigatran, and administer 15 mg intravenous 
bolus of alteplase over 1–2 min, followed by 50 mg over 30 min, then 35 mg 
over 1 h

 (d) Given the patients age, co-morbidities, use of anticoagulation therapy, and 
history of previous administration of fibrinoyltics, the patient would be an 
increased risk of bleeding and should be contraindicated to therapy

ANSWER: The correct answer is D. The patient has a variety of risk factors 
which would put them at increased risk of bleeding including ICH. It would be more 
prudent to withhold fibrinolytic therapy. Answer A or B would be an appropriate 
consideration in a patient who was healthy and had not had fibrinolytic therapy 
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previously. Answer C is would be incorrect at this time as there is no data on the 
risk/benefit of administration of fibrinolytic therapy with concurrent reversal of 
anticoagulation.

 2. Which of the following is NOT considered a parameter to monitor after admin-
istration of fibrinolytic therapy in a patient on OAC?

 (a) Complete blood count
 (b) Blood pressure
 (c) D-dimer
 (d) ECG

ANSWER: The correct answer is C. All of the other answers, as indicated in the 
Table 26.3 in the text, are critical to be monitored for at least 48 h after administra-
tion of fibrinolytics to patients on OAC. Answer A is critical to assess to assure the 
patient his not developing a new bleeding event post-infusion of fibrinolytics. 
Answer B is critical to assure the patient has adequate control to prevent conversion 
to an ICH. Answer D is critical to assure the patient is not developing a new or 
recurrent MI.
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Chapter 27
ACS with Bypass Surgery

Craig J. Beavers

Abstract Patient who require coronary artery bypass grafting while on oral antico-
agulation need advanced care management. Considerations must occur regarding 
proper timing of session for surgery, need to bridge, and appropriate time to resume 
therapy safely.

Keywords Coronoary artery bypass graft • CABG • DOAC • Bridging • Reversal • 
Valves • Heparin

 Case Introduction

A 49-year-old female presents to the hospital with an NSTEMI. Her coronary angi-
ography has indicated that she has three vessel diseases and will need to undergo 
coronary artery bypass surgery (CABG) within the next 24–48 h. Her past medical 
history includes atrial fibrillation (AF) for which she takes rivaroxaban 20 mg daily. 
Other past medical history includes type 2 diabetes, hypertension, hyperlipidemia, 
obesity, and gastroesophageal reflux disease. She has a creatinine clearance of 
85 mL/min, no drug allergies, and weighs 100 kg. Her ejection fraction is estimated 
to be 55%. She has a hemoglobin of 10 mg/dL.

 Case Discussion

In the continuum of bleeding risk for invasive procedures, CABGs are deemed to be 
high risk [1]. Thus for patients on oral anticoagulation (OAC) it is paramount to 
develop strategies to mitigate the additional bleeding risk conferred by these agents 
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but limit thrombotic risk. Generally, CABGs occur electively or in an urgent/emer-
gent manner and the strategies differ in each setting.

 Elective CABG Considerations

An elective CABG provides opportunity to plan for anticoagulation interruption and 
bridging if required. Any time anticoagulation is interrupted there is the potential 
for an increased risk in thrombotic events to occur and this must be considered in 
the decision. The major thrombotic risk factors to consider in this situation include 
history of AF, prosthetic heart valves, and recent venous thromboembolism (VTE). 
In patients with AF, the CHA2DS2-VASc can be used to estimate thrombotic risk, as 
described in Case 1 [2]. There is no specific risk score for valve patients or patients 
with VTE; however, these patients are deemed to be at the highest risk for throm-
botic events within in the first 3 months of valve placement or VTE event [2]. One 
could consider using the CHEST scoring system to determine degree of peri- 
procedural thrombotic risk to deem if patient needs bridging [3]. If it is decided that 
anticoagulation is to be held for surgery then the period with no anticoagulation 
should be as short as possible [4]. For patients on warfarin who are having a high 
risk elective procedure, it is recommended to stop therapy 5 days before procedure 
based on the pharmacokinetics/pharmacodynamics of the medication [4]. It is pru-
dent to obtain prothrombin time (PT)/international normalized ratio (INR) level on 
the day before surgery to assure return of normal coagulation. If INR is above 1.5, 
it is recommended to administer 1–2 mg of vitamin K by mouth and re-check the 
INR the day of surgery [4, 5]. If a patient is on warfarin and is at high risk of throm-
bosis necessitating bridging (patients with mechanical heart valves or recent VTE), 
then use of low molecular weight heparin (LMWH) or unfractionated heparin 
(UFH) at therapeutic doses can be utilized [6]. If a patient is at low/moderate risk of 
thrombosis and a higher risk of bleeding, then degree of bridge anticoagulation can 
be reduced [6]. Bridging therapy is generally started when INR has dropped below 
two which on average would occur on about 3 days before procedure [6]. If LMWH 
is used, it is ideally stopped 24 h before the procedure to allow adequate elimination 
whereas intravenous UFH is stopped about 5 h before procedure [6] given a CABG 
is considered a high-bleeding risk procedure. Post-procedure, both LMWH and 
UFH are re-started when it is felt adequate hemostasis is reached at the dose prior 
to the procedure and continued until INR is at goal [6]. Often in CABG this is 
approximately 48–72 h after surgery [7]. Generally, the direct oral anticoagulants 
(DOACs) can be stopped about 2–3 days prior to procedure with normal renal func-
tion [2, 4, 5] and do not require bridging if the patient goes to procedure close to 
near the washout time (Table 27.1). If the patient has an extended period of time 
after the DOAC therapy has had clearance, then IV UFH or LWMH can be consid-
ered. Unlike warfarin, there is no means to monitor these agents to assure restora-
tion of hemostasis [5]. Post- surgery, given the quick onset of action of the DOACs, 
there is rarely a need for bridging therapy when re-starting these agents [4, 5].
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 Urgent/Emergent CABG Considerations

In urgent/emergent situations there is more of a need to reverse the anticoagulation 
therapy in order to prevent or treat perioperative bleeding. For patients on warfarin 
who require immediate reversal of therapy it is recommend that the patient receive 
un-activated four factor prothrombin complex concentrate (PCC) or plasma prod-
ucts in conjunction with vitamin K. It should be noted the use of these products can 
increase the risk of thrombosis. Vitamin K alone can be used if the patient has 
urgent, versus emergent, need for surgery that will occur within 1–2 days [4]. For 

Table 27.1 Direct oral anticoagulant interruptions suggestions [7]

Drug and renal 
function

Low bleeding 
risk surgery (2 or 
3 drug ½ lives 
between last 
dose and surgery

Resumption of 
therapy after 
lower bleeding 
risk surgery

High bleeding 
risk surgery (4 or 
5 drug ½ lives 
between last dose 
or surgery)

Resumption of 
therapy after 
higher bleeding 
risk surgery

Dabigatran
CrCl > 50 mL/
min

Last dose 2 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative)

Last dose 3 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)

Dabigatran
CrCl 30–50 mL/
min

Last dose 3 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative)

Last dose 2 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)

Rivaroxaban
CrCl > 50 mL/
min

Last dose 2 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative)

Last dose 3 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)

Rivaroxaban
CrCl 30–50 mL/
min

Last dose 2 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative)

Last dose 3 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)

Rivaroxaban
CrCl 
15–29.9 mL/min

Last dose 3 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative)

Last dose 4 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)

Apixaban
CrCl >50 mL/
min

Last dose 2 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative)

Last dose 3 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)

Apixaban
CrCl 30–50 mL/
min

Last dose 3 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative)

Last dose 4 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)

Edoxaban
CrCl > 50 mL/
min

Last dose 2 days 
before procedure

Resume on day 
after procedure 
(24 h 
post-operative

Last dose 3 days 
before procedure

Resume 2–3 days 
after procedure 
(48–72 h 
post-operative)
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patients who are on dabigatran the use of idarucizumab can be considered for emer-
gent situations. Idarucizumab is a humanized monoclonal antibody that neutralizes 
dabigatran in a dose-dependent manner [8]. It was approved by the Food and Drug 
Administration based on the Reversal Effects of Idarucizumab on Active Dabigatran 
(REVERSE-AD) trial which demonstrated that administration of two doses of 2.5 g 
of idarucizumab provided normalization of hemostasis with limited risk of throm-
bosis [8]. If idarucizumab is used, providers should assess signs of bleeding and 
monitor routine hemostatic laboratory parameters to assure bleeding has decreased 
or ceased. At the moment it is not clear if additional doses provide benefit and con-
sideration can be given to using other means to reverse coagulation at this point. At 
the time of this writing, there is no specific antidote for the factor Xa inhibitors 
(apixaban, edoxaban, or rivaroxaban) but there are promising options in the pipeline 
[9]. For these agents, expert consensus suggests administration of un-activated four 
factor PCC based on experimental models [5]. If any patient on OAC develops a 
bleed peri-operatively, it is critical to provide additional support as needed with 
packed red blood cells, platelets, and fresh frozen plasma.

In this patient case, she has a CHA2DS2-VASc score of 4 which would be consid-
ered moderate to high risk of thrombosis; however, this risk is an annualized risk 
versus an acute risk. Given the fact the patient is on rivaroxaban with good renal 
function, it would be preferred to stop rivaroxaban at least 48 h before the surgery. 
Since this is an NSTEMI it would be preferred to delay the procedure for 48 h to 
allow the rivaroxaban to clear. Since rivaroxaban has a quick onset of action it can 
be resumed as soon as adequate hemostasis has been achieved. There would be no 
need for bridging therapy.

 Key Points

• For patients needing an elective CABG, providers should evaluate the risk of 
thrombosis and devise a plan for cessation and resumption of anticoagulation 
therapy as well as need for bridging therapy

• Warfarin therapy is generally stopped 5 days prior to elective surgery and an INR 
is checked the day before. If INR >1.5 then vitamin K 1–2 mg is administered 
with a repeat INR on the day of surgery

• Patients who have mechanical heart valves or recent VTE pose the highest risk 
and should be bridged 48–72 h pre-procedure with LMWH or UFH and can be 
resumed post-procedure when hemostasis is achieved

• Patient on DOAC should have therapy stopped about 48 h prior to procedure and 
they can be resumed post-procedure without bridging when hemostasis is 
achieved

• Patients presenting for an emergent CABG on warfarin or a factor Xa inhihitor 
can be administered un-activated four factor PCC to reversal anticoagulation.

• If CABG is more urgent (occurring in 1–2 days) then vitamin K can be given for 
reversal of warfarin
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• Patient on dabigatran needing emergent CABG can be administered idaurci-
zumab 2.5 mg every 15 min for two doses

• If bleeding occurs, support measures with blood products should be provided

 Self-Assessment Questions

 1. Which of the following would be true regarding the emergent management of a 
patient going to a CABG on dabigatran?

 (a) The patient should be administered vitamin K
 (b) The patient should be administered un-activated four-factor prothrombin 

complex concentrate
 (c) The patient should be administered idarucizumab 2.5 mg once
 (d) The patient should be administered idarucizumab 2.5 mg twice 15 min apart

ANSWER: The correct answer is D. Based on the REVERSE-AD trial, adminis-
tration of idarucizumab 2.5 mg 15 min apart normalized hemostasis in patient on 
dabigatran and provided reversal for emergent surgery. Answer A is incorrect as 
vitamin K has no impact on dabigatran. Answer B is in correct since animal models 
have demonstrated minimal effects of four factor PCC on dabigatran. Answer C is 
incorrect since there is no evidence regarding the impact of administration of 2.5 mg 
idarucizumab on hemostatic parameters.

 2. A 68-year-old male patient with a mechanical mitral valve on warfarin and his-
tory of atrial fibrillation is going to have an elective CABG and aortic valve 
replacement in 1–2 weeks. The patient is currently on warfarin with an INR of 
three. His SCr is 1.05 and his weight is 80 kg. Which of the following would be 
the most ideal plan regarding his anticoagulation management?

 (a) Stop warfarin 24–48 h prior to the CABG and restart 12 h after surgery
 (b) Stop warfarin 5 days before CABG and restart 48 h after surgery
 (c) Stop warfarin 5 days before CABG, check an INR daily, start UFH when 

INR <2.5 stop heparin 5–6 h before surgery, and then restart UFH as a bridge 
to warfarin 48–72 h after surgery until INR at goal

 (d) Give vitamin K 24–48 h before surgery, check an INR before procedure and 
give un-activated 4-factor PCC prior if INR >2, restart warfarin 12 h after 
surgery

ANSWER: The correct answer would be C. A patient with a mechanical valve 
and atrial fibrillation is at a high risk of thrombosis and it is recommended the 
patient be bridged in the peri-procedural period. Thus it is recommended that ther-
apy be stopped 5 days before surgery and INRs check daily. The patient can be 
bridged with LMWH or UFH once the INR is <2. Unfractionated heparin and war-
farin can be restarted once haemostasis is achieved post-procedure. The UFH bridge 
should remain until the INR is at goal. Answer A is not correct since the response 
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more describes the pharmacokinetic and pharmacodynamics principles of a 
DOAC.  Warfarin generally requires 4–5  days of washout for normalization of 
hemostasis. Answer B is not correct since there is no mentioning of bridging. 
Answer D is incorrect due to the fact the patient is going to have an elective proce-
dure. It would be ideal to let the INR drift down versus using a reversal agent due to 
the risk of thrombosis. In addition, there is no bridging mentioned in this option.
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Chapter 28
Anticoagulant Drug-Drug Interactions 
with CYP 3A4 Inhibitors

Lea E. dela Pena

Abstract Cytochrome P450 is a group of enzymes that metabolize many medica-
tions; understanding which CYP P450 isoenzyme(s) a particular medication may 
inhibit will help the clinician recognize the potential implications the drug interac-
tion may have with anticoagulants. Warfarin is particularly affected by the CYP2C9, 
3A4, and 1A2 isoenzymes; however, DOACs are relatively new to market so all 
possible drug interactions have not been identified. Using appropriate drug infor-
mation resources is a valuable tool for the clinician to look up possible 
interactions.

Keywords Cytochrome P450 • CYP2C9 • CYP3A4 • CYP1A2 • CYP 3A4 inhibi-
tors • Azole antifungals • Clarithromycin • Gemfibrozil • Cimetadine • Ritonavir • 
Warfarin R- and S-enantiomers • P-glycoprotein (P-gp)

 Case Introduction

A 55  year old female patient with past medical history significant for recurrent 
DVT, type 2 diabetes, dyslipidemia, obesity, and recurrent yeast infections presents 
to her gynecologist’s office with complaints of vaginal itching and white vaginal 
discharge × 3 days. She requests a prescription for oral fluconazole 150 mg for pre-
sumed vulvocandidiasis. She has had several episodes of vulvovaginal candidiasis 
over the last few years so her physician is considering putting her on a weekly regi-
men to prevent future occurrences. Her current medications include metformin, 
insulin glargine, pravastatin, and warfarin.
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 Case Discussion

Drug interactions play an important role when using anticoagulant medications. 
Certain interactions may put a patient at risk for thrombosis or at risk for bleeding, 
neither of which is a desirable outcome. Clinicians should be aware of the major 
types of interactions that may come into play with the anticoagulant medication a 
particular patient is using.

Cytochrome P450 is a group of enzymes that metabolize many medications. 
These enzymes are primarily located in the liver. While there are several different 
enzymes within the CYP450 group, only a handful have been identified as having a 
major effect on the metabolism of medications; these are CYP1A2, CYP2C9, 
CYP2C19, CYP2D6, and CYP3A4. Drugs can be metabolized by one or more P450 
enzyme. Drugs that inhibit this pathway reduce P450 activity, which results in 
slower substrate metabolism and increased effect of the substrate; drugs that induce 
this pathway will increase P450 activity, which results in faster substrate metabo-
lism and decreased effect of the substrate [1]. The effects of inhibitors are usually 
seen quickly whereas the effects of inducers may be delayed. The following drugs 
are inhibitors of CYP3A4 [1]:

• Clarithromycin
• Azole antifungals (e.g., ketoconazole, itraconazole, fluconazole)
• Gemfibrozil
• Cimetadine
• Ritonavir

Treatment of recurrent vulvovaginal candidiasis can be accomplished with either 
oral or topical regimens. For oral fluconazole, the dosing regimen would be 150 mg 
po daily × 3 days, then 150 mg po weekly × 6 months [2]. Fluconazole is considered 
a moderate CYP3A4 inhibitor, unlike ketoconazole or itraconazole which are con-
sidered strong CYP3A4 inhibitors. Topical regimens with other azole antifungals 
are given daily for one to seven nights, then weekly for 6 months [2]. If another 
non-interacting medication is appropriate to use, that would be ideal. Topical admin-
istration would be less likely to cause an interaction since the medication is not 
systemically absorbed. However, the patient may have a preference for oral vs. topi-
cal administration so it would be prudent to ask her which she would like.

What is the concern of using fluconazole with anticoagulant medications?

 Warfarin

Warfarin is manufactured as a racemic mixture of R- and S-enantiomers. The 
S-enantiomer of warfarin is the more potent isomer and is primary metabolized 
through CYP2C9. The R-enantiomer of warfarin is the less potent isomer and is 
primarily metabolized through CYP1A2 and CYP3A4 [3]. Fluconzaole is an 
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inhibitor of the CYP3A4 enzyme. Inhibition of this CYP P450 enzyme decreases 
their ability to inactivate warfarin which can lead to a prolonged clinical effect, 
increased INR levels for patient, and put that patient at risk for bleeding. For patients 
taking concomitant warfarin, even a single dose of oral fluconazole can cause clini-
cally meaningful elevations in the INR and/or cause bleeding which necessitates the 
holding of warfarin for at least one dose [4]. Clinicians will need to closely monitor 
INR levels in patients on both fluconazole and warfarin together and adjust the dose 
of warfarin if needed [5]. Patients will respond differently to these types of drug 
interactions so it is important for the clinician to take an individualized approach to 
adjusting the warfarin dose, if needed, instead of a one size fits all approach.

 Direct Oral Anticoagulants (DOACs)

The effect of the P450 enzyme system on the metabolism of the DOACs is highly vari-
able. Dabigatran and edoxaban are not metabolized via the P450 system so inhibitors or 
inducers of P450 enzymes should not have an interaction with either dabigatran or edox-
aban. In contrast, rivaroxaban and apixaban are both metabolized by CYP3A4, and are 
thus potentially subject to interacting with inhibitors and/or inducers of 3A4; however, 
over half of the metabolism of these drugs is through other pathways that do no not 
involve 3A4, which would control the impact of any interaction [6]. The DOACs are 
substrates for the P-glycoprotein (P-gp) system which pumps drugs out of cells; P-gp is 
found in the gastrointestinal tract, liver, pancreas, kidney, and brain. Similar to CYP3A4, 
drugs that inhibit the P-gp system increase the absorption of P-gp substrates, whereas 
drugs that induce the P-gp system decrease the absorption of P-gp substrates [6]. Some 
drugs can be both inhibitors/inducers of P-gp as well as CYP3A4 (discussed in Chap. 
30). In combination with a DOAC, unless a strong 3A4 inhibitor is prescribed or a 
strong 3A4 inhibitor in combination with a P-gp inhibitor, most clinicians would just 
closely monitor the patient; the exception would be in the setting of reduced renal func-
tion, dose adjustments may be warranted.

Since these medications are relatively new to the market, there aren’t as many 
reports of drug interactions as there are with warfarin. As more patients are exposed 
to DOACs, more interactions can be expected to be reported through post- marketing 
surveillance. It is important for the clinician to check numerous drug information 
resources, such as Micromedex, Facts and Comparisons, or LexiComp, as well as 
the package insert, when confronted with a potential drug interaction. It would also 
be prudent to conduct a literature search to determine if any recent case reports have 
been published in regards to specific drug interactions. One study suggests that 
although there is a potential interaction between fluconazole and rivaroxaban, these 
two medications may be administered together with caution [7]. Patients should be 
instructed to monitor for any unusual bleeding or bruising while on concomitant 
therapy and to report any findings to their health care provider. No published studies 
are available regarding an interaction between fluconazole and either dabigatran, 
apixaban, or edoxaban.
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 Key Points

• Understanding which CYP P450 isoenzyme(s) a particular medication may 
inhibit will help the clinician recognize the potential implications the drug inter-
action may have with anticoagulants.

• Warfarin is particularly affected by the CYP2C9 (which will be discussed in 
Chap. 30), 3A4, and 1A2 isoenzymes.

• The DOACs are relatively new to market so not all potential drug interactions 
have been identified. Clinicians should consult different drug information 
resources if a drug interaction is suspected.

 Self-Assessment Questions

 1. A 66 year old female patient presents to the emergency department with an acute 
DVT. Her past medical history is significant for osteopenia and GERD. She is 
currently on calcium citrate, vitamin D, and cimetidine. Which of the following 
anticoagulants would have a clinically significant interaction with any of her cur-
rent medications?

 (a) Warfarin
 (b) Apixaban
 (c) Edoxaban
 (d) Dabigatran

The correct answer is A. Although cimetidine is a CYP3A4 inhibitor, it is only 
moderate, not strong, so there is no clinically significant interaction with the listed 
DOACs at this time, which makes answers B, C, and D incorrect. Caution should 
still be used if a DOAC is used with cimetidine; patients should be told to report any 
unusual bleeding or bruising to their health care provider. Cimetidine can increase 
the INR if taken concomitantly with warfarin. An alternative H2 receptor antagonist 
that does not go through CYP3A4 should be used if possible, such as famotidine, 
ranitidine, or nizatidine. If a patient insists on using cimetidine with warfarin, the 
INR should be monitored closely and warfarin doses adjusted as necessary.

 2. A 68 year old male patient with history of atrial fibrillation and hypertension 
presents to his primary care physician’s office due to worsening productive 
cough, fever, and nasal congestion × 6 days. He is currently taking metoprolol as 
well as dabiagran for stroke prevention. He is diagnosed with community 
acquired pneumonia and his physician prescribes a 7 day course of  clarithromycin. 
Which of the following anticoagulant medications is expected to have a clini-
cally significant interaction with clarithromycin?

 (a) Warfarin
 (b) Dabigatran

L.E. dela Pena
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 (c) Rivaroxaban
 (d) Apixaban
 (e) Edoxaban

The correct answer is A. The administration of warfarin and clarithromycin can 
result in an increased INR level so close monitoring and dosage adjustments of 
warfarin will be needed. Clarithromycin is not considered a strong inhibitor of CYP 
3A4 so the listed DOACs are fine to use. Clinical monitoring for any unusual bleed-
ing or bruising would be prudent for any of the anticoagulant medications.
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Chapter 29
Significance of P-glycoprotein (P-gp)  
Drug- Drug Interactions

Dave L. Dixon

Abstract This case describes the P-glycoprotein (P-gp) transport system and the 
significance of potential drug-drug interactions with P-gp inhibitors and inducers.

Keywords P-glycoprotein • Drug-drug interactions • Anticoagulants • Apixaban • 
Dabigatran • Edoxaban • Rivaroxaban

 Case Introduction

A 57-year-old African-American male presents for follow-up visit to check his 
INR. He has no new complaints. He was started on warfarin 3 months ago for stroke 
prophylaxis (non-valvular atrial fibrillation) and has had erratic INRs despite adequate 
adherence, a consistent diet, and frequent clinic follow-up. Other past medical history 
includes HIV, hypertension, stage 3 CKD (SCr 1.9 mg/dL; CrCl 35 mL/min; Weight 
58 kg), hyperlipidemia, and NSTEMI (3 years ago). His current medications include 
metoprolol succinate, lisinopril, chlorthalidone, ritonavir, atazanavir, tenofovir/
emtricitabine, aspirin, warfarin and rosuvastatin. He reports no recent diet changes or 
signs/symptoms of any bleeding. His INR today is 1.7. The physician decides to 
switch him to a target-specific oral anticoagulant (DOAC) and asks for your assistance 
in selecting an agent that will not interact with his current medications.

 Case Discussion

What is the P-gp transport system and what is the clinical significance of P-gp- 
mediated drug interactions?
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 P-gp Transport System

Two types of transporters, adenosine triphosphate (ATP)-binding cassette and sol-
ute carrier, manage the transport of medications in and out of cells [1]. The most 
relevant transporter system to anticoagulants is p-glycoprotein (P-gp), which is 
located in the small intestine, blood-brain barrier, liver, and kidneys [1]. As such, 
drugs that interact with P-gp can affect the absorption, metabolism, and elimination 
of other agents. Interestingly, many drugs that impact P-gp also interact with 
CYP3A4, which can increase the potential for a more clinically significant drug- 
drug interaction (see Table 29.1).

 P-gp-Mediated Drug Interactions

It is well established that many commonly used drug classes are P-gp substrates, 
while others inhibit or induce P-gp [1]. These include many different drug classes, 
such as antiarrhythmics, antibiotics, antifungals, antihypertensives, antiplatelets, 
and statins. Furthermore, each of the DOACs are substrates for P-gp, which has 
brought more attention to P-gp-mediated drug interactions [1]. P-gp inhibition can 
increase the concentration of DOACs and the risk of bleeding, while P-gp induction 
can decrease the effectiveness of these agents. It is difficult, however, to accurately 
predict the potential significance of a P-gp-mediated drug interaction because of 
individual variations in expression of the gene that codes for P-gp [1]. Further 
research is warranted to better understand patient-specific differences in the expres-
sion and functionality of P-gp. With that said, there is a greater likelihood for sig-
nificant drug-drug interactions with those drugs that are substrates for P-gp and 
metabolized by CYP3A4 (see Table 29.2 for summary of P-gp mediated drug-drug 
interactions with DOACs).

Table 29.1 P-gp inhibitors and inducers

Characteristic Medications

P-gp inhibitors Amiodaroneb Azithromycinb Carvedilol Clarithromycina

Conivaptana Cyclosporine Diltiazemb Dronedaroneb

Erythromycinb Itraconazolea Ketoconazolea Ritonavira

Quinidineb Ranolazineb Verapamilb

P-gp inducers Carbamazepinec Phenytoinc Rifampinc St. John’s worta

Ref: http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/
DrugInteractionsLabeling/
aStrong CYP3A4 inhibitor
bWeak-moderate CYP3A4 inhibitor
cCYP3A4 inducer
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 Warfarin and P-gp

Warfarin has many drug-drug interactions that add to the difficulty of maintaining a 
therapeutic INR. However, it is important to note that while the DOACs are sub-
strates for P-gp, warfarin is not. While there is evidence that warfarin may inhibit 
P-gp in the liver, there is no evidence that P-gp affects the absorption of warfarin. 
Additionally, warfarin is well absorbed in the gut, which prevents any likely interac-
tion with P-gp [1].

 Which DOAC Would Be Preferred in this Patient?

• Ritonavir is both an inhibitor of P-gp and a strong inhibitor of CYP3A4.

 – Rivaroxaban is not recommended and an alternative agent should be consid-
ered [2].

Table 29.2 Anticoagulants and P-gp-mediated drug-drug interactions

Anticoagulant Interaction characteristics US package insert recommendations

Apixaban [3] Strong CYP3A4 and 
P-gp inducers

Avoid combination and consider alternative 
agents

Strong CYP3A4 and 
P-gp inhibitors

If currently taking 5 mg twice daily, reduce dose 
to 2.5 mg twice daily
If currently taking 2.5 mg twice daily, avoid 
combination and consider alternative agents

Weak-moderate CYP3A4 
and P-gp inhibitors

No dose adjustment recommended

Dabigatran [4] P-gp inducers Avoid combination and consider alternative 
agents

P-gp inhibitors Atrial fibrillation: Consider reducing dose to 
75 mg twice daily if used with dronedarone or 
ketoconazole in patients with CrCl 30–50 mL/
min. Avoid in patients with CrCl <30 mL/min
VTE: Avoid in any patient with CrCl <50 mL/min

Edoxaban [5] P-gp inhibitors Atrial fibrillation: Do not reduce dose
VTE treatment: Reduce dose to 30 mg daily

P-gp inducer (specific 
only to rifampin)

Avoid use with rifampin and consider alternative 
agents

Rivaroxaban [2] Strong CYP3A4 and 
P-gp inducers

Avoid combination and consider alternative 
agents

Strong CYP3A4 and 
P-gp inhibitors

Avoid combination and consider alternative 
agents

Moderate CYP3A4 and 
P-gp inhibitors

Consider alternative agent with CrCl 15–80 mL/
min
Use only if benefit outweighs potential risk

29 Significance of P-glycoprotein (P-gp) Drug-Drug Interactions
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 – The apixaban dose in this patient would be 2.5  mg twice daily given his 
weight is ≤60 kg and SCr is ≥1.5, however, a 50% dose reduction is war-
ranted when used in a P-gp and strong CYP3A4 inhibitor. As such, apixaban 
is not recommended and an alternative agent should be considered [3].

 – Dabigatran is an option given the patient’s CrCl is >30 mL/min, however, there 
is no clear guidance regarding dosing [4]. A conservative approach would include 
using the lower dose, 75 mg twice daily, given the patient’s renal function.

 – Edoxaban is also an option since it is minimally metabolized by CYP3A4. 
The appropriate dose based on this patient’s renal function would be 30 mg 
once daily [5].

 Key Points

• Many drugs are substrates, inhibitors, or inducers of P-gp, including the DOACs.
• Drugs that are substrates for P-gp and are significantly metabolized by CYP3A4 

are of greatest concern.
• The clinician should carefully review patient profiles for potential drugs that may 

enhance or reduce the effectiveness of DOACs.

 Self-Assessment Questions

 1. A 68-year-old female has been taking apixaban 5 mg twice daily since her pul-
monary embolism 1 month ago. She has no other significant past medical history 
and takes no other medications. Her renal and hepatic function is stable. Today, 
she is diagnosed with community-acquired pneumonia. Which of the following 
macrolide antibiotics would be LEAST preferred in this patient?

 (a) Azithromycin
 (b) Clarithromycin
 (c) Erythromycin
 (d) All of the above

The correct answer is B. While each of these macrolides are P-gp inhibitors, only 
clarithromycin is also a potent CYP3A4 inhibitor. This is problematic since  apixaban 
relies heavily (75%) on CYP3A4 metabolism. A dose reduction would be necessary 
while the patient was on clarithromycin and could confuse the patient about their 
dosing. Answers A and C would be more reasonable choices considering that 
azithromycin and erythromycin are only weak-moderate CYP3A4 inhibitors and 
would not require any changes in the patient’s apixaban dose.

 2. A 73-year-old male is admitted from a skilled nursing facility and diagnosed 
with a major bleed. He has had paroxysmal atrial fibrillation for the past 3 years 
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and was being anticoagulated with rivaroxaban. Records from the skilled nursing 
facility show a new medication was started 10 days ago. Other past medical his-
tory includes diabetes, peripheral neuropathy, prostate cancer, GERD, and uri-
nary incontinence. His renal and hepatic function is normal. Which of the 
following medications was MOST likely added to his drug regimen and may 
have increased the effectiveness of the rivaroxaban?

 (a) Carbamazepine
 (b) Carvedilol
 (c) Amiodarone
 (d) Ketoconazole

The correct answer is D. Rivaroxaban is heavily metabolized by CYP3A4 and is 
a substrate for P-gp. Strong CYP3A4 and P-gp inhibitors, such as ketoconazole, can 
increase the effectiveness of rivaroxaban and increase the risk of adverse bleeding 
events. Answer A is a P-gp and CYP3A4 inducer and would decrease the effective-
ness of rivaroxaban and increase the risk of stroke, but not bleeding. Answers B and 
C also inhibit P-gp but are weak-moderate CYP3A4 inhibitors and may be used 
safety in most patients where the benefit outweighs the risk.
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Chapter 30
Considerations with Pharmacodynamic  
Drug- Drug Interactions

Jill S. Borchert

Abstract A case in which new medications pose a risk of a pharmacodynamic 
drug-drug interaction with anticoagulants is discussed. The case reviews possible 
mechanisms of pharmacodynamic interactions, provides examples of the interac-
tions and discusses clinical aspects to consider when evaluating pharmacodynamic 
interactions.

Keywords Pharmacodynamic • Drug interaction • Pharmacodynamic drug-drug 
interaction • Anticoagulant • Warfarin • Direct oral anticoagulant

 Case Introduction

A 48 year-old woman presents to the clinic for anticoagulation follow-up and INR 
monitoring and mentions she is taking several new medications. Her INR has been 
within therapeutic range for the last few visits. She mentions that she was diagnosed 
with diabetes by her primary care physician (PCP). She did not start taking the diabetes 
medication prescribed by her physician and instead started an exercise program. 
However, this has been making her lower back hurt so she occasionally takes ibuprofen 
200 mg 1–2 tablets as needed for pain. Her mood has been “down” ever since her DVT 
and the diagnosis of diabetes has made her more depressed; therefore, her PCP started 
escitalopram 10 mg PO daily. Lastly, she read online that diabetes can increase her risk 
of a heart attack so she started taking aspirin 325 mg PO daily. Her past medical history 
is significant for deep vein thrombosis (first- event, 3 months ago) and new diagnoses of 
type 2 diabetes and depression. Her last labs indicated an elevated fasting glucose and 
A1C, but all other labs were within normal limits. She is a non-smoker. Medications at 
her last anticoagulation clinic visit: warfarin 4 mg PO daily, calcium 600 mg PO daily.
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 Case Discussion

 Do Any of this Patient’s New Medications Pose a Risk 
of a Pharmacodynamic Drug-Drug Interaction?

A pharmacodynamic interaction is one in which there is an additive or antagonistic 
effect of one drug on another drug’s pharmacologic effects. All three of this patient’s 
new medications (ibuprofen, escitalopram, and aspirin) pose a potential for a phar-
macodynamic interaction [1, 2]. These medications have potential antiplatelet 
effects. While warfarin is an anticoagulant and not an antiplatelet medication, this 
pharmacodynamic interaction may increase the risk of bleeding. Further, both non- 
steroidal anti-inflammatory agents (NSAIDs) and aspirin independently may injury 
the gastrointestinal (GI) mucosa providing another pharmacodynamic mechanism 
for the potential increased risk of bleeding. NSAIDs, aspirin and escitalopram gen-
erally do not cause clinically significant alterations in the INR. Table 30.1 outlines 
examples of pharmacodynamic interactions with warfarin [2, 3].

 What Is the Mechanism of These Pharmacodynamic Drug-Drug 
Interactions and What Is the Impact on Bleeding Risk?

Low doses of aspirin selectively inhibit cyclooxygenase (COX)-1 and inhibit throm-
boxane A2 production [4]. Inhibition of COX-1 on the platelet causes an antiplatelet 
effect; however, the COX-1 enzyme also is present in the GI mucosa and the integ-
rity of the GI mucosa can be diminished with aspirin [5]. In a population-based, 
retrospective case-control study, combination of aspirin with warfarin increased the 
risk of GI bleeding by approximately 6.5-fold compared to matched controls [6]. In 
general, lower doses of aspirin are as effective and pose a lower bleeding risk than 
higher doses [7]. Nonetheless, low-dose aspirin remains associated with an increased 
risk for GI complications [5].

Table 30.1 Examples of pharmacodynamic interactions with warfarin [2, 3]

Food, drug or class Mechanism

Aspirin and NSAIDS Antiplatelet, direct gastrointestinal injury
P2Y12 inhibitors (e.g. clopidogrel) Antiplatelet
SSRIs Altered platelet function
Thyroid replacement (e.g. levothyroxine) Increased catabolism of clotting factors
Anti-thyroid agents (e.g. methimazole) Decreased catabolism of clotting factors
Select herbals (e.g. danshen, garlic, 
ginger, gingko)

Antiplatelet

High vitamin K foods (e.g. spinach, 
greens, kale)

Increased production of vitamin k dependent 
clotting factors

J.S. Borchert
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Like aspirin, NSAIDs also inhibit the COX-1 enzyme and both interfere with 
platelet function and diminish the integrity of the GI mucosa [2]. GI erosions are 
dose-dependent and patients on anticoagulants are at a higher risk for NSAID- 
induced GI toxicity (odds ratio 12.7) [2, 5]. As such, GI protective therapy may be 
necessary if patients on warfarin remain on NSAID therapy [5].

Platelets have both serotonin receptors and a serotonin reuptake pump and 
selective- serotonin reuptake inhibitors (SSRIs) have the potential to increase bleed-
ing risk through decreased platelet function [1]. The clinical significance is unclear 
and while case reports of bleeding have been reported, a population-based, nested, 
case-control study did not show an increase in risk of hospitalization for upper GI 
bleed for patients on warfarin initiated on an SSRI [8]. Of note, some SSRIs may 
inhibit CYP 2C9 and thus pose a pharmacokinetic interaction by decreasing the 
metabolism of warfarin.

 What Clinical Aspects Should Be Considered When Evaluating 
Pharmacodynamic Drug-Drug Interactions?

The clinician must consider the risk-benefit of each drug presenting with a phar-
macodynamic interaction with warfarin by considering the need for the interact-
ing drug, the dose and alternatives (Table 30.2). In this case, it is necessary to 
continue anticoagulation for treatment of her recent DVT and other alternatives 
to ibuprofen are available to manage this patient’s post-exercise lower back 
pain. In addition to non-pharmacologic measures to control pain, occasional 
acetaminophen (<2 g/day) may be an acceptable alternative. This patient has a 
clinical need to treat depression and continuating the SSRI and monitoring for 
bleeding is reasonable. Alternative SSRIs would not have a lower risk of bleed-
ing and in fact some may also have a pharmacokinetic interaction with warfarin 
so the clinician should not consider switching to an alternative SSRI. Finally, 
this patient does not have a clinical indication for aspirin. She has no history of 
atherosclerotic cardiovascular disease (e.g. history of myocardial infarction or 
ischemic stroke) and started taking aspirin on her own presumably for primary 
prevention of atherosclerotic cardiovascular disease (ASCVD). Current recom-
mendations from the American Diabetes Association are to consider aspirin 
therapy (75–16  mg/day) as primary prevention in patients with diabetes at 
increased risk of ASCVD (10-year risk >10%) [9]. She is currently at low risk 

Table 30.2 Clinical risk-benefit considerations for pharmacodynamic interacting drug with an 
anticoagulant

(a) Is the drug necessary? (e.g. is there a specific indication)
(b)  Is this dose of the drug necessary? (e.g. can the dose be lowered to minimize the potential 

impact)
(c) Are there clinically viable alternatives?
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for ASCVD since she is less than 50 years old and has no major ASCVD risk 
factors (e.g. family history of ASCVD, hypertension, smoking, dyslipidemia or 
albuminuria). The risk of bleeding, especially given concurrent therapy with 
warfarin, would offset any potential benefit from aspirin. Therefore, it would be 
acceptable to discontinue aspirin in this patient. If she had a higher ASCVD 
risk, then the clinician may want to consider reducing the dose to 75–162 mg/
day to be in line with recommended doses in clinical practice guidelines and 
minimize the risk of bleeding. The consideration of adding antiplatelet agents 
that increase bleeding risk to warfarin should be individualized considering the 
risk and benefits of each drug.

 Would Switching to a Non-oral Vitamin K Anticoagulant 
(DOAC) Resolve the Pharmacodynamic Drug-Drug 
Interactions?

While DOACs are a therapeutic option for management of her DVT, these drugs 
also pose a risk of bleeding and similar pharmacodynamic interactions exist. Since 
these agents are newer, there are less data regarding the bleeding risk associated 
with these interactions. Nonetheless, the same theoretical interactions increasing 
the risk of bleeding exist. She is already managed on warfarin and there are no other 
clinical factors indicating a switch to a DOAC is necessary.

 Key Points

• There are several possible mechanisms of pharmacodynamic interactions with 
anticoagulants.

 – Antiplatelet effect (e.g. aspirin, selective serotonin reuptake inhibitors, non- 
steroidal anti-inflammatory agents)

 – Injury to the gastrointestinal mucosa (e.g. aspirin, non-steroidal anti- 
inflammatory agents)

• The risk-benefit of concurrent therapy should be considered on an individualized 
basis.

• The clinician should consider if the interacting drug is necessary (e.g. is 
there a clinical indication), if the dose of the drug is necessary (e.g. can the 
dose be lowered) and/or if alternative non-interacting drugs may be 
suitable.

• It may not be possible to avoid all pharmacodynamic interactions and  
clinical monitoring (e.g. signs of bleeding) may be the best individualized  
approach.

J.S. Borchert
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 Self-Assessment Questions

 1. The mechanism(s) of the pharmacodynamic interaction between non-steroidal 
anti-inflammatory agents (NSAIDs) and warfarin include(s) that ibuprofen: 
SELECT ALL THAT APPLY.

 (a) Inhibits COX-1 for an antiplatelet effect to increase bleeding risk.
 (b) Inhibits of CYP 2C9 leading to an increased INR and bleeding risk.
 (c) Modulates serotonin and decreases platelet function and increases bleeding 

risk.
 (d) Decreases the integrity of the GI mucosa and increases GI bleeding  

risk.

Answers: A and D.  NSAIDs inhibit the COX-1 enzyme and both interfere with 
platelet function and diminish the integrity of the GI mucosa. These actions increase 
bleeding risk. Answer B is incorrect as NSAIDs are not inhibitors of CYP 2C9 and 
this is also not an example of a pharmacodynamic interaction but instead a pharma-
cokinetic interaction. Answer C is incorrect as NSAIDs do not change serotonin 
activity; instead, SSRIs have the potential for antiplatelet function.

 2. What impact does low-dose aspirin have on the INR when initiated in a patient 
stable on warfarin?

 (a) Increases the INR
 (b) Decreases the INR
 (c) No clinically significant impact on the INR

Answer: C. Low dose aspirin may increase the bleeding risk of a patient on war-
farin through an antiplatelet effect but it does not significantly impact the 
INR. Therefore, both answers A and B are incorrect.
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Chapter 31
Management of Direct Oral Anticoagulants 
with Mixed P-gp/3A4 Drug-Drug Interactions

Kathryn Wdowiarz

Abstract Direct oral anticoagulants (DOACs) interact with mixed P-gp/3A4 inhib-
itors and inducers to varying degrees. The degree of inhibition or induction of the 
interacting medication, as well as a patient’s renal function, are important to assess 
when selecting a DOAC and an appropriate dose.

Keywords Direct oral anticoagulants (DOAC) • Drug interaction • Mixed P-gp/3A4 
inhibitors • Renal function • Apixaban • Edoxaban • Dabigatran • Rivaroxaban

 Case Introduction

A 70-year-old female presents to the emergency department with complaints of 
shortness of breath, palpitations, and dizziness. An EKG is obtained and reveals 
new onset atrial fibrillation. She has no history of arrhythmias. Her heart rate is 
130 bpm and her blood pressure is 134/78. She weighs 160 lb and is 5′6″. Her past 
medical history includes hypertension, chronic kidney disease, gastroesophageal 
reflux disease, osteoarthritis of the knees, and a transient ischemic attack 2 months 
ago. Prior to admission, her home medication list included aspirin, lisinopril, fer-
rous sulfate, esomeprazole, atorvastatin, and acetaminophen. Baseline metabolic 
panel is within normal limits with the exception of a BUN of 30, a creatinine of 
1.8 mg/dL, and a creatinine clearance of 33 mL/min.

She is initiated on a heparin infusion and a rate control strategy with diltiazem. 
When discussing options for chronic anticoagulation, she mentions that she would 
prefer to avoid frequent lab monitoring with warfarin therapy.
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 Case Discussion

 How Does the Presence of a Mixed P-gp/CYP3A4 Inhibitor 
like Diltiazem Affect the Choice of Treatment for this Patient? 
How Does the Patient’s Renal Impairment Affect the Choice 
of Treatment?

Rivaroxaban and apixaban are both metabolized to varying degrees by the 
hepatic enzyme CYP3A4 while edoxaban and dabigatran are not substrates of 
CYP3A4 (see Fig. 22.1). All four of the direct oral anticoagulants (DOACs) are 
substrates of permeability-glycoprotein (P-gp) efflux transporter [1, 2]. If 
changing the rate control agent to a beta blocker such as metoprolol is an option, 
concern over drug-drug interactions with DOACs is no longer needed. In the 
setting where diltiazem is necessary, each of the four DOAC’s drug-drug profile 
should be considered.

 Rivaroxaban and Apixaban with Mixed P-gp/CYP3A4 Inhibitors

When assessing the appropriateness of initiating rivaroxaban or apixaban in 
patients currently taking a mixed P-gp/CYP3A4 inhibitor, it is necessary to be 
aware of the degree of inhibition of CYP3A4. Recommendations for use differ 
between strong and moderate CYP3A4 inhibition. While strong P-gp/CYP3A4 
inhibitors are not recommended to be used with rivaroxaban, atrial fibrillation 
patients in the ROCKET AF trial were permitted to use moderate P-gp/CYP3A4 
inhibitors with rivaroxaban without limitations [1–3]. However, it is expected that 
rivaroxaban exposure and anticoagulant effect are increased in the presence of 
P-gp/moderate CYP3A4 inhibitors [1]. The clinical significance of these increases 
is dependent on the patient’s renal function and further studies are warranted. 
Because of the presence of impaired renal function in this patient, she should not 
receive rivaroxaban [1].

Apixiban is unique in that it is the only Xa inhibitor approved for use across the 
entire spectrum of renal impairment including hemodialysis. Data from patients on 
hemodialysis is based on a single dose study of 16 patients. It is important to recog-
nize that the risk of accumulation with multiple doses of apixiban in hemodialysis 
has not been studied [4]. Renal impairment alone would not be a limiting factor 
when considering apixaban in this patient. When reviewing the drug interaction, 
diltiazem has been shown to increase apixaban exposure 1.3–1.4-fold when studied 
in healthy volunteers [1, 5]. Less is known about the drug interaction when com-
bined with different severities of renal impairment. Experts suggest that apixaban 
can be used with caution with P-gp/moderate CYP3A4 inhibitors making it a pos-
sible choice for this patient [1, 5].
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 Edoxaban and Dabigatran with P-gp Inhibitors

Mixed P-gp/CYP3A4 inhibitors exert their effect of increased exposure of edoxa-
ban primarily through P-gp inhibition. A wide variation of increased exposure exists 
between different P-gp inhibitors and edoxaban ranging from 12% with quinidine to 
157% with dronedarone [6]. In the ENGAGE TIMI AF trial, 50% dose reductions 
were studied for patients on the strong P-gp inhibitors quinidine, verapamil, or 
dronaderone. Because blood levels of edoxaban were found to be lower in these 
patients compared to those on full dose edoxaban, current prescribing information 
does not recommend avoiding use or implementing dose adjustments for any of the 
P-gp inhibitors. However, it is important to note that the use of other P-gp inhibitors, 
such as cyclosporine and protease inhibitors, was not permitted in the ENGAGE 
TIMI AF trial. Therefore, combined use of P-gp inhibitors outside of those studied 
in ENGAGE TIMI AF should be avoided [2, 4]. Renal function is important to con-
sider for edoxaban dosing as well because 50% of the medication is eliminated in 
the urine. Patients with creatinine clearances above 95 mL/min should not use edox-
aban due to increased clearance of the medication [5]. Severe renal impairment 
prohibits use. Due to the degree of renal impairment for the patient above, and the 
unknown degree of increased edoxaban exposure with diltiazem, edoxaban should 
be avoided for this patient.

Similar to edoxaban, dabigatran is a P-gp substrate. Mixed P-gp/CYP3A4 
inhibitors increase dabigatran exposure through the P-gp inhibition. Unique to 
dabigatran, recommendations for use with P-gp inhibitors is dependent upon the 
indication for treatment. The specific P-gp inhibitor is also a variable to be con-
sidered. In atrial fibrillation patients with impaired renal function between 30 and 
50 mL/min, reduce the dose of dabigatran by 50% if patients use ketoconazole or 
dronedarone [1, 2]. Prescribing information does not provide recommendations 
for other P-gp inhibitors in patients with the same degree of renal impairment but 
does advise use with any P-gp inhibitor in patients <30 mL/min is not recom-
mended. If a patient is using a P-gp inhibitor (other than ketoconazole and drone-
darone), caution should be advised and dose reductions employed [4]. In this case 
scenario, the patient’s renal function is severely impaired and near the cut-off for 
avoidance of use of dabigatran and P-gp inhibitors in combination. The risks of 
dabigatran accumulation and subsequent risk of bleeding likely outweigh the ben-
efit of dabigatran.

 Is Any Additional Monitoring Required When Adding a DOAC 
for this Patient?

The anticoagulant activity of the DOACs follows a predictable dose-response 
relationship [5]. This quality makes laboratory monitoring unnecessary in most 
scenarios, a main advantage of the DOACs when comparing them to warfarin. 
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However, there are some specific scenarios where the quantification of anticoagu-
lant activity would be useful for the management of the patient. The need to iden-
tify if excessive levels of anticoagulation are present may be helpful in cases of 
hemorrhage, diminishing renal function, and drug interactions which may increase 
or decrease efficacy [5]. Utilizing an anti-Xa level in the setting of rivaroxaban, 
apixaban, and edoxaban use is preferred over PT or aPTT [7]. However, anti-Xa 
assays must be calibrated to the specific factor Xa inhibitor in order to assess the 
quantitative degree of anticoagulation [4]. Monitoring for excessive levels of dab-
igatran requires timely laboratory tests such as dilute thrombin time and ecarin 
clotting time [4, 7]. Because of the limited availability of these anticoagulant 
monitoring laboratory tests, application and widespread use is also limited.

 Key Points

• The degree of inhibition of mixed P-gp/3A4 inhibitors is important in determin-
ing appropriate management of the interaction with the DOACs (see Tables 31.1 
and 31.2).

• Renal function must be assessed as part of the drug interaction analysis with the 
DOACs.

• A majority of the guidance for use of mixed P-gp/CYP3A4 inhibitors combined 
with the DOACs is based on pharmacokinetic studies. Whether these interactions 
pose an increased risk of bleeding in actual patients remains unclear but caution 
is warranted.

Table 31.1 Mixed P-gp/CYP3A4 inhibitors and inducers [1, 4, 5]

Characteristic Common medication examplesa

Strong mixed P-gp/CYP3A4 inhibitors Clarithromycin
Conivaptan
Indinavir
Intraconazole
Ketoconazole

Nelfinavir
Posaconazole
Ritonavir
Saquinavir
Telithromycin

Moderate mixed P-gp/CYP3A4 inhibitors Cyclosporine
Diltiazem
Dronaderone

Erythromycin
Tamoxifen
Verapamil

Strong mixed P-gp/CYP3A4 inducers Carbamazepine
Phenytoin
Rifampin
St. John’s wort

aList is not exhaustive
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 Self-Assessment Questions

 1. A 68-year-old male presents to internal medicine clinic for his annual appoint-
ment. He has been taking rivaroxaban 20 mg daily for the past year for a history 
of atrial fibrillation. His other medical history includes hypertension, chronic 
kidney disease, and obesity. In addition to rivaroxaban, his medications include 
amlodipine, dronedarone, and losartan. Upon further review, you notice his renal 
function has steadily declined over the past year from a CrCl of 65 mL/min to a 
CrCl of 35 mL/min today. Which of the following is the most appropriate plan 
for his anticoagulation?

 (a) Continue rivaroxaban 20 mg daily
 (b) Continue rivaroxaban at a decreased dose of 15 mg daily
 (c) Stop rivaroxaban and initiate dabigatran 150 mg twice daily
 (d) Stop rivaroxaban and initiate warfarin titrated to an INR goal of 2–3

Table 31.2 Drug interaction management [1, 4, 5]

Direct oral 
anticoagulant Interacting medications Management strategy

Apixaban Strong mixed P-gp/
CYP3A4 inhibitors

Reduce dose by 50%
If on 2.5 mg BID, avoid combination

Moderate mixed P-gp/
CYP3A4 inhibitors

No dose adjustment required

Strong mixed P-gp/
CYP3A4 inducers

Avoid combination

Rivaroxaban Strong mixed P-gp/
CYP3A4 inhibitors

Avoid combination

Moderate mixed P-gp/
CYP3A4 inhibitors

Consider alternative if CrCl is <80 mL/min

Strong mixed P-gp/
CYP3A4 inducers

Avoid combination

Edoxaban P-gp inhibitors Afib: no dose adjustment required for quinidine, 
verapamil, or dronaderone. Avoid combination 
with other strong inhibitorsa

VTE: decrease dose from 60 to 30 mg daily
P-gp inducers Avoid combinationb

Dabigatran P-gp inhibitors Afib: decrease dose from 150 to 75 mg BID if 
combined with dronaderone or ketoconazole 
when CrCl is 30–50 mL/min. If CrCl is <30 mL/
min, avoid combination
VTE treatment and prophylaxis after hip 
surgery: avoid combination if CrCl < 50 mL/min

P-gp inducers Avoid combination
aRecommendation based on expert opinion. CrCl = creatinine clearance
bSupporting data is with rifampin. Recommendation extrapolated to all strong P-gp inducers until 
more data is available
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The correct answer is D. Although an interaction exists with dronedarone, the 
patient’s INR can be monitored to prevent over-anticoagulation. Answer A and B 
are incorrect because the presence of renal impairment in combination with a 
moderate P-gp/CYP3A4 inhibitor is not recommended with rivaroxaban unless 
the benefits outweigh the risks. Answer C is incorrect because of dabigatran’s 
interaction with P-gp inhibitors. In treatment of atrial fibrillation, dronaderone 
and dabigatran used in combination in patients with moderate renal failure (CrCl 
30–50  mL/min) can increase dabigatran exposure to levels similar to those in 
severe renal failure. Therefore, the dose of dabigatran should be reduced to 75 mg 
twice daily.

 2. Which of the following statements is true for a patient with normal renal 
function?

 (a) Rivaroxaban should be stopped if itraconazole is initiated
 (b) Apixaban should be stopped if itraconazole is initiated
 (c) Rivaroxaban should be stopped if verapamil is initiated
 (d) Apixaban should be stopped if verapamil is initiated

The correct answer is A. Rivaroxaban should be avoided when a strong P-gp/
CYP3A4 inhibitor like itraconazole is initiated regardless of the patient’s renal 
function. Apixaban can be continued in the presence of a strong P-gp/CYP3A4 
inhibitor. A 50% dose reduction is warranted in this scenario. In the presence of 
verapamil, a moderate P-gp/CYP3A4 inhibitor, both rivaroxaban and apixaban can 
be continued when a patient’s renal function is normal and therefore answer C and 
D are both incorrect choices.
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Chapter 32
Pharmacokinetic Drug-Drug Interactions 
with Warfarin

Rachel C. Ieuter

Abstract Days since initiation of a drug, which has potential drug-drug interaction 
with warfarin, is an important factor to account for in determining anticipated clini-
cal effect, timing of monitoring, and potential dose adjustments. It is important to 
understand how to assess approaches to warfarin management in the presence of 
pharmacokinetic interactions such as pre-emptive dose adjustments and “watch and 
wait” with additional monitoring.

Keywords Pharmacokinetic interactions • Phenytoin • Warfarin S-enantiomer  
• Warfarin R-enantiomer • Cytochrome P450 • Vitamin K oxide reductase • VKOR

 Case Introduction

A 54-year-old woman receiving warfarin therapy for atrial fibrillation presents to 
the anticoagulation clinic on Monday for a 2-week follow up visit. The patient was 
diagnosed with atrial fibrillation 3 years ago and, presently, has remained therapeu-
tic on warfarin 5 mg daily except 7.5 mg on Tuesday, Thursday, and Saturday. She 
reports that she was recently hospitalized for newly diagnosed seizure disorder and 
discharged on Friday with a prescription for phenytoin 100 mg three times daily. 
Prior to discharge her total phenytoin level was 12 mg/L, serum creatinine 0.9 mg/
dL, serum albumin 4.2 g/dL, all other labs were within normal limits. Today her 
INR is 2.8. Since discharge she has resumed her home warfarin regimen and reports 
no side effects from phenytoin. Other medical problems include: hypertension and 
hyperlipidemia. Her only other medications are carvedilol, amlodipine, and atorvas-
tatin—no additional new medications initiated since last anticoagulation visit.
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 Case Discussion

 What Factors Need to Be Considered When Assessing Potential 
Drug-Drug Interactions with Warfarin?

Several drug-drug interactions exist with warfarin, which are classified as either 
pharmacokinetic or pharmacodynamic drug-drug interactions. The focus of this 
case is pharmacokinetic interactions with warfarin; pharmacodynamic interac-
tions are discussed elsewhere (see Chap. 30). Pharmacokinetics describes the 
movement of drug into, through, and out of the body [1]. More simply stated it is 
what the body does to the drug during the time that the drug is absorbed, distrib-
uted, metabolized, and excreted from the body. Briefly, warfarin is completely 
absorbed following oral administration with peak plasma concentrations within 
4  h and is excreted mainly via urine and bile as inactive metabolites [2, 3]. 
Warfarin is highly protein bound to serum albumin, and therefore has a small 
volume of distribution with the drug largely remaining in the circulation. When 
there is competitive displacement of warfarin from its protein binding sites this 
leads to an increase in volume of distribution. As a result, there is an increased 
anticoagulant effect because more drug is free to inhibit the mechanism of action 
site, the Vitamin K Oxide Reductase. This enzyme plays a role in the production 
of vitamin K-dependent clotting factors [2, 3]. The most important enzyme sys-
tem of phase I metabolism is cytochrome P450 (CYP450), because it is respon-
sible for many drug-drug interactions in which one drug may enhance the toxicity 
or reduce the therapeutic effect of another drug [1]. Warfarin is metabolized via 
CYP2C9 (S enantiomer) and CYP1A2 and CYP3A4 (R enantiomer) [2, 3]. Thus, 
an understanding of how CYP inhibition or induction will effect warfarin dose 
requirements is important (see Table 32.1, Fig. 32.1).

 Drug-Drug Interaction: Distribution

For patients newly initiated on phenytoin it is important to understand the bi-phasic 
drug-drug interaction with warfarin. Phenytoin and warfarin are both extensively 
protein bound at 90–95% and 99%, respectively. As a result, phenytoin displaces 
warfarin from its plasma protein binding sites which leads to a transient increase in 
its anticoagulant effects. This initial increase in INR occurs, typically, within 
1–3 days [4]. This patient has been taking concomitant warfarin and phenytoin for 
more than 3 days and has likely experienced the transient increase in INR during 
hospitalization. We do not anticipate the patient’s phenytoin dose to change in the 
immediate future based on the therapeutic total phenytoin level and no report of 
adverse drug events. Currently, it is not recommended to empirically dose adjust for 
this pharmacokinetic drug-drug interaction [5].

R.C. Ieuter

http://dx.doi.org/10.1007/978-3-319-54643-8_30


223

Table 32.1 Pharmacokinetic drug-drug interactions with warfarin

Change in PK 
parameter

Expected  
change in INR Drug interactions

Absorption ↓ ↓ INR Bile acid sequestrants
Sucralfate

Distribution ↑ ↑ INR Metronidazole
Phenytoin
Salicylates (large doses)
Sulfa (large doses)

Metabolism ↑ ↓ INR 2C9:
  Carbamazepine
  Phenobarbital
  Phenytoin
  Rifampin
3A4:
  Phenobarbital
  Phenytoin
  Rifampin
  St. John’s wort
1A2: tobacco smoke

↓ ↑ INR 2C9/19:
  Amiodarone
  Fluconazole
  Fluvastatin
  Metronidazole
  Propafenone
  Trimethoprim/sulfamethoxazole
3A4:
  Cimetidine
  Clarithromycin
  Fluconazole
  Fluoxetine
  Gemfibrozil
  Ketoconazole
  Ritonavir

CYP2C9
CYP1A2

CYP3A4

WARFARIN

Vitamin K Oxide

Reductase

S R

Fig. 32.1 Warfarin 
metabolism and relative 
potency
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 Drug-Drug Interaction: Metabolism

With long-term use of warfarin and phenytoin the drug-drug interaction transi-
tions to induction of warfarin hepatic metabolism. This patient will be on life-
long anticoagulation for atrial fibrillation and, if otherwise tolerated, will remain 
on phenytoin long-term to control her seizure disorder. Therefore, it is impor-
tant to understand the anticipated onset of induction in order to dose adjust 
warfarin appropriately. Warfarin is a racemic mixture consisting of an 
R-enantiomer and S-enantiomer [4]. Although it has a shorter half-life, the 
S-enantiomer is more pharmacologically active and impairs blood clotting 3–5 
times more than the R-enantiomer. Each enantiomer is metabolized by different 
hepatic pathways. The S-enantiomer is predominantly hydroxylated via CYP2C9 
enzymes whereas the R-enantiomer is metabolized via CYP3A4 and CYP1A2 
enzymes (see Table 32.1) [4]. This is a key point given that phenytoin is a potent 
inducer of 2C9 and 3A4 [6]. Medications that preferentially induce metabolism 
of the more potent S-enantiomer increase its clearance and impair anticoagula-
tion to a greater extent. This subsequent drug-drug interaction typically occurs 
within 1 week of concomitant therapy [7]. Although, the onset may demonstrate 
patient variability as there are case reports describing increased warfarin 
requirements after 2–4 weeks of concomitant therapy which may likely be due 
to continued induction of the CYP enzymes [5]. This patient will require close 
follow- up with weekly INR monitoring and warfarin dose increases as indicated 
to maintain therapeutic INR. Patient variability exists with warfarin dose adjust-
ment ranging from 50–75% dose increase [8]. To add complexity to this drug-
drug interaction continual assessment of the patient’s overall status is important 
such as age, dietary vitamin K intake, hepatic dysfunction, renal dysfunction, 
and fluid overload state. Age: In the elderly, the half-life of some drugs may be 
remarkably long which results in increased therapeutic effects (i.e. phenytoin). 
Dietary vitamin K intake: Changes in the amount of vitamin K consumed can 
alter the metabolism of warfarin. For example, if a patient normally eats one 
serving per day of food high in vitamin K and suddenly increases to three serv-
ings per day there will be a subsequent decrease in INR. Therefore, a crucial 
counseling point for patients is to stress the importance of consistent vitamin K 
intake. Hepatic dysfunction: Due to decreased production of clotting factors, 
hepatic dysfunction may lead to a significantly elevated INR. This patient popu-
lation will require decreased warfarin requirements. Renal dysfunction: Reduced 
renal function leads to the accumulation of renally excreted phenytoin. The 
resultant effect is increased serum levels of phenytoin and more potent CYP2C9 
and CYP3A4-mediated induction of warfarin. Additionally, renal dysfunction is 
oftentimes associated with hypoalbuminemia. This is clinically significant 
because, as stated previously, warfarin and phenytoin are highly protein bound. 
Thus, hypoalbuminemia patients will require decreased warfarin requirements 
and close monitoring of total phenytoin levels to limit the risk of toxicity. Fluid 
overload state: In the presence of significant congestion warfarin is unable to 
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reach its site of action, the liver, to be metabolized and exert its anticoagulant 
effects. This leads to increased warfarin requirements to maintain a therapeutic 
INR. Overall, it is important to continually weigh the risks and benefits of man-
aging warfarin with certain drug-drug interactions as compared to switching 
anticoagulation therapy to a direct oral anticoagulant. These newer drugs are not 
without their own inherent interactions; therefore warfarin is commonly contin-
ued with more frequent monitoring.

 Factors to Consider: Continuing Warfarin Versus Switching 
Anticoagulation Therapy

Ascertaining whether the patient can be initiated on alternative anticoagulation 
therapy, such as the direct oral anticoagulants, is challenging because phenytoin 
is also a potent CYP3A4 inducer [9]. The clinical implication is a decreased anti-
coagulation effect of the direct oral anticoagulants, thus increasing thrombotic 
risk. Additionally, the indication for anticoagulation should be considered since 
the direct oral anticoagulants do not have the same scope of FDA-approved indi-
cations as compared to warfarin. For example, the patient in our case has atrial 
fibrillation. It is important to assess the underlying etiology of her atrial fibrilla-
tion, valvular versus non-valvular. Adherence to warfarin is a crucial factor to 
assess if a patient is a candidate for warfarin therapy. Oftentimes patients’ dose 
may vary from day-to- day (i.e. one-half tablet every other day) leading to a com-
plex total weekly regimen. Furthermore, an understanding of dietary constraints 
and consistent vitamin K intake is another factor to assess in a patient who may 
have a history of labile INRs. Lastly, the percent time in therapeutic INR range 
should be assessed, especially in patients who require long-term anticoagulation. 
Usually, for those in the therapeutic INR range <60% of the time a direct oral 
anticoagulant would be a feasible option.

 How Should the Patient’s Situation Be Managed?

The patient should resume her current home warfarin regimen (5 mg daily except 
7.5 mg on Tuesday, Thursday, and Saturday) given that she has been on concomitant 
warfarin and phenytoin for more than 3 days. The transient increase in INR due to 
displacement of warfarin from its protein binding sites is a less clinically significant 
drug interaction, and it is not recommended to empirically decrease the warfarin 
dose [5]. The patient should have more frequent clinic visits to monitor the INR 
trend. Ideally, repeat INR in 1 week (patient will be on phenytoin for 2 weeks at this 
point and more likely to see effects of metabolism induction) and adjust total weekly 
dose accordingly to maintain therapeutic INR.
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 Key Points

• Days since initiation of a medication, which has potential drug-drug interaction 
with warfarin, is an important factor to account for in determining anticipated 
clinical effect, timing of monitoring, and potential dose adjustments

• Assess approaches to warfarin management, such as pre-emptive dose adjust-
ments as compared to “watch and wait” with additional monitoring

• For patients receiving warfarin the INR should be initially monitored more fre-
quently when drug-drug interactions are introduced and appropriately adjust 
warfarin dose as necessary

 Self-Assessment Questions

 1. A 71-year-old man presents to the urgent care clinic complaining of prolonged 
bleeding from a cut on his cheek after shaving this morning. He is receiving 
warfarin 7.5  mg daily for atrial fibrillation. Other medical problems include: 
hypertension, type 2 diabetes, and hyperlipidemia. Labs including CBC are 
within normal limits. Today INR is 3.4. His vital signs are stable. Upon further 
questioning, the patient states that he quit smoking cigarettes 2 weeks ago cold 
turkey (30 pack year history). Which of the following is the correct drug-drug 
interaction between warfarin and cigarette smoke?

 (a) Cigarette smoke is a CYP1A2 inducer; therefore smoking cessation may 
result in an increase in warfarin total weekly dose.

 (b) Cigarette smoke is a CYP1A2 inhibitor; therefore smoking cessation may 
result in a decrease in warfarin total weekly dose.

 (c) Cigarette smoke is a CYP2C9 inducer; therefore smoking cessation may 
result in a decrease in warfarin total weekly dose.

 (d) Cigarette smoke is a CYP2C9 inhibitor; therefore smoking cessation may 
result in an increase in warfarin total weekly dose.

Explanation: Correct answer is A. Cigarette smoke is a CYP1A2 inducer which 
leads to an increase in the metabolism of the R enantiomer of warfarin and thus may 
result in an increased warfarin total weekly dose. Therefore, upon cessation of 
tobacco products patients will require more frequent INR monitoring and, ulti-
mately, may require a higher total weekly dose of warfarin.

 2. A 59-year-old-woman receiving warfarin 4 mg daily for 2 months for an unpro-
voked PE was recently prescribed cholestyramine resin three times daily with 
meals for her difficult to control hypercholesterolemia. Which of the following 
is the best plan to manage this patient’s new medication?

 (a) Take cholestyramine at least 30 min after warfarin dose in order to avoid 
decreased absorption of warfarin.

R.C. Ieuter
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 (b) Cholestyramine may cause an increase in INR via CYP3A4 inhibition; 
patient may require decrease in total weekly dose.

 (c) Take cholestyramine at least 4  h after warfarin dose in order to avoid 
decreased absorption of warfarin.

 (d) Cholestyramine may cause a decrease in INR via CYP2C9 induction; patient 
may require increase in total weekly dose.

Explanation: Correct answer is C. The drug-drug interaction between warfarin 
and cholestyramine is an absorption issue; it is not mediated by hepatic metabolism 
(answers B and D incorrect). Cholestyramine is a bile acid sequestrant that leads to 
decreased serum warfarin concentrations by ~50%. It mainly binds warfarin in the 
GI tract. Data demonstrates that following one dose administered 30 min after war-
farin still decreased serum warfarin concentrations by 50% (answer A incorrect), 
therefore it is recommended to separate administration by at least 2 h, ideally would 
recommend to administer 4 h after.
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Chapter 33
Chronic Pain Management with  
Anticoagulation

Leah Sera

Abstract Many commonly used analgesics increase the risk of bleeding by various 
mechanisms. This case reviews this risk and how patients planning to undergo inva-
sive procedures for chronic pain should discuss the risks and benefits of suspending 
anticoagulation with their care provider.

Keywords Chronic pain • Pain management • Interventional pain management 
NSAIDs • Gastrointestinal hemorrhage • Acetaminophen • Tramadol • Adjuvants 
Antidepressants

 Case Introduction

OW is a 60-year old man with type 2 diabetes and persistent low back pain resulting 
from a motor vehicle accident for which he takes acetaminophen 650 mg every 4 h 
as needed (uses 2–3 doses per day). He is diagnosed with atrial fibrillation after 
presenting to the emergency department with shortness of breath and dizziness and 
was started on warfarin 5  mg daily. His other medications include gabapentin 
300 mg three times daily for diabetic neuropathy, metformin, sitagliptin, and mela-
tonin at night for insomnia. During a routine clinic visit 5 months later, he states that 
he has started seeing a pain specialist for his worsening back pain who has sug-
gested an epidural steroid injection. He states that his current pain regimen includes 
naproxen 250 mg twice daily, oxycodone/acetaminophen 5 mg/325 mg two tablets 
every 4 h as needed (using 2–3 doses per day), and duloxetine 30 mg daily. His other 
medications have not changed.
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 Case Discussion

 Medical Management of Chronic Pain in Patients 
on Anticoagulants

 How Do Different Classes of Pain Medications Interact 
with Anticoagulants?

Acetaminophen

Acetaminophen is considered the analgesic of choice for mild to moderate pain 
because of its relative safety compared to non-steroidal anti-inflammatory drugs 
(NSAIDs) [1]. The interaction between acetaminophen and warfarin leading to an 
increased risk of bleeding has long been recognized. Examples in the medical litera-
ture include case reports and prospective studies, many of which examine the asso-
ciation between acetaminophen use and elevated international normalized ratio 
(INR) [2]. While the mechanism underlying this interaction has yet to be fully elu-
cidated, proposed mechanisms include the inhibition of warfarin metabolism or 
interference with the formation of clotting factors [3]. In prospective studies, doses 
between 2 and 4  g per day often resulted in increased INR measurements. This 
effect was reversed within days of discontinuing acetaminophen use [2]. The onset 
of this interaction generally occurred within 1–2 weeks [4]. Direct oral anticoagu-
lants (DOACs) do not appear to interact with acetaminophen.

NSAIDs

The combination of NSAIDs and anticoagulants may increase the risk of gastroin-
testinal bleeding. NSAIDs cause gastrointestinal toxicity by both systemic and local 
mechanisms. NSAIDs inhibit cyclo-oxygenase (COX), an enzyme which is respon-
sible for the generation of prostaglandins that protect the gastric and duodenal 
mucosa [5]. Additionally, NSAIDs, being acids, are not ionized in the acidic envi-
ronment of the gastric lumen and may be absorbed across the gastric mucosa and 
cause cell damage [6]. NSAIDs also have antiplatelet activity due to the inhibition 
of COX-1 and consequently decreased production of thromboxane A2, which pro-
motes platelet aggregation. The specific gastrointestinal risk varies between drugs 
and is dose-related [7]. In a prospective study of over 2000 patients undergoing 
colonoscopies, NSAIDs, warfarin, and low-dose aspirin were associated with acute 
lower gastrointestinal bleeding and diverticular bleeding, and increased the risk of 
clinically significant bleeding [8]. Another study of over 150,000 patients hospital-
ized with atrial fibrillation found that use of NSAIDs increased the risk of serious 
bleeding for patients on antithrombotic therapy, and even short term NSAID 
increased bleeding risk [9]. A similar result was seen in patients receiving anti-
thrombotic therapy after myocardial infarction. The risk of bleeding was doubled if 
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patients were taking NSAIDs in addition to antiplatelet agents or anticoagulants, 
and the increased risk occurred as early as 3 days after initiation of NSAID therapy 
[10]. According to the American College of Gastroenterology, patients taking 
NSAIDs along with anticoagulants, corticosteroids, or aspirin (even low-dose) are 
at moderate risk of GI bleed and should consider use of a COX-2 inhibitor or tradi-
tional non-selective NSAID plus misoprostol or a proton pump inhibitor (PPI) for 
gastroprotection [11]. Patients with additional risk factors, such as age greater than 
65 or history of ulcer, should consider alternative therapy, or use of a COX-2 inhibi-
tor plus misoprostol or high dose PPI if NSAID therapy is absolutely necessary 
[11].

Opioids

There are few clinically significant drug interactions between opioids and antico-
agulants related to increased risk of bleeding or thrombosis, or interactions affect-
ing the metabolism of anticoagulants. Three case reports have been published 
describing an interaction between tramadol and warfarin leading to suprathera-
peutic INR. A proposed mechanism of this interaction is competition for cyto-
chrome P450 3A4 that increases R-warfarin levels [12]. In two case reports, INR 
returned to normal after discontinuation of tramadol [13, 14]. In the third case the 
patient INR was stabilized after dose adjustment of warfarin and tramadol was 
continued; in this case the authors recommended reducing the warfarin dose by 
25% and monitoring INR closely if long-term tramadol therapy is being initiated 
[12]. This interaction has not been reported with DOACs. Although, sedation is a 
common adverse effect of opioids, likely related to their anticholinergic proper-
ties [15] a meta-analysis found that narcotic analgesics did not increase the risk of 
falls in the elderly [16]. Tolerance often develops to sedation and slow dose titra-
tion can help mitigate this adverse effect for patients requiring analgesics for 
severe pain [15].

Adjuvants

Antidepressants are frequently used in the treatment of neuropathic pain. 
Serotonergic drugs may increase the risk of gastrointestinal bleeding. The proposed 
mechanism impaired platelet aggregation resulting from decreased platelet sero-
tonin [17]. A meta-analysis found that the use of SSRIs alone modestly increased 
the risk of gastrointestinal bleeding and this risk increased significantly when 
patients were also taking NSAIDs [18]. Several case reports describe episodes of 
bleeding with venlafaxine or duloxetine, which are serotonin-norepinephrine reup-
take inhibitors (SNRIs). In two reports, bleeding associated with venlafaxine ceased 
approximately 1 week after discontinuation of the drug, a time course consistent 
with the platelet lifespan [19, 20].
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 Issues Related to Interventional Pain Management

 When Should Anticoagulants Be Discontinued Prior to Interventional Pain 
Management Procedures?

Interventional pain management involves the use of invasive procedures for the 
management of chronic pain. Such procedures include targeted injection of drugs, 
nerve ablation, discectomy, and implantation of infusion pumps and spinal cord 
stimulators [21]. Decisions about discontinuation of antithrombotic therapy prior to 
a planned procedure depend on the patient’s condition (i.e., risk of thrombosis) and 
the bleeding risk associated with the procedure [22]. Factors that increase the bleed-
ing risk include larger needle size, close proximity to vascular or significant neuro-
logic structures, and having the target in a confined space [22]. For high-risk or 
moderate-risk procedures, warfarin should be discontinued in time to achieve an 
INR less than 1.4 or 2.0, respectively. Dabigatran may be stopped between 1 and 
4 days prior to a procedure in patients with normal renal function, depending on the 
associated bleeding risk (patients with impaired renal function should discontinue 
dabigatran at least 4–5 days prior to any procedure). Limited evidence suggests that 
rivaroxaban may be stopped for a day or longer prior to a planned procedure [22].

 How Should this Patient Be Managed?

In order to optimize OW’s pain management regimen while appropriately managing 
his atrial fibrillation with warfarin, his naproxen should be discontinued to decrease 
the risk of gastrointestinal bleeding. Continue the oxycodone/acetaminophen, but 
educate the patient that moderate to large daily doses of acetaminophen can affect 
INR.  Duloxetine may also be continued, but it would be prudent to educate the 
patient regarding signs and symptoms of bleeding. Ask the patient to get more infor-
mation about any planned invasive procedure with the interventional specialist so 
that a plan can be developed regarding temporary discontinuation of warfarin.

 Key Points

• Acetaminophen, NSAIDs, tramadol, and antidepressants may all increase the 
risk of bleeding either by interfering with the metabolism of warfarin or by 
impairing the activity of platelets.

• The interaction between antithrombotic agents and NSAIDs is well-documented 
and leads to increased risk of gastrointestinal bleeding. Patients on antithrom-
botic therapy should utilize acetaminophen preferably to NSAIDs—despite the 
potential for acetaminophen to increase INR it is still considered the safer option 
for patients in need of an antipyretic or analgesic for mild to moderate pain.
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• The decision to suspend anticoagulants prior to planned invasive procedures for 
chronic pain should be made with respect to the patient’s condition and bleeding 
risk associated with the procedure.

 Self-Assessment Questions

 1. A 72-year old woman with a past medical history of atrial fibrillation on warfa-
rin, hypertension, hyperlipidemia, and osteoarthritis presents for a routine clinic 
visit with an INR of 3.4. Her INRs have been therapeutic for the last several 
months without much fluctuation. She denies signs or symptoms of bleeding and 
the only change to her medications has been an increased use of acetaminophen 
(650 mg 4–5 times daily, pain is controlled). Up until 2 weeks ago when her pain 
worsened her pain was controlled with 1–2  doses of acetaminophen per day. 
Along with recommending workup for the new pain complaint with her primary 
care provide, what is the most reasonable course of action?

 (a) Adjust the warfarin dose and monitor INR more closely until stabilized.
 (b) Discontinue the acetaminophen and recommend tramadol 50 mg by mouth 

four times daily as needed
 (c) Decrease the acetaminophen to a maximum of two doses per day and recom-

mend oxycodone 5 mg every 4 h as needed.
 (d) Continue the current plan of care and monitor INR more frequently.

Rationale: A is the correct answer. Acetaminophen, although it may increase 
INR at doses >2 g per day, is preferred over NSAIDs for moderate pain. B is incor-
rect because tramadol may also increase the INR and therefore offers no individual 
benefit (and is less well tolerated than acetaminophen). C is not the best answer 
because her pain is controlled on acetaminophen and increasing pill burden is 
unnecessary when pain is not severe. D is not the best answer because continuing 
her current plan of care doesn’t address the increased bleeding risk with a suprath-
erapeutic INR.

 2. A 68 year old man with a past medical history of hypothyroidism, depression, 
anxiety, hypertension, type 2 diabetes with peripheral neuropathy, and DVT is 
taking the following medications: rivaroxaban 20 mg daily, venlafaxine 75 mg 
daily, tramadol 50 mg every 6 h as needed (uses 1–2 doses per day), acetamino-
phen 650 mg every 4 h as needed for pain (uses occasionally), levothyroxine 
50 mcg daily, lisinopril 10 mg daily, metformin 500 mg twice daily. Which of her 
medications (other than the rivaroxaban) is most likely to increase her risk of 
bleeding?

 (a) venlafaxine
 (b) tramadol
 (c) lisinopril
 (d) acetaminophen
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Rationale: Venlafaxine is the correct answer due to its effect on platelet homeo-
stasis. Tramadol and acetaminophen may increase the risk of bleeding by affecting 
warfarin metabolism, but this does not appear to be a problem with new oral antico-
agulants. Lisinopril does not increase the risk of bleeding.
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Chapter 34
Anticoagulation Management in Atrial 
Fibrillation Catheter Ablation

Brian Cryder

Abstract Catheter ablation procedures carry both thrombotic and hemorrhagic 
risks that must be balanced in the periprocedural anticoagulant plan. Anticoagulation 
intensity should be reduced at the time of procedure, but maintained therapeutically 
before and after procedure to minimize risks.

Keywords Catheter ablation • Oral anticoagulants • Atrial fibrillation • Anticoagulation 
management • Periprocedural anticoagulation

 Case Introduction

The patient is a 76 year old African American male patient who is taking warfarin due 
to a 2 year history of atrial fibrillation. His other past medical history includes heart 
failure (EF = 30%, which has worsened from 40% 1 year prior), CKD stage 3, hyper-
tension, gout, and impaired fasting glucose. Current medications include: allopurinol, 
aspirin, atorvastatin, furosemide, lisinopril, metoprolol ER, pantoprazole, spironolac-
tone, and warfarin 10 mg daily except 5 mg every Friday (65 mg weekly dose) with 
target INR 2–3. Current vitals include: BP 108/70, HR 72, RR 16, Wt 231 lb, BMI 
36.2. Labs within normal limits except SCr 1.8 with GFR of 48. Last four INRs were 
2.3, 2.5, 3.1 and 2.0. He has a family history of hypertension and stroke. All physical 
exam parameters were within normal limits at most recent physician visit. Most recent 
EKG: Atrial fibrillation with heart rate of 85 beats/min; Echocardiogram from last 
month: normal left ventricular size without hypertrophy, inferolateral hypokinesia 
present with decreased systolic function (EF 30%), abnormal left atrial volume, and 
normal right sided chamber dimensions. His cardiologist is recommending ablation to 
restore sinus rhythm due to his decline in systolic function.
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 Case Discussion

Atrial fibrillation is among the most common arrhythmias and has links to several 
potential comorbidities. Cardiologists are more frequently recommending catheter 
ablation in symptomatic atrial fibrillation especially if the patient is refractory or 
intolerant of Class 1 or 3 antiarrhythmic medications [1]. In the past many held the 
popular belief that catheter ablation procedures would be corrective for atrial tachy-
cardia thus eliminating the need for long term anticoagulation therapy. However, 
clinical experience with these procedures has shown that long term anticoagulation 
is still required in most cases despite initial sinus rhythm restoration.

When assessing anticoagulation therapy around the time of atrial fibrillation 
ablation, one must consider two major factors: (1) the change in thrombosis to hem-
orrhage risk balance before, during and after the procedure and (2) optimal antico-
agulant medication selection [2].

Current guidelines recommend therapeutic anticoagulation a minimum of 
4 weeks prior to ablation to minimize the risk of pre-existing thrombi dislodgement. 
Many clinicians will perform a pre-procedural transesophageal echocardiogram to 
ensure the lack of intracardiac thrombi, but recent research suggest that it may not 
be necessary in patients utilizing therapeutic warfarin or an oral Xa inhibitor [3, 4]. 
No data involving direct thrombin inhibitors and pre-procedure transesophageal 
echocardiogram is available at this time.

The procedure itself presents a complicated mix of thrombotic and hemorrhagic 
risks. The invasive nature of the catheterization usually would require full clearance 
or reversal of the anticoagulant, but the thrombotic risk triggered by the endothelial 
damage must be accounted for. Researchers have offered multiple anticoagulant 
strategies in the immediate days leading up to the ablation: (1) reverse or allow 
clearance of the chronic anticoagulant prior to ablation and “bridge” with low 
molecular weight heparin post-op if warfarin is the oral anticoagulant, or (2) do not 
interrupt the oral anticoagulant, but warfarin must be monitored closely to minimize 
hemorrhagic risk. Recent trends have favored continuous anticoagulation due to the 
associated lower bleeding risk with this method [1]. In our case scenario, warfarin 
was not interrupted, but a specific INR monitoring and dosing protocol is in place 
starting 2–3 days prior to the procedure to improve patient safety. While not for-
mally addressed by the guidelines, a study by Kim and colleagues identified an INR 
target between 2.1 and 2.5 as the lowest hemorrhagic risk without compromising 
thromboembolic protection [5].

With all of the tight monitoring due to warfarin around the time of procedure, 
would it be preferable to utilize an oral direct thrombin or Xa inhibitor? Theoretically, 
the consistent therapeutic levels produced by the newer agents would provide a 
more predictable anticoagulant intensity with more room for lifestyle variation 
compared with warfarin. Most pre-procedural protocols request a 24–48 h window 
without dosing to allow clearance by the time of procedure. Recent data seems to 
imply that warfarin, apixaban, rivaroxaban, and dabigatran all have comparable 
safety data when used according to the appropriate drug specific protocols [6, 7]. 
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Our case patient has been stable on warfarin chronically so there is no incentive at 
this time to alter medication selection, nor incentive to switch from a newer agent to 
warfarin if stable. Additionally, some cardiologists prefer warfarin due to its revers-
ibility and amount of clinical experience with the drug.

Following the ablation, the patient remains at high thrombotic risk from the 
“stunning” of atrial tissue and direct endothelial injury induced by the procedure [1, 
2]. Anticoagulants should be resumed within 6 h of vascular sheath removal and 
continued a minimum of 2 months [1]. Most patients will require long term antico-
agulation regardless of cardiac rhythm if stroke risk is high as determined by the 
CHADS2 or CHA2DS2-VASc scoring guidelines. In cases where low molecular 
weight heparins were used as a bridging agent, dosing should be continued until the 
warfarin has produced an INR ≥ 2.0. See Table 34.1 for a summary of catheter abla-
tion procedure considerations around oral anticoagulants.

 Key Points

• Catheter ablation procedures carry both thrombotic and hemorrhagic risks that 
must be balanced in the peri-procedural anticoagulant plan.

• Anticoagulation intensity should be reduced at the time of the procedure, with 
some preferring complete reversal and others advocating a lower, but still thera-
peutic level of intensity.

• All patients should receive therapeutically dosed anticoagulants for several 
weeks before and at least 2 months after ablation procedure.

• No current evidence suggests better outcomes with one specific oral anticoagu-
lant medication over any other option.

Table 34.1 Procedural considerations for anticoagulation for catheter ablation

Pre-procedure 
(minimum 4 
continuous weeks 
prior) Peri-procedure

Post-procedure 
(minimum 2 continuous 
months after)

Warfarin INR of at least 2.0   •  Check INR 2–3 days prior 
to procedure

  • Ideal INR: 2.1–2.5
  •  If low: consider LMWH 

bridge
  •  If high: reduce dose and 

monitor INR prior to 
procedure

INR of at least 2.0

DOAC Ensure adherence 
with prescribed dose

  •  Last dose = 2 days prior 
to procedure

  •  Restart at least 6 h after 
procedure completion

Ensure adherence with 
prescribed dose

34 Anticoagulation Management in Atrial Fibrillation Catheter Ablation
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 Self-Assessment Questions

 1. A common reason for catheter ablation is:

 (a) To eliminate the need for long term anticoagulants
 (b) To enhance the effectiveness of anticoagulant medications
 (c) To reduce patient symptoms associated with atrial fibrillation
 (d) To lower health related costs associated with atrial fibrillation

 2. Thrombotic risk in catheter ablation is:

 (a) Only elevated if a thrombus is found in initial trans esophageal 
echocardiogram

 (b) Elevated due to the endothelial damage induced by the procedure
 (c) Elevated, but the hemorrhagic risk is significantly higher in priority
 (d) Only modestly elevated and does not require anticoagulant treatment in the 

several weeks surrounding the ablation procedure

 3. Patients taking warfarin chronically prior to catheter ablation

 (a) Should have INR closely monitored, with pre-procedure target near  
2.1–2.5

 (b) Should have INR closely monitored, with pre-procedure target near  
1.4–1.9

 (c) Should have warfarin therapy interrupted with no additional heparin-based 
coverage

 (d) Should have warfarin switched to apixaban to further reduce periprocedural 
bleeding risk

 Answers

 1. C is correct; ablation does not eliminate anticoagulant need as risk of atrial fibril-
lation recurrence is high even if sinus rhythm is initially restored. There is no 
correlation between ablation and relative potency or effectiveness of anticoagu-
lant medications. At this time there is no data suggesting health associated cost 
reduction from catheter ablation.

 2. B is correct; thrombus identification does represent risk, but is not the only 
scenario in which the thrombotic risk is elevated. Both thrombotic and hem-
orrhagic risks are significant in catheter ablation, requiring careful modula-
tion of anticoagulant medication use in the immediate peri-procedural time 
period

 3. A is correct; this INR intensity was shown to have the lowest risk compared to 
both lower and higher INR targets. Changing from warfarin to apixaban is not 
known to either increase or decrease hemorrhagic risk when either is used cor-
rectly in the setting of catheter ablation.
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Chapter 35
Anticoagulation Management Considerations 
for Mechanical Valves

Denise M. Kolanczyk

Abstract All patients who receive mechanical valves should be anticoagulated 
with a vitamin K antagonist such as warfarin. The INR goal will be determined 
based on the type and location of the valve and patient-specific risk factors for 
thromboembolism.

Keywords Mechanical valves • On-X valves • Anticoagulation for mechanical 
valves • INR goal intensification • Valve thrombosis

 Case Introduction

A 57-year-old Caucasian male is post-operative day #2 after undergoing a 
mechanical valve replacement for mitral stenosis. His past medical history 
includes hypertension, atrial fibrillation, and type 2 diabetes. He has had an 
uneventful post-operative course, and the cardiothoracic surgery team is ready to 
initiate warfarin for his mechanical valve. Prior to surgery, the patient was receiv-
ing rivaroxaban for stroke prevention in the setting of his atrial fibrillation. The 
patient has requested that he remain on rivaroxaban because he does not want to 
deal with the dietary restrictions and frequent INR monitoring appointments with 
warfarin.
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 Case Discussion

 What Is the Appropriate Oral Anticoagulant to Use 
in the Setting of a Mechanical Valve?

All patients who undergo a mechanical valve replacement require lifelong antico-
agulation with an oral vitamin K antagonist (i.e., warfarin) in order to prevent valve 
thrombosis and embolic events [1]. The prosthetic material increases the risk of 
thrombus formation and abnormal flow conditions can lead to platelet activation. 
Many studies have demonstrated warfarin’s effectiveness at preventing valve throm-
bosis and thromboembolic events. In addition to warfarin, all patients should receive 
aspirin 75–100 mg daily.

Newer oral anticoagulants should be avoided in the presence of mechanical 
valves [1]. The RE-ALIGN trial, which was a phase 2 dose-validation study, evalu-
ated the use of dabigatran compared to warfarin in patients with mechanical valves 
[2]. The trial was terminated early due to an excess of thromboembolic and bleeding 
events in the dabigatran group. Based on the results from RE-ALIGN, the FDA 
issued a boxed warning stating that dabigatran is contraindicated in patients with 
mechanical heart valves [3]. Due to the lack of safety and efficacy data with the oral 
anti-Xa agents (rivaroxaban, apixaban, and edoxaban), it is strongly advised that 
these agents also be avoided in patients with mechanical valves [1].

Additionally, one can argue that the patient described in the vignette should not 
have been prescribed rivaroxaban prior to surgery. These agents have only been 
approved for non-valvular atrial fibrillation, and the cause of this patient’s atrial 
fibrillation may be a complication from mitral stenosis (i.e., valvular atrial 
fibrillation).

 What Factors Should Be Considered When Determining an INR 
Goal for a Patient with a Mechanical Valve?

All mechanical valves generate flow patterns which differ from native valves [4]. 
High velocity and high shear can cause damage to circulating blood elements. This 
leads to activation of platelets, endothelial cells and coagulant proteins, further 
increasing the risk for thrombus formation. Localized regions of turbulent flow can 
further lead to stasis and thrombus formation [5].

The position and type of valve play a critical role in determining an INR goal [1]. 
The risk of valve thrombosis and thromboembolic events are higher in the mitral 
position than in the aortic position due to different flow conditions and hemodynam-
ics across the valve itself [1]. Due to overall cardiac hemodynamics, low blood flow 
and/or reduced cardiac output increases the risk of thrombosis around the mitral 
valve [5]. During systole, blood is ejected through the aortic valve when the leaflets 
are widely separated [6]. This minimizes stasis, or contact time, between blood and 
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the thrombogenic material of the mechanical valve. Mitral valve leaflets have more 
contact with blood in the left atria during diastole and in the left ventricle during 
systole since the leaflets are closed.

The different generations of mechanical valves vary from one another in terms of 
thrombogenicity. Caged-ball prostheses have the highest thrombogenic potential 
resulting from stagnant and circumferential blood flow [7]. Both single-leaflet (or 
tilting-disk) and bileaflet valves are enabled for central flow of blood, which 
decreases the thrombogenicity risk. Bileaflet valves have the lowest risk of embolic 
events [8]. See Fig. 35.1 for pictures of each type of valve (A—caged-ball; B/C—
tilting disk; D—bileaflet).

a b

c d

Fig. 35.1 Examples of mechanical heart valves. (a) Starr-Edwards caged-ball valve which is asso-
ciated with the highest thrombogenicity. (b) Bjork-Shiley tilting-disk valve is an example of a 
tilting-disk valve which has intermediate risk of thrombogenicity. (c) Medtronic Hall tilting-disk 
valve. (d) St. Jude Medical Regent is an example of a bileaflet valve which has the lowest risk of 
thrombogenicity. Reprinted with permission from Lancet. 2009;374:565–76
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Table 35.1 provides recommendations to antithrombotic therapy for mechanical 
heart valves based on the 2014 AHA/ACC Valvular Heart Disease Guideline [1]. A 
mechanical valve in the aortic position (bileaflet or current-generation single tilting 
disc) should have optimal anticoagulation that achieves an INR of 2.5 (INR goal 
2.0–3.0) in patients with no risk factors for thromboembolism. However, if a patient 
has other risk factors for thromboembolism, more aggressive anticoagulation should 
be considered. Achieving an INR of 3.0 (INR goal 2.5–3.5) may be warranted if the 
following risk factors such as atrial fibrillation, previous thromboembolism, left 
ventricular dysfunction, and/or hypercoagulable conditions are present. However, 
there is a lack of data to support the recommendation of routinely targeting higher 
INR goals in patients with additional risk factors. Decisions on whether to intensify 
INR goals should be based on individual patient risk assessments for thrombosis 
and bleeding. Older-generation mechanical valves (i.e., caged-ball) in the aortic 
position are also recommended to achieve an INR of 3.0 (INR goal 2.5–3.5) due to 

Table 35.1 Antithrombotic recommendations for mechanical heart valves based on the 2014 
AHA/ACC valvular heart disease guidelines [1, 10]

Valve type Description Trade names
Valve 
position INR goal

INR goal with 
risk factorsa

1st generation Caged-ball Starr-Edwards 
[DSC]

Aortic 2.5–3.5
Mitral 2.5–3.5

2nd generation Single-tilting 
disk

Omnicarbon 
[DSC]

Aortic 2.0–3.0 2.5–3.5
Mitral 2.5–3.5

Bjork-Shiley 
[DSC]

Aortic 2.0–3.0 2.5–3.5
Mitral 2.5–3.5

Medtronic Hall Aortic 2.0–3.0 2.5–3.5
Mitral 2.5–3.5

3rd generation Bileaflet 
tilting disk

Edwards- 
Duromedis [DSC]

Aortic 2.0–3.0 2.5–3.5
Mitral 2.5–3.5

St. Jude Aortic 2.0–3.0 2.5–3.5
Mitral 2.5–3.5

Carbomedic Aortic 2.0–3.0 2.5–3.5
Mitral 2.5–3.5

Open pivot Aortic 2.0–3.0 2.5–3.5
Mitral 2.5–3.5

4th generation Bileaflet 
tilting disk 
(silicon free)

On-X Aortic 2.0–3.0
(1.5–2.0)b

In patients who have an older generation mechanical AVR such as caged-ball, the goal is 2.5–3.5, 
independent of thromboembolic risk factors. Regardless of the type of valve and its position, it is 
recommended that all patients receive an aspirin dosed 75–100 mg daily for additional thrombo-
prophylaxis. DSC discontinued
aRisk factors for thromboembolism: atrial fibrillation, history of thromboembolism, left ventricular 
dysfunction, or known hypercoagulable conditions
bThe INR goal for an On-X mechanical aortic valve is recommended to be 2.0–3.0 during the first 
three months. Afterwards, it is recommended to lower the INR goal to 1.5–2.0

D.M. Kolanczyk



249

higher risk of thromboembolic complications, regardless if risk factors are present 
or not.

One study found that rates of thromboembolism in patients with mechanical mitral 
valves were lower in patients with higher INR goals compared to those with lower 
INR goals [9]. In patients with mechanical valves in the mitral position, anticoagula-
tion with warfarin is recommended to achieve an INR of 3.0 (INR goal 2.5–3.5) [1]. 
In patients who have mechanical valves in both the mitral and aortic positions, antico-
agulation with warfarin should achieve an INR of 3.0 (INR goal 2.5–3.5).

Newer valves, such as the On-X aortic mechanical valve, may allow patients to 
be managed with a lower INR goal. The On-X valve is made entirely out of carbon 
and is free of silicone, which reduces the risk of blood damage [10]. Initially, 
patients are anticoagulated with an INR goal of 2.0–3.0. After three months, the 
INR goal is reduced to 1.5–2.0. The PROACT trial demonstrated that reducing the 
intensification of anticoagulation not only reduced bleed rates, but there was also no 
change in the rate of stroke [11].

 What Diagnostic or Surgical Procedures Require a Temporary 
Interruption in Oral Anticoagulation?

Any patient who is anticoagulated and requires a procedure should have the risk of 
increased bleeding weighed against the increased risk of thromboembolism. 
Anticoagulation should not be stopped for procedures where bleeding is not likely 
or very low [1]. Examples of these include surgery on the skin, dental cleaning, and 
eye surgeries for cataracts or glaucoma.

Patients with a bileaflet mechanical aortic valve and have no risk factors for 
thromboembolism are generally considered to be low-risk [1]. Depending on the 
procedure, bridging anticoagulation could be avoided. Patients who are at higher 
risk of thromboembolism (presence of risk factors described above plus all patients 
with mechanical valves in the mitral position) that require interruption of warfarin 
should be bridged with an agent that can easily be stopped before the procedure and 
restarted afterwards when appropriate.

Patients who require interruption of warfarin therapy are recommended to be 
“bridged” with either intravenous unfractionated heparin (UFH) or subcutaneous 
low molecular weight heparin (LMWH) such as enoxaparin [1].

 If Embolic Events Occur Despite Therapeutic INRs, What Is 
the Approach to Antithrombotic Therapy?

In the event that a patient experiences a thromboembolic event on therapeutic anti-
coagulation, intensification of the INR goal can be considered [1]. For example, if 
valve thrombosis occurs in a patient with an aortic mechanical valve that has been 
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anticoagulated and managed with an INR goal of 2.0–3.0, it is recommended to 
change the INR goal to 2.5–3.5. The INR goal may be changed from 2.5–3.5 to 
3.0–4.0 in patients with mechanical mitral valves who experience an embolic event. 
Aspirin 75–100 mg daily is also recommended to minimize thromboembolic events. 
Clinicians should consider patient preferences and their bleed risk when deciding if 
intensification is appropriate.

As previously mentioned, direct oral anticoagulants should be avoided in patients 
who continue to have recurrent embolic events despite therapeutic INRs. Other 
agents such LMWH should be used with caution in patients with recurrent embolic 
events. LMWHs, such as enoxaparin, have insufficient data to support long-term 
use for thromboprophylaxis [12]. The current AHA/ACC valvular heart disease 
guidelines do not mention the use of LMWH in non-pregnant patients [1]. If a 
patient has a history of recurrent embolic events despite therapeutic INRs and 
wishes to start enoxaparin, providers should discuss the benefits and risks of switch-
ing and the lack of evidence to support its long-term use. Anti-Xa levels should be 
strongly considered for monitoring. Due to the lack of evidence, optimal peak 
ranges to prevent valve thrombosis are unknown in non-pregnant patients. In preg-
nant patients with mechanical valves, anti-Xa levels are measured 4–6 h after injec-
tion, and suggested peaks range from 0.8 to 1.2 units/mL.

 Key Points

• Warfarin is the only recommended oral anticoagulant to prevent cardioembolic 
events in a patient with a mechanical valve. Aspirin 75–100 mg daily is also 
recommended to minimize these thrombotic events in all patients with mechani-
cal valves.

• The INR goal should be based on the type and location of the valve and patient- 
specific risk factors for thromboembolism.

• Temporary interruption of oral anticoagulation should be based on the type of 
procedure, risk factors, and the type, location, and number of heart valve 
prosthesis(es). Bridging anticoagulation with unfractionated heparin or low 
molecular weight heparin is recommended during these times.

• Intensifying INR goals and ensuring a daily aspirin (75–100 mg) is on board is a 
practical approach to a patient who has suffered an embolic event in the setting 
of therapeutic INRs. Patient preferences and bleed risk should also be 
considered.

 Self-Assessment Questions

 1. A 64-year-old woman has a history of hypertension, atrial fibrillation, type 2 
diabetes, peptic ulcer disease, and severe symptomatic aortic stenosis. She 
undergoes surgery and a St. Jude mechanical valve is placed in the aortic  position. 

D.M. Kolanczyk



251

On post-operative day #3, hers labs are within normal limits, and her vitals are 
stable. The team is planning on initiating warfarin therapy today. Which of the 
following is the best INR goal range for this patient?

 (a) 1.5–2.0
 (b) 2.0–3.0
 (c) 2.0–3.0 for 3 months, then decrease to 1.5–2.0
 (d) 2.5–3.5
 (e) 2.5–3.5 for 3 months, then decrease to 2.0–3.0

The correct answer is B. Mechanical valves in the aortic position are recommended 
to achieve an INR goal of 2.5 (INR goal 2.0–3.0). The On-X mechanical valve is the 
only mechanical valve that can be anticoagulated with a lower INR goal after three 
months of anticoagulation targeting a goal of 2.0–3.0. Her history of atrial fibrillation 
does increase her risk for thromboembolism, but due to her history of peptic ulcer 
disease and a lack of evidence to support a more aggressive anticoagulation plan, the 
higher goal of 2.5–3.5 may put her at more risk for bleeding. The AREVA trial dem-
onstrated that moderate anticoagulation (INR goal 2.0–3.0) was as effective as con-
ventional anticoagulation (INR goal 3.0–4.0) in patients with mechanical aortic valves 
[13]. Moderate anticoagulation also reduced the risk of bleeding events. Patients with 
risk factors for thromboembolism were excluded in this study which makes it hard to 
extrapolate in this patient vignette. In clinical practice, providers should carefully 
weigh a patient’s thrombosis and bleed risk, and discuss this with the patient. Some 
patients may be willing to accept a higher bleed risk to avoid cardioembolic events. 
Incorporation of a validated scoring system such as HAS-BLED may assist in clinical 
decision-making when determining this patient’s risk. Caution should be applied 
using this scoring system outside the nonvalvular atrial fibrillation population. It 
should not be used as an excuse to target a lower goal of 2.0–3.0, but to highlight 
patients that warrant additional monitoring. If this patient did not have peptic ulcer 
disease, a goal of 2.5–3.5 would be appropriate due to the additional thrombosis risk.

 2. A 62-year-old male with a history of hypertension, hyperlipidemia, and history 
of recurrent VTE is admitted for a mechanical mitral valve replacement. Prior to 
surgery, the patient was taking apixaban for his history of VTE. The surgery is 
successful, and once the patient is hemodynamically stable, the team would like 
to resume apixaban. Which of the following is the best plan to recommend?

 (a) Resume apixaban
 (b) Transition to dabigatran
 (c) Transition to warfarin, INR goal 2.0–3.0
 (d) Transition to warfarin, INR goal 2.5–3.5

The correct answer is D. Regardless of the patient’s VTE history, a mechanical 
valve in the mitral position has the highest thrombogenic risk, and requires a more 
aggressive INR goal of 2.5–3.5. Resuming apixaban or transitioning to any other 
anti- Xa agent, such as rivaroxaban or edoxaban, is not recommended due to the lack 
of data supporting their use. Dabigatran has a boxed warning to avoid use in patients 
with mechanical valves based on results from the RE-ALIGN study.
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Chapter 36
Management of Antiphospholipid Antibody 
Syndrome

Margaret A. Felczak

Abstract The gold standard of treatment for antiphospholipid antibody syndrome 
(APS) remains VKAs (goal INR 2.0–3.0). The gold standard for monitoring of 
patients with APS remains INR testing, although chromogenic Factor Xa assays 
may be considered for certain individuals.

Keywords Thrombophilias • Antiphospholipid antibody syndrome (APS) • Hyper
coagulable states • Chromogenic factor X levels • Thrombocytopenia

 Case Introduction

A 78yearold female presents to your anticoagulation clinic for follow up. She has 
been taking warfarin since 2000 to prevent recurrent thrombotic events due to 
antiphospholipid antibody syndrome. Past medical history includes systemic lupus 
erythematosus (SLE), hypothyroidism, coronary artery disease, dyslipidemia, 
hypertension, depression, and new onset dementia. Previous events include myocar
dial infarction in 2010 and multiple transient ischemic attacks (2006, 2013). In addi
tion, patient has history of venous thromboembolism (LLE DVT 2000, PE 2010). 
Current medications include hydroxychloroquine, levothyroxine, metoprolol suc
cinate, lisinopril, atorvastatin, amlodipine, paroxetine, donepezil, aspirin, and war
farin 4  mg tablets—as directed by anticoagulation clinic. Patient presents with 
daughter to visit today with concerns about patient not being able to do her ADL’s. 
The patient’s dementia is progressing and she is no longer able to drive herself to 
appointments. The daughter would like to know if there are any other anticoagulants 
the patient may take due to difficulty with transportation and frequency of visits.
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 Case Discussion

 What Is Antiphospholipid Antibody Syndrome (APS) and How 
Is it Diagnosed?

Antiphospholipid antibody syndrome is a condition characterized by venous or arte
rial thrombosis and pregnancy loss. Antiphospholipid (aPL) antibodies are a group 
of autoantibodies directed against phospholipidbinding proteins. The diagnosis of 
APS is made upon detection of circulating aPL antibodies, namely lupus anticoagu
lant (LA), anticardiolipin (aCL) antibodies, and anti beta2glycoprotein 1. When the 
syndrome occurs alone, it is termed primary APS. However, when it occurs in the 
presence of other conditions, such as SLE, it is called secondary APS [1, 2]. In 
2006, there was an update to the diagnosis of APS, which are now called the Sydney 
criteria for APS. APS diagnosis requires the combination of at least one clinical and 
one laboratory criterion. The laboratory criterion must be repeated at least 12 weeks 
apart from initial testing to confirm the diagnosis [3]. One reason testing for aPL is 
problematic is due to lack of laboratory standardization. It has been reported that up 
to 10% of healthy individuals will test positive for aPL, while up to 30–50% of 
patients with SLE will have a positive assay [1].

 What Are Other Common Thrombophilias Encountered 
in Clinical Practice?

Thrombophilias are either inherited or acquired hypercoagulable states. Recently, a 
guidance document was published strongly recommending against the routine test
ing for hypercoagulable states in patients with unprovoked VTE [4]. Therefore, 
thrombophilia testing should be limited to very rare instances, such as certain 
females with family history of thrombophilia contemplating pregnancy [4]. 
Common thrombophilias along with their respective risk for thrombosis are listed in 
the Table 36.1.

 How Is APS Treated?

APS patients are treated with VKAs, such as warfarin, which reduces the risk of 
recurrent venous and arterial thrombosis. Current CHEST guidelines recommend 
VKAs with a moderate intensity INR range (2.0–3.0) [6]. Due to the recurrent 
nature of arterial and venous episodes, researchers explored a higher intensity anti
coagulation strategy to see if secondary thrombosis could be prevented. However, in 
a prospective, randomized trial by Crowther et al., researchers found that 10.7% of 
patients in the highintensity warfarin group (INR goal 3.1–4.0) vs. 3.4% of patients 
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in the moderateintensity warfarin group (INR goal 2.0–3.0) reached the primary 
endpoint of recurrent thrombotic event over 2.7 years (hazard ratio 3.1, 95% CI 0.6 
15, p = 0.15). The authors concluded that for prevention of recurrent thrombosis in 
patients with aPL, moderate intensity was appropriate [7]. At this time, there is no 
recommendation to add antiplatelet therapy to VKA for secondary thrombosis 
prevention.

Since management of VKAs may be problematic due to numerous drugdrug 
interactions, drugfood interactions, need for frequent monitoring, and unreliability 
of INR as a coagulation test (see below), the use of DOACs in this patient popula
tion is being explored. Currently, two prospective randomized controlled trials are 
underway exploring the potential for using rivaroxaban or apixaban in APS patients 
[8, 9]. However, at this time DOACs should be used with caution in aPL as they 
have not yet been well studied in this population. Therefore, above patient should 
remain on VKA until further studies are available.

 What Considerations for Monitoring APS Patients Should 
Be Examined?

aPL antibodies may differentially affect thromboplastin reagents, potentially affect
ing the international normalized ratio (INR) [10]. This could render the INR test 
unreliable in certain APS patients by falsely elevating the INR. Alternative monitor
ing strategies include chromogenic Factor X assays, which has its own disadvan
tages, such as lab availability and cost. General cost for venipuncture INR is about 
$10 versus point of care INRs $15–20 versus venipuncture chromogenic Factor X 
level $440. Furthermore, chromogenic Factor X levels would likely need to be sent 
to an outside lab, with results taking 24–72 hours, delaying warfarin management in 

Table 36.1 Common thrombophilias and risk of thrombosis [5]

Hypercoagulable state
Prevalence 
(%) Risk for thrombosis

Activated protein C resistance (Factor V 
Leiden mutation)

5–15 3.8fold increase for heterozygotesa

18fold increase for homozygotesb

Prothrombin G20210A 2–6 2–3fold increase
Elevated factor VIII levels 10 >150 IU/dL increases risk by 

4.8fold compared to <100 IU/dL
Antithrombin deficiency <1 8.1fold increase

1% annual risk
Protein C deficiency 0.2 25–50fold increase

1% annual risk
Protein S deficiency <1 10–15fold increase

1% annual risk
Antiphospholipid antibody syndrome 2–4 5.5% annual risk
Hyperhomocysteinemia 5–10 2.6fold increase
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the patient. Notwithstanding, in the majority of APS patients, INR measurements 
should be reliable. In select lupus anticoagulant patients in whom Factor X levels 
would be beneficial, it is recommended to work with a hematologist to determine 
appropriate anticoagulation intensity [11, 12].

 What Considerations for Bleeding Should Be Addressed 
in APS?

Some things to consider in an APS patient that may affect bleeding include higher 
rates of thrombocytopenia. As the risk of bleeding in patients with thrombocytope
nia is closely associated with the platelet count, platelet counts may need to be 
monitored more closely. Furthermore, due to a high baseline risk of thrombosis, the 
management of major bleeding in APS patients will present a challenge. If antico
agulation therapy is to be withheld, it should be reinstated as soon as possible once 
bleeding has ceased and hemostasis is restored [13].

 Key Points

• APS diagnosis requires the combination of at least one clinical and one labora
tory criterion. The laboratory criterion must be repeated at least 12 weeks apart 
from initial testing to confirm the diagnosis.

• The gold standard of treatment for APS remains VKAs (goal INR 2.0–3.0)
• The gold standard for monitoring of patients with APS remains INR testing, 

although chromogenic Factor X assays may be considered for certain 
individuals.

• Factor V Leiden mutation is one of the most common thrombophilias.
• Testing for thrombophilias is NOT recommended in most patients due to cost, 

inappropriate timing of testing, and misinterpretation of results.

 Self-Assessment Questions

 1. A 69yearold was seen by hematology for consult after myocardial infarction 
and recent silent stroke. Patient has a remote history for a left lower extremity 
DVT (2005). Patient was placed on aspirin 81 mg daily and clopidogrel 75 mg 
daily by her cardiologist, however, her primary care physician is concerned 
whether she is on appropriate therapy. The hematologist places the following lab 
orders: lupus anticoagulant, beta 2 glycoprotein panel, and anticardiolipin panel. 
Labs are repeated in 16 weeks and patient meets the criteria for APS. Which of 
the following is appropriate anticoagulation for this patient?
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 (a) continue aspirin and clopidogrel.
 (b) switch to warfarin; goal INR 2.0–3.0.
 (c) switch to warfarin; goal INR 2.5–3.5.
 (d) switch to rivaroxaban 20 mg daily.

Correct answer is B. The appropriate INR range for patients with APS is 2.0–3.0. 
Low intensity warfarin was not associated with increased bleeding risk or a differ
ence in thrombotic outcomes, thus low intensity is recommended. Answer A is 
incorrect since the diagnosis of APS was confirmed. Answer D is incorrect since 
rivaroxaban is still being studied as a treatment for APS in a prospective trial—
results still unknown.

 2. A 56yearold male with APS presents to your anticoagulation clinic for follow 
up. Last four INR’s have been stable (2.0, 2.4, 2.6, 2.1). At today’s visit, patient 
reports no missed/extra doses, no changes in vitamin K consumption, no recent 
illness, no medication changes, denies EtOH, no illness. His INR today is 4.0 
with no known etiology. Which of the following statements is false?

 (a) High titers of aPL may be interfering with phospholipid component of 
thromboplastin reagent, resulting in falsely elevated INR.

 (b) Chromogenic factor X assays may be used in APS patients as an alternative 
to INR testing.

 (c) Chromogenic factor X assays are readily available at most laboratories.
 (d) Chromogenic factor X assays are less costly than INR tests.

Correct answer is C. All of the other options are correct. Chromogenic factor X 
assays may not be available at all lab facilities.
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Chapter 37
Venous Thromboembolism and Pregnancy

Erika L. Hellenbart

Abstract Pregnancy is associated with a significant increase in risk of venous 
thromboembolism compared to that of non-pregnant patients of comparable age. 
Anticoagulation therapy is challenging as guideline recommendations are largely 
based on observational studies and extrapolations from non-pregnant patients. Low 
molecular weight heparin is the therapy of choice in these patients, but treatment 
plans including dosing, peripartum plans, and length of therapy must be individual-
ized based on risk assessment and patient characteristics.

Keywords Pregnancy-associated venous thromboembolism • Pregnancy • Venous 
thromboembolism • Low-molecular weight heparin • Adjusted-dose low molecular 
weight heparin • Enoxaparin • Anti-Factor Xa levels

 Introduction

VR is a 33 year old Hispanic female who presents to your anticoagulation clinic on 
warfarin for history of recurrent DVTs (2009 and 2012) and PE (2012) as well as 
heterozygous factor V Leiden mutation (FVL) and history of late miscarriage at 
20 weeks gestation in 2009. During the patient interview, she states she is pregnant 
based on a home testing kit. You send the patient to the lab to confirm pregnancy by 
laboratory testing. VR’s weight is 103 kg and her CrCl is 98.2 mL/min. Knowing 
warfarin crosses the placental barrier and fatal hemorrhage to the fetus and other 
teratogenic effects have been well-documented, you assist with transitioning VR to 
an alternative anticoagulant.
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 What is the Risk of Venous Thromboembolism 
During Pregnancy and the Post-Partum Period?

Anticoagulation therapy for the treatment or prevention of VTE during pregnancy is 
challenging due to the need for considerations of fetal complications such as loss of 
pregnancy and congenital malformations, as well as maternal complications. This is 
accompanied by the fact that guideline recommendations are largely based on 
observational studies and extrapolations from non-pregnant patients [1]. Pregnancy 
is associated with a four to fivefold increased risk in venous thromboembolism 
(VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), 
compared to that of non-pregnant women of comparable age [2]. This risk is further 
increased during the first 6 weeks post-partum [1–3]. Reported incidence of VTE 
ranges from 0.6 to 1.7 episodes per 1000 deliveries [3]. Considering the post-partum 
period is significantly shorter than the ante-partum period, the daily risk of VTE is 
increased 15–35-fold during this time compared with non-pregnant patients of simi-
lar age [1]. In developed countries, thromboembolism is one of the leading causes 
of maternal death [2].

 Which Agents are Available for Use During Pregnancy 
and When Should They Be Initiated?

Both unfractionated heparin (UFH) and low molecular weight heparin (LMWH) do 
not cross the placenta and are safe for use during pregnancy. However, LMWH is 
recommended over UFH due to a more predictable therapeutic response as well as 
decreased rates of bleeding, heparin induced thrombocytopenia (HIT), and heparin- 
associated osteoporosis [1–3]. UFH is preferred in patients with renal dysfunction 
(CrCl < 30 mL/min) but requires aPTT monitoring, which can be less reliable dur-
ing pregnancy [1]. Pregnant women were excluded in clinical trials evaluating 
direct oral anticoagulants (DOACs) including dabigatran, rivaroxaban, apixaban, 
and edoxaban. The package inserts of dabigatran and rivaroxaban report pregnancy 
loss and fetal harm in animals but reproductive risk in humans is unknown for all 
DOACs and is therefore, not recommended at this time. Similar to warfarin, as soon 
as a patient on a DOAC is confirmed pregnant, transition to LMWH is recom-
mended [1, 4]. It is, however, recommended to continue oral anticoagulants until 
pregnancy is confirmed rather than initiating LMWH if a patient expresses a desire 
to become pregnant due to the burden of daily injections as well as the cost of 
LMWH [1].
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 Which Agent Should Be Recommended for VR? How Should 
She Be Monitored?

Table 37.1 lists the treatment recommendations and dosing by the American College 
of Chest Physicians (ACCP) for various clinical scenarios. Our patient, VR, is cur-
rently receiving long-term vitamin K antagonist (VKA) therapy and would thus 
require either adjusted dose LMWH or 75% of therapeutic dose. Current guidelines 
do not make recommendations regarding one LMWH over another and can be based 
on patient preference or insurance formularies. However, one key feature of enoxa-
parin over dalteparin is the calibrated syringes, allowing for necessary dose adjust-
ments without having to use (and pay for) new syringe strengths. This is especially 
helpful when monitoring anti-Xa levels.

Based on VR’s weight and renal function, an appropriate recommendation would 
be enoxaparin 100 mg q12 h. Some recommend twice-daily dosing to compensate 
for increases in renal clearance of LMWH during pregnancy, however in non- 
pregnant patients, once daily dosing has been proven as safe and effective at treating 
acute VTE. It has also been suggested that the increased renal clearance of LMWH 
during pregnancy may require routine monitoring of anti-Xa levels to measure the 
efficacy of the LMWH, however this remains controversial. Previous iterations of 
the ACCP guidelines suggested targeting a prophylactic peak (3–5  h post-dose) 
anti-Xa level of 0.2–0.6  units/mL as well as a therapeutic peak anti-Xa level of 
0.6–1.0 units/mL for twice daily regimens and recommend slightly higher ranges if 
once-daily regimens are chosen [5, 6]. However, current guidelines do not mandate 
the routine monitoring of LMWH with anti-Xa levels, reiterating the cost and incon-
venience of testing as well as the uncertainty for appropriate target ranges and low 
frequency with which dose adjustments are required [3]. Despite this, the American 
College of Obstetricians and Gynecologists (ACOG) recommend targeting a peak 
anti-Xa level of 0.6–1  units/mL for twice daily regimens in patients receiving 
adjusted dose LMWH and note that slightly higher anti-Xa levels may be needed for 
once-daily regimens [2]. One single-centered retrospective study showed that dose 
changes for LMWH throughout pregnancy based on anti-Xa levels were common, 
especially dose increases in those receiving prophylactic doses, prompting this 
health-center to begin monitoring anti-Xa levels routinely [7].

Similar to non-pregnant patients, anti-Xa levels may be helpful in patients with 
renal impairment or extremes of body weight [1]. It is therefore reasonable to weigh 
all factors when considering whether or not to routinely monitor anti-Xa levels in 
high-risk pregnant patients. If a center has the ability to run the laboratory test on- 
site with relatively quick turnaround time and it is covered by insurance, it may be 
prudent to monitor. It is important to note that various LMWHs have different factor 
Xa/IIa activity and the laboratory test should be calibrated for the drug in use [8]. 
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Table 37.1 Clinical considerations for VTE prophylaxis and treatment during and after pregnancy [5]

Clinical scenario Antepartum Postpartum

Prophylaxis: No prior VTE
Homo-FVL or prothrombin mutation

FH VTE Prophylactic or 
immediate dose LMWH

Prophylaxis for 6 weeks 
post-partum with prophylactic or 
immediate dose LMWH or VKA 
(INR 2–3) over no prophylaxis

No FH for VTE Clinical vigilance Prophylaxis for 6 weeks 
post-partum with prophylactic or 
immediate dose LMWH or VKA 
(INR 2–3) over routine care

All other thrombophilias

FH VTE Clinical vigilance Prophylactic or immediate dose 
LMWH or VKA (INR 2–3; if not 
protein C or S deficient) over 
routine care

No FH for VTE Clinical vigilance Clinical vigilance
Prophylaxis: Prior VTE
Low risk:
Single episode of VTE with 
transient risk factor not related to 
pregnancy or use of estrogen

Clinical vigilance Prophylaxis for 6 weeks 
post-partum with prophylactic or 
immediate dose LMWH or VKA 
(INR 2–3) over no prophylaxis

Moderate to high risk:
Single unprovoked VTE, 
pregnancy- or estrogen-related 
VTE, multiple prior unprovoked 
VTE not receiving long-term 
anticoagulation

Prophylactic or 
intermediate dose 
LMWH rather than 
clinical vigilance or 
routine care

Prophylaxis for 6 weeks 
post-partum with prophylactic or 
immediate dose LMWH or VKA 
(INR 2–3) over no prophylaxis

Moderate to high risk:
Receiving long-term VKA

Adjusted dose LMWH 
or 75% of therapeutic 
dose

Resumption of long-term 
anticoagulation

Treatment Adjusted dose LMWH 
over adjusted dose UFH 
or VKA

Anticoagulants continued for at 
least 6 weeks post-partum 
(minimum of 3 months total 
duration)

FH, family history (first-degree relative); Homo-FVL, Homozygous factor V Leiden mutation; 
VKA, vitamin K antagonist
Clinical vigilance: alertness of patient and provider to signs and symptoms of VTE and awareness 
of need for timely and appropriate objective investigation and diagnosis
Adjusted-dose UFH: UFH SC q12 h in doses adjusted to target a mid-interval aPTT in the thera-
peutic range
Prophylactic LMWH: dalteparin 5000 units SC q24 h; tinzaparin 4500 SC q24 h; enoxaparin 
40 mg SC q24 h (dose modifications may be required at extremes of body weight)
Intermediate-dose LMWH: dalteparin 5000 units SC q12 h; enoxaparin 40 mg SC q12 h
Adjusted-dose LMWH: weight-adjusted or full-treatment doses of LMWH, given once daily or 
BID; dalteparin 200 units/kg daily; tinzaparin 175 units/kg daily; dalteparin 100 units/kg q12 h; 
enoxaparin 1 mg/kg q12 h
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Table 37.2 includes recommended dose adjustments based on a 4-h peak anti-Xa 
level once at steady-state, initially developed for pediatric patients but is widely 
accepted in the pregnant population [9]. It is important to confirm the patient has not 
missed at least any of the previous three doses prior to checking an anti-Xa level to 
ensure steady state has been achieved. The frequency of subsequent levels is patient 
specific. Typically, repeat levels should be checked after dose adjustments, then 
monthly once levels are within the target range. Patients on prophylactic doses of 
LMWH may be monitored less frequently once “therapeutic”, at least once each 
trimester. In addition to anti-Xa levels, it is also wise to monitor for changes in renal 
function, especially if dysfunction is present at baseline, as well as platelets to 
assess for any evidence of HIT.

 What Does VR Need to be Aware of as Her Due Date 
Approaches?

All pregnant women should have an individualized peripartum plan. Due to a very 
high risk of recurrent VTE close to the expected due date, planned deliveries by 
induction or cesarean section may be beneficial to minimize the duration of time a 
patient is without anticoagulation. If the delivery is planned, adjusted-dose UFH or 
LMWH should be discontinued at least 24 h before expected time of delivery or 
epidural analgesia. If once-daily LMWH is being used, patients should only take 
50% of the dose 24  h prior to delivery. Alternatively, high risk patients can be 
switched to IV UFH, which can be discontinued 4–6 h prior to epidural analgesia  
[1, 3, 10]. Patients can also be switched to a comparable dose of subcutaneous UFH 
at approximately 36 weeks of gestation to improve the likelihood of epidural anes-
thesia use [10]. Of note, multi-dose vials of UFH and LMWH contain benzyl alcohol, 
with which cases of fetal gasping syndrome in neonates have been reported. Preservative- 
free vials or single-dose syringes should always be used [11]. All pregnant women 

Table 37.2 Sample nomogram for therapeutic dosing of LMWH based on peak anti-Xa levels [9]

Peak anti-Xa levela (units/mL) Dose adjustmentb

< 0.35 ↑ by 25%
0.35–0.49 ↑ by 10%
0.5–1 No dose adjustment
1.1–1.5 Once daily: No dose adjustment

Twice daily: ↓ by 20%
1.6–2 Once daily: No dose adjustment

Twice daily: ↓ by 30%
> 2 HOLD 1–2 doses then ↓ by 40%

aPeak anti-Xa levels are 3–5 h post dose administration once steady-state is reached
bFrequency of subsequent anti-Xa levels are dependent on the clinical scenario; ideally once new 
dose reaches steady state. Levels within goal ranges are considered “therapeutic” and can be mon-
itored less frequently (ex. monthly)
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should be advised to discontinue anticoagulants immediately upon the onset of 
spontaneous labor. Heparin levels can be checked if possible or time since last injec-
tion can be considered to determine if epidural analgesia can be used [1, 3, 10]. 
Epidural analgesia should not be used with prophylactic doses administered within 
12 h or therapeutic doses within 24 h [10].

 What are VR’s Options During the Post-partum Period?

Patients who are receiving long-term anticoagulation should continue anticoagula-
tion following pregnancy as suggested by ACCP and ACOG guidelines (Table 37.1) 
[2, 3]. Warfarin is not detected in breast milk and is safe to resume following preg-
nancy. LMWH has been detected in small quantities in breast milk however, given 
the low bioavailability, clinically relevant amounts are unlikely and deemed safe to 
use by the ACCP and ACOG. Breast-feeding women were excluded from all DOAC 
trials so these should be avoided in these women [2, 3]. The patient in this case, VR, 
should continue long-term anticoagulation by either switching back to warfarin or 
continuing LMWH. Should she return to warfarin, bridging with LMWH until the 
INR is therapeutic should be considered due to high risk of post-partum VTE [2]. 
This may require frequent INR monitoring; depending on how well-controlled the 
patient’s INRs were prior to pregnancy. Patients who are on prophylactic anticoagu-
lation should remain on anticoagulation for 6 weeks post-partum and may consider 
continuing LMWH to avoid frequent visits for INR monitoring, especially with the 
demands of a newborn. Similarly, VR may decide to continue LMWH for 6 weeks 
and then resume warfarin. Patients with a newly diagnosed VTE during pregnancy 
should continue anticoagulation for at least a total of 3 months or 6 weeks post- 
partum, whichever is longer to ensure the VTE is adequately treated. The decision 
to continue anticoagulation past 3 months would be based on the same risk factors 
and considerations as non-pregnant patients [3].

 Key Points

• Pregnancy is associated with a four to fivefold increased risk of VTE, including 
DVT and PE, compared to that of non-pregnant women of comparable age. 
Considering the post-partum period is significantly shorter than the ante-partum 
period, the daily risk of VTE is increased 15–35-fold during this time compared 
with non-pregnant patients of similar age.

• The determination of appropriate dose of LMWH is based on individual risk 
assessment and monitoring of anti-Xa levels should be considered if available and 
feasible. If anti-Xa levels are monitored, the level should be drawn approximately 
3–5 h after injection once steady state has been reached. Subsequent levels should 
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be tested until “therapeutic” levels have been reached, followed by monthly test-
ing during pregnancy.

• Enoxaparin pre-filled syringes are calibrated, making dose adjustments easier 
than with dalteparin. Multi-dose vials of LMWH and UFH contain benzyl alco-
hol and should be avoided. Preservative-free vials are available if use is 
necessary.

• All pregnant women should have an individualized peripartum plan. For epidural 
analgesia to be used safely, planned delivery is preferred. Otherwise, patients 
should discontinue anticoagulants immediately at onset of labor. Epidural anal-
gesia should not be used within 12 h of prophylactic doses or 24 h of therapeutic 
doses.

• Warfarin and LMWH are both safe during breast-feeding. All DOACs should be 
avoided.

• Patients with a newly diagnosed VTE during pregnancy should remain on anti-
coagulation for 6 weeks post-partum or at least 3 months, whichever is longer to 
ensure the VTE is adequately treated

 Self-Assessment Questions

 1. MJ is a 31 yo AAF who is 22 weeks pregnant and has just been diagnosed with 
a right femoral vein DVT. MJ weighs 123 kg and her CrCl is 87 mL/min. Which 
is the best treatment option for MJ?

 (a) Warfarin daily (INR 2–3)
 (b) Enoxaparin 120 mg daily
 (c) Dalteparin 12,500 units q12 h
 (d) Adjusted dose UFH q12 h

Based on the options provided, dalteparin 12,500 units q12 h is the best option 
for MJ because the guidelines recommend adjusted-dose LMWH over adjusted 
dose UFH or VKA therapy (Table 37.1). LMWH is usually recommend over UFH 
due to having a more predictable therapeutic response and decreased rates of bleed-
ing, heparin induced thrombocytopenia, and heparin-associated osteoporosis. 
Warfarin can technically be used after the first trimester of pregnancy but is typi-
cally only reserved for the highest risk patients such as mechanical mitral valve 
replacements. Enoxaparin can be preferred over dalteparin if anti-Xa levels will be 
monitored because the prefilled syringes are calibrated making dose adjustments 
easier. However, 1 mg/kg q12 h is the dose that is recommended and 1 mg/kg daily 
is what is listed above. Once daily enoxaparin has been suggested to be safe but 
should be dosed at 1.5 mg/kg daily, similar to non-pregnant patients. Adjusted-dose 
dalteparin is the other option for LMWH and can be dosed at either 200 units/kg/
day or 100 units/kg q12 h. Dalteparin 100 units/kg would equate to 12,300 units 
q12 h so based on available syringe strengths, dalteparin 12,500 units q12 h would, 
therefore, be the best option of the above choices.
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 2. RL is a 23 yo Caucasian female with PMH significant for heterozygous FVL and 
multiple DVT/PE, receiving long-term anticoagulation. Pt is now 12 weeks preg-
nant on adjusted-dose enoxaparin 80 mg q12 h since becoming pregnant. RL has 
a peak anti-Xa level of 0.37 units/mL, which is to be managed by your antico-
agulation clinic. Of the following options, which should be completed at RL’s 
visit with the pharmacist? Please select all that apply.

 (a) Ensuring RL has not missed any recent doses
 (b) Confirming time of last injection
 (c) Assessing any changes in vitamin K diet
 (d) Continue RL on enoxaparin 80 mg q12 h
 (e) Increase enoxaparin to 90 mg q12 h

When monitoring peak anti-Xa levels, confirming the time of the last injection is 
important to ensure the level was drawn within 3–5 h to be an accurate peak level. 
It is also imperative to ensure that the patient has been taking the current dose for 
long enough to have reached steady-state. RL has been taking this dose since 
becoming pregnant but it is important to ask if the patient has missed any of at least 
the past three doses, making the patient no longer at steady-state. Assessing for 
changes in vitamin K diet is only necessary while a patient is taking a vitamin K 
antagonist and does not interfere with the efficacy of LMWH. Once you have con-
firmed that the available anti-Xa level is an accurate peak, you can decide if any 
dose adjustments are necessary. When taking adjusted-dose LMWH twice daily, the 
goal peak anti-Xa level is suggested as 0.6–1.0 units/mL per ACOG guidelines and 
has been suggested as 0.5–1.0 units/mL in other literature [2, 9]. Table 37.2 includes 
a sample nomogram for the therapeutic dosing of LMWH and suggests that with a 
level of 0.37 units/mL, RL’s dose should be increased by 10%. Therefore, continu-
ing RL on this dose would be incorrect. In the scenario where RL had missed a dose 
the day prior, continuing the current dose and rechecking an anti- Xa level within the 
next week would also be appropriate. However, if RL has not missed any doses and 
the timing of the lab is appropriate, her dose should be increased to 88 mg q12 h. 
Enoxaparin is available in 80 and 100 mg calibrated pre- filled syringes. The 100 mg 
syringes are calibrated per 1 mL or 10 mg so the best recommendation would be to 
have the patient inject 90 mg of enoxaparin twice daily using 100 mg syringes and 
repeat a peak anti-Xa level once the new steady state has been achieved.
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Chapter 38
Venous Thromboembolism in Active 
Malignancy

Margaret A. Felczak

Abstract Selection of cancer-associated venous thromboembolism treatment is 
influenced by several patient specific factors. In most cases, LMWH for 3–6 months 
is the treatment of choice.

Keywords Malignancy • Dalteparin • Chemotherapy • Malnutrition • Duration • 
Cancer-associated venous thromboembolism

 Case Introduction

A 65-year-old man with stage IV colon cancer, in addition to pulmonary and liver 
metastases, is receiving palliative chemotherapy with oxaliplatin, leucovorin, fluo-
rouracil, and bevacizumab. He presents to the emergency room with shortness of 
breath. CT of the chest reveals a right-sided pulmonary embolism. Venous dopplers 
performed on the lower extremities are positive for DVT in the left femoral vein. 
Patient is started on heparin drip in the emergency room. Patient denies any chest 
pain, cough, or hemoptysis. Also denies abdominal pain, melena, and hematemesis. 
Patient’s PMH includes systolic heart failure (compensated), chronic kidney disease 
stage III, and chronic anemia. Patient reports no known drug allergies. Patient’s 
height = 5′9″. Patient’s weight = 180  lbs. Laboratory data includes Sodium 142, 
potassium 3.7, BUN 13, creatinine 1.4. LFTs wnl. Troponin negative. WBC 4, 
hemoglobin 10, platelets 161 K, D-dimer is 17, BNP 110. A 2D echocardiogram 
showed ejection fraction of 20–25%.
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 Case Discussion

 What Treatment Strategies Are Recommended for Cancer- 
Associated Venous Thromboembolism?

Current CHEST guidelines, as well as international guidelines, suggest low molecular 
weight heparin (LMWH) as the treatment of choice for the first 3–6 months of antico-
agulation, with unfractionated heparin (UFH) as the alternative [1–4]. If an oral treat-
ment is preferred, vitamin K antagonists (VKA) are preferred over dabigatran, 
rivaroxaban, apixaban, and edoxaban for long-term treatment [1, 2]. This recommen-
dation is based on limited evidence of efficacy and safety of direct oral anticoagulants 
(DOACs) in the setting of cancer. After initial therapy with the preferred agent 
(LMWH) of 3–6 months, switching to an oral agent such as VKA may be considered. 
However, preference should be given to continuing the first selected agent (LMWH). 
Consideration for LMWH over VKA should be given in the following clinical sce-
narios: newly diagnosed cancer, extensive VTE and/or very symptomatic, metastatic 
cancer, vomiting, and in patients receiving chemotherapy [2].

Currently, a randomized controlled trial to compare edoxaban with dalteparin for 
the treatment of venous thromboembolism in patients with cancer is underway 
(NCT02073682) and will shed some light on this topic. In a single center registry of 
patients at the Mayo Clinic with venous thromboembolism (VTE) and active malig-
nancy, 118 patients out of 296 VTE patients received rivaroxaban for at least 3 months 
and had a confirmed malignancy (vs. 178 who had no cancer). No difference was 
found between the groups with respect to VTE recurrence (3.3% vs. 2.8%, p = 0.533). 
In terms of safety, borderline higher rates of major bleeding (p = 0.06) vs. non-major 
clinically relevant bleeding (p = 0.08) were seen in the patients with cancer [5].

 What Is the Optimal Duration of Treatment?

The recommendation of 3–6 months is based on randomized controlled trials in 
which patients were treated for a maximum of 6 months. The 2016 Chest VTE dis-
ease guideline update favors extended therapy over discontinuing anticoagulation in 
3 months, if patient is not at high bleeding risk. Thus, in most cases, patients should 
be considered for long-term treatment if their cancer is still active. It is also recom-
mended to have ongoing re-evaluation of bleeding risks at least annually [2].

 What Are the Advantages of LMWH Over VKA?

LMWH is preferred both for efficacy and safety, when compared with VKA. In a 
study by Prandoni et al., VKA was less effective than LMWH and was associated 
with a 1 year VTE recurrence rate over 20% versus 6.8% in patients with cancer 
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(hazard ratio 3.2). In addition, VKA were associated with more than a doubling of 
the rate of major bleeding, despite well-controlled INR’s [6].

 What Patient Specific Factors Need to Be Considered?

The patient’s specific chemotherapy regimen will need to be assessed for drug-drug 
interactions with the chosen anticoagulant (see Table  38.1). If needed, possible 
modification to chemotherapy regimen could be considered. In addition, degree of 
patient’s anemia and chronic kidney disease need to be closely monitored. 
Furthermore, patient’s tolerability for daily injections, cost of medication, and need 
for laboratory monitoring should also be considered.

Table 38.1 Chemotherapy agents with possible interactions with warfarin [7]

Chemotherapy agent Effect on INR Proposed mechanism

Androgens/antiandrogens Increase Unknown
Bevacizumab None Increased bleeding risk
Capecitabine Increase Down- regulation of CYP2C9
Carboplatin Increase Unknown
Cyclophosphamide Increase/decrease Unknown
Doxorubicin Increase Unknown
Erlotinib Increase Unknown
Estrogens Decrease Increased synthesis of clotting 

factors
Etoposide Increase Unknown
Fluorouracil Increase Inhibition of CYP2C9
Gefitinib Increase Unknown
Ifosfamide/mesna Increase Unknown
Imatinib Increase Inhibition of CYP2C9, CYP3A4, 

CYP2D6
Mechlorethamine Increase Unknown
Mercaptopurine Decrease Unknown
Methotrexate Increase Unknown
Nilotinib Increase Inhibition of CYP2C9 and CYP3A4
Paclitaxel Increase Change in protein binding
Procarbazine Increase Unknown
Sorafenib Increase Unknown
Tamoxifen Increase Inhibition of CYP2C9
Thalidomide/
lenalidomide + dexamethasone

None Increase rate of VTE, up to 20%

Toremifene Increase Unknown
Trastuzumab Increase Unknown
Vincristine Increase Unknown
Vindesine Increase Unknown
Vorinostat Increase Unknown
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In general, treatment of the cancer patient requires special attention to drug-drug 
interactions, malnutrition, vomiting, liver dysfunction, potential need for invasive 
procedures (quick on/off anticoagulant preferred), and monitoring for chemotherapy- 
induced pancytopenia [8]. For example, LMWH is more reliable in patients who 
may be having significant vomiting with chemotherapy. Gastrointestinal absorption 
of oral medications may be impaired with repeated vomiting. Also, nutrition may be 
affected due to fluctuations in appetite due to chosen chemotherapy. Thus, patients 
on oral VKA may not be able to be consistent with vitamin K consumption.

Despite all of this, there may be circumstances in which VKA therapy may need 
to be used over LMWH. Some of the reasons include inability to afford the cost of 
LMWH and/or not qualifying for any patient assistance programs, patients who 
refuse to self-administer injections, and patients with severe renal dysfunction or 
fluctuating renal function.

VKA management during cancer chemotherapy may present a challenge for main-
taining INR at goal for several reasons. Several studies have shown that patients with 
cancer have lower time-in-therapeutic range than patients without cancer. Patients need 
more INR visits than patients without cancer due to possible malnutrition due to age/
vomiting due to cancer chemotherapy, changes in renal/liver function (including liver 
metastases) and anemia monitoring, as well as close monitoring is needed due to drug-
drug interactions with chemotherapy or antimicrobials used during treatment of cancer.

 In Which Situations, If Any, Is Primary Thromboprophylaxis 
Recommended in Cancer Patients?

Primary thromboprophylaxis is recommended in cancer patients, in absence of con-
traindication, and is summarized in Table 38.2 [9].

Table 38.2 VTE prophylaxis recommendations based on setting [9]

Inpatient setting Outpatient setting

  •  Hospitalized cancer patients 
with acute medication illness

  •  All patients undergoing major 
surgical intervention

   – Preferred agent is LMWH
   –  Prophylaxis should be 

started before surgery or as 
soon as possible post-op

  •  Patients diagnosed with multiple myeloma receiving 
treatment with thalidomide or lenalidomide plus 
chemotherapy or dexamethasone

   – LMWH is preferred for high-risk patients
   – Aspirin may be used for low-risk patients
  •  Primary thromboprophylaxis is generally not 

recommended in ambulatory patients receiving 
chemotherapy

   –  It may be considered in patients with advanced 
pancreatic cancer or with Khorana score ≥ 3*, and 
low bleeding risk

  •  Primary thromboprophylaxis is also not recommended 
in cancer patients with central venous catheters (CVC)

Khorana score is a predictive model for chemotherapy-associated VTE [10]. Total possible score 
of 7. See Table 38.3 for determining Khorana score

M.A. Felczak



273

 What Are Treatment Strategies for Management of Recurrent 
Venous Thromboembolism in Cancer Patients?

Despite adequate anticoagulation for VTE disease in the cancer patient, patients 
may have a recurrent VTE while on anticoagulant therapy. Depending on initial 
choice of anticoagulant, there are some options for “treatment failure” while on 
anticoagulation in the cancer patient.

An international consensus working group suggests three options [11]

• Switching from VKA to LMWH in patients treated with VKA as initial 
anticoagulant

• Increasing LMWH dose in patients treated with LMWH
• Inserting a vena cava filter

There is currently no literature to support the use of DOAC in this clinical 
scenario.

 What Are Your Final Recommendations for Anticoagulation? 
Provide Drug Name, Dose, Route, Frequency and Duration

The guidelines do not specify which LMWH agent is preferred. Interestingly, dalte-
parin is the only LMWH with a FDA approved indication for cancer associated VTE 
[12]. However, typically it is necessary to check a patient’s formulary to see which 
LMWH is covered. Furthermore, injectable medications are usually set at a higher 
copay. AWP of a 30 day supply of enoxaparin 100 mg subcutaneously BID would 
be approximately $5358 [13]. Generally, a prior authorization would need to be 
submitted to patient’s third party prescription plan to determine eligibility of cover-
age. Despite dalteparin’s indication in VTE, the most common encountered LMWH 

Table 38.3 Predictive model for chemotherapy-associated VTE (Khorana score)

Patient characteristic Risk score

Site of cancer
  – Very high risk (stomach, pancreas) 2
  – High risk (lung, lymphoma, gynecologic, bladder, testicular) 1
Pre-chemotherapy platelet count 350 × 109/L or more
Hemoglobin level less than 100 g/L or use of red cell growth factors
Pre-chemotherapy leukocyte count more than 11 × 109/L
BMI 35 kg/m2 or more

1
1
1
1
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in clinical practice is enoxaparin. Enoxaparin dosing for VTE is 1 mg/kg subcutane-
ously every 12 h, given CrCL is >30 mL/min. The patient’s dose for enoxaparin 
would be 80 mg subcutaneously every 12 h for a minimum of 3–6 months. At that 
time, may consider switching to VKA if injections are no longer favorable and/or 
cost issues.

 Key Points

• LMWH is the preferred agent in the treatment of cancer-associated VTE.
• Duration of treatment is usually 3–6 months, and then re-evaluate cancer status 

and risk of recurrent VTE for long-term treatment.
• Primary prophylaxis of the cancer patient is only indicated in a few situations, 

usually in the hospital setting.
• There is a limited proven role for primary prophylaxis in the ambulatory  

patient.

 Self-Assessment Questions

 1. A 69-year old woman presents to the ER with left upper extremity swelling. Her 
PMH includes breast cancer, currently being treated with trastuzumab, type 2 
diabetes, osteopenia, and GERD. Her medications include metformin 1000 mg 
po BID, Lantus Solostar 20 units subcutaneously daily, alendronate 35 mg po 
weekly, and omeprazole 20 mg po daily. Venous dopplers of upper extremity 
reveal deep venous thrombosis in the left axillary and proximal brachial veins. 
Which of the following long-term anticoagulant strategies is best for this patient?

 (a) VKA with target INR 2.0–3.0.
 (b) rivaroxaban 15 mg po BID for 3 weeks, then 20 mg po daily.
 (c) refer to interventional radiology for insertion of vena cava filter.
 (d) enoxaparin 1 mg/kg subcutaneously every 12 h.

The correct answer is D. According to current guidelines, LMWH is the preferred 
agent in the setting of cancer-associated VTE. Patient is currently undergoing che-
motherapy, thus, not yet in remission, and we are uncertain of the length of chemo-
therapy treatment at this time. Patient should be treated with LMWH for 3–6 months 
and then treatment should be re-evaluated for further need for anticoagulation. 
Answer A is incorrect since proven inferior to LMWH. Answer B is incorrect since 
DOACs have not yet been compared head-to-head with gold standard of LMWH to 
prove non-inferiority. Studies are currently underway to determine DOACs role as a 
treatment option in cancer patients. Answer C is incorrect at this time since this is not 
a recurrent VTE event, thus, vena cava filters should not be considered at this time.
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 2. A 75-year-old presents to your anticoagulation clinic as a new referral. Her PMH 
includes hypertension, hyperlipidemia, osteoarthritis, and newly diagnosed mul-
tiple myeloma. Her oncologist has recommended starting thalidomide with 
dexamethasone, plus chemotherapy. She is considered high risk for VTE due to 
her chemotherapeutic regimen. Which of the following recommendations is 
correct?

 (a) Primary thromboprophylaxis is not indicated since patient is ambulatory.
 (b) Primary thromboprophylaxis is indicated due to type of cancer and treat-

ment patient is receiving.
 (c) Wait until patient develops a DVT to provide LMWH therapy.
 (d) Insert a vena cava filter as prophylaxis for DVT.

The correct answer is B. Multiple myeloma patients who are receiving thalido-
mide and dexamethasone, plus chemotherapy should receive primary thrombopro-
phylaxis with either LMWH (high risk) or aspirin (low risk). In this situation, 
would recommend LMWH since presenting as high risk patient as determined by 
oncology. Answer A is incorrect. Answer C is incorrect due to high risk of DVT in 
this setting and primary thromboprophylaxis is indicated. Answer D is incorrect as 
vena cava filter insertions are only indicated when contraindications to anticoagula-
tion exist.
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Chapter 39
Anticoagulation Management in Patients 
Undergoing Gastric Bypass Procedures

Brian Cryder

Abstract Patients undergoing gastric bypass surgery are at high risk for venous 
thromboembolic events, especially those with a history of prior events. Limited 
clinical studies are available to evaluate safe anticoagulant use in the periprocedural 
time period so close monitoring is essential.

Keywords Gastric bypass • Bariatric surgery • Oral anticoagulants • Venous throm-
boembolism • Periprocedural anticoagulation • Inferior vena cava filter

 Case Introduction

A 57 year old female patient taking warfarin due to a history of recurrent pul-
monary emboli was identified as a candidate for gastric bypass surgery. Other 
past medical history includes protein C deficiency, hypertension, GERD, sleep 
apnea, osteoarthritis of the knees, and vitamin D deficiency. She has family his-
tory of hypertension and coronary artery disease. Current vitals include BP 
138/88, HR 88, RR 20, O2 sat 100%, weight 275 lb, height 66 in., BMI 44.4. All 
labs and physical exam parameters are within normal limits at the time of pre-
operative clearance examination. SCr 0.9  mg/dL.  She is highly motivated to 
receive the surgery as her efforts from diet and exercise alone have provided 
only modest improvements. The surgeon would like to perform a gastric sleeve 
procedure, but needs appropriate peri- procedural anticoagulation management 
to be arranged.
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 Case Discussion

 What Are the Pre-procedural Anticoagulation Consideration 
for this Patient?

In preparing for surgery, the anticoagulation provider will need to assess the hemor-
rhagic and thrombotic risks involved. Due to its invasive nature, gastric bypass sur-
gery requires full anticoagulation interruption (timing dependent on anticoagulant 
medication and renal function). Thrombotic risk will be high for most chronically 
anticoagulated patients with few exceptions. The American Society for Metabolic 
and Bariatric Surgery Clinical Issues Committee considers every gastric bypass 
patient either moderate or high risk for venous thromboembolism, with all patients 
with prior thromboembolism fitting into the latter category [1]. Other conditions 
that would justify high risk include, advanced age, immobility, known thrombo-
philia condition, obesity, hypoventilation syndrome, pulmonary hypertension, 
venous stasis disease, hormonal therapy, expected long operative time, open surgi-
cal approach and male gender [1]. Likewise, CHEST guidelines would rate this 
patient has high risk for thromboembolism due to her protein C deficiency [2].

Due to her high risk status, low molecular weight heparin bridging utilizing ther-
apeutic weight-based dosing would be indicated peri-procedurally while warfarin is 
temporarily discontinued. It is well documented that low molecular weight heparin 
dosing may not be as reliable in the morbidly obese population, with limited safety 
and efficacy evidence beyond 144, 190, and 165 kg for enoxaparin, dalteparin and 
tinzaparin respectively [3]. Some have proposed anti-Xa level monitoring, but this 
may not be readily available at all clinical sites in the timeline needed. Our patient’s 
weight of 125 kg remains within the acceptable dosing limits, but this does present 
a problem for many other morbidly obese patients.

Based on limited cohort study data [4, 5], many surgeons have implemented the 
practice of inserting inferior vena cava filters (IVC) prior to surgery as added layer 
of pulmonary embolism prophylaxis. Many surgeons insist on their use in patients 
with prior thromboembolic events despite no randomized controlled studies and a 
systematic review that labeled the results “highly heterogeneous” among the 18 
included studies [6]. CHEST guidelines do not address the use of IVC filters as a 
preventative measure, and broadly discourage their use in a secondary prevention 
role [7]. Retrievable filters are frequently chosen in an effort to limit filter related 
complications long term. In this case, the patient would be considered high risk due 
to both her protein C deficiency and recurrent venous thromboembolism, thus poten-
tially prompting surgeon recommendations for IVC filter placement on the preced-
ing day to the gastric sleeve surgery, with filter removal 2–3 months after surgery.

Pre-operative dietary changes specific to gastric bypass procedures must also be 
taken into account for certain anticoagulants. The final 1–2 weeks before surgery 
patients are required to limit oral intake to non-caffeinated, non-carbonated, sugar 
free beverages and liquid protein meal replacement shakes; in some cases small 
amounts of lean meat or vegetables are permitted. For patients taking warfarin, this 
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may significantly change their routine dietary vitamin K consumption so dosing 
accommodations are to be expected. Planning and close INR monitoring during this 
time will be helpful to avoid unanticipated INR elevations.

 What Are the Post-procedural Anticoagulation Considerations?

After surgery in the general population, not specific to those with prior embolic his-
tory since this data is not available, the post-operative venous thromboembolism 
rates have been cited at 1–2% at 30 days despite unfractionated heparin prophylaxis 
and external pneumatic compression [8, 9]. This rate is comparable to thromboem-
bolic rates after knee arthroplasty so appropriate anticoagulation management, 
including medication selection and intensity, in this time period is important.

Our case patient would be recommended to resume warfarin in addition to thera-
peutic weight-adjusted dose low molecular weight heparin post-operatively until 
therapeutic INR levels are achieved. The warfarin dose requirement after surgery is 
frequently lower than their pre-surgery maintenance dose. It is likely that malabsorp-
tive surgeries such as roux-en-Y or gastric sleeve have more significant dose changes 
than restrictive surgeries such as gastric banding [10]. Theories have focused on 
changes in vitamin K absorption or intake, altered warfarin absorption, changes in gut 
bacterial flora, and other peri-operative metabolic changes related to weight loss, but 
no consensus etiology has been agreed upon [10–12]. Some reports even note that the 
warfarin dose frequently regresses back toward pre-surgical amounts over time [10].

 So with All of These Complicating Factors with Warfarin, Would 
it Be More Useful to Choose an Alternate Agent Such as an Oral 
Xa or IIa Inhibitor?

This is a difficult comparison as data with these anticoagulants are very limited in 
the gastric bypass population. All of the oral Xa and IIa inhibitors are substrates for 
p-glycoprotein efflux channels in the GI tract, thus reducing the functional intestine 
length and potentially altering the efflux-reabsorption pattern. Additionally, the pro-
drug dabigatran etexilate starts the bioconversion process to its active form of dabi-
gatran in the intestinal tract, introducing another potential source of variability. 
Clinical accounts of pharmacokinetic alterations among these medications are lim-
ited to a few case reports. One case report identified potential malabsorption issues 
with dabigatran resulting in an on-treatment pulmonary embolism [13] while 
another case report showed no absorption limitations with rivaroxaban [14]. 
Recognizing this gap in research, a clinical study is planned to evaluate apixaban in 
the post-gastric bypass population [15].

Without more extensive clinical information, the use of Xa and IIa inhibitors 
should be with caution following gastric bypass surgery. In light of the limited data 
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some practitioners advocate for closely monitored warfarin over alternative oral 
anticoagulants until more is known [16].

 Key Points

• Patients undergoing gastric bypass surgery are at high risk for venous thrombo-
embolic events, especially with a history of prior events.

• Inferior vena cava filters are frequently used in patients with a prior history of 
venous thromboembolism, despite limited support from clinical studies and 
practice guidelines.

• Warfarin dosing often requires significant reduction following malabsorptive 
gastric bypass procedures, prompting frequent INR monitoring in the periproce-
dural time period.

• Limited evidence is available in the medical literature to evaluate the appropriate 
role of oral Xa and IIa inhibitors in patients following gastric bypass surgery.

 Self-Assessment Questions

 1. Post-operative warfarin doses are expected to change the least following type of 
gastric bypass procedure?

 (a) Roux-en-Y
 (b) Gastric banding
 (c) Gastric sleeve
 (d) All procedures impact warfarin dosing equally

B is the correct answer; Malabsorptive surgeries such as Roux-en-Y and gastric 
sleeve seem to have greater impact on warfarin dosing post-operatively than restric-
tive surgeries such as gastric banding.

 2. In patients taking rivaroxaban prior to gastric bypass surgery

 (a) Rivaroxaban should be switched to enoxaparin to avoid malabsorptive 
changes post-operatively

 (b) Rivaroxaban should be switched to dabigatran due to lower risk of gastroin-
testinal hemorrhage

 (c) Rivaroxaban should be switched to apixaban because apixaban can be 
crushed and administered with liquid diet restrictions around time of 
surgery

 (d) Not enough information is available yet to fully assess the safety and effi-
cacy of rivaroxaban in these patients

D is the correct answer; A is not ideal due to the fact that enoxaparin dosing is not 
well established in morbidly obese patients; B is incorrect as there is no evidence to 
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suggest that rivaroxaban has a higher GI hemorrhage risk than dabigatran in any 
patient population; C is incorrect as either medication may be crushed for 
administration.
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Chapter 40
Patient Presenting with Minor Bleeding

Daniel M. Witt

Abstract When patients receiving anticoagulation therapy present with minor 
bleeding, bleeding severity and hemodynamic stability should be assessed in a 
timely manner. The need to reverse anticoagulation should be individualized based 
on bleeding severity, hemodynamic stability, underlying thromboembolic risk, and 
degree of INR elevation (for patients receiving warfarin).

Keywords Hemorrhage • Anticoagulation • Warfarin • Minor bleeding • Rectal 
bleeding • Mechanical heart valve • Therapeutic management

 Case Introduction

A 67-year-old man receiving warfarin therapy for an On-X mechanical aortic 
valve prosthesis presents to urgent care complaining of rectal bleeding. His blood 
pressure is 126/84 mmHg, pulse 78 bpm, and O2 saturation is 100% on room air. 
He reports that he has been seeing blood streaks on the toilet paper following 
bowel movements off and on for several months. Today following a difficult to 
evacuate bowel movement he noticed about two teaspoonsful of bright red blood 
in the toilet bowl and on the stool surface. There was a significant amount of blood 
on the toilet paper with wiping but after about 10  min this bleeding was con-
trolled. His INR today is 2.9. Two years ago a colonoscopy revealed no polyps or 
other abnormalities. He takes aspirin 81 mg daily. His only other medication is 
Vicodin taken as needed for chronic back pain. He reports that he has been taking 
Vicodin twice daily pretty regularly for about the past week. He has no other 
medical problems.
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 Case Discussion

 What Factors Need to Be Considered When Developing a Plan 
to Manage this Patients Bleeding Episode?

 Bleeding Severity and Hemodynamic Stability

For patients presenting with anticoagulation-related bleeding it is important to assess 
extent of blood loss and impact on hemodynamic stability. Several bleeding severity 
categorization schemes have been developed but in general major bleeds are those that 
result in death, are life-threatening, cause chronic sequelae or consume major health-
care resources [1]. Most other bleeding events are categorized as minor (Table 40.1). 
Clinically relevant non-major bleeding is a term used in research studies but has lim-
ited utility in real-world clinical management [2]. This patient is not hypotensive, has 
a non-elevated pulse, and adequate O2 saturation. A complete blood count including 
platelets could be measured to detect potential anemia related to blood loss. Bleeding 
into critical sites (e.g., the central nervous system, pericardial space, retroperitoneal 
space) can be life threatening even in the absence of hemodynamic instability [1]. The 
characteristics of this patient’s bleeding are consistent with minor bleeding associated 
with hemorrhoids (pending definitive diagnosis) and are not life-threatening.

 Risk for Ongoing and/or Further Bleeding

Ascertaining whether bleeding is ongoing is critical to determine whether interven-
tions to reverse anticoagulation and control bleeding will be urgently required [3]. 
Our patient is current not experiencing ongoing bleeding and does not need urgent 
intervention. However, the use of aspirin therapy and his history indicates that fur-
ther bleeding is likely unless the bleeding source can be identified and corrected.

 Underlying Thromboembolic Risk

Weighing the patient-specific thromboembolic risk against bleeding severity helps 
determine how aggressively anticoagulation should be reversed [3, 4]. This patient 
has relatively low underlying thromboembolic risk based on the type (On-X—target 

Table 40.1 Common types 
of minor bleeding

Gingival bleeding
Epistaxis
Bruising
Heavier than normal menstrual bleeding
Bleeding from minor cuts or scrapes
Hemorrhoidal bleeding
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INR range 1.5–2.0 after the first 3 months provided aspirin is co-administered) and 
position (aortic) of his mechanical valve [5].

 Need for Invasive Diagnostic/Interventional Procedure

At some point the source of this patient’s bleeding should be identified and cor-
rected if possible. This should occur non-urgently sometime in the near future [3].

 Should this Patient Receive Vitamin K to Reverse Warfarin 
Therapy?

Factors arguing against administering oral vitamin K in this patient include the 
following:

• INR is only slightly elevated.
• Is not currently experiencing bleeding symptoms [4].
• Vitamin K administration increases the potential for INR overcorrection [6, 7].
• The target INR for patients with On-X aortic valves is lower than other valve 

types (i.e. 1.5–2.0 provided the valve was placed at least 3 months previously and 
the patient is co-administering aspirin) [5].

 How Should this Patient’s Situation Be Managed  
(See Fig. 40.1)?

The next dose of warfarin should probably be skipped [3]. Potential causes for the 
slightly elevated INR such as interacting drugs, changes in dietary vitamin K intake, 
ethanol consumption, and illness should be investigated. This patient has been tak-
ing increased amounts of a narcotic pain reliever that contains acetaminophen. 
Evidence indicates that sustained increases in acetaminophen intake (2 g per day or 
more) is associated with increased risk for elevated INRs [8]. If ongoing acetamino-
phen use is anticipated, the weekly warfarin dose should be decreased by 10–20%. 
A repeat INR should be checked within the next 5–7 days (sooner if bleeding symp-
toms return). Ideally the dose of warfarin should be titrated to keep the patient’s 
INR toward the lower end of the target INR range. Measures aimed at managing 
constipation and hemorrhoids such as increasing fluid, fiber, and physical activity 
are relatively benign and should be instituted while a work up to identify the bleed-
ing source is occurring. Since this patient’s constipation is likely associated with 
narcotic analgesic use, a stimulant laxative may be necessary to relieve constipa-
tion. If needed, measures to definitively control the source of bleeding (e.g., hemor-
rhoid surgery) should occur as soon as possible.

40 Patient Presenting with Minor Bleeding
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 Key Points

• Bleeding severity and hemodynamic stability should be assessed in a timely 
manner.

• Underlying thromboembolic risk should be determined.
• For patients receiving warfarin the INR should be measured.
• Need to reverse anticoagulation should be individualized based on bleeding 

severity, hemodynamic stability, underlying thromboembolic risk, and degree of 
INR elevation.

• The underlying cause of bleeding should be identified and corrected if possible.

 Self-Assessment Questions

 1. A 74-year-old woman presents to the urgent care clinic complaining of pro-
longed bleeding (oozing) from a tooth extraction site. She is receiving warfarin 
for atrial fibrillation and has mechanical aortic and mitral valves. Other medical 

Minor Rectal Bleeding

Rapid clinical assessment; CBC; INR,
aPTT, +/- anti-Xa level

DOACWarfarin

INR <4.5
• Omit next

dose(s)
• Increase INR

frequency

4.5 < INR <10
• Hold warfarin
• Oral vitamin

K (1.25-2.5
mg)

INR >10
• Hold warfarin
• Oral vitamin

K (2.5mg)

• Omit or delay
next dose

Consider endoscopy evaluation as
appropriate

Fig. 40.1 Clinical decision chart for management of oral anticoagulant with minor rectal bleeding
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problems include hypertension, heart failure, and history of cardioembolic 
stroke. Labs including CBC are within normal limits. INR is 2.1. Blood pressure 
is 125/82 mmHg and pulse is 78 bpm. A lower molar was extracted yesterday as 
has been oozing blood since the patient returned home from the dentist’s office. 
The patient skipped warfarin on the day prior to the extraction and also skipped 
last night’s dose due to the persistent oozing. Which of the following is the best 
plan for managing this patient’s situation?

 (a) Resume usual dose of warfarin and attempt to control bleeding with local 
measures (e.g., direct pressure using a moistened tea bag or transexamic acid 
solution).

 (b) Continue to hold warfarin and administer oral vitamin K 2.5 mg.
 (c) Continue to hold warfarin and attempt to control bleeding with local mea-

sures (e.g., direct pressure using a moistened tea bag or transexamic acid 
solution).

 (d) Continue to hold warfarin and administer 10 mg intravenous vitamin K.

The correct answer is A. This patient’s underlying thromboembolic risk is very 
high (mechanical valves in the aortic and mitral position, prior history of stroke and 
several additional stroke risk factors). Subtherapeutic INRs should be avoided in this 
patient and local measures are likely to be sufficient to control the type of bleeding this 
patient is experiencing. Based on the current INR (probably already below target INR 
range of 2.5–3.5) and underlying thrombembolic risk answers B and D are incorrect 
because she is experiencing minor bleeding and is currently hemodynamically stable 
and further lowering of the INR with vitamin K places the patient at risk for thrombo-
embolism and most guidelines recommend against holding warfarin doses for tooth 
extraction. Answer C is incorrect because the patient has already skipped two doses of 
warfarin resulting in further decline of the INR and increased thromboembolic risk.

 2. A 62-year-old man has been taking rivaroxaban 20 mg daily for the past 4 months 
for a DVT that occurred following a total knee replacement. His creatinine clear-
ance is 40 mL/min. Today he complains of a nosebleed that took nearly 30 min to 
control. He has been having frequent nosebleeds for the past several days. Which 
of the following represents the best plan to manage this patient’s situation?

 (a) Skip the next rivaroxaban dose and then resume anticoagulation if no further 
nosebleeds occur.

 (b) Skip the next two rivaroxaban doses and then resume anticoagulation if no 
further nosebleeds occur.

 (c) Discontinue rivaroxaban and follow up with patient in a few days to see if 
nosebleeds have improved.

 (d) Refer the patient to the nearest emergency department for management of 
his recurrent nosebleeds.

Because this patient’s DVT was associated with a transient risk factor (knee 
replacement surgery) 3 months of anticoagulation therapy is sufficient. Therefore, 
the correct answer is C because the risk of bleeding now outweighs the risk of recurrent 
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DVT. Answers A and B are incorrect because anticoagulation therapy is no longer 
indicated for the aforementioned reasons. Answer D is incorrect because this 
patient’s bleeding is not severe enough to warrant going to the emergency 
department.
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Chapter 41
Patient Presenting with Major,  
Life- Threatening Bleeding

Daniel M. Witt

Abstract Initial management of anticoagulation-related major bleeding should 
involve stopping the anticoagulant, starting general supportive measures, measuring 
coagulation status, and locating and treating the source of bleeding if possible. 
Anticoagulation reversal strategies are specific to anticoagulation therapy type 
(warfarin vs. DOACs). The default strategy for most patients should be to resume 
anticoagulation therapy following resolution of bleeding.

Keywords Hemorrhage • Major bleeding • Life-threatening bleeding • Dabigatran 
Idarucizumab • Direct oral anticoagulant • Warfarin • Therapeutic management • 
Intracranial hemorrhage

 Case Introduction

A 77-year-old man is brought to the emergency department by ambulance after 
being found unresponsive in his apartment by his daughter. He is taking dabigatan 
150 mg orally twice daily to prevent stroke associated with paroxysmal non- valvular 
atrial fibrillation. His last known dabigatran dose was taken approximately 24 h ago 
(yesterday morning)—it is unclear whether he took last night’s dose. He has a his-
tory of type 2 diabetes, congestive heart failure, poorly controlled hypertension, and 
chronic kidney disease (estimated creatinine clearance is 36 mL/min). He switched 
from warfarin to dabigatran 2 months ago after suffering a cardioembolic stroke 
when his INR was 2.3. He has fully recovered from that event without residual defi-
cits. His other medications include lisinpril, HCTZ, metformin, furosemide, and 
amiodarone. Upon emergency department arrival the following were noted: T-98.6°, 
P-61  bpm, BP-201/96  mm Hg; Pupils-equal, sluggish, reactive; CV-NSR, no 
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murmur; Skin-Bruise on hip; no gag reflex present, withdraws from pain, and has a 
Glasgow Coma Score of 4. CT scan reveals a large basal ganglia hematoma. Labs 
include an aPTT of 85 s (>2× the upper limit of normal). Neurosurgery would like 
to proceed with craniotomy as soon as possible.

 Case Discussion

 What Are the Initial Priorities for this Patient?

In addition to general supportive care (IV access, maintaining diuresis, hemody-
namic support, etc.) key priorities include blood pressure management and antico-
agulant reversal. Interventions to lower SBP >180 mmHg are warranted for patients 
presenting with intracranial hemorrhage (ICH) [1]. Achieving a SBP between 140 
and 160 mmHg within 4 h of presentation has been associated with lower rates of 
hematoma enlargement [1].

 How Should Anticoagulation Be Reversed?

Efforts to reverse dabigatran should be guided by the likelihood that anticoagulant 
effect is present. Knowing when the last dose of dabigatran was taken and estimat-
ing renal function will allow clinicians to reasonably predict whether anticoagulant 
effect is present [2]. Since the patient’s family last saw him well yesterday, it should 
be assumed that he took a dose dabigatran last night (approximately 12  h ago). 
Based on this assumption, dabigatran’s half-life in a patient with a creatinine clear-
ance between 30–50  mL/min (estimated time to normalized hemostasis 96  h) 
(Table 41.1), and coadministration of the P-gp inhibitor amiodarone (further delay 
to normalized hemostasis), it is reasonable to assume that dabigatran anticoagulant 
effect is present. Although the aPTT cannot quantify the degree of anticoagulation, 
a value >2× after at least 12 h since the last dose indicates high bleeding risk [3]. 
The presence of life-threatening bleeding and the need for urgent surgical interven-
tion are strong arguments for rapid dabigatran reversal using idarucizumab, which 
is FDA approved for these indications after demonstrating near complete reversal of 

Table 41.1 Time to normalized hemostasis following DOAC cessation [2]

Creatinine clearance
Approximate time to normalized hemostasis
Dabigatran Apixaban, rivaroxaban, edoxaban

>80 mL/min
50–80 mL/min
30–50 mL/min
15–30 mL/min
<15 mL/min

24–48 h
48–72 h
72–96 h
Not recommended
Not recommended

24–48 h
24–48 h
24–48 h
36–48 h
Not recommended
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anticoagulation within minutes of administration [4]. The idarucizumab dose should 
be 5 g administered IV [4].

 How Can the Effect of Idarucizumab Be Assessed?

Hemostatic efficacy of idarucizumab can be assessed by monitoring the patient for 
further signs of clinical deterioration and also by repeat CT scanning to detect 
hematoma enlargement. A normal aPTT may provide reassurance that the patient 
can be taken to surgery [2]. A normal thrombin time (TT) or dilute thrombin time 
(dTT) can also be used as qualitative evidence that dabigatran’s anticoagulant effect 
has been reversed [2]. Repeat aPTT/TT/dTT testing may be needed during the hos-
pitalization to detect re-emergence of dabigitran’s anticoagulant effect as idaruci-
zumab’s effect wears off. A dTT >65 s indicates high bleeding risk [3].

 What if Idarucizumab Is Not Available?

If idarucizumab is unavailable the administration of prothrombin complex concen-
trate (PCC) can be considered but reductions in blood loss and improved outcomes 
have not been demonstrated in actively bleeding patients and the potential pro-
thrombotic effects must be considered [2]. The role of recombinant factor VIIa is 
poorly understood and not recommended by most experts [2]. Dabigatran can be 
removed by hemodialysis and this modality can be tried as a last resort [3].

 If the Patient Survives to Hospital Discharge, Should 
Anticoagulation Therapy Be Resumed?

The answer to this question is multifactorial and depends on factors such as the loca-
tion of the bleed (lobar or deep), the underlying thromboembolic risk, the patient’s 
prognosis, and anticipated quality of life [5]. Compared to bleeds occurring in the 
deep structures of the brain, recurrent ICH is more common following lobar bleeds 
[5]. Resuming anticoagulation therapy should be more strongly considered in 
patients with high underlying thromboembolic risk [5]. This patient suffered a deep 
ICH and has many stroke risks including heart failure, hypertension, prior stroke 
history, and diabetes. These considerations argue in favor of resuming anticoagula-
tion provided the patient’s prognosis and anticipated quality of life are reasonably 
favourable [5]. High quality evidence to inform the optimal timing of anticoagula-
tion therapy resumption and the choice of anticoagulant are not currently available. 
Given this patient’s renal function and the presence of interacting amiodarone ther-
apy resuming therapy with warfarin is worth considering. However, DOACs like 
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dabigatran are associated with lower risk of ICH although patients with recent ICH 
were likely excluded from DOAC clinical trials.

 Key Points

• Initial management of anticoagulation-related major bleeding should involve 
stopping the anticoagulant, starting general supportive measures, measuring 
coagulation status (aPTT, INR, TT, dTT, anti-Xa level depending on the type of 
anticoagulant), and locating and treating the source of bleeding if possible.

• For DOACs, determining when the last dose was administered, estimating renal 
function, and documenting whether interacting drugs are present, the severity of 
bleeding, and need for invasive interventions are helpful to assess whether rever-
sal strategies (idarucizumab for dabigatran, PCCs for rivaroxaban, apixaban, and 
edoxaban) will be needed (see Table 41.2).

• For warfarin, elevated INRs should be reversed with vitamin K (IV for severe or 
life threatening bleeding, oral otherwise). The severity of bleeding and need for 
invasive interventions are helpful to assess whether PCC or FFP will be needed 
(PCC preferred over FFP due to ease of administration and more rapid reversal) 
(see Table 41.2).

• The default strategy should be to resume anticoagulation therapy following reso-
lution of bleeding. Patient-specific factors such as low underlying thromboem-
bolic risk, very high risk for recurrent bleeding, or patient preference should 
dictate whether the default strategy should be abandoned.

 Self-Assessment Questions

 1. A 75-year-old man is seen in the emergency department complaining of a three- 
day history of black, tarry stool, syncope, and fatigue. He is taking warfarin for 
a DVT that occurred 6  months ago following hip replacement surgery. His 
 hemoglobin is 9 g/dL and his INR is 6.2. He has been taking ibuprofen 800 mg 

Table 41.2 Anticoagulant reversal strategies for patients with major bleeding

Anticoagulant Reversal strategy

Warfarin Non-life-threatening: Oral vitamin K 2.5–5 mg
Life-threatening or need for urgent invasive intervention: IV vitamin K 
5–10 mg plus PCC or FFP (PCC preferred over FFP due to ease of 
administration and more rapid reversal)

Dabigatran Life-threatening or need for urgent invasive intervention: IV idarucizumab 5 g
Apixaban
Rivaroxaban
Edoxaban

Life-threatening or need for urgent invasive intervention: 4-factor PCC or IV 
andexanet (approval pending)
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three times daily for about a week for lower back pain. An NSAID-induced 
upper GI tract bleed is suspected and the medical team would like to perform 
endoscopy as soon as possible. In addition to stopping warfarin and general sup-
portive measures, which of the following is the best management plan for this 
patient?

 (a) 2.5 mg oral vitamin K
 (b) 5 mg IV vitamin K plus PCC 50 units/kg
 (c) PCC 50 units/kg
 (d) 5 mg oral vitamin K plus 2 units of FFP

Because the INR is elevated and an urgent invasive procedure is needed the correct 
answer is B. A and D are incorrect because oral vitamin K and FFP will not correct 
the INR rapidly enough to facilitate urgent endoscopy. Oral vitamin K won’t correct 
the INR for about 24 h and FFP must be thawed prior to infusion and requires pro-
longed infusion time. C is incorrect because without vitamin K administration to sup-
port production of functional clotting factors, once PCCs wear off, the INR will 
become elevated again putting the patient at risk for further bleeding complications.

 2. It has been 2 weeks since the patient from the previous question was discharged 
from the hospital following treatment of his GI tract bleed. He has stopped using 
ibuprofen and is taking omeprazole 20 mg daily to facilitate healing of a gastric 
ulcer. His physician would like a recommendation from you regarding whether 
his warfarin therapy should be resumed. Which of the following represents the 
best plan for this patient?

 (a) This patient should not resume warfarin therapy
 (b) This patient should resume anticoagulation therapy with apixaban, which 

has a lower risk of GI tract bleeding
 (c) This patient should resume warfarin therapy to prevent further VTE
 (d) This patient should be switched to low-dose daily aspirin

This patient had a provoked DVT and should have stopped warfarin therapy 
3 months ago. Therefore, the correct answer is A. B, C and D are incorrect because 
the underlying risk of thromboembolism is not high enough to outweigh bleeding 
risk. Furthermore, aspirin increases the risk for GI tract bleeding and should be 
avoided unless there is a compelling indication, which is not the case for this patient.
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Chapter 42
Overdose of Dabigatran

Alicia Potter DeFalco

Abstract With the limited availability of reversal agents, it may be difficult to treat 
a patient who has overdosed on a direct oral anticoagulant (DOAC). Treatment of 
these patients may be guided by time elapsed since ingestion, laboratory values, and 
overall clinical stability.

Keywords Anticoagulant reversal agents • Direct oral anticoagulants • Idarucizumab 
(Praxbind®) • Andexanet alfa • Ciraparantag • Dabigatran overdose • Laboratory 
monitoring

 Case Introduction

A 57 year-old-female receiving dabigatran for treatment of deep vein thrombosis 
at home presents to the emergency department after intentional ingestion of ten 
150 mg dabigatran capsules approximately 90 min ago. Her current blood pres-
sure is 132/88 mmHg, heart rate is 76 beats per minute, respiratory rate is 18 per 
minute, and oxygen saturation is 100% on room air. The patient is conscious and 
following commands. She denies any signs or symptoms of bleeding, and her 
physical exam is negative for evidence of bleeding. Pertinent labs are as follows: 
hemoglobin (hgb) is 13.1, hematocrit (hct) is 38.2%, platelets (plt) are 180 × 109/L, 
prothrombin time (PT) is 22, international normalized ratio (INR) is 2.8, and acti-
vated partial thromboplastin time (aPTT) is 42 s. Her estimated creatinine clear-
ance is 88 mL/min. The patient is also taking lisinopril 20 mg by mouth daily at 
home.
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 Case Discussion

 What Factors Should Be Considered When Developing a Plan 
for Treatment of an Anticoagulant Overdose?

 Time Since Ingestion

Time elapsed since ingestion of an anticoagulant is helpful in assessing the potential 
for anticoagulant absorption, and thus can provide guidance in management of the 
overdose. For patients who present within a few hours of ingestion, administration 
of activated charcoal may be beneficial in preventing further absorption of the anti-
coagulant [1]. Due to the rapid absorption of dabigatran, activated charcoal would 
provide the greatest benefit if administered within 2 h of ingestion [2]. For patients 
who present with massive overdoses of dabigatran or if several hours have passed 
since ingestion of dabigatran, hemodiaylsis has been shown to remove up to 2/3 of 
the drug within 2 h due to the low protein binding exhibited by dabigatran. However, 
the highly protein bound factor Xa inhibitors and warfarin are unable to be suffi-
ciently removed by hemodialysis. Emergency access to hemodialysis may be lim-
ited, making the recently approved idarucizumab a potentially favorable treatment 
option in the setting of dabigatran overdose [3].

 Hemodynamic Stability and Bleeding Complications

In a patient experiencing direct oral anticoagulant (DOAC) or warfarin overdose, 
hemodynamic stability and bleeding complications including bleeding site, blood 
volume lost, and severity of bleed must be assessed [4]. If evidence of bleeding is 
absent, as the case here describes, clearance of the anticoagulant and maintaining 
hemodynamic stability are the mainstays of care. Supportive care measures include 
fluid administration and maintaining adequate renal perfusion. Due to the short half-
lives of DOACs, supportive care in patients with normal renal function is typically 
sufficient for removal of the agent in the absence of bleeding complications [1].

 Lab Monitoring

There are several laboratory measurements and coagulation assays being investigated 
to evaluate direct oral anticoagulant (DOAC) concentrations, however, their limited 
availability and the lack of FDA approved reference levels and assays restrict their 
utility in clinical practice [4]. See Table 42.1 for a summary of coagulation assay 
monitoring. Prothrombin time and INR results are unreliable in assessing anticoagu-
lation activity of DOACs. INR lacks sensitivity to dabigatran related anticoagulation, 
causing relatively normal INR values at therapeutic dabigatran levels, and slight 
increases at higher dabigatran concentrations [6]. The PT/INR results will differ 
across laboratories secondary to the differences in the sensitivities of reagents to the 
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effects of dabigatran [2]. Thrombin time (TT) is a sensitive assay that may provide 
information regarding the anticoagulation activity of dabigatran, however, due to the 
sensitivity of the assay, maximum TT levels may result before achieving therapeutic 
levels of dabigatran. A diluted thrombin time (dTT) and an ecarin clotting time (ECT) 
can both provide a quantitative measurement of dabigatran, however availability of 
these assays is limited and their efficacy in monitoring dabigatran anticoagulant 
activity has not been established by the Food and Drug Administration (FDA) [7]. In 
the RE-LY study, patients receiving dabigatran 150 mg twice daily yielded median 
trough concentrations of 93  ng/mL and median peak concentrations of 184  ng/
mL. Anticoagulant effects of dabigatran are not expected at plasma concentrations 
below 20 ng/mL [8]. Activated partial thromboplastin time (aPTT) may be utilized to 
confirm that a patient is anticoagulated with dabigatran, as aPTT will be prolonged in 

Table 42.1 Oral anticoagulants and coagulation assay monitoring [3, 5]

Drug
Coagulation 
assay Sensitivity Utility

Dabigatran TT Very sensitive—Detects 
lower levels of dabigatran 
but maximum TT levels may 
result before achieving 
therapeutic concentration of 
dabigatran

Sensitivity limits utility in 
quantifying anticoagulation; 
helpful at low levels of 
dabigatran but value is lost at 
higher concentrations

PT/INR Insensitive Elevated values may indicate 
presence of drug, but may not 
correlate anticoagulation effects

aPTT More sensitive than PT/INR Cannot be used to measure 
concentration of dabigatran
Readily available assay

dTT Sensitive Quantifies serum concentration
Limited availability
Not FDA approved

ECT Sensitive Quantifies serum concentration
Limited availability
Not FDA approved

Rivaroxaban
Apixaban
Edoxaban

Chromogenic 
Factor Xa

Sensitive and accurate Limited availability
Not FDA approved

PT/INR Rivaroxaban and apixaban—
More sensitive at higher 
concentrations
Edoxaban—More sensitive 
than aPTT, insensitive at low 
levels

May suggest high drug 
concentrations if significantly 
elevated

aPTT Low sensitivity Readily available assay
Not ideal

Warfarin PT/INR Sensitive May not show significant 
elevations for 24–48 h post 
ingestion

aPTT Low sensitivity Not ideal, value increases with 
warfarin ingestion
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a dose-dependent response to dabigatran. The aPTT may be prolonged for 8–12 h, 
and in some patients, aPTT elevations may be observed as long as 24 h after dabiga-
tran ingestion. Evidence suggests that aPTT will peak 2 h after ingestion of dabiga-
tran [2]. While aPTT elevation may be associated with the presence of dabigatran, 
these elevations do not quantify the dabigatran plasma concentration [3].

Factor Xa inhibitors, such as rivaroxaban, apixaban, and edoxaban, do not effect 
TT or ECT and produce changes in PT/INR and aPTT values that are unreliable in 
evaluating drug levels. Prothrombin time prolongation is typically more significant 
with higher concentrations of factor Xa inhibitors, which may provide further confir-
mation of an overdose. Chromogenic anti-factor Xa assays have been evaluated in the 
measurement of heparin and enoxaparin as well as the oral factor Xa inhibitors. The 
chromogenic anti-factor Xa assay must be calibrated for each specific factor Xa inhib-
itor to be utilized in assessing plasma concentrations of specific factor Xa inhibitors. 
When measuring levels of factor Xa inhibitors, chromogenic anti- factor Xa assays are 
more accurate than PT, INR, and aPTT [3], however, at this time, specific chromo-
genic anti-factor Xa assays for DOACs are not available worldwide [6].

Additionally, complete blood count (CBC) and renal function should be moni-
tored to assess for bleeding complications and clearance of the medication, 
respectively.

 Reversal Agents Available

Management of direct oral anticoagulant (DOAC) overdose can typically be man-
aged by temporary removal of the anticoagulant and supportive care. If urgent 
reversal is warranted, the addition of clotting factor supplements may be indicated. 
Supportive care may include hemodynamic support to promote removal of the anti-
coagulant, and if bleeding is evident, volume replacement, blood transfusion, and 
bleeding site control may be beneficial [4].

Idarucizumab (Praxbind®) is a humanized monoclonal antibody fragment 
approved for reversal of the anticoagulant properties of dabigatran in the setting of 
emergency surgery, urgent procedures, or in life-threatening or uncontrolled bleeding 
[8]. Data is lacking on the utility of idarucizumab in the treatment of dabigatran over-
dose in the absence of bleeding or the need for emergent surgery or urgent procedures 
but case reports suggest benefit. In one case report, aPTT and PT values normalized 
quickly and remained normalized for 24 h in a patient who was treated with idaruci-
zumab after intentional ingestion of 125 capsules of dabigatran 150 mg [9].

To date, there are no antidotes approved for the reversal of the oral factor Xa 
inhibitors, rivaroxaban, apixaban, and edoxaban. Of note, there are two reversal 
agents, andexanet alfa and ciraparantag, in clinical trials that have been granted 
expedited reviews by the FDA [3]. Andexanet alfa is being evaluated for the reversal 
of oral factor Xa inhibitors, low molecular weight heparin, and fondaparinux, while 
ciraparantag is being evaluated for the reversal of oral direct thrombin inhibitors 
and heparin in addition to oral factor Xa inhibitors, low molecular weight heparin, 
and fondaparinux. There are reports to support prothrombin complex concentrates 
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(PCCs) and activated prothrombin complex concentrates (aPCCs) in treatment of 
bleeding complications associated with DOACs, however, data to support their 
use in overdose patients without evidence of bleeding is limited. A disadvantage 
of using prothrombin complex concentrates includes the risk of thrombosis which 
may occur as a result of pre-existing risk factors for thrombosis and the introduc-
tion of additional clotting factors into a patient in effort to reverse anticoagulation 
in a patient  predisposed to thrombosis [3]. See Table 42.2 for a summary of oral 
anticoagulant reversal options.

Table 42.2 Oral anticoagulants and reversal agents [1, 5, 10]

Reversal option Dabigatran
Rivaroxaban, apixaban, 
edoxaban Warfarin

Activated 
charcoal

Within 2 h of ingestion—
may reduce absorption

Within 2 h of 
ingestion—may reduce 
absorption

Within 2 h of 
ingestion—may 
reduce absorption

Hemodialysis Removes approximately 
80% of drug

Not effective Not effective

Phytonadione Not effective Not effective INR 4.5–10, no 
bleed: not indicated
INR > 10, no bleed: 
5 mg PO × 1
Serious, life 
threatening bleed 
at any INR*: 10 mg 
IV × 1
*May also require 
prothrombin 
complex concentrate 
and/ or fresh frozen 
plasma in addition 
to phytonadione

Activated factor 
VIIa [Novoseven 
RT]

If serious, life- threatening 
bleeding or emergent 
reversal indicated, may 
combine with 3-factor 
PCC; would be less 
preferred option

If serious, life- 
threatening bleeding or 
emergent reversal 
indicated, may combine 
with 3-factor PCC; 
would be less preferred 
option

If serious, life- 
threatening bleeding 
or emergent reversal 
indicated, may be 
administered with or 
without 3-factor 
PCC

3-factor PCC 
[Profilnine]

Limited evidence; If 
serious, life-threatening 
bleeding or emergent 
reversal indicated, 
recommended in 
combination with 
activated factor VIIa 
(Novoseven®); avoid as 
monotherapy for 
dabigatran reversal if 
possible

Limited evidence; If 
serious, life-threatening 
bleeding or emergent 
reversal indicated, 
recommended in 
combination with 
activated factor VIIa 
(Novoseven®); avoid as 
monotherapy for factor 
Xa-inhibitor reversal if 
possible

If serious, life- 
threatening bleeding 
or emergent reversal 
indicated, may be 
administered

(continued)
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Table 42.2 (continued)

Reversal option Dabigatran
Rivaroxaban, apixaban, 
edoxaban Warfarin

4-factor PCC 
[Kcentra]

May consider as 
alternative to aPCC

If serious, life- 
threatening bleeding or 
emergent reversal 
indicated, may be 
administered

Preferred PCC for 
warfarin associated 
serious, life- 
threatening bleeding 
or emergent reversal

Activated 
4-factor PCC 
(aPCC) [Feiba]

Recommended by 
dabigatran manufacturer 
for serious, life-
threatening bleeding or 
emergent reversal

If serious, life- 
threatening bleeding or 
emergent reversal 
indicated, may be 
administered

May consider as 
alternative to 
Kcentra

Idarucizumab  
[Praxbind®]

Known overdose, no 
bleed, aPTT or dTT/ECT 
significantly elevated: 
May consider 5 g IV × 1
Moderate—serious 
bleeding: 5 g IV × 1

Not effective Not effective

Andexanet alfa Not effective Potential benefit—not 
yet approved

Not effective

Ciraparantag Potential benefit—not yet 
approved

Potential benefit—not 
yet approved

Not effective

Table 42.3 DOAC half-life based on renal function [5, 11]

Renal function
Half-life (hours) based on renal function
Dabigatran Rivaroxaban Apixaban Edoxaban

CrCl >80 mL/min 14 8 15 14
CrCl 50–79 mL/min 17 9 15 18
CrCl 30–49 mL/min 19 9 18 24
CrCl <30 mL/min 28 10 17 24

How should this patient be managed?

This patient is currently hemodynamically stable without evidence of bleeding 
complications. She ingested a supratherapeutic dose of dabigatran less than 2 h ago. 
The most appropriate first line therapy would be activated charcoal to prevent fur-
ther absorption of the medication.

Administer fluids to maintain perfusion and monitor hemodynamic stability 
throughout the encounter. Her current estimated creatinine clearance is 88  mL/
min. It is crucial to maintain adequate renal perfusion to ensure clearance of the 
absorbed medication. See Table 42.3 for a summary of DOAC half-lives based on 
renal clearance. If the patient requires hospitalization, a serum creatinine should 
be obtained daily and creatinine clearance calculated utilizing the Crockcoft-Gault 
equation.
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Her PT, INR, and aPTT are all elevated. Ideally, a dTT and/or ECT would be 
ordered to quantify the serum concentration of the dabigatran; however, these assays 
are not widely available in emergency situations. If dTT and ECT are unavailable, 
aPTT may provide guidance regarding the anticoagulant effect of dabigatran, 
although the aPTT does not quantify the serum concentration of dabigatran. At a 
minimum, the aPTT should be drawn at baseline, at 2 h post exposure, and every 
12 h until aPTT returns to normal [2].

Is idarucizumab indicated for this patient?

At this time, it would not be necessary to administer idarucizumab. The patient is 
showing no symptomatic or clinical signs of bleeding and her CBC is within normal 
limits. While her aPTT is elevated, it would be more appropriate to continue to 
monitor the patient and obtain an aPTT post activated charcoal administration prior 
to making the decision to administer idarucizumab. If the patient presented several 
hours post ingestion and was showing significantly prolonged aPTT values (or 
 elevated dTT, ECT, if available), or if the same patient presented similarly, but with 
signs of bleeding, idarucizumab may be indicated.

 Key Points

• In evaluating an overdose patient, time elapsed since ingestion is crucial in 
developing a treatment plan.

• In the absence of bleeding, many patients who have overdosed on a DOAC may 
be managed by limiting absorption of the DOAC, maintaining hemodynamic 
stability, and facilitating clearance of the DOAC.

• There are no reversal agents approved for the oral factor Xa inhibitors. 
Idarucizumab is the only approved reversal agent for dabigatran.

• Patients who have overdosed on a DOAC require monitoring of CBC and renal func-
tion. Other potential labs that may be helpful in assessing a patient who has overdosed 
on dabigatran are aPTT, dTT, and ECT. Chromogenic antiXa assays, if available, can 
be helpful in assessing a patient who has overdosed with a factor Xa inhibitor.

 Self-Assessment Questions

 1. A 61 year-old-female who is on dabigatran 150 mg twice daily for atrial fibrilla-
tion presents to the emergency department via ambulance. The patient’s sister 
found her at home with a suicide note. The patient reports taking 60 dabigatran 
150  mg capsules approximately 5  h ago. She is also on metoprolol succinate 
100 mg once daily at home. Her current blood pressure is 150/92 mmHg, heart 
rate is 80 beats per minute, respiratory rate is 18 per minute, and oxygen saturation 
is 98% on room air. The patient is conscious and following commands. She denies 
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any signs or symptoms of bleeding, and her physical exam is negative for evidence 
of bleeding. Pertinent labs are as follows: hemoglobin (hgb) is 12.8, hematocrit 
(hct) is 36.0%, platelets (plt) are 160 × 109/L, prothrombin time (PT) is 34, inter-
national normalized ratio (INR) is 4.0, and activated partial thromboplastin time 
(aPTT) is 76 s. Additionally, a dTT reveals a dabigatran serum concentration of 
680 ng/mL. Her estimated creatinine clearance is 96 mL/min. What is the most 
appropriate treatment option for this patient at this time?

 (a) Activated charcoal
 (b) Fluids
 (c) Hemodialysis
 (d) Idarucizumab

Correct answer: D. idarucizumab.
Rational: The patient ingested the dabigatran approximately 5 h ago. Due to the 

time elapsed since ingestion, activated charcoal will be ineffective. The patient’s 
labs suggest a great deal of the medication has been absorbed (PT 28, INR 4.0, 
aPTT 76, and dabigatran concentration 680 ng/mL). The patient requires more than 
fluid resuscitation for treatment of this overdose. While there is no evidence of 
bleeding, the aPTT and dabigatran are significantly elevated and warrant reversal of 
dabigatran. Hemodialysis is less readily available and more invasive than adminis-
tering a reversal agent. Idarucizumab will neutralize the circulating dabigatran.

 2. A 56 year-old-male who is on rivaroxaban 20 mg daily for deep vein thrombosis 
at home presents to the emergency department after an intentional overdose of 
15 rivaroxaban 20 mg tablets. The patient reports ingesting all 15 tablets approx-
imately 60 min ago. The patient is also on sertraline 100 mg daily and alpra-
zolam 0.5 mg three times daily as needed for anxiety. His current blood pressure 
is 146/92 mmHg, heart rate is 62 beats per minute, respiratory rate is 16 per 
minute, and oxygen saturation is 100% on room air. The patient is conscious and 
following commands. He denies any signs or symptoms of bleeding, and his 
physical exam is negative for evidence of bleeding. Pertinent labs are as follows: 
hemoglobin (hgb) is 14.1, hematocrit (hct) is 38.0%, platelets (plt) are 
162 × 109/L, prothrombin time (PT) is 24, international normalized ratio (INR) 
is 1.8, and activated partial thromboplastin time (aPTT) is 36 s. Chromogenic 
antiXa assay for rivaroxaban is unavailable at your institution’s laboratory. His 
estimated creatinine clearance is 100  mL/min. What is the most appropriate 
treatment option for this patient at this time?

 (a) Activated charcoal
 (b) Andexanet alfa
 (c) Idarucizumab
 (d) Prothrombin complex concentrate

Correct answer: A. activated charcoal.
The patient presents within 2 h of ingestion, therefore activated charcoal may be 

administered to limit the absorption of tablets ingested. Andexanet alfa is not yet 
approved, therefore would not be an available or appropriate selection. Idarucizumab 
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is specific for dabigatran and will be ineffective for reversal of other medications. 
The patient is not bleeding and aPTT, PT, and INR are not critically elevated, there-
fore, the risk of thrombosis associated with administration of prothrombin complex 
concentrate outweighs any potential benefit at this time.
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