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Preface

The practice of any procedural discipline is both a science and an art. In previous 
textbooks, edited by some of us, we tried to summarize the current state of hemodi-
alysis access science. The purpose of this textbook, on the other hand, is to focus on 
the art of this medical discipline.

In this book the reader will find a multitude of cases, summarized by masters of 
the art of vascular access care, who articulate a broad, diverse, and creative vision 
of their practice. Clinical problems from routine access creation to advanced novel 
techniques are described in these pages. Thus, the purpose of this textbook is to 
educate the novice as well as to delight the expert.

Needless to say, we took great inspiration from our patients in putting this work 
together. Vascular access care requires repeated contact with the same patients on a regu-
lar basis. As a result, tremendously close bonds are formed. In some instances, we shared 
the chapters with our patients who “starred” in the cases. In all instances, we are deeply 
indebted to our patients for allowing us to use our minds, our hands, and our hearts to 
help them.

Ann Arbor, MI, USA Alexander S. Yevzlin 
Neptune, NJ, USA Arif Asif
Madison, WI, USA Robert R. Redfield III
Houston, TX, USA Gerald A. Beathard
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Chapter 1
Arteriovenous Graft-Arteriovenous Fistula 
Conversion (Secondary Arteriovenous  
Fistula Creation)

Elliot I. Grodstein and Robert R. Redfield III

Abbreviations

AV Arteriovenous
FFCL “Fistula First Catheter Last” Coalition
K/DOQI Kidney Disease Outcomes Quality Initiative
sAVF Secondary arteriovenous fistula

 Case Presentation

A 65-year-old male has been dialyzed for 4 years via a left forearm looped brachio-
basilic arteriovenous (AV) polytetrafluoroethylene graft. At the time of access cre-
ation, his basilic, median antebrachial, and cephalic veins in his forearm and upper 
arm were not suitable for construction of a primary AV fistula. Over the past few 
months, he has had difficulty achieving adequate dialysis flow rates during his 
Monday/Wednesday/Friday sessions. On exam, he is noted to have a pulse in his 
graft. He was referred to an interventional nephrologist who performed an angio-
gram demonstrating a venous anastomotic stenosis of greater than 50% of the lumi-
nal diameter (see Fig.  1.1). There was no upper arm or central venous stenosis 
present. An angioplasty was performed, and the patient was dialyzed for another 2 
months until the graft thrombosed. Despite attempts to reestablish flow, the throm-
bosis could not be corrected. A right-sided internal jugular hemodialysis catheter 

E.I. Grodstein, MD (*) • R.R. Redfield III, MD 
Division of Transplant Surgery, Department of Surgery, University of Wisconsin  
School of Medicine and Public Health, Madison, WI, USA
e-mail: grodstein@surgery.wisc.edu 
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was placed. The patient was subsequently referred to a local vascular surgeon for 
reconstruction of peripheral access. Approximately 4 months later, a contralateral 
brachiocephalic AV fistula was constructed. The catheter was removed 2 months 
later, once the fistula matured. In the interim, he was hospitalized once with a 
methicillin- resistant Staphylococcus aureus bloodstream infection. The line was 
removed and replaced on the contralateral side. He was treated with vancomycin 
immediately after his hemodialysis sessions for 4 weeks.

 Discussion

Unfortunately, as in the case above, AV graft failure is all too frequent, requiring 
subsequent catheter placementa. The National Kidney Foundation’s Kidney Disease 
Outcomes Quality Initiative (K/DOQI) clinical practice guidelines prioritize the 
construction of autogenous AV fistulae in a distal-to-proximal fashion, always con-
sidering the preservation of more proximal surgical sites for future access construc-
tion. This emphasis is based on fistula’s inherent higher primary and secondary 
patency rates and, with that, a lower need for interventions and, in select groups, 
longer patient survival. The K/DOQI guidelines, along with the “Fistula First 
Catheter Last” (FFCL) Coalition, seem to have changed practice patterns in the 

Fig. 1.1 Sleeves Up Protocol checklist. Courtesy of End Stage Renal Disease National 
Coordinating Center

E.I. Grodstein and R.R. Redfield III
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United States [1]. From 1996 to 2007, autogenous fistula access use in the United 
States increased from 24% to 47%, while prosthetic graft use decreased from 58% 
to 28%. Still, however, 53% of patients are dialyzed via a central venous catheter or 
AV graft. To contextualize, in Japan, according to the collaborative international 
Dialysis Outcomes and Practice Patterns Study, this number is only 9% [2].

In most cases, as in the case above, AV graft failure is followed by a period of 
catheter placement prior to construction of new access. This cycle often repeats 
itself leading to unnecessary catheter days and high risks of central line-associated 
bloodstream infections. To avoid this, the FFCL has advocated for proactive con-
struction of new AV fistulas prior to graft failures, so-called secondary AV fistulas 
(sAVF). The FFCL recommends nephrologists evaluate every AV graft patient for 
possible sAVF conversion [3, 4] and has put forth a convenient “Sleeves Up 
Protocol” to assist with this. The evaluation, which occurs briefly at bedside imme-
diately prior to or after a dialysis session, helps identify suitable outflow vein for 
immediate conversion to an AVF.  Every month, a practitioner should roll the 
patient’s “sleeves up” exposing the entire arm up to the shoulder. Then, the upper 
arm should be lightly compressed to assess the caliber and prominence of the graft’s 
venous outflow. If the primary outflow vein appears suitable for access, it should be 
cannulated with the venous dialysis access needle for two consecutive hemodialysis 
sessions. If there are no issues, a fistulogram or duplex ultrasound of the arm should 
be performed to confirm the vein’s suitability and ensure patent venous drainage 
back to the right atrium. Assuming both of these tests go well, a prompt sAVF con-
version plan should be made (see Fig. 1.1).

While AV grafts may spontaneously stop working, graft dysfunction is often pre-
dictable. Indicators of venous outflow stenosis include strong pulsatility and short-
ening or even absence of the diastolic phase of the thrill on exam. In severely 
obstructed grafts, there may be only a high-pitched thrill during systolic phase. 
Indicators of outflow problems on dialysis may include low flow rates, high venous 
pressures, or increased recirculation. There may be persistent post-dialysis bleed-
ing. Other predictors of graft failure include requiring multiple interventions to 
maintain patency. Cumulative patency at 12 months of angioplastied grafts is around 
30–50%, whereas it is only around 10–20% in thrombectomized grafts. 
Unfortunately, recent studies have shown no benefit to prophylactic treatment of 
graft stenosis detected on routine angiography. Thus, a preemptive sAVF conversion 
plan should be considered in patients with graft dysfunction requiring endovascular 
therapy. Similarly, as AV grafts have a greater rate of infection than autologous fis-
tulae, sAVF is an attractive option to preserve access in patients requiring graft 
excision from recurrent infections. All of this forms the basis for the FFCL’s recom-
mendation that evaluation for sAVF conversion takes place no later than the first 
signs of AV graft failure. Meanwhile, the impetus is on the surgeon to perform the 
operation prior to a second intervention for graft stenosis or thrombosis. As such, 
the prudent surgeon should plan for sAVF conversion while placing an AV graft in 
a patient with initially unsuitable venous targets (see Fig.  1.2). In fact, in these 
cases, if a patient is being dialyzed via a catheter, an AV graft can be placed as a 
bridge to sAVF. Here, an immediate-access graft conduit (e.g., Flixene) is used to 

1 Arteriovenous Graft-Arteriovenous Fistula Conversion…
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allow prompt removal of the catheter. Months later, once the outflow becomes suit-
able, the graft can be excised and a sAVF constructed.

The classic sAVF, constructed using the main outflow vein from a graft, is termed 
a Type 1 sAVF. These fistulae can be constructed using below- or above-the-elbow 

Fig. 1.2 AV graft assessment and intervention algorithm (Reprinted with permission from The 
Midwest Kidney Network)

E.I. Grodstein and R.R. Redfield III
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veins following placement of a forearm AV graft. Duplex sonography and contrast 
venography are essential to both identify outflow veins of sufficient caliber and rule 
out central venous stenosis. Approximately 75% of patients with forearm AV grafts 
have vascular anatomy suitable for construction of a Type 1 sAVF (see Fig. 1.3). In 
the simplest scenarios, the sAVF can be made using arterialized basilic, cephalic, or 
brachial vein just distal to the previous venous anastomosis. Arterial inflow is typi-
cally provided by the brachial or proximal radial artery. Intraoperatively, the AVG is 
ligated and the outflow vein is mobilized and used for an anastomosis. To gain 
additional length, venous tributaries flowing into the suitable vein can be mobilized 
and used for an anastomosis. Frequently, after construction, Type 1 sAVFs are 
immediately available for dialysis access. A basilic or brachial vein can be trans-
posed to a superficial position at the same time or as a staged approach. Even despite 
complete graft thrombosis, primary draining veins are often kept patent by tributar-
ies, and a fistula can be constructed (see Fig. 1.4). In these settings, timely Type 1 
sAVF construction can avert the need for catheter placement where it would other-
wise be necessary.

In cases where the AV graft outflow is not amenable to Type 1 sAVF creation, 
vein mapping of the ipsilateral arm should be performed with the goal of finding 
other veins suitable for fistula creation. More frequently, these are patients with 
upper arm AV grafts, where only a small segment of primary outflow vein exists 
distally to the axilla. It remains important to still ensure that there is no central 
venous stenosis. As for termed Type 2 sAVFs, these are not dissimilar from standard 
primary AV fistulae and must be promptly constructed. The ipsilateral proximal 
radial artery will often have adequate inflow in an untouched surgical field. Venous 
targets may be more difficult to find however. Other than the median antebrachial or 
cephalic veins, in the setting of more proximal obstruction, forearm veins may be 
used in a retrograde fashion once valves are obliterated. Perforating veins may also 
be used. Overall, proximal radial artery fistulas have low rates of steal with  excellent 

Fig. 1.3 Angiogram of 
upper arm veins draining a 
forearm loop graft: (a) 
basilic vein and (b) 
cephalic vein (c) venous 
anastomosis with lower 
arm AV graft (Reprinted 
with permission from 
Beathard [5])

1 Arteriovenous Graft-Arteriovenous Fistula Conversion…
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2-year secondary patency rates. If however there are no inflow or outflow options on 
the ipsilateral arm, the contralateral arm must be interrogated for de novo fistula 
creation. Unfortunately, whereas a failing AV graft will hopefully last long enough 
to allow for maturation, a failed AV graft will require interim dialysis catheter place-
ment. Therefore, early recognition of graft dysfunction and construction of autolo-
gous access are a priority.

 Pearls

• New autogenous access sites should be considered prior to AV graft failure to 
avert the need for hemodialysis catheter placement.

• Primary dialysis providers can evaluate patients for suitability for referral for 
secondary AV fistula formation quickly, during hemodialysis sessions.

• Secondary AV fistulas can frequently be constructed using the primary outflow 
of an AV graft, allowing immediate use for hemodialysis.
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Chapter 2
Proximal Forearm Arteriovenous  
Fistula Creation

Venkat Kalapatapu and Andre Ramdon

 Introduction

Worldwide greater than two million patients need renal replacement therapy. The 
aging population coupled with increasing need of dialysis access leaves surgeons 
gaining innovative ways to solve this crisis. Guidelines developed by the DOQI and 
Society of Vascular Surgery advised the creation of autologous fistula due to better 
long-term patency, fewer re-interventions, lower health-care cost, and low incidence 
of complications before use of grafts [1, 2]. Fistula first initiative uses distal radioce-
phalic and snuff box as the first choice, but this is impeded by lack of appropriately 
sized vessels for fistula creation and relatively high rates of non-maturations (8–40%).

Proximal forearm fistula has become grossly overlooked, likely due to the pau-
city of published literature, but is still a viable option. This preserves arm vessels for 
future use and has the theoretical advantage of reduced risk of steal syndrome, isch-
emic monomelic neuropathy, and high-output cardiac failure.

 Proximal Radiocephalic Arteriovenous Fistula

Proximal radiocephalic arteriovenous fistula (pRCF) is an infrequently used option 
between the proximal radial artery and cephalic vein, first described in 1997 by 
Gracz et al. [3].
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This is an end-to-side construct through a 4–6  cm longitudinal incision 
 commencing 1–2 cm below the antecubital crease and along the separation between 
the brachioradialis and flexor carpi radialis muscle. This allows mobilization of the 
cephalic vein and radial artery for an end-to-side anastomosis. This has a few 
options for venous outflow from the cephalic veins to the medial antecubital or a 
perforating vein. If the inflow through the radial artery is unfit, then the medial por-
tion of the proximal incision can be extended to utilize the brachial artery for inflow.

The anastomosis is usually very deep and covered by muscles, which is thought 
to be protective. A large series of 105 patients reported a 91% primary patency after 
11 months of follow-up [4]. A retrospective single-institution review of proximal vs. 
distal radiocephalic fistula revealed that patients are more likely to have had previous 
access (47% vs. 18%) and despite this have a low primary failure rate (32% vs. 59%). 
Cumulative pRCF vs. distal radiocephalic fistula patency was 92% vs. 86% at 1 year 
[5]. Proximal radiocephalic fistula is an attractive option for non- maturation distal 
radiocephalic fistula as the cephalic vein is likely more sizable distally and using the 
radial artery as inflow will limit the risk of steal and preserving the brachial inflow, 
thus, limiting steal and ischemic monomelic neuropathy (Figs. 2.1 and 2.2).

Fig. 2.1 Proximal radiocephalic fistula (the anastomosis can be to the radial artery at the elbow)

Fig. 2.2 Proximal radiocephalic fistula after failed distal radiocephalic fistula

V. Kalapatapu and A. Ramdon
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 Basilic Vein Arteriovenous Fistulas in the Forearm

Forearm basilic vein fistula remains an underutilized option for fistula creation, even 
though advocated for by some authors on the basis of preservation of arm veins with 
patency rates greater than forearm grafts. The availability of literature with forearm 
basilic vein is rather scant, and the guidelines continue to exclude this as an option. 
Basilic veins can be anatomically deep in location making accessibility difficult but 
more likely preserved due to hidden nature and less susceptibility from multiple 
needle sticks or even previous access attempts. There are two constructs that can be 
utilized using either the radial or ulnar artery as the inflow. Both types are suggested 
to need transposition to allow for dialysis needle access. It is anxiety provoking to 
create an ulnar-basilic AVF (UBAVF) after a failed distal radiocephalic fistula due to 
the increased risk of distal ischemia reported to be 28% in one series. UBAVF has 
much higher failure rates and longer maturity times compared to distal radiocephalic 
fistula with 1-year patency rates that range from 42% to 70% and a secondary patency 
rate of 53% [6]. Complication of hand ischemia is 0.4% in one pooled analysis.

Transposed radio-basilic fistula (tRBF) is gaining favor and is particularly attrac-
tive after failure of distal radiocephalic fistula with a reported 1-year patency rate as 
high as 93% in a small series of 30 patients (mostly after a thrombosed cephalic 
vein) [7–9]. Patency rates are non-inferior to arteriovenous grafts but more impor-
tantly without the infectious risk. Additionally, if not matured enough to be used for 
dialysis, it will contribute to the increased size of arm veins and hence extrapolates 
to improved outcomes of a more proximal fistula patency at a later date. One study 
comparing tRBF vs. arteriovenous graft proves fistula first is better with reported 
patency periods of 16.9 vs. 12.6 months with primary-assisted patency at 1 year 
79% and 75%, respectively [9, 10]. Compared to distal radiocephalic fistula, pri-
mary patency rates are lower at 1 year (40–54%) and with maturation failure as high 
as 14% [7, 10]. Shintaro and Natario et al. suggested that low initial patency could 
be improved with intense observation and surveillance with early introduction of 
balloon angioplasty to increase as much as 77% [7, 11].

Procedurally, tRBF is more difficult with longer operative time but still feasible 
under local anesthesia. Preoperative duplex ultrasound is important in patient selec-
tion and planning of these fistulas. Technique is key: skin sparing with three to four 
separate incisions for harvest or long elbow-to-wrist incision with a counter- incision 
over the approximate radial artery after tunneling of available vein. The basilic vein 
usually runs a little far from the arteries; hence, usually the best positioning during 
harvesting is flexion at the elbow with forearm supination. General principles of 
harvesting apply with special care not to injure the vein. The basilic vein after liga-
tion of the side branches forms a high-resistance conduit which is prone to throm-
bosis [8]. Once the vein is harvested, great care is taken to gently angio-dilate. Some 
authors prefer to use a 3/4 Fogarty catheter. Meticulous tunneling then allows for 
subcutaneous access and anastomosis to the radial artery. This moves the vessel 
away from its native course which can be deep and restrictive with scar tissue 
 formation and healing. Anastomosis is created in an end-to-side construct with 
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Glowinski et al. suggesting 6 mm as being better than a larger diameter [8]. This can 
be performed in the forearm from the brachial to the distal radial depending on the 
suitability with maximizing the entire vein by looping as is needed. Outcomes are 
dependent on vein size with 3.5 mm vein yielding patency of 93/78/55% at 1, 2, and 
3  years, respectively. Use of 2.5  mm veins yields a 1-year patency of 54% [7]. 
Duplex ultrasound should also demonstrate good inflow with radial artery diameter 
of >2.5 mm. Silva classified anatomic variants of the basilic vein into three types [9]. 
Type A (15%) vein is close to the radial artery, and a single incision is needed for 
harvest and creating anastomosis. Type B (33%) vein is located dorsally, and type C 
(52%) vein is more volar. Both B and C require separate incisions for harvest and 
anastomosis, but all will need superficialization for the normal deep position.

 Conclusion

Proximal forearm fistula remains an untapped resource for fistula creation, which 
has escaped the guidelines but is with acceptable patency rates and preservation of 
arm veins for future use. Additionally, this offers a theoretical reduced risk of steal 
syndrome, ischemic monomelic, and high-output cardiac failure. This requires a 
skilled and highly experienced team of surgeons, nephrologists, and dialysis nurses 
to ensure the success of these accesses. More studies are encouraged to continue for 
the improvement of these unique proximal forearm fistulas.
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Chapter 3
Fistula with Stenosis of Feeding Artery

Gerald A. Beathard

 Case Presentation

The patient is a 75-year-old female with a radial cephalic fistula (AVF) in her left 
arm. The fistula was created 6 months ago but has not matured adequately for dialy-
sis use. The patient was sent to the vascular access center for evaluation. Physical 
examination revealed that the fistula was not visible. A soft thrill and bruit, systolic 
only, were present over the anastomosis. The pulse augmentation was poor (3/10).

The AVF was cannulated in an upstream direction, and a sheath was inserted. A 
retrograde arteriogram of the anastomosis and lower radial artery was performed. 
This showed a focus of marked stenosis approximately 3 cm above the anastomosis 
(Fig.  3.1). This lesion was dilated using a 4 × 4 angioplasty balloon with good 
results (Fig. 3.2). Blood flow in the fistula was improved. Physical examination was 
repeated and showed improvement of the thrill and bruit at the anastomosis. Pulse 
augmentation was improved (5/10) but was not optimal. A guidewire was inserted, 
passed across the arterial anastomosis, and advanced up to the level of the subcla-
vian artery. An antegrade arteriogram was performed which showed multiple areas 
of stenosis in the proximal radial artery just distal to the bifurcation (Fig. 3.3). A 5 
× 4 angioplasty balloon was inserted over the guidewire and advanced up to the 
level of the stenoses. These were dilated with good result (Fig. 3.4).

Following this procedure, the radial cephalic AVF was visible to the level of the 
elbow. Blood flow in the fistula was good. The thrill and bruit at the anastomosis 
were systolic and diastolic and of good quality. Pulse augmentation improved to an 
optimal level (10/10). The AVF was used successfully for dialysis.
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 Discussion

The dialysis vascular access should be thought of as a complete circuit starting and 
ending with the heart. The venous side, the AVF and its draining veins, represents 
only one-half of the circuit; the other half is arterial. Lesions in this region adversely 
affect inflow. These may be within any of the arteries that ultimately lead to the 
access, or they can affect the arterial anastomosis, which is considered to be the 
arterial component of the access itself. Frequently these two types of lesions are 
reported together with juxta-anastomotic lesions as inflow stenosis. These lesions 
can lead to decreased blood flow in the access, which can result in inadequate dialy-
sis if the AVF is functional and failure to mature in a newly created AVF.

Fig. 3.1 Angiogram 
showing just anastomotic 
fistula and artery (Note the 
stenotic area in the artery 
approximately 3 cm above 
the anastomosis (arrow))

Fig. 3.2 Appearance of 
artery following treatment 
with 4 × 4 angioplasty 
balloon (arrow indicates 
site of previous lesion)

G.A. Beathard
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In a report dealing with a cohort of 101 dysfunctional AVF cases [1], 8% were 
found to have lesions in the feeding artery, and 21% had stenosis of the arterial 
anastomosis. There was a higher incidence of inflow stenosis for forearm as com-
pared to upper arm AVFs. Others [2, 3] have reported the incidence of arterial ste-
nosis in these cases at 6–18%.

Inflow lesions are the most common cause of failure of a newly created AVF to 
mature. These lesions result in decreased fistula blood flow leading to problems of 
maturation and often early thrombosis. The most common inflow lesion resulting in 
failure of an AVF to mature is stenosis of the juxta-anastomotic segment of the AVF 
[2, 4–11]. This makes it the most common lesions associated with this problem; 
however, stenosis of the inflow artery also occurs and has a similar effect.

Fig. 3.3 Arteriogram 
showing bifurcation and 
proximal radial artery. Site 
of stenotic lesions 
indicated by arrows

Fig. 3.4 Appearance of 
artery following treatment 
with 5 × 4 angioplasty 
balloon (arrows indicate 
sites of previous lesions)
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When the feeding artery is affected, the patient can also develop ischemic problems 
in the distal extremity—hand and digits. In an evaluation of 12 patients with symptoms 
of steal syndrome, one report [12] documented arterial stenotic lesions in ten of the 
cases (83%). Treatment of these lesions resulted in resolution of the ischemic 
syndrome.

Arterial lesions associated with the dialysis vascular access are generally easily 
treated with angioplasty. The only admonition is that the balloon should not be 
oversized as is the case for venous angioplasty. It is important that it be based upon 
the diameter of the arterial lumen. The artery also has a vital function in providing 
blood supply to the extremity distal to the anastomosis.
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Chapter 4
Juxta-anastomotic Stenosis of Brachial- 
Cephalic Fistula

Gerald A. Beathard

 Case Presentation

The patient was a 48-year-old male who had been on dialysis for 1 ½ years using a 
left arm brachial-cephalic arteriovenous fistula (AVF). The nurses at the dialysis 
facility reported that they had had increasing difficulty cannulating the AVF. The 
patient was referred to the dialysis access center with a clinical diagnosis of 
thrombosis.

This examination of the AVF revealed dialysis cannulation sites over the upper 
and lower AVF. A hyper-pulsatile segment was present which included the anasto-
mosis and approximately 4 cm of the fistula. A thrill was not palpable in this area. 
The fistula above this point was not palpable. A bruit was not palpable. Evaluation 
using Doppler ultrasound revealed a point of severe stenosis in the juxta- anastomotic 
region with total obstruction approximately 4 cm above the anastomosis. No throm-
bus was evident within the AVF.

After the patient’s arm was prepped and draped, the brachial artery was cannu-
lated proximal to the anastomosis in a retrograde direction, and the angiogram was 
performed (Fig. 4.1). This showed severe juxta-anastomotic stenosis (Fig. 4.1b) 
with complete obstruction more proximally (Fig. 4.1a). Several collaterals were 
present which had blood flow. No thrombus was evident. An attempt was made to 
pass  a guidewire through the fistula. The guidewire passed through the point of 
apparent obstruction and continued up through the cephalic arch to the central veins 
(Figs. 4.2, 4.3, 4.4, 4.5, and 4.6). The entire cephalic vein from the arch down to the 
anastomosis was patent without problems.

The patient was returned to the dialyzer successfully.
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 Discussion of the Case

A clinical diagnosis of AVF thrombosis has a very limited implication as it relates 
to treatment. Within this diagnosis is a relatively broad spectrum of presentations 
ranging from no thrombus present, as in this case, to the AVF that is markedly dilat-
ing, ectatic, and filled with a large volume of thrombus. Whereas a relatively simple 
algorithm can be successfully utilized for the treatment of virtually any thrombosed 
arteriovenous graft (AVG), this approach is inadequate for the treatment of a throm-
bosed AVF. This is due to the fact that an AVF behaves quite differently from an 
AVG. First, it can tolerate much lower blood flow rates without clotting. Because of 
this, an AVF clots later in the progression of a stenotic lesion that slows blood flow. 

Fig. 4.1 Initial angiogram 
from brachial artery 
cannulation. A point of 
apparent total occlusion,  
B juxta- anastomotic 
stenosis

Fig. 4.2 Angioplasty of 
upper cephalic vein; arrow 
indicates angioplasty 
balloon
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The lesion has longer to develop and therefore is often much more severe than what 
is seen with an AVG. Second, an AVF generally develops collaterals that allow for a 
continuation of blood flow even after the lesion in the main body of the AVF has 
become totally obstructive as was seen in this case.

The broad spectrum represented by the diagnosis of AVF thrombosis requires 
individualization [1]. The interventionalist must evaluate the individual situation 
that is presented and determine what needs to be done to salvage the access. Another 
point illustrated by this case is the fact that very often a guidewire can be advanced 
through a lesion that appears to represent a total obstruction. One should not con-
clude that such a lesion actually will not permit a guidewire passage until an attempt 
has been made.

Fig. 4.3 Angioplasty of 
lower cephalic vein; arrow 
indicates angioplasty 
balloon

Fig. 4.4 Angioplasty of 
anastomosis; arrow 
indicates angioplasty 
balloon

4 Juxta-anastomotic Stenosis of Brachial-Cephalic Fistula
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Although most interventional nephrologists tend to approach a dysfunctional 
AVF through a venous cannulation, not all cases can be treated in this manner. As 
demonstrated in this case, an arterial approach is sometimes necessary.
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Fig. 4.5 Post-angioplasty 
angiogram of upper 
cephalic vein

Fig. 4.6 Post-angioplasty 
angiogram of lower portion 
of fistula
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Chapter 5
Fistula with Diffuse Venous Stenosis

Gerald A. Beathard

 Case Presentation

The patient was a 48-year-old female with a history of chronic hypertension. A 
brachial-cephalic fistula was created in the patient’s left arm without the benefit of 
vascular mapping. The fistula had failed to develop 10 weeks after creation. The 
patient was referred to the dialysis access center for evaluation. Physical examina-
tion revealed the presence of a surgical scar just above the crease of the elbow. The 
anastomosis was palpable and was felt to be hyper-pulsatile. The thrill and bruit 
were high pitched and systolic only. The upper arm cephalic vein was not palpable. 
Blood flow in the brachial artery was measured at 280 mL/min.

After the patient’s arm was prepped and draped, the brachial artery was cannu-
lated below the anastomosis in a retrograde direction. An angiogram was performed 
which showed a diffusely stenotic cephalic vein (Figs. 5.1 and 5.2). After passing a 
guidewire, the entire cephalic vein down to and including the arterial anastomosis 
was dilated with a 6 × 10 angioplasty balloon. Treatment was started approxi-
mately progressed distally (Figs. 5.3 and 5.4). The inflow into the fistula was manu-
ally occluded during each of the dilatations; occlusion was maintained until the 
angioplasty balloon was completely deflated. A follow-up angiogram showed a 
good result although there were a number of intimal tears throughout the entire 
length of the vein.

The patient was seen in follow-up 2 weeks following the angioplasty procedure. 
The fistula was visible and palpable throughout its entire length. It collapsed with arm 
elevation. The thrill and bruit at the anastomosis were continuous and low pitched. 
Ultrasound evaluation showed a diameter of 6 mm with blood flow of 820 mL/min.
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 Discussion

The procedure that has been used to treat these cases is referred to as balloon- 
assisted maturation (BAM). In some cases, an AVF has been purposefully created 
using a small vessel in anticipation of performing this procedure in order to obtain 
the requisite size necessary for the AVF to be functional [1].

Fig. 5.1 Angiogram of lower brachial-cephalic fistula showing diffusion venous stenosis

Fig. 5.2 Angiogram of 
upper brachial-cephalic 
fistula showing diffusion 
venous stenosis

Fig. 5.3 Angioplasty of 
upper fistula with 10 × 6 
angioplasty balloon

G.A. Beathard
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BAM is an aggressive approach to AVF maturation failure in which repeated 
long-segment angioplasty is used to sequentially dilate that portion of the vein 
 destined to become the AVF. This procedure has been around for a long time; how-
ever, more recently the approach has been more aggressively applied. It appears that 
the use of BAM is becoming increasingly popular, despite few evidence-based stud-
ies and no randomized prospective trials. In some instances, the vein has actually 
been converted into what is essentially a collagen tube. In addition, there have been 
reports of performing this technique intraoperatively on both veins and arteries in an 
attempt to create an AVF in a patient with small vessels [2, 3].

The angioplasty procedure employed in order to achieve optimal BAM results is 
often a multistep process [4, 5]. This generally involves taking a relatively small 
vessel, 2–3 mm in diameter, up to 6 mm in the first stage followed by sequential 
treatments at 2–4-week intervals using a slightly larger angioplasty balloon until the 
desired endpoint is reached. The major complication associated with this procedure 
has been venous rupture. It has been postulated that this is actually associated with 
an endothelial tear that occurs at the shoulder of the balloon [5]. Intraluminal blood 
pressure working in concert with luminal obstruction by the partially deflated bal-
loon (or any other type of obstruction in the lumen) results in extravasation (Fig. 5.5). 
In order to minimize this effect, several things have been recommended [4, 5].

First has been the use of a long angioplasty balloon, 10 cm in length. This serves 
to decrease the number of inflations that must be performed in order to dilate a long 
section of vein and therefore decreases the opportunity for this phenomenon rupture 
to occur.

Second, it has been recommended that arterial inflow be manually obstructed 
during the entire process from balloon dilatation through complete balloon defla-
tion. This prevents the surge in intraluminal pressure that can potentially occur 
against the luminal obstruction of a partially inflated balloon.

Third, it is important that angioplasty of a long segment of vein proceeds from 
proximal to distal. Actually, this is the recommended progression for all angio-
plasty procedures. It is important that the outflow be unobstructed in order to 

Fig. 5.4 Angioplasty of lower fistula with 10 × 6 angioplasty balloon
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decrease the chances of vein rupture and minimize the degree of extravasation that 
might follow such an event. At times, this may require both antegrade and retro-
grade cannulations.

Fourth, although there is no need for the use of heparin when doing a dialysis 
access angioplasty, it is felt that the avoidance of heparin when doing the BAM is 
even more important [4].

In one study [5], 122 patients with a non-maturing AVF were treated. Technical 
success was achieved in 118 of these cases. In this report, the AVFs were divided 
into two groups – class 1 consisted of those that were 6–8 mm in diameter but were 
more than 6 mm deep, and class 2 consisted of those that were 2–5 mm in diame-
ter. BAM was used in the class 1 cases in an attempt to make the vessel large 
enough that it could be cannulated in spite of its depth. Follow-up was available on 
109 of the successful cases. The number of procedures required to attain the treat-
ment goal for class 1 and class 2 cases was 1.6 and 2.6, respectively. This was 
achieved in 5 and 7 weeks, respectively. The primary patency for class 1 and class 
2 cases was 17% and 39% at 6 months, respectively. Secondary patency for the two 
groups was 72 and 77% at 12 months, 53 and 61% at 24 months, and 42 and 32% 
at 36 months, respectively.

In another study [4], 373 patients were treated with the BAM procedure. The 
initial angioplasty in the sequence was performed 2–4 weeks after the creation of 
the access. A 9.9% technical failure rate was experienced. These patients required a 
mean of 2.7 sequential dilatation sessions to reach the BAM endpoints.

The major complication associated with the BAM procedure has been vein rup-
ture with hematoma formation. One study [5] reported that in their series, minor, 
self-limited venous rupture of some degree occurred in all of the patients. In 5% of 
the cases, significant venous rupture with extravasation did occur. Most of these 
were easily controlled with manual compression and balloon tamponade.

In another study [4], complications resulting in loss of the access occurred in 37 
of 373 patients who received 1019 sequential angioplasty treatments. These con-
sisted of 34 cases in which the AVF thrombosed, 1 case with an anastomotic rupture, 
and 2 vein ruptures severe enough to result in access loss.

Fig. 5.5 Post-angioplasty 
angiogram showing 
dilatation of vein with 
multiple intimal tears 
(arrows)
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In a study in which BAM was performed with ultrasound guidance [6], a 
complication rate of 54% in upper arm AVFs and 67% of those in the forearm 
was reported. In the upper arm (n = 102), the complications consisted of 35 
hematomas, 14 vein ruptures, 2 cases of venous spasm, and 1 thrombosis. In the 
forearm (n = 234), there were 101 hematomas, 18 vein ruptures, 24 instances of 
venous spasm, and 4 thromboses. While this series demonstrates the types of 
complications that might be encountered, the increased incidence in comparison 
to other studies raises the question of the advisability of doing this procedure 
with only ultrasound guidance.

In an earlier publication [7], the same group reported a 53% incidence of the 
development of a hematoma within the wall of the vessel, something that would not 
be apparent without ultrasound imaging. They pointed out that this did not seem to 
affect flow and theorized that this event was an indication of a successful procedure, 
which had resulted in optimal vessel expansion.
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Chapter 6
Balloon-Guidewire Entrapment

Gerald A. Beathard

 Case Presentation

A 53-year-old diabetic female dialysis patient was referred to the dialysis access 
center for non-maturation of a left radial-cephalic arteriovenous fistula (AVF). On 
physical examination of the AVF, approximately 3–4 mm of the vein was visible at 
the anastomosis which was hyper-pulsatile. Above this point, the cephalic vein was 
not palpable. A thrill was palpable at the anastomosis, which was systolic only. 
Examination of the AVF with Doppler ultrasound revealed the presence of juxta- 
anastomotic stenosis.

After the patient was prepped and draped, the AVF was cannulated immediately 
above the anastomosis in the venous segment that was visible. A guidewire was 
passed up to the level of the central veins. A 6 × 4 angioplasty balloon was advanced 
over the guidewire up to the upper forearm where it was inflated to the point of full 
effacement, but additional pressure was not applied. The inflated angioplasty bal-
loon was then cannulated using a micropuncture needle (Fig. 6.1). As soon as a 
clear-fluid flashback appeared at the needle hub, the guidewire was advanced into 
the angioplasty balloon and allowed to coil (Fig. 6.2). At this point, the balloon was 
deflated. The guidewire was allowed to be drawn into the cannulation site as the 
balloon was retracted (Fig.  6.3). Once the guidewire was well within the vessel 
lumen, its further advancement was restrained, while the balloon was completely 
removed (Fig. 6.4).

With the guidewire in place, the remainder of the procedure directed toward the 
treatment of the juxta-anastomotic venous stenosis progressed in the usual manner.
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 Discussion

There are instances in which cannulation of a target vessel is difficult either because 
a vessel is occluded or it cannot be adequately defined. In these instances, either an 
endovascular snare [1–3] or an inflated angioplasty balloon [4–7] has been placed in 
the target vessel lumen as a cannulation guide. In the case of the snare, not only is it 
used as a cannulation target, but it is also used as a carrier of the guidewire as it is 
retracted into the vascular lumen. The same is true for the angioplasty balloon; it 
can be utilized to retract the guidewire once it has become entangled within the 
perforated balloon.

Fig. 6.1 Puncture of 
angioplasty balloon with 
micropuncture needle 
(arrow)

Fig. 6.2 Guidewire coiling 
(arrow) as it is advanced 
into angioplasty balloon
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In this case, it was necessary to cannulate the downstream portion of the arteriovenous 
fistula in a retrograde direction in order to gain access to the juxta- anastomotic ste-
nosis. However, the lack of development of the downstream portion of the AVF in 
addition to poor blood flow and pressure made cannulation of this segment very 
difficult. In such a situation, there are two alternatives – approach the lesion from an 
arterial cannulation or use balloon-guidewire entrapment to gain entry into the 
poorly developed segment.

Fortunately, even in cases in which the downstream segment is poorly developed, 
there is generally an area in the region of the anastomosis where antegrade cannula-
tion can be easily accomplished. The problem with this site is that it is too close to 
the lesion to allow for the placement of a sheath. However, this site can be used to 

Fig. 6.3 The 
deflated angioplasty 
balloon is being retracted 
carrying guidewire with it. 
Arrow indicates the most 
proximal balloon marker

Fig. 6.4 Angioplasty 
balloon has been 
withdrawn, and the 
micropuncture guidewire 
can be seen within the 
vessel lumen with its the 
angioplasty actually 
extending beyond the 
initial cannulation site 
(arrows)
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gain entry into the downstream segment using the balloon-guidewire entrapment 
maneuver with the angioplasty balloon serving as a target.

This procedure is accomplished by first cannulating the available juxta- 
anastomotic site with the needle pointing downstream. Once a guidewire has been 
advanced through the AVF into the draining veins, an angioplasty balloon is then 
inserted. Once the balloon has been advanced to the desired cannulation site and 
inflated to a point of complete effacement, it was used as a target for cannulation 
with a micropuncture needle. Once the needle entered the target, the 0.018-inch 
guidewire was advanced into the balloon where it became coiled and entangled. 
Then the deflated balloon with its entrapped guidewire was retracted back toward 
the original cannulation site. Once the micropuncture guidewire was well within the 
lumen of the AVF, it was then restrained as further retraction of the balloon contin-
ued. This extracted the guidewire from the balloon leaving it within the lumen of the 
AVF ready for the insertion of the micropuncture dilator. From this point forward, 
the treatment of the stenotic lesion progressed in the usual fashion.

References

 1. Nazarian GK, Myers TV, Bjarnason H, et al. Applications of the Amplatz snare device during 
interventional radiologic procedures. AJR Am J Roentgenol. 1995;165:673.

 2. Selby JB, Tegtmeyer CJ, Amodeo C, et al. Insertion of subclavian hemodialysis catheters in 
difficult cases: value of fluoroscopy and angiographic techniques. AJR Am J  Roentgenol. 
1989;152:641.

 3. Hagen P, Yang JJ, Saibil EA. Use of an Amplatz goose neck snare as a target for collateral neck 
vein dialysis catheter placement. J Vasc Interv Radiol. 2001;12:493.

 4. Horton MG, Mewissen MW, Rilling WS, et al. Hemodialysis catheter placement directly into 
occluded central vein segments: a technical note. J Vasc Interv Radiol. 1999;10:1059.

 5. Farrell T, Lang EV, Barnhart W.  Sharp recanalization of central venous occlusions. J  Vasc 
Interv Radiol. 1999;10:149.

 6. Gupta H, Murphy TP, Soares GM. Use of a puncture needle for recanalization of an occluded 
right subclavian vein. Cardiovasc Intervent Radiol. 1998;21:508.

 7. Chen MC, Chang SC, Weng MJ, et al. Use of angioplasty balloon-assisted Seldinger technique 
for complicated small vessel catheterization. J Vasc Interv Radiol. 2006;17:2011.

G.A. Beathard



35© Springer International Publishing AG 2017 
A.S. Yevzlin et al. (eds.), Dialysis Access Cases, 
DOI 10.1007/978-3-319-57500-1_7

Chapter 7
Angioplasty of Juxta-anastomotic Stenosis 
with Venous Rupture

Gerald A. Beathard

 Case Presentation

The patient was a 72-year-old male dialysis patient with an 8-week goal radial- cephalic 
arteriovenous fistula (AVF). The patient was referred to the dialysis access facility 
for non-maturation of the AVF. Physical examination of the anastomosis of the AVF 
revealed that it was hyper-pulsatile with a systolic thrill only. The bruit was high 
pitched and systolic only. The cephalic vein above the anastomosis was not palpable. 
Doppler ultrasound examination revealed the presence of a juxta- anastomotic 
stenosis.

After the patient was prepped and draped, the AVF was cannulated at the mid-
forearm level in a retrograde direction, and an angiogram was performed. This 
showed the presence of juxta-anastomotic venous stenosis (Fig.  7.1, arrow). A 
guidewire was passed down the AVF and across the arterial anastomosis. Using a 
6 × 4 angioplasty balloon, the lesion was successfully dilated to full balloon 
effacement (Fig. 7.2). A post-procedure angiogram was performed by compress-
ing the upper portion of the fistula and injecting radiocontrast retrograde. This 
showed good results initially (Fig. 7.3); however, a repeat injection was performed 
in the same manner resulting in extravasation of contrast (Fig. 7.4). Because of 
persistent problems with blood flow following balloon tapenade of the site, endo-
vascular stent was placed. This gave a good result in the patient who was returned 
to the dialysis clinic.
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 Discussion

The most common lesion resulting in failure of an AVF to mature is stenosis of the 
juxta-anastomotic segment of the AVF [1–5]. In order to gain access to the site of 
the lesion, a retrograde cannulation of the upper part of the AVF is commonly 
performed. Visualization of the area of pathology is generally obtained by retro-
grade injection of radiocontrast with manual occlusion of the upper AVF. Although 
this applies considerable pressure to the lower portion of the AVF in order to over-
come the blood pressure, problems are rarely encountered. However, successful 

Fig. 7.1 Initial angiogram 
showing juxta-anastomotic 
stenosis (arrow)

Fig. 7.2 Angioplasty of 
lesions showing total 
effacement of angioplasty 
balloon
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angioplasty results in mechanical injury to the vessel wall [6, 7]. This weakens the 
vessel and makes it susceptible to rupture when subjected to excessive pressure 
which has occurred in this case.

In order to avoid this complication which can result in loss of the access, a post- 
angioplasty angiogram following the treatment of juxta-anastomotic stenosis should 
not be performed with a retrograde radiocontrast injection using manual occlusion 
of the fistula [8]. A better solution is to pass a vascular catheter across the arterial 
anastomosis and perform an antegrade angiogram through the catheter.

Fig. 7.3 Initial appearance 
of post-procedure 
angiogram showing good 
result of treatment

Fig. 7.4 Follow-up 
angiogram showing venous 
rupture with extravasation 
of radiocontrast (arrow)
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Chapter 8
Treatment of Accessory Vein 
with Embolization Coil

Gerald A. Beathard

 Case Presentation

The patient was a 54-year-old male with a left arm radial-cephalic fistula (AVF). 
The AVF was 3 months old and had been used for the venous needle only at the 
dialysis. Cannulation in the upper part of the fistula was problematic, and the patient 
had experienced several infiltrations following failed attempts. Referral to the dialy-
sis access center was for non-maturation. Physical examination revealed that the 
thrill and bruit at the anastomosis were low pitched and continuous. The lower part 
of the fistula was visible; the upper portion was not. Pulse augmentation was good. 
Examination of Doppler ultrasound revealed a large accessory cephalic vein origi-
nating in the midforearm. It was the same size as the cephalic vein.

After the patient was prepped and draped, the AVF was cannulated in the upper 
forearm in a retrograde direction. An angiogram was performed which revealed the 
presence of the large accessory cephalic vein (Fig. 8.1). There was no evidence of 
upstream venous stenosis. The accessory vein was selectively catheterized (Fig. 8.2). 
An 8 × 5 embolization coil was delivered into the proximal portion of the vein 
(Fig. 8.3). A post-procedure angiogram showed good coil placement and the desired 
effect on blood flow (Fig. 8.4).
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 Discussion

The presence of a large accessory vein can adversely affect fistula (AVF) maturation 
[1–7]. These are side branches of the forearm veins used for the construction of an 
AVF. Accessory veins represent normal anatomy, and as such, they should not be 
erroneously referred to as collateral veins which are pathological and related to 
downstream stenosis. Unfortunately, the distinction is not always clear; stenosis can 
make a normally present accessory vein larger and more prominent. The incidence 
of accessory veins has been reported to be from 4% to 78% [2–7]. This marked vari-
ability probably represents differences in case selection. When all early failure cases 

Fig. 8.1 Pre-procedure 
angiogram showing 
appearance of accessory 
vein (arrow)

Fig. 8.2 Selective 
catheterization of 
accessory vein with the tip 
of catheter in proximal 
portion of vein
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are systematically evaluated, an incidence in the lower portion of this range can be 
anticipated. It should be mentioned that this is almost exclusively a problem with 
forearm AVFs. The upper arm superficial veins do not usually have any significant 
branches.

Preoperative assessment looking for accessory veins has been recommended [2]. 
It has been proposed that ligation of these vessels during initial AVF creation would 
potentially reduce non-maturation rates. Although this is frequently done; however, 
with increasing flow following the creation of an AVF, side branches that were ini-
tially judged to be without significance can become more prominent. Additionally, 
side branches that were not within the immediate surgical field may have been 
ignored.

Fig. 8.3 Placement of 
embolization coil (arrow)

Fig. 8.4 Post-coil 
placement angiogram 
showing good coil 
placement (arrow) and 
very little flow in the 
accessory vein

8 Treatment of Accessory Vein with Embolization Coil



42

The treatment of side branches is somewhat controversial. However, most 
investigators reporting series dealing with the non-maturing AVF have treated them 
[1–7]. When side branches are observed on the angiogram of an AVF, which has 
failed to mature, the first step is to determine if they are accessory or collateral 
veins. This is done by first determining if a downstream stenosis is present. If such 
is the case, then this lesion should always receive priority and be treated first to see 
if this will resolve the situation. The resistance with increased intraluminal pressure 
created by a stenotic lesion will not only cause the appearance of collateral veins but 
will also cause accessory veins to be larger than they actually will be when normal 
pressures are restored.

If there is no stenosis downstream from the side branch in question, or after the 
stenosis has been resolved if one is present, the next step is to decide the signifi-
cance of the observed vessel. The mere presence of an accessory vein is not an 
adequate indication for its treatment. Small side branches are frequently encoun-
tered and are of no consequence. Additionally, there should be concern only if there 
is AVF dysfunction that can be attributed to the accessory vein. Such a vessel in an 
AVF that is functioning well may be an advantage, offering an additional area for 
cannulation and helping to maintain flow in the case of a thrombosis. Significance 
in the dysfunctional AVF should be judged by three criteria – size, flow, and changes 
that occur with manual occlusion. Unfortunately, there have been no clinical trials 
to provide guidance in this matter. The judgments made are somewhat subjective 
but should be based upon sound reasoning.

Changes that occur with manual compression of the side branch are often best 
evaluated by comparing the sound over the AVF above the accessory vein with and 
without compression of the vessel in question using a vascular Doppler. Flow can 
be determined using Doppler ultrasound with and without downstream compres-
sion. It can also be judged subjectively by comparing flow in the accessory and the 
main AVF side by side with a small bolus of radiocontrast. While this is subjective, 
it does add weight to a decision to obliterate when other factors are also supportive. 
One study [2] found that preoperatively detected accessory veins with a diameter 
>70% of the cephalic vein diameter had a sensitivity, specificity, positive predictive 
value, and negative predictive value of 80%, 100%, 100%, and 91%, respectively, 
for prediction of radial-cephalic non-maturation. However, this was based upon a 
rather small cohort of patients (4 of 10 non-maturing AVFs). We have used 25% of 
the diameter of the AVF as an indicator of possible significance in the face of a non- 
maturing AVF.

It seems reasonable that Poiseuille’s law would be a good guide in determining 
the significance of an accessory vein. This would suggest that if the ratio between 
the diameter of the side branch and the main trunk of the AVF was 1:4, the flow 
would be 1:256, 1:3 would be 1:81, and 1:2 would be 1:16. However, this is not the 
case; Poiseuille’s law does not apply here. The assumptions of the equation are that 
the flow is laminar and that the flow is through a rigid circular cross section that is 
substantially longer than its diameter. None of these assumptions hold for the 
accessory vein. Additionally, an accessory vein often leads to a field of veins; this 
fact also disqualifies Poiseuille’s law. Basically, one is left with the need for making 
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a subjective judgment based upon size, flow, and changes that occur with manual 
occlusion in an AVF that is dysfunctional.

There are three techniques that may be used for accessory vein obliteration – per-
cutaneous ligation, surgical ligation, and the use of an embolization coil. The best 
technique to use depends upon the individual case situation.
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Chapter 9
Using a Snare to Extract Misplaced Coil

Gerald A. Beathard

 Case Presentation

The patient is a 43-year-old male dialysis patient with a non-maturing left brachial- 
cephalic arteriovenous fistula (AVF). Physical examination of the AVF revealed 
good pulse augmentation, and the fistula collapsed with arm elevation. The lower 
portion of the fistula was easily palpable and had been used for the venous needle at 
dialysis. The nurses were unable to cannulate the upper part of the AVF. The acces-
sory vein was evident by physical examination. Doppler ultrasound examination 
showed the presence of a large vein coming off of the cephalic vein at the level of 
the mid-upper arm. This vein was 4 mm in diameter.

After the patient was prepped and draped, the AVF was cannulated in an ante-
grade direction and the sheath was put in place. An angiogram was performed 
which showed the presence of the large accessory vein. This was selectively cathe-
terized, and a 6 × 8 embolization coil was placed in the proximal segment of the 
vein. A decision was made to insert a second coil. Once this coil was released, it was 
apparent that the second coil was extending into the lumen of the AVF (Fig. 9.1, 
small arrow). An Amplatz gooseneck snare was deployed in order to extract the 
misplaced coil. The first step in the procedure involved the introduction of a guide-
wire which was advanced beyond the position of the coil followed by a vascular 
catheter through which the coil was passed and deployed (Fig. 9.1, large arrow). 
The deployed snare was then pulled back until it engaged the coil (Fig. 9.2, large 
arrow). At this point, the vascular catheter through which the snare had been passed 
was advanced while holding the shaft of the snare stationary. This had the effect of 

G.A. Beathard, MD, PhD (*) 
Lifetime Vascular Access, University of Texas Medical Branch,  
5135 Holly Terrace, Houston, TX 77056, USA
e-mail: gbeathard@msn.com

mailto:gbeathard@msn.com


46

closing the snare tightly onto the coil (Fig. 9.3, large arrow). The snare with the 
entrapped coil (Fig. 9.4, large arrow) was then extracted.

This case involving the obliteration of an accessory vein with a coil was then 
completed in the usual fashion without further problems.

 Discussion

Since its first description, the percutaneous retrieval of intravascular foreign bodies 
has become a frequently used technique. Although other devices can be used, the 
endovascular snare has become the standard. While a variety of snares are available, 

Fig. 9.1 Gooseneck snare 
(arrow) has been advanced 
beyond problem coil and 
deployed

Fig. 9.2 Snare has been 
retracted and has caught 
the coil and the catheter 
has been advanced to 
compress the snare (arrow)
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the Amplatz gooseneck snare (Microvena, St. Paul, Minnesota) and the EnSnare® 
(Merit Medical Systems, Malvern, Pennsylvania) are the two most frequently used 
in association with dialysis access procedures. One of these devices should be in the 
armamentarium of every interventionalist dealing with these types of problems.

The gooseneck snare [1] has been in use for a longer period; however, with its 
three-loop design, the EnSnare is somewhat more easily used. Except for the num-
ber of loops, the construction and use of these two types of snares are very similar. 
Both snares are constructed of nitinol which provides a degree of kink resistance, 
strength, and torque control to the device. Because nitinol is poorly radiopaque, the 
gooseneck snare contains gold-tungsten coils, and the EnSnare contains platinum 
coils to enhance visualization. Both snares can be obtained in a variety of loop sizes. 

Fig. 9.3 Snare-catheter 
ensemble is being retracted 
carrying the coil with it 
(arrow)

Fig. 9.4 Coil is in process 
of being extracted (arrow)

9 Using a Snare to Extract Misplaced Coil
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The snare size used should be chosen based upon the size of the vessel involved. 
Generally, the 10 and 15 mm sizes appear to be the best suited for dialysis access use.

The device comes in a kit which includes the snare mounted onto a shaft used for 
manipulation, a catheter which is used for the insertion of device, an introducer 
which is used to compress the snare for insertion into the delivery catheter, and a 
torquing device which is used to manipulate the snare once it has been inserted. The 
catheter that comes with the kit varies in size according to the dimensions of the 
snare which is included. However, any catheter of appropriate size can be used for 
the introduction of the snare.

In order to accomplish the procedure using the snare, a vascular catheter for its 
introduction must first be put in place over a guidewire which has been passed 
beyond the target site (in this case, the misplaced coil). Once this catheter is in place 
beyond the target site, the snare is introduced into the vascular catheter by first com-
pressing it using the introducer that comes with the kit. Using the shaft of the snare, 
it is advanced beyond the tip of the vascular catheter where it deploys. At this point, 
the snare edges will be pressed against the wall of the vessel, providing that the 
choice of size has been correctly made. Leaving the snare stationary, the vascular 
catheter should be withdrawn so that its tip lies just peripheral to the location of the 
coil. The snare should then be slowly retracted in a deployed configuration by with-
drawing the shaft to which it is connected back into the snare catheter which is 
being held steady. This process is continued until the snare catches (snares) the coil. 
This may require some manipulation using the torquing device. If the snare is 
retracted beyond the coil without catching it, the process should be started again. 
Once the snare has caught the coil, its position must be maintained with one hand, 
while the vascular catheter is advanced with the other hand in order to close the loop 
of the snare. The coil will be entrapped by the snare as it is compressed by the 
advancing catheter tip. Attempting to close the snare by pulling it into the catheter 
will displace the loop of the snare from its position around the coil. Once the coil 
has been captured, forward pressure should be maintained on the catheter in order 
to keep the snare tightly compressed as the entire ensemble is slowly withdrawn and 
the coil has been extracted from the patient.
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Chapter 10
Basilic Vein Transposition

Kathleen M. Lamb and Paul J. Foley

Abbreviations

AVF Arteriovenous fistula
BVT Basilic vein transposition

 Case Presentation 1

This patient was a 59-year-old left-handed male who had end-stage renal disease 
requiring hemodialysis. He was in need of more permanent dialysis access.

On physical examination, the patient was found to have no prior upper extremity 
scars or previously placed arteriovenous fistula (AVF). He had palpable radial and 
ulnar pulses bilaterally and superficial venous engorgement noted when a blood 
pressure cuff was elevated on his arms. Vein mapping was performed, demonstrat-
ing good caliber cephalic and basilic vein (Fig. 10.1). Based on his preoperative 
vein mapping studies and physical exam, it was recommended that he undergo a 
right upper extremity arteriovenous fistula creation.

The patient’s right arm was prepped and draped; a transverse incision was made 
over the proximal forearm. Sharp dissection of the cephalic vein was carried out, but 
this vein was ultimately found to be sclerotic with multiple branches, none of which 
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were of an adequate caliber for an AVF. Through the same incision, a large basilic 
vein was identified that would be suitable for fistula creation. The decision was 
made to proceed with a brachiobasilic anastomosis as the first stage of an eventual 
basilic vein transposition (BVT). This basilic branch was dissected free and the 
brachial artery was identified. Proximal and distal arterial control was obtained with 
vessel loops, and the basilic vein branch was divided and flushed with heparinized 
saline. An arteriotomy was made and the vein was spatulated for an end-side anas-
tomosis. At the conclusion of the anastomosis, the vessel loops were released, and a 
strong palpable thrill could be felt just proximal to the incision, and a palpable radial 
pulse was felt at the wrist.

Two months later, this patient was taken back to the operating room to superfi-
cialize the basilic vein. The basilic vein felt to have dilated sufficiently (approxi-
mately 6 mm) based on physical exam. A longitudinal incision was made along the 
length of the basilic vein in the upper arm (Fig. 10.2). A subcutaneous pocket was 
dissected out and the deeper tissues were closed, elevating the basilic vein (Fig. 10.3). 
The vein was tucked in the superficial skin pockets and the incision closed above. 
On follow-up, the mature BVT AVF was suitable for use for hemodialysis.

 Discussion

Basilic vein transpositions are commonly used for upper extremity hemodialysis 
access, which can be performed as either a single or two-staged procedure. The deci-
sion regarding when to perform single or two-staged procedures is multifactorial. 
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Transposing the basilic vein allows access to a longer length of fistula in a more 
superficial location. This makes the fistula easier to access for hemodialysis, espe-
cially given the rise of obesity nationwide [1]. Transposition also enables ligation of 
vein branches to decrease potential steal of blood flow within the fistula [1]. Two- 
staged procedures have the benefit of allowing time for vein wall arterialization, 
increasing wall thickness and diameter. This is useful if the basilic vein is initially 
small in caliber (<4 mm) [2]. Two-staged procedures may avoid large incisions in 
patients who may not mature the AVF during the first stage of the operation, espe-
cially as many of these patients have comorbidities associated with poor wound 

Fig. 10.2 Marking of planned incision

Fig. 10.3 Exposure of brachial artery and basilic vein
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healing. Less favorable factors related to a two-staged procedure are longer times 
until AVF is usable for hemodialysis, potentially increased morbidity and increased 
cost given the need for a second operation, and possibly hospitalization [2]. 
However, there appears to be no significant difference in the primary failure rates or 
primary and secondary patency rates comparing single and two-staged BVT opera-
tions [2], although some studies demonstrate trends toward improved patency for 
two-staged BVT [3, 4]. Ultimately, the decision must be made on a case-by-case 
basis. Most surgeons recommend waiting 4–6 weeks before performing the second 
stage operating in two-staged BVT [2].

 Case Presentation 2

A 53-year-old male with renal failure requiring hemodialysis presented for place-
ment of permanent dialysis access. Preoperative vein mapping demonstrated ade-
quate basilic forearm vein, and it was recommended that he undergo creation of a left 
upper extremity AVF (Fig. 10.4). Preoperatively, his basilic vein was marked with 
ultrasound from the elbow to the wrist. An upper extremity arterial ultrasound was 
also performed, demonstrating radial artery occlusion in the distal forearm. The deci-
sion was made to proceed with a forearm basilic vein transposition, utilizing a gentle 
forearm loop configuration with a basilic vein to brachial artery anastomosis.
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A vertical incision was made along the proximal forearm over the distal brachial 
artery, which was sharply dissected; proximal and distal control was obtained 
(Fig. 10.5). A second incision was made along the basilic vein from the elbow to 
wrist. The basilic vein was dissected out along the course of the incision, and all 
branches were ligated and divided (Fig. 10.6). The basilic vein was then divided at 
the wrist and flushed with heparinized saline. A loop was created and tunneled to 
extend over the forearm. A counter-incision was made to facilitate loop formation, 
and care was taken to ensure the basilic vein was tunneled in the appropriate orien-
tation without twisting or kinking (Fig. 10.7). An end-to-side anastomosis was then 
created from the basilic vein to the brachial artery. After completing the anastomo-
sis, a strong thrill was palpable along the fistula.

Fig. 10.5 Brachial artery exposure

Fig. 10.6 Brachial artery exposure with basilic artery harvest in the forearm
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 Discussion

Hemodialysis access can often be challenging and is dependent on a variety of 
patient factors. Preoperative physical examination of the extremities with and with-
out a tourniquet is helpful for guiding decision-making regarding optimal arteriove-
nous fistula placement. Important information can also be obtained through a 
detailed history of any prior hemodialysis access surgery or other relevant proce-
dures performed on the extremities such as peripherally inserted central catheters, 
permanent pacemaker, repeated venipuncture, and arterial lines. Preoperative vein 
mapping yields important information about the upper extremity veins with respect 
to diameter, patency, and depth from the skin. Mendes et al. [5] demonstrated a 76% 
fistula maturation rate if vein diameter is greater than 2 mm. Many surgeons, how-
ever, consider 3 mm to be the cutoff for suitable vein diameter. Additionally, artery 
size greater than 1.5–2 mm is ideal to achieve fistula maturation. This is typically 
only a concern when the radial artery is to be used, as brachial artery diameters are 
predominately of sufficient size. Small vessel caliber may reflect arterial occlusive 
disease and an inability of the vessel to distend with increased fistula flows, leading 
to fistula failure [6, 7].

Ultrasound can be used in the operating room prior to incision to confirm find-
ings on preoperative ultrasound and to mark the vein and artery intended for use for 
ease of dissection. It is imperative, however, to evaluate the size and caliber of the 
vessels for use, which may ultimately change the preoperative plan for fistula place-

Fig. 10.7 Basilic vein transposition after graft tunneling. Note: relaxing incisions along the graft 
for ease of tunneling and to prevent graft kinking or twisting
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ment. In this instance, the radial artery was unsuitable for use along the course of the 
forearm, and the brachial artery was selected instead. Additionally, the basilic vein 
in the forearm was of an appropriate size and was used in a nontraditional way as a 
forearm loop to the brachial artery.

 Case Presentation 3

This patient is a 62-year-old right-handed man who presented as an outpatient with 
chronic renal insufficiency with worsening renal function. His nephrologist referred 
him to a clinic to evaluate for arteriovenous fistula placement pending the need for 
hemodialysis. He underwent vein mapping and was found to have suitable basilic 
vein bilaterally. On evaluation in the office, he had easily palpable left brachial and 
radial pulses.

Intraoperatively, a small, longitudinal incision was made over the brachial pulse, 
just above the left antecubital fossa; then proximal and distal control was obtained. 
Through this incision, the basilic vein was identified, traced, and dissected into the 
upper left arm. This incision was continued toward the axilla until a sufficient length 
of basilic vein was exposed to transpose (Fig. 10.8). Vein branches were ligated and 
divided until the basilic vein was free along its entire length, at which point the vein 
was divided at the antecubital crease (Fig. 10.9). The vein was distended with hepa-
rinized saline and marked for proper orientation, and the branch points were closely 
inspected. Using a tunneling device, a subcutaneous tunnel was created lateral to the 

Fig. 10.8 Basilic vein dissected in situ
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incision, and the vein was pulled through the subcutaneous tunnel. The anastomosis 
was created between the ends of basilic vein to the side of the brachial artery using 
a running 6–0 Prolene suture. A strong thrill was felt in the fistula upon completion 
of the anastomosis, and there was a palpable radial pulse at the wrist. Hemostasis 
was achieved, and the wound was closed in multiple layers over a Jackson-Pratt 
drain (Fig. 10.10).

Fig. 10.9 Basilic vein ligated distally with layout of planned transposition

Fig. 10.10 Fistula after the basilic vein is transposed. Jackson-Pratt drain placed in dissection bed
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 Discussion

The basilic and cephalic veins constitute the major superficial venous system drain-
ing the upper extremity. At the antecubital fossa, these veins usually branch to form 
the median cubital vein, while each additionally continues into the forearm, provid-
ing venous drainage of the hand. Both veins are routinely used for arteriovenous 
fistula creation, but the basilic vein is often a reasonable choice, as it is less trauma-
tized by repeated venipuncture, given its deeper location in the upper extremity. 
Given the depth of the vein, it must be transposed or superficialized in order to 
provide adequate length to be accessed for hemodialysis.

Since the initial recommendation of the National Kidney Foundation’s Kidney 
Disease Outcomes Quality Initiative (KDOQI) to have an arteriovenous fistula tar-
get prevalence of 40%, which has since been increased to 65%, arteriovenous fistula 
creation has been on the forefront of discussion among vascular surgeons. Where to 
place access and what access options exist if access fails are consuming questions. 
Most surgeons, however, agree that access should be obtained in more peripheral 
locations first and then progress up to the arm and then to other sites, such as the 
legs. Radiocephalic fistulas should therefore be attempted first, followed by bra-
chiocephalic fistulas. Brachiobasilic fistulas, or basilic vein transpositions, although 
not typically a first choice for access, have advantages in that the veins are often less 
traumatized by repeated venipuncture, are often of a larger initial vein diameter, 
carry less risk of infection compared to prosthetic grafts, and have better primary 
and secondary patency rates than prosthetic grafts [8, 9]. Thrombosis has been cited 
as the most common complication leading to the inability of the fistula to mature, 
while central vein stenosis was the most common cause of fistula failure [8, 10].

 Pearls

• Basilic vein transpositions can be performed as a single or a two-staged proce-
dure with similar long-term patency rates.

• Benefits of basilic vein transposition hemodialysis access include decreased 
infection risk and improved patency rates compared to prosthetic grafts.

• Basilic vein is a good choice of conduit given thicker vein with wider diameter. 
The upper arm basilic vein will typically not have been traumatized by repeated 
venipuncture given the deeper location compared to the cephalic vein.
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Chapter 11
Balloon-Assisted Banding for High-Output 
Heart Failure

Gerald A. Beathard

 Case Presentation

The patient was a 79-year-old male who had been on dialysis for 4 years. Over the 
past 6 months, he has developed progressively more severe congestive heart failure 
manifesting as dyspnea on exertion and orthopnea. The patient’s cardiac problems 
have been managed by a cardiologist who felt that he was receiving maximum med-
ical management. His blood pressure was not elevated; he was not anemic and was 
not felt to be above his dry weight. The patient was referred to the dialysis access 
center because his nephrologist and cardiologist felt that he had a high blood flow 
fistula which was contributing to his cardiac failure.

Upon examination, the patient was found to have a left upper arm brachial- 
cephalic fistula which was large and dilated. Pulse augmentation was marked, the 
fistula was not hyper-pulsatile, and the thrill and bruit that were present over the 
fistula were very strong with both systolic and diastolic components. Ultrasound 
evaluation of access blood flow revealed a value of 3476 mL/min (Fig. 11.1). A 
decision was made to perform a balloon-assisted banding of the fistula to reduce the 
blood flow.

After the patient was prepped and draped, the fistula was cannulated in a retro-
grade direction, and a guidewire was advanced across the arterial anastomosis and 
up to the proximal portion of the brachial artery. An angiogram was performed to 
identify the anatomy of the fistula (Fig. 11.2). An incision was made over the fistula 
just proximal to the anastomosis, and a ligature was positioned around the fistula at 
that point. A 4 × 4 angioplasty balloon was then positioned in this area, inflated to 
maximum pressure (Fig. 11.3), and the ligature was tightened around the fistula to 
restrict it to the size of the balloon’s diameter (Fig. 11.4). Ultrasound evaluation of 

G.A. Beathard, MD, PhD (*) 
Lifetime Vascular Access, University of Texas Medical Branch,  
5135 Holly Terrace, Houston, TX 77056, USA
e-mail: gbeathard@msn.com

mailto:gbeathard@msn.com


60

Fig. 11.1 Ultrasound determined access blood flow of 3476.07 mL/min

Fig. 11.2 Angiogram of 
brachial-cephalic fistula
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access blood flow was repeated and revealed a value of 995.5 mL/min (Fig. 11.5). 
The suture was then tied and the balloon was deflated and retracted. An angiogram 
was performed to evaluate the results of the banding procedure (Fig. 11.6). The inci-
sion was then closed.

A follow-up visit with the cardiologist 2 weeks after the banding procedure 
revealed that the patient’s symptoms of congestive heart failure had resolved. The 
patient continued to dialyze successfully with his fistula.

Fig. 11.3 Angioplasty 
balloon (4 × 4) in place. A 
angioplasty balloon

Fig. 11.4 Ligature around 
fistula
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Fig. 11.5 Ultrasound determined access blood flow of 995.50 mL/min

Fig. 11.6 Post-procedure 
angiogram. A site of 
banding
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 Discussion

It is well known that a dialysis vascular access with an inappropriately high-flow 
rate may be the cause of high-output heart failure [1–4]. This condition is defined as 
symptoms of cardiac failure – dyspnea either at rest or with varying degrees of exer-
tion, orthopnea, paroxysmal dyspnea, and edema, either pulmonary and/or periph-
eral in the presence of high cardiac output. Specific characteristics of either the 
patient or the fistula, or both, may predispose to the development of heart failure. 
Some suggest that cardiac decompensation due to an arteriovenous fistula (AVF) is 
likely to only occur in a patient with underlying cardiac disease [5].

This is an example of a case in which high access blood flow resulted in aggrava-
tion of the patient’s cardiac problems. The first question that should be asked is 
“how high is too high?” Currently there are no guidelines to answer this question. 
Two metrics have been used in efforts directed toward addressing this issue – access 
blood flow (Qa) and cardiopulmonary recirculation (CPR) which is defined as the 
ratio of Qa to cardiac output (CO). The Vascular Access Society guidelines [6] 
defined high dialysis access blood flow as one that is greater than 1.0 to 1.5 L/min 
or a cardiopulmonary resuscitation (CPR) greater than 20%. Most reports in the 
literature dealing with congestive heart failure secondary to high Qa have inter-
vened in patients having a Qa equal to or greater than 2 L/min or a CPR of 30 to 
35% [7]. Another metric that had been used is the cardiac index. The normal range 
for this metric in patients at rest is 2.6 to 4.2 L/min/m2. A patient with a cardiac 
index greater than to 4.2 L/min/m2 has a high cardiac output by definition.

The first approach in dealing with a dialysis patient who is having signs and 
symptoms of congestive heart failure is to eliminate contributing factors such as 
high blood pressure, anemia, and fluid overload. Once these problems have been 
eliminated, if the signs and symptoms of congestive heart failure process attention 
should be directed toward the arteriovenous access. In this setting, one access should 
be closed immediately. Short of this possibility, it is reasonable to intervene if the 
dialysis access has a Qa equal to or greater than 2.0 L/min or a CPR equal to or 
greater than 30% [8].

It has been suggested that hemodialysis patients be screened for potential high- 
output failure using the Qa/CO ratio; those patients with high access flows and Qa/
CO ratios equal to or greater than 30% should undergo regular biannual echocardio-
graphic assessment including left ventricular (LV) end-diastolic and systolic dimen-
sions, LV mass index, and ejection fraction. If the patients with elevated Qa/CO 
ratios have increasing LV cavity volume and CO, then they may be considered for a 
fistula flow reduction [9].

Several surgical techniques have been proposed [10] for the treatment of high- 
output heart failure; all are based on an attempt to increase resistance at the level of 
the anastomosis or of the venous outflow in order to obtain a reduction of Qa. 
Balloon-assisted banding, a technique first described in 1999 [11], was used in this 
case resulting in a decrease in Qa and resolution of the patient’s symptoms.
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Chapter 12
Ruptured Angioplasty Balloon

Gerald A. Beathard

 Case Presentation

The patient was a 54-year-old male with an upper arm arteriovenous graft (AVG). 
The patient was referred to the dialysis access facility because of poor blood flow 
detected at the dialysis clinic. On physical examination, the patient had a hyperpul-
satile AVG with a strong thrill and a loud bruit at the venous anastomosis, which 
was systolic only. After the patient was prepped and draped, an angiogram was 
performed which showed 80% stenosis of the venous anastomosis. This was 
treated using an 8 × 4 angioplasty balloon, which was advanced over a guidewire 
that had been inserted through a 7-Fr sheath. The lesion proved to be very resistant 
to dilatation. During the attempts at dilatation, the angioplasty balloon ruptured. 
Difficulty was encountered in extracting the angioplasty balloon through the sheath 
and required considerable force to complete the removal. Once extracted, exami-
nation of the ruptured angioplasty balloon revealed that the rupture had been cir-
cumferential and the front segment of the balloon  was missing (Fig.  12.1). An 
angiogram was performed and showed a defect just proximal to the venous anas-
tomosis (Fig. 12.2).

The primary guidewire was left in place. A second guidewire was inserted 
through the sheath and advanced beyond the site of the balloon fragment. The 
sheath was then removed and reinserted only over the second guidewire, excluding 
the primary guidewire. A 5-Fr vascular catheter was advanced through the sheath 
over the guidewire to a point several centimeters beyond the site of the balloon 
fragment. A snare (6–10  mm EnSnare®, Merit Medical Systems, Inc., South 
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Jordan, UT, USA) was then advanced and deployed beyond the tip of the catheter. 
The tip of the primary guidewire was retracted to a point below the position of the 
snare being careful not to go beyond the site of the balloon fragment. Once below 
the position of the snare, the guidewire was advanced so that it would pass through 
one of the loops of the snare (Fig. 12.3). In this position, the guidewire was snared 
and brought out through the sheath. With both ends of the primary guidewire in 
hand, it was extracted along with the sheath, retrieving the balloon fragment 
(Fig. 12.4). Hemostasis was then obtained and the patient was discharged.

Fig. 12.1 Appearance of 
angioplasty balloon after 
extraction. Note that half 
of balloon is missing

Fig. 12.2 Angiogram 
showing location of 
angioplasty balloon 
fragment on guidewire 
(arrow)
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 Discussion

Dilatation-resistant lesions are not uncommon, and some types of lesion are notorious 
for being resistant. One of these is the venous anastomosis of an AVG. All angio-
plasty balloons have a pressure rating listed on the package, listed as rated burst 
pressure in atmospheres. Although there is some safety margin in this stated value 
with increasing pressure being applied, the balloon will eventually rupture.

Although rupturing an angioplasty balloon from excessive pressure should not 
create a problem, this is not always the case. Therefore, rupture should be avoided 
if possible. With some balloon designs, an impending rupture can be recognized. 

Fig. 12.3 Snaring primary 
guidewire

Fig. 12.4 Angioplasty 
balloon fragment after 
retrieval
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The normally tapered ends of the balloon shoulder become rounded like a sausage. 
This happens just before the balloon breaks. Its recognition can be used to prevent 
the occurrence.

If an angioplasty balloon ruptures, it generally simply comes loose at the end (the 
weld point) or splits lengthwise. Occasionally, however, the balloon can rupture 
with a circumferential tear. This can result in a segment of the balloon becoming 
dislodged with removal of the catheter. Even if the fragment is still partially attached 
after it ruptures, because the balloon does not completely deflate, the fragment can 
be dislodged by removal through the sheath. For this reason, if resistance is met in 
extracting a ruptured angioplasty balloon from the sheath, one should stop and 
remove the sheath and angioplasty balloon together as a unit. This is less likely to 
result in the fragment being sheared off and left behind.

When a balloon fragment is left behind, retrieval is necessary and can be time- 
consuming. Fortunately, a loose fragment from an angioplasty balloon that has rup-
tured circumferentially generally remains on the guidewire. For this reason, the 
guidewire should always be left in place when an angioplasty balloon ruptures until 
the situation can be evaluated.

The fact that the fragment is still on the guidewire (assuming that the guidewire 
has been left in place) greatly facilitates its retrieval. By using an intravascular snare 
as described above, the leading end of the guidewire can be captured and extracted 
so that both ends are in hand with the fragment on the loop that has been created. By 
extracting the guidewire loop, the fragment can be retrieved easily.

If the guidewire is inadvertently removed prior to retrieval of the fragment, the 
task becomes much more difficult. Attempts at capturing it with a snare are compli-
cated by the fact that it is not radiopaque. This makes localization much more 
difficult.

G.A. Beathard
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Chapter 13
Arteriovenous Fistula Percutaneous Flow 
Reduction: Balloon-Assisted Banding

Alexander S. Yevzlin

 Case Presentation

A 72-year-old woman with a left upper-arm arteriovenous fistula (AVF) was referred 
for evaluation of left hand pain on hemodialysis. A detailed history and physical 
examination ruled out the possibility of nonischemic hand pain due to carpal tunnel 
syndrome or neuropathy. Preoperative evaluation revealed poor distal pulses in the 
left hand, as well as the contralateral arm.

An imaging catheter was inserted through the AVF and advanced into the left 
brachial artery. Angiography showed excellent flow of contrast into the AVF but 
minimal flow into the left ulnar and radial arteries (Fig. 13.1). This was suggestive 
of “true” steal syndrome, but further imaging of the arterial tree was obtained to 
rule out a focal arterial lesion, diffuse arterial disease, or thrombosed distal brachial 
artery. Specifically, two imaging studies were performed: (1) an assessment of 
inflow from the aortic arch (Fig. 13.2) and (2) a direct injection of contrast into the 
brachial artery while manually occluding the AVF (Fig. 13.3). Figure 13.4 shows 
restoration of flow into diminutive left radial and ulnar arteries with AVF 
occlusion.

Instead of ligation or surgical banding, a balloon-assisted percutaneous flow 
reduction was performed as previously described [1, 2]. Briefly, the brachial artery 
diameter was measured angiographically, and the same-size (4 mm) angioplasty 
balloon was then inflated to 10 atm pressure with complete effacement within the 
peri-anastomotic segment of the AVF. The balloon was percutaneously palpated, 
and after lidocaine injection, a 2-cm transverse incision was made over the middle 
of the balloon. Soft-tissue dissection was performed to expose the fistula with the 

A.S. Yevzlin, MD, FASN (*) 
University of Michigan, Ann Arbor, MI, USA
e-mail: asy@medicine.wisc.edu

mailto:asy@medicine.wisc.edu


70

inflated balloon in it. Soft-tissue dissection was performed beneath the fistula, and a 
2-0 silk thread was then tied around the balloon. The balloon was deflated and a 
post-procedure angiogram was obtained (Fig. 13.4).

 Discussion

Hand ischemia in the setting of an arteriovenous access on the ipsilateral side was 
for many years referred to simply as steal syndrome. Although steal syndrome is an 
important clinical entity, it is one of many potential causes of hand ischemia. 
Although most arteriovenous accesses show evidence of arterial steal, ischemic 

Fig. 13.1 Direct 
angiogram shows excellent 
flow of contrast into the 
arteriovenous fistula 
(AVF – blue arrow) but 
minimal flow into the 
distal brachial artery/
arteries (red arrow)

Fig. 13.2 Arterial angiogram from the subclavian artery
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symptoms are rarely found [3]. Based on this observation, one can conclude that 
peripheral hypoperfusion and ischemia are more fundamental problems than arte-
rial steal per se.

Distal hypoperfusion ischemia syndrome (DHIS) can occur in two specific enti-
ties that should not be described as steal syndrome: (1) focal arterial disease and (2) 
diffuse distal arteriopathy. Previous reports have highlighted that substantial (≥50%) 
arterial stenoses are common in dialysis patients who present with symptoms of 
hand ischemia or vascular access dysfunction [4, 5]. Such lesions may be present 
anywhere within the arteries of the upper extremities, including the proximal arter-
ies. Diffuse arteriopathy caused by vascular calcification and diabetes may also be 
a key contributor to the evolution of symptoms of distal hypoperfusion ischemia 
syndrome [6].

True steal syndrome can only be diagnosed if the aforementioned clinical sce-
narios are ruled out. The syndrome is defined by high blood flow volume through 
an arteriovenous anastomosis that steals blood from the forearm arteries, which 

Fig. 13.3 Direct injection of contrast into the brachial artery (a) while manually occluding the 
arteriovenous fistula (AVF) shows restoration of flow into diminutive radial and ulnar arteries

Fig. 13.4 Restoration of 
flow into the radial and 
ulnar vessels was achieved 
with balloon-assisted flow 
reduction
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otherwise have no pathology. In the setting of true steal syndrome, arteriovenous 
access ligation has historically been the treatment of choice [3]. Such an approach 
leads to loss of an arteriovenous access.

References

 1. Salman L, Maya ID, Asif A.  Current concepts in the pathophysiology and management of 
arteriovenous access-induced hand ischemia. Adv Chronic Kidney Dis. 2009;16:371–7.

 2. Miller GA, Goel N, Friedman A, et al. The MILLER banding procedure is an effective method 
for treating dialysis-associated steal syndrome. Kidney Int. 2010;77:359–66.

 3. Asif A, Leon C, Merrill D, et al. Arterial steal syndrome: a modest proposal for an old para-
digm. Am J Kidney Dis. 2006;48:88–97.

 4. Valji K, Hye RJ, Roberts AC, Oglevie SB, Ziegler T, Bookstein JJ. Hand ischemia in patients 
with hemodialysis access grafts: angiographic diagnosis and treatment. Radiology. 1995;196: 
697–701.

 5. Leon C, Asif A. Arteriovenous access and hand pain: the distal hypoperfusion ischemic syn-
drome. Clin J Am Soc Nephrol. 2007;2:175–83.

 6. Goldsmith DJ, Covic A, Sambrook PA, Ackrill P. Vascular calcification in long-term haemodi-
alysis patients in a single unit: a retrospective analysis. Nephron. 1997;77:37–43.

A.S. Yevzlin



73© Springer International Publishing AG 2017 
A.S. Yevzlin et al. (eds.), Dialysis Access Cases, 
DOI 10.1007/978-3-319-57500-1_14

Chapter 14
Hemodynamic Monitoring of Arteriovenous 
Fistulagram

Joel E. Rosenberg and Alexander S. Yevzlin

 Case Presentation

A 75-year-old Caucasian woman with a history of chronic kidney disease stage IV 
after a deceased donor renal transplant due to polycystic kidney disease was admit-
ted for a mitral valve replacement. Her severe mitral regurgitation was presumed to 
be secondary to rheumatic heart disease.

Her vascular access consisted of a right brachial artery to basilic vein fistula, and 
there is no evidence of any hemodynamically significant stenosis, although multiple 
areas of dilation with tortuosity limited the ability to accurately calculate a volume 
flow rate. She had mild aortic stenosis and regurgitation, severe mitral regurgitation, 
and mildly elevated pulmonary artery systolic pressures. Catheterization was nota-
ble for an ejection fraction of 35%, left ventricular end-diastolic artery pressure of 
12 mmHg, systolic pulmonary artery pressure of 42 mmHg, pulmonary capillary 
wedge pressure (PCWP) of 19 mmHg, and a CO of 5 l/min with no significant 
obstructive coronary artery disease present.

Given the valvular heart disease, it was difficult to clinically evaluate the effect 
of the arteriovenous fistula (AVF) on the patient’s heart failure. The CO remained 
below 8 l/mi, but a significant volume of forward output was lost secondary to the 
severe mitral regurgitation. A duplex of the fistula showed a seemingly severe 
increased flow with 12.1 l/min.

After the usual prep and drape, the AVF was accessed using a 7 Fr introducer. 
The fistulagram revealed no outflow abnormalities (Fig. 14.1). A pulmonary artery 

J.E. Rosenberg, MD 
Division of Nephrology, Department of Medicine, University of Wisconsin School of 
Medicine and Public Health, Madison, WI, USA 

A.S. Yevzlin, MD, FASN (*) 
University of Michigan, Ann Arbor, MI, USA
e-mail:asy@medicine.wisc.edu

mailto:asy@medicine.wisc.edu


74

catheter was inserted into the AVF and passed directly into the pulmonary vascula-
ture (Fig. 14.2). The patient’s baseline cardiac output was 4.6 l/min, and she contin-
ued to have mildly elevated PCWP of 20 mmHg, PAP of 20 mmHg, and right atrial 
pressure of 10 mmHg. After occluding the AV fistula for 7 min, a 15% reduction of 
cardiac output to 3.9 l/min was noted, along with PCWP of 23 mmHg, PAP of 42/25 
mmHg, and right atrial pressure of 18 mmHg.

Fig. 14.1 Patent outflow of the AVF to the central vasculature

Fig. 14.2 Pulmonary 
artery catheter inserted via 
AVF. Red arrow points to 
inflated (wedged) balloon
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 Discussion

The minimal decrease in cardiac output with occlusion of the fistula and evidence 
suggested that the AVF was not contributing to the patient’s heart failure. Intriguingly, 
she did have multiple areas of dilation with tortuosity generating a natural flow 
reduction. The decision was made to proceed with the mitral valve replacement but 
leave the AVF in place.

The exact incidence of high-output heart failure in ESRD patients is unknown, 
but heart disease, male sex, location of vascular access (proximal more than distal), 
and an upper arm fistula in the same arm as a previously functioning lower arm 
fistula are associated with increased risk [1]. Increased vascular access blood flow 
is a risk factor as well, but there is currently no consensus on the definition of high- 
flow AVG and AVFs because most of the data comes from case reports. The poten-
tial effect of an AVF on cardiac function is a matter of great concern to cardiologists 
and nephrologists alike. Rather than conjecture, real-time hemodynamic testing at 
the time of vascular access intervention can be performed [2].
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Chapter 15
Arterial Embolus

Gerald A. Beathard

 Case Presentation

The patient was a 54-year-old male with end-stage renal disease secondary to poly-
cystic kidney disease. The patient had a left brachial cephalic fistula that was 3 years 
old. He was referred to the vascular access center with a diagnosis of thrombosed 
fistula. Physical examination of his fistula revealed the absence of a pulse and thrill. 
Cannulation sites were evident indicating the course of the fistula; however, the 
fistula itself was not palpable.

Using ultrasound guidance, the lower fistula just above the anastomosis was can-
nulated in an antegrade direction; a guidewire was inserted followed by the insertion 
of a 7 F sheath. A 5 F vascular catheter was inserted over the guidewire and passed 
up to the level of the central veins. Radiocontrast was injected revealing that the 
central veins were patent with no evident pathology. Radiocontrast was slowly 
injected as the catheter was withdrawn from the fistula. This revealed that the lumen 
of the fistula was very narrow (Fig. 15.1). Only a small amount of thrombus was 
present.

After the outflow of the fistula was occluded using a sterile tourniquet, 2 mg of 
TPA (Cathflo®, alteplase) with saline to give a 5  ml final volume was injected 
through the 5 F vascular catheter throughout the length of the fistula. After a 5-min 
waiting period, an 8 × 4 angioplasty balloon was inserted in the upper portion of the 
AVF which was then dilated (Fig. 15.2). The AVF was then cannulated a second 
time in the upper portion with the needle pointed retrograde and a second sheath 
was inserted. This site was used to treat the lower part of the fistula with the angio-
plasty balloon (Fig. 15.3).
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Following angioplasty, flow was restored to the fistula. However, the patient 
began to complain of hand pain. Examination of the patient’s hand revealed that it 
was cold and cyanotic. The opposite hand was warm with normal coloration. 
Additionally, the radial pulse, which had been present prior to the procedure, was no 
longer present.

The guidewire was inserted through the proximal sheath and passed downward 
through the fistula, across the anastomosis, and into the brachial artery. An arterio-
gram was performed at this point which revealed the presence of a filling defect in 
the proximal radial artery (Fig. 15.4). The vascular catheter was removed, and the 

Fig. 15.1 Angiogram of 
thrombosed AVF. The 
lumen appears to be 
extremely narrowed; only a 
small amount of thrombus 
is present

Fig. 15.2 Angioplasty of 
the upper portion of the 
AVF
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guidewire was advanced beyond the level of the embolus. A 4 × 4 angioplasty 
balloon was passed over the guidewire to a level beyond the embolus. The balloon 
was inflated and withdrawn back into the fistula. The vascular catheter was rein-
serted; radial contrast was injected to obtain an arteriogram (Figs. 15.5 and 15.6). 
This showed good flow in both the brachial and radial arteries.

Fig. 15.3 Angioplasty of 
the lower portion of the 
AVF

Fig. 15.4 Arteriogram of 
the lower brachial artery 
and radial artery. Embolus 
is present in proximal 
radial artery (arrow)
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 Discussion

In this AVF thrombectomy case, there are several points in the procedure that could 
have resulted in arterial embolization. Any injection of radial contrast into a fistula 
that is not flowing creates the risk of retrograde flow pushing thrombus across the 
anastomosis into the artery. The manipulation of a device such as an angioplasty 
balloon within the fistula can result in embolization. Additionally, there are instances 
in which embolization occurs without any obvious explanation.

 Although they can occur with either, arterial emboli are more commonly associ-
ated with the thrombectomy of a graft than a fistula [1–7]. The reasons for this are 

Fig. 15.5 Arteriogram 
post embolectomy. Good 
flow in the radial artery is 
now present, site of 
previous embolus indicated 
by arrow

Fig. 15.6 Angiogram of 
AVF showing good blood 
flow
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not clear. It should be noted that the thrombus present in a fistula is mildly inflam-
matory and tends to become attached to the vessel wall. This decreases its ability to 
become detached and embolize.

The symptoms of embolization are those of hand ischemia. The hand and espe-
cially the fingers turn cold and take on a bluish discoloration that becomes mottled. 
These changes generally come on with the sudden onset of pain. In evaluating a 
patient’s hand for a suspected embolus, it is important to compare it with the oppo-
site hand. If both are cold and mottled, it is not likely that the hand in question 
reflects an acute problem. The pulses at the wrist are generally absent or consider-
ably diminished, a change that can be appreciated only if the patient was carefully 
evaluated prior to having the thrombectomy procedure. A Doppler signal is gener-
ally present over the arteries at the wrist even when the pulse is not palpable, although 
it is frequently diminished. If nothing is detected with Doppler examination, the 
urgency for immediate treatment to avoid tissue damage is even greater than usual.

As is the case with all procedure-related complications, the first aspect of manage-
ment is avoidance. Although the occurrence of small asymptomatic and therefore 
inconsequential emboli may be unavoidable when doing a thrombectomy procedure, 
it is important to take measures to avoid the introduction of large clot fragments across 
the arterial anastomosis. Fluids (saline, radiocontrast, medications) are commonly 
introduced into the access during a thrombectomy procedure; care must be exerted to 
avoid doing it too rapidly and never doing it if the outflow is obstructed. If the outflow 
is not open, it will generally go retrograde. Care must be taken even after the throm-
bectomy procedure is completed and the angiogram appears pristinely clean. One 
should never occlude the access and do a retrograde injection to visualize the anasto-
mosis and adjacent artery following the thrombectomy. Even if the access looks clean 
angiographically, small clot fragments will still be present. Additionally, care must be 
used in passing devices across the arterial anastomosis during the thrombectomy pro-
cedure. It is possible to push material into the artery resulting in a problem.

Symptomatic emboli must be treated in a timely fashion in order to prevent per-
manent sequelae. Treatment should be directed at restoring flow to the ischemic hand 
as quickly as possible in order to relieve the patient’s pain and preserve hand function 
by avoiding secondary muscle ischemia and necrosis. Outcomes and prognosis 
largely depend on a rapid diagnosis and initiation of appropriate and effective ther-
apy [6]. There are several approaches to the therapy of symptomatic peripheral artery 
emboli. These can be divided into endovascular and surgical (see Table 15.1). Further, 
the endovascular approach can be subdivided into mechanical and pharmacological.

Table 15.1 Treatment 
modalities for arterial emboli

Percutaneous – mechanical
  Balloon catheter embolectomy [1, 2]
  Catheter thromboaspiration [3, 4]
  Back-bleeding [5]
Percutaneous – pharmacological
  Thrombolysis [6]
Surgical embolectomy [6]

15 Arterial Embolus



82

The endovascular techniques are generally effective. However, if they are not, 
patients with evidence of severe ischemia should not be treated with catheter-based 
thrombolytic therapy. This generally takes several hours, and threatened ischemic 
changes may become irreversible over the course of the treatment. These patients 
should be treated surgically on an emergent basis in order to avoid a permanent 
injury to the hand [6, 7]. Additionally, the thrombus that makes up the embolus may 
be chronic and, if so, is frequently somewhat resistant to fibrinolysis [8, 9].

References

 1. Beathard GA.  Management of complications of endovascular dialysis access procedures. 
Semin Dial. 2003;16:309.

 2. Sofocleous CT, Schur I, Koh E, et al. Percutaneous treatment of complications occurring dur-
ing hemodialysis graft recanalization. Eur J Radiol. 2003;47:237.

 3. Sniderman KW, Bodner L, Saddekni S, et al. Percutaneous embolectomy by transcatheter aspi-
ration. Work in progress. Radiology. 1984;150:357.

 4. Turmel-Rodrigues LA, Beyssen B, Raynaud A, Sapoval M. Thromboaspiration to treat inad-
vertent arterial emboli during dialysis graft declotting. J Vasc Interv Radiol. 1998;9:849.

 5. Trerotola SO, Johnson MS, Shah H, Namyslowski J. Backbleeding technique for treatment of 
arterial emboli resulting from dialysis graft thrombolysis. J Vasc Interv Radiol. 1998;9:141.

 6. Rajan DK, Patel NH, Valji K, et al. Quality improvement guidelines for percutaneous manage-
ment of acute limb ischemia. J Vasc Interv Radiol. 2005;16:585.

 7. Beathard GA, Litchfield T, Physician Operators Forum of RMS Lifeline, Inc. Effectiveness and 
safety of dialysis vascular access procedures performed by interventional nephrologists. 
Kidney Int. 2004;66:1622.

 8. Valji K, Bookstein JJ, Roberts AC, et  al. Pulse-spray pharmacomechanical thrombolysis of 
thrombosed hemodialysis access grafts: long-term experience and comparison of original and 
current techniques. AJR Am J Roentgenol. 1995;164:1495.

 9. Kumpe DA, Cohen MA. Angioplasty/thrombolytic treatment of failing and failed hemodialysis 
access sites: comparison with surgical treatment. Prog Cardiovasc Dis. 1992;34:263.

G.A. Beathard



Part II
Arteriovenous Graft



85© Springer International Publishing AG 2017 
A.S. Yevzlin et al. (eds.), Dialysis Access Cases, 
DOI 10.1007/978-3-319-57500-1_16

Chapter 16
Exotic Arteriovenous Graft Creation

Paul A. Stahler and Robert R. Redfield III

Abbreviations

AVF Arteriovenous fistula
SVC Superior vena cava
HeRO Hemodialysis Reliable Outflow
ePTFE Expanded polytetrafluoroethylene
LEAVG Lower extremity arteriovenous graft
TEVG Tissue-engineered vascular graft
CWAVG Chest wall arteriovenous graft

 Case Presentation

The patient is a 38-year-old female with a history of end-stage renal failure second-
ary to type 1 diabetes mellitus on hemodialysis for 8 years. During this period of 
time, she has had difficulty maturing and maintaining multiple AVFs and required 
intermittent central venous catheters. Most recently, she was receiving hemodialysis 
via a right arm AVF with poor clearance. Previously performed angiograms demon-
strated significant central stenosis with 100% occlusion at the right subclavian-SVC 
junction and 90% occlusion of the left innominate vein (Fig. 16.1a, b). The patient 
underwent successful balloon angioplasty with 30% residual stenosis of the left 
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innominate vein. She was subsequently referred to our center for additional dialysis 
access.

After reviewing her previous operative reports and imaging studies, she was 
taken to the operating room where a HeRO graft was placed. The left subclavian 
vein was accessed percutaneously, and the venous limb was positioned in the right 
atrium under fluoroscopic guidance and tunneled out to the deltopectoral groove. 
The arterial limb was anastomosed to the left brachial artery using an early cannula-
tion Flixene graft which was then anastomosed to the ePTFE component of the 
HeRO graft. Subsequently the patient did well and had improved clearance on dial-
ysis without the need for further central venous catheters.

 Discussion

 Hemodialysis Reliable Outflow Grafts

The HeRO graft (Hemosphere Inc., Minneapolis, MN) was developed for use in 
maintaining upper extremity vascular access for patients with central stenosis. The 
device is composed of a graft and a silicone catheter. The graft component is a 
7-mm ePTFE graft with a titanium connector at one end. The venous outflow com-
ponent is a 19F (outer diameter 6.3 mm, inner diameter 5 mm) nitinol-reinforced 
braid which prevents the catheter from kinking (Fig. 16.2). The end of the graft is 
typically anastomosed to the axillary or brachial artery and subsequently tunneled 
in the upper arm to a counter-incision near the deltopectoral groove. The venous 
outflow component is placed percutaneously into the internal jugular, subclavian, or 
large collateral veins and positioned at the level of the right atrium with the use of 
fluoroscopy. Similar to other grafts, the HeRO device is cannulated by inserting 

Fig. 16.1 (a) Angiogram of chest wall collaterals leading to a critical stenosis of the innominate 
vein. (b) Angioplasty of a 90% occlusion of the left innominate vein
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dialysis needles into the graft component. Immediate stick grafts can be  successfully 
fashioned to the graft if needed.

Suitable patients for the HeRO device have typically had multiple tunneled dial-
ysis catheters and failed upper extremity access. Preoperative evaluation of these 
patients includes a complete upper extremity duplex arterial and venous examina-
tion. A central venogram should also be performed to further define the venous 
anatomy prior to placement. Relative contraindications include brachial artery 
diameter <3 mm, congestive heart failure with an ejection fraction of <20%, active 
infections, and/or systolic blood pressure <100 mmHg [1].

Long-term outcomes of the HeRO device are lacking and are largely limited to 
single-center studies with short-term follow-up. Successful placement of the device 
has been reported in 95% of patients in several studies [2]. The primary and second-
ary patency rates in these studies range between 39–46% and 72–88%, respectively. 
The intervention rate was noted to be similar at 1.7–2.5 events/year compared to 
1.6–2.4 events/year with prosthetic access.

Infection is a major complication of long-term catheter use for hemodialysis. 
Patients dependent on a catheter have a 1.6 times increased risk of sepsis compared 
to patients dialyzed through a fistula or graft. Although an existing catheter can be 

Internal Jugular
Incision

HeRO Outflow
Component

HeRO Graft
Component
(e-PTFE)

Titanium
Connector

Graft Rings

Brachial
Incision

Connector
Incision

Fig. 16.2 Diagram of the Hemodialysis Reliable Outflow (HeRO) device is shown with the arte-
rial anastomosis at the brachial artery near the antecubital fossa and the tip of the venous catheter 
position at the right atrium. The titanium connector links the graft and venous components. The 
device is inserted using a brachial incision in the proximal upper arm for the arterial anastomosis, 
an incision at the base of the neck for the initial venous cannulation, and an incision near the del-
topectoral groove to facilitate passage of the venous component (Reproduced with permission 
from Glickman [1] ©Elsevier)
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re-wired with the venous outflow component, an increased risk of infectious com-
plications has been documented when the HeRO device was placed ipsilateral to the 
previous catheter (1.52/1000 days vs 0.3/1000 days) [2].

The overall bacteremia rate was significantly lower in the Katzman study at 
0.7/1000 days in the HeRO group, compared to 1.7/1000 days in the catheter group. 
Frequently this patient population is faced with two options, HeRO placement and 
creation of a lower extremity arteriovenous graft (LEAVG). In a study comparing 
HeRO versus LEAVG, patients with HeRO grafts required more interventions to 
maintain patency versus LEAVG (2.6 interventions/year vs 1.7 interventions/year, 
p = 0.003) with no difference in secondary patency (77% vs 83%, p = 0.14). There 
was no difference in infection rate per 1000 days (0.61 vs 0.71, p = 0.77) or 6-month 
mortality (22% vs 19%, p = 0.22) [3].

 Early Cannulation Grafts

Early cannulation grafts are growing increasingly as a popular option to avoid the 
use of catheters for dialysis. A number of early cannulation grafts are currently 
commercially available in the USA and Europe. The most extensively studied early 
cannulation graft in the USA is the Flixene graft (Maquet-Atrium Medical, Hudson, 
NH). The Flixene vascular graft is an ePTFE graft with a trilaminate composite 
structure. A hydrostatic protection membrane designed to minimize weeping and 
suture hole bleeding is interposed between a smooth inner blood-contacting surface 
designed to minimize platelet aggregation and a microporous outer anchoring sur-
face designed to promote tissue adherence. In a prospective single-center nonran-
domized study in which 82% of grafts were accessed within the first week after 
implantation, 6-month primary assisted and secondary patency rates were 65% and 
86%, respectively, and 56% and 86% at 1 year [4]. Key to the success of these early 
cannulation grafts is education of dialysis nurses and staff regarding proper care and 
access to these grafts. The authors suggest marking the graft location, flow direc-
tion, and access sites (Fig. 16.3). In this single study, 1-year patency rates appeared 
to be comparable to those achieved with conventional grafts.

 Novel Graft Technology

ePTFE is the most widely used graft for hemodialysis. A majority of these grafts 
eventually fail due to intimal hyperplasia at the venous anastomosis secondary to 
smooth muscle proliferation. Several attempts have been made to prevent graft 
thrombosis including systemic anticoagulation, antiplatelet therapy, and statins but 
have not shown real benefit in improving long-term patency. The Gore Propaten 
vascular graft (W.L.  Gore & Associates, Inc., Flagstaff, AZ) was introduced for 
hemodialysis access in 2006. This graft contains heparin molecules covalently 
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bonded to the luminal surface providing a stable non-leaching heparin surface on 
the graft. Initial retrospective studies involving the Propaten graft showed mixed 
results in preventing graft thrombosis. A prospective, randomized study of Propaten 
versus standard ePTFE grafts showed no difference in primary patency at 6 and 
12 months between Propaten and ePTFE (35% and 14% vs 29% and 12%, p = 0.48). 
Secondary patency was also similar between Propaten and ePTFE at 12, 24, and 
36 months (83%, 83%, and 81% vs 81%, 73%, and 68%, p = 0.33). There were 
significantly fewer thromboses in the Propaten grafts during the first 5 months com-
pared to standard grafts (p = 0.02) [5]. These results suggest a trend toward improved 
early patency but overall no significant difference in long-term patency.

The development of readily available tissue-engineered vascular grafts (TEVGs) 
is a promising area of research when a patient’s own vasculature is not suitable for 
creation hemodialysis access. Initial experience involving TEVGs involved seeding 
autologous bone marrow cells or culturing autologous fibroblasts and endothelial 
cells with or without a scaffold. Major limitations of this technology include high 
production cost (>$15,000 per graft) and long wait times of up to 9 months. An 
alternative TEVG using allogeneic smooth muscle cells grown on a tubular polyg-
lycolic acid has shown early promise (Humacyte, Inc., Morrisville, NC). In an early 
animal model, the Humacyte graft demonstrated similar mechanical properties to 
native human blood vessels with resistance to dilatation, calcification, intimal 
hyperplasia, and tolerated long-term storage at 4 °C. Long-term patency of these 
grafts was demonstrated up to 6 months with less intimal hyperplasia compared to 
standard PTFE grafts [6]. Additional advantages of this graft versus decellularized 
human cadaveric vessels include lack of side branches requiring ligation, creation 

Fig. 16.3 Graft freshly implanted in the thigh with drawings showing potential cannulation sites 
(hatched) and flow direction (arrow). Dressings cover the cutdown for the femoral vessel approach 
(1), cutdown for loop tunnelization (2), and suction drain (3) (Reproduced with permission from 
Berard et al. [4] ©Elsevier)
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of several grafts from a single donor, minimal immunogenicity, and short production 
time. Clinical trials of the Humacyte graft are ongoing.

 Chest Wall Grafts

Chest wall grafts represent a last resort in patients with difficult upper extremity 
access. These are infrequently performed at rates less than 1% of all vascular access 
procedures. Patients being considered for CWAVG should undergo preoperative 
ultrasound of the upper extremities and proximal portions of the subclavian veins. 
A central venogram is recommended if high resistance indices are seen on ultra-
sound and/or there is a history of central stenosis.

The graft is placed by making 5–6-cm horizontal infraclavicular incision to 
access the axillary artery and vein. A PTFE graft is then tunneled in the subcutane-
ous tissue with a counter-incision at the inferior apex of the tunnel (Fig.  16.4). 
Proper tunneling of the graft is a technical challenge, and its location in relation to 
the nipple is key. The graft should course cephalad or caudal to the nipple rather 
than deep into it.

Patency outcomes in this challenging patient population are similar to other 
extremity grafts. One of the largest reported series of 67 grafts demonstrated that 
primary 1- and 2-year patency rates were 69.5% and 36.9% and secondary patency 

Fig. 16.4 Tunneled chest 
wall arteriovenous graft 
(CWAVG) with incision 
and counter-incision 
(Reproduced with 
permission from Liechty 
et al. [7] ©Elsevier)
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rates were 81.6% and 57.6% [7]. Graft infections occurred in 9% of patients which 
is lower than rates reported for tunneled lines and femoral grafts, and lastly steal 
syndrome was not seen in any patient with a CWAVG. These results demonstrate the 
utility and durability of CWAVGs in this challenging patient population.

 Pearls

• Preoperative evaluation of patients with a history of prior central venous  catheters 
and failed arteriovenous access for dialysis should include a central venogram to 
evaluate for central stenosis. HeRO graft placement is a great option in patients 
with critical central stenosis.

• Early cannulation grafts can be safely accessed within 48 h and can potentially 
avoid the use of central venous catheters. Education of dialysis personnel is 
essential.

• Chest wall grafts remain a viable option at establishing long-term internal access 
in patients with a history of failed upper arm access and avoid the use of lower 
extremity arteriovenous grafts.
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Chapter 17
Accessory Brachial Artery Feeding 
Arteriovenous Graft

Gerald A. Beathard

 Case Presentation

The patient was a 56-year-old female who had been on hemodialysis for slightly 
more than a year. The patient had a forearm loop arteriovenous graft (AVG) in her 
left arm. Her dialysis treatments were complicated by persistently marginal access 
blood flow and recurrent thrombosis, all of which had been treated surgically and 
had no imaging studies performed. Although the patient had never had vascular 
mapping performed, she had been told by the surgeon who placed the graft that she 
had poor veins and would probably need to have a central venous catheter for her 
dialysis treatments.

The patient was referred to the vascular access center because of another episode 
of AVG thrombosis. The standard AVG thrombectomy procedure was performed 
but was unsuccessful because of failure to restore inflow. Blood flow in the feeding 
artery was then evaluated, and it was found to be thrombosed. A vascular catheter 
guidewire combination was used to advance up the feeding artery and find the prox-
imal extent of the thrombus. After going almost to the axilla, it was discovered that 
the feeding artery was not the brachial artery as expected but a smaller branch 
(Fig. 17.1). The AVG arterial anastomosis was with this vessel (Fig. 17.2). It was 
thought that this represented a high bifurcation of the brachial artery. However, fur-
ther angiographic evaluation revealed that the bifurcation was slightly below the 
level of the elbow (Fig. 17.3). This confirmed that this vessel was actually an acces-
sory brachial artery, which was feeding the AVG.
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Fig. 17.1 Arteriogram 
showing accessory brachial 
artery (A) and brachial 
artery (B)

Fig. 17.2 Arteriogram 
showing the arterial 
anastomosis of the AVG. A 
accessory brachial artery, B 
AVG

Fig. 17.3 Arteriogram 
showing the brachial artery 
bifurcation. A accessory 
brachial artery, B brachial 
artery, C AVG, D 
bifurcation of brachial 
artery
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 Discussion

The presence of an accessory brachial artery represents a variant in arterial anatomy 
associated with the brachial artery. The incidence of an this anatomical variant has 
been reported to be about 0.52% of patients or 1 in every 200 cases [1]. This acces-
sory brachial artery originates from the upper third of the brachial artery, and passes 
downward to rejoin it proximal to the elbow, before the bifurcation. Both the bra-
chial artery and the accessory brachial artery are closely related to the median nerve. 
However, nerve; however, their relationship is quite different. In the upper arm, the 
median nerve is immediately lateral to the brachial artery. Distally, the median nerve 
crosses the medial side of the brachial artery and lies somewhat anterior to it at the 
elbow joint. The accessory brachial artery lies lateral to the median nerve and 
crosses anterior to the nerve before it rejoins the brachial artery.

When what is assumed to be the brachial artery is examined at the time of surgi-
cal creation of an arteriovenous vascular access, the difference in its relationship to 
the median nerve in addition to its size being smaller than one would expect for the 
brachial artery should alert one to the fact that an accessory brachial artery is 
present.

When presented with a case such as this, the first consideration is generally that 
it is a high bifurcation, which is the more common variant. In a retrospective study 
of 220 dialysis patients who had preoperative duplex scans of their upper extremi-
ties, 26 (12%) patients were found to have high bifurcations of the brachial artery. 
Fourteen (53%) of these patients had bilateral scans. Of the 14 patients, 36% were 
noted to have high bifurcations bilaterally and 64% were unilateral.

If the accessory brachial artery is used in creation of the anastomosis for an AVG, 
two problems can occur. First, the small size of the artery very often provides less 
than optimum blood flow for the dialysis access. Second, since this artery is small 
and has no branches, the anastomosis that is created is basically an end-to-end con-
nection. When blood flow ceases in the AVG thrombosis, flow also stops in the 
artery; this causes the thrombus to extend up the artery as it did in this case.

The problem being experienced by this patient, recurrent thrombosis, should be 
addressed by performing a surgical revision on the arterial anastomosis to connect 
the AVG to the true brachial artery.
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Chapter 18
Swollen Arm with Suspected Arteriovenous 
Graft Infection

Gerald A. Beathard

 Case Presentation

The patient was a 52-year-old male who started on dialysis 4 months ago with a 
tunneled-cuffed catheter. The catheter has been exchanged twice because of poor 
flow. A loop graft was placed in the patient’s right arm forearm 10 days ago earlier. 
The patient was referred to the vascular access center because of swelling of his 
right arm and erythema over the course of the arteriovenous graft (AVG).

Examination of the patient revealed diffuse erythema over the course of the loop 
graft (Fig. 18.1). There was no fluctuance, no pain, and no exudation. The patient’s 
right arm was moderately swollen and this was diffuse.

After the patient was prepped and draped, an angiogram was performed which 
showed the presence of stenosis within the superior vena cava (Fig. 18.2). A vascu-
lar catheter was introduced into the left brachiocephalic vein, and a second angio-
gram was performed to further define the anatomy of the central veins. This showed 
no abnormality other than the previously noted stenotic site within the superior vena 
cava (Fig. 18.3). A guidewire was advanced through the site and into the inferior 
vena cava. The stenotic site was dilated with a 12 × 4 angioplasty balloon with good 
result. A post-procedure angiogram performed at that time showed visualization of 
the spirit superior vena cava and also the  azygos vein with radiocontrast outlining 
the cardiac and pulmonary venous structures (Fig. 18.4).
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Fig. 18.1 Appearance of 
patient’s right arm showing 
diffuse erythema over the 
entire course of the AVG. 
A Recently created 
incisions attesting to the 
fact that this access was 
recently placed

Fig. 18.2 Angiogram 
showing stenosis of 
superior vena cava. A Site 
of stenosis

Fig. 18.3 Angiogram 
performed using vascular 
catheter showing left 
brachiocephalic vein and 
stenotic lesion in superior 
vena cava. A Site of 
stenosis
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 Discussion of Case

This case demonstrates two important points. First, diffuse erythema over the entire 
course of a recently placed synthetic graft should not automatically lead to the 
assumption that the graft is infected. This is typical of what has been referred to as 
a dermal flare. It is thought to be related to irritation of the dermis by the tunneling 
that took place when the graph was inserted. A deep infection of the graft can cer-
tainly occur at this time but is more likely to be localized and associated with other 
findings such as exudation and fluctuance.

Second, while some localized swelling may be observed postoperatively follow-
ing the placement of a synthetic graft, diffuse swelling of the ipsilateral extremity is 
almost pathognomonic of a central vein stenosis. It is very unusual to observe this 
physical finding in the absence of such a lesion.

The prominence of the azygos vein on the post-angioplasty angiogram indicates 
that the obstruction caused by this lesion is at least partially compensated. The azy-
gos system is the primary contributor to collateral flow from an obstruction in this 
area.

Fig. 18.4 Post-angioplasty 
angiogram showing good 
result from treatment.  
A Site of stenosis in 
superior vena cava,  
B azygos vein, C the right 
atrium, D pulmonary veins
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Chapter 19
Arteriovenous Graft Thrombosed for 3 Years

Gerald A. Beathard

 Case Presentation

The patient was a 78-year-old male with a long history of chronic renal failure. 
The patient had open heart surgery 3 years ago which was complicated. At that time 
he experienced the deterioration of his renal function requiring dialysis. An arterio-
venous graft (AVG) was inserted at that time. After several months on dialysis, his 
renal function improved and dialysis was discontinued. Subsequent to that, his AVG 
thrombosed and since was no longer needed at that time, it was not treated.

Over the past 3 years, the patient’s renal function has slowly deteriorated to the 
point that he again needs to begin dialysis. With no functioning access, a decision 
was made to evaluate the old abandoned access to determine if it was salvageable. 
Upon examination the patient was found to have a loop brachial-basilic AVG in his 
left forearm. The graft was completely collapsed giving a “railroad-track” feel to 
palpation. Since the graft had been in place only for a short time before it had a 
spontaneous thrombosis, a decision was made to attempt salvage.

After the patient was prepped and draped, the access was cannulated just above 
the apex of the loop on the venous side. Because the graft was collapsed, the tech-
nique used for cannulation involved inserting the introducer needle with a very flat 
angle and going all the way through the graft. Then, using index finger as a fulcrum, 
the tip of the needle was lifted and the needle was slowly retracted. This process was 
continued until a sudden decrease in tension (a “pop”) was felt indicating that the 
needle tip had entered the space between the two layers of collapsed graft. At that 
point, an attempt was made to insert a straight hydrophilic guidewire.

Once the guidewire had entered the collapsed graft a short distance, the needle 
was removed and replaced with a dilator. The dilator was passed up to the tip of the 
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guidewire to stiffen it. This was followed by another attempt to advance the guide-
wire a short distance. Alternating between advancing the guidewire followed by an 
advancement of the dilator, the venous anastomosis was eventually crossed. The 
guidewire was then advanced up to the level of the central veins.

A second cannulation was made in a retrograde direction, just above the apex of 
the loop on the arterial side. A guidewire was then advanced up and across arterial 
anastomosis using the same techniques as described above. A third antegrade can-
nulation was made proximal to the arterial side site, and a guidewire was advanced 
around the loop of the access to overlap the guidewire which had been inserted at 
the venous site.

With these three guidewires in place (Fig. 19.1), an 8 × 4 angioplasty balloon 
was used in a sequential overlapping fashion to open the collapsed graft starting at 
the venous anastomosis and extending all the way to the arterial anastomosis 
(Figs. 19.2 and 19.3). At this time, an angiogram of the access revealed blood flow 
throughout the entire extent of the access (Fig. 19.4).

The newly opened AVG thrombosed overnight. The patient returned to the access 
center where a standard AVG thrombectomy was performed. This was easily accom-
plished without complication. The patient went from the access center to dialysis 
were the AVG was used successfully. At a 3-month follow-up, dialysis was continu-
ing with the access and the patient had encountered no further problems.

 Discussion

It is generally agreed that a thrombosed prosthetic bridge graft (AVG) should be 
treated in a timely manner [1]; however, time definitions are not standardized. The 
question is how long is too long? Cases that have been occluded for at least 72 h 
routinely treated successfully, i.e., the case that clots on Friday and presents for 

Fig. 19.1 Fluoroscopic 
view of access with three 
guidewires in place.  
A Guidewire covering loop 
of AVG, B guidewire 
covering venous side of 
AVG, C guidewire 
covering arterial side of 
AVG
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management on Monday. It is not infrequent that a patient will be referred for a 
thrombectomy who has been thrombosed for even longer periods. Experience with 
these cases has taught that although some can be successfully managed, one’s 
chances for success diminishes progressively with time.

As a general rule, the AVG that is completely collapsed, taking on a “railroad- track” 
appearance, is uniformly associated with salvage failure, so much so that it should not 
even be attempted. The reason for this relates to the fact that in most instances such a 
chronically thrombosed graft is the product of chronic problems related to vascular 
stenosis. Once the access is abandoned, it appears that this process continues to the 
point of complete obstruction. It is not possible to advance a guidewire across the 
venous anastomosis, the most common site for stenosis to occur in an AVG. It is of 

Fig. 19.2 Opening loop of 
AVG with angioplasty 
balloon. A Angioplasty 
balloon inflated

Fig. 19.3 Opening arterial 
anastomosis with 
angioplasty balloon.  
A Angioplasty balloon 
inflated
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interest that even in these cases, it may be possible to cross the arterial anastomosis; 
however, this is of no value since outflow cannot be restored.

There does appear to be one rare exception to this rule concerning a “dead” 
AVG.  Cases in which a recently created AVG thromboses in association with a 
return of renal function (recovery of renal function or transplantation) and has been 
left untreated. These can occasionally (not always) be “resuscitated” even after pro-
longed periods of occlusion. In one report, 13 cases that met the specific criteria of 
being placed only a short period of time prior to thrombosis (0.75 to 6 months) 
associated with a return of renal function and having been left untreated (3 months 
to 8 years) were attempted over a 12-year period. Salvage was possible in eight (62%) 
of these cases [2].
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Fig. 19.4 Angiogram of 
arteriovenous graft 
performed via vascular 
catheter passed across 
arterial anastomosis
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Chapter 20
Arteriovenous Graft Inflow Stenosis

Nabil J. Haddad, Anil K. Agarwal, and Arif Asif

 Introduction

Stenosis of arterial inflow reduces blood flow into the access circuit and can cause 
thrombosis of arteriovenous fistula (AVF) and arteriovenous graft (AVG) as well as 
failure of maturation of AVF. The inflow segment of AVG comprises of the portion 
of the feeding artery adjacent to the anastomosis, the artery-graft anastomosis and 
the first 2 cm of the graft [1]. Hemodynamically significant stenosis of the inflow 
segment is defined as narrowing of vessel lumen equal to or exceeding 50% of the 
adjacent normal vascular segment [2]. In this chapter, we discuss an example of 
inflow stenosis of AVG that was successfully treated with angioplasty.

 Case Presentation

A 66-year-old female with ESRD was on hemodialysis via a left forearm arteriove-
nous graft (AVG). She was noted to have a decline in access flow to less than 300 
mL/min with negative arterial pressure exceeding –300 mmHg while using 15-gauge 
needles for dialysis. She was referred to the access center for evaluation.
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On physical examination, the patient had a left forearm loop AVG with signifi-
cant accentuation of systolic bruit over the proximal arterial limb in the area of 
arterial anastomosis. There were no increased pulsations or aneurysmal dilatation of 
the AVG.

The patient underwent a shuntogram, which showed no significant intragraft ste-
nosis. The venous anastomosis, outflow vein, and central veins did not show ste-
notic lesion. With manual occlusion of the AVG, a retrograde arteriogram was done 
which showed about 70% stenosis of the arterial anastomosis (Fig. 20.1a, b). The 
AVG was then accessed in a retrograde fashion, and a 6-French sheath was placed. 
Using a 5 × 20-mm angioplasty balloon over a 0.035-inch Glidewire the arterial 
anastomosis was angioplastied with good results (Fig. 20.2). The patient was dia-
lyzed after the procedure with blood flow of 400 mL/min and adequate venous and 
arterial pressures.

 Discussion

Presence of 50% or more narrowing in the vessel diameter upon angiography usu-
ally correlates with a 75% reduction of the vessel cross-sectional area and is consid-
ered to be a hemodynamically significant stenosis in many vascular territories. It is 
well known that AVG has a higher rate of stenosis and thrombosis and requires 
higher rate of interventions than arteriovenous fistulae (AVF) [3]. Inflow stenosis 
causes inadequate dialysis and suboptimal flow and can lead to eventual failure of 
the access.

The frequency of arterial inflow stenosis has traditionally been reported to occur 
much less frequently in AVG than in AVF. It was reported to account for less than 2% 

Fig. 20.1 (a) Oblique compression-reflux angiogram of the inflow anastomosis of a forearm AVG 
demonstrates short-segment 50% stenosis at the inflow arterial anastomosis to the brachial artery. 
(b) Slightly different oblique view confirms presence of an approximately 50% anastomotic 
stenosis

N.J. Haddad et al.



107

of stenotic lesions in AVG compared to about 27% of stenotic lesions in AVF, while 
venous anastomosis and outflow vein stenosis rate was close to 80% of AVG stenotic 
lesions [4]. More recent studies have shown a higher incidence of arterial inflow 
stenosis in AVG than previously reported. Using retrograde arteriography, one study 
reported AVG inflow stenosis rate of 29% versus 40% in AVF [5]. A very similar 
(25%) incidence of arterial inflow stenosis was noted in another study utilizing ante-
grade angiography after advancing the angiography catheter in subclavian artery in 
patients with AVG [6]. Both the studies identified a significant number of these 
lesions to be in the proximal artery (17% and 23%, respectively). This finding illus-
trates the importance of a thorough evaluation of the entire inflow, not just the artery-
graft anastomosis, especially when the cause of poor inflow is not clear. Differences 
in the incidence of inflow stenosis among various studies are related primarily to the 
use of nonstandard definitions and retrospective design of the studies.

Both vascular access monitoring and surveillance are utilized in patients under-
going hemodialysis to detect presence of inadequate access function early so that an 
intervention can be made in time to avoid loss of access. Physical examination is 
combined with different surveillance techniques, which include direct access flow 
monitoring, duplex ultrasound, direct or derived static venous dialysis pressure 
measurements, and access recirculation calculation [7]. Physical examination may 
detect up to 80–90% of stenotic lesions in AVF in experienced hands though it may 
not be as accurate in case of AVG [8]. Signs and symptoms of arterial inflow steno-
sis include accentuation of systolic bruit over the arterial anastomosis in AVG, 
decreased access flow, difficult cannulation, inadequate dialysis adequacy, and high 

Fig. 20.2 After the angioplasty using a 5×20-mm angioplasty balloon, there is nearly complete 
disappearance of the angiographically visible stenosis

20 Arteriovenous Graft Inflow Stenosis
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negative arterial pressure during hemodialysis (below −200 mm Hg with 15-gauge 
needles and a blood flow of 400 ml/min) [7].

Arterial inflow stenosis is confirmed by angiography and usually responds to 
angioplasty [9]. Up to 100% clinical success rate has been reported [6], and patients 
with AVG stenosis had pre- and post-angioplasty access flows of 588 ± 192 mL/min 
and 1120 ± 427 mL/min, respectively [5]. With this high success rate, however, it is 
prudent to keep in mind that arterial anastomosis angioplasty may result in dialysis 
access-associated steal syndrome in the presence of arterial stenosis distal to the 
arterial anastomosis [10].

Angiographic visualization of clinically significant 50% or greater stenosis of 
the inflow anastomosis may be technically difficult due to the angle of takeoff of the 
graft relative to the inflow artery, due to the presence of overlapping arterial or 
venous branches in the vicinity of the inflow anastomosis, and due to the overall 
small size of the arterial anastomosis. There are a few angiographic techniques that 
could help overcome this challenge and demonstrate the presence of a stenosis in 
order to help confirm the clinical suspicion of an inflow stenosis and support the 
decision regarding treatment with balloon angioplasty. These include performing 
multiple oblique angiographic views of the anastomosis spanning at least a 90-degree 
arc. These oblique views can be obtained by turning the angiographic tube or by 
manually rotating the patient’s arm or forearm to obtain the proper angles of view. 
When a high degree of clinical suspicion is present supported by the technique 
delineated above, retrograde catheterization of the arterial inflow using a small 
(3-French or 4-French) angiographic catheter inserted retrograde via the graft could 
help demonstrate the stenosis by allowing direct injection of contrast.

It is possible for a clear angiographic demonstration of an anastomotic stenosis 
to elude even the most experienced and diligent interventionist, despite multiple 
angiograms in multiple oblique views. In such circumstances, if the clinical sce-
nario is highly suggestive of an inflow stenosis then a cautious trial of balloon 
angioplasty using a 4-mm balloon may be performed to help optimize flow and 
mitigate the risk of access failure. If performed in this empirical manner, in the set-
ting of a strong clinical suspicion of stenosis, then careful observation of the behav-
ior of the balloon and presence of a waist on the balloon during inflation could 
actually help provide additional information regarding the presence of an anasto-
motic stenosis. If a waist appears on the balloon and subsequently resolves, it could 
be a reliable sign that there was some degree of luminal narrowing at the anastomo-
sis. It is important to note that empiric angioplasty of an anastomotic inflow stenosis 
should be reserved for cases in which there is abundance of clinical evidence sug-
gesting presence of an inflow limiting lesion and should be performed after careful 
and systematic angiographic evaluation of the inflow vasculature and attempts to 
optimally demonstrate the anastomosis. In case of recurrence of inflow stenosis 
after angioplasty, it is possible to use a stent. Some cases may require surgical revi-
sion to correct the stenosis.
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Chapter 21
Arteriovenous Graft Peri-anastomotic Outflow 
Stenosis

Tushar J. Vachharajani and Arif Asif

 Case Presentation

A 91-year-old patient was receiving hemodialysis via forearm AVG. The patient 
noticed that it was taking over 30 min for the bleeding to stop after his dialysis 
needles were withdrawn at the end of each dialysis session. Further review of his 
dialysis records revealed that the dialysis technician had recorded frequent venous 
alarms and inability to achieve the prescribed pump speed. The AVG had become 
increasingly pulsatile and on auscultation had a high-pitched whistling sound at the 
peri-anastomostic region. The patient was referred for a fistulogram which revealed 
an outflow stenosis at the peri-anastomotic region, which was successfully angio-
plastied (Fig. 21.1). The patient was able to receive his regular dialysis following 
this procedure.

 Discussion

Arteriovenous graft (AVG) is a vascular conduit created by using a synthetic 
 material to connect an artery and vein. AVG conduit is used for dialysis when native 
vessels are unsuitable to create the preferred arteriovenous fistula. The most com-
monly used synthetic material is polytetrafluoroethylene (PTFE). Several other 
materials have been used and include polyurethane, cryopreserved vessel, bovine 
vessel, and bioengineered vein.
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AVG conduit can be created at various locations in the upper and lower extremity 
in loop or straight configuration. Exotic locations have been used such as axillary 
artery to popliteal vein, renal artery to renal vein, necklace AVG, and axillary artery 
to atrial appendage when all of the common access sites in the upper and lower 
extremity are exhausted. PTFE graft is generally 6 mm wide for upper extremity 
conduits and 8  mm wide for lower extremity conduit. The ends can be straight, 
tapered, or hooded. Generally, AVG can be easily cannulated for dialysis therapy 
within 2–3 weeks of surgery.

 Peri-anastomotic Stenosis

The most common complication encountered with an AVG is the development of 
venous peri-anastomotic stenosis. The graft-vein anastomotic site stenosis is 
reported in nearly 60% of dysfunctional AVGs. The progressive worsening of steno-
sis over time leads to reduction in blood flow eventually leading to AVG thrombosis. 
The patency of AVG depends on timely diagnosis and intervention of stenosis. 
Nearly 90% of all thrombotic events in an AVG are associated with an underlying 
stenosis.

Fig. 21.1 Forearm loop arteriovenous graft. (a) Peri-anastomotic stenosis, (b) waist on the bal-
loon, (c) post-angioplasty image with resolution of stenosis
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 Pathogenesis

The progressive development of neo-intimal hyperplasia at the peri-anastomotic 
region leads to reduction of luminal diameter increasing resistance to blood flow 
and eventual thrombosis of AVG. The process of neo-intimal hyperplasia is believed 
to be related to various factors that include (1) shear stress, (2) turbulence, (3) bio-
incompatibility between native vein and PTFE leading to immune-mediated injury, 
(4) surgical trauma, (5) injury related to frequent needle cannulation during dialysis, 
and (6) uremic milieu and endothelial dysfunction. The stenotic lesion is character-
ized on histopathology by increased intimal thickening from smooth muscle prolif-
eration, extracellular matrix, and angiogenesis in the neo-intimal and adventitial 
layers [1].

 Diagnosis

A regular monitoring and surveillance protocol in the dialysis unit can help with the 
diagnosis of peri-anastomotic stenosis. Monitoring of AVG involves routine physi-
cal examination before each dialysis treatment and feeling for a soft pulse and con-
tinuous thrill during both systolic and diastolic phases of cardiac cycle. As the 
degree of stenosis progresses and becomes significant, the thrill diminishes and 
AVG becomes pulsatile, which is recognized by a bounding pulse. On auscultation 
with worsening stenosis, the soft continuous bruit becomes a high-pitched sound 
often described as a “whistling” sound [2] [Multimedia sound]. A thorough physical 
examination (monitoring) has a high specificity and sensitivity to diagnose peri- 
anastomotic stenosis. Several surveillance measures such as access blood flow mea-
surements, static venous pressure measurements, or duplex ultrasonography study 
may be used as additional tools to diagnose peri-anastomotic stenosis.

Along with following the trends in monitoring and surveillance techniques, 
changes in clinical findings such as prolonged bleeding after withdrawal of dialysis 
needles (bleeding for more than 15–20 min), poor solute clearance despite compli-
ance with dialysis therapy, and frequent tripping of venous alarms on the dialysis 
machine are clues that point toward worsening outflow stenosis.

Most definitive method to confirm a peri-anastomotic stenosis is to perform a 
fistulogram. A stenosis is considered significant on a contrast study if the peri- 
anastomotic region is narrow by more than 50% compared to the adjacent vein.

21 Arteriovenous Graft Peri-anastomotic Outflow Stenosis
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 Treatment

The treatment options for peri-anastomotic stenosis include endovascular or surgi-
cal therapy. The endovascular therapy has distinct advantages since it is minimally 
invasive, can be performed in an outpatient setting, and helps maintain dialysis 
therapy schedule. The procedure involves cannulating the access and placing a 
venous sheath and confirming the presence of significant stenosis on a contrast 
study. A guide wire is then advanced through the sheath followed by an appropriate 
sized noncompliant angioplasty balloon. The balloon is inflated over the stenotic 
segment until the balloon waist is completely effaced. A follow-through contrast 
study is performed to confirm dilatation of the lesion and absence of any 
complications.

 Outcome

Immediate outcome is almost always successful. The lesion tends to recur over a period 
of time requiring close monitoring for recurrence and timely intervention to maintain 
AVG patency. Generally, the lesions tend to recur at 6–9 monthly intervals [3].
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Chapter 22
Arteriovenous Graft with Traumatic Fistula

Gerald A. Beathard

 Case Presentation

The patient was 72-year-old male who had been on dialysis for 6 years using the 
same forearm loop graft in the left arm. The patient was referred to the dialysis 
vascular access center because of confusing findings on physical examination 
detected by the nurse. On physical examination, the patient was found to have a 
large pseudoaneurysm at both the arterial and at the venous cannulation sites. The 
arterial side of the graft was pulsatile with a continuous thrill and bruit. Proximal to 
the pseudoaneurysm at the venous cannulation site, there was no pulse, thrill, or 
bruit. When a dialysis needle was inserted into this area, there was no blood flow.

Examination of the patient at the access center confirmed the nurse’s physical 
findings. In addition a continuous thrill was present over the pseudoaneurysm at 
the venous cannulation site, and there was a large vein on the posterior lateral 
aspect of the forearm, which demonstrated a strong pulse when manually occluded 
proximally.

After the patient was prepped and draped, the arteriovenous graft (AVG) was 
cannulated just above the apex of the loop on the venous side. An angiogram was 
performed which showed the large pseudoaneurysm with blood flow going directly 
into the venous system via the large vein noted on physical examination. There was 
no evidence of blood flow above the pseudoaneurysm on the venous side of the AVG 
(Fig.  22.1). When the angiogram was repeated with the large vein manually 
occluded, numerous venous collaterals in the forearm were apparent (Fig. 22.2). A 
third angiogram was performed through a cannulation site on the arterial side of the 
loop. This showed that this side of the access was patent (Fig. 22.3).
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 Discussion

This case is an example of a traumatic fistula occurring in an AVG. The mechanism 
by which this occurs is the cannulation needle passing through the wall of the access 
(in this case the pseudoaneurysm) and entering a vein. When this occurs, if the 
resistance to flow in the graft is higher than that in the perforated vein, a fistula will 
develop. Stenosis at the venous anastomosis is a very common occurrence with an 
AVG; this was undoubtedly a contributing factor to the development of this lesion.

There are two approaches to the treatment of such a fistula. First, the site of the 
arteriovenous communication can be covered with a stent graft. Prior to this proce-
dure, a thrombectomy would need to be performed on the portion of the AVG above 

Fig. 22.1 Initial 
angiogram showing 
arteriovenous 
communication between 
pseudoaneurysm  
and venous system.  
A Accessory cephalic vein 
connecting to upper arm 
cephalic vein, B median 
antebrachial vein 
connecting to median 
cubital vein,  
C pseudoaneurysm

Fig. 22.2 Angiogram with 
manual occlusion of 
primary venous outflow of 
fistula. A Fistula 
connection between 
pseudoaneurysm and 
venous system,  
B pseudoaneurysm  
and graft, C vein
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the fistula. Since it is probable that the venous anastomosis is stenotic, it would also 
need to be treated. Second, the patient could be referred to surgery for revision. 
Since the patient has two large pseudoaneurysms, these could be addressed at the 
same time.

In a case such as this, one should not ignore the fact that the veins, which have 
been involved in the fistula, could very well be excellent candidates for the creation 
of a secondary fistula.

Fig. 22.3 Composite 
angiogram obtained  
with arterial side injection. 
A Fistula connection,  
B graft, C draining veins
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Chapter 23
Pseudoaneurysm Treated with Stent Graft

Gerald A. Beathard

 Case Presentation

The patient was a 48-year-old male who had been on dialysis for 6 years who was 
referred to the vascular access center because of poor flow in his left upper arm loop 
arteriovenous graft (AVG). Examination revealed that the patient had a large pseu-
doaneurysm at the venous cannulation site on the AVG.  The AVG was hyper- 
pulsatile, and there was a marked thrill present over the venous anastomosis. After 
the patient was prepped and draped, an angiogram was performed which showed 
marked stenosis of the venous anastomosis. This was successfully treated with 
angioplasty. The angiogram also revealed a large irregularly shaped pseudoaneu-
rysm (Fig. 23.1). It was decided to treat this defect with a stent-graft. A 10 × 8 stent-
graft was inserted through a sheath and positioned across the pseudoaneurysm 
(Fig. 23.2). After it was deployed, an 8 × 4 angioplasty balloon was inflated within 
the stent-graft to assure good apposition with the wall of the AVG (Fig. 23.3). And 
angiogram performed after the procedures showed that the pseudoaneurysm had 
been excluded from the lumen and that there was good flow throughout the AVG 
(Fig. 23.4). In order to collapse the pseudoaneurysm, the blood and old thrombus 
within it was then evaculated using a large gage needle attached to a syringe.
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 Discussion

Since the development of pseudoaneurysm is a frequent event in patients receiving 
dialysis with an AVG, decisions related to their management are an important aspect of 
the medical practice related to dialysis vascular access. There is general agreement that 
a pseudoaneurysm is treated most effectively by surgery. However, in recent years 
there have been a number of reports of cases treated with stent- grafts [1–7]. Although 
there is a serious question as to the cost- effectiveness of a stent-graft versus surgery, 
this can be an effective approach to the problem. There are drawbacks, however. The 
treatment of a pseudoaneurysm with a stent-graft is not always successful [7]. The 
pseudoaneurysm is generally associated with increased intravascular pressure due to a 

Fig. 23.1 Angiogram of 
arteriovenous graft. A 
Pseudoaneurysm

Fig. 23.2 Positioning of 
stent across the mouth of 
pseudoaneurysm. A Stent 
graft
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downstream stenosis. Prior to the treatment of the pseudoaneurysm, the access outflow 
should be evaluated for stenosis, and all stenotic lesions should be treated. It has been 
recommended that very careful angiographic visualization be made in order to deter-
mine the size of the mouth of the pseudoaneurysm [8]. A pseudoaneurysm with a large 
mouth is difficult to treat and may predispose to herniation of the stent-graft into the 
deformity. It is also important to use a stent- graft that is long enough so that there will 
be approximately a 1 - 2 cm normal graft landing zone on either side of the pseudoan-
eurysm. Failure to do this can lead to leakage around the stent-graft and refilling of the 
pseudoaneurysm.

Prior to beginning the procedure, a careful physical examination of the access 
should be made to exclude the presence of skin necrosis or an infection, both of 
which should be considered a contraindication to the procedure.

Fig. 23.3 Angioplasty 
balloon being used to seat 
stent graft and assure good 
wall apposition. A 
Angioplasty balloon

Fig. 23.4 Post-procedure 
angiogram showing stent 
graft in place with no 
evidence of filling of 
pseudoaneurysm and good 
flow throughout the 
arteriovenous graft
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When used for this purpose, the stent graft is frequently placed within the cannula-
tion zone of the AVG. While cannulation can be performed successfully through the 
device, it can predispose to complications [7, 9, 10]. It has been recommended by 
some that if a stent-graft is used to treat a pseudoaneurysm, it not be cannulated [7, 10].

Two major complications have been reported in association with treatment of 
pseudoaneurysms with stent-grafts – infection and perforation of the skin by a frac-
tured strut of the stent-graft. Both of these are felt to be related to cannulating through 
the stent-graft. Cannulation of the AVG through the stent- graft eventually results in 
fracture of some of the struts that compose its nitinol framework [7]. It is possible for 
the fractured strut to perforate the skin of the patient and, in addition to providing an 
obvious route for infection into the AVG, present the opportunity for injury to the 
dialysis staff as they cleanse and cannulate the access [10].
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Chapter 24
Superior Vena Caval Stenosis

Gerald A. Beathard

 Case Presentation

The patient was a 52-year-old male who has been on dialysis for 4 months using a 
right internal jugular tunneled dialysis catheter. The patient had a loop graft placed 
in his right forearm 10 days ago. He was referred to the dialysis access center 
because of swelling of the right arm.

Physical examination revealed the presence of a newly placed loop graft in the 
right forearm. The right arm was markedly swollen. There was evidence of old 
catheter placements on both sides of the patient’s thorax.

After the right arm was prepped and draped, an angiogram was performed 
(Fig. 24.1, arrow). This showed that all veins were patent up to the level of the lower 
superior vena cava. An area of severe stenosis was noted at that point. It was possi-
ble to pass a guidewire through this lesion down into the inferior vena cava. 
Angioplasty was performed using a 14 × 4 angioplasty balloon with good result 
(Fig. 24.2, arrow). A post-angioplasty angiogram showed good flow through the 
superior vena cava (Fig.  24.3). In addition, the azygos vein which has not been 
visualized earlier was apparent and was greatly enlarged (Figs.  24.3 and 24.4, 
arrow).

By the following day, the patient’s arm swelling had resolved, and the patient 
was able to dialyze without problems.
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 Discussion

This represents a typical case in which previous tunneled dialysis catheters have 
had resulted in central venous stenosis, which became evident once the peripheral 
access is created. 

Although the problem can develop without an identifiable antecedent [1], central 
vein stenosis is generally the result of an identifiable instance in which a foreign 
indwelling object was introduced. The most common culprit is the central venous 
catheter. In general, the frequency of central venous stenosis is directly proportional 
to the frequency of dialysis catheter usage. The location of the central venous lesion 

Fig. 24.1 Initial 
angiogram showing 
stenosis of superior vena 
cava (arrow)

Fig. 24.2 Angioplasty of 
stenotic lesion showing full 
effacement of angioplasty 
balloon (arrow)
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is variable depending somewhat upon the vein into which the catheter was  introduced. 
With internal jugular placement, the brachiocephalic is the vein most commonly 
affected.

In the dialysis patient, central venous flow and pressure is markedly increased 
due to the diversion of arterial flow into the venous circuit. Central venous obstruc-
tion or even non-obstructive stenosis makes the patient particularly vulnerable to the 
development of severe, progressive edema of the ipsilateral arm, shoulder, breast, 
neck, and face [2–5]. Pleural effusion and even a superior vena caval syndrome can 
be produced. These symptoms cause considerable patient discomfort and place the 
patient at risk for serious complications. Dialysis therapy becomes increasing dif-
ficult due to problems with cannulation.

Fig. 24.3 Post-procedure 
angiogram showing good 
flow in superior vena cava. 
Arrow indicates the 
opening of the azygos vein 
seen on end

Fig. 24.4 Appearance of 
late frames of angiogram 
showing azygos vein 
(arrows)

24 Superior Vena Caval Stenosis
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It is of interest that a peripheral lesion even as far proximal as the axillary vein 
rarely causes edema of the ipsilateral extremity while just a few centimeters more 
central, a lesion of the same severity will cause massive edema. In fact, this symptom 
is considered to be diagnostic of central vein stenosis. The most probable explana-
tion for this relates to the fact that the central vein is the final common pathway for 
all blood drainage from the extremity. When it is obstructed, the increased resistance 
to flow that is created affects all of the venous structures in the extremity. This global 
increase in venous pressure causes the exudation of fluid into the tissue. Stenosis 
anywhere more peripheral causes only a local effect; other veins provide a free outlet 
allowing the extremity to avoid a generalized increase in venous pressure.

Angioplasty has become the standard of care as the first-line treatment of these 
lesions. Multiple studies have demonstrated a variable technical success rate rang-
ing from 70% to 90% [6–13]. The primary and cumulative patency rates for PTA 
treatment of CVS have demonstrated wide variability. The reported 6-month pri-
mary patency rate has ranged from 23% to 63% with a cumulative patency rate 
range of 29–100%. The 12-month primary patency rate range has been 12–50% 
with a cumulative patency rate range of 13–100% [6–13].

When there is obstruction to blood flow in the central venous system, the major 
route for collateral flow is retrograde flow through any venous channels connected 
to the superior vena cava . However, in this instance, flow in the system is retrograde 
routing the venous drainage of the thoracic central venous system. The retrograde 
flow directs blood either beyond the point of obstruction to the superior vena cava 
or carries the throacic central venous blood to the inferior vena cava. This later situ-
ation was obviously the case in this patient judging by the marked enlargement of 
the azygos vein that was noted on the post-procedure angiograms.
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Chapter 25
Thrombosed Infected Graft

Gerald A. Beathard

 Case Presentation

The patient was a 38-year-old female who had been on dialysis for 6 months with a 
left forearm loop graft who was referred to the dialysis access clinic because of 
thrombosis. After the patient was prepped and draped, the graft was cannulated 
using an 18 ga introducer needle slightly above the apex of the loop on the venous 
side of the graft. A guidewire was introduced, and the needle was removed. At this 
time, purulent material began to exude from the cannulation site (Fig. 25.1). The 
procedure was discontinued, and the patient was referred to the hospital for man-
agement. Blood cultures performed at the hospital were negative; however, purulent 
material draining from the graft was positive for Staphylococcus epidermidis.

 Discussion

Infection of the AVG is a serious complication. It has been reported to account for 
20% of all dialysis access complications [1] and to be the second leading cause of 
graft loss. Additionally it is the second most common cause of death in this group 
of patients [2–5]. In one report, infection was reported to occur at a frequency of 1.3 
episodes per 100 dialysis months and be associated with bacteremia at a rate of 0.7 
cases per 100 dialysis months [6]. In a prospective Canadian study in which surveil-
lance for hemodialysis-related bloodstream infections was performed in 11 centers 
during a 6-month period, it was found that the relative risk for bloodstream infection 
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with an AVG access was 2.5 per 1000 dialysis procedures. This was in comparison 
to a rate of 0.2 in patients receiving dialysis via an arteriovenous fistula (AVF) [7].

The diagnosis of an infected graft is usually evident on physical exam, but it is 
not uncommon for these patients to present with atypical symptoms and a lack of 
clinical findings. In some instances, the first indication of an infection is when the 
graft is cannulated and puss is extruded. In these cases, the graft is generally throm-
bosed, and the clinical picture elicited is an indication that the infection is actually 
within the graft lumen rather than around it.

An interesting aspect of this case is the question - what would have happened if the 
thrombosed graft had been abandoned rather than making an attempt to salvage? The 
patient was asymptomatic, and there was no external evidence of graft infection, yet 
the lumen was filled with purulent material. There are reports of dialysis patients pre-
senting with fever of unknown origin being found to have evidence of infection in an 
old abandoned graft [8–13]. It is reasonable to postulate that had this graft been aban-
doned, this patient might eventually fall into this category.
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Chapter 26
Arteriovenous Thigh Graft Cannulated 
from Contralateral Side

Gerald A. Beathard

 Case Presentation

The patient was a 29-year-old female with a left thigh graft referred to the dialysis 
access center because of low blood flow. The patient had been on dialysis for 8 years 
and had multiple catheters and prior arteriovenous accesses. She was known to have 
bilateral jugular and subclavian vein occlusions. Examination of the access revealed 
that it was hyper-pulsatile with a high-pitched bruit present over the venous 
anastomosis

After the patient was prepped and draped, the arteriovenous graft (AVG) was 
cannulated, and an  angiogram was performed (Fig.  26.1). This showed that 
the patient had severe stenosis at the venous anastomosis. Multiple attempts to pass 
a guidewire across anastomosis were unsuccessful. While attempting to pass the 
guidewire, the access thrombosed. At this time, the right femoral vein was cannu-
lated, a sheath was inserted, and a guidewire was introduced. Using a Kumpe vas-
cular catheter, the guidewire was directed into the left common iliac vein at the level 
of the bifurcation of the inferior vena cava. The guidewire was then advanced down 
the iliac vein (Fig. 26.2). Using the vascular catheter, it was possible to cross the 
venous anastomosis of the AVG. An 8 × 4 angioplasty balloon was introduced over 
the guidewire and advance down to the stenotic lesion, which was dilated (Fig. 26.3). 
A post-angioplasty angiogram showed a good result (Fig. 26.4).
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 Discussion

In AVG cases with severe stenosis of the venous anastomosis, it may be very diffi-
cult to pass a guidewire across the site. Frequently, the use of a vascular catheter to 
stiffen the wire and direct its tip leads to success. However, there are instances in 
which even after multiple attempts, the stenotic lesion cannot be crossed. In these 
cases, advancing the guidewire from the opposite direction may solve the problem.

Fig. 26.1 Initial 
angiogram. A External iliac 
vein, Bvenous anastomosis 
showing severe stenosis

Fig. 26.2 Course of 
guidewire. A Guidewire 
passing the iliac of right 
side, B guidewire 
extending down through 
the iliac of left side and 
across venous anastomosis
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Fig. 26.4 Post-angioplasty 
angiogram. A Site of lesion

Fig. 26.3 Angioplasty of 
venous anastomosis. A Site 
of lesion
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Chapter 27
Central Vein Stenosis with Angioplasty Prior 
to Catheter Placement

Gerald A. Beathard

 Case Presentation

The patient was a 54-year-old female who had been on dialysis for proximally 6 
years. During this period of time, the patient has had several central venous dialysis 
catheters and several peripheral arteriovenous accesses. The patient was referred to 
the vascular access facility for the placement of a cuffed tunneled catheter to use as 
a bridge until her newly placed left brachial-basilic transposition fistula matured.

Physical examination revealed several old peripheral arteriovenous accesses 
which had been abandoned, as well as a newly placed left upper arm fistula. The 
patient had several scars in the subclavicular area bilaterally indicating sites of pre-
vious cuffed tunneled catheters. Ultrasound examination of the patient’s right inter-
nal jugular vein revealed that it was patent. However, it did not dilate significantly 
with a Valsalva maneuver.

It was decided to cannulate the right internal jugular vein and evaluate with an 
angiogram to determine if it would be usable for catheter placement. The vein was 
cannulated with a micropuncture needle using ultrasound guidance, and an angio-
gram was performed. This study (Fig. 27.1) showed that although the vein was pat-
ent, there was marked stenosis of the central portion of the vein with the presence of 
multiple collaterals. A 0.35 inch guidewire was inserted and passed into the inferior 
vena cava. A sheath was inserted at the cannulation site, and the internal jugular vein 
was dilated using a 10 mm × 4 cm angioplasty balloon (Fig. 27.2). After the dilata-
tion, the stenotic area was significantly improved (Fig. 27.3). A 28 cm cuffed tun-
neled dialysis catheter was then inserted (Fig. 27.4).

The catheter functioned well when tested using a 10 mL syringe. The patient was 
sent to the dialysis facility where dialysis was performed without difficulty.
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 Discussion

Stenosis of the internal jugular vein among today’s dialysis population is not an 
unusual finding. The challenge is in finding a site suitable for catheter insertion 
when the need arises. In this case, a problem with the vein was suspected at the time 
it was evaluated with ultrasound because of failure of the vein to dilate significantly 
with a Valsalva maneuver. In these cases, if the vein can be cannulated it is worth-
while to do so in order to completely evaluate the anatomy. Some of these are sal-
vageable as was the case in this patient. If it is possible to pass a guidewire, an 
angioplasty balloon can be used to treat the stenosis. In this case, cannulation of the 
vein at the optimal catheter insertion site was possible since the problem was lower 

Fig. 27.1 Initial 
angiogram showing 
stenosis of internal jugular 
vein. A Cannulation site, B 
stenotic area

Fig. 27.2 Angioplasty of 
stenotic zone
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down. Once this area had been dilated, insertion of the catheter was easily 
accomplished.

In a case such as this, removal of the catheter at a later date may be followed by 
a loss of the access site since the process of sclerosis was already far advanced at the 
time of placement and will very likely progress. In a patient who is totally catheter 
dependent, this loss would be very problematic. In such a case, a plan for continued 
dialysis access should be made in advance. Such a patient might be an excellent 
candidate for a HeRO device as long as the venous access is available.

Fig. 27.3 Post-angioplasty 
angiogram. A Previously 
stenotic zone

Fig. 27.4 Tunneled 
catheter in place

27 Central Vein Stenosis with Angioplasty Prior to Catheter Placement



143© Springer International Publishing AG 2017 
A.S. Yevzlin et al. (eds.), Dialysis Access Cases, 
DOI 10.1007/978-3-319-57500-1_28

Chapter 28
Catheter Placement in a Stenotic Central Vein

Alexander S. Yevzlin

 Case Presentation

A 54-year-old male was referred for hemodialysis initiation in the setting of multi-
ple myeloma requiring chemotherapy.

After informed consent was obtained, the patient was prepped and draped in the 
usual sterile fashion overlying the right side of the neck and chest, and 15 mL of 
lidocaine was administered in the area overlying the right side of the neck and chest. 
Ultrasound guidance was used to localize the right internal jugular vein. Cannulation 
was performed on the RIJ vein with a 4-French introducer needle. A wire was 
inserted into the needle under fluoroscopic guidance but could not be passed into the 
right atrium. An introducer was then passed over the wire and the wire was removed.

A central venogram was performed revealing a severe SVC stenosis (Fig. 28.1). 
The 4-French introducer was hence changed to a 6-French introducer, and a hydro-
philic guidewire and guide catheter were used to cross the lesion. An 8 mm × 4 cm 
angioplasty balloon was introduced over a wire. Balloon angioplasty was performed 
applying 15  atm pressure for 20 s. Post-angioplasty venogram revealed stenosis 
<50% (Fig. 28.2).

Subsequently a 1-cm incision was performed at the insertion point of the dilator 
as well as below the clavicle, and a tunnel was created using blunt dissection from 
the two incision points. Next, a 23-cm cuffed dialysis catheter was inserted into the 
lumen of the tunnel. Under fluoroscopic guidance, a dilator-introducer combination 
was then inserted into the central vasculature. The dilator and wire were then 
removed, and the catheter was inserted into the introducer. The introducer was 
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peeled away. Syringe suction revealed good blood flow. Fluoroscopy revealed good 
placement of the catheter at the right atrial-central vein stenosis (SVC) junction. 
A 2-0 silk was used to close the insertion point below the clavicle and the base of 
the neck.

Fig. 28.1 Microcatheter central venogram revealing a severe central stenosis cephalad to a chroni-
cally indwelling left chemo port

Fig. 28.2 (a) Central venogram revealing stenosis (90%) and associated thrombus. (b) Post- 
intervention central venogram revealing improved vasculature for catheter placement
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 Discussion

The precise mechanism of central vein catheter (CVC)-associated CVS remains 
largely undefined [1]. A number of factors associated with the catheters themselves, 
the position of the foreign body against the vessel walls and the uremic milieu and 
consequent inflammation, all interact to produce CVS. One issue that has been 
identified is that of turbulent flow and its effect on vascular biology. Turbulence has 
been shown to cause platelet aggregation and deposition and endothelial hyperpla-
sia [2–4].

Several studies have described a surprisingly high proportion of CVS among HD 
patients who did not have a history of CVC placement [5, 6]. One study evaluated 
the use of venography to identify central vein anatomic abnormalities in 69 con-
secutive patients undergoing percutaneous placement of tunneled RIJ vein cathe-
ters. In 29 cases (42%), venography showed evidence of unexpected stenosis and/or 
angulation of the central veins of sufficient severity to warrant additional fluoros-
copy during insertion of the dilators or abandonment of the procedure. Patients who 
had previously had tunneled internal jugular catheters had more than double the 
incidence of such abnormalities than those who had not.

Given the above observations and ubiquitous use of catheters at HD initiation in 
the USA (80% of incident US patients are dialyzed via catheter), the modern inter-
ventionalist must be able and willing to salvage as many diseased vessels as possi-
ble rather than abandoning the stenosed vein.
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Chapter 29
Catheter Placement in a Collateral Vein

Alexander S. Yevzlin

 Case Presentation

A 32-year-old female, type I diabetic since early childhood, presented with an 
infected groin hemodialysis (HD) catheter. She had multiple failed HD and perito-
neal dialysis (PD) accesses and was not a transplant candidate due to a high panel 
reactive antibody (PRA). An attempt was made to evaluate her central vasculature 
for placement of a catheter through a collateral vein into the right atrium.

After informed consent was obtained, the patient was prepped and draped in the 
usual sterile fashion overlying the right side of the neck and chest. Using US guid-
ance the left chest collateral was accessed with a 4-French micro-catheter, and 
angiogram was performed (Fig. 29.1a). This revealed no direct path into the right 
atrium and multiple collateral vessels on the chest wall. The catheter was redirected 
to an alternate collateral, and an angiogram revealed a “bird’s beak” lesion 
(Fig. 29.1b).

A hydrophilic guide catheter and a straight hydrophilic wire were inserted into 
the lesion and aggressively manipulated into the central vasculature. Angioplasty 
balloon 8 × 40 mm was advanced over the wire and inflated to 10 atm. Post interven-
tion angiogram is showed in Fig. 29.2. A 12 × 40 mm angioplasty balloon was then 
advanced into the SVC and inflated ×3 to 15 atm. Angiogram revealed patent flow 
from the collateral vessel to the right atrium.

A tunnel was then created from the chest wall below the clavicle to the insertion 
point of the introducer into the collateral vessel. A 23-cm tunneled HD catheter was 
inserted into the tunnel. A peel-away sheath was inserted into the right atrium under 
fluoroscopic guidance. The dilator was removed, and the catheter was inserted into 
the sheath. The sheath was peeled away. Syringe suction revealed good flow. 
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Fig. 29.1 (a) Micro-catheter central venogram revealing minimal flow into the central vascula-
ture. (b) Redirected catheter injection into alternate collateral reveals a “bird’s beak” lesion

Fig. 29.2 Post intervention angiogram
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Fluoroscopy revealed good placement in the right atrial superior vena cava (SVC) 
border junction. A 2-0 silk was used to close the insertion point and exit sites.

 Discussion

The pathophysiology noted in the case described resulted from a combination of 
related factors. The position of the foreign body against the vessel walls and the 
uremic milieu and consequent inflammation all interact to produce central vein ste-
nosis (CVS). The mediator between these two factors is turbulent flow and its effect 
on vascular biology.

Given the importance of central vein catheter (CVC) contact with vessel wall in 
the pathogenesis of CVS, anatomic considerations that minimize this contact are 
crucial in selecting the placement location. Perhaps because they are widely 
regarded as having the least contact with the vessel walls, the right internal jugular 
(RIJ) CVC is considered the best choice [1–5]. A catheter inserted through the left 
internal jugular vein (LIJ), for instance, must cross a complex anatomic pathway, 
which includes the angulations between the LIJ, left brachiocephalic vein, and 
superior vena cava. These angulations are readily apparent on fluoroscopy and have 
been implicated in the higher complication rates of left-sided catheters [6–8].

Central venous stenosis is a frequent complication of CVC placement and pro-
longed use with a complex pathophysiology that remains largely undefined. Despite 
the impressive impact of national guidelines to improve fistula prevalence, CVC 
placement rates remain substantially higher than that stipulated by the same guide-
lines. As the treatment outcomes of CVC-associated CVS, either with percutaneous 
transluminal angioplasty (PTA) alone, with primary stent placement (PTS), or with 
surgery, have been disappointing, catheter avoidance remains the best strategy.
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Chapter 30
Catheter Placement in the External  
Jugular Vein

Muhammad Karim and Alexander S. Yevzlin

 Case Presentation

A 63-year-old right-handed man with a glomerular filtration rate (GFR) of 7 ml/min 
was referred to Interventional Nephrology for placement of a tunneled hemodialysis 
catheter due to the onset of uremic symptoms. Physical examination revealed a 
prominent REJ. Ultrasound of the neck revealed absence of the right internal jugular 
(RIJ) and a normal left internal jugular (LIJ). Ultrasound was further used to char-
acterize the veins of the left upper extremity for future access planning, revealing 
adequate veins for a future left arm arteriovenous fistula (AVF).

After obtaining informed consent, the patient was prepped and draped in the 
usual sterile fashion overlying the right-hand side of the neck and chest. Ultrasound 
was used to visualize the veins of the neck, revealing very small right internal jugu-
lar (IJ) and very generous right external jugular (REJ) and very small LIJ. Valsalva 
maneuver demonstrated an increment in the size of the REJ. After local anesthesia, 
this vein was cannulated under ultrasound guidance using a micropuncture needle. 
A guidewire was inserted into the lumen of the external jugular (EJ) vein and 
manipulated under fluoroscopic guidance into the central vasculature. A dilator- 
introducer combination and 4-French micropuncture were introduced over the wire 
to the EJ vein. The dilator and wire were removed. Contrast was injected to define 
venous anatomy, which revealed tortuous EJ vein that communicated with the cen-
tral vasculature (Fig. 30.1). A guidewire (0.035 cm) was then inserted and navigated 
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under fluoroscopic guidance into the central vasculature. A 1-cm incision was made 
at the insertion point of the wire and introducer as well as below the clavicle after 
15 ml of subcutaneous lidocaine was administered in the subcutaneous tissues of the 
neck and chest wall. Blunt dissection was used to create a tunnel from the two inci-
sion points, and a catheter was inserted into the tunnel. The 4-French introducer was 
removed, and serial dilation was used to dilate the track from the skin, through the 
EJ vein, into the central vasculature under fluoroscopic guidance. A 16.5-Fr dilator- 
introducer combination was advanced into the central vasculature over the wire 
under fluoroscopic guidance. The dilator and wire were removed. The catheter was 
inserted and the sheath peeled away. The tip of the catheter was positioned in the 
atrium. There were no procedure-related complications.

 Discussion

Most commonly, the IJ vein is used as an access site, followed by the femoral vein. 
The subclavian vein was used historically as a site for dialysis catheter placement, 
but is now avoided given higher rates of central vein stenosis and obstruction (42%) 
compared to IJ vein placement [1, 2]. The EJ vein is another site that can be used to 
obtain vascular access [3]. The vein can also be used as a site for both non-tunneled 
and tunneled dialysis catheters, with outcomes comparable to both right and left IJ 
catheter insertions [4–6].

It is important to understand the anatomy of the EJ vein and its relation with the 
surface anatomy. The EJ vein is formed by the union of the posterior auricular vein 
and retromandibular vein immediately posterior to the angle of the mandible. The 
EJ vein runs anterior to the sternocleidomastoid muscle and, at the base of the neck, 
drains into the subclavian vein. The position of the EJ in relation to the surface 

Fig. 30.1 Central 
venograms via right 
external jugular vein. Note 
tortuous course of right 
external jugular vein
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anatomy can be estimated by a line drawn from the angle of the mandible to the 
middle of the clavicle.

In a study of 301 patients with EJ catheter placement, major complications 
included malposition (2.7%) and hematoma formation (2.7%). There were no severe 
complications such as nerve injury, pneumothorax, or arterial bleeding [7].

Given the importance of preserving the central vasculature on the ipsilateral side 
of an AVF or potential AVF, the EJ may be preferable to the IJ in certain 
circumstances.
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Chapter 31
Tunneled Femoral Hemodialysis Catheter 
Placement

Alexander S. Yevzlin

 Case Presentation

A 37-year-old female with end-stage renal disease (ESRD) presents with a femoral 
tunneled hemodialysis catheter that “fell out.” The patient has had multiple previous 
access surgeries and multiple central catheters with known left and right subclavian 
vein occlusion. She had been dialyzing via right femoral tunneled catheter for the 
past 3 months with no infectious complications noted. The patient is known to have 
a contrast allergy.

Ultrasound was used to evaluate the right femoral vein for patency. This revealed 
a partially thrombosed vessel. Given this ultrasound finding, 50 mg of Benadryl and 
100 mg of Solu-Medrol were given prior to start of the procedure, in anticipation of 
needed contrast angiography.

After informed consent was obtained, the patient was prepped and draped in the 
usual sterile fashion overlying the right side of the neck and chest. A 15 mL lido-
caine was administered in the area overlying the right femoral region. A 22 g needle 
and 5Fr introducer combination were utilized under US guidance to cannulate the 
right femoral vein. A wire was inserted under fluoroscopic guidance into the central 
vasculature through the introducer. Resistance was noted in passing the wire; there-
fore a venogram was performed (Fig. 31.1). This revealed a patent femoral vein 
above the inguinal ligament and patent inferior venous cava (IVC).

A 0.035 in J-guidewire was then inserted into the introducer, and a dilator was 
advanced over the wire into the central vasculature under fluoroscopic guidance. A 
1 cm incision was performed at the insertion point of the dilator as well as below the 
clavicle, and a tunnel was created using blunt dissection from the two incision 
points.
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A catheter, a 28 cm Tal Palindrome, was inserted into the lumen of the tunnel. 
Serial dilation was used to widen the track from the insertion point to the central 
vasculature. Under fluoroscopic guidance, a dilator-introducer combination was 
then inserted into the central vasculature. The dilator and wire were removed, and 
the catheter was inserted into the introducer. The introducer was peeled away. 
Syringe suction revealed good flow. Fluoroscopy revealed good placement in the 
IVC. A 2-0 silk was used to close the insertion point.

 Discussion

While advanced techniques can often be used to salvage “occluded” access sites, 
tunneled femoral catheters are the only tenable form of hemodialysis access in a 
small number of patients. Often times, tunneled femoral vein dialysis catheters are 
used as a last resort when all other options for a permanent vascular access or tho-
racic central vein catheter have been exhausted. A study by Maya et al. looked at the 
outcomes of tunneled femoral catheters [1]. The authors used a prospective, com-
puterized vascular access database to identify all tunneled femoral dialysis catheters 
placed at the University of Alabama at Birmingham during a 5-year period.

Twenty-seven subjects received a tunneled femoral dialysis catheter, accounting 
for 1.9% of all tunneled catheters placed, during the study period. The primary  catheter 
patency (time from placement to exchange) was substantially shorter for femoral cath-
eters than for internal jugular dialysis catheters (median survival, 59 vs. >300 days, 
P  <  0.0001). Interestingly, infection-free survival was similar for both groups 

Fig. 31.1 (a) Angiogram of femoral vein demonstrated patency above the inguinal ligament.  
(b) Tunneled catheter was inserted into the inferior venous cava
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(P = 0.66). Seven patients with femoral catheters (or 26%) developed an ipsilateral 
deep vein thrombosis, but catheter use was possible with anticoagulation.

In contrast to commonly held belief about tunneled femoral catheters, this study 
demonstrated no difference in infection rates compared to thoracic tunneled cathe-
ters. Tunneled femoral dialysis catheters were found to have a substantially shorter 
primary patency, however. This may be explained by the fact that blood is drawn by 
gravity into the lumen of the catheter from above in the case of femoral lines.
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Chapter 32
Transhepatic Catheter Placement

Jason W. Pinchot and Christopher M. Luty

Abbreviations

IVC Inferior vena cava
NKF KDOQI The National Kidney Foundation Kidney Disease Outcomes 

Quality Initiative
TPN Total parenteral nutrition

 Case Presentation

The patient was a 22-year-old female with history of chronic intestinal pseudo- 
obstruction who underwent multivisceral (liver and small intestine) organ transplant 
10 years ago. Before and subsequent to her transplant, she had innumerable central 
venous catheters and hemodialysis catheters placed for total parenteral nutrition 
(TPN) administration and dialysis, respectively. A number of these lines were 
removed soon after placement secondary to frequent central line-associated blood-
stream infections and sepsis. Past evaluations had shown that both innominate veins 
were occluded (Fig. 32.1). Moreover, the patient had known chronic total occlusion 
of the femoral veins and infrahepatic inferior vena cava (Fig. 32.2). She was referred 
to the interventional radiology section for placement of a tunneled dialysis catheter.
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Physical examination revealed multiple healed incisions overlying the deltopec-
toral groove on both sides, the result of numerous prior tunneled subclavian and 
internal jugular venous catheters. Superficial collateral veins were present on the 
anterior abdominal wall, in keeping with known iliocaval venous occlusion. With 
this in mind, a transhepatic catheter was felt to be the best approach for central 
venous access.

Fig. 32.1 Conventional venography reveals chronic total occlusion of the right innominate vein 
(Image (a) white arrowhead) and left subclavian vein (Image (b) black arrowhead). Note presence 
of robust posterior mediastinal collateral veins (Image (b) black arrows)

Fig. 32.2 Chronic total 
occlusion of the right 
common iliac vein and 
inferior vena cava (IVC). A 
short segment of 
suprahepatic IVC is 
reconstituted from a 
number of ascending 
lumbar and paraspinal 
collateral veins
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Color Doppler ultrasound interrogation of the liver demonstrated wide patency 
of the middle and right hepatic veins with normal flow into the suprahepatic inferior 
vena cava. The right upper quadrant of the patient’s abdomen was prepped and 
draped in standard sterile manner. Buffered 1% lidocaine was used for local anes-
thesia of the skin, subcutaneous tissues, and liver capsule. The middle hepatic vein 
was targeted for access (Fig. 32.3). Using a 22-gauge needle and AccuStick intro-
ducer sheath, the middle hepatic vein was successfully cannulated, and a middle 
hepatic venogram (Fig. 32.4) was performed. This confirmed access into the peripheral 
aspect of the middle hepatic vein. A guidewire was passed through the introducer 

Fig. 32.3 Pre-procedure grayscale ultrasound image demonstrates the planned transhepatic route 
of needle puncture into the middle hepatic vein

Fig. 32.4 Conventional 
venogram confirms access 
into the peripheral aspect 
of the middle hepatic vein
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sheath into the right atrium. The introducer sheath was exchanged over the  guidewire 
for sequential soft tissue dilators followed by placement of a 16-Fr valved peel-
away sheath. Additional local anesthesia was then performed inferior and lateral to 
the venous entry site, and a subcutaneous tunnel was fashioned. A 14.5-Fr 28-cm 
cuffed hemodialysis catheter was then pulled through the tunnel and brought out at 
initial transhepatic venous entry site. The inner dilator and guidewire were removed 
from the peel-away sheath, and the catheter was passed through the sheath into the 
right atrium (Fig. 32.5).

At the completion of the procedure, both catheter ports aspirated and flushed 
without difficulty. The patient was subsequently transferred to the dialysis center 
where her catheter was used without complication.

 Discussion

A tunneled cuffed hemodialysis catheter should be placed in a vein that is easily 
accessible using sonographic and fluoroscopic guidance. The internal jugular veins 
are generally favored as the initial choice for central venous access [1]. If both of the 
internal jugular veins become occluded, alternative access sites must be explored. 
Choices include the external jugular and femoral veins. The subclavian veins can be 
considered but are generally avoided, in accordance with the National Kidney 
Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) guidelines, 
since catheterization results in a high risk of central stenosis which would generally 

Fig. 32.5 Tunneled 19-cm 
dialysis catheter in place. 
Note appropriate position 
of the catheter tip in the 
right atrium above the 
level of the inferior 
cavoatrial junction
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preclude the use of the entire ipsilateral arm for vascular access. As with this case, 
prolonged central venous catheter use manifests a high rate of venous thrombosis 
and chronic total occlusion with exhaustion of even these less routine access sites. 
Unconventional approaches to central venous access—translumbar and transhepatic 
catheter placement—may be entertained only when all other endovascular options 
for central venous access have been exhausted. To be sure, these sites require con-
siderable technical expertise for catheter placement, and maintenance of catheters at 
these sites may be somewhat more problematic [2]. Transhepatic catheter place-
ment has become the favored approach to central venous access in patients with 
coexistent chronic occlusion of the infrahepatic inferior vena cava.

Percutaneous transhepatic puncture of a hepatic vein for dialysis access was first 
described by Po et al. in a case report in 1994 [3]. Since this time, subsequent retro-
spective studies have detailed long-term safety, efficacy, and complications inherent 
to transhepatic central venous access [4–6]. While they are well tolerated, transhe-
patic catheter malfunctions are almost all due to the natural excursion of the liver 
during the respiratory cycle resulting in catheter misplacement, kinking, and poor 
blood flow [5]. Most investigators agree that placement is associated with low mor-
bidity but note high rates of catheter-related maintenance. In a 2003 series of 12 
patients with 36 lines reported by Stavropoulos et al., the mean time of the catheters 
in situ was mere 24.3 days [4]. More recently, a study from 2013 reviewed their 
single-center experience in which total access site patency was seen up to 790 days 
when taking in account two line replacements for thrombosis and displacement [7].

The technique for transhepatic access is rather straightforward. Prior to the pro-
cedure, ultrasonography of the right upper quadrant is performed to document 
patency of the right or middle hepatic vein. Using a standard sterile technique, buff-
ered 1% lidocaine is administered for local anesthesia taking special care to anes-
thetize the superficial and deep soft tissues including the liver capsule. Under 
ultrasound guidance, a 21-gauge, 15-cm-long needle is advanced into the targeted 
vein from an anterior subcostal or mid-axillary intercostal approach. The subcostal 
approach may help to limit future catheter malposition as it minimizes excursion 
with respirations [5]. Transhepatic cannulation of a hepatic vein is preferred over 
direct inferior vena cava puncture because it permits a longer intravascular tract and 
decreases the chance of migration out of the vessel [2]. A 0.018-inch platinum- 
tipped mandril guidewire is then advanced through the needle and into the right 
atrium. Intravascular catheter length is measured, and the proper catheter is selected 
in standard fashion. Typically, this will be in the 20–30-cm range. The initial access 
needle is exchanged over the guidewire for a coaxial transitional sheath (AccuStick 
system, Boston Scientific, Natick, Massachusetts), which permits replacement of 
the 0.018-inch guidewire with a 0.035-inch guidewire. In obese patients or in those 
with cirrhosis, a stiff guidewire may be necessary to facilitate transhepatic passage 
of the peel-away sheath. Additional local anesthesia is administered inferior and 
lateral to the venous entry site, and a subcutaneous tunnel is fashioned. The hemo-
dialysis catheter is pulled through the tunnel and brought out at the venotomy. Over 
the guidewire, the transitional dilator is exchanged for an appropriately sized valved 
peel-away sheath, which is advanced in to the hepatic vein. Pre-dilation with 
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sequential rigid dilators may be necessary. Once the sheath is in place, the inner 
dilator and guidewire are removed, and the catheter is introduced through the sheath 
and into the central venous circulation. Some interventionalists opt to keep a stiff 
hydrophilic guidewire in place and then advance the catheter through the sheath and 
over the guidewire into the hepatic vein until the tip lies within the right atrium [8]. 
Both catheter ports are flushed, heparinized, and secured. The initial venous access 
site is closed using interrupted sutures, Steri-Strips or Dermabond.

 Pearls

• Transhepatic catheter placement is a viable means of central access when con-
ventional routes have been exhausted.

• The technique for transhepatic access is straightforward, especially when the 
operator is skilled with ultrasound.

• While catheter malfunctions are more frequent than those encountered with con-
ventional central venous access, durable access can be achieved with routine 
maintenance.
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Chapter 33
Anterior Jugular Vein Tunneled Dialysis 
Catheter

Gerald A. Beathard

 Case Presentation

The patient was a 67-year-old male who had been on hemodialysis for 8 years. 
During this period of time, he had had multiple central venous catheters inserted. 
Past evaluations had shown that both internal jugular veins were occluded. The 
patient was referred to the dialysis access center for the placement of a tunneled 
dialysis catheter.

On physical examination, the patient was found to have multiple old nonfunc-
tional arteriovenous access sites on both arms. Multiple scars were present over 
both subclavicular areas at old exit sites of previous dialysis catheters. Examination 
of the cervical area with Doppler ultrasound revealed the presence of a large dilated 
superficial vein slightly to the left of the cervical midline. The size of this vein 
increased when the patient performed a Valsalva maneuver.

After the patient was prepped and draped, the previously noted vein was cannu-
lated using a 21 gauge Angiocath, and an angiogram was performed (Fig. 33.1). 
This image showed that this vein was the left anterior jugular vein, which drained 
into the central veins at the confluence of the left subclavian and brachiocephalic 
veins.

A guidewire was inserted and manipulated to enter the left brachiocephalic vein 
(Fig. 33.2). This was followed by a vascular catheter, which was used to perform in 
a second angiogram to confirm the position (Fig. 33.3). A 32 cm cuffed dialysis 
catheter was inserted over the guidewire and placed so that its tip was within the 
right atrium. Because of the angle of entry at the cannulation site, the catheter was 
tunneled to the right (Fig. 33.4).
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After placement, the catheter functioned well when tested with a 10 mL syringe. 
The patient was returned to the dialysis facility where the catheter was used without 
difficulty.

 Discussion

The jugular venous system constitutes the primary venous drainage of the head and 
neck. It includes a subfascial venous system, formed by the right and left internal 
jugular veins, and a superficial or subcutaneous one, formed by the two anterior, two 

Fig. 33.1 Initial 
angiogram. AAnterior 
jugular vein, B left 
brachiocephalic vein

Fig. 33.2 Course of 
guidewire from 
cannulation site to superior 
vena cava. A Guidewire
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external jugular veins, and two posterior external jugular veins. The internal jugular 
veins provide the major route for cervical drainage and are used extensively for the 
placement of central venous dialysis catheters. With chronic repetitive catheter use; 
however, these veins frequently become stenosed and are lost. This causes the 
development of collateral flow to the other cervical veins, primarily the external 
jugular veins, the size of which tends to be inversely related to the size of the inter-
nal jugular veins.

The external jugular veins are frequently used for the placement of dialysis 
catheters in cases in which the internal jugular veins are not accessible. 
Unfortunately, this can also result in the loss of these venous conduits. The anterior 
jugular veins frequently become enlarged in this situation. In fact, this is the major 

Fig. 33.3 Angiogram 
performed through 
vascular catheter. A 
Superior vena cava, B right 
atrium

Fig. 33.4 Tunneled 
catheter in place. A 
Tunneled catheter

33 Anterior Jugular Vein Tunneled Dialysis Catheter



168

means by which the anterior jugular veins even become apparent and available as 
an alternative route for catheter placement.

The anterior jugular vein typically begins near the hyoid bone by the confluence 
of several superficial veins from the submaxillary region. It descends between the 
median line and the anterior border of the sternocleidomastoid muscle. At the lower 
part of the neck, it passes beneath that muscle to open into the termination of the 
external jugular or, in some instances, into the subclavian vein. Typically, a right 
and a left vein are present. However, in some cases it is single [1]. These veins drain 
into the subclavian (54%) or into the external jugular vein (46%) [2]. Just above the 
sternum, the two anterior jugular veins communicate by a transverse trunk, the jug-
ular venous arch, which also receives tributaries from the inferior thyroid veins.

As vascular access catheter sites become progressively depleted, alternate ana-
tomic locations must be sought. The interventionalist caring for a population of 
dialysis patients must be familiar with the venous anatomy of the neck and be pre-
pared to utilize any vein that allows for entry into the superior vena cava.

The superficial jugular veins present good candidates for catheter placement in 
cases in which the internal jugular veins have neen lost. Because of the superficial 
nature of these veins and their compressibility, they are at times difficult to cannu-
late with ultrasound guidance using a standard needle. The author has found that it 
is frequently easier to cannulate using an Angiocath using the technique that one 
would use in cannulating a vein for a peripheral venipuncture. A micropuncture 
guidewire can then be passed through this device and proceed with the standard 
micropuncture technique thereafter.
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Chapter 34
Transatrial Internal Jugular Dialysis Catheter 
in Inferior Vena Cava

Gerald A. Beathard

 Case Presentation

The patient was a 49-year-old catheter-dependent hemodialysis patient. He was 
referred to the vascular access facility because of catheter dysfunction which had 
been recurrent. At the time the old right internal jugular tunneled catheter was 
removed, radiocontrast was injected to determine if a fibrin sheath was present. This 
was found not to be the case. A new 28 cm tunneled catheter was inserted without 
difficulty. When blood flow was tested using a 10 mL syringe, there was a signifi-
cant problem. The catheter was repositioned several times in an attempt to obtain 
good blood flow; however, there was no improvement.

A decision was made to insert a longer catheter and pass it down into the inferior 
vena cava (Fig. 34.1) (IVC). A 48 cm step-tip tunneled catheter was inserted over a 
guidewire. Fluoroscopic evaluation of the catheter tip revealed that it was well 
below the level of the diaphragm. When tested using a 10 mL syringe, blood flow in 
the catheter was found to be good. The patient was returned to the dialysis facility 
and dialyzed without difficulty. The catheter was connected in a reversed manner, 
e.g., the arterial blood line was connected to the venous side of the catheter and the 
venous bloodline to the arterial.
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 Discussion

Once a tunneled dialysis catheter is in place, it should be tested with a 10 cc syringe 
repetitively (4 or 5 times) to judge the adequacy of blood flow. The ability to fill the 
syringe within 2 s is equivalent to 300 mL/min blood flow. Any drag or “stutter” 
when withdrawing the blood is an indication that the catheter tip position needs to 
be adjusted, once any possible mechanical issues have been eliminated. There are 
times, however, when even with multiple adjustments, optimal blood flow cannot be 
obtained and all of the obvious reasons for the problem have been ruled out. In the 
author’s experience, this is more likely to occur in a situation in which the patient 
has had a dialysis catheter for a prolonged period of time. The etiology for this 
problem frequently cannot be defined (once the obvious have been ruled out); how-
ever, the suspicion is that it is secondary to the presence of fibrin strands within the 
atrium as a result of previous catheters that cause intermittent obstruction of the 
catheter tip. In this situation, the best alternative is to advance the tip of the catheter 
into the inferior vena cava [1, 2].

It should be noted that the primary determinant of catheter blood flow resistance 
is the inner diameter of the catheter. It is inversely related to the radius raised to the 
fourth power (r4). While length also plays a role, resistance is only directly propor-
tionate to the length. This being the case, increasing the length does not add very 
much to the negative pressure registered by the dialysis machine when the catheter 
is being used. Actually a 19% increase in the diameter of the catheter will offset a 
doubling of its length as far as resistance is concerned.

Very little has been published related to the cervical placement of a tunneled 
dialysis catheter with the tip located within the inferior vena cava. Only anecdotal 
reports are available [1, 2], but the experience that has been reported has been favor-
able. The only significant risk to this type of catheter placement that has been rec-
ognized is that which may occur secondary to catheter retraction. When the patient 

Fig. 34.1 Appearance of 
dialysis catheter with tip in 
inferior vena cava
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moves from a supine to a sitting position, the catheter generally retracts. This change 
often amounts to 3–4 cm and sometimes more. If the catheter that has been extended 
into the inferior vena cava from above is too short, the tip can retract back into the 
atrium when the patient assumes an erect position  and cross the tricuspid valve 
when the patient’s position again changes to supine. To minimize this risk, a cathe-
ter which passes through the atrium should extend at least 8–10 cm into the inferior 
vena cava. Because of the direction of blood flow in the inferior vena cava relative 
to the catheter should be connected backward when used in order to reduce the pos-
sibility of recirculation.

References

 1. Powell S, Belfield J.  Complex central venous catheter insertion for hemodialysis. J  Vasc 
Access. 2014;15(Suppl 7):S136–9.

 2. Renaud C, Seow Y, Teh H. Transjugular tunnelled dialysis catheter tip placement into the infe-
rior vena cava upper segment after length overestimation. J Vasc Access. 2014;16:72–5 [Epub 
ahead of print].

34 Transatrial Internal Jugular Dialysis Catheter in Inferior Vena Cava



173© Springer International Publishing AG 2017 
A.S. Yevzlin et al. (eds.), Dialysis Access Cases, 
DOI 10.1007/978-3-319-57500-1_35

Chapter 35
Internal Jugular Catheter Insertion with No 
Vein Apparent on Ultrasound

Gerald A. Beathard

 Case Presentation

The patient was a 48-year-old male with a 4-year history of hemodialysis. The 
patient had had numerous central venous catheters during this period of time. He is 
referred to the vascular access center for the placement of a tunnel dialysis 
catheter.

Examination of the patient revealed several old abandoned peripheral arteriove-
nous accesses, none of which were functional. A number of scars were present on 
the anterior chest; it sites a previous central venous catheter placement. Ultrasound 
examination of the potential cannulation sites for the right and left internal jugular 
veins revealed that they were not apparent (Fig. 35.1a). Examining at a higher level 
on the right side of the neck, a patent internal jugular vein was identified (Fig. 35.1b).

The vein identified at the higher level in the patient’s neck was cannulated and an 
angiogram was performed. This showed what appeared to be total occlusion of the 
lower internal jugular vein. However, it was possible to pass a 0.35 inch guidewire 
through this site down through the heart and into the inferior vena cava (Fig. 35.2). 
And 8 × 4 angioplasty balloon was inserted through a 6 F sheath and the stenotic 
area was completely dilated (Fig.  35.3). An angiogram performed at this time 
showed radiocontrast flowing into the superior vena cava and right atrium (Fig. 35.4).

The angioplasty balloon was positioned at the optimal site for cannulation of the 
internal jugular vein and inflated to a low pressure. Using fluoroscopy guidance, the 
most cephalad aspect of the inflated balloon was cannulated with a micropuncture 
needle. The 0.018 inch microguidewire was inserted into the balloon under direct 
fluoroscopic guidance and allowed to coil so as to become entrapped within the bal-
loon (Fig. 35.5). The balloon was then advanced over the guiding guidewire to carry 
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the microguidewire down into the superior vena cava (Fig. 35.6). When it reached 
this point, the microguidewire was secured manually while the angioplasty balloon 
was advanced further so as to extract the guidewire from the balloon. Once this had 
been accomplished, the angioplasty balloon and 0.035 guidewire were extracted. 
The sheath was left in place until catheter placement had been completed.

Fig. 35.1 Ultrasound appearance of right internal jugular vein area. (a) Appearance of supracla-
vicular area. Note the absence of the internal jugular vein. C Carotid artery. (b) Appearance at a 
higher level. Note the presence of the internal jugular vein. (c - carotid artery, IJ - internal jugular 
vein)

Fig. 35.2 Initial 
angiogram with guidewire. 
A Patent internal jugular 
vein, B site of stenosis, C 
guidewire in superior vena 
cava
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With the microguidewire optimally placed, the standard procedure for tunneled 
catheter insertion was followed. The catheter was successfully placed, was flushed 
well, has been tested with a 10 mL syringe, and was used successfully for dialysis.

 Discussion

Unfortunately, in many dialysis patients the internal jugular vein is lost due to repeti-
tive catheter use. However, when the jugular vein is not apparent upon ultrasound 
examination, it does not always mean that it is not there. It only means that it is not 

Fig. 35.3 Angioplasty of 
stenotic zone

Fig. 35.4 Post-angioplasty 
angiogram with the 
guidewire in place
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apparent. It may be extremely stenotic and too small to be apparent. When the vein is 
not visualized at the usual site for cannulation, it is worthwhile to examine the neck 
at a higher level to see if it is visible there. If it is visible, it should be cannulated at 
this higher point with a micropuncture needle to determine if it is possible to pass the 
microguidewire down into the central veins from this level. It may also be possible to 
gain access to an extremely stenotic internal jugular vein or a collateral in the neck 
from below using a femoral approach. If the guidewire enters the central veins from 
above or if it passes above the clavicle from below, it may be possible to achieve can-
nulation at the optimal site using the technique of balloon- guidewire entrapment.

This technique is best performed under direct fluoroscopic guidance, and due to 
the degree of control of the needle and microguidewire that is required, it is virtually 

Fig. 35.5 Cannulation of 
angioplasty balloon and 
insertion of micro 
guidewire into the balloon. 
A Cannulation needle, B 
guidewire within the 
angioplasty balloon

Fig. 35.6 Advancing an 
angioplasty balloon to pull 
microguidewire into 
superior vena cava. 
AMicroguidewire in 
superior vena cava, B 
microguidewire in balloon
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impossible for the operator not to have a hand in the fluoroscopic field as seen in the 
images associated with this case.

 Modifications to this procedure as described are possible. Once the internal 
jugular vein is cannulated and a guidewire has been inserted into the vena cava, the 
remainder of the procedure could very easily be done using ultrasound guidance. 
Additionally, it might be possible, once the vein has been dilated, to cannulate it at 
the optimal site directly using ultrasound guidance.

Using a target for cannulation of a vessel is a very valuable technique. All inter-
ventionalist working with dialysis vascular access should possess the skill. Other 
targets have been used to guide cannulation such as a snare or a dilator. In the case 
of the dilator, the guidewire is not entrapped; it just serves as an identifiable target 
for the cannulating needle.

35 Internal Jugular Catheter Insertion with No Vein Apparent on Ultrasound
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Chapter 36
Wiring the Tunnel to Replace a Tunneled 
Dialysis Catheter

Gerald A. Beathard

 Case Presentation

The patient was a 38-year-old cachectic female who had been dialyzing with a 
cuffed tunneled dialysis catheter for the past 2 months. The patient was referred to 
the dialysis access facility to replace her catheter which had become dislodged at 
some point during the previous night. The patient had awoken to find the loose cath-
eter in the bed. Examination of the old catheter exit site revealed that it was clean 
without evidence of inflammation or infection. The site was prepped and draped. 
A 5 Fr dilator was gently inserted into the exit site directed along the apparent 
course of the previous catheter. A guidewire was inserted through the dilator, 
advanced up the tunnel of the old catheter into the central circulation. A new catheter 
was then inserted over the guidewire and sutured in place. The catheter flowed well 
when tested with a 10 mL syringe. The patient was referred to the dialysis facility 
where she dialyzed without difficulty (Figs. 36.1, 36.2, 36.3, 36.4, 36.5, and 36.6).

 Discussion

There are several situations in which a tunneled dialysis catheter may be inadver-
tently removed in a patient who is continued to be catheter-dependent. This may 
happen at the dialysis facility due to traction that is placed on the catheter if the 
blood lines are not positioned and taped in a manner that avoids such a problem. 
While this is more likely to occur in a newly placed catheter, it can occur later if for 
some reason the retention cuff is not well attached. It can also occur during a 
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catheter exchange if the old catheter is inadvertantly extracted prior to inserting a 
guidewire.  Occasionally, a patient presents with their catheter in hand having 
founded it in their bed when they awoke that morning.

Over a relatively short period of time, the subcutaneous tunnel leading to the 
venous entry site develops a fibroepithelial sheath-like lining that extends up to 
the venous entry site. This is actually continuous with the fibrin sheath that 
frquently develops and extends from the venous entry site downward. If the previ-
ous catheter was in place long enough for this tunnel to develop, it is possible to 
utilize it to insert a new catheter through the existing site. With time, there is a 

Fig. 36.1 Appearance of 
old catheter exit site after it 
has been prepped and 
draped for new catheter 
placement. A Old catheter 
exit site

Fig. 36.2 Dilator inserted 
into the old exit site, 
beginning to advance the 
guidewire. A Guidewire 
being inserted into the 
dilator, B dilator inserted 
into the old exit site
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tendency for thrombus to form in the more central portion of the tunnel. This oppor-
tunity is lost as this thrombus begins to organize. In general, little if any difficulty 
is encountered if this is done within 24–48 h from the time the old catheter was 
lost. In cases where the guidewire passes to the venous entry site, but will not 
make the curve to advance downward into the venous system, a vascular catheter 
such as Kumpe can be used to both stiffen the guidewire and redirect its tip.

Anecdotal experience with this procedure on multiple occasions has shown it to 
not only be effective but also safe.

Fig. 36.3 Guidewire 
advanced up to the vein 
entry site. A Tip of 
guidewire

Fig. 36.4 Guidewire 
advanced into the vein 
entry site. A Tip of 
guidewire
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Fig. 36.5 Guidewire in 
place, ready for catheter 
insertion. A Guidewire

Fig. 36.6 New catheter in 
place. A Catheter

G.A. Beathard



183© Springer International Publishing AG 2017 
A.S. Yevzlin et al. (eds.), Dialysis Access Cases, 
DOI 10.1007/978-3-319-57500-1_37

Chapter 37
Internal Jugular Vein Catheter Inserted 
Through Side of Stent

Gerald A. Beathard

 Case Presentation

The patient was a 62-year-old male who had been on dialysis for 12 years. The 
patient had multiple failed peripheral arteriovenous accesses and had  become cath-
eter dependent. He was dialyzing with a left internal jugular tunneled cuffed cathe-
ter which was thrombosed. His history indicated that this catheter had been 
exchanged 6 times in the past 5 months. He was referred to the dialysis access clinic 
for a new catheter.

Examination of the patient revealed that he had multiple old abandoned periph-
eral arteriovenous accesses and had multiple scars over his anterior chest at the sites 
of the previous tunneled catheter placements. With ultrasound he was found to have 
a patent right internal jugular vein; however, it was known that this vein had been 
“jailed” with a stent which had been placed in the right subclavian vein, extending 
into the brachiocephalic vein.

After the patient was prepped and draped, the right internal jugular vein was can-
nulated with a micropuncture needle (Fig.  37.1). The 0.018-inch guidewire was 
inserted and advanced through the side of the stent. The insertion of a micropunc-
ture dilator was followed by exchanging the microguidewire for a 0.035-inch stan-
dard guidewire (Fig. 37.2), which was passed down into the inferior vena cava. The 
new dialysis catheter was then placed using the standard technique without any 
complications (Fig. 37.3). Since a Tesio catheter was inserted, this process was per-
formed two times. Once the new catheter was in place, the old thrombosed left 
internal jugular catheter was removed and discarded.

The new catheter flushed easily with a 10-mL syringe. The patient was sent back 
to the dialysis clinic and dialyzes without difficulty.
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 Discussion

One of the basic tenets of stent placement is to avoid jailing major veins; however, 
the junction between the subclavian and brachiocephalic veins is a common site for 
stenosis to occur associated with the use of a central venous catheter. This being the 
case, it is not unusual for a stent to be placed at this location. In these cases, if the 
insertion of a dialysis catheter is required at a later date, inserting the catheter 
through the side of the stent, as in this case, becomes necessary. Although one has 
to consider the possibility of a catheter-related bloodstream infection infecting the 
stent secondarily, such an occurrence has not been documented in the literature.

Fig. 37.1 Fluoroscopic 
appearance of chest prior 
to beginning procedure. A 
Stent in right subclavian/
brachiocephalic vein 
jailing right internal 
jugular vein

Fig. 37.2 Cannulation 
passing through stent. A 
Dilator passing through 
stent, B tip of dilator in 
superior vena cava
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Fig. 37.3 New catheter in 
place passing through 
stent, old catheter not yet 
removed

37 Internal Jugular Vein Catheter Inserted Through Side of Stent
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Chapter 38
Pneumothorax Occurring with Dialysis 
Catheter Insertion

Gerald A. Beathard

 Case Presentation

The patient was a 63-year-old male with end-stage renal disease who was referred 
to the dialysis access center for the placement of a tunneled dialysis catheter in 
order to initiate dialysis. After the patient was prepped and draped, the right internal 
jugular vein was cannulated under direct ultrasound guidance. A guidewire was 
inserted. After the catheter had been tunneled from the exit site up to the venotomy 
site, graded dilators were used over the guidewire in preparation for catheter inser-
tion. When passing the first dilator, resistance was encountered. The operator con-
tinued to advance the dilator at which time the patient began to complain of shortness 
of breath. The procedure was stopped with the dilator still in place. The patient’s 
oxygen saturation dropped to 82% and he became bradycardic. At this time, fluoros-
copy of the patient’s chest revealed a large pneumothorax (Fig. 38.1). Because of 
the patient symptoms, it was obvious that he had a tension pneumothorax. A chest 
tube was inserted using a pneumothorax set (Arrow International, Pennsylvania). 
The patient’s condition began to improve immediately and he was transferred to the 
hospital.

 Discussion

Unless the subclavian vein is being cannulated, pneumothorax (PT) as a complica-
tion for the placement of a dialysis catheter is not a common event [1]. In a report 
of 1765 tunneled dialysis catheters placed in the internal jugular vein by 
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nephrologists using ultrasound [2], there was only a single case of PT. A prospective 
study of 450 cases using ultrasound guidance and internal jugular placement 
encountered no cases [3]. However, when that rare case does occur, early recogni-
tion and appropriate management can be critical [4, 5]. PT can be divided into two 
categories  – asymptomatic and symptomatic. The management of these is quite 
different.

The symptoms produced by a PT are dependent primarily upon its size. If the 
volume of air that enters the pleural space is small, there may be no associated 
symptoms. The condition is recognized only radiographically, if at all. A multi-
center, prospective, observational study was conducted that reported on more than 
500 trauma patients with asymptomatic PT identified on CT scan, with an initially 
normal chest radiograph. The study arms included observation versus chest tube 
thoracostomy. Only 6% of patients failed observation. This failure was seen only in 
patients with chest radiographic evidence of PT progression and symptoms of respi-
ratory distress. According to this study, it is safe to closely observe patients with 
asymptomatic PT noted only on chest radiographs [6]. This should be done in the 
hospital setting, however. Oxygen administration at 3 L/min nasal canula or higher 
in these cases can be used to treat possible hypoxemia (not generally present) and 
has been reported to be associated with a fourfold increase in the rate of pleural air 
resorption compared with room air alone [6].

If the volume of air in the pleural space is large as in this case, symptoms occur. 
Immediate recognition and appropriate management is critical. In most instances 
one is dealing with a tension pneumothorax (TPT). This is defined as the accumula-
tion of air under pressure within the pleural space. With inspiration, air enters the 
pleural space, but with expiration it cannot exit. Symptoms associated with this situ-
ation are variable but can be dramatic and tend to get progressively worse. The 
increasing volume of air in the pleural space compresses the lung, displaces the 
mediastinum and its structures toward the opposite side, and eventually causes 

Fig. 38.1 Appearance of 
chest fluoroscopy showing 
large right-sided 
pneumothorax. Arrows 
indicate the edge of the 
right lung
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 cardiopulmonary impairment [7]. Rapid deterioration will occur if remedial action 
is not taken promptly.

When the clinical situation is such that a TPT is suspected, the first step is to 
immediately evaluate the ABC mnemonic (airway, breathing, and circulation). Be 
prepared to support these functions. Administer oxygen, ventilate the patient, and 
establish an intravenous line if one is not already available (the dialysis catheter 
may serve  if it has been appropriately placed). Immediate thoracostomy must be 
performed in any patient who presents with hemodynamic instability or hypoxia [4, 
5]. Since immediate, effective treatment may be necessary to save the patient’s life, 
it is essential that the interventional facility have the equipment and supply items 
necessary to manage a TPT until the patient can be transported to the hospital. 
Failure can result in rapid clinical deterioration and cardiac arrest.

There are several ways that an effective thoracostomy can be accomplished using 
commercially available kits such as the pneumothorax set (Arrow International, 
Pennsylvania) and the thoracic vent (Tru-Close®, Uresil, Skokie, IL). If one of 
these is not available, the insertion of large bore needle or catheter may be lifesaving 
as an emergency measure. Needle insertion is most safely accomplished from a 
lateral approach at the fifth intercostal space at the anterior axillary line [8–11]. 
After entering the pleural space (indicated by aspiration of air), the needle can be 
connected to a three-way stopcock and a large syringe can be used to aspirate the air. 
Manual aspiration should be continued until no more air could be aspirated.

In a study involving manual aspiration [12], 102 cases of PT following interven-
tional radiological procedures underwent percutaneous manual aspiration of a 
PT. Air was aspirated from the pleural space using an 18- or 20-gauge intravenous 
catheter attached to a three-way stopcock and 20- or 50-mL syringe. In 87 of the 
102 patients (85.3%), the pneumothorax had resolved completely on follow-up 
chest radiographs without chest tube placement. This success rate was subsequently 
confirmed in a larger series of 243 cases by the same investigators [13].
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Chapter 39
Perforation of Superior Vena Cava 
with Dialysis Catheter Insertion

Gerald A. Beathard

 Case Presentation

The patient was a 72-year-old male who was referred to the dialysis access center for 
the placement of a tunneled dialysis catheter. The patient was scheduled to have an 
arteriovenous fistula placed in the right arm. For this reason, the left internal jugular 
vein was cannulated after the patient had been prepped and draped. The vein was can-
nulated without difficulty and a guidewire was inserted. Following the use of graded 
dilators, a 32 cm step-tip cuffed dialysis catheter was inserted through a sheath over 
the guidewire (Fig. 39.1). Examination of the patient’s thorax during the insertion of 
the catheter revealed that the guidewire appeared to extend beyond the limits of the 
mediastinum (Fig.  39.2). At this time the guidewire was removed (Fig.  39.3) and 
radiocontrast was injected through the catheter. This showed an accumulation of 
radiocontrast in the pleural space (Fig. 39.4). At this point, the procedure was discon-
tinued and the patient was sent to the hospital with the catheter in place. At the hospi-
tal the catheter was removed by vascular surgery without significant consequences. 
The patient was observed for 24 h, was doing well, and was discharged.

 Discussion

Sequelae resulting from acute perforation of a central vein can be quite variable. 
Many interventionalists have had the experience of perforating a central vein and 
observing no adverse effect. This may be due in part to the rather low pressure 
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within the right atrium and superior vena cava (2–6 mmHg normally and even lower 
if patient is hypovolemic) and the fact that the perforation was high in the superior 
vena cava (above the pericardial reflection) or in the brachiocephalic vein. However, 
perforation can lead to bleeding either into the pleural space, into the mediastinum, 
or into the pericardium [1–6]. The upper half of the superior vena cava is covered by 
mediastinal connective tissue. In this region perforation can result in hemo- or 
hydrothorax/mediastinum [7]. Life-threatening cardiac tamponade may result if a 
catheter perforates the right heart or that part of the superior vena cava that is cov-
ered by pericardium (pericardial reflection).

With large-bore hemodialysis catheters, injuries may cause severe bleeding lead-
ing to hemodynamic instability, hypovolemic shock, and even death [2, 3, 8, 9]. 

Fig. 39.1 Beginning to 
insert catheter over the 
guidewire. A Guidewire 
entering the superior vena 
cava

Fig. 39.2 Appearance of 
dialysis catheter outside 
limits of mediastinum. A 
Tip of catheter
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Serious damage to the central veins can result from failure to use the larger-bore 
venous dilators properly when preparing a cannulation site for the insertion of the 
dialysis catheter. To be safe, the dilator must follow the course of the guidewire into 
and down the central vein. This path is not completely straight. Initially, it angles 
downward as one enters the vein and then turns caudally following the path of the 
central vein (much more circuitous than this on the left). Additionally, because of 
the close proximity of the patient’s neck and head to the entry site, there is a ten-
dency for the operator to angle the peripheral end of the dilator outward.

Because of these issues, the guidewire can become kinked, and instead of serv-
ing as a track to direct the passage of the device, it is advanced along with it. If the 
tip of the dilator is pressing against the side of the vein, the advancing guidewire can 

Fig. 39.3 Appearance of 
dialysis catheter with 
guidewire removed. A Tip 
of catheter

Fig. 39.4 Presence of 
radiocontrast in pleural 
space following injection 
through catheter. A Tip of 
catheter
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act as a blade, slicing the vein as it moves along its wall [3]. Some force is fre-
quently required with large-bore dilator insertion to pass the device through the 
superficial structures and enter the vein. If the guidewire is kinked, this force may 
be applied toward destruction of the vein. The result can be disastrous. Actually, for 
a successful catheter insertion, it is necessary for the dilator to only be passed far 
enough into the vein to dilate the entry site. In many instances, the operator advances 
it considerable beyond this point making this problem, when it occurs, much worse.

In a retrospective review of 4000 cases of catheter placement [10], 10 patients 
had a vascular perforation, an incidence of 0.25%. Operator error was the primary 
cause of the problem; the injury was caused by kinking of the guidewire followed 
by forcing the vessel dilator or peel-away sheath into the central vein. The initial 
error, kinking of the guide wire, was the result of the operator’s failure to firmly hold 
and stabilize the guide wire while advancing the vessel dilator. Of these ten cases, 
four were fatal.

This problem can be prevented by checking for free passage of the guidewire in 
and out of the dilator repeatedly during insertion as described above. Additionally, 
direct observation under fluoroscopy will alert the operator to any untoward dilator- 
guidewire interaction. Careful attention to these two issues will prevent the occur-
rence of this problem.

Since the effects of central vein perforation are variable, the management will 
also be variable and largely dependent upon the observation of changes in the indi-
vidual patient. The sequelae of perforation are largely dependent upon the size of 
the device involved and whether the perforation is into the pleural space or into the 
mediastinum. If it is only the needle, there are usually no ill effects and no treatment 
is required. One may not even recognize that it has occurred unless the guidewire is 
passed into the pleural space. Even then, withdrawal is generally not followed by 
adverse changes.

With a larger device such as a dilator or catheter, management will depend on the 
extent of the injury, general status of the patient, and efficiency of the patient’s clot-
ting system [4]. It should be remembered that the removal of the offending device 
can result in massive hemorrhage requiring surgical intervention which cannot be 
accomplished in a free-standing facility. Passage into the mediastinum may result in 
a hematoma that may be self-limiting. Passage into the pleural space can result in a 
hemothorax (or a pneumothorax, if the device is open to the air). If the event results 
in a large defect, it is frequently fatal.

One can never be sure what will happen once the device is removed leaving a 
large defect in the vein. It is possible that massive hemorrhage requiring an explor-
atory thoracotomy to repair the defect can occur [8, 11]. It is better to leave the 
device in place and transfer the patient to a hospital setting (in cases down in an 
outpatient environment) where it can be removed with surgical support available.

There are reports of endovascular management of such an injury [4, 12]. In one 
case report [12], the perforation site was repaired using a stent graft. In this instance 
the stent graft was placed through a femoral approach prior to withdrawal of the 
catheter.
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Chapter 40
Grade II Extravasation Complicating  
Venous Angioplasty

Gerald A. Beathard

 Case Presentation

The patient was a 28-year-old female hemodialysis patient with a forearm loop graft 
in her left arm, who was referred to the dialysis access center because of poor 
access blood flow measured on dialysis. The examination of the loop graft revealed 
that it was hyper-pulsatile and there was a localized thrill at the venous anastomosis 
which extended up the draining vein for approximately 6 cm. The bruit heard over 
this area was high pitched with a shortened diastolic component.

After the patient’s arm was prepped and draped, it was cannulated and a sheath 
was put in place. An angiogram was performed which showed an area of marked 
stenosis in the draining vein approximately 6 cm above the venous anastomosis 
(Fig. 40.1, arrow). After a guidewire was passed, an 8 × 4 angioplasty balloon was 
put in place in the lesion which was dilated. The patient complained of continuing 
pain in the area treated after balloon deflation and swelling was noted in the area. 
The access inflow was immediately included manually. A post-angioplasty angio-
gram was performed which showed extravasation of radiocontrast with no flow 
going past the area of extravasation (Fig. 40.2). The extravasation was stable and not 
continuing to enlarge. The angioplasty balloon was reinserted and positioned in the 
area of extravasation. A low-pressure inflation was performed to tapenade the area 
(Fig. 40.3) while the access inflow continued to be manually occluded. After the 
balloon had been in place for 5 min, it was deflated and removed. A follow-up 
angiogram showed good flow through the area (Fig. 40.4). Hemostasis was obtained 
and the patient was returned to the dialysis facility.
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 Discussion

Venous stenosis occurring in association with a dialysis vascular access is the result 
of neointimal hyperplasia. It is obvious that this lesion has tremendous tensile 
strength when one considers that some lesions require more than 20 atm of pressure 
to treat [1]. For an angioplasty to be successful, it is probable that some degree of 
mechanical injury to the vessel wall must occur [2, 3]. However, a deep tear or rup-
ture through the vein wall can occur. This can be fluoroscopically identified as 
extravasation of contrast material into the perivascular tissues.

The severity and consequences of venous rupture resulting in extravasation vary 
from minimal to severe. A classification system for venous extravasation based 

Fig. 40.1 Angiogram 
showing appearance of 
stenotic lesion (arrow)

Fig. 40.2 Appearance of 
extravasation of 
radiocontrast. The arrow 
indicates the point at which 
the column of radiocontrast 
stops due to the obstruction 
created by the 
extravasation
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upon the clinical features demonstrated has been proposed [4, 5]. Basically, Grade I 
extravasation is characterized by being stable and not affecting access blood flow; 
Grade II extravasation is stable but either slows or stops access blood flow; Grade 
III extravasation is unstable with continuing, active extravasation.

Although angioplasty-induced venous rupture is the most common complication 
associated with angioplasty [6], it does not occur with the high frequency. In a 
review of 305,470 angioplasty cases (unpublished data), venous rupture with 
extravasation occurred in 1.38% of fistulas and 0.66% of grafts. The majority of 
these were Grade I. The incidence of Grade II extravasation was 0.27% in fistulas 
and 0.14% in grafts.

When extravasation is noted, one must make two determinations – (1) is it stable 
or continuing to enlarge, and (2) does it affect flow. As soon as it is obvious that a 

Fig. 40.3 Balloon 
tapenade of the point of 
extravasation

Fig. 40.4 Post-tapenade 
angiogram showing 
restoration of flow through 
graft and draining veins
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vascular rupture has occurred and extravasation is occurring, the access should be 
manually occluded upstream (distal) to the site of rupture to relieve pressure on the 
site and limit the degree of extravasation until a determination of its severity can be 
determined. In this case described here, a Grade II extravasation was apparent.

Blood flow will move toward the path of least resistance. As long as the lumen is 
not obstructed, this will be the route that it will take. However, if there is obstruction 
such as a tear in the vessel wall creating an obstructing flap as well as an alternative 
pathway (the hole in the vessel wall), extravasation occurs. In addition to the intra-
luminal flap, the external pressure exerted by the extravasation on the vessel tends 
to occlude the lumen. The goal of treatment is to press the flap outward and com-
press the extravascular accumulation in order to open the lumen and restore flow. 
Once the lumen is opened with an angioplasty balloon, the sustained pressure of the 
balloon (tamponade) tends to stabilize the situation after a few minutes and allow 
for the restoration of flow. This return of flow helps to keep the offending flap in 
position.

Not all cases of Grade II extravasation can be treated with balloon tapenade. If 
this is tried and failed to work the first time, it should be tried again. If this is unsuc-
cessful, the placement of an endovascular stent will generally restore flow.
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Chapter 41
Grade III Venous Rupture

Gerald A. Beathard

 Case Presentation

The patient was a 54-year-old male who had been on dialysis for 3 years. The patient 
had a left brachial-cephalic arteriovenous fistula (AVF). He was referred to the dial-
ysis vascular access facility because of poor blood flow detected at the dialysis 
clinic. Physical examination revealed that the AVF was hyperpulsatile. A thrill was 
palpable over the AVF just below the shoulder.

After the patient was prepped and draped, an angiogram was performed which 
showed a tight stenosis in the cephalic vein (Fig. 41.1). A high-pressure 8 × 4 angio-
plasty balloon was used first in an attempt to dilate the lesion. This was unsuccess-
ful. An ultrahigh-pressure 8 × 4 angioplasty balloon was then used. The lesion 
opened with a distinct palpable “pop” and full balloon effacement was observed 
(Fig. 41.2). Although the patient was sedated, he appeared to be restless and uncom-
fortable. The area of the lesion was palpated which revealed an enlarging, pulsatile 
hematoma. AVF inflow was immediately interrupted with manual compression just 
above the anastomosis. An angiogram revealed that there was no flow beyond the 
site of extravasation (Fig. 41.3). Balloon tapenade was attempted twice without any 
effect. The hematoma continued to be pulsatile when the inflow occlusion was 
released. A decision was made to place a stent-graft. An 8 × 8 stent- graft  was 
inserted without difficulty (Fig.  41.4). This restored blood flow with no further 
extravasation (Fig. 41.5).
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 Discussion

The most frequent procedure-related complication seen in association with angio-
plasty that dictates the need for intervention is vein rupture with extravasation [1]; 
however, this is not a frequent occurrence. The clinical significance of vein rupture 
with extravasation and hematoma formation is variable, ranging from none to disas-
ter for the access. The difference lies in the severity of the tear. The amount of 
extravasated radiocontrast associated with the hematoma may be minimal or absent. 
In actuality the size of the hematoma is not particularly important in determining the 
sequelae with which it is associated. One may see a small degree of extravasation 
with hematoma formation as a result of complete vein disruption that was quickly 
controlled. On the other hand, a very large hematoma may be completely stable and 
have no effect on blood flow.

Fig. 41.1 Initial 
angiogram. A Stenotic 
lesion

Fig. 41.2 Angioplasty of 
lesion showing full 
effacement
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As soon as it is obvious that a vascular rupture has occurred and a hematoma is 
forming, the access should be manually occluded upstream (distal) to the site of 
rupture to relieve pressure on the site and limit the degree of extravasation until a 
determination of its severity can be determined. The severity of the situation is 
determined by answering two questions – (1) is it stable or contorting to a large 
hematoma, and (2) does it affect blood flow? A classification system for extravasa-
tion has been devised based upon these two issues [2–4].

• Grade 1 – does not interfere with blood flow, stable
• Grade 2 – blood flow is slowed or stopped, stable
• Grade 3 – unstable, progressively enlarging hematoma

With the grade 3 hematoma, there is continuing active bleeding from a disrupted 
vessel. Arterial blood is being pumped directly into the surrounding tissue. 

Fig. 41.3 Extravasation at 
angioplasty site. A Point of 
blockage of blood flow

Fig. 41.4 Stent graft in 
place. A Stent graft
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Hematoma formation occurs very rapidly, the size of which depends on how 
quickly the condition is recognized and controlled. With the development of this 
complication, there is a definite risk for losing the access. The first goal in manage-
ment is to control the extravasation. This can generally be done by simply manually 
occluding the inflow to the access. The second goal is to attempt to salvage the 
access. In accomplishing this it is critical that the guidewire be left in place. If it 
has been inadvertently removed, replacing it is extremely difficult and often 
impossible. Salvage can generally be accomplished by the placement of a stent-
graft. If this is not effective, the access will need to be thrombosed.
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Chapter 42
Parallel Guidewire Angioplasty

Gerald A. Beathard

 Case Presentation

The patient was a 42-year-old male with a left brachial-basilic arteriovenous fistula 
(AVF) who had been on dialysis for 2 years. The patient was referred to the vascular 
access center because of low blood flow on dialysis and a hyperpulsatile fistula. 
Upon examination the patient’s AVF was found to be dilated and hyperpulsatile 
with a prominent thrill and bruit at the level of the angle of  transposition (swing 
point lesion).

After the patient was prepped and draped, an angiogram was performed. This 
showed an area of marked stenosis at the angle of transposition of the AVF (Fig. 42.1). 
The remainder of the angiogram was normal. Using a high-pressure 10 × 4 angio-
plasty balloon, an attempt was made to dilate the lesion. This was unsuccessful and 
was discontinued because the angioplasty balloon appeared to be on the verge of 
rupture (Fig. 42.2). It was replaced with an ultrahigh-pressure 10 × 4 angioplasty 
balloon and another attempt was made to dilate the lesion. This was also unsuccess-
ful (Fig. 42.3); the attempt ended with rupture of the angioplasty balloon.

At this time, a second guidewire was introduced through the sheath and advanced 
up to the level of the central veins. The sheath was removed and reintroduced over 
only one of the guidewiresa, excluding the second one. Another ultrahigh-pressure 
10 × 4 angioplasty balloon was introduced and advanced up to the site of the lesion. 
The angioplasty balloon was then inflated to 30 atm forcing the parallel guidewire 
against the wall of the vessel (Fig. 42.4). This resulted in full effacement of angio-
plasty balloon (Fig. 42.5). A post-procedure angiogram showed full dilatation of the 
lesion with no residual (Fig. 42.6).
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 Discussion

Some lesions are extremely resistant to dilatation. When this occurs there are three 
courses of action that are available – more pressure, do something to weaken the 
lesion or refer for surgical revision. The simplest of these approaches is the applica-
tion of more pressure. The standard high-pressure angioplasty balloon is designed 
to allow for 16–20 atm of pressure. If this is exceeded, there is a risk of balloon 
rupture. With some angioplasty balloons, one can attack an imminent rupture by 
watching the  configuration of the balloon. Just before the balloon ruptures, it is 
normally tapered; ends will frequently take on a rounded configuration (Fig. 42.2).

Fig. 42.1 Angiogram of 
stenotic lesion at swing 
point in brachial-basilic 
AVF. A Initial lesion

Fig. 42.2 Angioplasty 
with ultrahigh-pressure 
balloon (note rounded ends 
of balloon). A Site of 
resistance lesion
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If full effacement is not accomplished using a standard high-pressure balloon, 
the next step to achieve the application of greater dilating force is to move to an 
ultrahigh-pressure balloon. This device will tolerate more than 30 atm of pressure, 
and with its use, it is possible to treat most of resistant lesions successfully. In a 
study [1] that included 230 lesions that were treated with a goal of total angioplasty 
balloon effacement, it was found that only 1% of the lesions could not be success-
fully treated. A total of 55% of lesions required pressures greater than 15 atm to 
obtain complete effacement. When initial failures were excluded, it was found that 
20% of the lesions in AVFs and 9% in arteriovenous graft (AVG) required pressures 
greater than 20 atm to obtain complete effacement.

Fig. 42.3 Post-angioplasty 
angiogram following 
balloon rupture. A Site of 
resistant lesion

Fig. 42.4 Repeat 
angioplasty using cutting 
wire. A Site of resistant 
lesion, B angioplasty 
balloon guidewire, C 
second guidewire being 
used as cutting wire
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In some cases, multiple prolonged dilatations can weaken a resistant lesion to the 
point that it eventually gives way. However, there are techniques available that are 
specifically designed to weaken the integrity of a stenotic lesion. These involve cut-
ting it in some manner. The use of a cutting balloon has been advocated by some 
interventionalists for this problem [2–6]; however, there are techniques that may be 
effective and are much more economical, one of these is the parallel guidewire tech-
nique that was used in this case.

The concept of this technique is to use a guidewire as a cutting device to weaken 
the resistant lesion. It has been referred to using several different terms – “buddy- 
wire angioplasty [7],” “parallel wire angioplasty [8],” and “focused force angio-
plasty [9–11].” Most of the literature dealing with this technique relates to coronary 

Fig. 42.5 Total 
angioplasty balloon 
effacement. A Site of 
resistant lesion, B 
angioplasty balloon 
guidewire, C second 
guidewire being used as 
cutting wire

Fig. 42.6 Post-procedure 
angiogram. A Site of 
previous lesion
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artery angioplasty; however, it has also been used to treat resistant lesions associ-
ated with dialysis vascular access [12, 13]. There are two ways that this can be 
accomplished – by using a single guidewire that has been buckled back on itself to 
create a parallel segment [13] or by using a second guidewire as was done in this 
case. In doing this, the author has found that a stainless steel guidewire seems to 
work better than one of the hydrophilic coated guidewires.

With the parallel guidewire technique, a second guidewire is passed (Fig. 42.4) 
so that it lies parallel to the angioplasty balloon across the resistant lesion. The bal-
loon is then dilated to maximal pressure pressing the second guidewire into the wall 
of the lesion to disrupt it (Fig. 42.5). In one series of 22 cases [13], this technique 
was successful in all instances. In 18 of the cases, satisfactory results were obtained 
with a pressure lower than what had been used for the initial unsuccessful angio-
plasty. In the remaining four cases, the technique was implemented several times 
using maximum dilatation pressures, changing the guidewire position before each 
additional inflation.
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Chapter 43
Cephalic Vein Outflow Relocation

Gerald A. Beathard

 Case Presentation

The patient was a 58-year-old male who had been on dialysis for 4 years with a 
brachiocephalic fistula. He has had recurrent cephalic arch stenosis for the past 18 
months and has been treated with angioplasty on the average of every 2 months. He 
was referred to the vascular access center because of decreased blood flow and a 
hyperpulsatile fistula. Upon examination the patient was found to have a brachioce-
phalic fistula in his left upper arm, which was dilated and hyperpulsatile with a thrill 
palpable in the right subclavicular area.

An angiogram was performed which showed that the fistula was dilated and had 
a relatively broad zone of irregular stenosis at the cephalic arch (Fig. 43.1). Because 
of the frequency with which angioplasty was required, a decision was made to refer 
the patient to surgery with the recommendation of doing a cephalic vein outflow 
relocation procedure.

Six months later, the patient was again referred to the vascular access center 
because of his complaint of hand pain. Examination of the fistula revealed no abnor-
malities (Fig. 43.2). An angiogram performed at that time revealed the fistula was 
dilated and the surgical revision site looked good (Fig. 43.3). Further evaluation of 
the patient’s hand pain revealed that it was secondary to carpal tunnel syndrome.
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 Discussion

The cephalic arch is a rather unique vascular structure for three reasons. First, the 
anatomical configuration of the cephalic arch makes it one of the unique sites in 
association with hemodialysis access that has been referred to as a “swing point” 
[1]. Flow at these points is non-laminar and is associated with decreased shear stress 
[2]. This results in a cascade of events that result in neointimal hyperplasia causing 
venous stenosis [3, 4]. Second, one or more valves are located in the cephalic arch. 
It is well known that venous stenosis has a predilection for sites of valves [5], and 

Fig. 43.1 Angiogram of 
cephalic arch showing 
zone of stenosis. A Zone of 
stenosis

Fig. 43.2 Appearance of 
brachiocephalic fistula 6 
months after cephalic 
outflow relocation surgery
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while the location of valves within veins is somewhat variable, their location in this 
segment of the cephalic vein is rather constant. Third, the cephalic arch is mechani-
cally limited in its ability to dilate in response to an increase in blood flow commen-
surate with the formation of a functioning arteriovenous fistula (AVF) because of 
anatomical relationships associated with the clavipectoral fascia. This is a dense 
membrane occupying the interval between the pectoralis minor muscle and the sub-
clavian vessels. It is pierced by the cephalic vein, thoracoacromial artery and vein, 
and lateral pectoral nerve. The density of this fascial membrane and the fact that it 
is accompanied by other structures of significant size as it passes though the fora-
men may prove problematic when this vein is called upon to dilate.

There are three alternatives to treatment – angioplasty, angioplasty with stenting, 
and surgery. When treated with angioplasty, lesions in the cephalic vein have been 
found to be resistant to treatment and recurrences are frequent [6]. Management 
with angioplasty only is reasonable if the frequency of recurrence is not too great. 
Stenting may also be beneficial, although it should not be regarded as a permanent 
treatment [7]. The standard surgical approach has been to expose the cephalic arch 
and apply patch angioplasty at the site of the lesion. This has the drawback of being 
a major surgical procedure. A novel surgical approach was reported by Chen et al. 
[8] which they described as a venovenostomy but has come to be referred to by 
many as “outflow relocation.” According to this technique, the cephalic vein is dis-
sected as far proximal as possible to ensure adequate length. It is then transposed 
through a subcutaneous tunnel and anastomosed to the upper basilic/axillary vein in 
an end-to-side manner. In their report, seven patients with brachiocephalic fistula 
and cephalic arch stenosis were transposed. A primary patency of 70% was observed 
at 6 months and 60% at 12 months. It should be mentioned that this venovenostomy 
anastomotic site can develop stenosis requiring treatment, but this responds better 
than the cephalic arch lesion [9].

Fig. 43.3 Angiogram of 
brachiocephalic fistula 6 
months after cephalic 
outflow relocation surgery. 
A Site of surgical 
anastomosis

43 Cephalic Vein Outflow Relocation



216

A more detailed study of the outflow relocation procedure was reported [9]. This 
report evaluated the frequency of angioplasty of the cephalic arch lesion before 
relocation surgery with that of the venovenostomy anastomosis after surgery in 13 
cases. Primary patency rates for angioplasty before surgical revision were 23%, 8%, 
and 0% at 3, 6, and 12 months, respectively. Following surgical revision, all patients 
needed angioplasty procedures. However, primary patency increased to 92%, 69%, 
and 39% at 3, 6, and 12 months, respectively (p = 0.0001). Secondary patency 
before the surgical revision at 3, 6, and 12 months was 100%, 39%, and 8%, respec-
tively, compared with 92% at 3, 6, and 12 months postsurgical revision (p = 0.0003).
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Chapter 44
Venous Hypertension of Hand Associated 
with Arteriovenous Fistula

Gerald A. Beathard

 Case Presentation

The patient was a 53-year-old male hemodialysis patient with a radial-cephalic fistula 
(AVF) in his left forearm. The AVF had been in place for 3 years and has been func-
tioning well. The patient was referred to the dialysis access center because of com-
plaints of edema and paresthesia of his ipsilateral hand.

Physical examination revealed that the patient had multiple large and large, 
dilated, pulsatile veins on the back of his hand (Fig. 44.1). A palpable thrill was 
present in the veins distal to the fistula. By manually occluding the major vein prox-
imally and distally in a sequential fashion, it was demonstrated that the blood flow 
in the vein was retrograde. When the AVF anastomosis was occluded, the veins on 
the back of the hand collapsed.

After the patient was prepped and draped, the AVF was cannulated approximately 
15 cm above the anastomosis in a retrograde direction. An antegrade angiogram was 
performed through a catheter, which was positioned with the tip in the lower portion 
of the AVF. This showed a large vein originating approximately 4 cm above anasto-
mosis, which extended down into the hand with a number of branches (Fig. 44.2, 
arrow indicates anastomosis). After this vein was surgically ligated, the AVF was 
manually occluded in order to obtain retrograde flow and a second angiogram was 
performed. This showed another large vein originating at the anastomosis extending 
down into the hand (Fig. 44.3, arrow indicates anastomosis). This vein was also sur-
gically ligated. At this point the veins on the back of the patient’s hand were col-
lapsed. A follow-up angiogram was performed which showed good flow in the fistula 
with no blood flow into the ligated veins (Fig. 44.4, arrow indicates anastomosis).
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 Discussion

Symptomatic peripheral venous hypertension of the hand secondary to retrograde 
outflow from an AVF is a rare condition. It has generally been reported in associa-
tion with a radial-cephalic AVF created by side-to-side anastomosis [1–4]. This was 
the technique originally used to create the Cimino fistula [5]; however, even with 
that type of AVF, it was estimated to occur in less than 1% of cases [6, 7]. In a study 
involving snuffbox radial-cephalic AVFs, 60 patients were divided into two groups 
of equal size [8]. In one group, the distal vein was ligated at the time of surgery. In 
the other, the distal vein was left patent. Venous hypertension in the hand developed 
in two (6.6%) cases in the group in which the vein was not ligated. None was seen 
in the ligated group.

Fig. 44.1 Appearance of 
patient’s hand showing 
large distended veins

Fig. 44.2 Angiogram 
showing the vein arising 
approximately 4 cm above 
anastomosis and extending 
down into the hand (arrow 
indicates anastomosis)
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The clinical features exhibited vary from venous distention with mild swelling of 
the hand to venous varicosities and in severe cases, ulceration. In an early publica-
tion, a syndrome referred to as “sore thumb syndrome” was described, character-
ized by a swollen, cyanotic thumb with eczematous skin changes resulting from 
AVF-associated venous hypertension of the hand [9].

Most of the cases reported in the more recent literature have been in association 
with bidirectional AVFs created using proximal radial inflow [10] and then gener-
ally only with downstream stenosis [11].

The treatment for this problem is ligation of the veins distal to the anastomosis 
[1–4] as was done in this case. This results in resolution of the venous hypertension; 
problems such as ulceration that may be associated with severe cases will generally 
resolve following this treatment. In order to avoid this complication, an end-to-side 
anastomosis is recommended [8].

Fig. 44.3 Angiogram 
performed with manual 
occlusion of fistula to 
create retrograde flow after 
ligation of the first vein 
(arrow indicates 
anastomosis)

Fig. 44.4 Angiogram of 
fistula following ligation of 
vein distal to the 
anastomosis (arrow 
indicates anastomosis)

44 Venous Hypertension of Hand Associated with Arteriovenous Fistula
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Chapter 45
Grade I Extravasation

Gerald A. Beathard

 Case Presentation

The patient was a 61-year-old female dialysis patient with a left forearm loop 
arteriovenous graft (AVG). The patient was referred to the vascular access center 
because of poor blood flow in the access. Physical examination revealed a loop 
AVG in the left forearm, which was hyper-pulsatile. The thrill over the venous 
anastomosis was systolic only. The bruit was high pitched and systolic only. The 
drainage was primarily through the basilic vein, which was hyper-pulsatile, and a 
localized thrill was palpable in the general region of the axilla.

After the patient was prepped and draped, an angiogram was performed which 
showed marked stenosis at the venous anastomosis and a second area of stenosis in 
the axillary vein. After the guidewire was passed, an attempt was made to treat the 
lesion in the axillary vein using a high-pressure 9 × 4 angioplasty balloon. Full 
effacement of the balloon could not be achieved; a narrow circumferential defect in 
the balloon could not be eliminated (Fig. 45.1, arrow). An ultrahigh-pressure balloon 
was inserted, and the lesion was dilated using 30 atmospheres pressure. Venous rup-
ture occurred  resulted in extravasation of radiocontrast (Fig. 45.2, arrows). Blood 
flow was immediately obstructed manually at the level of the venous anastomosis. 
A hematoma could be felt in the area of the lesion. Radio contrast was injected, and 
unobstructed blood flow through the area of extravasation was noted. The extravasa-
tion was stable with no continuing leakage of radiocontrast (Fig. 45.3, arrows indi-
cate area of extravasation). Over 5 min of observation, no further extravasation was 
noted. The venous anastomosis lesion was then treated using an 8 × 4 angioplasty 
balloon with good result. The area of extravasation was again examined and found to 
have not changed. The patient was returned to the dialysis facility for dialysis.
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 Discussion

The most frequent procedure-related complication seen in association with angio-
plasty that dictates the need for intervention is vein rupture with extravasation [1]; 
however, this is not a frequent occurrence. In a series of 5121 angioplasty proce-
dures performed on dialysis access, an overall complication rate of 3.54% was seen. 
This series was composed of AVGs, 3560 cases with a 1.15% complication rate, and 
arteriovenous fistula (AVF), 1561 cases with a 4.48% complication rate. Seventy 
percent of these complications were vein rupture with extravasation of some degree 
[1]. In two other large studies, each one of which involved over 1200 cases, a 0.9% 

Fig. 45.1 Appearance of 
angioplasty balloon with 
resistant lesion preventing 
total effacement (arrow)

Fig. 45.2 Angiogram 
showing extravasation of 
radiocontrast (arrows)
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incidence [2] and a 2% incidence [3], of vein rupture with extravasation was 
reported, respectively.

The clinical significance of vein rupture with extravasation is variable, ranging 
from none to disaster for the access. The difference lies in the severity of the tear. 
The presence of this complicating event is generally heralded by the extravasation 
of radiocontrast, blood, or both. Vein rupture with extravasation becomes more 
obvious when there is the formation of an obvious hematoma. The amount of 
extravasated contrast associated with the hematoma may be minimal or absent. In 
actuality the size of the hematoma is not particularly important in determining the 
sequelae with which it is associated. One may see a small degree of extravasation 
with hematoma formation as a result of complete vein disruption that was quickly 
controlled. On the other hand, a very large hematoma may be completely stable hav-
ing no effect on blood flow. It is useful to use a classification system for extravasa-
tion based upon its clinical significance [4–6].

When an extravasation is noted, one must make two determinations – (1) is it 
stable or continuing to enlarge and (2) does it affect flow? As soon as it is obvious 
that a vascular rupture has occurred and a hematoma is forming, the access should 
be manually occluded upstream (distal) to the site of rupture to relieve pressure on 
the site and limit the degree of extravasation until a determination of its severity can 
be determined.

This most common type of extravasation is a Grade I extravasation and is by defi-
nition stable, e.g., not continuing to grow and does not affect flow. Although the 
Grade I situation may cause concern on the part of the operator and the patient, it is 
of no real consequence to the outcome of the procedure and requires no specific 
treatment. This is true regardless of its size. In general, a hematoma that remains 
stable over 30 min to an hour period will continue to behave in this manner as long 
as there is no downstream obstruction. It does not require further observation.

Fig. 45.3 Angiogram 
showing good blood flow 
through area of 
extravasation (indicated by 
arrows) with no continuing 
extravasation of 
radiocontrast
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The patient with a Grade I extravasation will probably have an ecchymosis which 
may be quite large, depending on the size of the extravasation. Localized discomfort 
may be significant and may last for several days. They may require symptomatic 
treatment measures [5]. Mild analgesics and a heating pad may be helpful.
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Chapter 46
Compensated Central Vein Occlusion 

Gerald A. Beathard

 Case Presentation

The patient was a 68-year-old male who had been on hemodialysis for several years. 
During this period of time, he had had a number of central venous catheters which 
had been in place for prolonged periods. He also received several upper extremity 
arteriovenous accesses which had failed. Approximately 4 months earlier, a suc-
cessful brachial-basilic fistula was created in his left arm and had been used effec-
tively for dialysis treatments. After the fistula was placed, the patient developed 
marked swelling of his arm. Over the next few months, however, the swelling had 
become less and recently has completely disappeared without any intervention. The 
patient has been dialyzing well and has a sp. Kt/V of 1.7. The patient was referred 
to the vascular access center because of the presence of numerous large collateral 
veins over his upper arm and chest.

Examination of the patient revealed that he had a functioning left brachial-basilic 
fistula which was dilated but not hyper-pulsatile. Numerous large superficial tortu-
ous veins were present over the patient’s upper arm, neck, chest, and abdomen 
(Figs. 46.1 and 46.2). After the patient was prepped and draped, the fistula was can-
nulated, and an angiogram was performed. This showed that the basilic vein was 
patent and markedly dilated with many collaterals. The left brachiocephalic vein was 
patent up to the expected point of junction with the superior vena cava where there 
was a total occlusion (Figs. 46.3 and 46.4). Additionally, the jugular venous system 
in the neck was markedly dilated and tortuous as was the internal thoracic vein on 
the right (Figs. 46.5 and 46.6). At this point the procedure was discontinued.
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 Discussion

As is frequently the case, this patient has developed central vein stenosis from the 
chronic use of dialysis catheters. This has led to total obstruction which on the side 
of his current arteriovenous access is at the level of the junction between the bra-
chiocephalic vein and the superior vena cava. Unfortunately, early signs of the 

Fig. 46.1 Collateral veins 
on surface of patients body. 
A dilated jugular venous 
system, B dilated veins 
over patient’s abdomen

Fig. 46.2 Collateral veins 
on surface of patients body, 
second view
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problem associated with the progressive edema of the ipsilateral extremity were 
ignored. With the development of collaterals secondary to the venous obstruction, 
the patient eventually decompressed his central venous circulation. By physical 
examination, pressure within his access appeared to be relatively normal, and his 
dialysis has been proceeding without complication.

While the development of numerous collaterals secondary to venous obstruction 
is to be expected, decompression of the obstruction to the degree apparent in this 
patient is not common nor is it rare. Although the patient is dialyzing without com-
plication at this time and is very likely to continue to do so, he is at considerable risk 
due to the size and number of superficial venous collaterals that are present. Should 
the patient be involved in an accident or require surgery, these vessels could lead to 
serious, life-threatening bleeding.

Fig. 46.3 Angiogram of 
brachial-basilic fistula.  
A fistula

Fig. 46.4 Angiogram of 
upper fistula and central 
veins. A internal jugular 
vein, B subclavian vein;  
C, basilic vein/axillary 
vein with collaterals

46 Compensated Central Vein Occlusion



230

Fig. 46.5 Angiogram of 
central veins showing 
collaterals, another view.  
A point of obstruction,  
B internal jugular vein,  
C anterior jugular vein and 
jugular arch, D subclavian 
vein, E brachiocephalic 
vein

Fig. 46.6 Angiogram of 
central veins showing 
collaterals, another view.  
A internal thoracic vein
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Chapter 47
Central Vein Stenosis Accessed  
from Femoral Vein

Gerald A. Beathard

 Case Presentation

The patient was a 56-year-old female with the right upper arm arteriovenous graft 
(AVG). She was known to have brachiocephalic stenosis from an angiogram that 
had been done 5 months previously. The lesion was not treated at that time because 
of inability to cross the lesion with a guidewire. The patient was referred to the 
vascular access center at this time because of marked right arm, face, and breast 
swelling that had been progressing over the past week.

Examination of the patient revealed that she had a right upper arm AVG which 
was hyper-pulsatile. There was marked swelling of the arm making palpation of the 
access difficult. There was evidence of collateral veins over the anterior chest.

After the patient was prepped and draped, the AVG was cannulated, and an angio-
gram was performed. This showed what appeared to be complete obstruction at the 
junction of the brachiocephalic and subclavian vein (Fig. 47.1). Multiple attempts 
were made to cross this lesion with a guidewire including using a vascular catheter 
to assist the process. All attempts were unsuccessful. The femoral vein was then can-
nulated, and a catheter was advanced up to the site of the lesion. Using a hydrophilic 
guidewire assisted with the use of a vascular catheter, the lesion was crossed, and an 
angiogram was performed to confirm the position (Fig. 47.2). The guidewire was 
further advanced down to the level of the venous anastomosis of the AVG. The distal 
end of the guidewire was captured with a snare and brought out through the sheath 
that had been previously placed in the AVG (Fig. 47.3). The stenotic lesion was then 
dilated using a 14 × 4 angioplasty balloon (Figs. 47.4 and 47.5). A post-procedure 
angiogram was performed which showed good result from the treatment (Fig. 47.6). 
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The patient was returned to the dialysis facility where she was dialyzed with diffi-
culty. The swelling of her arm resolved over the next 4 days.

 Discussion

This case demonstrates the fact that, in an instance in which it is not possible to 
advance a guidewire across a severely stenotic lesion that appears to be a total occlu-
sion, one should not conclude that it is untreatable until an attempt is made from the 
opposite direction. By cannulating the femoral vein and passing a vascular catheter 
up to the stenotic site, it was possible to cross the lesion and successfully treat it.

Fig. 47.1 Initial 
angiogram showing side of 
stenosis. A site of stenosis

Fig. 47.2 Crossing 
stenotic site with vascular 
catheter guidewire 
advanced from femoral 
cannulation. A - subclavian 
vein peripheral to stenosis, 
B - guidewire coming from 
femoral insertion site
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It is probable that the angioplasty could’ve been done from the femoral cannula-
tion site. However, bringing the wire out the cannulation site in the access does 
make the performance of angioplasty more easily accomplished.

Lesions of this type do not occur quickly, the mere fact that it was so advanced 
suggests that this patient was not being monitored for vascular access problems very 
effectively. Addressing central venous lesions on a more timely basis can be 
expected to prevent such occurrences.

Fig. 47.3 Snaring 
guidewire advanced from 
femoral site. A snare and 
tip of guidewire

Fig. 47.4 Angioplasty of 
stenotic lesion

47 Central Vein Stenosis Accessed from Femoral Vein
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Fig. 47.5 Angioplasty of 
stenotic lesion showing 
total effacement of the loan

Fig. 47.6 Post-procedure 
angiogram showing good 
result from treatment.  
A site of stenosis
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Chapter 48
Patient with Intractable Pain in Arteriovenous 
Graft

Gerald A. Beathard

 Case Presentation

The patient was a 52-year-old female who had been receiving hemodialysis treatments 
for 18 months using a right forearm arteriovenous graft (AVG). The patient had 
carpal tunnel syndrome in her right hand of moderate severity. For 4 months she had 
been complaining of severe pain in the area of her graft, which has gotten progres-
sively worse. The pain was constant, on the medial aspect (venous side of graft) side 
of the forearm. The pain was clearly distinct from carpal tunnel pain. Because of the 
severity of the pain and her inability to achieve any relief, she has been referred to 
pain management.

The patient was referred to the dialysis access center because of poor access of 
blood flow on dialysis. Physical examination reveals that she has an increased pulse 
in the graft with a localized thrill at the venous anastomosis. The bruit in this area is 
high pitched and systolic only. There was a large dilated vein arising in the approxi-
mate area of the venous anastomosis, which was pulsatile.

The patient was prepped and draped. The AVG was cannulated in an antegrade 
direction low on the venous side. An angiogram was performed which showed a 
tight stenosis just above the anastomosis (Figs. 48.1 and 48.2). There were a number 
of large collateral veins in the area which seemed to originate from a large vein that 
arose between the venous end of the AVG and the point of stenosis. The lesion was 
treated with an 8 × 4 angioplasty balloon with good result.

Post-angioplasty, the patient reported that her forearm pain was completely gone. 
Four months later, the patient reported that although mild, the pain had recurred. 
She was reevaluated, and it was found that the stenotic lesion had recurred along 
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with the large collateral vein. It was treated again with angioplasty following which 
the pain disappeared.

 Discussion

This is an unusual case in which the venous stenosis caused neurological symptoms, 
in this case pain in the distribution of the medial antebrachial cutaneous nerve. The 
sensory innervation to the forearm is supplied by the medial (anterior and medial 
aspect), the lateral (lateral aspect), and the posterior antecubital cutaneous nerves. 
After originating from the medial cord of the brachial plexus, the medial antecubital 

Fig. 48.1 Angiogram 
showing stenotic lesion 
(A), collateral originating 
between venous end of 
graft and stenosis (B), and 
venous end of graft (C)

Fig. 48.2 Angioplasty of 
lesion, arrow indicates 
location of stenosis
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cutaneous nerve (Figs. 48.3 and 48.4) lies medial to and in close proximity to the 
basilic vein in the upper arm. In the lower portion of the upper arm, it pierces the 
brachial fascia and, as it courses downward, lies in close proximity to the median 
antecubital vein as it enters the forearm. It innervates the skin of the anterior and 
medial surfaces of the forearm as far down as the wrist (Fig. 48.5).

Pain in the area of an AVG is not an unusual complaint; however, it is generally 
present only during dialysis or with cannulation. The fact that this patient’s pain was 
continuous and intractable made it different. The response of the pain to the angio-
plasty suggests that the sensory nerve was being compressed by the engorged col-
lateral veins resulting from the venous stenosis. The recurrence of the symptoms 
and their subsequent relieve with repeat angioplasty is analogous to meeting Koch’s 
postulates of disease causation.

Fig. 48.3 Post-procedure 
angiogram showing almost 
complete resolution of 
collateral vessels, arrow 
indicates location of 
previous stenosis

Fig. 48.4 Relationship 
(right arm) of venous 
structures and cutaneous 
nerves to forearm. A 
posterior antebrachial 
cutaneous nerve, B 
cephalic vein, C lateral 
antebrachial cutaneous 
nerve, Dmedial 
antebrachial cutaneous 
nerve
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The culprit in this case was a collateral vein that originated between the venous 
end of the graft and the anastomosis-related stenosis. Although it seems as though 
there should not be a vessel in this area, such a finding is not particularly unusual for 
patients with an AVG.

The exact incidence of the phenomenon represented in this case is not known; 
however, there are other situations in which venous congestion secondary to dialysis 
access-related stenosis has been found to cause serious symptoms not generally 
thought of as being access related. Seizures have been reported secondary to dialy-
sis access-related central vein stenosis resulting from intracranial venous engorge-
ment [1]. High-pressure glaucoma causing an increasing loss of vision has also been 
reported related to retinal vein engorgement secondary to dialysis access-related 
central vein stenosis [2]. Although unusual, these syndromes are important to rec-
ognize because of their serious nature.
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Fig. 48.5 Cross-sectional 
anatomy at level of the 
elbow. A median nerve, B 
medial antebrachial 
cutaneous nerve, C basilic 
vein, D brachial artery and 
paired brachial veins, E 
ulnar nerve
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Chapter 49
Directional Atherectomy for Arteriovenous 
Access Dysfunction

Ali Gardezi and Alexander S. Yevzlin

 Case Presentation

A 59-year-old male presented with thrombosis of polytetrafluoroethylene (PTFE) 
arteriovenous graft (AVG). He had a history of thrombosis of the graft 371 days 
prior to the current presentation. At that time, a bare-metal stent (BMS) was placed 
at the stenosed venous anastomosis after thrombectomy. Four months prior to the 
current presentation, he had a successful angioplasty of a 90% in-stent restenosis.

After the patient was prepped in a usual sterile fashion, a Fogarty balloon and 
thromboaspiration was used for thrombectomy. After restoration of the flow through 
the graft, a post-intervention angiogram showed a 90% stenosis of the entire length 
of the previously placed stent at the venous anastomosis (Fig. 49.1). Angioplasty 
was performed using a 6 mm × 4 cm balloon inflated to 25 atm for 45 s at the level 
of the stenosis. Post-interventional angiogram revealed a persistent 80% stenosis. 
Due to resistant nature, severity, and length of the stenosis, a decision was made to 
attempt directional atherectomy. The previously placed 6-Fr, 5  cm sheath was 
replaced by a 7-Fr, 45-cm bendable introducer/sheath. A directional atherectomy 
(DA) device (Silverhawk, Foxhollow Technologies, Redwood City, CA, USA) was 
advanced over a 0.014-inch guidewire across the lesion to remove hyperplastic cel-
lular matrix from the lumen of the stented AVG and vein (Fig. 49.2). Atherectomy 
was performed in four directions by placing the blade of the DA device in dorsal, 
ventral, lateral, and medial directions turn by turn. The device was then removed. 
Post-intervention angiogram revealed a 50% residual stenosis. Another balloon 
angioplasty was done at the level of the stenosis inflating a 6 mm × 4 cm balloon at 
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25 atm for 30 s. Post-intervention angiogram revealed the resolution of the in-stent 
lesion to 15% residual stenosis. Hemostasis was secured using a 2.0 silk suture. 
There were no complications during the procedure.

 Discussion

This case describes the use of DA to treat in-stent restenosis at the venous anasto-
mosis of a thrombosed PTFE AVG. Although it uses a DA device, this procedure is, 
technically, not an atherectomy. Rather than removing an atheroma, it involves 
sharp endoluminal dissection to remove the intimal hyperplasia and fibrosis.

Fig. 49.1 Post-
thrombectomy angiogram 
revealing a severe, lengthy 
lesion throughout the 
previously placed stent at  
the venous anastomosis

Fig. 49.2 The directional 
atherectomy device 
advanced across the lesion 
to remove hyperplastic 
cellular matrix
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Stenosis remains one of the most important complications of dialysis access. In 
case of AVG, stenosis at venous anastomosis can lead to graft thrombosis [1]. Stent 
deployment is used in lesions which are either resistant to angioplasty or recur fre-
quently. However, stent placement in veins is not as successful as it is in arteries due 
to higher rates of in-stent restenosis resulting in lower primary patency [2]. This 
leads to the dilemma of either placing a new stent within an existing stent or leaving 
the in-stent restenosis without further intervention [3].

In-stent restenosis has previously been treated with angioplasty alone, angio-
plasty with another stent placement, or cutting balloon angioplasty. Cutting balloon 
angioplasty has been used in a variety of vascular lesions [4]. Singer-Jordan et al. 
described a series of 29 patients undergoing cutting balloon angioplasty on arterio-
venous fistulas (AVF). It showed good immediate results in achieving 100% patency, 
but 6 months primary patency rates were the same as conventional angioplasty [5]. 
Similarly, a later study by Kariya et al. demonstrated no advantage over conven-
tional angioplasty in treating in-stent restenosis of hemodialysis access [6]. DA is a 
different approach to the management of restenosis as it removes the fibrosis and 
neointimal hyperplasia rather than just compressing it against the vessel wall as in 
conventional or cutting balloon angioplasty.

Several investigators have published their experience of using DA for the treat-
ment of hemodialysis access stenosis. An early case series by Zemel et al. indicated 
that long-term patency might be superior to percutaneous transluminal angioplasty 
(PTA) [7]. A subsequent study by Mizumoto et al. showed primary patency rates of 
100% at 1 month, 93% at 3 months, 92% at 6 months, and 75% at 12 months [8]. 
Gray et al. showed that directional atherectomy with or without balloon angioplasty 
had 83% initial success rates. However, recurrence rates of venous outflow stenosis 
were similar to balloon angioplasty using the same criterion [9]. DA has not been 
used for in-stent restenosis before this case report. In fact, the presence of a stent has 
been described as a relative contraindication for DA due to the risk of perforation 
and catching the blades of the device on the struts of the stent [7]. Due to these risks, 
extreme caution is recommended while applying DA in or near a previously 
deployed stent. Despite these risks, the use of DA device to treat severe and resistant 
in-stent restenosis is promising, especially so, since it represents an opportunity to 
study the cells harvested from the lesion.
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Chapter 50
Excimer Laser Atherectomy

Alexander S. Yevzlin

 Case Presentation

A 55-year-old woman, who was diagnosed with IgG lambda multiple myeloma, 
was referred to Interventional Nephrology for evaluation of arm swelling on the 
ipsilateral side of a recently created arteriovenous fistula (AVF). She had been 
receiving hemodialysis for the past 3 months via right internal jugular vein tunneled 
catheter. Two prior left upper extremity attempts at AVF placement had failed. A 
right upper extremity brachial artery to cephalic vein perforator AVF was created 
several weeks prior to presentation.

After informed consent was obtained, the patient was prepped and draped in the 
usual sterile fashion overlying the left upper extremity. Two milliliter of subcutane-
ous lidocaine was administered in the area overlying the AVF. Cannulation was per-
formed with an introducer needle. Guidewire was inserted into the needle. The 
needle was removed and a 4-French dilator introducer combination was inserted 
into the lumen of the AVF.  The dilator and wire were removed. Introducer was 
flushed. Contrast was used to define venous anatomy. This revealed a near-total 
occlusion in the right subclavian vein with no flow of contrast into the SVC around 
the indwelling tunneled hemodialysis catheter, with the classic “bird’s beak” appear-
ance on angiography (Fig. 50.1).

A 0.014 inch guidewire (Ironman, Guidant, Santa Clara, CA) was advanced 
across the lesion through a 4-Fr catheter. The catheter was attempted to be advanced 
over the wire unsuccessfully, meeting resistance in the lesion. A 2.5-Fr catheter was 
advanced to the lesion over the wire but also could not be advanced across success-
fully due to resistance in the lesion.
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The 4-Fr introducer was exchanged for an 8-Fr. A 2.0 mm laser atherectomy 
catheter (Turboelite, Spectranetics) was advanced to the level of the lesion over the 
wire. The laser was engaged at a setting of 40/30 and gradually advanced across the 
lesion over 15 s duration. Post-laser central venogram revealed flow of contrast into 
the SVC with 95% residual stenosis (Fig. 50.2). An 8 × 40 mm angioplasty balloon 

Fig. 50.1 Central venogram revealing near-total occlusion of the right subclavian vein with no 
flow of contrast into the SVC around the indwelling tunneled hemodialysis catheter and the classic 
“bird’s beak” appearance

Fig. 50.2 Post-laser 
central venogram showing 
flow of contrast into the 
SVC
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was inserted across the lesion and was inflated to 20 atm for 30 s. Post-angioplasty 
central venogram revealed good flow of contrast from the subclavian vein into the 
SVC and right atrium, with a 20% residual stenosis (Fig. 50.3).

 Discussion

Excimer laser therapy can be used in the central vasculature of a hemodialysis 
patient to allow subsequent angioplasty of a 100% stenosis. Excimer (EXCited 
dIMER) laser technology describes optical amplification that occurs in plasma con-
taining excited dimers with an antibonding electronic ground state [1]. Modern laser 
technology uses the ultraviolet (UV) spectral region to generate nanosecond pulses 
of energy. The excimer gain medium is a gas mixture, typically containing a noble 
gas and a halogen. After stimulated or spontaneous emission, the excimer rapidly 
dissociates, so that reabsorption of the generated radiation is avoided. This makes it 
possible to perform photoablation, which is the process by which energy photons 
cause molecular bond disruption while minimizing thermal damage to the surround-
ing vascular tissues [2].

We applied the excimer laser technology to the severe neointimal hyperplastic 
lesion found in the case described above, and for which conventional techniques 
were not sufficient to obtain a satisfactory result. In occlusive disease where no 
conventional alternative is available or has been successful, however, laser therapy 
may be a viable option.

Fig. 50.3 Angiogram of 
the lesion post-angioplasty
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Chapter 51
Focal Arterial Lesion of the Upper Extremity

Alexander S. Yevzlin

 Case Presentation

After informed consent was obtained, the patient was prepped and draped in the 
usual sterile fashion overlying the left upper extremity. Two millilitre of subcutane-
ous lidocaine was administered in the area overlying the arteriovenous fistula (AVF). 
Cannulation was performed with an introducer needle. Guidewire was inserted into 
the needle. The needle was removed, and a 6 French dilator introducer combination 
was inserted into the lumen of the AV fistula. The dilator and wire were removed. 
Introducer was flushed. Contrast was used to define venous anatomy.

A direct arteriogram was then performed which showed normal inflow into the 
lumen of the AVF from the radial artery, a high bifurcation of radial artery in the 
upper arm (Fig. 51.1), and a 80% focal lesion at the wrist where a previous access 
had been surgically created and poor perfusion of the digits.

The catheter was then advanced into the axillary artery, and a direct angiogram 
was performed, revealing normal flow of the brachial artery but diminutive, dif-
fusely diseased ulnar and radial vessels with no flow into the hand (Fig. 51.2).

Two thousand units of heparin were administered i.v. A 180 cm .014 inch guide-
wire crossing the radial arterial lesion. Angioplasty balloon 3 × 30 mm was then 
advanced to the distal lesion where it was inflated for 5 s at 8 atmospheres (Fig. 51.3). 
Post-intervention direct arteriogram revealed a 0% residual stenosis and much bet-
ter palmar arch (Fig. 51.4).
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Fig. 51.1 Direct arteriogram showing normal inflow into the lumen of the arteriovenous fistula 
from the radial artery, a high bifurcation of radial artery in the upper arm, and an 80% focal lesion 
at the wrist where a previous access had been surgically created and poor perfusion of the digits

Fig. 51.2 Direct angiogram of the axillary artery, revealing normal flow of the brachial artery but 
diminutive, diffusely diseased ulnar (green arrow) and radial (blue arrow) vessels with no flow 
into the hand. Red arrow shows arteriovenous fistula anastomosis with high-bifurcation radial 
artery
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 Discussion

Recent data have emphasized that significant (≥50%) arterial stenoses are com-
monly seen in dialysis patients presenting with symptoms of hand ischemia [1]. 
These lesions can occur anywhere within the arteries of the upper extremities 
including the proximal arteries and have been demonstrated to cause peripheral 

Fig. 51.3 A 3 × 30 mm angioplasty balloon intervention over 0.14 inch wire

Fig. 51.4 Post- 
intervention direct 
arteriogram revealed a 0% 
residual stenosis
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ischemia in haemodialysis (HD) patients [2]. Using arteriography, the incidence of 
arterial stenosis in patients with peripheral ischemia has been reported to range 
from 62% to 100%. In one study [3], complete arteriography from the aortic to the 
palmar arch was performed to assess the presence of arterial stenosis in HD patients 
presenting with symptoms of peripheral ischemia (n = 13). It was found that 62% of 
the 13 patients referred for the evaluation of symptoms of steal syndrome demon-
strated a significant (≥50%) arterial stenosis. In another report [4], stenosis in the 
inflow circulation was found in 100% of the patients who underwent complete arte-
riography (n = 5).

Arteriography is the most important tool in making the diagnosis as well as 
developing a treatment strategy for hand ischemia [2]. As steal from the distal ves-
sels can be expected, arteriography should be performed with and without occlusion 
of the arteriovenous access. Optimally, images should be recorded from the aortic to 
the palmar arch so that the lesions in the more proximal arteries will not be missed 
[5]. Recorded images should then be carefully evaluated for the presence of occlu-
sive arterial disease. Both the femoral artery and cannulating the access in a retro-
grade direction and advancing a diagnostic catheter into the aortic arch area can be 
used to perform angiography and angioplasty.

Percutaneous balloon angioplasty can easily be performed to treat arterial ste-
notic lesions causing vascular access dysfunction or hand ischemia. In a great 
majority of patients, the entire arterial tree of the extremity including the central 
arteries can be evaluated by advancing a diagnostic catheter across the arterial anas-
tomosis and into the central arteries. Navigation of the balloon to the site of stenosis 
can follow the same route. In a minority of patients, direct arterial puncture of the 
femoral or upper extremity arteries might be needed to evaluate and manage the 
arterial lesions [1].
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Chapter 52
Brachial Artery Stenosis

Gerald A. Beathard

 Case Presentation

The patient was a 63-year-old diabetic male who was dialyzed for 3 years and had 
a brachial-basilic arteriovenous fistula (AVF) in his left arm. He was referred to the 
dialysis access clinic with stage III dialysis access steal syndrome (DASS). The 
patient had a history of left hand problems that started approximately 3 months 
earlier with just a cold hand, progressing to pain during dialysis and eventually pain 
when not on dialysis.

Physical examination revealed that the patient had a large brachial-cephalic AVF, 
which collapsed with arm elevation. The right hand was cold in comparison to the 
left. The radial pulse was not palpable and did not change with manual occlusion of 
the AVF. A bruit was detectable with Doppler and improved only slightly with AVF 
occlusion. Ultrasound evaluation revealed that flow in the radial artery was retro-
grade during diastole. Blood flow in the brachial artery measured above the anasto-
mosis was 670 mL/min.

The patient was prepped and draped. The AVF was cannulated in a retrograde 
direction, and an angiogram was performed that showed no venous abnormality. 
There was no flow of radiocontrast into the radial artery with the AVF open; the flow 
was minimal with the occlusion. An arteriogram was performed that showed two 
areas of stenosis in the brachial artery (Fig. 52.1). The radial artery was not stenotic 
but did show irregularity in the lumen.

The brachial artery lesions were dilated with a 6 × 4 balloon with good result 
(Fig. 52.2). Following the treatment, there was minimal flow in the radial artery 
with the AVF open and good flow with the occlusion. The patient’s hand was warm  
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following the procedure. Flow in the brachial artery measured above the  anastomosis 
was 1080 mL/min. The following day, dialysis was accomplished without any hand 
pain.

 Discussion

This dialysis patient with hand ischemia illustrates the importance of evaluating the 
arterial blood flow to the AVF. Dialysis access steal syndrome (DASS) is seen pri-
marily in AVFs, and the incidence increases with time. This is because of two issues. 
Access blood flow increases with time and problems such as arteriosclerosis that 
can lead to hand ischemia in the patient with an access advance with time.

Fig. 52.1 Angiogram of 
brachial artery. Arrows 
indicate stenotic lesions

Fig. 52.2 Postangioplasty 
angiogram showing 
resolution of lesions
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In this case, retrograde flow was present as it is in most patients with an AVF; 
however, this is a physiologic phenomenon (physiologic steal) and as such was not 
involved in the pathogenesis of hand ischemia in this case [1]. It should be noted 
that unlike the retrograde flow that is seen with a radial artery based AVF, the retro-
grade flow with the brachial artery AVF is actually to-and-fro; it is antegrade during 
systole and retrograde in diastole.

When evidence for the existence of DASS is detected or even suspected, the 
patient should be immediately subjected to a complete evaluation. This should 
include a measurement of the access blood flow and a complete angiogram of the 
access and its feeding artery, including distal runoff. Proximal arterial stenosis 
affecting the feeding artery is the cause of access dysfunction in a significant num-
ber of patients with access-related ischemia [2, 3] as was the case here.
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Chapter 53
True Steal Syndrome

Eduardo Rodriguez and Karl A. Illig

 Case Presentation

A 41-year-old man with a left upper-arm brachiocephalic arteriovenous fistula 
(AVF) presents to the emergency room 6 months after dialysis access creation with 
complaints of worsening shortness of breath and a nonhealing wound on the left 
index finger. Physical examination revealed a brisk thrill over the AVF, nonpalpable 
distal pulses in the left hand, and evidence of dry gangrene at the distal left index 
finger. A plain X-ray of the hand was consistent with osteomyelitis involving the 
base of the distal phalanx of the second digit and head of the middle phalanx of the 
second digit. Noninvasive studies on the left upper extremity revealed a left finger 
pressure of 38 mmHg that improved to 110–120 mmHg, an absence of evidence of 
inflow disease, a fistula volume flow of 1200 mL/min, a biphasic signal in the radial 
artery, and an improvement of flow and signal with AVF compression. These find-
ings were suggestive of ischemic tissue loss secondary to “true” steal syndrome.

The patient was taken to the operating room for distal revascularization and 
interval ligation (DRIL). Exposure was obtained in the axillary artery as high as 
possible in the axilla and the brachial artery just distal to the antecubital fossa at its 
bifurcation. The greater saphenous vein was harvested from the left thigh. Proximal 
anastomosis was constructed, and the vein was then tunneled in a reversed fashion. 
Distal anastomosis was constructed to the brachial bifurcation with ligation 
 performed between the distal anastomosis and the fistula itself completing the pro-
cedure. Handheld Doppler revealed excellent flow in the DRIL, which was not 
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appreciably affected by occlusion of the patent fistula. A left second finger 
 amputation was performed at the same time.

 Discussion

Access-related hand ischemia or steal syndrome occurs secondary to low access 
tract resistance, causing reversal of blood flow in the arterial outflow tract toward 
the access and away from the hand. This reversal of flow following arteriovenous 
(AV) access creation is a very common hemodynamic finding. Studies have shown 
reversal of flow in 73% of autogenous access (AA) and in 91% of prosthetic AV 
accesses [1]. Nonetheless, a symptomatic steal syndrome is present in less than 
10%. Clinical symptoms vary and range from mild ischemia to tissue loss. Steal can 
be graded based on presentation [2]:

Grade 0: No steal
Grade 1: Mild—cool extremity, few symptoms, flow augmentation with access 

occlusion
Grade 2: Moderate—intermittent ischemia only during dialysis, claudication
Grade 3: Severe—ischemic pain at rest, tissue loss

Patients with clinically symptomatic arterial steal should be evaluated with color 
duplex ultrasound and digital pneumatic plethysmography. The duplex will con-
form retrograde flow in the outflow artery distal to the access and the volume flow 
in the access. The digital pneumatic plethysmography suggests true steal when there 
is evidence of flat digital waveforms in the affected extremity, with a return of pul-
satile waveforms with access compression [3]. In the presence of proximal arterial 
stenosis (inflow disease), waveforms would remain flat despite access compression. 
The next step in diagnosis should include an arteriogram to identify any inflow ste-
nosis that could be treated with endovascular interventions, including angioplasty 
and stenting. The arteriogram would also demonstrate which outflow vessel appears 
to be the dominant one supplying the forearm and hand.

If digital pressures do not normalize with compression of the access, hand isch-
emia is most likely due to outflow arterial disease in the arterial tree distal to the 
access anastomosis. Ligation of the access will instantly resolve the symptoms, but 
it leaves the patient without a dialysis access. However, if distal arterial circulation 
cannot be improved, ligation of the fistula may be the only treatment option. In 
patients with a forearm access and a patent palmer arch, the distal outflow artery 
may be ligated, but this approach does not restore possible required inflow to the 
hand.

The volume flow, high or low, through the access can be used to suggest thera-
peutic options to address steal in the setting of distal arterial disease. Figure 53.1 
summarizes the diagnosis and management of true steal syndrome.

In the setting of tissue loss or normal flow access, the best option is DRIL [4]. 
This procedure consists of ligation of the arterial outflow tract just distal to the 
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 takeoff of the access, followed by placement of a bypass originating from the inflow 
vessel in a location as proximal as possible to the arterial anastomosis. The target 
vessel of the bypass should be the dominant artery distal to the area of ligation. It is 
important to locate the origin of the bypass graft high and away from the inflow 
anastomosis of the access to avoid the pressure sink in the inflow vessel, obviating 
the need to approach the artery through a reoperative field and adding resistance to 
the fistula with the longer length [5, 6]. This procedure eliminates reversal of flow 
in the distal outflow artery while keeping the access patent and perfusion pressures 
to the hand constant [7]. The main disadvantage of DRIL is dependence of the hand 
on the bypass graft; however, most studies have shown access patency above 80% 
at 1 year, with 80–90% bypass graft patency at 4 years [4, 7, 8].

An alternative procedure to treat steal syndrome with normal access flow is revi-
sion using distal inflow (RUDI), which relocates the access anastomosis to a smaller, 
more distal, artery [9]. This results in antegrade flow in the distal artery and 
decreased size of the AV anastomosis. The main advantage of RUDI is that distal 
perfusion is maintained through the native arterial system; however, its disadvan-
tage is a higher risk of access thrombosis.

Proximalization of the arterial inflow (PAI) is a strategy that can be applied for 
both low-flow and high-flow steal. This technique consists of relocation of the AV 
anastomosis more proximally on the inflow artery [10]. The hemodynamic effect is 
enhanced distal perfusion due to a smaller pressure drop from the AV access.

Fig. 53.1 Algorithm for management of true steal syndrome. DPP digital pneumatic plethysmog-
raphy, DRIL distal revascularization and interval ligation, RUDI revision using distal inflow, PAI 
proximalization of the arterial inflow
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In cases of high-flow steal, options include flow restriction procedures like 
 banding or long-segment plication. Banding of the access tract creates a stenosis 
that increases the resistance to the blood flow in the access and reverses arterial flow 
in the distal artery [11]. However, it is difficult to judge the degree of stenosis 
required to alleviate the steal without causing thrombosis of the access. These pro-
cedures are discussed in other chapters.
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Chapter 54
Dialysis Access Steal Syndrome (DASS) 
in a Patient with Distal Revascularization 
and Interval Ligation (DRIL)

Gerald A. Beathard

 Case Presentation

The patient was a 35-year-old type 1 diabetic who had been on dialysis for 6 years 
using a brachial-basilic fistula. Four years earlier, the patient had developed dialysis 
access steal syndrome (DASS) and had a distal revascularization and interval liga-
tion (DRIL) procedure performed at that time. Over the past few months, the patient 
has had ipsilateral hand pain on dialysis and recently has started having hand pain 
and breast. The patient was referred to the dialysis access center for evaluation of 
this hand pain.

Examination the patient revealed that he had a brachial-basilic fistula in his left 
upper arm. The fistula was functioning well, pulse augmentation was good, and it 
was not hyper-pulsatile. The left hand was cold in comparison with the right hand. 
Neither a radial nor ulnar pulse could be palpated.

After the patient was pulsed and raped prepped and draped, an angiogram was 
performed. This showed the anatomy of the DRIL procedure that had been previ-
ously done. An area of marked stenosis was present at the arterial anastomosis of 
the graft used for the distal revascularization (Fig. 54.1a, b). No radiocontrast flow 
to the forearm was noted (Fig. 54.2). After a guidewire was advanced through the 
interval ligation, the stenotic site was dilated with a 6 × 4 angioplasty balloon 
(Fig.  54.3). Afterward, blood flow to the forearm was restored although diffuse 
arteriopathy was obvious (Figs. 54.4 and 54.5).
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 Discussion

Dialysis access steal syndrome resulting in hand ischemia is a complication that can 
occur with an arteriovenous access. It is more common with an arteriovenous fistula 
(AVF) than with an arteriovenous graft (AVG) and more common with an AVF 
associated with the brachial artery. DRIL is one of the procedures that has been used 
to treat this problem. There are two steps to this procedure [1]. First, the artery distal 
to the arterial anastomosis is ligated. This interrupts retrograde diastolic inflow into 
the access, the pathophysiologic principle of steal. Second, a bypass is created con-
necting the brachial artery above the anastomosis with one of the forearm arteries 

Fig. 54.1 (a) Initial angiogram of fistula. A fistula, B brachial artery, C bypass for distal revascu-
larization, note stenosis. (b) Drawing of angiogram shown in Fig. 54.1A

Fig. 54.2 Angiogram 
showing lower portion of 
distal revascularization and 
interval ligation (DRIL) 
anatomy and no 
radiocontrast passing to the 
forearm. Arrow site of 
stenosis, A site of interval 
ligation
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distal to the ligation. Conceptually, DRIL provides an added low-resistance collat-
eral artery, which reduces the total peripheral resistance in the distal extremity. This 
serves to increase the total peripheral perfusion to the limb. Additionally, it does this 
while simultaneously blocking retrograde flow to the access, which is a major con-
tributor to the pathophysiology resulting in hand ischemia.

A major concern with the DRIL procedure is related to the bypass upon which 
the distal circulation is dependent. This can develop problems as was noted in this 
case resulting in a recurrence of hand ischemia. Because of concerns related to this 
issue, the DRIL procedure has essentially been abandoned in favor of a procedure 
referred to as proximalization of the arterial inflow (PAI) in many surgical practices. 
In this procedure, a small-caliber (4 or 5 mm) expanded polytetrafluoroethylene 
(ePTFE) graft is connected to the arterial end of the fistula and extended up to a new 

Fig. 54.3 Angioplasty of 
stenotic lesion.  
A angioplasty balloon

Fig. 54.4 Angiogram of 
upper forearm
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arterial anastomosis with the axillary artery. The original arterial anastomosis is 
closed, and there is no ligation of blood flow to the lower arm [2, 3]. Another 
approach has been to perform only the distal revascularization (DL) portion of the 
DRIL and omit the interval ligation (IL). These two procedures are very similar, 
differing only in the distance proximal to the original arterial anastomosis that is 
used for the new inflow to the fistula.

An additionall point that should be made concerning this case relates to the 
distance between the AVF anastomosis and the arterial anastomosis of the revascu-
larization by=pass. It is recommended that this be at least 10 cm; however as can 
be seen in Fig.  54.1A above, the distance is much less than this. This problem 
would make the patient more suseptible to a recurrence of hand ischemia.
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Chapter 55
Dialysis Access Steal Syndrome Following 
Percutaneous Transluminal Angioplasty 
in a Radial-Cephalic Fistula

Gerald A. Beathard

 Case Presentation

The patient was a 64-year-old male diabetic who had been receiving dialysis treatments 
for 2 years. He was referred to the vascular access center because of poor flow in 
his left radial-cephalic fistula. At that time the patient did admit to have mild pain 
in his ipsilateral hand during dialysis. After he was prepped and draped, and angio-
gram was performed which showed the presence of juxta-anastomotic stenosis. 
This was successfully treated with angioplasty, and the patient was referred back 
returned to the dialysis clinic where his fistula blood flow was found to be much 
improved and his fistula was easier to cannulate.

One month later, the patient was referred sent back to the vascular access center 
with a complaint of worsening hand pain both at dialysis and at rest. Examination 
revealed that his ipsilateral hand was cold in comparison to the opposite hand, 
there was dry gangrene of the tip of the ring finger, and the radial pulse was not 
detectable.

After the patient was prepped and draped, the arterial circulation associated with 
the radial-cephalic fistula was evaluated from the aortic arch down through the pal-
mar arch and was found to be relatively normal. Radiocontrast forcibly injected into 
the distal fistula filled the distal radial artery, but immediately flowed retrograde 
back into the fistula. Radiocontrast injected with the fistula manually occluded 
flowed into the palmar arch.

A decision was made to occlude the distal radial artery in order to prevent retro-
grade flow from the palmar arch. This was accomplished using embolization coils. 
Following this procedure, the patient’s hand was appreciably warmer. The patient 
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was referred back to the dialysis clinic where his dialysis continued in an 
 uncomplicated fashion. Follow-up at 4 weeks revealed no further hand pain and 
evidence of healing of the ring finger.

 Discussion

It is important to understand the pathophysiology associated with dialysis access 
steal syndrome (DASS). When an arteriovenous access is placed in an extremity, a 
complex and unique physiological state is established due to the fact that blood flow 
to the extremity must now supply the access as well as the hand. This “hand/vascu-
lar access complex” consists of a proximal artery feeding into two competing cir-
cuits connected in series – the arteriovenous access and the peripheral vascular bed 
upon which perfusion of the hand is dependent. The former is a low-resistance path-
way and is located proximally; the latter is downstream and is characterized by high 
resistance. Also contributing to this complex are collateral arteries that bypass the 
access circuit to feed the periphery directly. Changes occur in each of these compo-
nents during normal fistula development, and each plays a role in the pathophysiol-
ogy of DASS [1].

In most instances, the effects of the steal phenomenon are offset by other compo-
nents of the hand/access complex. It is only when these compensatory mechanisms 
are inadequate that ischemia occurs. The location of the arterial inflow for the fistula 
is an important determining factor for the development of DASS. A brachial artery 
asscoiated AVF is more likely to cause problems than radial based one [2, 3].

Changes within the fistula and its draining veins can also mitigate the develop-
ment of DASS. With the development of a venous stenosis within the fistula or its 
drainage, resistance in the access circuit increases resulting in a decrease in the 
steal phenomenon. This can ameliorate or prevent the development of ischemic 
symptoms. This situation is generally appreciated only when DASS develops or 
worsens immediately after a successful angioplasty relieves the stenosis as was the 
case with this patient.

This case represents a situation in which the patient was probably already having 
mild symptoms of DASS prior to the angioplasty performed for the poor access 
blood flow since it was noted at that time that he was having mild pain in his hand 
during dialysis. With treatment of the stenotic lesion, the resistance to blood flow in 
the fistula was decreased even further resulting in a worsening of the steal. This was 
severe enough to result in serious hand ischemia and digital tissue loss (Figs. 55.1, 
55.2, 55.3, 55.4, 55.5, and 55.6).

The basic problem in DASS associated with a wrist (radial-cephalic) AVF is 
retrograde flow in the distal radial artery. The problem can be successfully treated 
using an embolization coil as was done in this case or by surgical ligation to inter-
rupt the retrograde flow. Prior to perfoming this procedure, it is important that the 
integrity of the ulnar artery be confomirmed.
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While not a common complication, any instance in which a patient begins to 
complain of ipsilateral hand pain following an angioplasty should raise the question 
of the emergence of DASS. An additional point illustrated by this case is the fact 
that one should be very judicious in performing an angioplasty that will increase 
fistula blood flow in any patient already suspected of having any degree of compro-
mise to their hand circulation. In these cases, if the fistula blood flow is not suffi-
cient to permit effective dialysis, surgical consultation should be sought to devise a 
plan to accomplish the dual goals of an access capable of permitting adequate dialy-
sis and preserving the function of the hand.

Fig. 55.1 Initial 
angiogram showing 
juxta-anastomotic stenosis. 
A site of stenosis

Fig. 55.2 Post-procedure 
angiogram showing results 
of angioplasty. A site of 
previous stenosis
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Fig. 55.3 Appearance of 
patient’s ischemic hand 
showing drag and green 
tissue loss at the tip of the 
ring finger

Fig. 55.4 Injection of 
radiocontrast into distal 
fistula; arrowed indicates 
direction of flow in radial 
artery. A radial artery, B 
arterial anastomosis of 
fistula
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Chapter 56
Ischemic Monomelic Neuropathy

Gerald A. Beathard

 Case Presentation

The patient was a 63-year-old diabetic female who had been on hemodialysis for 1.5 
years. At the initiation of her dialysis, a left brachial-cephalic arteriovenous fistula 
(AVF) was created. Immediately after surgery, the patient experienced severe hand 
pain, and a diagnosis of ischemic monomelic neuropathy was made at that time. She 
was immediately taken back to surgery and a proximal arterial inflow (PAI) proce-
dure was performed (Fig. 56.1). At that time, the patient was found to have a marked 
weakness of all intrinsic muscles of her ipsilateral hand and wrist. She was started 
on physical therapy and has regained some use of her hand. At the time she was 
seen, she could move all fingers and almost make a fist.

She continued on dialysis but has experienced recurrent cephalic arch stenosis. 
This has been treated at 4-month intervals. She was referred to the vascular access 
facility because of blood flow on dialysis and a hyperpulsatile AVF. Neurological 
examination of her hand muscles revealed that she had moderate intrinsic muscle 
atrophy in both hands, and although she was able to move her left wrist and fingers, 
the range of motion was limited (Figs.  56.2 and 56.3), and there was decreased 
strength in wrist extension, weakness of thumb opposition, and weakness of both 
extension and flexion of her fingers. In addition the patient’s left hand was cold in 
comparison to the right. She complained of no current hand pain at rest or on 
dialysis.

After the patient was prepped and draped, an  angiogram was performed 
(Fig. 56.4). This showed marked stenosis at the cephalic arch and several stenotic 
lesions in the proximal cephalic vein. These lesions were successfully treated with 
a 10 × 4 angioplasty balloon (Fig. 56.5).
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In order to make appropriate plans for future vascular access management in this 
patient, angiogram of the basilic vein and the images from the original vein map-
ping procedure were reviewed (Fig. 56.6).

 Discussion

This patient represents a typical case of ischemic monomelic neuropathy (IMN). 
Although the appearance of the patient’s hand as shown in Figs. 56.2 and 56.3 sug-
gests an ulnar nerve palsy, neurological testing indicated involvement of all three 
nerves that supply the hand – the ulnar (weakness of intrinsic muscles of the fin-
gers), the radial (weakness of wrist extension), and median nerves (weakness of 

Fig. 56.1 Angiogram of 
AVF demonstrating PAI 
relationships. A ePTFE 
extension connecting AVF 
to axillary vein, B lower 
portion of AVF. AVF 
arteriovenous fistula, PAI 
proximal arterial inflow

Fig. 56.2 Lateral view of 
patient’s hand showing 
appearance suggestive of 
an ulnar nerve palsy (claw 
hand deformity)

G.A. Beathard



275

thumb opposition). Paralysis of a single nerve in the setting of vascular access sur-
gery should exclude the diagnosis of IMN [1] and prompt a search for a local nerve 
compression secondary to a complication of the surgery [2].

IMN is a condition that, on its surface, appears to be unique: an ischemic injury 
occurs almost exclusively in diabetics that is selective for one tissue (nerve), but 
spares other tissues (muscle, skin). The pathogenesis of this phenomenon as it 
relates to IMN is dependent upon two factors – the characteristics of the microcir-
culation of the nerve and the comparative metabolic needs of the tissues involved 
(relative rate of oxygen consumption).

Based upon human anatomical studies, the antecubital area has been shown to be 
a watershed zone for the vasae nervorum perfusing the three nerves that supply the 
lower arm [3]. With occlusion of the brachial artery at the time of AVF creation, the 
area of poorest perfusion (and thus maximal damage) is not the distal vascular field, 

Fig. 56.3 Top view of 
patient’s hand

Fig. 56.4 Angiogram of 
cephalic arch showing 
stenotic lesions. A stenosis 
near junction with 
subclavian vein, B areas of 
stenosis within proximal 
cephalic vein
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but a band of nutrient vessels to the nerve in this watershed zone. Thus, selective 
nerve damage occurs.

Additionally, the selectivity for neural injury that is seen in IMN may be in part 
due to a greater metabolic requirement for these peripheral nerves than for other 
tissues creating a difference in relative infarction thresholds [1].

Early recognition of this complication is crucial. While it is not unusual for a 
patient to complain of pain following surgery, it is important that the nurse locate 
the pain when a generic complaint of such a symptom is reported by the patient. 
Access surgery on the arm should not cause pain in the hand. Severe pain in the 

Fig. 56.5 Post-angioplasty 
angiogram showing results 
of treatment

Fig. 56.6 A (left panel) normal appearance of basilic vein in ipsilateral arm. A (right panel) nor-
mal appearance of basilic vein in contralateral arm from original vascular mapping
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hand following a brachial artery-based dialysis access procedure should immedi-
ately raise the suspicion of IMF. IMF can generally be easily diagnosed clinically 
based upon its immediate onset of typical neurologic symptoms and signs involving 
all three nerves to the hand in the absence of evidence of ischemic injury to other 
tissues. As soon as IMN is diagnosed, immediate closure of the access is recom-
mended in order to have a chance at preventing severe and irreversible neurologic 
injury. Even with early access closure, paralysis and pain may be permanent [4–6].

This patient is unusual in that her access was not closed, but a revascularization 
procedure, PAI, was performed. This procedure is designed to convert the arterial 
supply of the AV access to a more proximal arterial level by using a small-caliber (4 
or 5 mm) expanded polytetrafluoroethylene (ePTFE) graft as a feeder [7, 8]. In 
doing this the original arterial anastomosis is closed. A length of ePTFE is con-
nected to the distal end of the access and extended up to a new arterial anastomosis 
with the axillary artery as is shown in Fig. 56.1. The goal is to improve distal perfu-
sion while preserving the access.

In this patient, the question is what should be done at this point. The fact that she 
is a diabetic with a cold access hand suggests that she is at definite risk for the devel-
opment of dialysis access steal syndrome (DASS). Given a patient is with this clini-
cal picture, great caution should be exerted in treating a stenotic lesion in the access 
outflow. Decreasing resistance to flow in the access could precipitate hand ischemia. 
This patient has had several angioplasties performed without difficulty, however. 
The presence of the PAI revascularization procedure may be protective in this 
regard. An option for her recurrent cephalic arch stenosis is to create a new access 
in the contralateral arm, and the original vascular mapping showed that she had a 
good basilic vein (Fig. 56.6). This could be very problematic in that she has already 
been shown to be susceptible to the development of IMN. Should such an event 
occur involving the opposite hand, she would be rendered very handicapped, unable 
to use either hands normally. Another alternative for management is outflow reloca-
tion, a procedure in which the cephalic vein is swung downward to connect to the 
basilic/axillary vein, eliminating the cephalic arch; the current studies show that she 
has a good ipsilateral vein (Fig. 56.6).

Clinical judgment concerning this patient’s individual situation is necessary. 
Continuing to perform an angioplasty at 4-month intervals could very well be her 
best alternative.
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A
AA. See Autogenous access (AA)
Accessory brachial artery

feeding arteriovenous graft, 93–95
Accessory brachial artery feeding

anastomosis, 95
arterial anatomy, 95
AVG arterial anastomosis, 93
blood flow, 93
and brachial artery, 95
dialysis treatments, 93
vascular access center, 93

Accessory vein obliteration
angiogram, 39, 40
cannulation, 39
Doppler ultrasound, 39
left arm radial-cephalic fistula (AVF), 39
normal anatomy, 40
percutaneous ligation, 43
physical examination, 39
placement of embolization coil, 39, 41
Poiseuille’s law, 42
post-coil placement angiogram, 39, 41
preoperative assessment, 41
selective catheterization, 39, 40
stenosis, 40
surgical ligation, 43
treatment of side branches, 42
vascular Doppler, 42

Amplatz gooseneck snare, 45
Anastomosis, 65, 67, 105
Angiogram, 39, 40
Angioplasty

balloon with resistant lesion, 222
catheter placement, 139–141

central vein stenosis, 139–141
cephalic arch stenosis, 213
cephalic outflow relocation procedure, 213
dialysis access, 222
Juxta-anastomotic stenosis, 35–37
management, 215
venous anastomosis lesion, 221
venovenostomy anastomosis, 216

Angioplasty balloon, 207, 208, 210, 211
rupture, 65–68

Anterior jugular vein tunneled dialysis 
catheter

angiogram, 165–167
cannulation, 165
Doppler ultrasound, 165
external jugular veins, 167
guidewire, 165, 166
internal jugular veins, 167
jugular venous system, 166
physical examination, 165
superficial jugular veins, 168
transverse trunk, 168
vascular access catheter sites, 168
vascular catheter, 165, 167

Arm swelling, 123
Arterial anastomosis, 94
Arterial anatomy, 95
Arterial embolus

angioplasty, AVF, 77–79
arteriogram, 78–80
AVF thrombectomy, 80, 81
cannulation, 77
Doppler signal, 81
endovascular techniques, 82
fluids, 81
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Arterial embolus (cont.)
guidewire, 78
physical examination, 77
polycystic kidney disease, 77
procedure-related complications, 81
radiocontrast, 77
symptomatic emboli, 81
symptoms of embolization, 81
thrombectomy, 81
thrombosed AVF, 77, 78
treatment modalities, 81
ultrasound guidance, 77

Arterial inflow stenosis, 106, 107
Arterial lesions

dialysis vascular access, 20
Arterial stenosis

arteriography, 252
steal syndrome, 252

Arteriogram, 78–80
Arteriography

hand ischemia, treatment, 252
peripheral ischemia, 252

Arteriotomy, 50
Arteriovenous (AV) graft

assessment and intervention algorithm, 5, 6
contralateral brachiocephalic fistula, 4
K/DOQI clinical practice guidelines, 4
polytetrafluoroethylene, 3
sAVF, 5, 7
upper arm veins, forearm loop graft, 7

Arteriovenous access dysfunction, 241–243
Arteriovenous communication, 116
Arteriovenous fistula (AVF), 31, 49–52, 105, 

106, 151, 153
accessory veins, 217, 218
antegrade angiogram, 217
BAM approach, 27
cannulations, 245
catheters and guidewire, 245
central venogram, 245, 246
class 1 and 2 groups, 28
dialysis cannulation sites, 21
lesion post-angioplasty, 247
manual occlusion, 217, 219
thrombosis, diagnosis, 22
vein distal ligation, 217, 219

Arteriovenous graft (AVG), 65, 67
angioplasty balloon, 119
cross-sectional anatomy, elbow, 237, 238
dialysis vascular access, 120
hemodialysis treatments, 235
high-pressure glaucoma, 238
inflow stenosis, 105–108
lesion angioplasty, 235, 236

pain management, 235
peri-anastomotic outflow stenosis, 

111–114
post-angioplasty, 235
post-procedure angiogram, 237
stenotic lesion, 235, 236
stent graft cannulation, 122
thigh, 133–135
thrombosed, 101–104
traumatic fistula, 115–117
venous anastomosis, 235
venous cannulation site, 119
venous structures and cutaneous nerves, 237

Arteriovenous graft infection
Swollen arm, 97–99

Artery-graft anastomosis, 107
Autogenous access (AA), 258
AV. See Arteriovenous (AV) graft
AVF percutaneous flow reduction

catheter insertion, 69
distal hypoperfusion ischemia syndrome 

(DHIS), 71
history and physical examination, 69
imaging, 69–71
ischemia, hand, 70
left ulnar and radial arteries, 69, 70
left upper-arm, 69
ligation or surgical banding, 69
steal syndrome, 70
transverse incision, 69
“true” steal syndrome, 69, 71

AVF thrombectomy, 80, 81
AVF-gram

hemodynamic monitoring, 73–75
Azygos vein, 99

B
Balloon-assisted banding, 59 (see also AVF 

percutaneous flow reduction)
heart failure (see High-output heart failure)

Balloon-assisted maturation (BAM)
angioplasty procedure, 27
AVF maturation failure, 27
description, 26
follow-up procedures, 28
sequential dilatation sessions, 28
vein dilatation with multiple intimal tears, 

27, 28
vein rupture with hematoma formation, 28

Balloon-guidewire entrapment technique, 176
angioplasty, 31–33
AVF, 31
blood vessel, 31–33
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cannulation, 31–34
deflated angioplasty, 33
Doppler ultrasound, 31
guidewire coiling, 31, 32

BAM. See Balloon-assisted maturation (BAM)
Bare-metal stent (BMS), 241
Basilic vein transposition (BVT)

antecubital crease, 55, 56
arteriotomy, 50
AVF, 49, 50
and brachial artery, 50, 51
brachial artery exposure, 53
and cephalic veins, 57
chronic renal insufficiency, 55
dissected in situ, 55
after graft tunneling, 53, 54
hemodialysis access, 50, 52, 54, 57
Jackson-Pratt drain, 56
KDOQI, 57
physical examination, 49
planned incision, 50, 51
preoperative vein mapping, 49, 50, 52, 54
proximal and distal arterial control, 50
thrombosis, 57
ultrasound, 54
vein mapping, 49

Basilic veins, 13
Blood vessel, 31–33
Blunt dissection, 152
BMS. See Bare-metal stent (BMS)
Brachial artery bifurcation, 94
Brachial artery stenosis

angiogram, 253, 254
arterial blood flow, 254
DASS, 253
lesions resolution, 253, 254
physical examination, 253

Brachial-basilic arteriovenous fistula, 253
Brachial-basilic AVG, 101
Brachial-basilic fistula, 263 (see also Basilic 

vein transposition (BVT))
Brachial-cephalic fistula, 21–24

angiogram, 213, 215
appearance, 213, 214
and cephalic arch stenosis, 215
left upper arm, 213

Buddy-wire angioplasty, 210

C
Cannulation, 31–34, 39, 77, 101, 139, 140, 143

angioplasty balloon, 173
balloon-guidewire entrapment, 176
contralateral side, 133–135

targets, 177
thigh AVG, 133–135

Cardiac decompensation, 63
Cardiac failure

high blood flow fistula, 59
Cardiac failuresymptoms, 63
Catheter placement

angioplasty, 139–141
central vein stenosis, 139–141
collateral vein, 147–149
external jugular vein, 151–153
in stenotic central vein, 143–145
transhepatic, 159–164
tunneled femoral hemodialysis, 155–157

Catheter-based thrombolytic therapy, 82
Catheters

central venous, 227
dialysis, chronic use of, 228

Central stenosis, 86, 90, 91
Central vein catheter (CVC), 145, 149
Central vein occlusion, 227–230
Central vein stenosis (CVS), 149, 231–234

angioplasty, 139–141
balloon angioplasty, 143
cannulation, 143
catheter placement, 139–141
central venogram, 143
CVC, 145
fluoroscopic guidance, 143
fluoroscopy, 144
hemodialysis initiation, 143
ultrasound guidance, 143

Central venous catheter, 5
Cephalic outflow relocation, 213–215

brachiocephalic fistula
angiogram, 213, 215
appearance, 213, 214

cephalic arch structure, 214
cephalic arch, stenosis zone, 213, 214
primary patency rates, 216
treatment, 215

Cephalic veins, 57
Chest wall arteriovenous graft (CWAVG), 

90–91
Chest Wall Grafts, 90–91
Chronic renal insufficiency, 55
Collateral vein

angiogram, 147
angioplasty balloon, 147
CVC, 149
CVS, 149
fluoroscopy, 149
HD catheter, 147
hydrophilic guide catheter, 147
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Collateral vein (cont.)
LIJ, 149
micro-catheter central venogram, 147, 148
pathophysiology, 149
percutaneous transluminal angioplasty 

(PTA), 149
peritoneal dialysis (PD), 147
PRA, 147
sterile fashion, 147
SVC, 149
syringe suction, 147
type I diabetic, 147

Contralateral side
cannulation, 133–135
thigh AVG, 133–135

Cutting balloon angioplasty, 243

D
DA. See Directional atherectomy (DA) device
DASS. See Dialysis access steal syndrome 

(DASS)
Deployed snare, 45, 46
Dialysis

brachial-basilic fistula, 227
chronic use of, 228

Dialysis access, 163
Dialysis access steal syndrome (DASS), 

253–255, 263–266, 268, 269,  
271, 277

Dialysis vascular access, 177
Diffuse erythema, 97–99
Diffuse venous stenosis

brachial-cephalic fistula, 25
lower brachial-cephalic fistula, 25, 26
physical examination, 25
upper and lower fistula, angioplasty 

balloon, 25, 26
upper brachial-cephalic fistula, 25, 26

Dilatation
maximum pressures, 211
post-procedure angiogram, 207

Dilatation-resistant lesions, 67
Directional atherectomy (DA) device, 

241–243
Distal hypoperfusion ischemia syndrome 

(DHIS), 71
Distal revascularization and interval ligation 

(DRIL), 257, 263–266
Doppler ultrasound, 31, 39
DRIL. See Distal revascularization and 

interval ligation (DRIL)
Dysfunctional AVF, 24

E
Early cannulation grafts, 88, 89
EJ vein, 151, 152
Embolization, 80, 81
Embolization coil

accessory vein obliteration, 39–43
Endovascular snare, 46
Endovascular techniques, 82
End-stage renal disease (ESRD), 75, 105, 155
EnSnare®, 47
ePTFE, 86, 88
Excimer (EXCited dIMER) laser  

technology, 247
Exotic arteriovenous graft creation

angiogram of chest wall, 85, 86
central stenosis, 86, 90, 91
Chest Wall Grafts, 90–91
early cannulation grafts, 88, 89
HeRO graft, 86, 87
Novel Graft Technology, 88–90
Sentral stenosis, 85
type 1 diabetes mellitus, 85

Expanded polytetrafluoroethylene (ePTFE) 
graft, 277

External jugular (EJ) vein, 151
catheter placement, 151–152

F
Feeding arteriovenous graft

accessory brachial artery, 93–95
Feeding artery, 105

anastomosis and lower radial artery, 17
angiograms, 17, 18
appearance of, 17, 19
arterial lesions, 20
AVFs, 19
bifurcation and proximal radial artery,  

17, 19
dialysis vascular access, 18
inflow lesions, 19
treatment with, 17, 18
vascular access evaluation, 17

Femoral vein access, 231–234
FFCL. See Fistula First Catheter Last (FFCL) 

Coalition
Fistula

blood flow, 17
maturation and early thrombosis, 19

Fistula First Catheter Last (FFCL) Coalition, 
4, 5

Fistulogram, 111
Focal arterial lesion, 249–252
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Focused force angioplasty, 210
Forearm basilic vein fistula

arm veins with patency rates, 13
duplex ultrasound, 14
meticulous tunneling, 13
radial/ulnar artery, 13
tRBF, 13
UBAVF, 13

Forearm fistula. See Proximal forearm fistula

G
Glomerular filtration rate (GFR), 151
Gooseneck snare, 45–47
Gore Propaten vascular graft, 88
Grade I extravasation, 201

angioplasty balloon with resistant lesions, 
221, 222

blood flow through, 221, 223
blood flow throughlocalized discomfort, 224
ecchymosis, 224
loop AVG, left forearm, 221
radiocontrast extravasation, 221, 222

Grade II extravasation, 202
balloon tapenade extravasation, 199, 201
blood flow, 202
flow restoration, 199, 201
incidence of, 201
radiocontrast extravasation, 199, 200
stenotic lesion appearance, 199, 200

Grade III extravasation, 201
Grade III Venous Rupture, 203–206
Graft-vein anastomotic site stenosis, 112

H
Hand ischemia, 70, 71
Hemodialysis (HD)

access, 50, 52, 54, 57, 156
AVF, 217
catheter, 147

Hemodialysis Reliable Outflow Grafts (HeRO 
graft), 86–88

Hemodialysis-related bloodstream  
infections, 129

Hemodynamic monitoring
AVF-gram, 73–75

High-output heart failure
angiogram, 59, 60
angioplasty, 59, 61
cardiopulmonary recirculation (CPR), 63
dialysis, 59
efforts, 63

high blood flow fistula, 59
left upper arm brachial-cephalic fistula, 59
medical management, 59
procedure, 61, 62
pulse augmentation, 59
Qa/CO ratios, 63
signs and symptoms of congestive heart 

failure, 63
surgical techniques, 63
symptoms, 63
ultrasound evaluation, 59, 60, 62
vascular access, 63

Hydrophilic guide catheter, 147

I
IJ vein, 152
Iliocaval venous occlusion, 160
IMN. See Ischemic monomelic neuropathy 

(IMN)
Inferior vena cava (IVC), 155

transatrial internal jugular dialysis catheter, 
169, 170

Inflow stenosis, AVG
access-associated steal syndrome, 108
angiographic visualization, 108
angiography, 106, 108
angioplasty, 105–108
arterial inflow stenosis, 107
definition, 105
ESRD, 105
feeding artery, 105
frequency of arterial inflow stenosis, 106
inadequate dialysis and suboptimal  

flow, 106
inflow anastomosis, 106
intragraft stenosis, 106
physical examination, 106, 107
pulsations or aneurysmal dilatation, 106
and thrombosis, 106
vascular access monitoring and 

surveillance, 107
Internal jugular vein catheter, 183, 185
Internal jupiter catheter insertion

cannulation of, 173, 176
hemodialysis, 173
initial angiogram with guidewire, 173, 174
microguidewire, 174, 176
post-angioplasty angiogram with 

guidewire, 173, 175
right internal jugular vein area, 173, 174
stenotic zone angioplasty, 173, 175

Intractable pain, 237
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Intragraft stenosis, 106
Intravascular snare, 68
Intrinsic muscle weakness ipsilateral hand and 

wrist, 273
Ischemic monomelic neuropathy (IMN), 

273–277

J
Jackson-Pratt drain, 56
Jugular venous system, 166
Juxta-anastomotic stenosis, 21–24, 35–37, 

267, 269
venous rupture, 35–37

K
Kidney Disease Outcomes Quality Initiative 

(KDOQI), 57

L
Left brachial-cephalic arteriovenous fistula, 

203, 273
Left internal jugular (LIJ) vein, 149, 151
Left radial-cephalic fistula, 267

M
Medial antebrachial cutaneous nerve, 236, 237
Middle hepatic vein, 161
Misplaced coil extraction

deployed snare, 45, 46
description, 46
endovascular snare, 46
EnSnare, 47
gooseneck snare, 47
Gooseneck snare, 45, 46
non-maturing left brachial-cephalic  

AVF, 45
percutaneous retrieval, 46
Snare-catheter ensemble, 46, 47
torquing device, 48
vascular catheter, 48

Multiple myeloma, 143

N
National Kidney Foundation Kidney Disease 

Outcomes Quality Initiative (NKF 
KDOQI) guidelines, 57, 162

Nonhealing wound, 257
Novel Graft Technology, 88–90

O
Obstruction

arteriovenous access, 228
venous, 229

P
PAI. See Proximalization of the arterial inflow 

(PAI)
Panel reactive antibody (PRA), 147
Parallel guidewire angioplasty

brachial-basilic AVF, 207, 208
dialysis and hyperpulsatile fistula, 207
guidewires, 210
lesions, 208, 209
maximum dilatation pressures, 211
post, balloon rupture, 207, 209
post-procedure angiogram, 207, 210
repeat, cutting wire, 207, 209
total angioplasty balloon effacement, 207, 210
ultrahigh-pressure balloon, 207, 208

Parallel wire angioplasty, 210
Percutaneous ligation, 43
Percutaneous retrieval, 46
Percutaneous transluminal angioplasty (PTA), 

149, 243, 267–269, 271
Perforation. See Superior vena cava
Peri-anastomotic stenosis

angioplastied, 111
AVG conduit, 112
diagnosis, 113
dialysis records, 111
fistulogram, 111
forearm loop AVG, 111, 112
graft-vein anastomotic site stenosis, 112
outcome, 114
pathogenesis, 113
PTFE graft, 112
pulsatile and auscultation, 111
treatment, 114
vascular conduit, 111

Peripheral hypoperfusion, 71
Peritoneal dialysis (PD), 147
Permanent vascular access, 156
Pneumothorax (PT)

asymptomatic and symptomatic  
categories, 188

chest fluoroscopy, appearance, 187, 188
commercial kits, 189
interventional radiological procedures, 189
symptoms, 188
TPT, 188
tunneled dialysis catheters, 187
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Poiseuille’s law, 42
Polycystic kidney disease, 73, 77
Polytetrafluoroethylene (PTFE), 111
Poor blood flow, 203
pRCF. See Proximal radiocephalic 

arteriovenous fistula (pRCF)
Primary stent placement (PTS), 149
Proximal arterial inflow (PAI) procedure, 273
Proximal forearm fistula, 11
Proximal radiocephalic fistula (pRCF)

anastomosis, 12
brachioradialis and flexor carpi radialis 

muscle, 12
non-maturation distal radiocephalic  

fistula, 12
proximal radial artery and cephalic vein, 11
proximal radiocephalic fistula, 12

Proximalization of the arterial inflow (PAI), 259
Pseudoaneurysm, 115–117

angiogram, AVG, 119, 120
dialysis vascular access, 120
intravascular pressure, downstream 

stenosis, 120–121
stent graft and refilling, 121
stent positioning, 119–121
venous cannulation site, AVG, 119

PT. See Pneumothorax (PT)
PTA. See Percutaneous transluminal 

angioplasty (PTA)
PTFE graft, 112
Pulmonary artery catheter, 73–74
Pulmonary capillary wedge pressure (PCWP), 

73, 74
Purulence, 129, 130

R
Radial cephalic fistula

hemodialysis, 217
Radiocontrast, 77
Renal replacement therapy, 11
Retrograde outflow

symptomatic peripheral venous 
hypertension, 218

Revision using distal inflow (RUDI), 259
Right internal jugular (RIJ) vein, 145, 149, 151
Rupture angioplasty balloon, 65–67
Ruptured angioplasty balloon

anastomosis, 65
AVG, 65
balloon fragment, 68
dilatation-resistant lesions, 67
after extraction, 65, 66

intravascular snare, 68
primary guidewire, 65
segment, 68
Snaring primary guidewire, 66, 67
vascular catheter, 65

S
Secondary AV fistulas (sAVF)

conversion plan, 5
defined, 5
Sleeves Up Protocol checklist, 4, 5
type 1, 6, 7

Sentral stenosis, 85
Side of stent, 183, 185
Sleeves Up Protocol checklist, 4, 5
Snare

to misplaced coil extraction, 45–48
Snare-catheter ensemble, 46, 47
Sore thumb syndrome, 219
Staphylococcus epidermidis, 129
Stenosis

angiograms, 17, 18
arterial anastomosis, 19
brachial artery, 253
dialysis catheters, 228
juxta-anastomotic lesions, 18
peri-anastomotic stenosis, 112–114
proximal arterial, 255

Stent graft
angioplasty balloon, 119, 121
cannulation zone, AVG, 122
cost-effectiveness, 120
post-procedure angiogram, 119, 121  

(see also Pseudoaneurysm)
Superior vena cava (SVC), 149

catheter insertion over guidewire, 191, 192
central vein perforation, 194
dialysis catheter, appearance, 191, 192
endovascular management, 194
guidewires, 193
larger-bore venous dilators, 193
life-threatening cardiac tamponade, 192
massive hemorrhage, 194
operator and initial errors, 194
patient’s clotting system, 194
radiocontrast presence, 191, 193
untoward dilator-guidewire interaction, 194

Superior vena caval stenosis
angiogram, 123–125
angioplasty, 123, 124, 126
arm swelling, 123
blood flow, 126
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Superior vena caval stenosis (cont.)
brachiocephalic, 125
central venous obstruction/non-obstructive 

stenosis, 125
dialysis patient, 125
physical examination, 123
pleural effusion, 125
post-angioplasty angiogram, 123, 125
primary and cumulative patency rates, 126
symptom, 126

Surgical ligation, 43
Swollen arm

arteriovenous graft infection, 97–99
Symptomatic emboli, 81
Symptomatic peripheral venous  

hypertension, 218

T
Tension pneumothorax (TPT), 188
Thigh AVG

cannulation, 133–135
Thoracic central vein catheter, 156
Thrombectomy, 102, 103
Thrombosed AVG

angioplasty balloon, 102, 103
arterial anastomosis, 102
brachial-basilic AVG, 101
cannulation, 101, 102
dilator, 101
guidewires, 102
renal function, 101, 104
thrombosed prosthetic bridge graft, 102

Thrombosed infected graft
asymptomatic, 130
AVG, 129
cannulation, 129, 130
diagnosis, 130
dialysis, 129, 130
hemodialysis-related bloodstream 

infections, 129
purulence, 129

Thrombosed prosthetic bridge graft, 102
Thrombosis, 57
Tissue-engineered vascular grafts  

(TEVGs), 89
Total occlusion, 232
Total parenteral nutrition (TPN) 

administration, 159
TPT. See Tension pneumothorax (TPT)
Transatrial internal jugular dialysis catheter

inferior vena cava, 170
IVC, 169–171

Transhepatic catheter placement
chronic intestinal pseudo-obstruction, 159
chronic total occlusion, 159, 160
color Doppler ultrasound, 161
conventional venogram, 161
hemodialysis catheter, 163
hepatic vein, 163
innominate veins, 159
local anesthesia, 163
middle hepatic vein, 161
NKF KDOQI guidelines, 162
physical examination, 160
standard sterile technique, 163
subclavian veins, 162
subcostal approach, 163
superficial collateral veins, 160
TPN administration, 159
Tunneled 19-cm dialysis catheter, 162
tunneled cuffed hemodialysis catheter, 162
ultrasonography, 163
ultrasound guidance, 163

Transposed radio-basilic fistula (tRBF), 13
Traumatic fistula

AVG, 115–117
Treatment modalities, arterial emboli, 81
True steal syndrome, 257–260
Tunneled catheter, 141
Tunneled dialysis catheter

anterior jugular vein, 165–168
appearance of, 179, 180
dialysis facility, 179
guidewires, 179, 181
inflammation/infection evidence, 179
subcutaneous tunnel, 180
vascular catheter, Kumpe, 181

Tunneled femoral hemodialysis catheter 
placement

angiogram, 155, 156
ESRD, 155
fluoroscopic guidance, 155
fluoroscopy, 156
hemodialysis access, 156
infection-free survival, 156
IVC, 155
J-guidewire, 155
occluded access sites, 156
permanent vascular access, 156
primary catheter patency, 156
sterile fashion, 155
subclavian vein occlusion, 155
thoracic central vein catheter, 156
ultrasound, 155

Type 1 diabetes mellitus, 85
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U
Ulnar-basilic AVF (UBAVF), 13
Ultrasound examination

cannulation sites, 173
internal jugular veins, 177

Unconventional venous access, 163
Upper extremity. See Focal arterial lesion
Upper-arm brachiocephalic arteriovenous 

fistula, 257

V
Valsalva maneuver, 151, 165
Valvular heart disease, 73
Vascular catheter, 97

femoral cannulation, 232

femoral veins, 232
lesion with guidewire, 231

Vein rupture with extravasation, 222, 223
Venous anastomosis, 133–135
Venous anatomy, 151
Venous angioplasty, 20 (see Grade II 

extravasation)
Venous cannulation, 24
Venous rupture

Juxta-anastomotic stenosis, 35–37
Venous stenosis

dialysis vascular access, 200

W
Wiring. See Tunneled dialysis catheter
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