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Foreword

Those who work with their hands are laborers;
Those who work with their heads are craftsmen;
Those who work with their hands, their heads and their hearts are artists.

—Sebastiani Winery

The field of dialysis access and its complications has become huge over the past
decade. According to the last count in 1998, it is estimated that over 300,000
patients in the United States are on some form of dialysis—hemodialysis in 60%
of these patients, renal transplants in approximately 25%, and peritoneal dialysis
in 9%. The cost of revising failed or failing dialysis access graft exceeds $500
million per year. Strategic planning with subsequent publication by the National
Kidney Foundation Dialysis Outcomes Quality Initiatives (NKF-DOQI)–Clinical
Practice Guidelines for Vascular Access has made the art of doing procedures
on these patients into a science with expected plans of attack and outcomes.
Overall, I think this is a good thing.

Many vascular surgeons are true experts in this field of dialysis access, and
this book is one of the best I have read that unleashes all the knowledge from
those who actually do the work. The chapters are written with the true philosophy
of those who live and breathe dialysis access surgery and the descriptions of
‘‘how I do it’’ are nicely written and easily followed. At the end of each chapter
is a modified outline of the NFK-DOQI–Clinical Practice Guidelines for Vascular
Access on the chapter topic with down-to-earth recommendations and approaches
to the problems in dialysis access. The depth and breadth of this book are also
reflected in the inclusion of excellent chapters on the historical perspective of
dialysis, preoperative evaluation of the renal failure patient, anesthesia consider-
ations, and information on new horizons for biomaterials that will be important
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iv Foreword

to even further improve patency of dialysis grafts and therefore also renal failure
patient quality of life.

I am delighted to have been chosen to write this foreword for a most impor-
tant book that will teach us the labor and craft of dialysis work and give us the
philosophy of how to be artists as well.

Julie Ann Freischlag, M.D.
Professor and Chief, UCLA Division of Vascular Surgery

Director, UCLA Gonda (Goldschmied) Vascular Center
Los Angeles, California



Preface

Vascular Access in Clinical Practice was conceived during my training in both
general surgery and vascular surgery. As a senior resident and fellow, I was often
charged with the establishment of vascular access for hemodialysis and long-
term venous access. Although there were a plethora of reference texts on surgical
techniques, vascular access often received little if any attention in the broad scope
of general or vascular surgery. I was disappointed at the lack of practical informa-
tion available about access techniques.

The concept of a ‘‘how to’’ text evolved simultaneously with the develop-
ment of my large practice of hemodialysis patients in the Southwest. Establishing,
and—often more vexing—maintaining, vascular access became a daily chal-
lenge. It became apparent to me that many techniques applied in this patient
group were passed along by word of mouth through training programs, and more
recently through a biennial conference devoted to hemodialysis access organized
by Ohio State University under the guidance of Mitchell Henry, M.D. As a regular
attendee at that symposium, I witnessed firsthand the thirst for tips and knowledge
regarding vascular access that existed in the community of healthcare providers
who care for the end-stage renal disease patient.

What started as a simple ‘‘how to’’ reference has evolved into a comprehen-
sive manual. The contributors all have experience caring for large numbers of
hemodialysis patients on a regular basis, and the chapters include not only pub-
lished tehcniques but also some well-known yet not well-publicized tricks of
the trade such as use of the pneumatic tourniquet for access construction and
revascularizatrion for access-related steal.

The text begins with an overview of hemodialysis. The next chapters in
Part I are devoted to preoperative assessment and anesthetic techniques for access
surgery. These are followed by chapters that are devoted to hemodialysis access
fistulae and grafts and describe surveillance techniques and salvage techniques,
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vi Preface

both surgical and nonsurgical. The section on hemodialysis concludes with a
discussion of the pathophysiology of access failure at cellular and biochemical
levels.

Part II, which covers dialysis access complications, begins with a chapter
devoted to central venous access catheters specifically used for hemodialysis.
The subsequent chapter discusses accessing fistulae, grafts, and catheters and
provides information regarding the care of these sites. A chapter follows on the
complications of dialysis access fistulae and grafts. The section’s final chapter
examines biomaterials used for access devices. Part III is devoted entirely to
central venous access catheters used for nondialysis indications. This section out-
lines catheter selection, placement techniques, and complications. In Part IV the
text concludes with three chapters devoted to peritoneal dialysis and includes
catheter placement techniques and complications.

I have attempted to minimize redundancy throughout the text by careful
use of cross-referencing of other chapters rather than repetition of previously
covered material.

As this text evolved, so too has the treatment of access surgery by the
medical profession. The National Kidney Foundation’s publication of the Dial-
ysis Outcome Quality Initiative (NKF-DOQI) provided insight into the state of
the art of dialysis access and, moreover, established goals for all access surgeons
in managing this difficult clinical problem. I have incorporated and referenced
the DOQI guidelines throughout the text where appropriate to provide the reader
with a practical method of correlating the text information within the context of
national guidelines. Thanks to these national standards, vascular access surgery
has been elevated in stature in the scope of practice of general and vascular
surgery. The attention that access surgery now receives at U.S. and international
surgery meetings is evidence of this change.

My commitment to this field is the product of my experience as as surgical
resident and vascular fellow. Two surgeons, Roger T. Gregory and Marc H.
Glickman, instilled in me the challenge of excellence in the care of dialysis pa-
tients and the concept of applying vascular surgery principles to the clinical prob-
lems presented by the hemodialysis patient, at a time when that approach was
not embraced readily by the surgical community.

This work could not have been accomplished without the efforts of the
contributors. A special thanks to Beth Campbell, formerly of Quality Medical
Publishing, for her confidence in this project, and Brian Black at Marcel Dekker,
Inc., for his persistence and drive to complete this project. It is my hope that this
work will serve to motivate others to view vascular access not as ‘‘a work order’’
but as a clinical challenge equal in magnitude and intellectual enthusiasm to other
problems addressed by the healthcare community.

Scott S. Berman
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Vascular Access for Hemodialysis





1
An Overview of Hemodialysis

Sam H. James and Stephen J. Ruffenach
The University of Arizona Health Sciences Center,
Tucson, Arizona

A HISTORICAL PERSPECTIVE OF HEMODIALYSIS

The foundation of the science of dialysis—the knowledge on which it is based—
was laid by the Scottish scientist Thomas Graham, who coined the term dialysis
(1). Graham used this word to describe a phenomenon he observed—that of the
separation of crystalloids from colloids by passage through a semipermeable
membrane composed of albumin-covered parchment. In 1854 he predicted that
his findings relating to osmosis and semipermeable membranes could be applied
to medicine. Such applications were indeed attempted by many clinicians in the
decades that followed. Although hemodialysis did not become a viable clinical
tool for the treatment of renal failure until the 1960s, the first clinical dialysis
was performed on animals by the German physician George Haas in 1914. His
research in dialysis continued and, in October 1924, he was credited with the
first dialysis on a clinically uremic human (2). With the help of an understanding
of the basic physical principles of dialysis, the early pioneers were able to meet
the challenges of producing semipermeable membranes across which blood could
be purified and of developing an extracorporeal system through which the blood
could circulate without clotting. Thereafter, the research revolved around elabo-
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4 James and Ruffenach

rating the physics of dialysis as well as improving the dialysis membrane. Dial-
ysis machines were constantly being improved, with particular attention to safety
of the dialysis procedure.

Today, with the widespread use of microprocessors, dialysis machines have
become technically advanced. Membrane technology has resulted in the discov-
ery of new semipermeable membranes that are more biocompatible and have
improved permeability properties. The advent of new dialyzers and improved
machinery has shortened the length of dialysis from 12 h down to 21/2 to 4 h per
session. As a result of these refinements, it is now possible to extend the dialysis
procedure to a broader spectrum of patients with renal failure. Integrated physio-
logical monitoring combined with refined vascular access techniques have led to
improved clinical experiences and outcomes for the stable end-stage renal disease
(ESRD) patient and made it possible to dialyze the critically ill renal failure
patient who was undialysable in the past.

BASIC PHYSICS OF HEMODIALYSIS

Hemodialysis employs the basic principles of diffusion and ultrafiltration to
achieve the goal of replacing renal function. Diffusion is a consequence of ran-
dom thermal motion of molecules, leading to the passive transfer of solute across
semipermeable membranes without net solvent transfer. The net direction of
movement of solute molecules across semipermeable membranes relies on the
existence of a concentration gradient and is in the direction of higher concentra-
tion to lower concentration of the same solute. Ultrafiltration, on the other hand,
is the movement of solvent with some of its contained solutes across the semiper-
meable membrane in response to a pressure gradient applied across the mem-
brane. Solvent, otherwise known as ultrafiltrate, will move out of the blood com-
partment, where the pressure is higher, into the dialysate compartment, where the
pressure is lower. Thus, hemodialysis waste products are removed by diffusion,
whereas fluid is removed by ultrafiltration. In addition, solute drag is a process
whereby a small but significant portion of solute moves passively with the solvent
out of the blood compartment, contributing to the dialysis process.

THE HEMODIALYSIS PROCESS

The dialysis machine controls the flow of blood in one chamber and the flow of
dialysate in the other. The currently available dialyzers (artificial kidneys) are
composed of two compartments, one for blood and the other for dialysate, sepa-
rated by a semipermeable membrane. The rate of flow in both compartments is
set at optimal rates to process a specific volume of blood and maximize the use
of the dialysate solution. By measuring pre- and postdialyzer solute concentra-
tions, the amount of solute removed can be assessed and the adequacy of dialysis
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calculated. Each patient requires different amounts of dialysis, depending on fac-
tors such as body size, muscle mass, metabolic rate (urea generation), and the
amount of food eaten. The dialysis prescription, which identifies a desired degree
of solute removal, is tailored to each patient’s needs. The volume of blood pro-
cessed, the speed of processing, and the time on dialysis differ from patient to
patient and are based on the patient’s needs, vascular access performance, desires,
and tolerances.

The transmembrane pressure across the semipermeable membrane from the
blood compartment to the dialysate compartment can be manipulated by the he-
modialysis process. By so doing, one can calculate with accuracy the amount of
fluid that will be removed before dialysis is commenced. Removal of solute from
the blood compartment employs the principle of diffusion—whereby the solute
moves down its concentration gradient out of the blood compartment into the
dialysate compartment across the semipermeable membrane. In order to max-
imize solute removal, several factors must be controlled (3). First, blood and
dialysate should flow in countercurrent directions in order to improve the effi-
ciency of solute removal by maintaining an optimal concentration gradient
throughout the dialyzer (Figure 1.1). Membranes of different permeabilities exist.
High-flux dialyzers have the highest permeability thus allowing the most efficient
removal of solute. Membrane selection will affect the clearance of different-size
molecules, which will also have a bearing on the clearance of medications and
exogenous toxins. Other factors of importance include blood dialysate flow rates,
the concentration gradient of the solute between the blood and the dialysate com-
partments, the surface area of the membrane, the distance solute travels from the
blood to the dialysate compartment, and, last, the temperature of the two fluids.
A high dialysate temperature may create a thermal barrier to solute clearance.
All of the above factors relate to the diffusibility of solute molecules from the
blood compartment into the dialysate compartment.

It is clear from the above discussion that the performance of vascular access
is crucial if dialysis is to be effective. With the advent of high-flux bicarbonate
dialysis, it is possible to process more blood in a shorter time while maintaining
adequacy of dialysis. Furthermore, better pumps, tubing, and needles have made
it possible to increase blood flow rates from 250 mL/min to approximately 500
mL/min, so that similar volumes of blood can be processed in a shorter period
of time. This allows patients to spend less time on dialysis and yet still achieve
treatment of equal adequacy. The demand for higher blood flow rates has also
called for improved vascular access and the rejection of what was previously
considered adequate. Despite the advances in the hemodialysis process, vascular
access has lagged behind and continues to be a major limiting factor in the treat-
ment of chronic dialysis patients.

Blood flow rates seen with radiocephalic fistulas range from 150 to 600
mL/min, whereas prosthetic bridge grafts achieve blood flows on the order of



6 James and Ruffenach

FIGURE 1.1 Hollow-fiber dialyzer (inset: single fiber with direction of movement of
water and solute).

800 to 1600 mL/min (4). One can easily see how this wide variation in access
flow rates can affect the efficiency of dialysis. No matter how rapid and efficient
the dialysis process becomes, access flow rates must be maximal to support pro-
ficient treatments. Access grafts, which are on the low end of flow rates to main-
tain patency (�300 mL/min), provide inadequate dialysis and are often more
detrimental to maintaining effective renal replacement therapy than an occluded
access site.

MANAGEMENT OF ACUTE RENAL FAILURE

In managing a patient who has acute renal failure, one must determine the cause
of the renal failure. Specifically, one must attempt to reverse the pathological
process that led to the renal failure. Typically, the cause involves a combination
of factors such as hypovolemia, hypotension, infection, and or exposure to a
nephrotoxin. Provided that the patient is not at any immediate risk, conservative



An Overview of Hemodialysis 7

medical management to correct the underlying pathology should be initiated. At
the same time, attention should be directed to other complications of renal failure,
such as electrolyte, acid-base, and volume disturbances. Failure to respond to
conservative measures should result in the patient being placed on dialysis. Indi-
cations for dialytic intervention can be absolute or relative (5,6) (Table 1.1).
An absolute indication, if present, is a basis for initiating dialysis. ‘‘Relative
indications’’ may justify the initiation of dialysis if several exist simultaneously
or if, individually, they are severe and unresponsive to medical management.

The presence of uremia, particularly when manifest by neurological signs,
is an indication to initiate immediate dialysis. Features include altered mental
status, asterixis, hypersomnolence, seizure, and coma. These neurological mani-
festations are the effects of toxin accumulation on neuronal and neuromuscular
activity. Uremia can cause platelet dysfunction, resulting in a hypocoagulable
state (7). Patients who have pericarditis are at risk of intrapericardial hemorrhage.
The inflammatory process may cause blood vessel disruption. The hypocoagula-
ble state of uremia may result in extensive intrapericardial bleeding. Pericardial
tamponade should always be considered in uremic patients who develop unex-
plained hypotension.

Disorders of fluids and electrolytes often provide indications for immediate
dialysis. Fluid retention refractory to diuretic therapy, particularly when manifest
by pulmonary edema, requires immediate dialytic intervention. If unresponsive

TABLE 1.1 Indications for Initiating Dialysis

Absolute indications
Central nervous system

Altered mental status
Asterixis
Neuromuscular irritability
Somnolence
Coma
Seizures

Pericarditis
Hemorrhage
Symptomatic fluid overload (pulmonary edema),

unresponsive to diuretic therapy
Toxin and drug overdose

Relative indications
Hyperkalemia
Acidosis
Hyponatremia
Nausea and vomiting



8 James and Ruffenach

to routine medical management, potassium levels above 7 mmol/L, severe acid-
base disturbances, hyponatremia, hyperuricemia, and protracted nausea and vom-
iting are all relative indications for dialysis (see Table 1-1). Serum potassium
levels frequently rise in acute renal failure. Potassium will be released from dam-
aged cells and will shift out of cells when acidosis is present. Failure of the
kidneys to excrete potassium adds to the rise in serum levels.

The cause of acute renal failure frequently contributes to metabolic acido-
sis. When severe, acidosis interferes with normal metabolic processes. Dialysis
is not indicated if the acidosis can be corrected with treatment of the underlying
condition and the serum bicarbonate level remains above 10 mmol/L.

The use of markedly elevated blood urea nitrogen (BUN) as an indication
for the initiation of dialysis remains controversial. Creatinine and BUN are senti-
nel molecules; when elevated, they indicate the presence of high concentration
of other more diverse and difficult-to-measure molecules that induce uremia. Al-
though most clinicians are reluctant to let a BUN rise to a level greater than 100
mg/dL, there are clinical settings where marked azotemia (elevated BUN and
creatinine) can be found without uremia or other indications for dialysis. In con-
sidering dialysis, the patient’s catabolic rate should be noted, as well as the ability
of the dialysis process to remove nitrogenous waste products. The frequency of
dialysis will depend on the above as well as on the need to remove fluid and
electrolytes and to correct acid-base disturbances.

Continuous renal replacement therapy has evolved in the treatment of inten-
sive care unit patients who develop acute renal failure. With the advent of im-
proved dialyze membrane technology as well as the need to dialyze hemodynami-
cally unstable patients, continuous arteriovenous hemofiltration was introduced
in the late seventies. This allows for clearance by convection with large volume
exchange on an ongoing basis. Solute and water removal take place at a slow
rate, thus preventing the hemodynamic instability usually associated with hemo-
dialysis. The process relies on natural blood flow between an artery and a vein
to circulate the blood through the dialyzer. Subsequently dialysate has been added
to the system—as with conventional dialysis—flowing countercurrent to the
blood, also at a markedly reduced rate. As a result, the clearance obtained with
the addition of diffusion to the existing convection of the hemofiltration process
has markedly enhanced clearance. The process is known as continuous arterio-
venous hemodialysis. Most recently, simple machines have been developed that
allow the process to be performed on venous blood alone—i.e., continuous veno-
venous hemodialysis.

The advantage of the continuous renal replacement therapies is that we are
now able to dialyze hemodynamically unstable patients and to remove fluid as
needed. The process is ongoing and changes can be made according to the pa-
tient’s changing condition and the therapy required. Electrolyte and acid-base
disturbances can be corrected immediately. Large-volume therapies can be ad-
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ministered without overloading the patient. Despite major advances in the man-
agement of seriously ill patients with multiorgan failure, the mortality from acute
renal failure has not diminished. This is mainly because renal failure occurs in
the setting of serious illnesses to which the patients ultimately succumb.

THE ROLE OF HEMODIALYSIS IN OVERDOSES

Overdose of certain medications and ingestion of various toxins are known to
be treatable with acute dialysis (8). The use of dialysis should depend on the
severity of intoxication. The decision to initiate dialysis should be based on the
following criteria (9):

1. Progressive patient deterioration despite intensive care
2. Development of coma with severe intoxication and midbrain dysfunc-

tion
3. Impairment of normal drug excretory function
4. Intoxication with agents producing metabolic and/or delayed effects
5. Intoxication with an intractable drug that can be removed at a greater

rate than by nitrogenous elimination

Substances that are highly protein-bound, or lipid-soluble, have a high vol-
ume of distribution, or are of large molecular size are not easily amenable to
removal by dialysis. In the mid-1960s, it was noted that the use of hemoperfusion
with a charcoal column was effective in absorbing intoxicants from the blood,
often doing so more efficiently than standard dialysis.

MANAGEMENT OF CHRONIC RENAL FAILURE

In chronic renal failure, dialysis should be commenced when the patient begins to
develop uremic symptoms that are not readily reversible by conservative medical
management. Symptoms that begin to interfere with the patient’s quality of life
and the ability to function productively are indications that dialysis is imminent.
In general, patients should be started on the chronic dialysis program before the
ravages of advanced renal failure take their toll. The benefits of early dialysis
are to prevent uremic complications such as malnutrition, peripheral neuropathy,
and renal osteodystrophy.

The body is able to adapt to chronic renal insufficiency at the expense of
losing muscle mass, which is the source of creatinine. Decreasing protein intake
will limit the buildup of other nitrogenous metabolites. By so doing, the serum
creatinine and BUN are held at relatively lower levels. In the long term, this
adaptive process is extremely detrimental, as poor nutritional status during dial-
ysis is a major predictor of a poor outcome (10,11). Dialysis is frequently a
stepping-stone to renal transplantation. Malnourished patients are at greater risk
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of an adverse outcome following renal transplantation than well-nourished pa-
tients, who have better-preserved tissues and immune systems.

In chronic renal failure, metabolic complications will be detected when the
glomerular filtration rate drops below 30 mL/min. Problems with fluid, electro-
lytes, and acid-base disturbances need to be addressed on an ongoing basis.
Should anemia develop before ESRD sets in, iron deficiency should be corrected
and the patient started on erythropoietin. Once the glomerular filtration rate drops
below 20 mL/min, dialysis is impending. This is the ideal moment to establish
vascular access. Once the patient becomes symptomatic for uremia, dialysis can
be started through the newly established vascular access. Patients with diabetes,
who constitute a large proportion of those on any dialysis program, develop
symptoms at a lower level of serum creatinine and need to be dialyzed earlier
than nondiabetics. As a general rule, dialysis should be started when the serum
creatinine reaches 10 mg/dL. However, the acceptable range for the commence-
ment of dialysis is wide, as it depends on many variables besides uremia.

Once begun on dialysis, several aspects of the ESRD patient require simul-
taneous management. The new fistula must be assessed for adequacy of blood
flow. This is a simple process where both arterial and venous pressures are contin-
ually measured by the dialysis machine. The pressures may vary depending on
the blood flow rate. If blood is pumped out of the fistula faster than the natural
blood flow can enter the fistula, measured machine arterial pressure will drop
and/or the fistula will collapse, further impeding blood flow out of the fistula.
The dialysis machine may alarm before the fistula collapses once the arterial
pressure monitor senses a drop in pressure beyond the set pressure safety limits.
Poor arterial flow can be overcome by either repositioning badly placed fistula
needles or by lowering the blood flow rate. Native fistulae that are small and
have inadequate blood flows may mature with repeated use. The fistula should
be used cautiously at first, with smaller needles and slower pump speeds. Over
the ensuing weeks to months, the fistula enlarges and blood flow increases sec-
ondary to hypertrophy of the inflow artery. Needle size and pump flow rates can
be progressively increased until the desired pump flow rates are achieved. These
manipulations are less common when prosthetic bridge grafts serve as the access,
since graft collapse is unlikely. Over time, however, hypertrophy of the inflow
artery of a prosthetic graft may indeed result in improved fistula flow rates as
the access matures.

Elevated venous pressures imply fistula outflow obstruction and may occur
at any time. However, unexplained elevation of venous pressure may occur as a
result of small-diameter or poorly placed venous needles. Clotting in the extracor-
poreal circulation or kinking of the lines may also result in high venous pressures.
Once these causes of high venous pressure in the mechanical circuit have been
excluded, the vascular access should be evaluated for patency of the venous out-
flow tract. Evaluation and management of this problem are addressed elsewhere
in the text.
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By means of urea kinetics, it is possible to estimate the adequacy of dialysis
(3,12). The dialysis prescription is monitored using urea kinetics on at least a
quarterly basis. Changes are made to provide the patient with sufficient dialysis
to maintain a positive nitrogen balance. Underdialyzed patients are uremic and
have insufficient nutritional intake. As a result, they develop a negative nitrogen
balance, which is associated with a poor outcome. Careful attention must be paid
to the patient’s nutritional needs.

Several other aspects of the ESRD patient’s care need to be addressed over
the long term. Hypertension, fluid overload, and anemia are three parameters
where good control ensures cardiac protection. This becomes of paramount im-
portance, as cardiac complications are the greatest cause of morbidity and mortal-
ity in dialysis patients (13). Renal osteodystrophy and lipid abnormalities are
ongoing problems and require evaluation and treatment throughout the duration
of dialysis (14–16).

It is common for ESRD patients managed on hemodialysis to be on a wide
variety of chronic and acute medications. Adjusting the prescription of drugs
having a renal route of elimination or active metabolites excreted via the renal
route is an important responsibility in managing dialysis patients. While serum
levels for some drugs, such as aminoglycosides and cardiac glycosides, are
readily available, most medication must be managed by consulting standard refer-
ences (17).

While the patient’s impaired renal status can lead to drug accumulation or
affect typical clinical responses, dialysis can lead to rapid drug elimination. In
hemodialysis, there are a wide variety of dialyzers that have different clearance
rates for different phamacological agents. Drug clearance is dependent on blood
and dialysate flow rates, dialyzer surface area, pore size of the dialyzer, and the
time spent on dialysis. Recently, high-efficiency or high-flux dialyzers have come
into more common use. These dialyzers offer greater rates of drug elimination
due to convection, given their larger pore size. While higher drug clearance rates
can be expected, patients tend to be on dialysis for shorter periods of time with
high-flux dialyzers; therefore clearance rates tend to be similar to those found
on non–high-flux dialyzers.

Fundamentally, a knowledge of the impact of declining renal function on
prescribed drugs as well as the ability of dialysis to reduce serum drug levels is
of crucial importance. Standard reference texts are a required part of the dialysis
unit (18).

CONCLUSION

Dialysis is not a complete substitute for native renal function. However, dialysis
has evolved over the last 30 years into a safe and sophisticated procedure that
is acceptable to both patient and doctor. The intention is to provide adequate
renal replacement therapy that will significantly enhance patient survival without
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overwhelmingly compromising the patient’s lifestyle. Undoubtedly the current
success of dialysis is one reason why the kidney has become such a successfully
transplanted organ. Dialysis, which provides the bridge between ESRD and trans-
plantation, maintains and improves the patient’s physical condition, thus ensuring
the best possible outcome.

With the improved ability to provide dialysis, the number of patients receiv-
ing renal replacement therapy, in both the acute and chronic situations, has in-
creased. Moreover, patients who were previously considered undialyzable are
being included in many dialysis programs. The elderly, who were excluded from
dialysis in the early days, presently constitute a major proportion of the dialysis
population. By the end of 1992, the U.S. Renal Data System had documented
255,000 patients on dialysis in the United States. The incidence of ESRD was
214 cases per million population, with 899 and 914 per million in the 70-to-74
and 75-to-79 age groups, respectively (19). These numbers are a testimony to
the impact of dialysis on health care in this country.
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Patients with end-stage renal disease (ESRD) who need to undergo anesthe-
sia for dialysis access placement are therapeutic challenges by virtue of their
numerous pathophysiological abnormalities (1). With the continuing growth of
the ESRD population, more and more patients are requiring surgical procedures to
establish or maintain dialysis access. The American Society of Anesthesiologists
(ASA) Physical Status Classification of these patients is usually 3 (severe sys-
temic disease, not incapacitating) and often 4 (severe systemic disease that is a
constant threat to life), which indicates that extra care and vigilance are needed
in providing anesthetic care to these patients. The anesthetic technique will vary
between patients and no single approach (general vs. regional) has yet proven
consistently superior over the other (2,3). Newer, shorter-acting hypnotics, mus-
cle relaxants, and inhaled volatile agents as well as improvements in intraopera-
tive monitoring allow for an individualized approach. Some surgeons are com-
fortable injecting local anesthetic into the operative site, thereby producing a field
blockade, whereas others prefer a motionless field and an amnestic patient, which
often requires a regional technique or a general anesthetic. Moreover, some anes-
thesiologists are adept at placing supraclavicular blocks for the upper extremity,

15
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while others find that the small but significant risk of pneumothorax is prohibitive.
Patients with chronic illness are sometimes quite anxious and demand to ‘‘be
put to sleep,’’ subsequently refusing regional techniques. The ‘‘best’’ approach
is what works safely for the patient, surgeon, and anesthesiologist.

ANESTHETIC CONCERNS

Renal Impairment

In anuric patients, with the exception of insensible losses, the elimination of fluid
is entirely dependent upon dialysis. Hypertension, hypervolemia, and edema will
result from excess sodium intake. Hyponatremia will follow excessive water in-
take. A patient who is overdialyzed may be relatively hypovolemic when anesthe-
sia commences but may quickly develop pulmonary edema with minimal
amounts of intravenous fluids (e.g. 500 mL). Patients with ESRD have limited
physiological reserves. Chronic congestive heart failure is relatively common,
but perioperative manifestations are minimized if hemodialysis has occurred 12
to 24 h prior to surgery.

Serum potassium levels are highly variable, though hypokalemia is uncom-
mon in ESRD patients. Large potassium losses can occur from vomiting, diarrhea,
or nasogastric suctioning. The usual acceptable lower limits of serum potassium
for elective surgery (3.0 meq/L) are arbitrary generalizations (4). The previously
conjectured concerns of intraoperative ventricular arrhythmias associated with
hypokalemia have been called into question by prospective studies (5,6). Other
factors that impact the significance of hyokalemia include concomitant medica-
tions (e.g., digitalis), acid-base balance, and electrocardiogram abnormalities. Re-
call that potassium administration is not always a benign exercise and that 0.5%
of patients receiving this therapy may suffer significant morbidity and mortality
from iatrogenic hyperkalemia (7). There are no absolute rules dictating the man-
agement of these ESRD patients. Individual judgment must be exercised in each
situation.

More often, hyperkalemia exists in ESRD patients and is exacerbated by
chronic metabolic acidosis. Many of these individuals generally tolerate serum
potassium levels in excess of 6 meq/L without sequelae. However, the general
recommendation suggests that elective surgery be postponed if the serum potas-
sium exceeds 5.5 meq/L (8). Up to one-third of patients with chronic renal failure
may require treatment for significant hyperkalemia within 24 h of a major surgical
procedures (9). Electrocardiographic abnormalities, which are often seen first,
include the appearance of tall, thin T waves. Later changes include PR interval
prolongation, ST segment depression, QRS interval lengthening, disappearance
of the P wave, and finally ventricular fibrillation (10). Elective surgical cases can
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TABLE 2.1 Emergent Treatment of Hyperkalemia

Indication Onset Treatment Mechanism

Severe progressive Calcium chloride Antagonizes K Immediate, but
hyperkalemia 1–2 g IV over ion effect upon lasts only 5–

several min- neuromuscu- 10 min
utes lar membranes

Severe to moderate Glucose (1 amp Shifts K ion into 5 min, effect
hyperkalemia D50) with 10– cells lasts several

15 U of regular hours
insulin IV

Sodium bicarbon- Shifts K ion into Within minutes
ate 50–100 cells
meq IV

allow for treatment via dialysis, but emergent surgery in a hyperkalemic patient
requires emergency treatment (Table 2.1).

Treatment of hyperkalemia with calcium salts should be cautiously under-
taken and only during monitoring of the patient’s heart rhythm, particularly if
digitalis has been administered, since toxic dysrhythmias may develop. If neces-
sary, the injection may be repeated in 5 to 10 min. It is important to remember
that calcium infusions provide only temporary benefit and that other forms of
therapy for hyperkalemia are essential. Calcium infusion will help protect against
the conduction abnormalities and arrhythmias of potassium excess but will not
affect the serum levels of the ion. Treatment with sodium bicarbonate is effective
by forcing potassium intracellularly through its buffering capacity; however, the
consequent fluid overload in patients prone to congestive heart failure and pulmo-
nary edema, due to the attendant sodium load with bicarbonate infusions, limits
their use in treating hyperkalemia. Glucose and insulin therapy may reduce serum
potassium by 1 to 2 mmol/L within 30 min, and bicarbonate may be added to
enhance this effect. The cation exchange resin kayexalate is mentioned for only
completeness, since this mode of therapy works far too slowly for an emergent
situation.

Disorders of phosphate elimination and calcium balance affect the skeletal
and muscular systems of ESRD patients. Since the kidney is no longer able to
synthesize vitamin D, absorption of calcium from the gastrointestinal tract is
poor. Phosphate elimination is reduced because of renal dysfunction. Together
these stimuli cause parathyroid gland hyperplasia and calcium resorption from
the bones, leading to renal osteodystrophy. The syndrome of renal osteodystrophy
includes osteoporosis, osteomalacia, and joint deformities. These maladies place
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ESRD patients at risk for fractures secondary to poor positioning on the operative
table. Hyperphosphatemia can result in metastatic calcification in muscle tissue,
and cutaneous deposition may result in significant pruritus. The treatment for
chronic hypocalcemia and hyperphosphatemia consists respectively of oral cal-
cium supplements and oral phosphate binders such as aluminum hydroxide. Ag-
gressive treatment can occasionally produce phosphate depletion syndrome,
causing muscular weakness, rhabdomyolysis, paresthesias, hemolysis, platelet
abnormalities, and ventilatory insufficiency.

Hypermagnesemia may be seen in uremia and is more common in patients
taking magnesium-based antacids and purgatives. High levels can interact with
anesthetic agents and muscle relaxants to produce prolonged neuromuscular
blockade and subsequent difficulty with neuromuscular reversal. This, in turn,
can result in respiratory compromise, apnea, and aspiration after extubation in
the immediate postoperative period.

Cardiovascular Abnormalities

Accelerated atherosclerosis is not uncommon in ESRD patients who are main-
tained on chronic dialysis (11). This leads to manifestations of coronary, cerebro-
vascular, and peripheral vascular disease. Associated risk factors often seen in
ESRD patients include hypertension, diabetes mellitus, and altered lipid metabo-
lism. Myocardial ischemia is common and may be silent. A high index of suspi-
cion should be reserved for these patients and appropriate preoperative evaluation
and intraoperative management should be directed toward reducing complica-
tions related to coronary artery disease. Hypertension is almost universally pres-
ent in this population. It can result from fluid overload or increased renin levels;
patients can also develop sudden hypertension during intubation or significant
hypotension after the induction of general anesthesia with resultant myocardial
ischemia (12).

Hematological Abnormalities

Normochromic normocytic anemia is very commonly seen in ESRD patients,
though the incidence of this problem has been reduced with the widespread use
of recombinant erythropoietin. There is an associated increased incidence of hy-
pertension and arteriovenous fistula thrombosis related to erythropoietin usage
(13). Since the anemia of renal failure is of gradual onset, compensatory mecha-
nisms such as increased cardiac output and rightward shift of the oxyhemoglobin
dissociation curve facilitate oxygen delivery to tissues. Cardiac output increases
because ofan increase instroke volume without tachycardia (14).Anemia decreases
blood viscosity, thereby decreasing systemic vascular resistance. Tissue oxygen-
ation is maintained even with hematocrits in the 20 to 25% range. Coagulopathies
may be present in these patients. Large heparin doses administered prior to hemodi-
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alysis may continue to circulate at the time of surgery. Defects in platelet function
manifest as poor aggregation and can be partially corrected by dialysis.

Neurological Abnormalities

Central nervous system (CNS) dysfunction can range from subtle personality
changes to myoclonus and seizures. Dialysis itself is associated with a disequilib-
rium syndrome, dementia, and progressive intellectual impairment (15). Some
patients develop a behavior pattern that is passive-aggressive and manipulative.
Peripheral neuropathy is common and has been used as a firm indication to begin
dialysis. It can progress to flaccid quadriplegia if treatment is delayed.

Gastrointestinal Complications

Peptic ulcer disease is seen in up to 25% of patients with renal failure and is not
eliminated by renal replacement therapy. Patients with ESRD frequently have
increased gastric juice volumes and delayed gastric emptying times that make
them prone to aspiration if there is a loss of protective airway reflexes (16).
Chronic viral hepatitis is very common and universal precautions should be
strictly enforced to prevent disease transmission.

Pharmacological Considerations

Numerous drugs used in the practice of anesthesia are eliminated by the kidneys.
Their dosing, therefore, must be reduced to avoid prolonged or adverse effects.
Moreover, the response of ESRD patients to these agents is extremely variable
due to the complex interplay between changes in excretion, low pH, serum protein
binding, and volume of distribution. As anemia results in an increased cardiac
output, many drugs exert their effects much more quickly, since flow to the brain
is increased. Some drugs have metabolites that can result in significant toxicity.
Examples include meperidine, which is transformed into normeperidine; high
levels of this can cause CNS irritability and seizures. Morphine metabolites (gluc-
uronides) are active directly on the CNS and can accumulate after repeated dos-
ing. This may result in a prolonged effect and may contribute to respiratory
depression (17). The half-life of pancuronium, a neuromuscular blocker, is
prolonged as much as fourfold; its increased duration of action can lead to respira-
tory compromise if not fully reversed (18). Careful titration of induction agents
such as thiopental and propofol is needed, since they can cause significant vasodi-
latation and myocardial depression in selected patients. Severe hypotension and
cardiac arrest can result, especially in patients with volume depletion or left ven-
tricular dysfunction. Significant decreases in dosage are still effective with drugs
that are protein-bound (e.g., thiopental), since many uremic patients suffer from
hypoalbuminemia. Less drug is bound to protein and thus available to reach re-
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ceptor sites. Cardiovascular and CNS toxicity of local anesthetics such as lido-
caine and bupivicaine are increased by acidosis, hypercarbia, or prior administra-
tion of a drug such as cimetidine—conditions that are commonly encountered
in ESRD patients and which will slow elimination. Symptoms can range from
light-headedness and tinnitus to seizures and cardiac arrest.

PREOPERATIVE EVALUATION

Whether regional or general anesthesia is planned, a thorough review of the pa-
tient’s past anesthetic experience should always be obtained. A bedside evalua-
tion should concentrate on pulmonary, cardiac, neurologic, renal, and pharmaco-
logical history. Dialysis records are useful for documentation of ‘‘dry weight.’’
Ideally, dialysis should be conducted 12 to 24 h prior to surgery. Previous anes-
thesia records are often available and are essential in order to avoid unpleasant
surprises at the time of surgery. A directed physical examination of the patient’s
airway, heart, lungs, and neurological function can be performed in a few min-
utes. Attention is paid to the presence of hypertension, orthostasis, and mental
status changes as well as neuropathies, pulmonary compromise such as rales or
effusions, and cardiac function to detect overt heart failure. Evidence of bruising
or petechiae is also sought. Chest radiograph reports and electrocardiograms add
to the physical exam. Particular attention is paid to hemoglobin, platelet count,
coagulation studies, glucose, potassium, creatinine, BUN, sodium, and total CO2.
It is helpful to review ionized calcium, phosphate, and magnesium levels if avail-
able. Patients should be NPO for 6 to 8 h, but should be provided with their
regular cardiac and antihypertensive medications on schedule with small sips
of water. Since gastric volumes can be increased, consideration of adding H2

antagonists (or omeprazole) and intestinal motility agents (metoclopramide or
cisapride) to the preanesthetic drug regimen is helpful in reducing the risk of
pulmonary aspiration. If pulmonary edema, pneumonia, severe uncontrolled hy-
pertension, congestive heart failure, severe hyperglycemia, hyperkalemia, coagu-
lopathy, or severe anemia are detected, it is usually better to delay the surgical
procedure and optimize the patient’s condition if at all possible, particularly for
an elective procedure.

ANESTHETIC PROCEDURES

General Anesthesia

General anesthesia may be used for vascular access of the upper and lower ex-
tremity or for patients who require peritoneal dialysis access procedures. A reli-
able intravenous line is established in the extremity opposite the operative site
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for patients undergoing upper extremity surgery. A crystalloid solution free of
potassium is usually a good choice. Some practitioners prefer 5% dextrose with
water, but this is not useful if lost blood is to be replaced with crystalloid or
for the replacement of preoperative volume deficits. Moreover, administration of
dextrose may contribute to perioperative hyperglycemia in ESRD patients with
brittle diabetes. The anesthesia machine, monitors, and the availability of suction
are checked, and appropriate medications are drawn up in advance. It is useful
to have drugs available to treat hypertension, hypotension, bradycardia, and ar-
rythmias. An antianxiety premedication such as midazolam can be given. The
standard ASA monitors are applied [e.g., electrocardiogram (ECG), pulse oxime-
ter, automated blood pressure cuff, end-tidal carbon dioxide, temperature probe].
The use of a five-lead ECG system with a lead at the V5 location should be
considered to monitor the left ventricle for ischemia. The simultaneous display
of leads II and V5 allows for the detection of up to 90% of ischemic episodes
(19). The patient is given 100% oxygen for several minutes via the anesthesia
machine circuit with a tight mask fit to eliminate the inspiration of room air. One
should consider the use of cricoid pressure at this point to reduce the risk of
aspiration. An induction (sleep) dose of thiopental, propofol, or etomidate is
given. Muscle paralysis for intubation can be accomplished with shorter-acting
drugs such as succinylcholine, mivacurium, or the intermediate-duration agents
atracurium, rocuronium, and vecuronium. Atracurium has the advantage of not
accumulating after repeat dosing. In contrast, the tendency of vecuronium to accu-
mulate if used for maintenance suggests that caution should be exercised with
the use of this drug (20). Succinylcholine will result in a 0.5- to 1-meq increase
in serum potassium when administered, but it can be used safely if the patient’s
potassium is within normal limits; moreover, it is not associated with the danger-
ous elevations in potassium levels that are seen in patients with burns, neuromus-
cular disorders, closed head injuries, and denervation injuries (21). Maintenance
of anesthesia is achieved with nitrous oxide, oxygen, and a volatile agent such as
isoflurane. A narcotic such as fentanyl can be added to augment the maintenance
regimen and provide some postoperative pain relief; fentanyl appears to be a good
choice because of its elimination by the liver and its rapid tissue redistribution.
Neuromuscular blockade should be followed with a twitch monitor. At the con-
clusion of surgery, the blockade can be reversed if needed and the patient extu-
bated when awake enough to protect the airway against aspiration. Postoperative
pain can be controlled with small doses of fentanyl (e.g., 25 µg) in the postanes-
thesia care unit. Hypertension can be a problem in this setting but frequently
responds to intravenous labetalol or other short-acting intravenous agents. With
strict attention to detail and an understanding of the altered physiology of this
patient population, a properly conducted general anesthetic is a reasonable tech-
nique that can be applied safely.
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Regional Anesthesia

Aside from general anesthesia, several other approaches are available when it is
necessary to provide surgical anesthesia for the creation of arteriovenous fistulae.
The use of local anesthetics (LA) is appealing in these patients, since access
procedures are often performed on an outpatient basis. Postoperative pain relief
is excellent with this approach. A regional technique may allow for less hemody-
namic variability and reduce the risk of aspiration. However, no technique is
perfect. The evaluation and preparation must be as diligent as for general anesthe-
sia. Preexisting neurological deficits should be well documented in the anesthesia
record. Regional anesthesia should not be considered if the patient refuses the
technique despite educational efforts, local infection at the injection site, or sys-
temic coagulopathy. The increased use of sedatives with a partially effective
block may render a patient apneic or may prolong the recovery, which is longer
than for a formal general anesthetic. Sedation and analgesia may easily become
unconscious sedation with an unprotected airway and increase the risk of aspira-
tion and hypoxia. The anesthesiologist must always be prepared to provide gen-
eral anesthesia if regional anesthesia proves inadequate. While a regional block
is being administered, the patient should be monitored with pulse oximetry, ECG,
and noninvasive blood pressure monitoring. Functional intravenous access must
be present. Emergency drugs to treat seizures and cardiac arrest as well as to
manage the airway must be available. Airway adjuncts such as bag, mask, suc-
tioning apparatus, and a supply of oxygen are essential. Adequate preparation can
help prevent an unexpected complication from becoming an anesthetic disaster.

For the less common, unconventional dialysis access procedures such as
those in the lower extremity, local/regional anesthetic techniques apply as well.
Specific regional methods include spinal and epidural techniques. A detailed dis-
cussion of these methods is beyond the scope of this chapter. However, interested
readers are referred to the available reports and texts for a comprehensive review
(22,23).

Local Anesthetics

Commonly available agents are classified as amino esters or amino amides. All
local anesthetics produce blockade of nerve impulses by inhibiting the influx
of sodium ions, which precludes depolarization, thereby preventing conduction.
Examples of amino ester local anesthetics are cocaine, procaine, tetracaine, and
chloroprocaine. They are metabolized by plasma and hepatic cholinesterases and
produce metabolites related to paraaminobenzoic acid (PABA). PABA is the
usual culprit in allergic reactions when amino esters are employed. Most nerve
blockade is carried out using one of the amino amides: lidocaine, bupivacane,
mepivacaine, ropivacaine, etidocaine, or prilocaine. The amino amides undergo
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only hepatic metabolism; therefore allergic reactions to these agents are very rare
and are usually due to preservatives (methylparaben) contained in multidose vials
(24). Methylparaben-free formulations are readily available for regional anesthe-
sia. Vasoconstrictors (epinephrine or phenylephrine) are added to local anesthetic
solutions, which prolongs their duration of action and limits systemic absorption.
Some susceptible patients may develop significant tachycardia or hypertension
when these additives are absorbed. The use of vasoconstrictors in conjunction
with LAs is contraindicated in proximity to end arteries of the distal extremities.

Systemic toxicity of LAs affects the central nervous system (CNS) and
the cardiovascular system (Table 2.2). It most often results from an inadvertent
intravascular injection or the administration of an excessive dose to tissues at the
surgical site. Seizures probably result from a selective depression of inhibitory
centers in the CNS, allowing excitatory centers to predominate (25). Very low
doses (e.g., 1 to 3 mL) accidentally injected into an artery lead to seizures more
readily than venous injections. This is the result of retrograde flow in the arterial
system, which allows local anesthetic to enter the cerebral circulation (26). Toxic-
ity is enhanced by acidosis, hypercarbia, or drugs that tend to slow the elimination
of local anesthetics. Seizure potential is reduced by the concomitant use of benzo-
diazepines and barbiturates. Seizures can be rapidly treated with thiopental while
supporting the patient’s ventilation. Cardiac toxicity is less common than CNS
toxicity but more difficult to treat. Local anesthetic agents affect the conduction
system of the heart by blocking sodium channels. Bupivicaine toxicity is much
more severe than that due to other LAs because its relatively slow dissociation
and accumulation at these sites (27). As a result, resuscitation from bupivicaine-
mediated cardiac arrest can be extremely difficult. Administration of local anes-
thetics in divided doses during the performance of nerve blocks will allow for
the early recognition and avoidance of serious toxicity.

Specific Regional Techniques

The sensory innervation of the upper extremity is supplied by the nerve roots
C5 to T1 and at times by C4 and T2. The five roots combine to form three trunks,
which are accessible at the scalene triangle of the neck. The trunks divide into
anterior and posterior divisions, which then unite to form three cords, each of
which, in turn, has two terminal branches supplying the arm.

Adequate surgical anesthesia may be obtained with the following:

• Infiltration of local anesthetic
• Peripheral nerve blockade
• Brachial plexus blockade
• Axillary block
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TABLE 2.3 Agents Used for Local Anesthesia

Duration (hours) Duration (hours)
Without with Dosage

Agent Concentration Epinephrine Epinephrine Rangea

Lidocaine 0.5–1.0% 0.5–2 1–3 Up to 50 mL
Mepivacaine 0.5–1.0% 0.5–2 1–3 Up to 50 mL
Bupivacaine 0.25–0.5% 2–4 4–8 Up to 45 mL

a Maximum recommended dosage for 70-kg patient using the higher-concentration solution
containing epinephrine.

Source: Adapted from Ref. 35.

Local Anesthesia

Simple infiltration of local anesthetics (Table 2.3) to the operative site is used
frequently at some institutions for the placement of arteriovenous (AV) fistulas
in the wrist and forearm. It is often supplemented by intravenous narcotics, barbi-
turates, and benzodiazepines during monitored anesthesia care (MAC). Local an-
esthesia may produce a moving surgical field due to incomplete relief of intra-
operative pain, requiring larger doses of intravenous agents and additional
infiltration. This, in turn, can result in ‘‘unconscious sedation,’’ with the increased
risk of pulmonary aspiration and prolonged recovery in the postanesthesia care
unit. Despite these limitations, very effective peripheral access surgery using lo-
cal anesthesia alone can be accomplished with obvious patient care and cost ad-
vantages (28). Local anesthesia combined with MAC is also the method of choice
for placing tunneled long-term dialysis catheters.

Peripheral Nerve Blockade

The musculocutaneous and medial antebrachial cutaneous nerves can be blocked
by peripheral infiltration. This technique has been described as well received by
patients and surgeons for the creation of AV fistulas in the forearm (29). For
both peripheral and brachial plexus nerve blocks, narrow-gauge (22 to 25 gauge)
short-bevel needles should be used to minimize nerve trauma, which can result
in postblock neuropathy (30). About 5 to 7 mL of local anesthetic is placed in
the proximal coracobrachialis muscle, lateral and deep to the axillary sheath,
which accomplishes adequate blockade of the musculocutaneous nerve (Figure
2.1). The medial antebrachial cutaneous nerve is anesthetized by injecting an
additional 10 mL subcutaneously as a half ring on the medial aspect of the fore-
arm, about one-half to two-thirds the distance from the shoulder to the elbow.
This procedure is described as relatively simple to perform and avoids the need
for high doses of local anesthetics.
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FIGURE 2.1 Peripheral nerve blockade of the musculocutaneous nerve achieved
by injecting local anesthetic into the coracobrachialis muscle and of the medial
antebrachial cuaneous nerve by injecting a ring subcutaneously along the medial
arm. (a) subcutaneous ring, (b) coraco-brachialis muscle, (c) musculocutaneous
nerve, (d) basilic vein, (e) median nerve, (f ) medial brachial cutaneous nerve.

Brachial Plexus Blockade

The superficial location of the brachial plexus in the scalene triangle provides
easy access to surgical anesthesia of the upper arm, elbow, forearm, and radial
aspect of the hand. The anesthetic agent can be delivered at a point where the
three trunks are close together as they pass over the first rib, resulting in a rapid
onset of reliable blockade (Figure 2.2). The pulse of the subclavian artery is
palpated and a short-bevel, 11/2-in., 22-gauge needle is advanced caudally and
laterally until paresthesias are noted by the patient. After negative aspiration, 30
to 40 ml of a local anesthetic solution such as 1.5% mepivacaine or 0.5% bupiva-
caine is injected in 5-mL increments while carefully observing for signs of toxic-
ity. The risk of pneumothorax (0.6 to 6.0%) limits its use in outpatients and in
patients with preexisting pulmonary compromise (31). This usually develops over
24 h and a chest radiograph taken earlier may not show any evidence of a prob-
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FIGURE 2.2 Technique for supraclavicular brachial plexus blockade. (a) Middle
scalene muscle, (b) omohyoid muscle, (c) brachial plexus, (d) subclavian artery,
(e) subclavian vein, (f) anterior scalene muscle.

lem. The main advantage of the supraclavicular approach is that it allows for
surgical procedures on the upper arm, forearm, and hand.

Axillary Block

Blockade of branches of the brachial plexus as they pass through the axilla pro-
vides anesthesia of the forearm and hand. This technique is limited to patients
who can abduct their arm to 90 degrees or more. The axilla and inner aspect of
the upper arm is cleansed with antiseptic solution. The pulsation of the axillary
artery is located at the anterior axillary wall (Figure 2.3). A 22-gauge, short-
bevel, 11/2-in. needle is introduced slightly above the pulsation; when the needle
penetrates the axillary sheath, a click or pop is often felt by the anesthesiologist.
At times, paresthesias are noted, which are used by some to signal an adequate
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FIGURE 2.3 A. Axillary block anesthesia is achieved with the arm abducted 90
degrees while maintaining pressure on the axillary artery. B. Perivascular infiltra-
tion of the local anesthetic achieves nerve block through the proximity of the me-
dian, radial, and ulnar nerves to the vascular structures. (a) Axillary artery, (b) axil-
lary vein, (c) brachial plexus cords: 1. lateral; 2. posterior; 3. medial.

endpoint. If the axillary artery is penetrated, the needle is advanced slightly
through its posterior wall, which is still contained within the axillary sheath. After
negative aspiration, 30 to 40 mL of local anesthetic is incrementally injected.
Anesthesia is often incomplete at the mid- to upper arm. In addition, a separate
peripheral block of the musculocutaneous nerve (which supplies the lateral arm
region) may be needed since this nerve is spared as often as 25% of the time with
the axillary approach (32). To reduce the discomfort of pneumatic tourniquets (if
chosen for use during the access procedure), the intercostobrachial nerve should
be blocked by a subcutaneous infiltration of local anesthetic in a half-ring fashion
high up on the arm’s axillary side. Depending upon which local anesthetic is
used, loss of sensation will be noted within 10 to 15 min, though complete surgi-
cal anesthesia may take twice as long. Axillary blocks avoid the risk of pneumo-
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thorax and are relatively easy to perform with a high rate of success. The previ-
ously reported decreased duration of brachial plexus blocks in renal failure
patients has not been a consistent finding in other studies (33). Complications
associated with axillary blocks include hematoma, nerve injury, intravascular in-
jection, and arterial/venous insufficiency.

CONCLUSION

Just as surgical access procedures must be tailored to the individual patient’s
needs, so too must the anesthetic technique chosen match the requirements of
the individual patient. ESRD patients represent unique challenges to anesthesia
personnel because of their altered physiology and comorbid conditions. Careful
attention to detail preoperatively should allow for provision of an anesthetic that
maximizes patient comfort without compromising patient safety.
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The 1998 report of the U.S. Renal Data System indicates that nearly
300,000 Americans are currently being treated for end-stage renal disease
(ESRD) (1). New cases of ESRD have increased dramatically over the past de-
cade to over 41,000 per year of late (1). The annual mortality rate among dialysis
patients remains high due to the advanced age and frequent comorbid conditions
present; however, improvements in technology and patient care have extended
the number of years patients receive dialysis. This patient population clearly rep-
resents a challenge to the physician who has the task of placing a well-functioning
dialysis access route. Thoughtful patient evaluation and planning prior to an ac-
cess procedure may lessen patient morbidity and discomfort and offer the maxi-
mal opportunity for a successful outcome and prolonged, uninterrupted access.

Currently 60% of ESRD patients are being treated with hemodialysis, 25%
have a functioning renal transplant, and 9% perform peritoneal dialysis. Important
decisions regarding hemodialysis versus peritoneal dialysis are discussed in sub-
sequent chapters. While renal transplantation remains the optimal treatment for
most patients, the limited availability of donor organs leaves the majority of
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ESRD patients in need of temporary or permanent hemodialysis. Regardless of
the eventual primary renal replacement therapy chosen, the majority of patients
will require a period of hemodialysis. This chapter focuses on the preoperative
evaluation of patients requiring hemodialysis. Sections are devoted to the evalua-
tion of patients undergoing placement of dialysis catheters and/or arteriovenous
(AV) fistulae as well as to considerations in the pediatric population.

EVALUATION OF THE PATIENT FOR DIALYSIS CATHETER
PLACEMENT

A detailed discussion of issues revolving around temporary and long-term hemo-
dialysis catheters appears in Chapter 7. A brief overview is presented in the ensu-
ing section. Catheter placement is indicated in patients with acute renal failure
requiring temporary dialysis and for ESRD patients while permanent fistulas ma-
ture or during complications of their primary renal replacement therapy. A subset
of patients—including adults who have exhausted permanent fistula options and
young children—may be entirely dependent on these catheters for hemodialysis
access. Indeed, due to the many inherent problems with prosthetic arteriovenous
fistulae, some authors have advocated the use of tunneled Permcath-type catheters
when an autologous fistula is not feasible (2,3).

In planning any dialysis access procedure, consideration must be given to
the type of permanent renal replacement therapy planned for the patient and when
that therapy will be ready for use. There are many approaches to this clinical
problem. Our own approach is summarized in the algorithm appearing in Figure
3.1. If an ESRD patient requires immediate dialysis access, a percutaneous tem-
porary catheter is usually placed at the bedside, preferably via an internal jugular
vein. If prolonged access will be needed in this patient, a decision is made regard-
ing the suitability of constructing an autogenous AV fistula. Patients with favor-
able anatomy for a native fistula have a tunneled catheter placed at the time of
fistula construction to provide a bridge for dialysis until the fistula has matured.
Similarly, if an ESRD patient requires dialysis within a few weeks and an autolo-
gous fistula or peritoneal catheter is planned, a tunneled dialysis catheter should
be placed at the same time as the fistula. However, if a prosthetic bridge graft,
which can be accessed in 10 to 14 days, is planned, a temporary percutanous
catheter will suffice if needed. Overall, thoughtful planning of the temporary and
permanent replacement therapy will decrease unnecessary procedures as well as
patient discomfort.

Preoperative evaluation of patients who require the insertion of hemodialy-
sis access catheters may reduce the incidence of procedural complications and
improve catheter function, as detailed in Chapter 16. Patients often require place-
ment of a temporary percutaneous catheter on an urgent basis, and this may limit
the extent of preoperative testing. However, a brief history and physical may
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FIGURE 3.1 Algorithm for decisions regarding temporary and long-term hemodial-
ysis access.

prove extremely helpful. Many dialysis patients have complicated medical histo-
ries with multiple prior access attempts and failures. The history and physical
examination should focus on the items listed in Table 3.1. Mansfield et al. (4)
conducted a prospective randomized study of subclavian vein catheterization and
noted that prior major surgery in the region, body habitus, and prior catheteriza-
tions were associated with failed attempts and increased complications. Patients
with prior catheter insertions should be questioned carefully regarding their clini-
cal course with the device. If there is clinical evidence of venous thrombosis
(catheter malfunction, arm edema), insertion at that site should be avoided in the
absence of preoperative venography or a venous duplex exam (5,6) (Figure 3.2).
Patients who have had catheters removed for infection are at a higher risk for
ipsilateral venous thrombosis. Patients with arm edema related to prior axillary
node dissection should not have placement in the ipsilateral subclavian vein, as
thrombosis will further exacerbate arm swelling. Placement in the area of a prior
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TABLE 3.1 Preoperative Evaluation for Placement of Hemodialysis Access
Catheters

Vascular access history
Prior sites used
Prior central venous thrombosis
Prior catheter infections
Other catheter complications (pneumo- or hemothorax)

Avoidance of potential anatomic pitfalls
Body habitus
Cervical or mediastinal adenopathy
Chest wall tumors
Prior chest or breast surgery
Known venous anomalies
Rotation flaps as part of head and neck or breast reconstructive surgery

Complete blood count and electrolytes
Coagulation studies if clinically indicated

FIGURE 3.2 Venous duplex scan demonstrating subclavian vein thrombosis in
patient with prior subclavian dialysis line.
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breast reconstruction (autologous or prosthetic) or an area that has received radia-
tion therapy should be avoided.

The traditional subclavian approach has been reported to cause subclavian
vein stenosis or occlusion in up to 50% of dialysis patients (7–10). This may
result in venous obstruction and arm edema as well as the loss of the arm for a
future permanent access fistula. Placement of the catheter in the jugular system
via the right internal or external jugular has a lower incidence of stenosis and
has become the preferred method in renal failure patients. We feel, as do other
authors, that the subclavian vein approach for the insertion of a dialysis catheter
should be abandoned in all but a select group of patients (7). Specifically, patients
in whom upper extremity access has been abandoned because of inadequate arte-
rial inflow to maintain a patent fistula or in whom peripheral venous sites have
been exhausted yet have a preserved central venous system are suitable for sub-
clavian vein catheter placement. Another group of patients to consider for subcla-
vian vein insertion are those with poor cardiac function (ejection fraction �20%)
in whom dialysis is provided on a compassionate basis and survival beyond 2
years is limited.

The only preoperative laboratory studies necessary prior to catheter inser-
tion are a complete blood count, including the platelet count and electrolytes, to
evaluate metabolic abnormalities. Coagulation studies should be performed if the
patient is receiving anticoagulation (warfarin or intravenous heparin), has a his-
tory of bleeding disorders, or has completed a dialysis treatment just prior to the
procedure. A chest x-ray should be obtained preoperatively to identify mass le-
sions, assess the patient for pulmonary edema, and serve as a baseline for postop-
erative comparison. Ideally, patients are dialyzed the day prior to any operative
procedures.

Relative contraindications to catheter placement are few and generally in-
clude sepsis or new, unexplained fevers. Fevers of unknown origin or known
sepsis should delay placement, if possible, to prevent contamination and subse-
quent infection of the catheter. If necessary a temporary percutaneous catheter
may be placed at the bedside; once the sepsis resolves, a tunneled catheter can
be placed. If a previous catheter is the suspected source of sepsis, the line should
be removed and the patient treated with several days of antibiotics prior to place-
ment of a new catheter. Neutropenia (�1000 absolute neutrophil count) in oncol-
ogy patients should lead to consideration of postponing catheter placement due
to the increased risk of infection in this circumstance. Thrombocytopenia is not
an absolute contraindication, as patients can undergo transfusion during or imme-
diately prior to catheter placement. We recommend platelet transfusion for pa-
tients with platelet counts less than 50,000/mL (1 U of single-donor or 10 U of
random-donor platelets) within 2 h of catheter insertion. Repeat platelet counts
are usually unnecessary after catheter placement unless otherwise indicated.
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TABLE 3.2 Preservation of Veins for AV Access

1. Arm veins suitable for placement of vascular access should be preserved
regardless of arm dominance. Arm veins, particularly the cephalic veins of
the nondominant arm, should not be used for venipuncture or intravenous
catheters. The dorsum of the hand should be used for intravenous lines in
patients with chronic renal failure. When venipuncture of the arm veins is
necessary, sites should be rotated.

2. Instruct hospital staff, patients with developing ESRD (creatinine �3 mg/
dL), and all patients with conditions likely to lead to ESRD to protect the
arms from venipuncture and intravenous catheters. A Medic Alert bracelet
should be worn to inform hospital staff to avoid IV cannulation of essential
veins.

3. Subclavian vein catherization should be avoided for temporary access in all
patients with chronic renal failure due to the risk of central venous stenosis.

Source: Modified from Ref. 11, p. 30.

EVALUATION OF THE PATIENT FOR HEMODIALYSIS
FISTULA PLACEMENT

Preoperative assessment of the patient referred for permanent dialysis access may
be the most important factor in providing a properly functioning arteriovenous
fistula. The rate of loss of renal function in patients with chronic renal failure is
usually predictable. Patients with creatinine clearance values of 10 mL/min or
less are almost certain to need dialysis within 3 months. This interim period
should be used for assessment of the patient’s general condition and to determine
which mode of dialysis to use. Permanent vascular access should be established
early in patients selected for hemodialysis, since maturation time is needed before
the system is usable, particularly if an autologous fistula is constructed (Tables
3.2 to 3.4).

The decision as to whether a particular ESRD patient is a candidate for
long-term dialysis usually rests with the patient, the family, and the nephrologist
or internist. Some authors believe that long-term dialysis should not be offered
to patients with incurable malignancies, those with severe multisystem problems,
or elderly, debilitated patients. Clearly this may be a difficult decision and is
patient-specific. Once a decision is made to proceed with long-term dialysis, a
thorough history and physical should be performed. In addition to evaluating a
patient’s general condition, specific attention is directed to those items appearing
in Table 3.2 as recently reported by the National Kidney Foundation in their
Dialysis Quality Outcome Initiative (11). The preoperative evaluation for place-
ment of AV fistula focuses upon a determination of the optimal type of fistula, the
site for placement, and avoidance of complications of fistula placement (Table 3.5).
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TABLE 3.3 Timing of Access Placement

1. Patients should be referred for surgery to attempt construction of a primary
AV fistula when their creatinine clearance is �25 mL/min, their serum creat-
inine level is �4 mg/dL, or within 1 year of an anticipated need for dialysis.
The patient should be referred to a nephrologist prior to the need for ac-
cess to facilitate chronic renal failure treatment and for counseling about
modes of ESRD care, including hemodialysis, peritoneal dialysis, and renal
transplantation.

2. A new primary fistula should be allowed to mature for at least 1 month, and
ideally for 3 to 4 months, prior to cannulation.

3. Dialysis AV grafts should be placed at least 3 to 6 weeks prior to an antici-
pated need for hemodialysis in patients who are not candidates for primary
AV fistulae.

4. Hemodialysis catheters should not be inserted until hemodialysis is needed.

Source: Modified from Ref. 11, p. 31.

TABLE 3.4 Access Maturation

1. A primary AV fistula is mature and suitable for use when the vein’s diame-
ter is sufficient to allow successful cannulation but not sooner than 1
month, and preferably 3 to 4 months, after construction.

2. The following procedures may enhance maturation of AV fistulae: (a) Fis-
tula hand-arm exercise (e.g., squeezing a rubber ball with or without a
lightly applied tourniquet) will increase blood flow and speed maturation of
a new native AV fistula. (b) Selective obliteration of major venous side
branches will speed maturation of a slowly maturing AV fistula. (c) When a
new native AV fistula is infiltrated (i.e., presence of hematoma with associ-
ated induration and edema), it should be rested until swelling is resolved.

3. Polytetrafluoroethylene (PTFE) dialysis AV grafts should not routinely be
used until 14 days after placement. Cannulation of a new PTFE dialysis AV
graft should not routinely be attempted, even 14 days or longer after place-
ment, until swelling has gone down enough to allow palpation of the course
of the graft. Ideally, 3 to 6 weeks should be allowed prior to cannulation of
a new graft.

4. Patients with swelling that does not respond to arm elevation or that per-
sists beyond 2 weeks after dialysis AV access placement should receive a
venogram or other noncontrast study to evaluate central veins.

5. Cuffed and noncuffed hemodialysis catheters are suitable for immediate
use and do not require maturation.

Source: Modified from Ref. 11, p. 32.
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TABLE 3.5 Preoperative Evaluation for Placement of
Arteriovenous Fistulae or Grafts

Vascular access history
Prior fistula placements and etiology of failure
Prior subclavian vein cannulation
Symptoms of potential central venous stenoses (arm edema)

Avoidance of potential complications
Arterial system

Pulse physical examination
Allen test
Blood pressure and Doppler studies
Arteriography if clinically indicated

Venous system
Venous physical examination
Venography or venous Duplex if clinically indicated

Complete blood count and electrolytes
Coagulation or hypercoaguability studies if clinically indicated

The patient’s history should be evaluated for prior central venous catheter place-
ments or arm edema, which may suggest central venous stenosis or occlusions.
Many of these stenoses or occlusions remain asymptomatic until a fistula is placed
in the ipsilateral arm, and subsequent arm edema, high venous pressures, and
fistula failure result (Figure 3.3). Any prior fistula procedures as well as the rea-
sons for failure should be noted. Patients with multiple prior fistula failures with-
out obvious etiology may be hypercoagulable and warrant long-term anticoagula-
tion following fistula placement. Additional considerations in planning an
autologous or prosthetic fistula as well as access in the pediatric population are
discussed separately (Table 3.6).

EVALUATION OF VENOUS ANATOMY

Adequate venous outflow is critical in obtaining a properly functioning AV fis-
tula. Stenosis at the venous anastomosis or in the venous outflow of an extremity
AV fistula accounts for over 80% of access failures. Percutaneous catheters in
the subclavian vein have been used for temporary hemodialysis for the past 20
years. Surratt et al. (5) performed upper extremity venography in 43 patients (62
extremities) prior to placement of a permanent vascular access graft. A 40%
incidence of significant subclavian vein stenosis or occlusion was found in pa-
tients with prior or existing temporary dialysis catheters in the subclavian vein.
No stenoses were found in patients without a history of dialysis catheters in the
subclavian vein. The authors concluded that the subclavian vein should be evalu-
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FIGURE 3.3 Venography demonstrating subclavian vein occlusion in a patient who
developed arm edema and arteriovenous graft failure.

TABLE 3.6 Patient History and Physical Examination Prior to Permanent
Access Selection

1. To determine the type of access most suitable for an ESRD patient, a his-
tory must be taken and physical examination of the patient’s venous, arte-
rial, and cardiopulmonary systems must be performed.

2. Diagnostic evaluation should be performed when indicated based on patient
history or physical examination.

Source: Modified from Ref. 11. p. 18.
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TABLE 3.7 Diagnostic Evaluation Prior to Permanent Access Selection

1. Venography prior to placement of access is indicated in patients with the fol-
lowing: (a) edema in the extremity in which an access site is planned; (b)
collateral vein development in any planned access site; (c) differential ex-
tremity size if that extremity is contemplated as an access site; (d) current
or previous subclavian catheter placement of any type in venous drainage
of planned access; (e) current or previous transvenous pacemaker in ve-
nous drainage of planned access; (f) previous arm, neck, or chest trauma
or surgery in venous drainage of planned access; (g) multiple previous ac-
cesses in an extremity planned as an access site.

2. Additional or alternate imaging techniques are indicated in selected cases
where multiple previous vascular accesses have been placed or when resid-
ual renal function makes contrast studies undesirable. Appropriate tech-
niques include (a) Doppler ultrasound (evidence) and (b) magnetic reso-
nance imaging.

3. Arteriography or Doppler examination is indicated when arterial pulses in
the desired access location are markedly diminished.

Source: Modified from Ref. 11, p. 20.

ated preoperatively in any patient with a history of subclavian vein catheteriza-
tion. Furthermore, they encouraged the use of sites other than the subclavian vein
for temporary hemodialysis access (Table 3.7).

The ‘‘gold standard’’ for evaluation of central venous stenoses remains
contrast venography. Duplex screening has been performed, but may miss lesions
particularly in the portion of the vein behind the clavicle. Knudson et al. (12)
evaluated 91 patients with suspected upper extremity venous thrombosis and
found the sensitivity of venous duplex was 78% with a specificity of 92%. They
noted four cases of isolated superior vena cava or proximal innominate vein ob-
struction that were missed by color Doppler imaging. Duplex scanning can also
be effectively applied to assess the peripheral venous circulation prior to access
placement (13). This is particularly important in patients with a prior history of
intravenous drug abuse, poorly visualized venous structures despite tourniquet
application, or those who have sustained recent and multiple venipunctures. Du-
plex mapping can document the size and patency of the cephalic and basilic
veins, the principal outflow sites for forearm bridge and autogenous AV fistulae.
Stenoses or occlusions in these structures, which may not be readily apparent
without ultrasound imaging, will lead to failure of any access that relies on their
outflow. Moreover, the availability of this information can guide access place-
ment, so that the best chance at access patency is achieved at the initial procedure.
Stenosis or occlusion in the cephalic and basilic vein virtually eliminates the
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TABLE 3.8 Selection of Permanent Vascular Access and Order of Preference
for Placement of AV Fistulae

1. The order of preference for placement of AV fistulae in patients requiring
chronic hemodialysis is (a) a wrist (radial-cephalic) primary AV fistula (evi-
dence) and (b) an elbow (brachial-cephalic) primary AV fistula.

2. If it is not possible to establish either of these types of fistula, access may
be established using (a) an arteriovenous graft of synthetic material (e.g.,
PTFE) (evidence) or (b) a transposed brachial-basilic vein fistula.

3. Cuffed tunneled central venous catheters should be discouraged as perma-
nent vascular access.

Source: Modified from Ref. 11, p. 22.

option of a wrist or forearm AV access and should guide the surgeon to either an
upper arm access configuration or use of the contralateral extremity (Table 3.8).

Autogenous AV Fistulas

The Brescia-Cimino radial artery–cephalic vein fistula remains the first choice
for long-term hemodialysis because of superior long-term patency rates and de-
creased fistula complications. However, a large number of dialysis patients have
inadequate vessels or flow to maintain a Cimino fistula (14,15). Findings on phys-
ical examination that favor the use of a Cimino include a strong radial pulse as
well as a cephalic vein that is continuous from the wrist to the elbow. The cephalic
vein may be well developed at the wrist but may drain into a number of smaller
forearm veins or be sclerotic from prior venipunctures, resulting in inadequate
length of vein for dialysis or failure to mature. The continuity of the cephalic
vein may be tested by percussion of the vein at the wrist and gentle palpation at
the elbow for a transmitted fluid wave (16). This may be performed with a tourni-
quet placed in the upper arm. If continuity is in question, a venous duplex study
may be performed. Distal arterial ischemia is rare with a Cimino fistula; however,
the potential for this complication exists. Symptomatic ischemia distal to an au-
togenous or prosthetic fistula has been reported to occur in 3 to 7% of patients
(17,18). Patients with diabetes appear to be at an increased risk for ischemia distal
to a fistula (19). Blood pressure should be measured in each arm and compared to
detect any proximal arterial stenoses, indicated by a gradient of 20 mmHg or
more between extremities. Occult subclavian artery stenoses or occlusions are
more commonly seen on the left. We perform Doppler evaluation of digital artery
flow with and without radial artery compression. Disappearance of digital flow
with radial artery compression signifies an incomplete palmar arch and excludes
the use of a Cimino fistula. The Allen test may also be used to evaluate ulnar
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and radial artery patency as well as the continuity of the palmar arch. Preference
is given to the patient’s nondominant hand, but an autogenous fistula in either arm
is superior to a prosthetic fistula. Proper selection is important, so that multiple
procedures may be avoided in the patient who is unlikely to develop a useful
Cimino fistula after careful preoperative evaluation.

We have had good success with the upper arm cephalic vein–brachial artery
autogenous fistula. The upper arm cephalic vein is frequently not subjected to
multiple intravenous lines and blood draw attempts as are the forearm veins and
offers an excellent autogenous conduit for access (20). It may similarly be evalu-
ated by venous duplex scanning or percussion along its course with a tourniquet
in place near the axilla. In many patients, this has become our primary fistula of
choice. For reasons that are not clear, there is a higher incidence of clinically
significant steal with antecubital autogenous fistulae. This complication is ad-
dressed in detail in Chapter 12.

Recently there has been renewed interest in the use of the brachial artery–
basilic vein fistulae (21). This type of fistula comprises the transposition of the
basilic vein from the medial upper arm to the subcutaneous tissue overlying the
biceps muscle with an end-to-side anastomosis between the basilic vein and
the brachial artery at the elbow (see Chapter 4). Two-year patency rates of 70
to 80%, with relatively few complications, are now being reported. Coburn and
Carney (22) recently compared patency and complication rates between the bra-
chial arteriovenous fistula and polytetrafluorethylene (PTFE). In a retrospective
review of 59 basilic vein AV fistulae and 47 PTFE AV bridge grafts, they noted
significantly superior primary patency rates for the basilic vein transposition fis-
tulae (90% at 1 year and 86% at 2 year vs. 70% at 1 year and 49% at 2 years).
Similar results have recently been reported by Matsuura et al. (23).

Prosthetic AV Grafts

The expanded polytetrafluoroethylene (ePTFE) graft was first used as a bridge
conduit in 1976 and is currently the most popular method of establishing long-
term dialysis access (24). Criteria for placement of ePTFE grafts are failure of
autogenous fistula, lack of adequate superficial veins for an autogenous fistula, or
deeply embedded veins, as are usually found in obese patients. The most common
reason for lack of superficial veins is multiple prior intravenous cannulations.

The majority of the preoperative assessment for placement of a prosthetic
AV graft is similiar to that for an autogenous fistula; however, the options for
graft placement are generally larger. Multiple variations of prosthetic fistula con-
figurations have been described from the simple forearm straight or loop fistula,
upper arm and neck fistulae, as well as fistulae constructed in the thigh. The
specific details of bridge graft construction are reviewed in Chapter 5. In patients



Preoperative Evaluation 45

with recently thrombosed prosthetic grafts, thrombectomy, and revision should
be considered before moving to a new access site.

If upper extremity access sites have been exhausted, the thigh may be used.
Preoperative evaluation should include measurement of an ankle-brachial pres-
sure index (ABI). If the ABI is less than 0.75 or the patient has symptoms of
claudication or leg ischemia, further evaluation including arteriography should
precede graft placement.

CONSIDERATIONS IN THE PEDIATRIC PATIENT

Each year, three to five children per million develop chronic renal failure. The
ultimate goal for renal replacement therapy is transplantation, which is less ex-
pensive and offers a superior quality of life compared with maintenance dialysis.

FIGURE 3.4 Algorithm for dialysis decisions in the pediatric population. (From
Ref. 25.)
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Unfortunately, 70% of children with renal failure will require dialysis for short
periods while awaiting transplantation, and 23%, who are ineligible for trans-
plantation or following failed transplantation will require long-term dialysis (25).
This small group of children represents a difficult dialysis access problem.

Success of a dialysis access procedure in children is determined by the size
of the child, length of time on dialysis, and prior use of access sites. Peritoneal
dialysis via a Tenckhoff catheter is the preferred dialysis modality; however, this
is dependent upon a supportive home environment. In patients who fail peritoneal
dialysis or in whom it is inappropriate, hemodialysis becomes necessary. Tun-
neled catheters have gained increased popularity in children, especially those in
whom transplantation is likely or until a functioning fistula can be constructed.
In older children who will likely require long-term dialysis, an autogenous fistula
may be constructed beginning at the most distal site possible in the upper arm.
Prosthetic ePTFE grafts have been shown to function poorly in children, espe-
cially those less than 30 kg in weight, and should be reserved for use following
the failure of other modalities. Lumsden et al. (25) present a useful algorithm to
this difficult clinical problem (Figure 3.4).
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Fifty years since the development of hemodialysis (1), a dependable
method of chronic access to the circulation remains elusive. An optimal angioac-
cess should allow high flow, be easy to cannulate, not create distal hypoperfusion,
and last indefinitely. Few would argue that autogenous arteriovenous (AV) fistu-
lae come closest to this standard. This is also the view of the National Kidney
Foundation Kidney Disease Outcomes Quality Initiative, as cited throughout this
text. The following is both a technical and philosophical look at autogenous ac-
cess for hemodialysis.

Basic principles of angioaccess apply to both autogenous AV fistulae and
nonautogenous bridge grafts. The nondominant upper extremity should be used
first, and each access should be constructed as distally as possible. The upper
extremity is preferable to the lower, since upper extremity fistulae are easier to
cannulate and more convenient for the patient; in addition, arterial inflow is more
often preserved. The upper extremity is also less prone to infection than the lower
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extremity, particularly if a groin incision is used (2). Autogenous fistulae are
preferred as initial conduits over any prosthetic bridge graft. Despite this dictum,
an ‘‘all autogenous’’ policy, similar to lower extremity infrainguinal arterial by-
pass, is foolhardy. The nature of any angioaccess dictates eventual failure, and
many patients will require hemodialysis for 15 or more years, necessitating multi-
ple access procedures.

ANATOMY

The superficial venous anatomy of the upper arm is depicted in Figure 4.1, though
many variations exist. The cephalic vein originates in the hand, courses through
the anatomic snuffbox, and passes on the radial side of the wrist up the forearm.
The basilic vein is quite medial and posterior in the forearm. Veins in the antecu-
bital fossa are by definition quite variable in their distribution. There is usually
a median cubital vein connecting both the cephalic and basilic systems. The ce-
phalic vein continues in the upper arm, courses between the brachioradialis and
biceps muscles into the deltopectoral groove, and eventually drains into the axil-
lary vein. The basilic vein passes just superior to the medial epicondyle and
continues up the arm either as the true basilic vein, overlying the brachial artery,
or as the brachial vein when it courses with the brachial artery. The basilic and/
or brachial veins become the axillary vein at or near the level of the pectoralis
minor muscle. Several perforating veins connect the superficial to the deep bra-
chial system. A relatively constant perforator is present at or just below the ante-
cubital crease connecting the median cubital vein to the deep brachial system.

It is imperative to assess hand perfusion prior to constructing any forearm
access. This is easily done at the bedside with the Allen test. Normally the ulnar
artery is the dominant supply to the hand and is continuous with the superficial
palmar arch. The radial artery continues into the deep palmar arch, and there are
connections via collaterals between the superficial and deep arches. If a patient
either has a dominant radial artery or has had prior injury to the ulnar artery,
extreme care is necessary in constructing an AV access fistula, particularly if
distal radial artery ligation is contemplated. Severe hand ischemia may ensue and
be very difficult to treat.

VARIATIONS OF AUTOGENOUS ARTERIOVENOUS
FISTULAE

Brescia-Cimino Fistula

The fistula from the radial artery to cephalic vein at the wrist, first described by
Brescia and Cimino (3), revolutionized hemodialysis by providing a durable,
long-lasting conduit for angioaccess. It is the optimal first access in patients with
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FIGURE 4.1 Superficial venous anatomy of the arm.

suitable venous anatomy and is the ‘‘workhorse’’ of autogenous AV fistulae at
the wrist (3,4). Prior to creating this fistula, the cephalic vein and medial forearm
veins must be carefully assessed. These veins are commonly used for phlebotomy
or intravenous lines. It is common to locate a patent cephalic vein at the wrist,
only to find it occluded or discontinuous in the forearm. But it is always preferable
to utilize the best cephalic vein to construct this fistula, regardless of extremity
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dominance, especially if an autogenous fistula is possible in the dominant arm
and only a nonautogenous bridge graft in the nondominant arm.

The Brescia-Cimino fistula is best constructed by using a longitudinal inci-
sion placed between the cephalic vein and the radial artery at the wrist (Figure
4.2). A transverse incision on the radial side of the wrist is also possible. Local
anesthesia and local heparinization are usually all that is necessary. It is also
reasonable to use regional nerve block anesthesia and do the anastomosis with
proximal tourniquet control, thereby avoiding excessive dissection, mobilization,
and clamping of the delicate vessels. The cephalic vein is mobilized first and its

FIGURE 4.2 Anatomic exposure for the Brescia-Cimino fistula.
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patency and quality assessed. If the vein is continuous and at least 3 mm in
diameter, it is well founded to perform the procedure. Enough cephalic vein is
mobilized to assure a gentle curve and course in the forearm and a tension-free
anastomosis. Delicate technique, usually with the aid of loupe magnification and
6-0 or 7-0 monofilament suture, is mandatory, and only gentle distention of the
vein using papavarine solution is performed. Upon completion of the anastomo-
sis, the suture should be tied under arterial pressure and there should be an easily
palpable thrill in the outflow vein. A pulse in the outflow vein is suggestive of
outflow obstruction or fistula thrombosis.

Many variations in anastomotic technique have been reported, including
end vein to side artery, side vein to side artery (with or without distal arterial
ligation), end artery to end vein, or even end artery to side vein (4) (Figure 4.3a
to d). The side-to-side anastomosis is easy to construct, yet it may result in venous
hypertension of the hand (5). An anastomosis from the end radial artery to end
cephalic vein minimizes the chance of arterial steal and venous hypertension, yet
it results in lower fistula flows (6). The technique of end artery to side vein is
the most difficult and results in relatively low flows. Most surgeons prefer the
anastomosis from the end cephalic vein to the side radial artery, since it minimizes
venous hypertension in the hand and produces reliably higher flow rates (7). As
an alternative technique, the anastomosis is constructed in a side-to-side fashion,
making it technically the easiest to construct. After flow is established and a thrill
is palpated in the proximal vein, the distal vein is ligated to eliminate the pathway
for venous hypertension. This modified technique preserves the continuity be-
tween the distal vein, artery, and proximal vein, permitting access to immediately

FIGURE 4.3 Options for the anastomoisis of a Brescia-Cimino fistula. A. End vein
to side artery. B. Side vein to side artery. C. End artery to end vein D. End artery
to side vein.
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FIGURE 4.4 Patient with a patent Brescia-Cimino fistula, which has provided un-
interrupted access for 22 years.

explore a poorly functioning fistula for possible etiologies without having to open
the artery, vein, or anastomotic suture line.

The fistula is allowed to mature for 6 to 8 weeks prior to puncture. Occa-
sionally longer periods for maturation are required to allow sufficient ‘‘arterial-
ization’’ of the vein, but if little venous distention is present at 6 weeks, either
revision or an alternate access site is usually required. Having the patient perform
repetitive hand exercises such as squeezing a ball or a similar-sized compressible
object may facilitate development of the outflow vein (8).

Patency rates of 80% at 1 year and 40 to 70% at 3 years have been reported
(9–12), and some Brescia-Cimino fistulae have functioned well for a decade or
more (Figure 4.4). Arterial steal is unusual, but enlargement or aneurysm forma-
tion of the outflow veins can occur, resulting in significant pain, cosmetic defor-
mity, central embolism, and even loss of the access.

Snuffbox Fistulae

There are possible advantages to an even more distal radial cephalic arteriovenous
fistula created in the anatomic snuffbox (Figure 4.5). The cephalic vein and radial
artery are in very close proximity, and the vein is usually of excellent quality at
this level. A side-to-side or end-to-side anastomosis is easily performed with
minimal mobilization of the artery and vein. If necessary to improve flow or
control vascular steal, the distal radial artery can be ligated (assuming a patent
ulnar system). Utilization of the cephalic vein in the snuffbox may facilitate sec-
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FIGURE 4.5 Arterial and venous anatomy of the anatomic snuffbox. (From
Ref. 15.)

ondary procedures either at the wrist or in the forearm. Patency rates for snuffbox
fistulae approach 80% at 1 year (13–15). There is a significant immediate failure
rate, however, usually due to technical failures or an inadequate outflow vein.
Despite the early failures, construction of this most distal fistula, through its effect
on the subcutaneous cephalic vein in the forearm and upper arm, may facilitate
later creation of a traditional Brescia-Cimino fistula at the wrist or of a brachio-
cephalic antecubital fistula.

Ulnar Artery or Basilic Vein Forearm Fistulae

There is no inherent reason why the ulnar artery cannot be used to create a fistula
at the wrist, but anastomosis from the ulnar artery to the basilic vein in the forearm
produces a fistula that is very difficult to cannulate because of the medial and poste-
rior course of the basilic vein. One can mobilize the forearm basilic vein and trans-
pose it to the ulnar or radial artery via a subcutaneous tunnel. This should not be a
primary option because extensive dissection is needed to transpose the vein and
only a short segment of the vein is then available for cannulation.
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Upper Extremity Saphenous Vein Fistulae

Several investigators have utilized the greater saphenous vein transposed to the
arm to function as an arteriovenous conduit (16). This method has appeal, since
the greater saphenous vein is durable when used for arterial bypass, so it would
seem reasonable that it would function well for dialysis access. However, the
long-term results have been disappointing. Patency in the range of 40% is re-
ported at 3 years, and a separate leg incision is required (16). For this reason
most surgeons reserve the saphenous vein for lower extremity autogenous arterio-
venous fistulae (described later).

Reverse Arteriovenous Fistulae

A reverse arteriovenous fistula has been described which allows for the use of
veins around the antecubital fossa (17). In this fistula the basilic vein in the upper
arm is sewn side to side to the brachial artery. Valves in the antecubital veins
are mechanically rendered incompetent and the more cephalad basilic vein is
plicated (Figure 4.6). This fistula requires at least 4 to 5 cm of good-quality
antecubital vein for cannulation. The venous outflow for a reversed fistula is
mainly via perforating veins draining into the deep brachial veins. It is important
to preserve as many perforating branches as possible for this fistula. This proce-
dure is rarely if ever indicated, since it is inferior to transposed basilic vein fistulae
(as described below) and requires instrumentation to lyse valves. Adequate plica-
tion of the basilic vein is difficult and may result in thrombosis or inadequate
fistula flow.

Antecubital Arteriovenous Fistulae

Once the options for an autogenous AV fistula in the forearm have been ex-
hausted, arterial-to-venous connections in and around the antecubital fossa are
necessary. The AV fistula from the brachial artery to the cephalic vein has been
described by several authors (18–25). A side-to-side fistula was initially de-
scribed by Cascardo et al. (21) in 1970 (Figure 4.7a). This resulted in a high
incidence of steal. Gracz et al. (22) described the more popular technique of end
vein to side artery (Figure 4.7b) in 1977. The median cubital vein at or just below
the antecubital fossa is utilized and an attempt is made to isolate the perforating
branch of this vein to use for an end-to-side anastomosis to the brachial artery.
A deeper anastomosis was felt to be protected from inadvertent puncture, and
the relatively small anastomosis might protect against the development of steal
or high output congestive heart failure. Recent reports by Bender et al. (19,25)
provide their experience with this fistula—a reported a 93% patency at 1 year
and 80% at 3 years. This is in contrast to 76% and 65% patency for Brescia-
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FIGURE 4.6 Construction of a reverse AV fistula with side-to-side brachiobasilic
anastomosis, plication of the proximal basilic vein, and valve lysis of the antecubital
veins.

Cimino wrist fistulas and 69% and 62% patency for nonautogenous bridge grafts
at 1 and 3 years, respectively.

Many patients have undergone repeated venipuncture in the median cubital
vein, and the perforating branch is often obliterated. In these patients the cephalic
vein may be used just above the antecubital crease and sewn to the brachial
artery. Some mobilization of the vein is required for this technique. Very often
a nonautogenous forearm bridge fistula may be placed, which effectively ‘‘ma-
tures’’ the upper arm cephalic vein while the bridge is used for dialysis access.
When the bridge fistula fails, there should be sufficient cephalic vein to create
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FIGURE 4.7 Antecubital AV fistula. A. Side-to-side brachiocephalic anastomosis.
B. End-to-side anastomosis using the perforating branch of the antecubital vein.

a fistula from the brachial artery to the cephalic vein (Figure 4.8). Because the
cephalic vein is already arterialized by functioning as the outflow for the bridge
graft, fistula maturation time is decreased and often a secondary upper arm fistula
vein can be cannulated after only 1 to 2 weeks.

Transposed Basilic Arteriovenous Fistula

Should the cephalic vein prove to be unusable in the upper arm, the next choice
of access is the transposed basilic AV fistula (26–29). Because the basilic vein
in the upper arm is deep and usually not visible, it remains relatively protected
from harmful venipuncture and is usually a relatively large conduit. The basilic
vein is quite thin yet is usable in almost all patients. Preoperative duplex imaging
or venography is recommended to assure patency of the basilic vein and to con-
firm adequate outflow via the axillary/subclavian venous system. Axillary or su-
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FIGURE 4.8 Conversion of a bridge AV graft into an upper arm brachiocephalic
fistula.

praclavicular block or even local anesthesia may be utilized; however, due to
the extent of dissection and necessary tunneling, most patients require a general
anesthetic for this operation.

The basilic vein is mobilized at the level of the medial epicondyle and
traced cephalad to its confluence with the axillary vein (Figure 4.9). Care is taken
to avoid injury to the overlying cutaneous nerves and the underlying median
nerve. Side branches are tied and divided and the vein is gently distended with
papaverine solution. The brachial artery is exposed, usually through a separate
incision just above the antecubital crease and a very superficial subcutaneous
tunnel is created between the brachial artery incision and the most cephalad por-
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FIGURE 4.9 Anatomy and mobilization of the basilic vein for construction of a trans-
posed basilic AV fistula.

tion of the basilic vein. An anastomosis from the end vein to side artery is per-
formed. Postoperative arm swelling is common but usually resolves after several
weeks. As with other primary autogenous AV fistulae a maturation time of 6 to
8 weeks is necessary.

Patency rates of 69 to 81% and 49 to 57% at 1 and 3 years, respectively,
have been reported (25–29). The most common site of postoperative venous ste-
nosis is in the basilic vein just caudad to the axillary vein, where it goes from
a deep plane to the superficial tunnel (27). A transposed basilic fistula does not
preclude the future creation of an upper arm bridge graft from the brachial artery
to the basilic or axillary vein. The converse is not true; an upper arm bridge
graft usually damages the basilic/axillary vein junction and makes tunneling of
a transposed basilic vein problematic. Thus, autogenous AV fistulae in the upper
arm are usually indicated prior to the placement of upper arm bridge grafts. Fur-
thermore, venous revision of a forearm bridge graft should usually not be per-
formed above the antecubital crease, since such revision damages the upper arm
veins and areas for soft tissue tunnels and severely limits future autogenous op-
tions. A transposed fistula from the brachial vein to the brachial artery has been
reported (18). However, the brachial veins are usually too small or have multiple
branch points, precluding the effective construction of this type of fistula.

Lower Extremity Arteriovenous Fistulae

The lower extremity is less desirable than the upper extremity for autogenous
AV fistula formation because of more infectious complications, inconvenient po-
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sitioning, and a higher incidence of lower extremity vascular occlusive disease
(2). Despite these drawbacks, with the increasing number of dialysis patient-years
and the aging of the dialysis population, the legs must be utilized more frequently
as chronic access sites.

The saphenous vein may be transposed using the saphenofemoral junction
as outflow. The arterial anastomosis may be to the common femoral artery, re-
sulting in a loop, or to the superficial femoral artery, creating a curvilinear fistula
(Figure 4.10 a and b). As the superficial femoral artery is often diseased, the
common femoral artery is more commonly used for fistula inflow. If the saphe-
nous vein is unusable or absent in the thigh, the more distal vein can be utilized.
Patency, however, is probably the same or even worse than a prosthetic bridge

FIGURE 4.10 Options for configuring an autogenous saphenous vein leg fistula.
A. Loop configuration with the arterial inflow from the common femoral artery. B.
Curvilinear configuration with the arterial inflow taken from the distal superficial
femoral artery. (a) Common femoral vein, (b) common femoral artery, (c) greater
saphenous vein, (d) popliteal artery.
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graft in the groin, and the distal leg wound used for vein harvest may also become
problematic. The contralateral saphenous vein should not be harvested, since it
would obviously be better used in a groin fistula in the extremity where it is
already present. Due to the relatively infrequent application of leg autogenous
AV fistulae for chronic access, series of such patients have not been reported.

CONCLUSION

Available techniques of autogenous AV fistula formation have been discussed,
and a rational strategy of successive hemodialysis access placement has been
suggested. Whenever feasible, autogenous AV fistulae are preferred over pros-
thetic bridge grafts. No access procedure should preclude or hinder subsequent
procedures. A functional access is a lifeline for the dialysis patient, and it is the
responsibility of the surgeon to create the best and most durable access possible.
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Construction of Prosthetic Arteriovenous
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No discussion of establishing chronic vascular access for hemodialysis with
prosthetic grafts could commence without emphasizing the one observation that
has persisted throughout the medical literature for the last 30 years: Autogenous
native arteriovenous (AV) fistulae have performed best in maintaining uninter-
rupted access for hemodialysis—better than any other configuration—since their
first description by Brescia et al. in 1966 (1). All patients who have chronic renal
insufficiency and are in need of chronic vascular access for hemodialysis should
be considered for construction of a native fistula prior to placement of a prosthetic
graft. With the availability and effectiveness of long-term central venous dialysis
catheters (see Chapter 7), even patients who present with an acute need for renal
replacement therapy can be maintained via this access route, allowing for the
creation and maturation of a native arteriovenous fistula. (Table 5.1).

Unfortunately, many patients with renal insufficiency are not candidates for
autogenous fistula construction. Oftentimes autogenous venous sites have been
exhausted by repeated phlebotomy in the chronically ill patient. With a large
percentage of dialysis patients suffering from diabetes mellitus, distal arterial
circulation is inadequate to support a native fistula at the wrist. An aging dialysis
population contributes to this imbalance in the use of native fistulae due to the
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TABLE 5.1 Goals of Access Placement—Maximizing Primary AV Fistulae

1. Primary AV fistulae should be constructed in at least 50% of all new pa-
tients electing to receive hemodialysis as their initial form of renal replace-
ment therapy. Ultimately, 40% of prevalent patients should have a native
AV fistula.

2. Patients should be reevaluated for possible construction of a primary AV
fistula after failure of every dialysis AV access.

3. Each center should establish a database to track the types of accesses cre-
ated and the complications rates.

Source: Modified from Ref. 2.

misconception that autogenous fistulae function poorly in the elderly (3). Further-
more, elderly dialysis patients conceivably do not require long-term access routes
based upon expected short actuarial dialysis survival. Moreover, a nihilistic atti-
tude on the part of access surgeons contributes to the underutilization of autoge-
nous access sites. Along with less common justifications, these arguments result
in autogenous fistula construction for roughly 20% of dialysis patients in the
United States (4,5). By contrast, roughly 80 to 90% of dialysis patients in Europe
receive an autogenous fistula as their first mode of chronic access (6,7).

HISTORICAL PERSPECTIVE

Nonautogenous devices were the earliest types used to obtain access to the circu-
lation for hemodialysis. Nearly two decades passed from the time that Kolff, et
al. (8) described a useful dialyzer until Quinton et al. (9) devised their external
shunt, which provided a consistent way to access the circulation and implement
dialysis therapy. The original Scribner shunt consisted of Teflon tubing inserted
into a peripheral artery and vein. This was soon modified by the use of Silastic
tubing with Teflon ends secured within the selected vessels. A number of similar
externalized shunts were developed, including the Allen-Brown, Thomas, and
Buselmeier shunts (10–12). Each modification attempted to either improve the
efficiency of placement and function of the shunt or to prolong the life of the
shunt in a particular location. These external shunts were the mainstays of dialysis
access through the appearance of the Brescia-Cimino fistula and until the intro-
duction of both the bovine carotid artery graft and the expanded polytetrafluor-
ethylene (ePTFE) graft in the mid 1970s (13,14).

Bovine xenografts and ePTFE grafts gained rapid acceptance as secondary
routes of vascular access for patients with failed or inadequate sites for Brescia-
Cimino fistulae. Other prosthetic materials introduced for access conduits around
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this time included Dacron and human umbilical vein allografts (15,16). Neither
of these materials ever realized the success of bovine xenografts and ePTFE for
dialysis access. Dacron grafts were associated with high thrombogenecity, which
is not tolerated well in the small-diameter conduits used for vascular access.
Human umbilical vein grafts are essentially preserved collagen tubes, which are
plagued by degeneration and aneurysm formation.

Bovine xenografts have not changed appreciably since their introduction
for use as dialysis access conduits. Like the umbilical vein graft, bovine grafts
behave as preserved collagen tubes and are susceptible to aneurysmal degenera-
tion. An abundance of literature, including randomized prospective studies, has
demonstrated the superiority of ePTFE AV grafts over bovine xenografts in re-
gards to cost, primary patency, secondary patency, and infection rate (17–21).
The use of bovine grafts for dialysis access has markedly diminished over the
last decade, but they are still favored by some surgeons as the graft of choice.

Recent advancements in the field of vascular access include attempts to
develop needle-less implantable ports for the chronic dialysis patient. Two de-
vices had transient periods of popularity in attempting to achieve this goal. Both
models, the Hemasite and the DiaTap, consisted of implanted AV grafts con-
nected to external tubes with membranes for needle cannulation, thus sparing the
patient the discomfort of repeated needle sticks. As one might intuitively expect,
both of these devices suffered from significant infection rates, a high incidence
of thrombosis, substantial cost, and technical difficulties that quickly extinguished
interest in their use (22,23).

The last 5 years have witnessed the introduction of new prosthetic grafts for
dialysis access comprising various configurations and modifications of ePTFE,
Silastic, Dacron, and carbon (24–27). Descriptions of these new prosthetics ap-
pear later in this chapter, and a detailed discussion of biomaterials used for vascu-
lar access is presented in Chapter 9. All share the common goal of achieving a
less thrombogenic graft with improved patency rates and better healing character-
istics to permit reliable, prolonged, uninterrupted access for chronic dialysis.

GENERAL PRINCIPLES

Preoperative Management

Evaluation

Patients in need of a prosthetic access for hemodialysis have either failed attempts
at creating autogenous AV fistulae or are not considered candidates for an autoge-
nous fistula for anatomical or physiological reasons. Urgent need for dialysis
should not mandate placement of a prosthetic graft in a patient who would other-
wise benefit from construction of an autogenous fistula, since central venous cath-
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eters can provide interim access while a native fistula develops (28). A detailed
description of the patient’s preoperative assessment for dialysis access appears
in Chapter 3.

Briefly, the patient’s general medical condition should be as optimal as
possible, with stable electrolyte concentrations and no overt fluid overload. The
nondominant extremity is usually chosen for access placement to avoid depriving
the patient of use of the dominant arm during the dialysis sessions. In patients
with underlying arterial occlusive disease, such as those with diabetes, ischemic
neuropathy following fistula placement can sometimes lead to loss of the hand—
a complication that is somewhat better tolerated in the nondominant extremity.
Preexisting conditions—such as central venous obstruction, lymphedema, or se-
vere arterial insufficiency due to proximal obstruction—may preclude the use of
one extremity versus the other. A careful preoperative physical examination with
palpation of all pulses, measurement of blood pressure, Allen’s test, Doppler
interrogation of the wrist and hand, and a careful neurological examination of
both upper extremities is imperative. This provides an opportunity to detect physi-
ological problems that may change the operative strategy and to establish a preop-
erative baseline should the patient develop circulatory or neurological deficits
after access construction.

Examination of the upper extremity veins with a tourniquet in place is
helpful in selecting possible sites for venous outflow. If antecubital and upper
arm veins are not palpable with a tourniquet in place, venous mapping using
duplex Doppler is a simple way to assess the size and patency of basilic and
cephalic trunks—a maneuver that may minimize the time usually spent searching
for an adequate outflow site (29). This technique is also helpful in the not uncom-
mon circumstance when the patient has had repeated phlebotomy in the chosen
extremity prior to its selection as an access site. These patients’ arms are often
covered with ecchymoses from prior phlebotomies and intravenous lines, making
clinical assessment of venous patency difficult. Duplex mapping is also helpful
in patients who have had previous access grafts in that extremity or in those with
a prior history of intravenous drug abuse.

Anesthesia

Most access procedures can be safely performed by a variety of anesthetic tech-
niques. Local or regional anesthesia is satisfactory for forearm grafts. When dis-
section in the axilla is required for upper arm grafts, supraclavicular intrascalene
blocks can provide effective anesthesia, but general anesthesia is often employed.
Moreover, regardless of anesthetic technique, most vascular access operations
can be performed on an outpatient basis. Patients are typically observed in a
postanesthesia care unit for 1 to 2 h postoperatively prior to discharge (30). It is
conceivable that placement of an access graft may be accomplished completely
under local anesthesia without the added cost of using an anesthesiologist or
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nurse anesthetist to monitor the patient. Given the multitude of comorbid medical
conditions and advanced age that our dialysis population possesses, we have not
adopted this approach. However, this technique may be appropriate in selected
young patients with limited medical problems undergoing uncomplicated access
surgery. Our preference is to use general anesthesia for graft placement unless
contraindicated by comorbid cardiopulmonary conditions. With the advent of the
laryngeal mask anesthetic technique and because most graft procedures can be
completed in 60 to 90 min, we have not appreciated a significant difference in
immediate postoperative anesthetic or cardiopulmonary complications with this
approach.

Site Preparation

Preparation of the operative site for graft placement is subject to individual varia-
tion. A dictum that we frequently apply is ‘‘Never let the operation be limited
by the prep and drape.’’ In this regard, for all upper extremity access procedures,
the hand, arm, and axilla are included in the sterile prep and drape. With this
approach, the surgeon is prepared to deal with any unexpected anatomy or com-
plications that may develop during AV graft placement. The surgical procedure
can be altered as necessary without fear of compromising the sterile field. This
small detail may have paramount implications when one is dealing with prosthetic
grafts and infectious complications. The hand is included in the prep and drape
to permit sterile Doppler interrogation after fistula construction, which allows for
immediate intervention should vascular compromise be discovered. The axilla is
included to allow placement of the sterile tourniquet in the above-elbow position
and access to the axillary vein if needed for venous outflow if more proximal
veins are found to be inadequate.

Drug Regimen

The use of perioperative antibiotics, though intuitive, has not been clearly shown
to reduce risk of infection in prosthetic AV access grafts (31,32). The common
practice of administering a single dose of intravenous antibiotics active against
gram-positive organisms derives from the well-documented reduction in infection
rates when applied to elective vascular reconstructions (33,34). The first-genera-
tion cephalosporin antibiotic cefazolin has favorable pharmacokinetics for effec-
tive prophylaxis and is usually administered 1 h prior to surgery (35). In patients
with a significant allergy to this drug, a single dose of intravenous vancomycin
is substituted.

The use of heparin during the placement of dialysis fistulae has not been
studied in any significant detail. Since uremic patients are presumed to be in a
relatively antithrombogenic state, intravenous heparin is not uniformly employed
in access surgery, unlike other vascular reconstruction procedures. However, as
a minimum, local infusion of heparin solution into arteries, veins, and graft con-
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duits is typically applied to prevent local formation of thrombus in these struc-
tures while flow is interrupted. With respect to dialysis access surgery, systemic
heparin is more consistently utilized during thrombectomies and revision proce-
dures because of the presumed thrombogenic nature of the graft surface once
thrombectomy is accomplished. Despite the known deficits in platelet aggregation
caused by uremia, studies have shown that some patients with chronic renal fail-
ure exist in a relatively hypercoagulable state (36). This is not unexpected, given
the elevations in thrombogenic factors such as fibrinogen and plasminogen activa-
tor inhibitor that have been documented in some patients with diabetes.

General Surgical Techniques

Suturing

The selection of suture material and placement technique are subject to the discre-
tion of the individual surgeon. Like other aspects of access surgery, many deci-
sions find their origin in basic vascular surgery preferences. Significant healing
of polymer and biological prostheses at the anastomosis is largely maintained by
the suture line; therefore a nonabsorbable material is commonly selected. Poly-
propylene sutures have been available for a long time and have a track record
of effectiveness in cardiovascular surgery. Their established history and availabil-
ity from a multitude of manufacturers also tend to make them less costly than
newer materials. Recent modifications include the swagging on of a smaller-
diameter needle than the suture itself in an effort to limit bleeding at the suture
line by filling the needle hole with a larger-diameter suture material. The intro-
duction of ePTFE suture by W.L. Gore and Associates (Flagstaff, AZ) provides
an alternative to polypropylene for vascular anastomosis. This suture offers ease
of handling and strength; with smaller needles, its hemostatic properties are simi-
lar to those of its polypropylene counterparts. The major disadvantage of the
ePTFE suture is higher cost compared with polypropylene. In the past few years,
the availability of a nonpenetrating titanium clip for vascular anastomoses has
expanded the options of AV access construction, with a reduction in anastomotic
bleeding and better healing compared with surtures, as demonstrated in an animal
model of AV grafts (Figure 5.1) (37).

Various techniques for suturing vascular anastomoses have been reported,
from the triangulation method originally described by Alexis Carrell to the use
of a single suture for the entire anastomosis (Figure 5.2). As with the selection
of sutures, specific technique is often directed by surgeon preference. Whereas
the triangulation technique is helpful in surgical training programs to nicely dem-
onstrate apposition and avoid technical errors in placement, the single-suture
parachute technique is often preferred by accomplished surgeons who switch their
focus to expediency. One cautionary note deserves mention. When the single-
suture method is chosen, the suture knot should be secured after flow has been
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FIGURE 5.1 Gross views (original magnification) of AV fistulas joined to the native
vessel with suture (A) or vascular closure system clips (B) shown at implantation
(time, T � 0), before release of the vascular loops. The suture holes associated
with the conventional anastomoses allowed blood to flow freely for the first several
minutes after the release of the loops (C), whereas hemostasis was achieved al-
most instantaneously on release of vessel loops in the anastomoses constructed
with the clips (D). (From Ref. 37.)
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FIGURE 5.1 Continued.
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FIGURE 5.2 The single-suture parachute technique for vascular anastomosis. The
anastomosis is begun at the side, traversing toward the heel without applying full
tension to the suture after each throw (A). Once the heel of the anastomosis is
completed, full tension is applied with the aid of a nerve hook (B). The toe end of
the anastomosis is completed (C).

established and under full distention of the anastomosis to avoid narrowing due
to a purse-string effect of the single stitch. Prior to establishing flow in the AV
graft, vigorous backbleeding and flushing of the artery, vein, and graft should be
performed to avoid immediate failure caused by thrombus that may have formed
in these structures during flow stagnation despite the presence of local or systemic
heparinization.

Vascular Control

The technique of vascular control during the placement of an access graft is
deserving of some discussion. Traditionally, vascular clamps were used to oc-
clude the native artery and vein while anastomoses were completed. Careful se-
lection of delicate vascular clamps is imperative to avoid trauma to the native
arterial and venous structures, which may compromise immediate and long-term
fistula function. Local alternatives to clamps include the use of silastic vascular
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tapes. All these forms of ‘‘clamp’’ control have been shown to cause trauma
to the vascular endothelium, which may affect immediate and long-term results
(38,39). As an alternative, atraumatic vascular control of the vessels of the upper
extremity can be obtained through the use of exsanguination with an Esmarch
bandage and a sterile pneumatic tourniquet (40). However, this technique is lim-
ited in its application to grafts placed from the antecubital fossa and distally,
since tourniquet application is effective only up to the proximal humeral level
(Figure 5.3). Use of the pneumatic tourniquet eliminates the need for circumferen-
tial dissection of the venous outflow structure, thereby avoiding disruption of the
vasa vasorum. This technique permits the use of less than ideal inflow arteries
with calcification in their walls, but adequate lumen size and flow, by avoiding
the traumatic crushing of these delicate vessels with clamps. In addition, the
tourniquet technique provides a bloodless field without the cumbersome presence
of vascular clamps, making anastomotic suturing easier.

The specific technique is as follows: Dissection of the arterial inflow pro-
ceeds as usual. The venous outflow vein is exposed only on its anterior and mini-
mally on its lateral aspects for an appropriate length. The selected graft is tunneled
into place, making sure there are no twists or kinks. Sterile cast padding and a
pneumatic tourniquet are snugly applied to above the elbow. The limb is exsan-

FIGURE 5.3 Use of the sterile pneumatic tourniquet for vascular control. In this
picture, the tourniquet technique is used in the construction of an antecubital native
AV fistula. The cephalic vein above a failed forearm loop AV graft has matured
and is transposed over to the brachial artery. The tourniquet is placed in the proxi-
mal upper arm, eliminating the need for clamp application to either the vein or the
artery.
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guinated with the Esmarch bandage and the tourniquet is inflated up to 250 to
300 mmHg. The arterial and venous anastomoses are performed in the usual
manner. The final suture knots on each are not secured, allowing a space for
backbleeding and flushing. The tourniquet is released while digital pressure oc-
cludes the brachial artery. Flushing and backbleeding maneuvers are completed.
Flow is established through the graft as sutures are securely tied. It is important
to remove the cast padding and tourniquet completely from the arm before assess-
ing the fistula, as even their uninflated compression can impede venous outflow.
The sterile tourniquet technique has become the author’s standard method not
only for forearm prosthetic grafts but also for radiocephalic and brachiocephalic
native fistulae and all revisional surgery distal to the upper humerus. Over a
period of 18 months, this technique was used in over 100 access procedures.
There have been no major complications related to the use of the tourniquet and
early primary patency has been equivalent to that of traditional methods. Whether
this technique of vascular control will affect long-term patency remains to be
determined. For primary access construction, systemic heparin is not used with
this technique; however, patients with thrombosed grafts are routinely heparin-
ized with 3000 U intravenously prior to tourniquet inflation.

Graft Tunneling

Graft tunneling is another critical component of access construction, with techni-
cal nuances that deserve mention. The goal of the access surgeon is to provide
a useful AV graft so that the nurses or technicians at the dialysis unit will be
able to access it reliably and easily three times a week. This requires that the
graft be positioned just under the skin and be free of placement complications.
Additionally, providing an adequate length of usable graft may enable the dialysis
unit staff to avoid having to access the same site repeatedly, thereby limiting
aneurysm formation. To meet these goals, graft positioning and tunneling become
crucial steps in access surgery. The length of graft chosen is somewhat limited
by the anatomical site of insertion. For any chosen location, as long a graft as
possible that still avoids kinking should be placed to provide as much usable
length as is practical. The subcutaneous tunnel should fit snugly around the ablu-
minal surface of the graft without creating kinks. Since every patient has different
skin characteristics, the depth of the tunnel must be determined for each case
individually. For patients with very thin skin, the grafts often rest immediately
on top of the musculofascial layer. Conversely, in patients with generous subcuta-
neous fat, the graft is positioned within the subcutaneous layer close to the dermis.
A snug fit is facilitated by the use of commercially available tunneling devices
specifically designed for graft placement, such as the Kelly-Wick (Impra Inc.,
Tempe, AZ). These devices ensure a snug apposition of the graft to the sur-
rounding tissue, which will limit the formation of perigraft seromas and permit
early usage of the graft, if necessary, with minimal complications (41,42).
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The timing of tunneling the graft is left to the surgeon’s discretion. Many
surgeons perform the arterial anastomosis first, then tunnel the graft under arterial
pressure to minimize the chance of kinking. Once tunneled, the graft should be
irrigated free of blood with heparin solution prior to performing the venous anas-
tomosis; otherwise thrombosis of the stagnant column of blood will ensue. We
prefer to tunnel the graft prior to performing either venous or arterial anastomo-
ses. The available prosthetic grafts are marked with lines to facilitate tunneling
without twists or kinks. In the forearm, we use the tourniquet technique exclu-
sively and construct both anastomoses before any flow is established. With this
technique, attention to detail in tunneling the graft must be exercised; however,
this method spares the graft surface from exposure to stagnant blood. There are
many possible variations in these steps, all of which achieve the same end result;
the surgeon will usually apply the routine that has become consistent and comfort-
able for him or her.

Configuration

The configurations of the arterial and venous anastomoses are another poorly
studied area of access surgery. Since 80% of access graft failures involve hyper-
plasia and narrowing at the venous outflow, a long, oblique anastomosis seems
desirable to accommodate these changes and prevent thrombosis. An easy way
to obtain a gentle obliquity in the graft limb is to use a curved hemostat to mark
a bevel 1.5 to 2 cm in length and provide a surface to cut against with a scalpel.
The arterial anstomosis, on the other hand, should be as small as possible while
still providing adequate flow rates and without causing ischemia from excessive
steal from the distal extremity. This goal can usually be met either by using the
graft uncut and squared on end at the arterial limb or cutting a short bevel in the
graft limb with a small hemostat.

COMMON INSERTION SITES AND TECHNIQUES (TABLE
5.2)

Forearm Bridge AV Grafts

These grafts have become the most common style of prosthetic access and include
both a loop and straight configuration (Figure 5.4). There is great debate over
the advantages of one pattern versus the other. One argument in favor of utilizing
the straight graft as the first choice for prosthetic access contends that by utilizing
the most distal artery, the longevity of the forearm access site is prolonged, since
a loop graft can be placed at a later time if needed. However, in one of the only
comparisons of these two graft configurations using ePTFE, reported by Schmidt
and Field (43), only 1 of the 62 patients receiving straight grafts was successfully
converted to a loop graft when the straight graft failed. This is not unexpected,
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TABLE 5.2 Type and Location of Dialysis AV Graft Placement

1. If a primary AV fistula cannot be established, a synthetic AV graft is the
next preferred type of vascular access.

2. Polytetrafluoroethylene (PTFE) tubes are preferred over tubes made of
other synthetic materials.

3. There is no convincing evidence to support tapered over uniform tubes, ex-
ternally supported over unsupported grafts, thick- versus thin-walled config-
urations, or elastic versus nonelastic material.

4. Grafts may be placed in straight, looped, or curved configurations. Designs
that provide the most surface area for cannulation are preferred.

5. Location of graft placement is determined by each patient’s unique anatomi-
cal restriction, the surgeon’s skill, and the anticipated duration of dialysis.

Source: Modified from Ref. 2.

since pathology at the arterial limb of an access graft is not the usual source of
failure. No clear advantage has been demonstrated in terms of either primary or
secondary patency for loop versus straight forearm grafts. In large series of both
bovine and ePTFE forearm bridge fistulae, primary patency on the order of 60%
at 12 months has been reported whether a straight or looped configuration was
being considered (17–19, 43–46). Similarly, secondary patency rates ap-
proaching 80 to 90% are usually achieved with ePTFE grafts in these locations,
slightly lower rates being attained with bovine xenografts. The limiting factor in
selecting one format over the other is often the availability of suitable inflow
arteries and outflow veins. In our practice, the overwhelming majority of patients
needing access procedures have diabetes and therefore have poor or overtly dis-
eased distal arteries, thereby precluding the use of a straight forearm fistula.

Many of the basic principles of graft construction have already been dis-
cussed above, under ‘‘General Principles.’’ More details are provided below,
under ‘‘Loop Forearm Fistula.’’ These apply to subsequent sections as well, de-
scribing other anatomic configurations of prosthetic AV grafts, but are not re-
peated there. Those discussions are limited to anatomic exposures and special
considerations for placement as well as comments regarding functional outcomes.

Loop Forearm Fistula

This access graft is constructed between the brachial artery or one of its major
branches and a superficial vein in the antecubital fossa (Figure 5.5). This graft
arrangement is the most common form of prosthetic access and is usually con-
structed using one of the ePTFE graft materials. As with other forearm access
procedures, local, regional, and general anesthesia may be employed as deemed
appropriate by the operating team. A careful preoperative assessment is con-
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FIGURE 5.4 Forearm bridge AV graft shown in both a loop and straight configura-
tion.

ducted with attention to arm blood pressure, hand perfusion, and venous anatomy
with a tourniquet in place. Preoperative duplex mapping is selectively utilized
when venous anatomy and patency are not readily apparent by physical examina-
tion.

To assist with tunneling, the skin incisions and course of the graft are
marked out on the skin after prepping and draping. It is helpful to keep the loop
of the graft on the flat volar surface of the forearm and provide as much usable
graft length as possible. A transverse incision is made in the forearm just distal
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FIGURE 5.5 The author’s technique for construction of a forearm loop bridge AV
graft. Transverse incisions are made in the antecubital fossa and distal forearm.
B. Exposure of the antecubital cephalic and or basilic veins is accomplished in the
subcutaneous plane. C. The biceps aponeurosis is opened carefully, sparing
trauma to the superficial branch of the radial and median nerves to expose the
brachial artery. This artery is often surrounded by venae comitantes. D. A curved
tunneller is used to tunnel the 6-mm graft in the subcutaneous space into a loop
configuration. E. A long beveled venous anastomosis and slightly beveled or
square arterial anastomosis is performed.

to the antecubital crease (Figure 5.5a). This placement prevents kinking of the
anastomotic limbs by avoidance of the flexion crease. We try to keep this incision
as small as possible to include the brachial artery and the chosen outflow vein.
Care is taken not to injure the vein, which is often immediately under the dermis
in the antecubital fossa. Enough vein is exposed on its anterior and lateral surfaces
to construct an adequate venous anastomosis, since tourniquet occlusion is used
for vascular control (Figure 5.5b). When vascular clamps are utilized, enough
vein must be mobilized to permit application of loops or clamps. Once the vein
segment is exposed, the bicipital aponeurosis is incised to gain exposure of the
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FIGURE 5.5 Continued.

brachial artery (Figure 5.5c). Care must be exercised to avoid injury to the median
nerve, which lies close to the brachial artery. Because of its deep location, circum-
ferential dissection of the brachial artery and control with Silastic loops is accom-
plished even if tourniquet occlusion will be utilized for vascular control. This
maneuver permits elevation of the artery out of the depths of the wound to facili-
tate completion of the anstomosis. A transverse counterincision is made on the
volar surface of the forearm 15 to 20 cm distal to the antecubital incision. A
subcutaneous pocket is created on the proximal aspect of this incision to accomo-
date the apex of the loop graft such that it is not positioned directly under the
skin incision.

We use the short, curved Kelly-Wick tunneler with a 6-mm head to tunnel
the graft by first passing the tunneler from the counterincision to the site for the
venous anastomosis (Figure 5.5d). The graft is then secured to the tunneler head
with a suture and pulled through the tunnel, leaving enough graft to perform the
venous anastomosis plus a few centimeters extra. The attached graft and 6-mm
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head are removed, a second 6-mm head is applied, and the tunneler is subse-
quently passed from the antecubital incision, distally to the counterincision. Reat-
tachment of the graft/tunneler head assembly is followed by pulling the graft
from the counterincision proximally to the antecubital incision, which completes
graft placement. During these maneuvers, sterile towels are used to avoid any
contact of the graft material with the skin. At the level of the antecubital incision,
the graft should be tunneled just beneath the subcutaneous fascia, which is an
important layer to close at the completion of the procedure. In the forearm proper,
the graft should lie just beneath the dermis to permit easy access. Care must be
taken in patients with delicate, thin skin to tunnel the graft just above the muscle
fascia, thus avoiding skin breakdown and graft exposure. This technique ade-
quately accommodates a 40- to 50-cm length of graft, maximizing the usable
length of the loop for access and minimizing the waste and cost associated with
longer lengths of prosthetic material.

With the graft properly tunneled and confirmed to be free of kinks or twists,
we apply a sterile pneumatic tourniquet and cast padding to the above elbow
position. Limb exsanguination is accomplished with a 4-in. Esmarch bandage
and the tourniquet is inflated to 250 mmHg. We usually begin with the venous
anastomosis, since this is the more critical connection in regard to long-term
patency and may require exposure of a secondary venous site if unsuspected
pathology is encountered upon opening the chosen vein. It is unusual to find
pathology in the brachial artery that would alter the conduct of the procedure,
so this anastomosis is reserved for later. A venotomy approximately 2 cm in
length is made on the selected vein. Serial Garret coronary dilators are passed
up the vein their full length to a maximal 4-mm diameter to confirm unobstructed
venous patency. Even with a pneumatic tourniquet in place, passage of the dila-
tors is usually possible in the absence of venous pathology. Occasionally the
selected venous segment is patent at the antecubital fossa but occluded more
proximally. Determination of this finding at this juncture permits exposure of a
different venous outflow site at the elbow without significantly disrupting the
progress of the operation. This may require extension of the antecubital incision
medially or laterally to expose the basilic or cephalic veins, respectively. The
graft is cut on a bevel using a curved hemostat and a scalpel and an end-to-side
anstomosis is performed. The critical portion of the anstomosis is the toe on the
outflow vein. Suture bites on the vein should be small and evenly placed to avoid
narrowing the outflow channel. Wide patency of the toe of the anastomosis is
confirmed by passage of a 4-mm dilator prior to completing the final suturing.
Once the venous anastomosis is completed, an arteriotomy approximately 8 to
10 mm in length is made on the brachial artery. It is possible to use either the
proximal radial or ulnar arteries if they are of adequate size (4 mm); if the brachial
artery has a high bifurcation, this is sometimes necessary in order to avoid placing
the arterial anastomosis accross the flexion crease. The arterial limb of the graft
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is gently beveled and sewn to the artery in an end-to-side configuration. With
digital pressure occluding the brachial artery above the elbow, the tourniquet is
released, allowing backbleeding of the venous and arterial anastomoses. This
confirms patency of the distal artery and venous outflow. Depending on the prox-
imity of a venous valve to the anastomosis, there may not be much backbleeding
from the venous limb. Digital pressure is released and a flush is given to the
arterial anastomosis prior to securing the anastomotic suture. Both the venous
and arterial anastomotic sutures are securely tied as flow is established in the
AV graft.

Various and sundry modifications of this technique exist, as discussed un-
der ‘‘General Principles,’’ above. No specific method has been demonstrated to
provide superior results in terms of long-term primary and secondary patency;
therefore individual surgeon preferences usually take precedence.

Of equal importance to the construction of the fistula is an immediate as-
sessment of flow in the graft. When the pneumatic tourniquet is utilized, it is
imperative to remove the tourniquet and the cast padding prior to assessing fistula
function as even their passive compression can impede venous outflow enough
to distort graft assessment. Successful fistula construction is usually manifest as
a faint thrill palpable over the arterial limb of the graft. An assessment of hand
perfusion in the absence of palpable radial and ulnar pulses is required as well
to assure that early ischemia will not compromise the distal extremity. A sterile
continuous-wave Doppler probe with sterile acoustic gel is used to interrogate
the fistula and the hand. Insonation over the outflow vein should reveal a pulsatile
audible flow signal that maintains flow through diastole. This should disappear
completely when the fistula is compressed at its apex. Insonation over the arterial
limb should reveal a similarly turbulent signal, which converts to a thump with
fistula compression. Because of the large amount of air present within the inter-
stices of ePTFE prosthetic grafts, which functions as an acoustic barrier to sound
transmission, flow may not be detected by the Doppler when it is placed directly
over graft material. This requires insonation over the anstomoses or outflow vein
to assess flow. With time, the air becomes displaced from the graft (a process
know as denucleation) as the graft heals into the subcutaneous tissue, permitting
successful Doppler assessment over the graft material. Doppler interrogation of
the radial, ulnar, and palmar arch arteries should also take place with and without
fistula compression to document adequacy of the distal circulation and determine
any effects the fistula may have on arterial flow in the hand. The absence of Doppler
flow at the wrist, which returns when the fistula is compressed, is a worrisome sign
of hand ischemia, which will require further assessment or intervention, including
fistula ligation to prevent loss of the distal extremity (see Chapter 12).

Closure of the two incisions is individualized to the integrity of the skin.
Healthy skin is closed with a running subcutaneous layer of an absorbable suture
followed by a running subcuticular closure of a monofilament absorbable suture.
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When the skin is thin and attenuated, closure of the subcutaneous layer with
absorbable suture is attempted, followed by closure of the dermis with either in-
terrupted or running, widely spaced sutures of monofilament nylon. The counter-
incision in the distal forearm is usually closed with a two-layer closure using
absorbable suture.

Straight Forearm Fistula

This fistula is usually constructed between the radial artery at the wrist and one
of the antecubital veins at the elbow. For many surgeons, this is the first choice
for a prosthetic access graft. These grafts can be effectively constructed using
local, regional, or general anesthesia. They can be made using all of the available
graft materials. In general, a 6-mm graft is chosen to accomodate the small size
of the radial artery yet still provide enough flow through the graft for effective
dialysis. In patients with very small radial arteries, size mismatch can be over-
come by using one of the available 4- to 7-mm taper grafts. As with all access
procedures, a careful assessment of extremity blood pressure and distal flow is
necessary to minimize ischemic complications and early failure from inadequate
arterial inflow. The presence of a strong radial pulse and a negative Allen’s test
are prerequisites for use of this access configuration.

Exposure of the radial artery is obtained at the wrist through a longitudinal
incision. A superficial branch of the radial nerve is commonly encountered and
should be protected from trauma (Figure 5.6). Circumferential exposure and con-
trol of the artery is not necessary if tourniquet ischemia will be used, otherwise,
the artery is dissected and controlled with vessel loops. The selected outflow vein
is then exposed in the forearm just distal to the antecubital crease, usually through
a transversly oriented incision. Either the median antecubital, cephalic, or basilic
vein is selected, based upon preoperative assessment with a tourniquet in place.
In patients with generous subcutaneous fatty tissue, palpation with a tourniquet
in place may be limited in delineating the size and patency of these veins. In
these circumstances, duplex imaging and mapping preoperatively may be useful.
The remaining conduct of the procedure is open to variation. The selected graft
is tunneled between these two sites, concentrating the bulk of the graft on the
radial aspect of the arm. This point is important, since most patients cannot hold
the arm comfortably in supination during a dialysis session, which is necessary
if the graft is positioned largely on the ulnar aspect of the forearm. Arterial and
venous anatomoses are constructed as described above. Whether vascular clamps
or a pneumatic tourniquet is used for control, it is important to flush the vessels
and anastomoses adequately prior to establishing flow in the graft. Once flow is
established through the graft, a palpable thrill should be appreciable at the arterial
end of the graft. A sterile Doppler probe should be available to interrogate flow
in the outflow vein as well as arterial circulation in the hand prior to exiting the
operating suite.
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FIGURE 5.6 Exposure of the radial artery at the wrist for placement of a straight
forearm bridge AV graft. The superficial branch of the radial nerve is the first struc-
ture encountered and should be spared any trauma to avoid paresthesias to the
thumb and index finger. The artery lies deep to the nerve between the flexor carpi
radialis tendon medially and the brachioradialis tendon laterally. (a) Superficial
branch of the radial nerve, (b) radial artery, (c) palmaris longus tendon, (d) flexor
carpi radialis tendon.

Upper Arm Bridge AV Grafts

Upper arm AV grafts are often secondary sites of access when forearm sites are
exhausted. Occasionally, a patient may not have adequate arterial inflow or ve-
nous outflow at the antecubital level to permit construction of a forearm bridge
fistula; therefore an upper arm graft becomes the primary access site. Because
of durable primary and secondary patency rates, upper arm grafts have been rec-
ommended as preferential sites for primary access by some authors (47,48).

Upper arm AV grafts use the brachial artery just proximal to the antecubital
crease as a source of arterial inflow (Figure 5.7). The venous outflow is usually
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FIGURE 5.7 Upper arm bridge AV graft between the brachial artery and the axillary
vein.

placed on the basilic, brachial, or axillary vein through an upper arm or axillary
incision. Occasionally, the proximal cephalic vein in the deltopectoral groove is
patent and of adequate caliber to provide venous outflow. Initial use of the ce-
phalic vein reserves the axillary vein for fistula revision when failure at the ve-
nous anastomosis is encountered.

Upper arm fistula procedures can be performed using local, regional, or
general anesthesia. Local and regional techniques are less common in this loca-
tion because of the difficulty in obtaining adequate anesthesia in the axilla. Expo-
sure is gained through a longitudinal incision made in the upper arm up to the
anterior axillary line (Figure 5.8). The basilic and brachial veins are exposed as
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FIGURE 5.8 Incisions and anatomical exposure of the brachial artery (inset A) and
the basilic/axillary veins (inset B) for placement of an upper arm bridge AV graft.
(a) Biceps muscle (b) triceps muscle, (c) brachial artery, (d) median nerve, (e)
median antebrachial nerve, (f) brachial vein, (g) ulnar nerve, (h) basilic vein, (i)
pectoral muscle, (j) triceps muscle.

they transition into the axillary vein in the groove between the biceps and triceps
muscles (Figure 5.8a). In dissecting out the venous structures, care must be exer-
cised to avoid injury to the median, ulnar, and medial antebrachial cutaneous
nerves, which surround the brachial artery at this level. If an adequate sized ba-
silic or brachial vein is available, we reserve extension of the incision and subse-
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FIGURE 5.8 Continued.

quent exposure of the axillary vein for a secondary procedure. Circumferential
control of the venous outflow vein is accomplished with Silastic loops. Small
branches can be ligated and divided to facilitate the mobilization and avoid trau-
matic tearing of these delicate vessels. The brachial artery is exposed and circum-
ferentially dissected in the distal upper arm through a longitudinal incision simi-
larly placed in the groove between the biceps and triceps muscle bellies (Figure
5.8b). A 6-mm graft is tunneled in a curvilinear fashion over the lateral aspect
of the biceps muscle belly in the subcutaneous space toward the proximal inci-
sion. With the advent of the Kelly-Wick tunneler, this can often be accomplished
without the need for a counterincision. A critical step in the construction is cours-
ing the graft in a gently oblique fashion over the biceps muscle belly and into
the proximal upper arm or axillary dissection (Figure 5.9). It is important to avoid
an acute angulation of the graft over the muscle and into the vein, which often
results in a kink in the graft when the incision is closed (Figure 5.10).

The venous and arterial anastomoses are completed as previously de-
scribed. For these anastomoses, vascular control can be obtained through the use
of fine vascular clamps, silastic vessel loops, or combinations of these methods.
Passage of a 4-mm Garret dilator through the partially completed venous anasto-
mosis confirms an adequate lumen without narrowing of the outflow. As with
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FIGURE 5.9 Tunneling of an upper arm AV bridge graft. The availability of curved
tunnelers eliminates the need for counterincisions.

FIGURE 5.10 The venous limb of this upper arm AV graft has a kink caused by
the acute angulation of the graft over the medial border of the bicep muscle and
into the venous outflow at almost a right angle.
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other AV grafts, backbleeding and flushing maneuvers should be performed be-
fore establishing flow in the graft. Assessment of graft patency by palpation and
Doppler insonation is completed once flow is established in the graft, along with
an assessment of distal circulation in the hand and wrist.

If the cephalic, basilic, or brachial vein is chosen as the venous outflow
for the initial upper arm AV graft, the axillary vein provides a secondary site for
revision of the venous anastomosis, which can be exposed by extension of the
incision into the axilla and mobilizing the lateral border of the pectoralis major
and minor muscles. Extension of the venous limb into the axillary vein avoids
placing the graft across the shoulder joint. By contrast, further revision of an
upper arm graft venous limb may require exposure of the axillosubclavian vein
through an infraclavicular incision. When an extension of the venous limb to this
level is necessary, the author chooses to use an externally supported ePTFE graft
for the portion of the fistula that crosses the shoulder joint.

Lower Extremity Bridge AV Grafts

Once both upper extremities have been exhausted for placement of chronic AV
access grafts, it is often necessary to move to the lower extremities for continued
hemodialysis access. Fortunately, this route is inevitable in only a small percent-
age of dialysis patients. The lower extremity is a less desirable site for access
construction for a number of reasons. The proximity of the access site to the
chronic bacterial contamination of the perineum, associated with the digestive
and genitourinary systems, raises concern for access site infection in the groin.
Moreover, atherosclerotic occlusive disease is more likely to be present in the
femoral arterial branches, precluding their use for arterial inflow for access con-
struction. Preexisting femoral or iliac vein stenosis from prior catheterization may
limit available sites for venous outflow in lower extremity AV grafts. Finally,
complications related to the venous outflow of a lower extremity fistula may
extend to involve the iliac veins, thereby compromising sites for renal transplanta-
tion if the patient is a suitable candidate. Despite these limitations, lower extrem-
ity access grafts provide another route for the maintenance of chronic access in
patients who are no longer candidates for upper extremity grafts.

The general principles for access graft construction discussed above are
similarly applicable in placing lower extremity AV grafts. All routes of anesthesia
have been applied; however, either regional spinal/epidural or general techniques
are most commonly utilized. Preoperative assessment includes a careful examina-
tion of the femoral, popliteal, and pedal pulses of both lower extremities. An
ankle-brachial index should be calculated using the highest of the two arm sys-
tolic blood pressures as the denominator and the highest ankle pressure from each
leg as the numerator. An index of greater than 0.80 implies adequate circulation to
support a fistula without compromising distal perfusion. If any question exists
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as to the adequacy of arterial inflow for fistula construction based upon clinical
and Doppler examinations, arteriography should be performed to assess the ana-
tomical distribution of occlusive lesions. If prior femoral venous cannulation with
large-bore catheters was performed for interim access, color-flow Doppler exami-
nation of each groin should be used to assess venous patency.

Prosthetic AV grafts placed in the lower extremity can have either the distal
superficial femoral or common femoral arteries as their arterial inflow vessels
(Figure 5.11). Similarly, either the saphenous or common femoral vein may be
utilized for venous outflow. Exposure of the common femoral artery and vein is
accomplished through a vertical groin incision made in the femoral triangle (Fig-

FIGURE 5.11 Lower extremity bridge AV grafts may originate from either the com-
mon femoral artery (A), or the distal superficial femoral artery (B). (a) Common
femoral vein, (b) common femoral artery, (c) greater saphenous vein, (d) graft, (e)
popliteal artery.
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ure 5.12a). If the distal superficial femoral artery is chosen for the arterial inflow
site, exposure is obtained through an incision in the medial thigh over the subsart-
orial canal (Figure 5.12b). Circumferential dissection and control of the selected
arterial and venous structures is accomplished. The technical procedure of the
graft placement is similar to those discussed above. The selected graft is tunneled
in a loop or semilunar configuration in the subcutaneous tissue, usually routed
toward the lateral aspect of the thigh to permit easy cannulation of the fistula
without the need for uncomfortable external rotation of the hip. A counterincision
may or may not be necessary to facilitate graft tunneling. As with AV fistulas
in the upper extremity, a 6-mm graft will usually suffice, with no clear advantage
achieved by the use of either the taper graft or larger sizes. When the saphenous
vein is chosen as the site for the venous anastomosis, the distal vein is ligated
to prevent venous hypertension in the saphenous system.

As in the case of upper extremity prosthetic access grafts, the usual cause
of failure of lower extremity AV grafts is often narrowing at the venous anasto-
mosis due to intimal hyperplasia. This can be treated by balloon angioplasty.
Repeated failures require surgical revision, which may necessitate extension in
the iliac venous system for adequate venous outflow. Since lower extremity pros-
thetic AV grafts are often placed as a last resort, little if any data exist to provide
a measure of primary or secondary patency for this type of bridge fistula. As
survival of patients on dialysis increases, this particular approach to chronic ac-
cess will likely find increased application. As a consequence, better definitions
of its durability will be obtained.

UNUSUAL SITES FOR AV GRAFT CONSTRUCTION

Site selection for placement of prosthetic AV grafts is limited only by the sur-
geon’s imagination and the availability of adequate arterial inflow and venous
outflow. The practical factors affecting site selection are accessibility of the graft
for cannulation by the dialysis personnel and the morbidity due to either the
placement procedure or operations to deal with potential complications related
to the graft. Most patients are maintained throughout their dialysis lifetime with
the upper extremity access grafts previously described. Infrequently, either lower
extremity or unusual upper body access procedures are necessary to maintain
uninterrupted access. The axilloaxillary, axillofemoral, and brachiojugular bridge
fistulas are described briefly below.

Axilloaxillary Bridge Grafts

When anatomical or infectious factors preclude the use of the upper or lower
extremity for access for hemodialysis, the axillary arteries and veins provide a
suitable alternative. The exact configuration depends upon the individual patient



FIGURE 5.12 Exposure for construction of a lower leg bridge AV graft taking origin
from the common femoral artery (inset A) or the distal superficial femoral artery
(inset B). (a) Common femoral artery, (b) profundus femoral artery, (c) superficial
femoral artery.
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factors, but either axillary artery to contralateral axillary vein (straight or ‘‘neck-
lace’’ fistula) or axillary artery to ipsilateral axillary vein (loop) grafts can be
created (Figure 5.13).

The axillary artery and vein are exposed through an infraclavicular incision
made between the sternal and clavicular portions of the pectoralis major muscle
(Figure 5.14). It is possible to accomplish this exposure under local anesthesia
if mandated by the patient’s comorbid conditions. For the straight graft configu-
ration, bilateral infraclavicular incisions are made and the graft is tunneled across
the chest in the subcuticular plane with a minimal curve. For the loop arrange-
ment, a single infraclavicular exposure is utilized and the graft is tunneled in the
subcutaneous tissue over the pectoralis major muscle with the loop apex inferior
to the ipsilateral nipple.

The overall experience reported with axilloaxillary AV grafts is limited.
These grafts are usually reserved for end-stage access; however, the limited expe-
rience reported in the literature compares these grafts favorably with access grafts
placed in more traditional positions (49,50). Owing to their proximal positioning
on the axillary artery and vein of these access grafts, complications such as throm-
bosis or infection may have a more severe impact on the patient, related to surgi-
cal reexposure of the axillary artery and vein. Scarring around the brachial plexus
and the difficulty of obtaining vascular control proximal to the thoracic outlet
through the scarred infraclavicular dissection can conceivably require application
of more complex and morbid exposures, such as median sternotomy or clavicular
resection, to achieve the required vascular control. These considerations account
for the practice of reserving these access grafts for end-stage patients.

Axillofemoral (Femoroaxillary) Bridge Grafts

These grafts represent another anatomic alternative for the patient in whom access
is difficult. They may be configured as axillary artery to femoral vein or femoral
artery to axillary vein, as mandated by the specific patient circumstance. These
grafts can provide a route for dialysis access in the patient with adequate arterial
inflow from the axillary artery but inadequate venous outflow due to occlusion
of the axillosubclavian venous systems. When used to replace a functioning upper
arm graft complicated by venous hypertension, resolution of the hypertension
usually follows ligation of the old access graft. Similarly, the femoroaxillary route
can be used for patients with adequate central venous patency in the axillosub-
clavian system but inadequate arterial inflow to support an AV graft.

The large size of the femoral and axillary vessels permits use of a 6- or 8-
mm graft with high flow rates and ease of cannulation. Although no large series
are reported, the use of externally supported ePTFE, as recommended for axillo-
femoral arterial bypass grafts, does not seem necessary and would make cannula-
tion difficult. The limited reports on this graft configuration suggest satisfactory
maintenance of access with few major complications (51).
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FIGURE 5.13 Configuration of axilloaxillary bridge AV grafts (a) axillary artery, (b)
axillary vein, (c) axillary artery graft.
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FIGURE 5.14 Exposure of the axillary artery and vein through an infraclavicular
incision for placement of an axilloaxillary bridge AV graft (a) axillary artery, (b)
axillary vein, (c) pectoralis major M.

Brachiojugular Bridge AV Graft

The brachiojugular bridge graft represents a method to salvage upper extremity
access grafts that are failing or have failed due to venous obstruction at the axillo-
subclavian level. If the ipsilateral jugular vein is patent, the venous limb of the
graft can be extended to the base of the neck. Given the frequency of placement
of temporary jugular catheters in dialysis patients to provide interval access when
their primary fistula is dysfunctional, confirmation of patency of the jugular veins
with duplex imaging and venography is requisite before placement of the jugular
limb.
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FIGURE 5.15 Exposure of the internal jugular vein at the base of the neck through
the triangle formed by the sternal and clavicular heads of the sternocleidomastoid
muscle.

The internal jugular vein is exposed through a transverse incision at the
base of the neck over the triangle formed by the sternal and clavicular heads of
the sternocleidomastoid muscle (Figure 5.15). The selected graft is tunneled be-
tween this site and the lateral aspect of the upper arm, where a smooth, straight
transition to the venous limb of the graft can be achieved. Because the graft must
traverse the shoulder joint, this section of the graft should be externally supported.
Placement of a brachiojugular graft can be performed under local anesthesia if
necessary. This approach can successfully alleviate venous hypertension due to
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a functioning fistula and subclavian vein stenosis or occlusion while providing
an acceptable route to maintain dialysis access. As with the other end-stage access
procedures, reported experience from any one center is limited, but small series
have achieved acceptable results in this difficult population (52,53). In one of
the largest series of this graft configuration reported, Polo et al. (54) achieved
24-month actuarial secondary patency of 70% in 16 of the original 40 patients.
In their series, 20 patients had placement of the venous anastomosis on the exter-
nal jugular vein. Two of these patients developed venous hypertension of the
face, which resolved with ligation of the distal vein.

GRAFT SELECTION

As mentioned earlier in this chapter, ePTFE has become the most common pros-
thetic material employed for construction of AV grafts. A number of new pros-
thetic materials have recently been introduced for AV fistula construction and
deserve mention.

One of the earliest modifications of ePTFE was the tapered graft configura-
tion. This graft comprised a gentle taper from 4 mm at the arterial end to 7 mm
at the venous end in an effort to limit flow through the graft and reduce the
incidence of ischemic complications due to arterial steal (55). A secondary conse-
quence of reducing flow through the graft may be a reduction in turbulence medi-
ated intimal hyperplasia at the venous anastomosis (56). Because the incidence
of clinically significant arterial steal that requires intervention is low, it has been
difficult to verify that the taper or step-graft has substantially affected the occur-
rence of this problem (57,58). Moreover, there has been no documented advan-
tage in primary or secondary patency provided by the use of the taper graft com-
pared with standard 6-mm alternatives (57,58). In practice, the taper graft does
provide an alternative prosthetic selection for patients with small (�4 mm) arter-
ies who may be at higher risk for ischemic complications while maintaining ade-
quate flow for effective hemodialysis.

With specific regard to the basic construction of ePTFE grafts, a number
of modifications have appeared on the dialysis graft market in recent years. Each
attempts to address the shortcomings of the original ePTFE (14). From its original
appearance in 1976 up to the early 1990s, ePTFE access grafts were predomi-
nantly available as the Gore-Tex (W.L. Gore and Associates, Flagstaff, AZ) and
Impra (Impra, Inc., Tempe, AZ) constructs. The fundamental difference between
these two prostheses is the presence of an outer wrap on the Gore-Tex graft.
Cannulation of these access grafts within the first 2 weeks after placement appears
to be associated with the complications of seroma and hematoma formation. Al-
though the use of new tunneling devices has addressed this concern to some
degree, wide application of the practice of early cannulation had not been adopted



98 Berman

with standard ePTFE grafts (41). The significance of this approach rests in the
need to place a temporary jugular catheter for interim access during the 2-week
period while the ePTFE graft incorporates sufficiently for safe cannulation.

A number of prostheses that incorporate modifications to the basic ePTFE
structure have been produced to address this specific limitation. The plasma PTFE
graft (pl-TFE, Medtronics, Inc., Minneapolis, MN) combines the hemostatic
properties of the base polymer of Dacron—i.e., polyethylene terephthalate
(PET)—with the low thrombogenicity of PTFE. The pl-TFE graft consists of
an ultrathin woven PET prosthesis coated with PTFE using a glow-discharge
methodology and external support with a helical polypropylene wrap (59). The
early clinical experience with the pl-TFE graft confirmed the ability to accom-
plish early cannulation without excessive bleeding complications (60). However,
a more recent study demonstrated significant difficulties in thrombectomizing the
pl-TFE prosthesis, no apparent difference in patency, and a suggestion that a
more exuberant hyperplastic response at the venous anastomosis may be related
to the base material of the graft (61). Combined with recent reports documenting
the safe early use of standard ePTFE prostheses, the pl-TFE graft has had limited
clinical success (42).

An alternative to the pl-TFE graft that addresses the same issue of early
cannulation is the Perma-Seal (Possis Medical, Inc., Minneapolis, MN) prosthe-
sis. Rather than a modification of an ePTFE prosthesis, the Perma-Seal graft
comprises a silicone-base polymer graft formed on a mandril, which is reinforced
with polyester filaments within the external wall (25). The silicone graft is effec-
tively impervious, with an internal porosity of zero. The addition of the polyester
filaments in the outer layer produces a microporous lattice to enhance tissue in-
growth. The major advantage of the graft as claimed by the manufacturer is the
self-sealing property of the silicone-base polymer. This occurs independent of
graft healing and allows for immediate cannulation after implantation. At the
time of this writing, the Perma-Seal graft was in clinical trials, with no data
available on its performance in humans.

Two recent modifications of Gore-Tex ePTFE access grafts have been in-
troduced by Gore. The first was an alteration in the extrusion process for produc-
ing ePTFE, which resulted in a graft possessing inherent longitudinal stretch due
to the formation of microcrimps. The initial advantage of this graft over standard
ePTFE was perceived to be the ease of handling and conformity provided by the
longitudinal stretch. A secondary finding of the clinical experience in using the
stretch ePTFE prosthesis for hemodialysis access grafts was the ability to safely
cannulate new fistulas within 2 weeks of placement without significant sequelae
(27,62,63). Initially, this attribute was ascribed to the microcrimping of the
ePTFE. However, when the graft is stretched to the appropriate length at implan-
tation, as recommended by the manufacturer, the ultrastructure as assessed by
electron microscopy is identical to that of standard ePTFE. The successful early
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cannulation of the stretch graft is more likely a phenomenon of placement of the
graft within a snug subcutaneous tunnel, as initially recommended by Taucher,
and less likely related to the structure of the ePTFE (41). As more clinical experi-
ence was gained using the stretch ePTFE graft for chronic access, improvements
in primary and secondary patency compared with standard ePTFE emerged as a
consistent result (63–66).

To further address the issue of early cannulation, Gore, in 1994, began
producing the Diastat ePTFE graft for dialysis access (67). The fundamental
structure of this prosthesis is a basic 6-mm graft to a section of which an outer
wrap of standard-thickness ePTFE has been added for cannulation. The cannula-
tion segment is secured by a thin, perforated outer PTFE cover. The resultant
graft has an outside diameter in the cannulation segment of 8 mm. The principle
guiding this structure is a baffle effect provided by the outer layer over needle
holes, which facilitates sealing and makes the graft amenable to early cannulation
prior to graft incorporation. Impressive marketing demonstrations showing zero
porosity to water after needle puncture of the cannulation segment were used to
announce the commercial availability of this graft. However, clinical experience
is limited to the study published by Bartlett et al. (26). Their report of 48 Diastat
grafts demonstrated the ease with which hemostasis could be accomplished after
cannulation even in the early postoperative period. Primary and secondary pa-
tency rates of the Diastat graft were not different from those reported for other
ePTFE prostheses. Though anecdotal, our own experience with Diastat grafts
has been disappointing, with a subjectively high incidence of graft infections
experienced by our own centers as well as others (67). This finding is somewhat
intuitive, given the marked increase in the volume of prosthetic material associ-
ated with the Diastat graft. Furthermore, these grafts are deprived of the protective
effect of tissue incorporation by virtue of their early usage. It is clear that more
clinical experience with the Diastat graft is required to determine its role in the
construction of chronic access.

Another entry into the dialysis access graft arena is the carbon-PTFE pros-
thesis (Impra, Inc., Tempe, AZ). This modification of standard ePTFE was de-
signed with an internal lumen composed of ePTFE and carbon in an effort to
take advantage of the lower thrombogenicity of the negatively charged carbon
(68). In the only clinical study of this experimental graft, performance of the
carbon-PTFE AV fistula was equivocal to standard PTFE in regard to primary
patency. A recent addition to the carbon lining is a built-in hood at the venous
end. This construct of the carbon-coated AV graft, known as the Venaflo (Impra
Inc., Tempe, AZ), was designed to alter shear stress at the venous anastomosis
and thereby reduce intimal hyperplasia. Escobar et al., in their single-center study,
demonstrated improved primary and secondary patency of the hooded graft com-
pared with conventional ePTFE AV grafts (69).

A further modification in the basic ePTFE vascular graft was introduced
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as the Atrium Hybrid PTFE (Atrium Medical Corp., Hollis, NH). The structure
of this graft is intended to optimize graft healing by providing low porosity,
20-µm internodal distance on the lumen surface, and 60-µm internodal distance
porosity on the adventitial surface (24). This construct theoretically will allow
capillary ingrowth from the adventitial surface into the graft wall and enhance-
ment of pseudointimal growth. Early results from a multicenter trial of the Atrium
Hybrid ePTFE graft for AV access have shown comparable primary and second-
ary patency rates compared with standard ePTFE grafts (personal communica-
tion) (Figure 5.16). More prolonged experience with this graft will determine if
the altered microstructure will change graft healing in a way that affects long-
term AV access.

A recent addition to the expanding family of prosthetic grafts for AV access
is the polyurethane graft manufactured by Thoratek. At the time of this publica-
tion, there was no published experience with this device for adequate comparison
with standard materials.

No discussion of prosthetic AV grafts would be complete without mention
of adjunctive vein cuffs and patches. As in the case of lower extremity arterial
bypass grafts, various configurations of vein cuffs and patches have been added
to the venous anatomoses of AV grafts in an effort to prolong patency (70–
72). No study to date has demonstrated superior patency with these adjunctive
techniques. The study by Gagne et al. actually demonstrated a higher incidence

FIGURE 5.16 Multicenter trial of PTFE graft.



Construction of Prosthetic AV Grafts 101

of hyperplasia at the venous anastomosis of Tyrell patches than at conventional
grafts (71). The role of vein patches in prosthetic AV grafts remains ill defined.

CONCLUSION

Despite emerging vascular graft technologies, the basic autogenous AV fistula
described by Brescia and Cimino (1) remains the first choice for chronic access
for hemodialysis (1). Once autogenous options have been exhausted, prosthetic
fistulae become the mainstay of maintenance hemodialysis access alternatives.
Placement should begin in the nondominant upper extremity at the most distal
site possible to achieve durable functioning. Grafts constructed of ePTFE provide
the most consistent uninterrupted performance, have low rates of infectious and
aneurysmal complications, and are easy to thrombectomize when thrombosis
occurs. At the present time, there is no clear advantage provided by one spe-
cific brand or type of ePTFE prosthesis; therefore economic issues may guide
individual selection in this regard without significant differences in overall perfor-
mance.
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It is estimated that nearly 300,000 U.S. citizens suffer from end-stage renal
disease (ESRD), a majority of whom require lifetime hemodialysis (1). In 1990,
approximately 17,000 new permanent vascular accesses were placed in estab-
lished chronic hemodialysis patients in the Medicare ESRD program (2). The
most frequently performed procedure in the United States for establishing chronic
hemodialysis is a prosthetic fistula, which accounts for over 80% of primary
access operations (2). The major cause of hospitalization for chronic renal failure
patients is failure of dialysis access. This single problem accounts for the majority
of hospital days for ESRD patients. It would thus seem of critical importance
to establish a protocol for the identification and correction of significant fistula
abnormalities prior to fistula thrombosis. Unfortunately, such a protocol is not
uniformly applied at the national level (3).

The vast majority of reoperative fistula procedures are performed after the
access has already thrombosed. This causes a great deal of inconvenience for the
patient as well as for the dialysis care team. Patients often need to have their
dialysis rescheduled or postponed, or they may undergo emergency placement
of a temporary central venous dialysis catheter to obtain access for dialysis until
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the fistula can be repaired or a new fistula placed. Reliance upon clinical means
to diagnose failing fistulae prior to thrombosis has been a dismal failure. Fortu-
nately, recent data document improved fistula lifespan when a protocol of surveil-
lance is initiated and prophylactic intervention is undertaken to correct high-grade
stenoses. In fact, two recent reports document with high statistical significance
that, compared with interventions, prophylactic balloon angioplasty or revision
of stenotic arteriovenous (AV) fistulae prolongs patency once access thrombosis
has occurred (4,5).

Any useful method of access surveillance should be sensitive in the detec-
tion of venous outflow stenosis, since it is the most common cause of access
failure. The problem of distal anastomotic myointimal hyperplasia is well recog-
nized. It is estimated that 60 to 90% of access fistulae fail because of venous
outflow stenosis (6,7). Surveillance methods should also be able to detect more
proximal venous outflow problems, given the significant incidence of subclavian
vein stenosis due to the previous placement of a line for subclavian dialysis access
(8). Unfortunately, surveillance of dialysis grafts has not yet gained widespread
acceptance. This chapter outlines the clinical markers of impending access failure
as well as methods of surveillance that can readily be performed either in the
hemodialysis facility or the outpatient noninvasive vascular laboratory (Tables
6.1 and 6.2).

CLINICAL INDICATIONS OF IMPENDING DIALYSIS
ACCESS FAILURE

There are several important clinical indications of impending fistula failure.
These signs are often noted by attentive personnel in the dialysis facility and
should not be ignored. Prolonged bleeding after needle removal is a subtle sign
of venous outflow obstruction either at the venous anastomosis or in the proximal
subclavian vein. Significant arm edema, occasionally with noted development of
prominent chest wall venous collaterals, is also an important clinical sign of cen-
tral vein stenosis or occlusion. This problem should be pursued aggressively with
fistulography and venography. Good results with salvage of failing fistulae have
been reported with balloon angioplasty and stent placement for proximal subcla-
vian vein stenosis (8–10).

Routine palpation of the fistula or access can also provide useful clinical
information (11,12). If palpation of the fistula reveals that flow has become pulsa-
tile, this is a strong clinical sign of venous outflow obstruction. In addition, the
character of the thrill is important. With a low-flow fistula, either due to venous
outflow problems or an arterial inflow stenosis, the thrill is often decreased. More-
over, as venous outflow stenosis progresses, the thrill over the venous anastomo-
sis will often increase in severity and be associated with a harsh bruit. Such
physical findings should lead to further evaluation of the access, as outlined be-
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TABLE 6.1 Monitoring Dialysis AV Grafts for Stenosis

1. Physical examination of an access graft should be performed weekly and
should include but not be limited to inspection and palpation for pulse and
thrill at the arterial, mid-, and venous sections of the graft.

2. Dialysis AV graft accesses should be monitored for hemodynamically sig-
nificant stenosis. The Work Group recommends an organized monitoring ap-
proach with regular assessment of clinical parameters of the AV access
and dialysis adequacy. Data from the monitoring tests, clinical assessment,
and dialysis adequacy measurements should be collected and maintained
for each patient’s access and made available to all staff. The data should
be tabulated and tracked within each dialysis center as part of a Quality
Assurance/Continuous Quality Improvement (QA/CQI) program.

3. Prospective monitoring of AV grafts for hemodynamically significant steno-
sis, when combined with correction, improves patency and decreases the in-
cidence of thrombosis. Techniques, not mutually exclusive, that can be
used to monitor for stenosis in AV grafts include (a) intra-access flow, (b)
static venous pressure, and (c) dynamic venous pressures.

4. Other studies or information that can be useful in detecting AV graft steno-
sis include (a) measurement of access recirculation using urea concentra-
tions; (b) measurement of recirculation using dilution techniques (non-urea-
based); (c) unexplained decreases in the measured amount of hemodialysis
delivered (URR, Kt/V); (d) physical findings of persistent swelling of the
arm, clotting of the graft, prolonged bleeding after needle withdrawal, or al-
tered characteristics of pulse or thrill in a graft; (e) elevated negative arterial
prepump pressures that prevent increasing to acceptable blood flow; and (f)
Doppler ultrasound.

5. Persistent abnormalities in any of these parameters should prompt referral
for venography.

Source: Modified Ref. 3, Guideline 10.

TABLE 6.2 Monitoring Primary AV Fistulae for Stenosis

1. Primary AV fistulae should be monitored as outlined for dialysis AV grafts.
2. Direct flow measurements, if available, are preferable to more indirect mea-

sures.
3. Methods appropriate for monitoring stenosis in grafts (e.g., static and dy-

namic venous pressures) are not as accurate for monitoring in primary AV
fistulae. Recirculation and Doppler analysis are of potential benefit.

Source: Modified from Ref. 3, Guideline 11.
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low. Finally, difficulty in accessing the fistula and increased intragraft pressures
when the fistula is first accessed are important signs of impending fistula failure,
which can be identified in the dialysis center.

ACCESS SURVEILLANCE TECHNIQUES

Methods of AV access surveillance fall into two broad categories. The first in-
cludes measurements performed at the time of hemodialysis. Such measurements
should be obtained and recorded on a regular basis to establish baseline values
for each individual’s access site and to detect serial changes in access function.
These measurements include the following:

1. Intragraft pressure measurement
2. Venous pressure measurement
3. Recirculation time
4. Efficiency of dialysis by kinetic modeling (Kt/V)

The second broad category of surveillance techniques involves the applica-
tion of Doppler technology based duplex scanning. Duplex surveillance has revo-
lutionized the management of lower extremity bypass grafts. It has been generally
accepted that a regular protocol of duplex-based surveillance for such grafts
greatly improves outcome following lower extremity infrainguinal vein graft re-
constructions (13,14). Repair of high-grade infrainguinal vein graft stenoses de-
tected by duplex surveillance significantly improves patency rates (15). Reliable
criteria have been developed for lower extremity vein grafts, which include the
detection of peak systolic velocities greater than 300 cm/s within the conduit
itself and velocity ratios across the stenosis exceeding 3.5 (16,17). While the use
of duplex surveillance for AV access grafts lags far behind the widespread clinical
application of infrainguinal vein graft surveillance, criteria have been developed
for the detection of significant stenosis in AV grafts and native fistulae.

Intragraft Pressure

In addition to the clinical findings noted above, several fairly simple measure-
ments can be made at the time of hemodialysis access, which may result in the
identification of impending access failure. In patients with AV grafts, a pressure
greater than 50 mmHg recorded in the venous needle prior to initiating blood
flow suggests venous outflow stenosis (18). When such a stenosis is suspected,
complete duplex scanning of the access should be performed to identify the site
of the stenosis. If no stenosis is evident in the graft or the venous outflow site,
fistulography should be performed to include views of the proximal subclavian
vein, as this might be the site of stenosis and a cause of increased intragraft
pressure.
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Venous Pressure

Measurement of venous pressures during dialysis has been shown to be an accu-
rate method for the identification of impending fistula failure. Schwab et al. (8)
have performed detailed studies using the measurement of venous pressures at
the initiation of hemodialysis. It is important to note that the venous pressure
measurement is blood flow–dependent. In many modern dialysis access facilities,
blood flow rates exceeding 400 mL/min are now used in order to increase the
efficiency of dialysis and decrease the time required for the dialysis session. Mea-
surement of venous pressures at such high flow rates has not proven to be accu-
rate. However, the measurement of venous pressures exceeding 150 mmHg at
blood flow rates of 200 to 225 mL/min is associated with a failing fistula and
usually a greater than 50% stenosis within the fistula itself (8,19,20). Choudhury
et al. (6) confirmed this observation by measuring venous pressures in a series
of 46 patients who subsequently underwent formal venography. Choudhury’s
group also confirmed that venous pressures were blood flow–dependent. Like
the method in widespread use, their technique measures the pressure at the dialyz-
er’s blood outlet line (the venous outlet pressure) during the first 5 min of dialysis
at a blood flow of 200 mL/min. With the use of a 16-gauge needle, the venous
pressure will usually average approximately 75 � 30 mmHg (SD). A venous
pressure measured in this fashion during the first portion of dialysis greater than
145 to 150 mmHg is abnormal and suggests a greater then 50% stenosis in the
fistula. When blood flow rates are increased to 300 mL/min, a venous pressure of
greater than 170 mmHg is considered abnormal (6). At standard high blood flow
rates of greater than 400 mL/min, which are currently obtained with high-flow
dialysis, measurement of venous pressures is unreliable (6,21). Venous pressures
should thus be measured at the beginning of dialysis and at flow rates of 200 to 225
mL/min. When such a protocol is used regularly in the dialysis treatment center
and two or three successive venous pressure measurements are elevated, the fistula
should be further evaluated by duplex ultrasound and/or fistulography.

In our experience, we have had difficulty achieving compliance among the
staff at a large dialysis unit for strict adherence to the protocol for venous pressure
measurement. As an alternative, we have tracked venous pressure measurements
during every dialysis run and have found good correlation between a consistently
elevated venous pressure greater than 300 mmHg and an elevation in recirculation
percentage and/or a decline in Kt/V or urea reduction ratio (URR). With this
random venous pressure threshold, confirmatory fistulograms have consistently
demonstrated significant obstructive lesions within the fistula (unpublished data)
(Table 6.3).

Urea Recirculation

Calculation of urea recirculation has also been useful for detecting impending
fistula failure (22) (Table 6.4). It is somewhat more cumbersome than simple
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TABLE 6.3 Dynamic Venous Dialysis Pressure Monitoring Protocol

• Establish a baseline by initiating measurements when the access is first
used.

• Measure venous dialysis pressure from the hemodialysis machine at Qb 200
mL/min during the first 2 to 5 min of hemodialysis at every hemodialysis ses-
sion.

• Use 15-gauge needles (or establish own protocol for different needle size).
• Assure that the venous needle is in the lumen of the vessel and not partially

occluded by the vessel wall.
• Pressure must exceed the threshold three times in succession to be signifi-

cant.
• Assess at same level relative to hemodialysis machine for all measure-

ments.
• Interpretation of Result: Three measurements in succession above the

threshold are required to eliminate the effect of variation caused by needle
placement. Hemodialysis machines measure pressure with different monitors
and tubing types and lengths. These variables, as well as needle size, influ-
ence venous dialysis pressure. The most important variable affecting the dy-
namic pressure at a blood flow of 200 mL/min is the needle gauge. It is es-
sential to set thresholds for action based on machine manufacturer, tubing
type, and needle gauge.

Using 15-gauge needles, the threshold that indicates elevated pressure
(and therefore the likely presence of a hemodynamically significant venous out-
let stenosis) for Cobe Centry 3 machines is a pressure of 125 mmHg, whereas
the threshold for Gambro AK 10 machines is a pressure of 150 mmHg. Data for
Baxter, Fresenius, Althin, and other dialysis machines are not available but are
likely to be similar to those of the Cobe Centry 3 if the same gauge venous nee-
dle is used. Trial and error at each institution will determine each unit’s thresh-
old pressure.

Trend analysis is more important than any single measurement. Upward
trends in hemodialysis pressure over time are more predictive than absolute val-
ues. Each unit should establish its own venous pressure threshold values.

Patients with progressively increasing pressures or those who exceed the
threshold on three consecutive hemodialysis treatment should be referred for
venography.

Source: Modified from Ref. 3, Table III-3.

venous pressure measurement and no data exist to suggest that it is more accurate.
Nevertheless, it can be readily performed in the dialysis center and is usually done
monthly during the first hour of hemodialysis. The suggested method involves a
two-needle technique in which blood urea nitrogen (BUN) samples are drawn
from both the arterial and the venous lines. The methodology is summarized in
Table 6.5.
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TABLE 6.4 Recirculation Methodology, Limits, Evaluation, and Follow-up

1. Recirculation should be measured using a non-urea-based dilutional
method or by using the two-needle urea-based method. The three-needle
method of measuring recirculation using a peripheral vein should not be em-
ployed.

2. Any access recirculation is abnormal. Recirculation exceeding 10% using
the recommended two-needle urea-based method, or 5% using a nonurea-
based dilutional method, should prompt investigation of its cause.

3. If access recirculation values exceed 20%, correct placement of needles
should be confirmed before further studies are conducted.

4. Elevated levels of access recirculation should be investigated using angiog-
raphy (fistulography) to determine whether stenotic lesions are impairing ac-
cess blood flow.

Source: Modified from Ref. 3, Guideline 12.

It is important to note that as blood flow rates are increased, the urea circula-
tion also increases. For this reason, determination of urea recirculation is less
accurate at higher blood flow rates. Data suggest that if the urea recirculation is
greater than 10%, there is a 79% likelihood of detecting a venous stenosis by
fistulography (22). It is also important to note that urea recirculation is dependent
on the location of the fistula, with higher-flow proximal fistulae and loop fistulae
having greater baseline urea recirculation values than distally placed or low-flow
fistulae. Measurement of urea recirculation can also be evaluated following fistula
revision. If the fistula revision is successful, the urea recirculation should return

TABLE 6.5 Protocol for Urea-Based Measurement of Recirculation

Perform test after approximately 30 min of treatment and after turning off ultrafil-
tration.
1. Draw arterial (A) and venous (V) line samples.
2. Immediately reduce blood flow rate (BFR) to 120 mL/min.
3. Turn blood pump off exactly 10 s after reducing BFR.
4. Clamp arterial line immediately above sampling port.
5. Draw systemic arterial sample (S) from arterial line port.
6. Unclamp line and resume dialysis.
7. Measure BUN in A, V, and S samples and calculate percent recircula-

tion (R).
Recirculation formula:

R �
S � A
S � V

� 100

Source: Modified from Ref. 3, Table III-5.
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to normal (less than 10%). Urea recirculation calculations are not expensive, and
newer dialysis machines are incorporating the technology to provide continuous
biochemical feedback during the dialysis session.

MEASURING THE EFFICIENCY OF DIALYSIS

The management of the dialysis prescription for ESRD patients is often guided
by modeling equations of urea kinetics. As such, access graft and fistula problems
may be suggested by deterioration in urea clearance, as represented by the value
for Kt/V. A detailed discussion of urea kinetic modeling is beyond the scope of
this chapter; interested readers are referred to the excellent summary by Daugir-
das (23). Briefly, the efficiency of dialysis may be calculated using Kt/V, where
K � mass transfer coefficient specific to the dialyzer kidney; t � time of the
dialysis session; and V � urea distribution volume.

The actual calculation of Kt/V is based upon measurement of urea removal
and the urea reduction ration (URR), UN refers to urea nitrogen:

URR �
postplasma UN
preplasma UN

The lower the URR, the greater the amount of urea cleared during the session.
Effective dialysis and low morbidity are associated with URR values �0.32. The
subsequent value for Kt/V is derived from a number of formulae relating the
URR to the ultrafiltrate volume removed and the patient’s postdialysis weight
through either linear or logarithmic equations. Depending upon the specific rela-
tionship chosen, acceptable values for Kt/V range from 0.9 to 1.3.

It is important to note that these calculated values may be affected by nu-
merous variables such as the methodology of the blood draw, the underlying
renal function of the patient, and the patient’s protein intake. The importance of
both the Kt/V and URR in regard to access surveillance lies not only in their
absolute values but with their trends in serial measurements. Falling values of
Kt/V or rising values for the URR may be attributed to poor access function
related to anatomical lesions. Since these biochemical measures are a routine part
of managing the dialysis prescription for ESRD patients, careful attention to their
trends provides a means for selecting patients for investigation of their AV access
with either duplex scanning or fistulography if deterioration in dialysis efficiency
is demonstrated.

It would appear the combination of regular venous pressure determinations
combined with interval measurements of urea recirculation, Kt/V, and URR
would be a reasonable way to monitor AV access grafts and fistulae in the dialysis
center. When either acute changes or suspicious trends are noted, investigation
of the access site is warranted once other factors have been eliminated to explain
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the changes in these parameters. Further evaluation of the access can be carried
out with duplex scanning or fistulography. The cost-effectiveness of this approach
has not been studied in a controlled manner and is the basis of an ongoing pro-
spective study at our institution.

DUPLEX ULTRASOUND DETECTION
OF AV FISTULA STENOSES

The impact of duplex surveillance on infrainguinal arterial bypass grafting has
been substantial, with nearly all revisions of autogenous vein bypasses being
performed on patent grafts with stenotic segments discovered by surveillance.
With this approach, long-term patencies are excellent (13–17). The converse is
true when discussing hemodialysis access, with nearly all interventions per-
formed after fistula thrombosis has already occurred. This problem can be cor-
rected only when serial surveillance of AV fistulae is performed and prophylactic
intervention carried out when significant anatomic lesions are identified. Duplex
ultrasound detection of AV fistula stenoses is a theoretically attractive technique.
The studies are noninvasive, can be repeated serially, and are accurate in the
localization of fistula stenoses. Since AV fistulae and access grafts are subcutane-
ous, the inflow artery, the proximal anastomosis, the entire AV graft, the distal
anastomosis, and the outflow vein can all be easily examined. Several interesting
techniques have been described for evaluating fistula dysfunction (24–29).

The simplest technique is examination of the inflow arterial waveform (29).
It is important to remember that the diastolic component of an arterial waveform
reflects the resistance of the vascular bed being perfused. For example, normal
peripheral arterial waveforms exhibit no forward flow in diastole or even reversal
of flow in diastole because of the elastic recoil of high-resistance peripheral arter-
ies. Normal peripheral arterial waveforms are thus triphasic. An example of a
normal triphasic Doppler waveform in the brachial artery is shown in Figure 6.1.
In contrast, in circulatory beds with low resistance, there will be significant for-
ward flow in diastole. Examples include both the cerebral and the renal circula-
tions. Cerebral blood flow is subject to autoregulation and maintained at constant
levels between pressures of 60 and 150 mmHg. The renal circulation is also of
low resistance. Similar flow patterns are exhibited by AV fistulae because they
perfuse low-resistance venous outflow beds and therefore display significant for-
ward flow in diastole.

Harkrider and Comeaux (29) have devised a unique technique for monitor-
ing arteriovenous fistulae by examining the native arterial waveform proximal
to the fistula. For example, the brachial artery supplying a forearm loop fistula
is examined proximal to the arterial anastomosis. A normally functioning AV
fistula has significant diastolic flow (Figure 6.2), and the ratio of the Doppler-
derived velocity in peak diastole divided by the velocity in peak systole makes
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FIGURE 6.1 Normal high-resistance triphasic peripheral arterial waveform in bra-
chial artery.

it possible to determine a flow ratio (Vd/Vs). With measurements made at a
Doppler angle of 60 degrees, Harkrider and Comeaux (29) determined that a
normally functioning fistula without significant outflow problems has a Vd/Vs
ratio �0.4. With significant stenosis in the fistula or outflow tract, the diastolic
flow component decreases, resulting in a Vd/Vs ratio �0.3. This becomes a very
easy, indirect method to detect problems with the access site by interrogation of
the proximal arterial waveform in the feeding artery. Thus, when the flow pattern
reverts from a low-resistance, normal fistula pattern to a high-resistance periph-
eral arterial waveform, the presence of a graft or outflow stenosis can be inferred.
This technique is, by virtue of its design, an indirect method, as it does not exam-
ine the fistula itself.

Ermers et al. (30) have performed detailed duplex surveillance of AV fistu-
lae and reported that a greater than 50% stenosis could be detected in 70 to 80%
within the first month following implantation. However, this group was unable
to document an improvement in patency rate by intervention in fistulae with these
early stenoses. Tordoir et al. (7) developed specific criteria for the determination
of fistula stenosis as outlined in Table 6.6. For Brescia-Cimino or forearm autoge-
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FIGURE 6.2 Biphasic low-resistance flow pattern in prosthetic AV fistula with Vd/
Vs ratio of 0.6.

TABLE 6.6 Threshold Values for Access Evaluation and Prophylactic
Intervention to Prevent Thrombosis

Parameters Measured at Dialysis Facility
Intragraft pressure �50 mmHg
Venous pressure �150 mmHg at flow rate of 200–225 mL/min
Recirculation percent �15–20%
Urea kinetics Kt/V � 1.2

URR � 0.32
(Both are dependent on dialysis unit variables)

Duplex Surveillance in the Vascular Laboratory
Vd/Vs �0.3
PSF

Autogenous fistula �12 kHz
Prosthetic fistula �10 kHz or F ratio � 3.5
Efferent vein �8 kHz

Volume flow (prosthetic �450 mL/min
fistulae)
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nous fistulae, a peak systolic frequency of greater than 12 kHz is indicative of
greater than 50% stenosis. For 6-mm prosthetic polytetrafluoroethylene (PTFE)
AV grafts, the presence of a peak systolic frequency greater than 10 kHz is indica-
tive of stenosis. Figure 6.3 illustrates an example of a high-grade venous outflow
stenosis detected by duplex surveillance with a peak systolic frequency (PSF) of
19.6 kHz.

In addition, for prosthetic fistulae, a PSF ratio greater than 3.5 was indica-
tive of graft stenosis in the study by Tordoir et al. (7). To measure this ratio, the
PSF obtained at the site of stenosis is divided by the PSF in the inflow artery
several centimeters proximal to the anastomosis. This yields a velocity ratio anal-
ogous to that obtained in peripheral arterial graft surveillance. In determining
criteria for infrainguinal vein grafts, multiple authors have determined that a PSF
or velocity ratio greater than 3.5 correlates with a failing bypass graft (13,14).
It is extremely interesting to note that very similar threshold criteria have been
derived for AV access stenosis. Similar velocity or frequency ratio data are not
available for autogenous fistulae. Finally, a PSF greater than 8 kHz in the efferent
vein has also been shown to correlate highly with the presence of a stenosis (7).

FIGURE 6.3 High-grade stenosis of distal venous anastomosis of forearm loop AV
fistula identified by duplex surveillance. The peak systolic frequency is 19.6 kHz
(abnormal � 10 kHz).
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Volume flow has been used by some investigators to evaluate fistula func-
tion. According to Rittgers et al. (31), the average 6 mm PTFE fistula has a
volume flow of 750 � 383 mL/min. This group measured the velocity at least
10 cm downstream from the proximal artery to the graft anastomosis to diminish
the effects of turbulence near the anastomosis. All grafts in which a volume flow
�450 mL/min was measured by duplex scanning occluded within 2 weeks. Simi-
lar findings were reported by Shackleton et al. (32), who achieved a sensitivity
of 83% and specificity of 75% for predicting interval thrombosis when a flow
rate of 450 mL/min was selected as a low-flow threshold. It would thus appear
that any prosthetic 6-mm PTFE access with a volume flow of less than 500 mL/
min should be further examined for the presence of a lesion that might predispose
the graft to failure.

To perform duplex surveillance, the entire fistula or graft should be exam-
ined, including the inflow artery, the proximal anastomosis, the graft/fistula itself,
the distal anastomosis, and the outflow vein. The peak systolic frequencies or
velocities are then recorded and ratios determined by comparing the frequency
at the site of the stenosis with the baseline frequency in the inflow artery proximal
to the anastomosis. Color-flow Doppler can assist in identifying anatomic areas
of stenosis for further interrogation with velocity or frequency measurements.
Once velocity data are obtained, volume flow can be determined in areas of uni-
form diameter by using calculations incorporated in most imaging systems.

RESULTS

Until recently, there were no convincing data to demonstrate that prophylactic
intervention in failing fistulae was superior to thrombectomy and revision once
fistula failure had occurred. Kirkman (33) points out that the most failures occur
at the venous outflow site, so a simple surgical approach to cut down on the
venous outflow stenosis, patch or extend the graft to a more central vein, and
thrombectomize the inflow appears to be adequate to restore patency to the major-
ity of failed AV access fistulae. In Kirkman’s view, a large proportion of acutely
thrombosed grafts can be salvaged, so there may be little harm to this approach
other than the time constraints involved in scheduling emergency thrombectomy
and graft revision. However, it is certainly much easier to perform elective revi-
sion, either with balloon angioplasty or surgery, when a stenosis is identified
prior to graft occlusion. This allows the procedure to be done on an outpatient
basis and permits dialysis to continue without interruption. It also obviates the
need for emergency placement of temporary central venous dialysis catheters,
with their attendant morbidity, to continue dialysis until the fistula patency can
be restored.

There are two recent papers that strongly support prophylactic revision of
fistulae with impending failure. Sands et al. (4), using a duplex surveillance proto-
col and elective balloon angioplasty for identified access stenoses of greater than
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50%, noted extensively prolonged survival of the access in patients who under-
went elective revision as compared with those who had primary clotting and
emergency revision. Duplex surveillance and elective revision resulted in a mean
of 1222.7 days of access patency, compared with only 689 days for the emergency
thrombectomy and revision group—a difference that was statistically significant
(p � 0.013).

Moreover, Katz and Kohl (5) convincingly demonstrated that elective bal-
loon angioplasty for failing PTFE AV grafts resulted in a marked improvement
in secondary patency compared with the results of cases of identified stenoses
treated with thrombolytic therapy and angioplasty after the graft had already oc-
cluded. In their experience, grafts not requiring thrombolysis had significantly
higher patency rates than those that were thrombosed (p � 0.0001) (5). In addi-
tion, the patency of grafts undergoing angioplasty at sites remote from the venous
anastomosis, such as the subclavian vein, had a significantly higher patency rate
than those that underwent venous anastomotic balloon angioplasty. Nevertheless,
in a very well controlled series, their results conclusively demonstrated that graft
surveillance with prophylactic intervention when significant stenoses were identi-
fied was superior to thrombolytic therapy and angioplasty.

IN-LINE DILUTIONAL METHODS OF ACCESS
FLOW MEASUREMENT

An emerging technology that allows measurement of access flow during the dial-
ysis treatment revolves around the use of ultrasound flow measurements and indi-
cator dilution (34–36). These devices are incorporated into the dialysis system
and provide a simple method to monitor access function. Experience with these
technologies is accumulating, with measurements of access flow being correlated
with duplex and angiographic findings (37). These in-line measurements of ac-
cess flow may offer a more convenient method to screen access for significant
lesions that may compromise function and lead to access thrombosis. In a study
comparing multiple techniques of access surveillance—including pressures, urea
recirculation, duplex ultrasound, and access blood flow by dilutional methods—
May et al. demonstrated that access flow measured by either Doppler ultrasound
or dilutional methods was the best predictor of subsequent thrombosis (38).

CONCLUSION

The determination of whether to proceed with balloon angioplasty or elective
surgical revision of a failing AV fistula is beyond the scope of this chapter. None-
theless, when significant graft or outflow stenoses are corrected, the flow charac-
teristics of the fistula return to normal and there is no question that the lifespan
of these fistulae is thereby prolonged. It would thus appear undeniable that sur-
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veillance has a significant role to play in extremity access surgery. Practicing
nephrologists and surgeons should no longer be content to remain the proverbial
ostriches, burying their collective heads in the sand until fistula thrombosis has
occurred. It is unquestionably more difficult to resurrect a failed access than to
perform a prophylactic revision of a failing access that is still patent. Proactive
protocols must be instituted at each dialysis center in order to permit the recogni-
tion of impending access failure. It would seem reasonable to combine hemodial-
ysis access measurements, such as venous pressures and urea kinetic measure-
ments, with duplex surveillance. In-line measurements of access flow during
dialysis treatments may also have a role in this schema. The frequency and spe-
cific combination of surveillance options will need careful assessment in the cur-
rent climate of cost containment in health care. However, once significant flow
abnormalities are detected, prophylactic intervention should be undertaken. With
this approach, the significant drain on the health care system and on the dialysis
patient resulting from an access thrombosis could be obviated.
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The 1994 report of the U.S. Renal Data System (USRDS) has shown a
progressive annual increase in the number of newly treated end-stage renal dis-
ease (ESRD) patients in this country, with an 8.76% annual growth since 1982
(1). Among the three main treatment modalities—hemodialysis, renal trans-
plantation, and peritoneal dialysis—hemodialysis is instituted in approximately
two-thirds of these patients. For the 200,000 hemodialysis patients in the United
States, it is imperative to establish an effective arteriovenous (AV) fistula with
a reasonable long-term patency rate, even with the required three-time weekly
needle punctures at the access site. In spite of our best efforts, most if not all of
these vascular accesses will eventually thrombose and require either a revision
or the creation of a new fistula or graft at a different site. Over the course of an
ESRD patient’s dialysis lifetime, complications related to the establishment or
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maintenance of vascular access is the most common reason for admission to a
health care facility (2). The limited number of easily accessible sites and the good
results obtained after revision of failed dialysis access grafts have led vascular
access surgeons to attempt revision prior to constructing a new AV fistula else-
where. For autogenous fistulae, Kinnaert et al. (3) and Rohr et al. (4) report
secondary patency rates of 88 and 65% at 1 year and 88 and 55% at 2 years,
respectively. For prosthetic arteriovenous grafts, similar secondary patency rates
of 75 and 95% at 1 year and 61 and 81% at 2 years have been achieved in the
respective series reported by Kherlakian et al. (5) and Puckett and Lindsay (6).
Moreover, Palder et al. (7) have shown that successfully revised fistulae, either
autogenous or prosthetic, maintain a patency survival similar to that of unrevised
fistulae. The purpose of this chapter is to review the surgical approaches to throm-

TABLE 7.1 Treatment of Thrombosis and Associated Stenosis in Dialysis AV
Grafts

Thrombosis of an AV graft should be corrected with surgical thrombectomy or
with pharmacomechanical or mechanical thrombolysis. The choice of technique
to treat thrombosis should be based on the expertise of the center. However, it
is essential that:
1. Treatment be performed rapidly following detection of thrombosis so as to

minimize the need for temporary access. No more than one and preferably
no femoral vein catheterization should be required (opinion).

2. The access be evaluated by fistulogram for residual stenosis postprocedure
(evidence).

3. Residual stenosis be corrected by angioplasty or surgical correction. Out-
flow venous stenoses are present in �85% of instances of thrombosis; the
need for PTA or surgical revision is expected in most instances (evidence).

4. The procedure be performed on an outpatient basis under local anesthesia.
Access revision may require up to a 24-h observation to evaluate swelling
and steal (opinion).

5. Monitoring tests used to screen for venous obstruction should return to nor-
mal following intervention (evidence).

6. Centers should monitor outcome results on the basis of patency. Minimum
reasonable goals (for the center as a whole) of percutaneous thrombolysis
and surgical revision thrombectomy should be (a) Percutaneous thromboly-
sis with PTA—40% unassisted patency and functionality at 3 months; (b)
Surgical thrombectomy and revision—50% unassisted patency and function-
ality at 6 months and 40% unassisted patency and functionality at 1 year
(opinion); (c) For both techniques—immediate patency, defined as patency
to the next dialysis session, of 85%.

Source: Modified from Ref. 8, Guideline 21.



Revisional Surgery 127

TABLE 7.2 Treatment of Thrombosis in Primary AV Fistulae

Thrombosis of an AV fistula is difficult to treat. Neither percutaneous nor
surgical techniques offer good results. Each institution should attempt to resolve
thrombosis with the technique that is preferred at the institution (opinion).

Source: Modified from Ref. 8, Guideline 22.

bectomy and revision for the most commonly encountered failures of AV dialysis
access (Tables 7.1 and 7.2) (8).

CLINICAL ASSESSMENT

The ESRD patient is typically referred to the surgeon by the dialysis center staff,
either before or after a dialysis session, when the fistula or graft is clotted. Occa-
sionally, the patient will note the disappearance of a thrill and notify the dialysis
staff prior to a scheduled dialysis session. With the success of percutaneous proce-
dures for salvaging thrombosed access fistulae (see Chapter 8), a third pathway
for the patient to return to the access surgeon is after repeated procedures on the
same access site by interventional radiologists.

When the patient with a thrombosed access presents to the surgeon, impor-
tant aspects of the patient’s history are ascertained, which help guide the surgical
intervention as follows:

The age of the fistula
Time interval to thrombosis from last intervention
Prior episodes of thrombosis and selected intervention
Recent fistula performance on dialysis, such as increased venous pressure

or long recirculation times
Contributing factors for thrombosis, such as hypotension during dialysis

or improper digital pressure on the fistula after needle removal

The patient must be carefully examined prior to any treatment. The physical
examination may provide clues to the cause of thrombosis, such as graft aneu-
rysms or anastomotic pseudoaneurysms. Documentation of the arterial circulation
distal to the fistula is imperative to establish a baseline for comparison after fistula
thrombectomy. If a good pulse is found at the arterial anastomosis upon palpation
of the graft, the problem is likely to be on the venous side. Conversely, absence
of a pulse in the arterial limb of the graft with a paucity of thrombus in the body
of the graft implies a problem at the arterial anatomosis. Equally important to
the treatment of the patient is a careful review of previous operative reports and
fistulograms. Operative reports may comment on the integrity of alternative ve-
nous outflows should revision of the venous anastomosis become necessary. Pre-
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viously preformed fistulograms, particularly during percutaneous interventions,
may demonstrate the cause of the most recent thrombosis and show patency of
alternative sites for venous outflow. Moreover, prior fistulograms should confirm
patency of the surgically inaccessible central venous outflow in the brachiocepha-
lic and subclavian systems, which is imperative for successful revision and sal-
vage of the extremity as an access site.

On occasion, an autogenous fistula that has remained patent but has failed
to adequately ‘‘arterialize’’ must be evaluated for revision or replacement. Preop-
erative fistulography is necessary to determine whether revision of the autogenous
access will be possible. If an anatomic lesion—stenosis in either the inflow artery,
outflow vein, or at the anastomosis—is not demonstrated, revision is not possible
and replacement to a prosthetic graft will be necessary.

SURGICAL METHODS FOR REVISION

The general principles for perioperative management do not differ whether a new
vascular access or a thrombectomy/revision is contemplated. For patients who are
medically unstable, with florid fluid overload or severe electrolyte disturbances, a
temporary jugular or femoral dual lumen dialysis catheter is placed and the patient
is dialyzed before proceeding with any intervention to treat the thrombosed fis-
tula. Perioperative antibiotic prophylaxis with high activity against Staphylococ-
cus aureus is recommended any time prosthetic materials are used (9). Anesthetic
technique is individualized based upon the usual selection factors, such as the
patient’s comorbid condition and planned extent of surgical intervention.
Whereas local anesthesia generally suffices in creating a native arteriovenous
fistula at the wrist, the presence of scarred tissues makes a local anesthetic less
effective for fistula revision. For that reason, a regional anesthesia such as an
axillary block is preferred. General anesthesia may be safely applied and is some-
times necessary when extension of an upper extremity graft into the axilla or
infraclavicular region is anticipated. For lower extremity AV grafts, regional an-
esthesia using spinal or epidural techniques may be adequate to accomplish
thrombectomy/revision.

Whenever a surgical revision has been performed, the hemodialysis staff
must be instructed to avoid cannulation of a new segment of fistula. A simple
drawing added to the operative note clearly illustrating the procedure performed
and demonstrating the direction of the blood flow will be particularly useful for
proper and safe cannulation of the revised access.

Autogenous Fistulas

The autogenous radiocephalic fistula has remained unsurpassed since its introduc-
tion by Brescia et al. (10) in 1966, since it continues to provide better long-term
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patency rates (4,11,12) and a lower rate of complications (12,13) than other forms
of angioaccess. Its superiority makes it the access of choice when it is technically
feasible and vein maturation can be obtained. When fistula thrombosis occurs, a
common approach today is to institute thrombolytic therapy by local infusion of
a lytic agent to reopen the fistula. Kumpe and Cohen (14) achieved recanalization
rates of 58 to 90%, even in the presence of late thrombosis, with this approach.
When lytic therapy has been successful at reopening the fistula, defects identified
by a fistulogram may be treated percutaneously or surgically. The initial success
rate using percutaneous techniques such as balloon angioplasty for stenosis or
stricture has been reported to be as high as 80 to 90%, but the patency rate
dramatically decreases soon after (14–16). Surgical revision usually requires a
vein patch angioplasty as directed by the fistulogram findings.

For the Cimino fistula that has remained patent but has failed to mature,
the cephalic vein in the forearm may have a short-segment stenosis near the
anastomosis (5). This may be treated with a venous patch or a simple interposition
vein graft to salvage the fistula.

When the cephalic vein in the forearm has become thrombosed and unus-
able, there may be an adequate basilic forearm vein that can be transposed and
anastomosed end-to-side with the radial artery. This eventuality is rather rare,
and because it requires more dissection, this procedure is avoided by many, espe-
cially in patients with diabetes.

With a satisfactory arterial inflow at the wrist, a simple conversion to a
straight bridge fistula between the radial artery and a large antecubital vein may
be accomplished using expanded polytetrafluoroethylene (ePTFE) (Figure 7.1).
On rare occasions, when the antecubital vein is of insufficient caliber, the venous
outflow tract can be expanded using an antebrachial venoplasty (Figure 7.2) as
described by Alexander (17).

Frequently, the distal forearm veins are no longer suitable for cannulation
due to repeated venipunctures and subsequent thrombosis. However, the cephalic
vein in the upper arm has already become arterialized and can be readily anasto-
mosed to the brachial artery, creating an autogenous brachiocephalic fistula (Fig-
ure 7.3). This access fistula is often usable in 1 to 2 weeks, since the upper arm
cephalic vein has served as the outflow for the more distally placed Cimino.
Satisfactory and even superior results with elbow autogenous fistulas have been
reported (18). When an adequate cephalic vein in the upper arm is available, this
is our preferred secondary approach after the Cimino fistula has failed and cannot
be revised without using a prosthetic graft.

Infrequently, a so-called reverse fistula can be constructed by anastomosing
the basilic vein and the brachial artery side to side in the upper arm and plicating
the vein above the anastomosis (19). To establish flow retrograde into the subcu-
taneous antecubital branches, however, requires a valvulotomy within the first
few centimeters of the antecubital vein. On rare occasions a reverse fistula may
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FIGURE 7.1 Conversion of a failed Brescia-Cimino fistula to a straight prosthetic
bridge graft.

spontaneously develop secondary to outflow obstruction in an upper arm brachio-
cephalic fistula. To maintain patency and adequate flow in this scenario requires
only ligation of the cephalic vein in the mid-upper arm (Figure 7.4).

Prosthetic A-V Grafts

General Principles

Although different types of materials have been offered as arteriovenous conduits
when an autogenous fistula cannot be constructed, the e-PTFE graft is considered
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FIGURE 7.2 Technique of antebrachial venoplasty as described by Alexander.
(From Ref. 17.)

FIGURE 7.3 Treatment of a failed Brescia-Cimino fistula by conversion to an ante-
cubital brachiocephalic fistula.
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FIGURE 7.4 Spontaneous upper arm reverse fistula in a patient with outflow steno-
sis in a native upper arm brachiocephalic fistula.

superior based upon better patency rates, lower complication rates, and ease of
thrombectomy compared to other biological or prosthetic materials (20,21). Re-
ports of 1- and 2-year patency rates of 71 to 80%, and of 60 to 70%, respectively,
appear in the literature (4,6,22).

When thrombosis develops in a prosthetic AV graft within the first 30 days
after placement, technical failure at one of the anastomoses is often incriminated
as the precipitating event. The traditional approach to this problem mandated
immediate surgical exploration of both anastomoses. After thrombectomy is per-
formed, fistulography is mandatory to determine the etiology of the thrombosis.
More often than not, early thrombosis is caused by poor selection of the venous
outflow. Not uncommonly, however, no anatomic reason for the graft failure is
found, which portends a poor prognosis for long-term patency at that specific site.
If adequate fistulograms are not obtainable in the operating suite, an alternative
approach to early graft thrombosis uses the success of percutaneous thrombolysis
and thrombectomy. These techniques are discussed in detail in the following
chapter.

Even within the first 2 to 3 weeks after fistula placement, percutaneous
methods can be applied to restore patency. The advantage of this approach is the
ability to obtain detailed fistulograms to assess the anatomic arrangement of the
graft and the proximal venous system. This information allows more focused
surgical intervention to take place and on occasion spares the patient reoperation
when no technical problem is discovered. In that circumstance, consideration
must be given to nonsurgical causes for thrombosis, such as an underlying hyper-
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coagulable state or poor circulatory hemodynamics. These conditions will require
adjustments to the dialysis prescription to prevent recurrent problems with graft
thrombosis.

For surgical revision, the patient should be adequately prepped and draped
so as not to limit the possible options for revision. Routinely, we have the patient
prepped from the axilla to the hand for upper extremity access work. If an upper
arm access graft is already in place, the prep should be extended to include the
infraclavicular region should revision to this level be necessary. It is equally
important to include the wrist and hand in the prep so that the distal circulation
can be assessed after the procedure for any evidence of embolization that would
mandate immediate intervention.

The sequence of steps in performing thrombectomy depend upon the clini-
cal situation. If graft revision is planned, thrombectomy is performed at the end
of the operative procedure. Alternatively, if the etiology of graft thrombosis is
unknown, thrombectomy is the initial step of the operation. With the advent of
temporary jugular dialysis catheters, graft thrombectomy may be postponed until
the patient is medically stable for surgery. We still prefer to intervene within 2
weeks of thrombosis because it becomes more difficult to perform a complete
and satisfactory thrombectomy beyond that period.

We use systemic heparinization routinely for thrombectomy procedures. A
dose between 3000 and 5000 U is given intravenously prior to the start of the
procedure. One of the authors (SSB) uses a sterile pneumatic tourniquet for all
forearm AV graft thrombectomy/revision procedures, which minimizes blood
loss and minimizes the need for extensive dissection for circumferential control
of the graft and anastomotic vessels. In addition, excellent views of the arterial
anastomosis and arterial tree distal to the fistula may be obtained with the tourni-
quet in place during intraoperative fistulography. Most often a Fogarty balloon
catheter is used to thrombectomize the fistula. Since most grafts are 6 mm in
diameter, a No. 4 catheter is usually adequate to accomplish complete thrombec-
tomy. Larger and smaller catheters are available but are unnecessary in most
circumstances.

The venous limb of the arteriovenous fistula is declotted first; then the
Fogarty catheter is advanced with great caution through the arterial anastomosis.
Several passes may be necessary to achieve removal of the characteristic bullet-
shaped plug of thrombus from the arterial anastomosis with its characteristic
meniscus (Figure 7.5). Diligence in pursuing this plug must be applied to assure
complete thrombectomy, since a strong pulsatile blood flow may be achieved
despite persistence of this adherent plug at the arterial anastomosis. Failure to
completely remove this dense plug will almost certainly result in recurrent throm-
bosis.

Two additional catheters which may be useful in AV graft thrombectomy
are the Fogarty adherent clot catheter and the Fogarty graft thrombectomy cathe-
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FIGURE 7.5 Characteristic dense thrombus plug with meniscus obtained from the
arterial anastomosis of a successfully thrombectomized access graft.

ter (Figure 7.6). These devices employ a serpentine wire either covered or bare,
respectively, which upon withdrawal engages the dense adherent clot and pseu-
dointima which line prosthetic grafts allowing for a more complete thrombec-
tomy. Often, restoration of the bare internal prosthetic surface is possible with
these adjunctive maneuvers. The use of coronary dilators can help to determine
the magnitude of a stenosis and to dislodge an organized thrombus if present.
An intraoperative fistulogram is performed to verify the cause of the thrombosis.
It is often difficult to adequately visualize the axillosubclavian and brachiocepha-
lic venous systems with intraoperative fistulograms; therefore, if pathology in
the central venous system is suspected, formal fistulograms are obtained in the
radiology department after graft patency is restored. If a central vein stenosis is
found to be responsible for the failure of the graft, balloon angioplasty with or
without placement of an endovascular stent, can be accomplished with a cumula-
tive patency rate as high as 93% being reported for stenting of subclavian and
innominate venous stenosis and occlusions (23).

Graft curretage and angioscopy are adjunctive procedures to further assess
and achieve complete graft thrombectomy (24,25). Though both techniques have
their own proponents, the additional cost and time required for these procedures
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FIGURE 7.6 Catheters available for access graft thrombectomy (from left): Fogarty
balloon catheter, Fogarty adherent clot catheter, Fogarty graft thrombectomy cath-
eter.

has not yet been justified by consistently superior results when compared with
intraoperative fistulography.

For late AV graft thrombosis, the problem usually occurs at the venous
anastomosis due to the development of intimal hyperplasia. This problem is more
frequently being managed by percutaneous interventions. In large centers, throm-
bolytic therapy in combination with balloon angioplasty is being used more fre-
quently, with results equivalent or even superior to those obtained with surgical
revision (26–28). Some reports, however, have shown a higher recurrence rate
when stenoses are treated with percutaneous transluninal angioplasty (PTA)
(14,16). The surgical approach for late fistula thrombosis in the absence of previ-
ous fistulography or interventions relies upon adequate thrombectomy and intra-
operative fistulography to determine the etiology of thrombosis and guide ther-
apy. For failing or failed AV grafts that have been previously treated by
percutaneous interventions, review of previous treatment reports and fistulograms
serves as a useful guide to focus surgical treatment.

Forearm Bridge AV Grafts

When the problem is suspected to be at the venous anastomosis, those failed
dialysis accesses will generally be approached by reopening the incision just over
the venous anastomosis. The hood of the graft is opened longitudinally, graft
thrombectomy is performed, and if intimal hyperplasia is noted at the anastomo-
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FIGURE 7.7 Venous anastomotic stenosis in a prosthetic bridge AV graft seen on
fistulogram (A) and treated with a patch angioplasty (B).

sis, revision can be accomplished either by a patch angioplasty using a trimmed
segment of ePTFE (Figure 7.7) or a jump graft bypassing the stenotic segment
(Figure 7.8).

When the graft is configured as a forearm loop, it is sometimes difficult
to accomplish complete thrombectomy of the arterial limb from access through
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FIGURE 7.8 Jump graft extension on the venous limb of a prosthetic bridge AV
graft.

the venous anastomosis. Sufficient forward force to drive the thrombectomy cath-
eter through the thrombus may not be achieved due to the curvature in the apex
of the graft before the catheter kinks and bends. As an alternative, thrombectomy
may begin through a cutdown over the apex of the graft. This approach permits
easy straight line access to both the arterial and venous anastomoses (Figure 7.9).
Complete thrombectomy of each limb of the graft is easy to accomplish without
the need for dissection over the anastomoses and through scar tissue, making
this approach amenable to the use of local anesthesia. Following thrombectomy,
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FIGURE 7.9 Approach to access thrombectomy through the apex of a forearm loop
bridge graft. This technique provides access to both the venous and arterial limbs
of the access and proves useful when the suspected course of access thrombosis
is not well delineated prior to surgery.

fistulograms of each limb of the graft are obtained. Should venous outflow steno-
sis adjacent to or involving the venous anastomosis be demonstrated, intraopera-
tive balloon angioplasty may be utilized for primary treatment with acceptable
patency results (29).

A more complex situation occurs when the cephalic venous outflow tract
is thrombosed to an extent where a jump graft to the cephalic vein would no
longer be feasible. A jump graft to the basilic vein would be subject to kinking
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FIGURE 7.10 Revision of the venous limb of a forearm loop bridge graft from the
antecubital veins to the basilic vein. (A) Segments A-B and C-D indicate the zones
of transection. (B) Completion of the B-C anastomosis and the addition of a seg-
ment of graft at D reverses the original flow direction in the graft.

and subsequent thrombosis, due to its oblique position while crossing the elbow
crease. In these particular circumstances, with cephalic vein outflow obstruction,
Schulak et al. (30) have successfully accomplished a reversal of the direction of
blood flow through the graft with subsequent venous anastomosis with the median
basilic vein proximal to the elbow crease (Figure 7.10).

Not infrequently, a long-standing AV graft will have multiple areas of intra-
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FIGURE 7.11 Replacement of a diffusely stenotic segment of a forearm loop bridge
graft with an interposition graft.

graft stenosis with otherwise adequate arterial inflow and venous outflow. These
problems occur in areas of repeated cannulation and usually require graft replace-
ment. Segmental graft resection and replacement can be done when the diseased
segment is short or an interposition graft can be used for a longer diseased seg-
ment (Figure 7.11) while the stenotic segment is excluded and left in place. How-
ever, midgraft stenosis may be due to organized thrombus, in which case a graft
curettage may be effective in restoring an adequate lumen size (5), avoiding the
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FIGURE 7.12 Conversion of a failed straight bridge graft (A) into a loop bridge graft
(B) when arterial inflow is the source of failure.

need for graft replacement or interposition. Multiple incisions with their attendant
risk of breakdown and infection, may be necessary to restore complete patency.

In the clinical situation in which a straight forearm bridge graft has failed
because of arterial stenosis and poor inflow, conversion to a loop graft based
upon the brachial artery is easily performed. Arterial stenosis is responsible for
failure of vascular access in as many as 15 to 19% of clotted grafts (30,31). A
new arterial limb is placed on the brachial artery and anastomosed to form a loop
apex in the distal forearm to the old straight graft (Figure 7.12).
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FIGURE 7.13 Salvage of an upper arm AV graft that failed due to occlusive disease
in the brachial artery. Here the brachial artery is replaced with a segment of the
greater saphenous vein from above the elbow to the forearm; a new segment of
ePTFE is anastomosed to the vein graft to replace the arterial limb of the AV graft.

The most favorable method of managing a thrombosed forearm bridge graft
is conversion to an autogenous fistula. When the cephalic vein in the upper arm
has functioned as the primary outflow for the prosthetic bridge graft, it may be-
come adequately arterialized to permit simple conversion to a native fistula when
the bridge graft thromboses. By simply anastomosing the cephalic vein to the
brachial artery in an end-to-side configuration, either in the antecubital fossa or
just proximal to the antecubital crease, a durable native fistula is created that can
often be cannulated within a few days (see Figure 4.8). These fistula achieve the
long-term patency of other autogenous access routes.

Upper Arm Bridge AV Grafts

Thromboses of upper arm AV grafts are similarly related to venous outflow steno-
ses in the majority of cases. In those rare instances where progression of athero-
sclerosis in the inflow artery results in access failure, vascular reconstruction may
provide inflow reestablishment and allow successful AV graft revision (Figure
7.13). The approach to surgical thrombectomy and revision does not deviate from
that described for forearm bridge grafts with notable exceptions. General anesthe-
sia is more commonly required, since revision may involve incision and dissec-
tion in the axilla and infraclavicular region. Tourniquet occlusion is limited to
use only when the arterial anastomosis needs revision. Whereas stent placement
after balloon angioplasty in the peripheral cephalic and basilic veins has not been
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effective, stent deployment in the axillary vein has provided patency rates equiva-
lent to surgical revision in this region for venous stenosis (32). Rarely occlusive
disease in the brachial artery may cause access failure. Correcting the arterial
lesion requires either limited patch angioplasty, transposition of the access to a
more proximal arterial site, or arterial reconstruction as depicted in Figure 7.13.

Alternative Bridge AV Grafts

Permanent vascular access in the lower extremity is usually considered only after
all the technical possibilities and potential locations for placement have been
exhausted in both upper extremities. Despite reports establishing a better patency
rate for thigh grafts as compared to arm grafts (33), presumably due to a higher
flow in larger vessels, there is a higher incidence of infection and ischemia with
a greater risk of potential limb loss (12), which makes thigh AV grafts less desir-
able alternatives. Occasionally, other configurations are encountered. Examples
include bridge AV graft between the axillary or subclavian artery on one side
and the axillary or subclavian vein on the contralateral side (necklace fistula).
As with bridge fistulas in other locations, the same principles of thrombectomy/
revision apply. However, due to their anatomical locations and the morbidity
associated with reoperative exposure in these locations, emphasis has been placed
on angioplasty to maintain access graft patency.

CONCLUSION

The goal of thrombectomy and revision of access grafts and fistulae is to prolong
the use of a specific access site before a new access construction is required.
Traditionally this required surgical approaches. However, as techniques for per-
cutaneous intervention evolve, combinations of these therapies will likely form
the basis of treatment algorithms. Currently available surgical and nonsurgical
methods are considered successful if patency is maintained for 6 to 12 months
following treatment. The costs of surgical versus nonsurgical techniques are
equivalent in many centers. If pharmaceutical thrombolysis becomes unneces-
sary, nonsurgical techniques will clearly be less costly. More and more emphasis
is being placed on developing reliable methods to detect failing fistulae and to
intervene prior to thrombosis (34–37). The savings in both cost and patient mor-
bidity by avoiding the need for urgent interventions and for placement of tempo-
rary jugular catheters should support the application of these screening methods.
With the expanding success of percutaneous treatment for failed and failing ac-
cess fistulae and grafts, the role of the access surgeon will evolve to specific
surgical repair of lesions as guided by prior percutaneous treatment and to con-
struction of secondary access grafts and fistulae. Less emphasis will be placed
upon surgical thrombectomy and revision as a primary pathway for treatment of
thrombosed access sites.
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The preceding chapter reviews in detail the approach to surgical revision
of a failing or failed dialysis access site. In this section we discuss nonsurgical
methods for intervening in the failing or failed AV access, largely focusing on
percutaneous techniques. Of critical importance in maintaining uninterrupted ac-
cess for hemodialysis is the identification of AV fistulae and grafts at risk for
failure prior to the onset of thrombosis (1). Accomplishing this goal relies heavily
on a surveillance protocol that may incorporate one or a number of the methods
described in Chapter 6.

TREATMENT OF THE FAILING ACCESS SITE

One of the primary goal of physicians involved in the care of patients on hemodi-
alysis is the maintenance of uninterrupted access. Since the first description by
Brescia and Cimino (2) of the native radiocephalic AV fistula at the wrist 30
years ago, no other form of chronic vascular access has achieved the same durable
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results. However, even native AV fistulae develop anatomic lesions which, if not
corrected, will lead to thrombosis and failure. Whether the dialysis patient has a
native fistula or a prosthetic AV graft, intervention to correct anatomical lesions
prior to the onset of access thrombosis is a more cost-effective approach. It spares
the patient the potential morbidity associated with temporary access catheters and
spares the health care system the cost associated with treating access thrombosis.
Adopting this philosophy depends on the availability of techniques to identify fistu-
lae and grafts at risk. Currently available surveillance methods use measures of
dialysis efficiency, venous pressure, and access flow to screen patients for anatomic
lesions. Once an access site has been identified that may be at risk for thrombosis,
further intervention is guided most commonly by contrast fistulography.

Fistulography

Fistulograms are usually performed by radiologists using modern angiographic
equipment. If adequate image intensifiers and radiolucent tables are available in
the operating suite, acceptable fistulograms can be obtained at the time of surgical
placement or revision of fistulae or AV grafts, thereby providing a means for the
identification of anatomical lesions and confirmation of technical results.

The most common cause of AV graft or fistula failure resides in stenosis at
the venous anastomosis or in the venous outflow tract. Our approach to diagnostic
fistulography, therefore, begins with cannulation of the venous limb of the graft
or the dilated venous outflow of the fistula using the Seldinger over-the-wire
technique with a simple 18-gauge angiocath. Digital subtraction techniques per-
mit the acquisition of abundant information with small hand injections of contrast
agents. Several injections utilizing multiple projections are usually required to
adequately visualize the venous anastomosis and often complex collateral network
of venous outflow channels (Figure 8.1). It is imperative to visualize the entire
venous outflow, including the central venous system, to exclude the presence of
occult occlusive disease. There is a significant incidence of subclavian vein steno-
sis in patient’s who have previously undergone placement of subclavian dialysis
catheters. Only visualization of the central venous system can exclude pathology
at this site as the cause for access dysfunction. A qualitative appraisal of fistula
flow is made during contrast injection. Flow through a patent, obstruction-free
access site should be rapid and should not demonstrate any areas of stagnation.

By manipulating the diagnostic catheter under fluoroscopy toward the arte-
rial limb of the graft or the AV anastomosis of the fistula, interrogation of the
arterial inflow can be accomplished. A tourniquet or blood pressure cuff inflated
above the elbow to a pressure exceeding systemic blood pressure will interrupt
flow and allow contrast to reflux into the arterial limb of the graft, enabling visual-
ization of the arterial anastomosis and arterial inflow. If needed, a guidewire
followed by a diagnostic catheter can be advanced retrograde up the brachial
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FIGURE 8.1 Diagnostic fistulogram obtained through the venous (A) and arterial
(B) limbs of an arteriovenous graft.

artery to the takeoff of the subclavian artery to completely assess the arterial
tree and exclude obstructive lesions of the arterial inflow as a cause of access
dysfunction.

As an alternative, diagnostic fistulography can be performed through in-
dwelling dialysis needles following a dialysis treatment. The needles are capped
and secured by the dialysis staff after the run is completed and the patient is
transported to the imaging suite. The indwelling dialysis needles provide a con-
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duit for contrast injection without the need for additional cannulation of the ac-
cess. If therapeutic intervention such as balloon angioplasty is subsequently indi-
cated, guidewires may be introduced and the needles exchanged for appropriately
sized sheaths.

Balloon Angioplasty

Stenosis involving the venous anastomosis or the venous outflow tract is the
predominant reason for vascular access failure (3). Balloon angioplasty has
emerged as a common method to treat stenotic lesions, particularly in the venous
outflow, and thereby prolong access patency (4–8). One of the major presumed
advantages of balloon angioplasty compared with surgical revision is the preser-
vation of venous sites for future access revision. The initial effectiveness and
long-term durability of balloon angioplasty for the treatment of AV access site
stenosis are comparable to surgical revision. Moreover, intervention with balloon
angioplasty prior to access thrombosis is less costly than surgical methods of
access salvage (9).

Balloon angioplasty is readily accomplished at the time of diagnostic fistu-
lography. An appropriately sized sheath is advanced over a guidewire into either
the venous or arterial limb of the fistula or graft. Sheath size will be guided by the
selection of balloon catheters and should always begin with the smallest diameter
possible to accomplish the intervention. Generally, simple balloon angioplasty
can be performed through a 6F sheath; however, sheaths ranging in size from
5F to 11F should be at hand. An appropriate selection of guidewires is necessary
and should be available in a range of sizes (0.025 to 0.038 in.) and variable
qualities (stiff, steerable, hydrophilic). Similarly, angioplasty catheters—which
come in a number of different balloon diameters, balloon lengths, shaft sizes,
and balloon materials—should be readily accessible. A representative assortment
is required to overcome the pathology that can be encountered in managing AV
fistula stenosis.

Performance of balloon angioplasty is straightforward when certain general
principles are applied. One fundamental tenet is to maintain guidewire access
across lesions and limit the advancement of diagnostic and therapeutic catheters
to the over-the-wire technique. Adherence to this principle prevents having to
‘‘recross’’ stenotic areas, which can be difficult and time-consuming, particularly
after angioplasty. With this in mind, a guidewire is advanced through the sheath
and across the stenotic lesion. Once guidewire access is obtained, the balloon
angioplasty catheter can be advanced across the lesion as well. Balloon inflation
is performed using a dilute solution of contrast and a syringe with pressure moni-
toring capabilities. Each type of balloon has its own unique burst pressure, which
should not be exceeded during balloon inflation. For simple angioplasty, this
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detail is usually not that critical, as balloon rupture is usually of no consequence
and it may be necessary to exceed burst pressure by 25 to 50% to dilate resistant
lesions. Selection of the appropriately sized balloon is important to successful
angioplasty. This aspect is somewhat dependent upon knowledge surrounding
the anatomical details of the fistula or graft and the size and location of the
stenosis.

Our own experience over the last 5 years has revealed that overdilation,
particularly of venous lesions, is crucial for long-term success. For example, most
prosthetic AV grafts are constructed of 6-mm polytetrafluoroethylene, with a
slight bevel cut in the graft at the venous anastomosis resulting in an anastomostic
opening of 1 to 2 cm. To adequately dilate a stenosis at the venous anastomosis
requires balloon diameters of at least 8 or 9 mm (Figure 8.2). We have found
most consistent success when 9-mm balloons are used on venous lesions in the
periphery and 9- to 12-mm balloons for angioplasty of central venous lesions.
For arterial anatomostic lesions, however, balloons on the order of 5 or 6 mm
are usually adequate to dilate arterial or arterial anastomotic stenoses. Finally,
for intragraft lesions, 7- or 8-mm balloons usually suffice.

At the conclusion of the angioplasty procedure, completion fistulography
should confirm a widely patent access with brisk flow throughout if the interven-
tion was successful. The measurement of pressure gradients across lesions in AV
access grafts provides another method to assess the effectiveness of angioplasty.
Focal gradients should be virtually eliminated with effective angioplasty; how-
ever, an inherent pressure drop across the length of the graft of 75 to 80% of
systemic pressure should be expected (10). Any residual focal pressure gradient
should prompt repeat angioplasty with upsizing of the balloon by 1 mm
(Table 8.1).

The principal debate in the field of dialysis access management revolves
around the most effective method for treating a failing access site: percutaneous
angioplasty versus surgical revision. The superiority of either approach over the
other can be rationalized by reviewing the available literature from different per-
spectives. In reality, the two procedures should be considered complementary
and not exclusionary. The method chosen often depends upon factors specific to
the dialysis practice, such as caseload and local expertise with the available treat-
ment options. Cumulative primary patency following percutaneous angioplasty
of failing AV grafts at 6 months is on the order of 60% (4–9,12). Failures are
largely due to recurrence of the stenosis at the site of angioplasty, which is often
amenable to retreatment. Secondary patency rates for balloon angioplasty of
access-site stenoses on the order of 80% at 12 months have been achieved (13).
The main advantages of simple balloon angioplasty alone of failing access sites
are the preservation of venous positions for future fistulae or grafts and the ability
to prolong access patency with a simple outpatient procedure. These specific
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FIGURE 8.2 A and B. Balloon angioplasty of venous stenosis seen in Figure 8.1
with 9-mm balloon.

benefits are difficult to glean from the available literature and are largely recog-
nized based upon the authors’ experience with over 1500 treatments. These bene-
fits may be negated in the setting of access-site thrombosis or when more compli-
cated interventions, such as endovascular stents, are required to salvage the access
site, as discussed in later sections of this chapter.
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TABLE 8.1 Treatment of Stenosis Without Thrombosis in Dialysis AV Grafts
and Primary AV Fistulae

Stenosis Treatment
1. Stenoses that occur in a dialysis AV graft or primary AV fistula (venous out-

flow or arterial inflow) should be treated with percutaneous transluminal an-
gioplasty or surgical revision if the stenosis is �50% of the lumen diameter
and is associated with the following clinical/physiological abnormalities: (a)
Previous thrombosis in the access, (b) Elevated venous dialysis pressure,
(c) Abnormal urea or other recirculation measurements, (d) Abnormal physi-
cal findings, (e) Unexplained decrease in measurement of dialysis dose,
and (f) Decreasing access flow.

2. Each dialysis center should determine which procedure (angioplasty versus
surgical revision) is best for the patient based on the expertise at that cen-
ter.

3. Stenosis, as well as the clinical parameters used to detect it, should return
to acceptable limits following intervention.

Stenosis Treatment Outcomes
1. Centers should monitor stenosis treatment outcomes on the basis of pa-

tency. Reasonable patency goals (for the center as a whole) for PTA and
surgical revision in the absence of thrombosis are (a) PTA—50% unas-
sisted patencya at 6 months, no more than 30% residual stenosis postproce-
dure, and resolution of physical indicator(s) of stenosis and (b) surgical revi-
sion—50% unassisted patency at 1 year.

2. If angioplasty is required more than two times within 3 months, the patient
should be referred for surgical revision if such an option is available and if
the patient is a good surgical candidate.

3. Stents are useful in selected instances (e.g., limited residual access sites,
surgically inaccessible lesions, contraindication to surgery) when PTA fails.

a Unassisted patency is defined as patency until either thrombosis or access failure occurs
or an intervention to prevent thrombosis is performed.

Source: Modified from Ref. 11, Guideline 19.

TREATMENT OF THROMBOSED ACCESS SITES

Once a dialysis access site has failed and progressed to thrombosis, salvage of
the fistula becomes more difficult. Patients who are medically unstable and in
need of dialysis must undergo placement of a jugular catheter, with its attendant
risks, to accomplish temporary dialysis until permanent access can be reestab-
lished. Percutaneous methods to treat thrombosed fistulae and grafts incorporate
the balloon angioplasty techniques previously discussed. In addition, thrombec-
tomy of the graft or fistula must be achieved, either with mechanical or pharma-
ceutical techniques or combinations of these modalities (pharmacomechanical
approaches) (Table 8.2).
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TABLE 8.2 Treatment of Thrombosis and Associated Stenosis in Dialysis AV
Grafts

Thrombosis of an AV graft should be corrected with surgical thrombectomy or
with pharmacomechanical or mechanical thrombolysis. The choice of technique
to treat thrombosis should be based on the expertise of the center. However, it
is essential that:
1. Treatment be performed rapidly following detection of thrombosis so as to

minimized the need for temporary access. (No more than one and prefera-
bly no femoral vein catheterization should be required.)

2. The access be evaluated by fistulogram for residual stenosis postproce-
dure.

3. Residual stenosis be corrected be angioplasty or surgical correction. Out-
flow venous stenoses are present in �85% of instances of thrombosis; the
need for PTA or surgical revision is expected in most instances.

4. The procedure be performed on an outpatient basis under local anesthesia.
Access revision may require up to a 24-h observation to evaluate swelling
and steal.

5. Monitoring tests used to screen for venous obstruction should return to nor-
mal following intervention.

6. Centers should monitor outcome results on the basis of patency. Minimum
reasonable goals (for the center as a whole) for percutaneous thrombolysis
and surgical revision thrombectomy should be (a) Percutaneous thromboly-
sis with PTA—40% unassisted patency and functionality at 3 months, (b)
Surgical thrombectomy and revision—50% unassisted patency and function-
ality at 6 months and 40% unassisted patency and functionality at 1 year,
(c) For both techniques—immediate patency, defined as patency to the
next dialysis session, of 85%.

Source: Modified from Ref. 11, Guideline 21.

Pharmaceutical Thrombectomy

Infusion Thrombolysis

Dissolution of occluding thrombus in AV access grafts and fistulae using throm-
bolytic agents was first described in the mid-1980s. Streptokinase was the agent
utilized in the early reports from Klimas et al. (14) and Young et al. (15). These
previous reports combined direct infusion of the lytic agent with external massage
of the access site and, not surprisingly, had relatively poor success rates around
50%. As in the scenario of arterial thrombosis, urokinase has now become the
lytic agent of choice for managing dialysis access thrombosis. In comparison to
streptokinase, urokinase has a shorter half-life, lacks antigenicity, and is associ-
ated with significantly fewer systemic hemorrhagic complications. Repeated
treatments can be given with no fear of anaphylaxis. Difficulty arises in compar-
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ing series of thrombosed fistulae treated with thrombolysis because of the various
techniques use to deliver the lytic agent.

Early experience with thrombolysis of AV fistulae relied upon infusion
techniques to deliver the lytic agent. This methodology was the purest form of
pharmaceutical thrombectomy, as no mechanical manipulation of the thrombus
took place. Infusions of urokinase ranging from 60,000 to 500,000 U/h resulted
in successful lysis in up to 93% of cases. However, this often required prolonged
overnight infusions and observation in an intensive care setting. Thus, the infu-
sion technique was associated with considerable cost both for the amount of uro-
kinase required for successful lysis and the associated hospitalization (16,17).
Any perceived benefit of the percutaneous technique was negated by these factors
in studies comparing thrombolysis to surgical thrombectomy.

Pulse-Spray Thrombolysis

The drawbacks of the infusion technique—namely, costs for the lytic agent and
time required for successful lysis—stimulated the evolution of the pulse-spray
method of thrombolysis (18). Various permutations of the pulse-spray technique
account for the most common method of percutaneous thrombectomy of dialysis
grafts practiced today.

The basic premise of the pulse-spray technique is to rapidly deliver a high
concentration of lytic agent throughout the entire length of the clot burden. This
is accomplished using the crossed-catheter technique. Briefly, one catheter is
placed in the arterial limb of the graft and directed toward the venous outflow
while the other is placed in the venous limb of the graft and directed toward the
arterial inflow (Figure 8.3). If balloon angioplasty or mechanical manipulation
is contemplated, appropriately sized sheaths should be placed (arterial 5F, venous
7F). Care must be taken not to forcibly dislodge clot from the arterial limb into
the native arterial tree with either catheter manipulation or contrast ‘‘test’’ injec-
tions into the thrombosed graft. Catheters with multiple side holes, such as the
Mewisson (Meditech Inc., Watertown, MA) or the Cook multiside-hole infusion
catheter (Cook Inc., Bloomington, IN), are used to assure drug delivery through-
out the length of the thrombus. Once flow is reestablished through the fistula,
resolution of residual thrombus is hastened by either massaging the fistula or
performing ‘‘balloon angioplasty’’ of residual areas of thrombus (Figure 8.4).
These mechanical techniques further disrupt adherent clot, exposing more throm-
bus to the lytic agent and thereby facilitating complete lysis. At the conclusion
of the thrombolytic session, residual areas of graft, anastomotic, or venous steno-
sis are subsequently treated with balloon angioplasty, as previously described.

The combination of a lytic agent, pulse-spray delivery techniques, and clot
maceration, either manually or with balloon catheters, results in a pharmacomech-
anical system to effectively declot access fistulae (19). Unlike the simple infusion
technique, pharmacomechanical thrombectomy is rapid and uses much less lytic
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FIGURE 8.3 Crossed-catheter technique for pulse-spray thrombolysis of an oc-
cluded arteriovenous graft.

FIGURE 8.4 Successful pharmacomechanical treatment of a thrombosed arterio-
venous access graft.
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agent. Most patients are successfully treated on an outpatient basis with a proce-
dure time of 30 to 90 min. In contrast to lytic infusion alone, pulse-spray tech-
niques attain more reliable success rates that parallel surgical thrombectomy. Ini-
tial clinical success rates on the order of 80 to 95% have been reported using
the crossed-catheter technique with pulse-spray delivery of urokinase in the series
reported by Brunner et al. (20), Roberts et al. (21), and Cohen et al. (22). More-
over, pharmacomechanical thrombolysis combined with balloon angioplasty of
uncovered stenotic lesions has been shown to be less costly yet equally effective
in prolonging access function as compared with surgical thrombectomy/revision
in the series reported by Sands et al. (23) and Schwartz et al. (24). In a retrospec-
tive review of 71 thrombolysis procedures and 75 surgical thrombectomies, Sands
et al. (23) demonstrated equivalent technical success and 6-month patency in
each group. Total cost for the surgery group exceeded that for the thrombosis
group by a significant amount ($12,740 vs. $6802, p � 0.018). Unfortunately,
meager results have been obtained in native AV fistulas with the pulse-spray
technique. Clinical success ranging from 48 to 59% has been reported in limited
series by Gmelin et al. (13) and Kumpe et al. (25).

The recent withdrawal of urokinase from the United States market by Ab-
bott Laboratories has forced physicians who manage thrombosed access sites to
rely on either mechanical means to declot grafts or the selective use of tissue
plasminogen activator (TPA) or a related compound as a substitute lytic agent.
Too few series using this agent have been reported to adequately assess efficacy
for this application (26).

Percutaneous Mechanical Thrombectomy

A further effort to increase the overall effectiveness of percutaneous interventions
for thrombosed AV grafts resulted in the development of the percutaneous me-
chanical thrombectomy technique for clotted AV grafts (3,27,28). This technique
achieves rapid resolution of occluding thrombus without the expense of thrombo-
lytic agents.

Percutaneous mechanical thrombectomy is accomplished using the crossed-
catheter technique previously described. The procedure begins by placing a bal-
loon catheter through the sheath inserted into the arterial limb of the graft. Both
balloon angioplasty catheters and Fogarty embolectomy catheters can be utilized.
With the catheter in place in the venous limb, the balloon is inflated and the
catheter advanced through the venous limb and into the venous outflow. This
maneuver effectively pushes the occlusive thrombus through the venous outflow
and into the central venous circulation. Once the venous limb is clear of thrombus
and any uncovered stenotic lesions have been treated with balloon angioplasty,
attention is turned to declotting the arterial limb. A balloon catheter is advanced
from the sheath placed into the venous limb retrograde through the arterial anasto-
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mosis. The balloon is inflated and pulled back across the arterial anastomosis,
thereby dislodging the thrombus plug characteristic of this site. As the catheter
is withdrawn across the arterial anastomosis, flow is reestablished in the graft
and any residual loose debris is carried out the venous outflow.

Published experience with percutaneous mechanical thrombectomy is
somewhat limited to date. Trerotola et al. (27), authors of one of the earliest
reports, achieved an initial clinical success in 84% of the 34 clotted grafts treated
in this fashion. Middlebrook et al. (28) compared percutaneous mechanical
thrombectomy to pulse-spray thrombolysis. There was no significant difference
in the initial clinical success (88 vs. 90%), patency at 3 months (30 vs. 40%),
or patency at 12 months (8 vs. 13%) for 33 clotted ePTFE AV grafts treated with
percutaneous mechanical thrombectomy compared with 30 grafts treated with
pulse-spray thrombolysis, respectively. Beathard et al. (3) combined mechanical
thrombectomy with pulse-spray thrombolysis in their series of 103 patients with
clotted AV grafts. An initial clinical success rate of 93% was reported in that
study, in which 55 grafts were pretreated with heparinized saline and 58 were
pretreated with urokinase and heparin prior to mechanical thrombectomy. No
significant difference was demonstrated between the urokinase group and the
heparinized saline group, implying that use of a lytic agent was unnecessary in
accomplishing effective graft declotting. The exact role that percutaneous me-
chanical thrombectomy will play in access graft management remains to be de-
fined. The obvious concern with respect to creating iatrogenic pulmonary emboli
is addressed in the subsequent section.

Recently, a number of new catheters have been introduced that macerate the
clot through either a vortex of fluid or mechanical means and permit evacuation of
the material, thereby avoiding embolization of large volumes of thrombus (29).
None of the available devices addresses the dense plug of thrombus usually seen
at the arterial anastomosis of a thrombosed AV access. If treated exclusively
through percutaneous means, the plug is still addressed with balloon dis-
lodgement and embolization into the venous circulation.

COMPLICATIONS OF PERCUTANEOUS THROMBOLYSIS

As one might expect, the most common complication associated with the use of
lytic agents for fistula declotting is extravasation and hematoma at the access
site. This can occur either around the diagnostic and therapeutic catheterization
position or, more commonly, at needle puncture sites from recent hemodialysis
(21,22). Local bleeding problems were more likely to be seen with prolonged
infusion techniques. However, the rapidity of clot clearing seen with pulse-spray
techniques has minimized the probability of this complication. Simple tamponade
with manual pressure usually suffices to prevent an expanding hematoma from
forming while the procedure is completed. Patients are observed at the conclusion
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of any percutaneous procedures for hemostasis to assure that no significant bleed-
ing occurs at the access site prior to discharge.

Significant bleeding remote from the site of intervention—gastrointestinal,
intracranial, or retroperitoneal—is rare particularly when the pulse-spray method-
ology is applied (15,21). Though not indicated for therapeutic intervention for
fresh grafts that thrombose within the first few weeks, thrombolysis can be safely
performed to define the precipitating lesion and the venous outflow anatomy with-
out significant bleeding complications. Complications related to balloon angio-
plasty of AV access sites are similarly infrequent, with most series reporting less
than a 5% incidence (12,13,30,31). Disruption of either an anastomosis or a native
artery or vein is the most commonly reported complication (Figure 8.5). Anasto-
motic disruption generally requires surgical revision. Disruption of an outflow vein
can often be treated with compression. Once fistula patency is reestablished, extrav-
asation from the vein disruption ceases without requiring further intervention.

With the evolution of percutaneous mechanical thrombectomy techniques,
embolization into both the arterial and central venous/pulmonary circulations has
become a primary concern. Embolization into the arterial runoff distal to an AV
fistula occurs in less than 3% of treatments and is usually detected at the time
of completion fistulography. These emboli are usually amenable to treatment with
direct intraarterial infusion of a thrombolytic agent (19). Long-term ischemic
complications related to repeated percutaneous treatment of thrombosed AV ac-
cess sites are unusual.

FIGURE 8.5 False aneurysm of a venous anastomosis resulting from balloon an-
gioplasty of a stenosis.
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Significant concern has been expressed over the creation of iatrogenic pul-
monary emboli with percutaneous mechanical thrombectomy techniques (32,33).
The creation of a pulmonary embolus is prerequisite for successful percutaneous
graft thrombectomy. The clinical significance of these iatrogenic emboli is poorly
understood. The incidence of clinically apparent pulmonary embolism in the
available literature is low. In the series by Middlebrook et al. (28) comparing
mechanical thrombectomy to pulse-spray thrombolysis, no clinically apparent
episodes of pulmonary embolization occurred. They argued that the actual vol-
ume of clot occupying an AV graft is low (8 to 11 mL) and would not be expected
to cause significant cardiopulmonary compromise. The only other published ex-
perience with pure percutaneous mechanical thrombectomy, by Trerotola et al.
(27), failed to identify clinical pulmonary emboli in any of the 34 patients treated.
However, both studies relied only upon clinical factors to identify patients with
pulmonary embolism.

Our own experience with 43 clotted AV access grafts provides some further
insight into this problem (33). Despite clinical success of restoring access patency
in 95% of 43 patients, 2 patients succumbed to pulmonary embolization. Post-
treatment perfusion lung scans were obtained in 22 patients and demonstrated
findings consistent with pulmonary embolism in 59%. Our technique was not
purely mechanical, but combined pulse-spray thrombolysis with balloon throm-
bectomy. Clearly, percutaneous mechanical thrombectomy is contraindicated in
patients with severe underlying cardiopulmonary disease. Along with the
selection/exclusion criteria for this treatment modality, the impact of repeated
pulmonary embolization in these patients, who often require multiple treatments
over their dialysis lifetime, remains ill defined.

ENDOVASCULAR STENTS IN DIALYSIS ACCESS SALVAGE

The first description of an endovascular stent that could be inserted from a site
remote from its final location appeared in 1969 by Dotter (34). Stents are designed
to function as an endoskeleton and provide supportive expansion to diseased
vessels. The wide success realized by the Palmaz stent (Johnson & Johnson) in
the iliac arteries, either following or in combination with balloon angioplasty,
has equaled the results of surgical intervention in this vascular bed (35). The use
of stents in treating AV access pathology has not achieved a similar level of
success.

One of the earliest reports describing the placement of commercially avail-
able endovascular stents in dialysis access patients was that of Gross et al. (36).
They placed stainless steel Gianturco stents in 13 dialysis patients, 8 with central
vein stenosis and 5 with peripheral vein stenosis. Of 13 procedures, 11 were
initially successful and remained patent for a mean of 8 months. By far the largest
experience with endovascular stents in dialysis patients involves the use of the
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Wallstent (Schneider, Minneapolis, MN) (37–40). The experience of Hood and
associates is representative of the prevailing prejudice. They placed 19 Wallstents
and 1 Palmaz stent in 14 access sites: 9 peripheral venous outflow, 7 venous
anastomosis, 3 central venous outflow, and 1 intragraft. Mean patency of the
stented segments was on the order of 6 months. Central venous sites (7.3 months)
did better than either peripheral venous (5 months) or venous anastomoses (1.8
months). Restenosis occurred in 25% of the peripheral venous or venous anasto-
mosis stents and in none of the subclavian vein stents during the follow-up period.

Our own experience with endovascular stents for fistula salvage parallels
that in the literature. We have used Wallstents to treat refractory stenoses in 18
patients (unpublished data). The majority of these stents were placed at the ve-
nous anastomosis bridging the axillobrachial venous segment in 15 patients with
upper arm AV grafts (Figure 8.6). Follow-up was available for 9 of 15 patients,
with a mean patency of 5 months. An additional 3 patients with forearm loop
grafts had stents placed in either the basilic vein outflow (1), the cephalic vein
outflow (1), or at the venous anastomosis with the antecubital-cephalic vein (1).
Mean stent patency in this small subgroup was 3.75 months. One patient with
an upper arm graft in place underwent multiple angioplasties and stent placements
resulting in the complete lining of the graft with Wallstents (Figure 8.7). This
patient continued to receive dialysis through the stented portion of the access for
12 months.

The poor overall results obtained with endovascular stenting of dialysis
access stenoses are not surprising when one considers the pathology. Venous
anastomotic and outflow stenoses resulting from a patent AV fistula or graft com-
prise the most resilient forms of neointimal hyperplasia (41). This somewhat
accounts for the theoretical benefit of stent placement to provide an endoskeletal
support against the elastic recoil of the stenotic lesion. However, in the small-
diameter peripheral veins and at sites of anastomosis, recurrent stenosis within
the stented segment has evolved as the limiting factor. Retreatment with balloon
angioplasty provides a means to maintain patency of these peripheral segments,
though cumulative assisted rates vary between 20 and 70% (39,42). Because of
the larger size of the central veins, more tolerance exists to the development of
hyperplasia before a hemodynamically significant stenosis results. This may ex-
plain the improved results of endovascular stenting of central lesions compared
with peripheral lesions (39,40). Furthermore, options for treating central lesions
are limited, with significant morbidity associated with surgical approaches.
Rather than abandoning the extremity as an access site, stenting of central venous
stenoses may prolong the useful life of the access.

The available endovascular stents are not without their own inherent design
characteristics, which favors one over the other in the specific application of
dialysis access stenoses. The Palmaz stent requires a balloon to expand and de-
ploy it within the vessel. It has no inherent recoil; therefore it is susceptible to
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FIGURE 8.6 A to C. Wallstent placement in the axillary vein to treat venous anasto-
motic stenosis.
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FIGURE 8.7 Upper arm graft with near completely lining of Wallstents. This patient
continued to have dialysis for 12 months through this access site.

crushing when exposed to extrinsic compression and may migrate without intrin-
sic vessel pathology to fixate against (43,44). Its rigidity also makes it unsuit-
able for locations that require flexibility. These specific attributes, which are
paramount in dealing with venous stenoses, are addressed nicely by the self-
expanding Wallstent and argue for its preeminent role in vascular access appli-
cations today. However, the Wallstent has less hoop strength and, in stenotic le-
sions that demonstrate a large amount of elastic recoil, the stent’s lumen may be
compromised.

Precise indications for the placement of an endovascular stent within the
vasculature of an AV access graft are not yet available. No study to date has
compared primary stenting with balloon angioplasty in the treatment of venous
outflow lesions. In the periphery, where surgical revision is associated with little
morbidity other than consumption of venous ‘‘real estate,’’ poor results with

TABLE 8.3 Treatment of Central Vein Stenosis

1. Percutaneous intervention with transluminal angioplasty is the preferred
treatment for central vein stenosis.

2. Stent placement combined with angioplasty is indicated in elastic central
vein stenosis or if a stenosis recurs within a 3-month period.

Source: Modified from Ref. 11, Guideline 20.
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stenting do not justify the present cost of nearly $1000 per device. This is in
contrast to the circumstance of central venous stenosis, where more favorable
results with angioplasty and stenting justify the added expense in light of the
limitations of the available options to otherwise manage these lesions (Table 8.3).

REFERENCES

1. Windus DW. Permanent vascular access: A nephrologist’s view. Am J Kidney Dis
21:457–471, 1993.

2. Brescia MJ, Cimino JE, Appel K, Hurwish BJ. Chronic hemodialysis using veni-
puncture and a surgically created arteriovenous fistula. N Engl J Med 275:1089–
1092, 1966.

3. Beathard GA. Mechanical versus pharmacomechanical thrombolysis for the treat-
ment of thrombosed dialysis access grafts. Kidney Int 45:1401–1406, 1994.

4. Beathard GA. Percutaneous transvenous angioplasty in the treatment of vascular
access stenosis. Kidney Int 42:1390–1397, 1992.

5. Brooks JL, Sigley RD, May KJ Jr, Mack RM. Transluminal angioplasty versus surgi-
cal repair for stenosis of hemodialysis grafts: A randomized study. Am J Surg 153:
530–531, 1987.

6. Dapunt O, Feurstein M, Rendl KH, Prenner K. Transluminal angioplasty versus con-
ventional operation in the treatment of hemodialysis fistula stenosis: Results from
a 5-year study. Br J Surg 74:1004–1005, 1987.

7. Kanterman RY, Vesely TM, Pilgram TK, et al. Dialysis access grafts: Anatomic
location of venous stenosis and results of angioplasty. Radiology 195:135–139,
1995.

8. Schwab SJ, Raymond JR, Saeed M, et al. Prevention of hemodialysis fistula throm-
bosis. Early detection of venous stenosis. Kidney Int 36:707–711, 1989.

9. Sands JJ, Young S, Miranda CL. The effect of Doppler flow screening studies and
elective revision on dialysis access failure. ASAIOJ 38:M524–M527, 1992.

10. Sullivan KL, Besarab A, Bonn J, et al. Hemodynamics of failing dialysis grafts.
Radiology 186:867–872, 1993.

11. NKF-DOQI. Clinical Practice Guidelines for Vascular Access. New York: National
Kidney Foundation; 1997.

12. Saeed M, Newman GE, McCann RL, et al. Stenoses in dialysis fistulas: Treatment
with percutaneous angioplasty. Radiology 164:693–697, 1987.

13. Gmelin E, Winterhoff R, Rinast E. Insufficient hemodialysis access fistulas: Late
results of treatment with percutaneous balloon angioplasty. Radiology 171:657,
1989.

14. Klimas VA, Denny KM, Paganini EP, et al. Low dose streptokinase therapy for
thrombosed arteriovenous fistulas. Trans Am Soc Artif Intern Organs 30:511, 1984.

15. Young AT, Hunter DW, Castaneda-Zuniga WR, et al. Thrombosed synthetic hemo-
dialysis access fistulas: Failure of fibrolytic therapy. Radiology 154:639–642, 1985.

16. Schuman E, Quinn S, Standage B, Gross G. Thrombolysis versus thrombectomy for
occluded hemodialysis grafts. Am J Surg 167:473–476, 1994.



Nonsurgical Salvage of Failed Access 165

17. Summers S, Drazan K, Gomes A, Freischlag J. Urokinase therapy for thrombosed
hemodialysis access grafts. Surg Gynecol Obstet 176:534–538, 1993.

18. Bookstein JJ, Saldinger E. Accelerated thrombolysis: In vitro evaluation of agents
and methods of administration. Invest Radiol 20:7331, 1985.

19. Valji K, Bookstein JJ, Roberts AC, Davis GB. Pharmacomechanical thrombolysis
and angioplasty in the management of clotted hemodialysis grafts: Early and late
clinical results. Radiology 178:243–247, 1991.

20. Brunner MC, Matalon TA, Patel SK, Ultrarapid urokinase in hemodialysis access
occlusion. J Vasc Intervent Radiol 2:503–506, 1991.

21. Roberts AC, Valji K, Bookstein JJ, Hye RJ. Pulse-spray pharmacomechanical throm-
bolysis for treatment of thrombosed dialysis access grafts. Am J Surg 166:221–225,
1993.

22. Cohen MAH et al. Improved treatment of thrombosed hemodialysis access sites with
thrombolysis and angioplasty. Kidney Int 46:1375, 1994.

23. Sands JJ, Patel S, Plaviak DJ, Miranda CL. Pharmacomechanical thrombolysis with
urokinase for treatment of thrombosed hemodialysis access grafts: A comparison
with surgical thrombectomy. ASAIO J 40:M886–M888, 1994.

24. Schwartz CI, McBrayer CV, Sloan JH. Thrombosed dialysis grafts: Comparison of
treatment with transluminal angioplasty and surgical revision. Radiology 194:337–
341, 1995.

25. Kumpe DA, Durham JD, Mann DJ. Thrombolysis and percutaneous transluminal
angioplasty. In Wilson SE, ed. Vascular Access. Principles and Practice, 3rd ed. St.
Louis: Mosby–Year Book, 1996:239–261.

26. Andriani M, Drago G, Bernardi AM, et al. Recombinant tissue plasminogen activator
(rt-PA) as first-line therapy for declotting of haemodialysis access. Nephrol Dial
Transplant 1995; 10:1714–1719.

27. Trerotola SO, Lund GB, Scheel PJ Jr, et al. Thrombosed dialysis access grafts: Per-
cutaneous mechanical declotting without urokinase. Radiology 191:721–726, 1994.

28. Middlebrook MR, Amygdalos MA, Soulen MC, et al. Thrombosed hemodialysis
grafts: Percutaneous mechanical balloon declotting versus thrombolysis. Radiology
196:73–77, 1995.

29. Lazzaro CR, Trerotola SO, Shah H, et al. Modified use of the Arrow-Trerotola percu-
taneous thrombolytic device for the treatment of thrombosed hemodialysis access
grafts. J Vasc Intervent Radiol 10:1025–1031, 1999.

30. Glanz S, Gordon DH, Butt KMH, et al. The role of percutaneous angioplasty in the
management of chronic hemodialysis fistulas. Ann Surg 206:777–781, 1987.

31. Hunter DW, So SK, Castaneda-Zuniga WR, et al. Failing or thrombosed Brescia-
Cimino arteriovenous dialysis fistulas: Angiographic evaluation and percutaneous
transluminal angioplasty. Radiology 149:105–109, 1983.

32. Dolmatch BL, Gray RJ, Horton KM. Will iatrogenic pulmonary embolization be
our pulmonary embarrassment? Radiology 191:615–617, 1994.

33. Swan TL, Smyth SH, Ruffenach SJ, et al. Pulmonary embolism following hemodial-
ysis access thrombolysis/thrombectomy. J Vasc Intervent Rad 6:683–686, 1995.

34. Dotter CT. Transluminally placed coilspring endarterial tube grafts. Long-term pa-
tency in canine popliteal artery. Invest Radiol 4:329–332, 1969.

35. Palmaz JC, Laborde JC, Rivera FJ, et al. Stenting of the iliac arteries with the Palmaz



166 Roach et al.

stent: Experience from a multicenter trial. Cardiovasc Intervent Radiol 15:291–297,
1992.

36. Gross GF, Quinn SF, Standage BA, et al. Endovascular stents in hemodialysis pa-
tients. In Sommer BG, Henry ML, eds. Vascular Access for Hemodialysis-II. Chi-
cago: Gore; 1991:209–211.

37. Hood DB, Yellin AE, Richman MF, et al. Hemodialysis graft salvage with endolumi-
nal stents. Am Surg 60:733–737, 1994.

38. Gray RJ, Horton KM, Dolmatch BL, et al. Use of Wallstents foe hemodialysis
access-related venous stenoses and occlusions untreatable with balloon angioplasty.
Radiology 195:479–484, 1995.

39. Quinn SF, Schuman ES, Hall L, et al. Venous stenoses in patients who undergo
hemodialysis: Treatment with self-expandable endovascular stents. Radiology 183:
499–504, 1992.

40. Vorwerk D, Guenther RW, Mann H, et al. Venous stenosis and occlusion in hemodi-
alysis shunts: Follow-up results of stent placement in 65 patients. Radiology 195:
140–146, 1995.

41. Swedberg SH, Brown BG, Sigley RT, et al. Intimal fibromuscular hyperplasia at
the venous anastomosis of PTFE grafts in hemodialysis patients. Circulation 80:
1726–1736, 1989.

42. Beathard GA. Gianturco self-expanding stent in the treatment of stenosis in dialysis
access grafts. Kidney Int 43:872–877, 1993.

43. Gray RJ, Dolmatch BL, Horton KM, et al. Migration of Palmaz stents following
deployment for venous stenoses related to hemodialysis access. J Vasc Intervent
Radiol 5:117–120, 1994.

44. Bjarnason H, Hunter DW, Crain MR, et al. Collapse of a Palmaz stent in the subcla-
vian vein. Am J Roentgenol 160:1123–1124, 1993.



9
Current Concepts in Dialysis Access Failure

Stuart K. Williams
The University of Arizona, Tucson, Arizona

Bruce E. Jarrell
The University of Maryland, Baltimore, Maryland

The creation of acceptable vascular access conduits does not always result
in permanent access availability because of numerous complications. Difficulties
in maintaining vascular access are often called the Achilles’ heel of dialysis. A
full understanding of the etiology of access failure requires an evaluation of nu-
merous factors, including patient demographics, fistula type, and patient compli-
ance with fistula care. The cost of failed access grafts is staggering, both in regard
to patient morbidity (dialysis access complications are generally believed to be
the cause of at least 25% of the hospitalizations of dialysis patients) and cost
(1,2). The annual cost of revising failed or failing vascular access in the United
States is in excess of $500 million (3). Before discussing the mechanisms under-
lying the failure of vascular access grafts an evaluation of the extent of failure
through review of patency rates is enlightening.

PATENCY RATES IN DIALYSIS ACCESS

A large number of studies from numerous institutions around the world have
now been published that provide information on the observed patency of both
AV fistulas and AV grafts (4–27). This information must be evaluated cautiously,
since significant differences in studies are inherent, including the definition of

167



168 Williams and Jarrell

patency, patient demographics, anatomic site, and type of access, to name a few.
The optimal analysis of access failure would be an evaluation of the intervention-
free period with correction for life expectancy of the patient population (28).
Unfortunately, few reports provide adequate information to complete a totally
unambiguous analysis of access patency. Not all investigators reporting primary
and secondary patency rates conform to the same standards of definition of a
failed dialysis fistula or graft. For this reason the expected primary and secondary
patency rates for fistulae and grafts can only be estimated within a range estab-
lished by complete review of the literature. Nevertheless, general conclusions
have been drawn regarding the initial and long-term patency that can be expected
from different access methods. Moreover, these patency data have provided
benchmarks for comparison to evaluate quality control in dialysis clinics and
provide criteria for access selection based upon comorbidities such as diabetes
and age. The National Kidney Fondation Dialysis Outcomes Quality Initiatives
(DOQI) provide standards for early patency but appropriately do not establish
guidelines for cumulative long-term patency.

Early Primary Patency (30 Days)

The primary AV fistula, constructed using the cephalic vein, historically provides
the lowest incidence of early failure. One-month patency for Cimino fistulae has
been reported to be between 97 (29) and 87% (30). One-month patency for syn-
thetic grafts is generally in a similar range when reported (8). DOQI standards
have been recommended for 1-month patency of AV grafts, based on placement
site, ranging from 95% for upper arm grafts and 90% for forearm loop grafts to
85% for forearm straight grafts. As discussed above, DOQI guidelines are not
stated for primary AV fistulae.

Based simply on patency considerations, the 1-month results appear equiv-
ocal. However, time to maturation is a major factor distinguishing native AV
fistulae from AV grafts. Native fistulae show a site-specific difference in failure
due to lack of maturation, with the highest incidence of failure to mature in pri-
mary radiocephalic AV fistulae. Nonmaturation rates for radiocephalic AV fistu-
lae have been reported to be as high as 70% (31). In general, it can be estimated
that 20 to 25% of native fistulae will fail due to inability to mature. Porous syn-
thetic grafts, while not requiring a maturation period, do require a period for
tissue ingrowth and stabilization of the graft material before first cannulation.
The choice of synthetic over native fistulae should not be made on the basis of
maturation alone due to the observed superiority of native fistulae with respect
to long-term patency.

Long-Term Primary Patency

Numerous studies have now been completed comparing a variety of synthetic
and native fistulae during long-term follow-up. Specific patency rates to be ex-
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pected for different access types cannot be established due to differences in pa-
tient populations and technical expertise at various dialysis centers. A range of
expected patency can be established based on findings from numerous groups
(4–31). Cumulative primary patency rates for AV fistulae range from 60 to 75%
at 1 year. Cumulative primary patency for ePTFE grafts at 1 year range from 60
to 85%. Two-year primary patency for these different access types are estimated
to be 50 to 65% for native fistulae and 50 to 75% for synthetic grafts. While
these numbers appear somewhat similar, it is critical to realize that native fistula
failure includes the 20 to 25% of constructed fistulae that fail to mature. Correc-
tion for non-maturation provides evidence of the superior long-term patency of
native fistulae.

Secondary Patency Rates

Failure of access devices is commonplace, with 0.5 to 0.8 episodes of access
failure per patient-year on dialysis (32). Repair of the access to restore appropriate
blood flow designates the beginning of a phase of secondary patency. Quite often
investigators suggest that this phase be designated as assisted primary patency;
however, this label is incorrect and misleading. Secondary patency is most accu-
rately defined as beginning at the time a fistula or graft is subjected to intervention
to correct a defect, leading to restoration of maximal blood flow. Secondary pa-
tency rates for repaired AV fistulae range from 60 to 90% at 1 year to 45 to 80%
at 3 years. Secondary patency of ePTFE AV grafts ranges from 65 to 95% at 1
year to 40 to 75% at 3 years. No significant differences in secondary patency
have been established between native fistulae and synthetic grafts.

MECHANISMS OF ACCESS FAILURE

The mechanisms underlying the failure of dialysis accesses are extensive (Table
9.1). This list indicates the multitude of problems that can befall access devices
and that call for some form of intervention. By far the most common mechanism
of access failure is reported as thrombosis; however, the mechanism underlying
this may involve one or more of the mechanisms listed in Table 9.1. Multiple
dialysis center–based trials have been conducted to assess the mechanisms re-
sponsible for the loss of access availability. Again, it is reiterated that failure of
an access site is not equivalent to loss of blood flow, since many access sites
defined as failed continue to exhibit flow but at rates that do not support dialysis.

The list of mechanisms underlying access failure, illustrated in Table 9.1,
can be organized into the three general categories of thrombosis, infection, and
aneurysms. The relative incidence of these complications in native fistulae as
compared with synthetic grafts is presented in Table 9.2. As is evident from this
table and has previously been discussed, primary fistulae are subject to early
failure due to nonmaturation and early thrombosis, while synthetic grafts are
more prone to late failure due to cellular stenosis.
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TABLE 9.1 Mechanisms Associated with the Failure of Vascular Access

Thrombosis Graft erosion
Stenoses Venous hypertension
Infection Hypotension
Intimal hyperplasia/thickening Operative complication
Turbulence Insufficient wound healing response
Increased hematocrit Physical constriction of graft
Fistula compression during sleep or Arterial steal necessitating revision

following dialysis Premature fistula cannulation
Prothrombogenic surface lack of or Poor fistula cannulation technique

dysfunctional endothelium Compliance mismatch
Aneurysm/pseudoaneurysm Extremity edema
Intravascular volume depletion Prolonged puncture bleeding
Coagulopathy Prolonged/inappropriate pressure

to control puncture bleeding

Risk Factors for Access Failure

Numerous risk factors have been evaluated to determine patient populations that
may be predisposed to access failure. The possible risk factors and current results
of clinical trials evaluating these factors and their association with failure are
provided in Table 9.3. A caveat in this analysis is the occurrence of conflicting
data in the analysis of many risk factors. Therefore the predictive values stated
in this table are based on currently available data; the in-depth evaluation of these
risk factors in large clinical trials is still necessary. In spite of these uncertainties,
some relatively noncontroversial conclusions can be drawn. First, it is generally
agreed that diabetic patients with dialysis access are more prone to hospitalization
to reestablish access (33). Second, the nonwhite dialysis population is also at
higher risk for hospitalization to repair dialysis access. Age at time of primary
access placement indicates that patients �40 years old exhibit increased risk for

TABLE 9.2 Relative Incidence of Access
Complications—Comparison Between
Native Vessel Fistulas and Prosthetic Grafts

Failure to mature Fistula � graft
Early thrombosis Fistula � graft
Long-term stenosis Graft � fistula
Infection Graft � fistula
Aneurysm Graft � fistula
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TABLE 9.3 Risk Factors Studied for Effect on Primary
Access Patency—Predictive (PR) or Nonpredictive (NP)

Risk Fistula Graft

Age NP PR (�40 years)
Diabetes NP/PR PR
Race PR
Peripheral vascular disease PR PR
Previously failed ePTFE PR PR
Congestive heart failure NP NP
Erythropoeitin use NP NP
Aspirin use NP NP
Platelet disorders NP NP
Graft blood flow NP �500 mL/min
Age and diabetes PR PR

prosthetic graft failure, suggesting the preferred use of native AV fistulae in
younger patients. Finally, the concomitant risk factors of age (�65 years) and
diabetes appear to be unequivocally associated with increased risk of access fail-
ure in both native fistulae and synthetic grafts (34). The remaining risk factors
included in Table 9.3 but not firmly associated with access failure should still
be considered in assessing possible mechanisms of failure and choice of access
(35–37).

Thrombosis and Stenosis

The relationship between stenosis and thrombosis in identifying failure modes
of vascular access devices is best described with respect to the time following
access creation. Access failure during the first month after creation is almost
universally considered to be technical in nature, blamed either on premature or
incorrect use of the fistula or graft or technical errors in creation of the access.
While technical errors are most often the cause of early access failure, certain
patients are predisposed to early access failure. The etiology of this early failure
remains elusive but is generally considered to be related to either a platelet, leuko-
cyte, or coagulation disorder or a combination of these.

After the first month of maturation, the causes of graft thrombosis shift
significantly toward the occurrence of narrowing of the vessel lumen, defined as
stenosis. Complications due to technical errors during dialysis remain, as well
as patient-related complications such as compression of the fistula or graft during
rest. However, the most significant complication to appear progressively with
time is the occurrence of intimal lesions, both within the fistulae and grafts as
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well as within the arterial and venous segments associated with synthetic grafts.
The terminology for this anatomical stenosis is often confusing, utilizing many
terms including restenosis, intimal hyperplasia, intimal thickening, neointima for-
mation, extracellular hypertrophy, and arterialization. All these terms describe
the same general series of cellular and extracellular events, which occur following
the establishment of an access site. The corresponding native vessels undergo a
response to injury, which in a significant number of patients results in an anatomi-
cal stenosis. The site of this stenosis is different in fistulae and grafts and is
described separately. A common mechanism to describe the process of intimal
thickening and thus providing a pharmacological target has not been universally
accepted.

AV Graft Stenosis

Following implantation of a synthetic AV graft, numerous cellular responses are
initiated at several sites including the (a) arterial anastomosis, (b) graft-tissue
interface, (c) graft-blood interface, (d) venous anastomosis, and (e) vein segment
distal to the anastomosis. The progressive nature of these cellular and extracellu-
lar responses lead to luminal lesions. The relative contribution of these lesions
to the failure of AV grafts is illustrated in Table 9.4. It is generally agreed that
over 80% of thrombosed or flow-impaired synthetic grafts result from luminal
lesions, with a majority of these occurring at the venous anastomosis. When these
lesions are removed during access repair and subsequently evaluated histologi-
cally, most pathologists will return a finding of proliferative intimal hyperplasia.
The abundance of cells described as myofibroblasts in the lesion is also com-
monly noted by most pathology services. Immunocytochemical characterization
of these myofibroblasts using antibodies directed against alpha smooth muscle
cell actin often establishes the presence of numerous cells with varying degrees
of reactivity with these antibodies. Based on multiple laboratory studies evaluat-
ing not only AV graft–derived lesions but also intimal lesions from angioplasty-

TABLE 9.4 Site of Stenosis in ePTFE AV Grafts

Distal
Arterial Venous Venous
Anastomosis Midgraft Anastomosis Graft None
(%) (%) (%) (%) (%)

18 7 62 9 4
1 6 71 16 4
7 0 58 0 35
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injured arteries, venous peripheral grafts, and coronary artery bypass grafts,
smooth muscle cell proliferation and cell metabolism resulting in extracellular
matrix production are considered major mechanisms underlying the development
of all these lesions. Numerous other cells may participate in lesion development,
and studies evaluating the role of inflammatory cells and angiogenesis (new blood
vessel development) are ongoing.

The mechanisms that explain the development of intimal thickening in AV
grafts specifically and injured blood vessels in general are understandably the
focus of numerous laboratory-based studies (38). Therapies directed at restenosis
following blood vessel injury are being assessed for their effect on AV graft
stenosis. Numerous mechanisms are being addressed, including therapies directed
against platelet activation, leukocyte binding and recruitment, coagulation pro-
teins (including thrombin), cellular proliferation, matrix production, and angio-
genesis. A pharmacological intervention remains a future goal and—based on
the level of current efforts—will undoubtedly be achieved. To date, no definitive
pharmacological interventions have proven effective and surgical and/or radio-
logical interventions remain the only tools currently available to restore appro-
priate blood flow in compromised AV grafts.

AV Fistula Failure

The choice of autogenous fistulae as a primary access is comparatively small in
the United States as compared with European surgical centers. For this reason
extensive data evaluating the mechanisms of failure in AV fistulae is developed
predominantly through European centers. The observation that an AV fistula fails
to mature is based upon a lack of venous response to increased blood flow. The
desired response is a gradual expansion of the inner diameter of the vein, often
described as dilatation with concomitant thickening of the vessel wall. This adap-
tive response requires arterial segments with significant vascular tone to provide
the enhanced flow rate necessary to deliver fistula flow �500 mL/min while main-
taining distal tissue perfusion. Lack of distal perfusion is defined as vascular steal
and accounts for a component of AV fistula failures. Venous segments must be of
significant size and exhibit cellular integrity to respond to increased flow. Vein
segments that are too tortuous or are compromised due to inherent pathology will
not dilate. During the early phases of maturation, the venous segment is susceptible
to thrombosis. This is due in part to the tendency to use fistulas too early, in the
maturation process; however, it must also be considered that the intimal endothe-
lium may be exhibiting a prothrombogenic condition due to the presence of ex-
tremely high flow. Unlike the case with AV grafts, the first few weeks following
fistula construction are critical with respect to thrombosis. Once a fistula success-
fully matures, the occurrence of thrombosis is significantly lessened.
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Infection

The infection rate associated with different access types is disparate, with syn-
thetic AV grafts exhibiting a much higher incidence as compared with native
fistulas. In addition to the rarity of infections in AV fistulae, the living nature of
these vessels permits treatment with standard antibiotic regimens. On the other
hand, infections of synthetic grafts are much more problematic and relatively
resistant to antibiotic eradication. Although thrombosis remains the major cause
of AV graft failure, infection has been estimated to account for approximately
20% of such failures (33,39). Often bacteremia in dialysis patients is the result
of primary graft infection, but this cause is frequently overlooked due to the lack
of a visible response at the graft site. Occasionally the occurrence of an abscess
or pustule may be observed in association with the graft. The porous nature of
ePTFE grafts provides an excellent environment for bacterial expansion, with
the ability to cause metastatic infections at numerous other sites. The onset of
septic pulmonary emboli, endocarditis, osteomyelitis, empyema, and meningitis
due to primary graft infection must be evaluated.

The causative bacterium in AV graft infections is most often Staphylococ-
cus aureus, followed in frequency by Staphylococcus epidermidis (40,41). Gram-
negative bacterial infections may also occur. The route of entry for these bacteria
is often difficult to identify. Patient-related factors such as poor hygiene and
intravenous drug use are possible factors. Skin preparation and graft cannulation
are also possible routes of entry. The time from primary graft inoculation with
bacteria and the incidence of symptoms of bacteremia may be quite long, making
a determination of cause impossible. Treatment of AV graft infections must be
aggressive, with intravenous antibiotic therapy. Often segmental or total removal
of the involved graft must be performed. Since infected grafts are predisposed
to thrombosis and occasionally exhibit a catastrophic blowout at the anastomotic
site, the removal of infected grafts and placement of a new access device at a
remote site is not uncommon and often advisable.

Aneurysms and Pseudoaneurysms

Two terms are used to describe the pathological dilatation of access vessels. An-
eurysms occasionally occur in fistulae due to vessel wall degeneration. The for-
mation of true aneurysms in synthetic AV grafts is now relatively uncommon
owing to the rigid walls of these grafts. AV grafts constructed using bovine het-
erografts may exhibit aneurysm formation requiring excision. The formation of
pseudoaneurysms is not common, but when these occur, they are most often
observed in association with needle puncture sites. Again, bovine heterografts are
susceptible to pseudoaneurysm formation at sites of frequent puncture. Expanded
PTFE grafts will infrequently develop pseudoaneurysms at puncture sites when
dialysis personnel use the same site chronically. A distinction can be made be-
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tween a pseudoaneurysm, defined as the presence of a pulsating noncoagulated
blood-filled space external to a graft, and an external graft hematoma, which is
undergoing tissue integration. A pseudoaneurysm will exhibit extravasation of
angiographic medium into the extravascular tissue surrounding the graft. The
graft itself maintains material integrity and the luminal diameter does not increase
at the site of blood loss and coordinate hematoma formation. Of concern, a pseu-
doaneurysm may continue to progress with increased expansion of the lesion.
Figure 9.1 illustrates an AV graft which, presumably due to multiple needle punc-
tures, has formed a stable hematoma. In contrast to a pseudoaneurysm, where a
continuum of noncoagulated blood occurs between the intravascular and extra-
vascular compartments, this lesion exhibits a stable hematoma undergoing tissue
incorporation. Over an extended period of time and without additional trauma
to this area of the graft, this lesion is likely to resolve. Treatment of ePTFE
pseudoaneurysms involves suture repair of small defects or interposition of a
small segment of new graft when the involved area is more extensive.

While stenosis and infection account for the majority of access failures,
Table 9.1 lists numerous other possible mechanisms leading to failure. The key
to the maintenance of vascular access is a complete understanding of graft failure
modalities and constant surveillance of graft function. Optimal surgical creation
of an access site followed by a team approach to access maintenance will avoid
many complications. The biological response to access creation is often not pre-
ventable, but accurate diagnosis of access deterioration will yield timely interven-

FIGURE 9.1 An AV graft that has formed a stable hematoma.
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tion, resulting in prolonged assisted primary patency as well as prolonged second-
ary patency.
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Catheters placed within the central venous system provide both short- and
long-term access solutions for patients who require hemodialysis. The central
venous approach for dialysis access has been available since the original descrip-
tion of femoral cannulation was provided by Shaldon et al. (1) in 1961. Their
technique required placement of both arterial and venous cannulae to accomplish
effective dialysis. It was not until Uldall (2) introduced a dual-lumen catheter
for subclavian vein cannulation in 1980 that the modern era of percutaneous
venous access for dialysis began. Further evolution in both catheter design and
placement techniques has resulted in the more frequent and broader application
of central venous catheters to maintain patients on hemodialysis.

179



180 Gentile and Berman

CATHETER DESIGN

Materials

There are a number of catheter manufacturers in the marketplace, which is under-
standably competitive, given that there are nearly 300,000 patients maintained
on dialysis in the United States. Temporary catheters are usually constructed of
polyurethane, which maintains a rigid structure at room temperature for ease of
insertion but becomes flexible when exposed to body temperature, thereby reduc-
ing the chance for vessel perforation (3). Polyurethane also offers the advantages
of having relatively low thrombogenicity and structural stability when exposed
to infusates. Long-term catheters, in contrast, are usually constructed of silicone
elastomer (Silastic) (4). This polymer is softer, more flexible, and less thrombo-
genic than the other available polymers, making it well suited for prolonged
placement. However, these structural differences make insertion of Silastic cathe-
ters more difficult, requiring the use of a peel-away sheath to manipulate the
catheter into position (5).

Duration of Use

The distinction between a temporary and a long-term catheter is based upon its
intended duration of use. Temporary catheters have no inherent barrier to infec-
tion as part of their design. As such, these catheters are intended for use up to
2 weeks before either exchange or replacement is necessary. This factor justifies
the use of a stiffer, usually smaller-diameter catheter that permits easy bedside
placement. The addition of a silver-impregnated collagen cuff to the catheter
shaft near the skin exit site may prolong the useful life of a temporary catheter
up to 6 weeks by virtue of its protection against infection (6). Long-term cathe-
ters are designed to be tunneled under the skin and typically include an external
polyester felt cuff within the catheter shaft. As a result of incorporation of the
cuff within the subcutaneous tissue, a barrier to infection is created, permitting
these catheters to be used indefinitely. Long-term catheters are usually larger in
diameter than temporary catheters. Because of this larger size combined with the
need to tunnel the catheter and use a peel-away sheath introducer for placement,
these catheters are usually inserted with the use of flouroscopic imaging. The
exceptions to this design are the recently introduced completely implantable he-
modialysis valves, which are discussed in a separate section below.

Lumen Configuration

Both temporary and long-term dialysis catheters are constructed with a dual-
lumen configuration. In general, the lumens are designated as arterial and venous,
based upon their function during the dialysis procedure. Blood withdrawal is
usually accomplished through the proximal lumen designated as arterial, whereas
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venous return occurs through the more distal lumen. Three types of basic catheter
design comprise the dual-lumen format: side by side, coaxial, and, more recently,
individual lumen dual catheters.

The side-by-side configuration is used in most of the long-term catheters
available. Subtle differences exist between the most popular catheters on the mar-
ket. The PermCath (Quinton Instrument Co., Bothall, WA) has both of its lumens
arranged side-by-side within an oval-shaped catheter (Figure 10.1). This offers
the advantage of resistance to kinking when the catheter is placed in positions
requiring acute angulation. That makes this catheter appealing for placement in
the jugular system and allows the catheter to exit on the chest wall in an indiscrim-
inate location. The disadvantage of this design is the requirement for a large peel-
away sheath introducer (18F) with an oval lumen that is available only from
Quinton. Standard and readily available round introducer sheaths will not work
with this catheter; however, Quinton markets separately packaged introducer
sheaths that the authors highly recommend be stocked and available if this cathe-

FIGURE 10.1 Quinton Permcath with side-by-side lumens, oval catheters, no
kinking.
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ter is chosen for use. Despite its large size, percutaneous placement is possible,
and this is the authors’ preferred route of placement of this catheter system.

The Hickman hemodialysis catheter (Bard Access Systems) incorporates
the side-by-side dual-lumen design within a round Silastic catheter. Placement
is simplified by the need for only a 14F introducer system. In addition, this cathe-
ter also incorporates a silver-impregnated VitaCuff to enhance protection against
infection while the felt cuff becomes incorporated in the subcutaneous tissue.
This somewhat complicates placement, since the collagen cuff is designed to be
located just under the skin exit site, leaving little room for fine tuning of the
catheter tip location once the catheter is inserted into the superior vena cava.
Additionally, the rounded catheter is more susceptible to kinking when subjected
to acute angulation or external compression. The Vas-Cath Soft-Cell PC catheter
(Bard Access Systems, Salt Lake City, UT) incorporates the round dual-lumen
side-by-side arrangement in a polyurethane catheter with a precurved shape to
resist kinking. The stiffer catheter permits easy placement through a 13F sheath.
The prefabricated curve is designed to be tunneled under the skin and contains a
felt cuff for tissue incorporation. Careful selection of catheter length is necessary
prior to placement, since adjustments for proper tip positioning are limited because
the curved section of the catheter is fixed in relation to the cuff and the tip.

A new type of tunneled silastic catheter configuration has recently become
available for long-term hemodialysis. The Schon, Tesio, and Ash Split Cath are
all dual-lumen catheters comprising two separate Silastic tubes that are inserted
through a single sheath (Figure 10.2) (7,8). The Schon catheter is joined at one
point for a short distance with a triangular junction but has no fabric cuffs attached
to the tubing. By contrast, the Tesio catheter consists of two individual pieces
of tubing free of any connections; however, each tubing has a fabric cuff designed

FIGURE 10.2 Schon, catheters illustrating separate lumens.
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FIGURE 10.3 Quinton Mahurkar catheter side by side.

to be attached to the tubing by the operator and intended to function as a barrier
to infection through tissue ingrowth. Finally, the Ash split cath combines the
concept of dual free-floating lumens and an implantable cuff together with the
ease of insertion of a round-body, flexible Silastic catheter. There are few studies
on the performance of these new catheters. Our own anecdotal experience indi-
cates that higher flow rates are more consistently achieved but that these catheters
have been somewhat more tedious to insert and remove.

Temporary dual-lumen dialysis catheters are available in both side-by-side
and coaxial configurations. The Quinton Mahurkar catheters are constructed with
polyurethane in the side-by-side arrangement (Figure 10.3). They feature models
available with molded curved extensions that provide consistent flow while keep-
ing the access ports from interfering with patient comfort when placed in the
jugular position. The rotating suture wing permits rotation and reversal of the
catheter without the need for resuturing. The Flexicon II PC is similar in design,
with molded curved extensions in a polyurethane catheter and freely rotating

FIGURE 10.4 Vascath Flexicon coaxial catheter.
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suture wing. In contrast to the Mahurkar, the lumens of the Flexicon are config-
ured in a coaxial format (Figure 10.4). Coaxial design may reduce flow distur-
bances caused by catheter angulation, since flow occurs in both lumens through-
out the cross-sectional area of the catheter as opposed to being limited to one
side or the other, as in the side-by-side arrangement (9).

Both temporary and long-term catheters have the lumen openings far
enough away from one another to limit the amount of recirculation. All of the
temporary and long-term catheters described are available as complete insertion
trays or individual catheters in an assortment of catheter lengths. Table 10.1 dis-
plays a comparison of a number of the available catheters and their salient fea-
tures. Although economic factors often determine decisions regarding the choice
of vendor, costs are often quite comparable and negotiable with manufacturers.
The best approach is a multidisciplinary assessment by both the physicians plac-
ing the catheters and the dialysis units using them on a regular basis. Once perfor-
mance and satisfaction are assessed, cost decisions often have less of an impact
on catheter selection.

CATHETER SELECTION

Acute Access

Central venous catheterization can provide vascular access for dialysis in a num-
ber of clinical settings. Our general approach to determining hemodialysis access
routes is summarized in the algorithm which appears in Chapter 3 (see Figure
3.1). Once catheter access is deemed necessary, Table 10.2 provides a summary
of indications for placement of both temporary and long-term catheters, which
may guide device selection. For patients who develop acute renal failure and
need urgent or emergent dialysis, temporary catheters play a central role in ful-
filling this requirement. Box 10.1 displays the DOQI guidelines regarding the
use of noncuffed catheters. Many of these patients will resolve their immediate
need for renal replacement therapy and not need long-term access. Patients with
chronic renal insufficiency who present with an acute deterioration are also candi-
dates for temporary catheter placement. Careful consideration should be given
to whether or not long-term access will be necessary for this category of patient,
as this may impact upon the catheter selection. Temporary catheter placement is
ideal for patients who will subsequently undergo construction of a prosthetic
arteriovenous fistula. Most prosthetic fistulae can be accessed within 2 weeks
thereby eliminating the need for exchange or replacement of the temporary cathe-
ter. If an autogenous fistula is planned for long-term access, the temporary cathe-
ter can be changed to a long-term catheter, which will provide an access route
for ongoing dialysis while the native fistula matures. The extended period of
access provided by the addition of a Vita Cuff to a temporary catheter may also
exclude the need to place a long-term catheter. Temporary catheters are com-
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BOX 10.1 Acute Hemodialysis Vascular Access—Noncuffed Catheters

1. Hemodialysis access of less than 3 weeks’ duration should be obtained
using a noncuffed or cuffed double-lumen percutaneously inserted catheter.

2. These catheters are suitable for immediate use and should not be inserted
before needed.

3. Noncuffed catheters can be inserted at the bedside in the femoral, internal
jugular, or subclavian position.

4. The subclavian insertion site should not be used in a patient who may need
permanent vascular access.

5. Prior to catheter use, chest x-ray is mandatory after subclavian and internal
jugular insertion to confirm the catheter tip position at the caval atrial
junction or the superior vena cava and to exclude complications prior to
starting hemodialysis.

6. Where available, ultrasound should be used to direct insertion of these
catheters into the internal jugular position to minimize insertion-related
complications.

7. Femoral catheters should be at least 19 cm long to minimize recirculation.
Noncuffed femoral catheters should not be left in place longer than 5 days
and should be left in place only in bed-bound patients.

8. Nonfunctional noncuffed catheters can be exchanged over a guidewire or
treated with urokinase as long as the exit site and tunnel are not infected.

9. Exit site, tunnel tract, or systemic infections should prompt the removal of
noncuffed catheters.

Source: Modified from Ref. 10, Guideline 6.

TABLE 10.2 Catheter Selection Based on Indication for Placement

Expected duration
Indication of access Catheter type

Acute renal failure Less than 6 weeks Temporary with Vitacuff
Acute/chronic renal failure Indefinite Long-term
Acute/chronic renal failure Indefinite Temporary with Vitacuff

(not a candidate for autoge-
nous graft)

Chronic renal failure (throm- Less than 2 weeks Temporary
bosed chronic access)

Plasmapheresis More than 6 weeks Long-term
Plasmapheresis Less than 6 weeks Temporary with Vitacuff
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BOX 10.2 Type and Location of Tunneled Cuffed Catheter Placement

1. Tunneled cuffed venous catheters are the method of choice for temporary
access of longer than 3 weeks’ duration (but are acceptable for access of
shorter duration as well). In addition, some patients who have exhausted all
other access options require permanent access via tunneled cuffed
catheters. For patients who have a primary AV fistula maturing but need
immediate hemodialysis, tunneled cuffed catheters are the access of choice.

2. The preferred insertion site for tunneled cuffed venous dialysis catheters is
the right internal jugular vein. Other options include the right external jugular
vein, the left internal and external jugular veins, subclavian veins, femoral
veins, or translumbar access to the inferior vena cava. Subclavian access
should be used only when jugular options are not available. Tunneled cuffed
catheters should not be placed on the same side as a maturing AV access if
possible.

3. Fluoroscopy is mandatory for insertion of all cuffed dialysis catheters. The
catheter tip must be adjusted to the level of the caval atrial junction or
beyond to ensure optimal blood flow.

4. Real-time ultrasound–guided insertion is recommended to reduce insertion-
related complications.

5. There is currently no proven advantage of one cuffed catheter design over
another. Catheter choice should be based on local experience, goals for
use, and cost.

Source: Modified from Ref. 10, Guideline 5.

monly used as an interim mode of access for patients with complications of arte-
riovenous fistulae, such as thrombosis. In those patients in need of dialysis prior
to treatment for a complication, temporary catheters provide expedient access for
dialysis so that surgical or nonsurgical intervention to the fistula can proceed in
a medically stable patient. Temporary catheters also provide a route to dialyze
renal transplant patients who may present with acute renal failure as a complica-
tion of an episode of rejection or toxicity to immunosuppressant agents. Finally,
temporary dialysis catheters are often used as venous access for patients in need
of plasmapheresis (11). Catheter selection concerns are similar to those in the
dialysis population (Table 10.2).

Chronic Access

Long-term dialysis catheters are commonly used in patients who need immediate
access for hemodialysis but are concurrently undergoing construction of a native
arteriovenous fistula for chronic venous access. Native fistulae require a period
of time, usually 6 to 12 weeks, for adequate arterialization and hypertrophy of
the venous outflow to permit safe and effective cannulation for dialysis. Long-
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term catheters function as an effective access bridge to maintain the patient on
dialysis during this maturation period. Since roughly 30 to 50% of native fistulae
fail to mature to the point of usable access, functional long-term catheters allow
for more tolerance on the part of physicians and patients in waiting for autogenous
fistulae to declare their ultimate outcome. Long-term catheters may also be the
route of choice for maintaining hemodialysis access for patients who are fright-
ened of repeated needle sticks, who have exhausted usable sites for peripheral
access, or who have poor overall cardiopulmonary function with an expected
short life expectancy on dialysis (12). Box 10.2 displays the DOQI guidelines
surrounding the use of tunneled cuffed catheters.

CATHETER PLACEMENT

Specific details regarding anatomic sites and techniques for central venous cathe-
ter placement are discussed in Chapter 14. In considering placement of catheters
for dialysis access, certain specific recommendations should be kept in mind.
First and foremost, no patient who will likely need long-term access for hemodial-
ysis and is a candidate for a permanent arteriovenous fistula should have a cathe-
ter placed by a subclavian approach. This point cannot be overstated. The inci-
dence of subclavian stenosis related to previous dialysis catheter placement can
be as high as 50% (13). Damage to and subsequent stenosis of the subclavian
system can compromise the use of the ipsilateral extremity for chronic venous
access. Though successful treatment of subclavian stenosis using percutaneous
transluminal angioplasty with and without intravascular stent placement is well
described in the literature, recurrence and failure of this intervention is significant.
Since the subclavian vein is usually accessed as it passes through the thoracic
outlet comprising the first rib and clavicle, this tight anatomical space is often
the site of stenotic lesions. Despite technical successes with balloon dilation and
stenting, recurrent stenosis and thrombosis limit the utility of this procedure and
highlight the concern over indiscriminate use of this access site for catheter place-
ment. Subclavian access does, however, have acceptable indications. When ac-
cess in a particular extremity has been exhausted yet the ispsilateral subclavian
vein remains patent, use of this vein for temporary or long-term catheterization
would be appropriate. Moreover, if an extremity has been deemed unacceptable
for chronic access due to arterial insufficiency, the subclavian approach would
be suitable for establishing temporary or long-term venous access.

The usefulness of placing temporary and long-term catheters for hemodial-
ysis rests on their ability to provide expedient and effective vascular access. Para-
mount to this end is selecting appropriate catheter lengths and accurate placement
of catheter tips in the vena cava. Dialysis catheter selection definitely does not
abide by the ‘‘one size fits all’’ dictum. Catheter length, which will be pivotal
in determining catheter tip location, is a critical factor in achieving uninterrupted,
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consistent dialysis. It is similarly important to have a full selection of catheter
sizes available before proceeding with central venous cannulation.

Temporary Catheters

For temporary catheters, which are more rigid due to their polyurethane construc-
tion, tip positioning within the superior vena cava (SVC) from the jugular ap-
proach or inferior vena cava from the femoral approach usually provides accept-
able blood flow rates. The catheter must be sized with the patient’s body habitus
in mind. Tall, thin, asthentic builds often require a longer temporary catheter (15
cm) in even the right internal jugular position, which is usually the shortest path-
way to the SVC. Likewise, accessing the SVC from the left jugular approach
requires a longer catheter (19 to 20 cm). Femoral catheters at least 20 cm in length
are necessary to access the inferior vena cava from the groin. Large panniculi of
adipose tissue will also mandate the use of larger-than-expected catheters at all
locations.

Long-Term Catheters

For long-term catheter placement, the most consistent function occurs when the
tip is positioned at the junction of the right atrium and SVC. Catheter lengths
up to 45 cm are necessary to achieve successful tip positioning while still
allowing the catheter exit site to be placed in an unnoticeable area on the chest
wall that can be concealed by clothing (Figure 10.5). This may seem like a minor
point in regard to consistent catheter function; however, it can become a major
consideration in patient satisfaction when deciding upon catheter selection. The
PermCath and Hickman catheters are available in sufficient lengths to meet these
criteria. One must be careful to accurately measure out length and expected tip
location prior to catheter tunneling and placement, as—unlike other long-term
central venous catheters—dialysis catheters cannot be trimmed to modify size.
In general, a 40- or 45-cm catheter length is required when a left internal jugular
approach is selected, while a 35- or 40-cm catheter length is adequate for the
right internal jugular approach. Nuances related to placement of each type of
long-term catheter occur, and specific attention should be paid to the product
information provided with each type of catheter prior to insertion. For example,
placement of a Schon catheter requires the use of a special guidewire with mark-
ings on it to determine the appropriate length of catheter for an individual patient.
The catheters are packaged separately from the guidewire, which is contained in
the insertion tray. Fluoroscopy is used to place the ‘‘j’’ portion of the guidewire
in the proximal right atrium. The appropriate catheter length is thus determined
by the exposed markings on the guidewire at the exit site of vessel cannulation.
This technical detail helps to promote accurate and functional tip placement
through fairly precise selection of the proper catheter length.
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FIGURE 10.5 Illustration of catheter lengths based on position and exit site.

PEDIATRIC HEMODIALYSIS CATHETERS

When central venous access is necessary in the pediatric population for hemodial-
ysis or plasmapheresis, the most common method utilized is the tunneled, cuffed
silastic catheter (14,15). In the past, most central venous access in children was
performed using cutdowns. However, with the availability of the peel-away
sheath and smaller-size catheters as well as the ready accessibility of fluoroscopic
imaging, most access procedures are now done percutaneously using the same
approaches outlined for adults in Chapter 14. Once central venous access has
been determined by the pediatric patient’s care team to be the chosen route for
dialysis, a tunneled, cuffed catheter can be placed using either the internal jugular,
subclavian, or femoral vein percutaneous approaches. If a cutdown is necessary,
alternative sites in children include the facial, external jugular, and cephalic veins.
Pediatric dialysis catheters are available in a range of lengths (12, 18, and 24
cm) and diameters (6 through 11.5F). Care must be taken to make sure that the
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cuff is at least 2 cm from the exit site and that the catheter is tunneled and secured
with the child’s activity in mind.

IMPLANTED HEMODIALYSIS VALVES

Two new devices for hemodialysis access are being utilized in place of tunneled,
cuffed external catheters. Both incorporate Silastic catheters and completely im-
planted titanium valves. The LifeSite system (Vasca Inc., Tewksbury, MA) is
currently approved for use in the United States as a bridge for access while a
fistula is maturing or other permanent access is planned (16). The LifeSite system
comprises individual valves with individual catheters, each implanted through
individual subcutaneous pockets into either the jugular or subclavian veins. The
LifeSite system takes advantage of standard 14-gauge hemodialysis needles. In
the only published experience with the LifeSite system, mean blood flow rates
of 384.7 mL/min were achieved. Unlike the LifeSite system, the Dialock system
(Biolink Corp, Norwell, MA) has both its valves and attached Silastic catheters
incorporated into a single titanium housing (17). In addition to the single housing,
the Dialock’s major difference from the LifeSite system is the need to use a
proprietary needle system to access the valves. As in the LifeSite system, blood
flow with the Dialock system averages 300 mL/min. As of this writing, the Dia-
lock system was not yet approved for use in the United States.

CONCLUSION

Central venous catheters have become an important adjunct in maintaining pa-
tients on hemodialysis. Temporary catheters are usually manufactured of stiffer
polyurethane. By virtue of this design, temporary catheters are usually placed at
the bedside in either the internal jugular or femoral position. Moreover, their
inherent design characteristics limit their safe and recommended use for only
short periods of time (�2 weeks) unless modified with a VitaCuff. By contrast,
long-term catheters are fabricated of softer Silastic, which requires adjunctive
use of peel-away sheath introducers for insertion, usually in an operating room
or angiography suite with fluoroscopic imaging readily available. Long-term
catheters incorporate into their design a portion of catheter that is tunneled subcu-
taneously, and most brands have fabric cuffs attached to the tubing near the desig-
nated exit site, which functions as a physical barrier to infection through tissue
ingrowth. Together with their larger size and Silastic composition, these charac-
teristics make long-term catheters an effective mode for maintaining vascular
access for hemodialysis in appropriately selected patients. Though subtle differ-
ences in design and placement techniques exist between the available brands, no
catheter to date has demonstrated overwhelming superiority in performance as
compared with other brands. Completely implanted subcutaneous valves may
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offer a new alternative for hemodialysis access, not only as a bridge for patients
with maturing fistulase but also as a solution for catheter-dependent patients.
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Accessing AV Accesses and Catheters
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Blood access systems for hemodialysis and their associated devices have
reached a high level of sophistication. Today’s polymer engineered catheters and
grafts offer many options for long-term access to supplement the natural arterio-
venous (AV) fistula. The failure of these systems, however, represents the single
leading cause of hospitalization for end-stage renal disease (ESRD) patients. The
annual costs to Medicare for these procedures was conservatively estimated to
be over $500 million (1). It is imperative that we continue to improve these
systems, the techniques and means to competently install them, and the instruc-
tions and procedures provided for their optimal therapeutic use.

It is likely that most inconsistencies exist within ‘‘the instructions and pro-
cedures provided’’ in the scope of blood access care for ESRD patients. Much
of what we give as instructions is based on incomplete references, anecdotal
reports, our resignation to the reality that these systems do fail, and past successes
with similar cases. For example, our approach to contemporary large-bore dial-
ysis catheters is largely built upon experience gained with central venous moni-
toring and infusion catheters (2). Our solutions, however, frequently ignore the
dissimilarities between the two; infusion catheters are single-lumen, single-

193



194 Mounia and Carter

TABLE 11.1 Infection Control Measures

Staff and patient education should include instruction on infection control
measures for all hemodialysis access sites.

Source: Modified from Ref. 3, Guideline 13.

aperture, low-flow, continuously perfused, small-bore inpatient devices cared
for almost completely by professional medical staff. Surely a multilumen, multi-
apertured, high-flow, intermittently used, large-volume, large-bore devices sub-
ject to the rigors of outpatient wear require a different and specialized approach.
Similarly, interventions devised for use on the classic Brescia-Cimino fistula
guide nearly every procedure and directive towards an AV access. Just how simi-
lar is an AV fistula to its more frequently used replacement, the synthetic graft?
Knowing the similarities and differences of the available access systems and their
devices allows one to provide the most appropriate instructions and procedural
recommendations.

When the ESRD patient presents for a hemodialysis treatment, the assess-
ment of his or her blood access system should be more than a cursory check for
patency. Every visit offers an opportunity to discern tactics for the present and
make plans for the future (Table 11.1).

CATHETERS

Assessment

With catheters, the integrity and appearance of the dressing may be the first indi-
cation of the need to counsel the patient on his or her role to keep the catheter
viable. A poorly applied and cared for dressing may be the first breakdown in
the barrier to infection for temporary catheters and may result in thrombosis or
vessel trauma, as described in subsequent sections. Exit-site infection, insertion
tract pain, and tenderness are best assessed predialysis after the dressing has been
removed. Any sign of catheter infection such as pericatheter drainage, erythema,
or pain should be brought to the attention of the patient’s physician before com-
mencing the treatment. Interested readers are directed to Chapter 16 for a detailed
discussion on the diagnosis and management of catheter infections. Catheter pa-
tency is assessed just prior to treatment initiation and is described below (Table
11.2).

Initiating Dialysis

Soaking of the injection caps/Luer connectors with an effective bactericidal agent
prior to opening the catheter’s female Luer connectors has become standard pro-
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TABLE 11.2 Catheter Care and Accessing the Patient’s Circulation

Catheter care and accessing the patient’s circulation should be clean
procedures.

1. Hemodialysis catheter dressing changes and catheter manipulations that
access the patient’s bloodstream should be performed only by trained
dialysis staff.

2. The catheter exit site should be examine at each hemodialysis treatment for
signs of infection.

3. Catheter exit site dressings should be changed at each hemodialysis
treatment.

4. Use of dry gauze dressings and povidone-iodine ointment at the catheter
exit site is recommended whenever possible.

5. Manipulating a catheter and accessing the patient’s bloodstream should be
performed in a manner that minimizes contamination.

6. During catheter connect and disconnect procedures, nurses and patients
should wear surgical masks or face shields. Nurses should wear gloves
during all connect and disconnect procedures.

Source: Modified from Ref. 3, Guideline 15.

cedure (Table 11.3). The operator should make certain that the bactericidal agent
is left in place long enough to be effective. (Consult the agents’ instructions for
use for the appropriate amount of time.) Most dialysis units do not use a sterile
technique to initiate dialysis with catheters. Sterile supplies (gauze sponges, sy-
ringes, needles, etc.) are delivered onto a clean or sterile field and typically han-

TABLE 11.3 Considerations for Accessing the Bloodstream Using Catheters

• The catheter hubcaps or bloodline connectors should be soaked for 3 to 5
min in povidone-iodine and then allowed to dry prior to separation.

• Catheter lumens should be kept sterile.
• To prevent contamination, the lumen and tip should never remain open to the

air. A cap or syringe should be placed on or within the catheter lumen while
maintaining a clean field under the catheter connectors.

• Patients should wear a surgical masks for all catheter procedures that
remove the catheter caps and access the patient’s bloodstream.

• Dialysis staff should wear gloves and surgical masks or face shields for all
procedures that remove catheter caps and access the patient’s bloodstream.

• A surgical mask for the patient and masks or face shields for the dialysis staff
should be worn for all catheter dressing changes.

Source: Modified from Ref. 3, Table III-8.
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dled with clean gloves. While this practice may have been driven by economics,
it has not been directly correlated to a significant increase in catheter infections
(4). In checking the patency of the lumen(s), use a syringe slightly larger than
the stated priming volume of that lumen. If the lumen does not aspirate easily,
be sure not to pull back on the catheter as you pull back on the plunger of the
syringe. In this case, upon release of the plunger and syringe, the catheter surges
forward. In a cuffed catheter configuration, this would place considerable stress
on the cuff’s ingrowth. The physical barrier to infection may be compromised.
In a temporary catheter configuration, the risk of vessel perforation increases as
well as the risk of damaging the retention sutures. It is important to know the
construction of the catheter to determine any flow problem and specifically to
know the number of holes in each lumen. When a catheter is easily irrigated but
aspirates with difficulty, the thrombus is usually external to the lumen. Poor or
no aspiration and irrigation are usually indicative of an intraluminal thrombus.
If a thrombolytic agent is to be used, its primary effect will be on intraluminal
clots, not external ones.

Air embolism is always a concern in handling internal jugular, femoral,
and subclavian vein catheters. Use of the Trendelenburg position during manipu-
lation of jugular and subclavian catheters is the simplest means available to the
dialysis staff to minimize patient morbidity and mortality associated with an air
embolism. Yet many dialysis units do not routinely use it to initiate (or discon-
tinue) dialysis. We should not allow ourselves to be casual about this risk. Air
embolism is the most serious complication associated with opening dialysis cath-
eters. The Trendelenburg position offers reliable and inexpensive protection from
serious morbidity and mortality, and its use should be mandatory in all treatment
settings.

Engaging hemodialysis catheters is usually quick and painless. The number
of problems that may arise are few compared with their internal AV counterparts;
they include cracked or broken parts, clotted lumen(s), broken sutures, cuff ero-
sion, infection, and air embolism. Except for clotted lumens, these complications
can be minimized during the initiation of treatment. Physicians who place these
catheters must be mindful of the ‘‘wearing position’’ of these devices as they
relate to complications. If an outpatient’s jugular catheter extension lines are
secured at the base of the ear or the hairline, no one should expect the dressing
to serve its intended functions and catheter thrombosis or infection should be
expected. Precurved temporary jugular catheters allow for a functional dressing
while diverting the extensions away from the patient’s face and hair. Attention
to detail in catheter selection and tunneling will be rewarded by prolonged and
infection-free patency.

The caps used on catheters should be constructed of a material different
than the catheters Luer extensions. Like materials tend to bind together and are
much more difficult to remove. Recognizing this factor alone will prevent some
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of the creative repairs to Luer connectors and extension lines necessitated by the
use of clamps to get ‘‘better’’ leverage and remove bound up caps.

Terminating Treatment

After reinfusion, the dialysis catheter requires special care. All lumens must be
flushed vigorously with saline to ensure removal of blood components. The hepa-
rin-lock solution is instilled under pressure. The concentration of the solution is
of little importance if the volume of the solution does not reach the entirety of
the catheter’s hole pattern. Over 90% of the stated volume of a catheter’s lumen
is without holes. If the lumen has more than one hole, a volume of solution
greater than the stated volume must be used because solution will escape from
the more proximal holes during infusion. This point cannot be overstated and
needs to be taken into account in using concentrated heparin (10,000 U/mL) and
urokinase dwells. Coaxial catheters with side holes will leak the dwell solution
into the systemic circulation before the terminal holes are reached. This can result
in a coagulopathic state and significant bleeding complications. Caution should
be exercised in placing dwell solutions into catheters at the end of a procedure
to avoid systemic anticoagulation. Since maintaining catheter patency is a func-
tion of displacing blood from the catheter and not a function of anticoagulating
blood in the catheter, an argument can be made for simple saline flush at the end
of the treatment and avoidance of other dwell formulas (5,6).

How the catheter is prepared for the patient to leave is another important
issue. Dressings are used consistently on temporary central venous catheters and
occasionally on permanent central venous catheters. They perform several impor-
tant functions. They are used to create and maintain a healing environment for
the exit site, provide protection from external sources, enhance patient comfort
and wearability, secure the catheter, and help maintain the patency of the lumens.
The healing environment is assured when the dressing allows aeration of the exit
site. Protection from external sources allows the integrity of the catheter to remain
intact. The catheter is a very important part of the patient’s being but should not
dominate it. The dressing must allow for as ‘‘natural’’ an existence as possible
with regard to freedom of movement and the patient’s wardrobe. Sutures and
cuffs play the largest role in maintaining the position of hemodialysis catheters.
A substantial dressing though, still serves as an important first line of defense.

One of the overlooked benefits of a dressing is its contribution to catheter
patency. Before a catheter lumen clots, blood must enter the lumen. The dressing
can play a major role in preventing blood from entering the lumen. The dialysis
staff understand how opening the clamp on a catheter’s extension line aspirates
blood into the lumen. This same aspiration occurs when the catheter is bent or
bowed through patient movement and allowed to relax below the level of the
extension line clamps. A catheter’s extension lines and any exposed length of
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cannula is easily moved when the patient moves—turning a page of a magazine,
reaching forward, reaching up, hugging a child, getting dressed. Once the blood
has displaced the catheter’s priming or locking solution and no further aspiration
occurs, there is very little chance of residual solution preventing a clot formation
in this static flow environment. Permanent catheters tunneled onto the anterior
chest wall, which are not usually provided a dressing but exhibit frequent clotting
episodes, may benefit from a dressing trial. The dressing needs to prevent the
cannula from being negatively affected by movement. This can be accomplished
by curling the exposed cannula and securing it comfortably on the chest wall.
The extension line clamps should be engaged as close to the catheters hub or
exit site as possible. The extension lines can be turned down 180 degrees to lower
their profile as well as secure them.

Finally, patients should be given specific instructions on how to handle any
catheter-related issues away from the dialysis suite. Loose or displaced dressings
should be replaced by trained staff. Breakage or laceration of an external catheter
extension can be quickly managed by pinching the catheter into a fold and secur-
ing it with a rubber band until professional medical assistance is available. This
simple maneuver not only avoids the potential life-threatening occurrence of an
air embolism but can also treat or prevent significant hemorrhage from the cathe-
ter lumen. The single best piece of information to give patients is a reliable
method to contact the dialysis staff in the event of any problems or questions.

ARTERIOVENOUS FISTULAE AND GRAFTS

AV Fistula Assessment

The creation of an AV fistula is a simple surgical procedure that can have a major
effect on the operated extremity and patient. One of the first things to look for
is the presence of any signs suggestive of a consequence of previous or concurrent
ipsilateral internal jugular or subclavian vein catheter placement. The appearance
of collateral venous circulation around the axilla and/or anterior chest areas is a
certain indicator of central venous obstruction. Within the fistula itself, the pulsa-
tion (thrill) felt throughout will be more intense than usual. Normally, the thrill
diminishes as flow enters the deep and collateral circulation.

The main trunk (primary vein) of a normally functioning AV fistula should
offer several centimeters of relative straightness. If it is not easily seen, a mild
restrictive tourniquet placed high on the proximal portion of the fistula can be
used. Tributaries of the main trunk (runoffs) are easily evaluated for their suitabil-
ity for venous cannulation. The hemodialysis staff should be encouraged to use
the main trunk for ‘‘arterial’’ (outflow) sticks only whenever possible. Reducing
trauma to the main trunk has the greater potential to extend the life of the fistula.
Cannulation outside the main trunk would minimize recirculation as long as the
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draining vein empties into the deep circulation or to a more proximal area of the
fistula.

An autogenous AV fistula is ready to be cannulated (mature) for the first
time when it exhibits the following:

1. Uniform dilation—a result of increased blood flow
2. Wall thickening—a result of increased pressure
3. Crowning—a result of outflow tract resistance and the preceding fac-

tors

These conditions are too frequently left to develop passively. Satisfactory devel-
opment of the fistula is often driven by the hope of superb vessel selection and
good luck. Clinical experience and other authors have shown that the pro-
grammed use of a mild restrictive tourniquet can accelerate the maturation of an
AV fistula (7). If a patient develops ‘‘arterialized’’ veins running distal to the
anastomosis, venous hypertension may result. Ligation of those veins will prevent
and/or correct venous hypertension. If these veins are present without attendant
venous hypertension, they can be used for arterial sticks with the proviso that
they meet the maturity criteria noted above.

Synthetic AV Grafts

Expanded polytetrafluorethylene (ePTFE) grafts have become the most fre-
quently used chronic blood access devices for patients with ESRD (8). There are
several different types available, which have been described in detail in Chapters
5 and 9, yet we have managed to lump them all together for our handling expedi-
ency. It is safe to propose we would use these grafts more effectively if we
understood their characteristics better. This understanding need take place
quickly, as new iterations of urethane composites, carbon coextruded, reinforced,
wrapped, and multilayered grafts begin to compete for our patients.

An assessment of ePTFE grafts begins with knowing some general charac-
teristics of the material. Most ePTFE grafts are noncompliant in the radial direc-
tion and nonelastic in the longitudinal. When the material is cannulated, an open-
ing is left in the material. The material is incredibly inert. It is not biodegradable.
It is naturally antithrombogenic and hydrophobic. When the grafts are expanded
(pulled apart), fibrils (longitudinally oriented threads of material) and nodes
(thicker transverse or radially oriented pieces of material linking the fibrils) are
created. Open spaces within this wall structure result. The average distance be-
tween nodes is measured and reported as the internodal distance (IND). The po-
rosity of ePTFE grafts is referred to as its IND. This differs considerably from
the expression of porosity in polyester grafts; the amount of water that will pass
through the wall of the graft measured in mL/min/cm2 at 120 mmHg. This porous
ePTFE surface serves as the first blood interface on all grafts. The transition of
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this interface and the true level of healing the graft subsequently undergoes di-
rectly affects how it should be engaged. Healing responses have been documented
to affect the success or failure of ePTFE grafts. There are five types of healing
responses that would affect ePTFE grafts. Some grafts undergo all five while
others incur less (9,10). This is where knowledge of graft construction is invalu-
able in making an assessment. This is also where most of the similarities between
ePTFE grafts end.

The level of healing, from a surgical procedure or a needle stick, is one of
the first things evaluated when assessing an ePTFE graft. The risk of infection
due to the constant trauma of needle sticks and the immunocompromised state
of the patient is always great. Pseudoaneurysms result from graft design and
needle-hole management techniques. When an ePTFE placement site is dramati-
cally swollen postoperatively, the causes include tissue weeping, lymph node
damage, bleeding associated with tunneling trauma, and physiological changes.
More often than not, however, the cause is seroma leakage through the graft.
This leakage is usually a result of breaking the hydrophobic barrier of the graft
by changing its surface tension or displacing fibrils via pressure. It is often pre-
ventable. The presence of seroma can prevent a graft from being cannulated
safely because of risk of the infection and hemorrhage involved. Seroma has been
successfully resolved using elevation, fibrin glue, graft ligation and resection,
and plasmapheresis.

The dialysis graft should be seen ‘‘crowning’’ on the implanted extremity.
Its course is more straight than curved. It lies on a fairly consistent plane across
its usable surface area. A crowning graft is more easily cannulated than others.
When these conditions do not exist, the tunneling technique used during place-
ment is the primary cause.

To determine the patency of an ePTFE graft, check the anastomosed vein
by palpation and/or auscultation. Feeling the graft alone is not a reliable indicator
due to the noncompliant property of ePTFE and the wide variety of graft wall
thicknesses/layers. An organized thrombus in a partially occluded graft can con-
duct a transmitted pulse if the anastomosed artery is patent. Determining the
direction of flow is best achieved by compressing the graft near its midpoint to
impede flow. Palpate the graft proximal and distal to the area being compressed.
The side with the strongest pulse is the arterial limb. An anatomical reference
or drawing provided by the surgeon is always appreciated by the dialysis staff
(Table 11.4).

Initiating Dialysis

Initiating treatment with an AV access begins with proper positioning. Whether
the access is in the arm or leg, proper positioning offers benefits to the dialysis
staff. Creating a firm anatomical base for cannulation is the first benefit. The
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TABLE 11.4 Skin Preparation Technique for Permanent AV Accesses

A clean technique for needle cannulation should be used for all cannulation
procedures.

Source: Modified from Ref. 3, Guideline 14.

access is less likely to retreat into the surrounding tissue. Immobilization of the
access is another benefit. Limiting the fistula’s or graft’s ability to move or ‘‘roll’’
makes the cannulation attempt much easier. The better positions to use closely
mimic those used during the surgery to implant the access. A medially placed
upper arm graft is surgically installed with the patients arm extended from the
body at close to a 90 degree angle. In cannulating to initiate dialysis, many pa-
tients’ arms are extended less than 45 degrees. As much as one-third of the usable
surface of the access is obscured by the lateral chest wall. By functionally shorten-
ing the graft, we accelerate and concentrate the trauma to the visible two-thirds.
Our potential to acquire midgraft stenosis, hematoma, and pseudoaneurysm is
increased. Another benefit of proper positioning is providing for the comfort of
the dialysis staff. Cannulation is an invasive and stressful procedure for both
the patient and the staff. It is the staff person, however, that has control of the
‘‘weapon’’—the dialysis needle. None of us would like to undergo a procedure
where the person performing it was in any way uncomfortable. The same applies
for the sticker. There are a variety of positions to use whereby both the patient
and the staff are comfortable. We should strive to find them.

The final benefit of proper positioning is the identification of the usable
surface area of the access. Before any AV access is cannulated, early or late, a
stick-site rotation plan should be established. The natural AV fistula has the abil-
ity to fully repair itself from trauma. This has led some authors to suggest that
rotating or varying stick sites is not necessary. As mentioned earlier, when an
ePTFE graft is stuck, a hole remains. It is occupied by thrombus, fibrous tissue,
and cellular debris. It does not repair itself. All graft manufacturers strongly rec-
ommend rotating stick sites. For consistency on the unit level, all types of AV
access should be used on a rotating-site basis. Stick-site rotation plans allow
100% of the usable surface area on an access to be used in a logical and methodi-
cal fashion. There is a different type of plan for each access configuration, yet
the design principle is the same. All AV accesses have no-stick zones and/or a
midpoint. No-stick zones are areas within a dialysis needle’s length of an obstruc-
tion, anastomosis, or anatomical flexure. The apex or loop portion of AV grafts
is considered a no-stick zone. For straight and curved systems, divide the area
between the no-stick zones in half. Designate one-half for venous sticks and one-
half for arterial sticks. (With a natural AV fistula and sizable peripheral vessels
for venous sticks, the arterial portion can be longer.) For loop-configured ac-
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cesses, use the straight portion of the venous limb for venous and the other side
for arterial sticks. If a loop graft has an external support at its apex, use the areas
1/4 to 1/2 in. away from the external support on each side as your beginning
markers. The first venous stick is placed at the midpoint of a straight or curved
system or at the edge of the no-stick zone on the venous limb near the loop. The
first arterial stick is placed within 1/2 in. of the venous needle in straight and
curved systems and at the edge of the no-stick zone on the arterial limb near the
loop. The next treatments stick sites will be 1/4 to 1/2 in. distal from the previous
sites on both limbs of the access. This progression should continue until an area
is reached within a needle’s length of an anastomotic or anatomical no-stick zone.
If, during the site rotation plan, a stick is blown, the next attempt should be made
at the next healthy site on that limb. If the most distal stick site is blown, the
next attempt should be made at the limb’s starting point. The key to this or any
site-rotation plan is starting it correctly and having all staff members comply.

Cannulation

After a careful assessment of the access, successful and safe cannulation of per-
manent AV fistulae and grafts requires skin preparation to try to limit bacterial
contamination of the site (Table 11.5). There are many experience-based theories
on what is good cannulation technique. Most of these theories unfortunately are
based on short term goals; ‘‘two sticks, good flow; short bleed, good show.’’
Left out of these theories too, are the damage models of the accesses, especially
for ePTFE grafts. Histopathological examinations of explanted grafts create a
very vivid picture of how our interventions fare with these materials. The ‘‘per-

TABLE 11.5 Skin Preparation Technique for Permanent AV Accesses

• Locate and palpate the needle cannulation sites prior to preparation.
• Wash access site using an antibacterial soap or scrub (e.g., 2%

chlorhexidine) and water.
• Cleanse the skin by applying 70% alcohol and/or 10% providone-iodine using

a circular rubbing motion.
• Alcohol has a short bacteriostatic action time and should be applied in a

rubbing motion for 1 min immediately prior to needle cannulation.
• Povidone iodine must be applied for 2 to 3 min for its full bacteriostatic action

to take effect and must be allowed to dry prior to needle cannulation.
• Clean gloves should be worn by the dialysis staff for cannulation. Gloves

should be changed if contaminated at any time during the cannulation
procedure.

• New, clean gloves should be worn by the dialysis staff for each patient.

Source: Modified from Ref. 3, Table III-6.
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fect technique’’ needle mark in ePTFE is a crescent-shaped hole with a small
flap. This mark is oriented in the transverse direction on the graft. The flap does
not cover the hole completely. The noncompliant, nonelastic material is dis-
placed. This mark is achieved through proper bevel orientation and angle of can-
nulation. When sticking a graft, the needle bevel should be up to the graft, not
the sticker. This technique allows the tip of the bevel to enter the graft first. The
graft material is then cut evenly on both sides of the tip, providing the crescent
shape. When the bevel is up to the sticker and the graft is penetrated away from
its apex, the side of the needle cuts through the graft, leaving a small longitudinal
slit or ‘‘smile.’’ This hole is usually larger than its transverse counterpart. Stick-
ing with the bevel down can also leave a crescent-shaped hole and flap, but the
risk of coring (leaving a circular hole with no flap) is much greater. Obviously,
of the three holes, this one would be the more difficult with which to achieve
hemostasis.

Knowing the characteristics of the access is important when selecting the
best angle of cannulation. The mature natural AV fistula is single walled, very
peripheral and fairly well anchored in its anatomical bed by the surrounding tissue
and deep run-offs. A shallow angle of 20 degrees is adequate. Single wall pros-
thetic grafts that are porous are well established in their anatomical bed because
of connective tissue incorporation. This anchoring allows these grafts to be safely
cannulated at a 20-degree angle as well. Low porosity wrapped or layered grafts
delaminate more when stuck at lower angles. Because they are not anchored as
well as single wall systems, higher approach angles are useful to cleanly penetrate
these devices. Other factors that influence the angle of cannulation are internal
diameter of the access, depth of placement, wall thickness of the access, length
of the dialysis needle and the presence of any pseudoaneurysms. The use of a
mild restrictive tourniquet high on the outflow tract can be very useful in cannu-
lating an access because the resultant tenseness it creates make the access easier
to penetrate. Never place a tourniquet on the synthetic graft. Localized flow dis-
turbances may predispose the graft to thrombus attachment and potential occlu-
sion.

The cannulation motion should be smooth with a constant forward pressure
exerted. All accesses yield to the needle before giving way to penetration. If the
forward pressure is relaxed, it is very possible that the needle may create a new
hole as the graft springs back to its precannulation shape. Poking and probing
of the graft must be discouraged. At the earliest objective indication of entering
the bloodstream, the needle should be leveled off (lowered near parallel to the
access). The needle is then inserted fully to its hub. Do not flip the needle during
cannulation! The blind manipulation of a cutting instrument can never be con-
doned. Staff assumes that the graft is perfectly round and unobstructed. In reality,
this is rarely the case in a mature access. So the threat of lateral and posterior wall
laceration and the risk of embolizing luminally attached materials is significant.
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If the arterial needle aspirates poorly, first check to see if the access is
being sucked onto the bevel. If it is, break the attachment by infusing a small
amount of saline or blood. Pull the needle back slightly or carefully rotate it. If
it is not, pull the needle back slowly until the blood flows freely. The direction
of needle placement has one constant: the venous needle is always placed ante-
grade. There have been no reports of increased pseudoaneurysm formation with
retrograde cannulation of ePTFE grafts.

Early Cannulation

The issue of when to cannulate an ePTFE graft is a topic of considerable interest.
While there have been no ePTFE grafts sent to the Food and Drug Administration
claiming early cannulation characteristics, all manufacturers are quick to point
out features that might make theirs the best choice. The true critical feature is
weighing patient need versus the risks of early use. Perigraft hemorrhage, infec-
tion, premature loss of site, thrombosis, pseudoaneurysm, graft laceration, and
hematoma formation are all complications associated with early use of ePTFE
(11,12).

Again, knowledge of graft construction and healing will allow proper plan-
ning to avoid these complications. Of the complications listed, graft laceration
and hematoma formation are directly attributable to cannulation. Graft laceration
results from poor orientation of the needle bevel and the lack of subcutaneous
tissue ingrowth or attachment to the graft wall. Without anatomical anchoring,
the graft can be moved within its tunnel. There is greater resistance due compres-
sion before the point at which the graft yields to needle penetration. Hematoma
formation during cannulation can result from prolonged attempts where the nee-
dle does not fill the hole in the graft quickly or when multiple holes are made.
For this reason, the ‘‘dry stick’’ needle technique is most appropriate. Wet or
‘‘wet stick’’ techniques utilize saline-primed needles, often with syringes
attached and tubing clamps engaged. Placement within the access is determined
subjectively, by feel or observing a ‘‘pop.’’ Aspiration is then attempted before
final needle positioning. If needle placement is not correct, the risk of hematoma
is great. The dry technique uses no priming solution, tubing clamp, or syringe.
When the needle enters the graft a ‘‘flashback’’ or blood return is immediately
seen in the needle tubing. This objective confirmation of needle placement allows
swift and accurate placement. Final positioning of the needle is guided by a pul-
sating column of blood (in the tubing) visible to the operator. Other complications
of early cannulation occur after the treatment is over. The management of needle
holes plays a crucial role in the early (and late) survival of ePTFE grafts. Several
authors have commented on the dangers of applying too much pressure to needle
holes. What then is proper or adequate? Adequate compression is defined as A
pressure applied perpendicular to the needle hole at the vessel entry site that
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controls bleeding both internally and externally, while maintaining pulses of near
equal intensity proximal and distal to the area being compressed.

There are several key tenets to this definition. The perpendicular approach
is necessary to prevent the eversion of the edges of the needle hole into the graft.
The distance between the vessel entry site and the skin exit site can be as great
as 2 cm with a 1-in. (2.54 cm) needle. Therefore, control of the source of bleeding
is more important than control of the blood exit tract. All graft manufacturers
recommend digital pressure be used to achieve needle-hole hemostasis. The abil-
ity to vary the pressure, compensate for patient comfort and movement are per-
ceived advantages. The use of spring-and-strap type clamps have become very
popular. The rigors of patient scheduling have made their use more of an eco-
nomic factor—‘‘a spare set of hands,’’ than a clinical advantage. Still, the appli-
cation of clamps must comply to the same adequate compression definition above.
Moist wound dressings or collagen hemostats should not be used with early can-
nulation grafts. Their primary action is to seal the needle insertion tract by re-
acting to blood in it. Because there is no anatomical attachment to the graft via
tissue ingrowth or attachment, there will be little chance of these devices sealing
the hole in the graft as well. Again, graft construction has much to do with when
the use of these devices is safe. The extent of cellular integration and the time
interval necessary for it to occur should be known by all critical staff.

Terminating Treatment

Terminating treatment with an AV access begins with proper needle removal.
Compression is applied to the insertion site after the needle has been extracted.
If compression is applied over the bevel of the needle and the vessel entry site
during needle removal, a posterior wall laceration may result. If compression is
applied over the skin exit site during needle removal, an anterior wall laceration
may result. Excessive bleeding can result, sometimes requiring surgical interven-
tion. Again, adequate compression is defined as a pressure applied perpendicular
to the needle hole at the vessel entry site that controls bleeding both internally
and externally while maintaining pulses of near equal intensity proximal and
distal to the area being compressed. Once hemostasis is achieved, the needle
holes should be covered in a way that does not compromise the patency of the
graft or comfort of the patient.
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Complications associated with surgically created arteriovenous (AV) ac-
cess fistulae and grafts represent a significant source of morbidity and mortality
in patients maintained on hemodialysis. A recent review of the Medicare End
Stage Renal Disease (ESRD) Program database illustrates the magnitude of this
problem (1). This database represents approximately 200,000 patients comprising
90% of ESRD patients in the United States. In 1986, access-related complications
resulted in 29,741 hospital admissions, accounting for more than 17% of all hos-
pitalizations in this population. From 1984 to 1986, the total number of access-
related hospital days increased from 189,000 to over 208,000. During a 2-year
period, 19% of patients on hemodialysis experienced an access-related complica-
tion requiring hospitalization, with a mean hospital stay of 7 days.

Moreover, the financial burden imposed by these complications is signifi-
cant. In 1991, Medicare financed renal replacement therapy for over 215,000
patients at an annual cost in excess of $6 billion. Patients and third-party payers
contributed an additional $2.4 billion (2). Morbidity managed both in the outpa-
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TABLE 12.1 When to Intervene—Dialysis AV Grafts for Venous Stenosis,
Infection, Graft Degeneration, and Pseudoaneurysm Formation

Appropriate intervention in AV grafts should be initiated upon identification of
any of the following:

A. Hemodynamically significant stenosis (see Guideline 10, ‘‘Monitoring
Dialysis AV Grafts for Stenosis’’).

B. Infection—an infected graft should be treated surgically.
C. Graft degeneration and pseudoaneurysm formation—grafts should be

surgically revised when:
1. Severe degenerative changes of the graft or overlaying skin are

present.
2. Skin above the graft is compromised.
3. There is a risk of graft rupture due to the presence of a large (or

multiple) pseudoaneurysm(s). (See Guideline 27, ‘‘Treatment of
Pseudoaneurysm of Dialysis AV Grafts.’’)

Source: Modified from Ref. 3, Guideline 17.

tient and inpatient settings accounts for approximately 60% of these expenditures,
with a significant proportion related to complications of dialysis access. By con-
servative estimates, over $150 million is spent annually treating dialysis access–
related complications (1).

Access-related complications can be broadly classified as thrombotic, infec-
tious, and hemodynamic. Few of these complications are completely avoidable
over the course of a patient’s dialysis lifetime; however, correct management of
the complications can limit the degree of morbidity incurred. The epidemiology,
pathophysiology, diagnosis, management, and prevention of these problems are

TABLE 12.2 When to Intervene—Primary AV Fistulae

Appropriate intervention in primary AV fistulae should be initiated upon
identification of any of the following:

A. Inadequate flow to support the prescribed dialysis blood flow.
B. Hemodynamically significant venous stenosis.
C. Aneurysm formation—a primary AV fistula should be revised when an

aneurysm develops if:
1. The skin overlying the fistula is compromised.
2. There is a risk of fistula rupture.
3. Available puncture sites are limited.

Source: Modified from Ref. 3, Guideline 18.
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addressed in this chapter. Native AV fistulae will be distinguished from prosthetic
AV grafts throughout the discussion (Tables 12.1 and 12.2) (3).

THROMBOTIC COMPLICATIONS

Chapters 5 and 7 have addressed the management strategies for access thrombosis
in detail; consequently, this section emphasizes prevention. Loss of hemodialysis
access due to thrombotic occlusion is the most common complication encoun-
tered and could conceivably be considered as an inevitable event in any patient
who has an AV access graft. Patency rates for autogenous fistulae and prosthetic
grafts differ significantly. Although autogenous fistulae are at greater risk for
early postoperative occlusion due to inadequate venous outflow and technical
errors made during their construction, their long-term patency rates are superior
to those of prosthetic grafts (Figure 12.1) (4). Zibari et al. (5) demonstrated a
mean patency rate of 2.85 years for native fistulae versus 1.75 years for PTFE
grafts. In the same study, access thrombosis was observed in only 11% of autoge-
nous fistulae versus 64% of synthetic grafts.

Etiology

Thrombosis of prosthetic AV grafts may occur at any time during the life of the
access. Early thrombosis, occurring within 1 month of surgery, is usually caused

FIGURE 12.1 Actuarial survival of available access options (Cimino vs. bovine vs.
ePTFE).
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by either technical errors during creation of the access or inadequacy of the se-
lected inflow artery or outflow vein unappreciated at the time of access construc-
tion. In our own experience, this occurs in less than 5% of prosthetic AV grafts.
Early thrombotic failure of autogenous AV fistulae is more common than that
seen with prosthetic grafts and occurs in 15 to 30% of cases, largely a conse-
quence of poor venous outflow. Late thrombosis of both AV fistulas and grafts,
defined as occurring more than 1 month postoperatively, is most commonly
caused by venous outflow obstruction due to intimal hyperplasia (4). This time
course, however, is subject to individual variation. Fibrotic stenosis within the
access site secondary to repeated needle puncture may also lead to late thrombosis
of either autogenous fistulae or prosthetic grafts.

Most episodes of early access thrombosis relate to errors committed during
the planning and execution of the operative procedure. An awareness of potential
technical errors combined with adherence to established vascular surgical princi-
ples and thoughtful preoperative planning should minimize the incidence of early
graft thrombosis. Technical imperfections can cause stenosis or obstruction of
the arterial or venous anastomosis resulting in early access thrombosis. The use
of surgical loupe magnification may aid in accurate anastomotic construction.
Catching the back wall of the vessel or raising an intimal flap must be avoided.
Use of a single continuous or running suture can result in a purse-string effect,
which narrows the anastomosis if too much tension is applied when the suture
is secured. This pitfall may be avoided by the use of two sutures tied at two
points or, in using a single suture, securing the knot after flow is established with
the anastomosis under full distention. The anastomosis is gently dilated under
arterial or venous pressure prior to tying the suture. Excessively large or numer-
ous bites taken at either the heel of the arterial anastomosis or the toe of the
venous anastomosis may lead to narrowing and subsequent thrombosis of a pros-
thetic graft (Figure 12.2). Following placement of these critical sutures, the anas-
tomotic diameter may be assessed by gently probing with a coronary dilator.

Creation of a twist or kink of the conduit during subcutaneous tunneling
of a prosthetic AV graft will result in early thrombosis. Expanded PTFE grafts
are externally marked with a line that provides a means of orienting the graft to
avoid twisting. Another technique used during AV graft construction that avoids
twisting the graft is to perform the arterial anastomosis prior to tunneling the
graft. With this method, the graft is pulled through the tunnel fully distended
under arterial pressure, which protects the graft from twisting. Kinking in forearm
loop AV grafts commonly occurs at the apex of the loop. This can be avoided
by creating an adequately sized subcutaneous pocket at the apex of the loop,
which allows the graft to assume a gradual curve. Graft redundancy will predis-
pose to kinking and may be eliminated by applying gentle traction on the graft
while it is trimmed to an appropriate length. Early thrombosis of autogenous
fistulae may be caused by kinks or twists in the mobilized segment of vein used
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FIGURE 12.2 Excessively large bites at the toe of the venous anastomosis can
result in severe narrowing of the outflow of an AV graft.

for the fistula. Care must be taken in configuring the fistula to avoid these defects.
Marking the vein, gently distending it with heparinized saline, and/or passing a
coronary dilator through it will confirm a smooth kink-and twist-free position
prior to performing the anastomosis. The authors’ preference for radiocephalic
fistulae at the wrist is to perform a side-to-side anastomosis, which prevents any
twisting of the vein segment. Once flow is established, the distal vein is ligated
and divided, creating an end-to-side anastomosis. Careful visual inspection of
the fistula and interrogation with Doppler will reveal any significant flow defects
caused by position or adventitial bands requiring immediate attention to avoid
early failure.

Poor venous outflow related to cephalic, basilic, axillary, or subclavian
thrombosis, stenosis, or atresia is a common cause of early access failure for
both native AV fistulae and prosthetic AV grafts. Accordingly, selection of an
unobstructed venous outflow tract is essential in constructing dialysis access. The
cephalic and basilic veins often have segmental stenoses or occlusions related to
previous episodes of injury due to venipuncture, thrombosis, or thrombophlebitis.
Preoperative physical examination of the cephalic and basilic veins should be
performed using a tourniquet. This permits identification of segmental venous
obstructions and is an essential part of planning the operation. Use of preoperative
duplex venous mapping or venography in selected patients can aid in the identifi-
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cation of an unobstructed venous outflow tract (6). Once a patent venous outflow
vessel has been identified, its course may be marked with an indelible felt-tipped
pen, facilitating identification during surgery.

Of particular note is the recent demonstration of the high incidence of sub-
clavian vein stenosis following central venous catheterization (7). If unrecog-
nized, subclavian vein obstruction will result in early access thrombosis due to
compromised outflow. Subclavian vein obstruction may often be clinically inap-
parent; however, when patients with a history of subclavian cannulation are eval-
uated with duplex ultrasonography or venography, the prevalence of this compli-
cation approaches 50% (8–10). Patients with a history of subclavian vein
catheterization, documented subclavian vein thrombosis, arm edema, or superfi-
cial venous engorgement should be evaluated with a preoperative duplex exami-
nation or venography to identify subclavian vein obstruction prior to access con-
struction. Since the incidence of central venous thrombosis is significantly less
following internal jugular vein catheterization, this is the preferred site for central
venous access in any patient who may require chronic renal replacement therapy
(11,12). A policy of avoiding subclavian vein catheterization in this population
can help limit this cause of access failure. Occult subclavian vein stenosis may
manifest itself after angioaccess construction and present as ipsilateral arm edema
or elevated venous pressures during dialysis. Correction of the subclavian ob-
struction may be accomplished using a combination of thrombolytic agents, bal-
loon angioplasty, and endoluminal stent placement, although the long-term out-
come of such interventions is unknown at this time (13–15).

Inadequate venous outflow may be recognized and corrected in the op-
erating room. Before performing the venous anastomosis, the outflow vessel
should be carefully probed with coronary dilators. An adequate vein should easily
accept a 4-mm dilator. After the anastomosis is completed, the graft and venous
outflow tract should be palpated and interrogated with Doppler. Doppler examina-
tion of a functional AV graft exhibits pulsatile flow and continuous flow through
diastole together with a palpable thrill over the arterial anastomosis. Absence of
these expected findings demands further investigation to delineate the underlying
pathology. On-table fistulography provides a method to document any distur-
bances in the forearm and upper arm but offers only limited views of the central
venous circulation with standard imaging equipment. A patent fistula with abnor-
mal hemodynamics (i.e., absent thrill, poor Doppler flow) and no problems docu-
mented on intraoperative imaging should be immediately evaluated for outflow
obstruction in the central venous circulation, so that prompt attention can be
directed at the pathology. Otherwise access failure will be assured (Figure 12.3).

Generally, uninterrupted venous patency from the wrist to the antecubital
fossa is requisite for a successful native radiocephalic AV fistula. Venous patency
can be checked preoperatively by ballotting the vein from the wrist to the elbow
with a tourniquet in place above the antecubital fossa. Local patency of the venous
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FIGURE 12.3 Subclavian vein stenosis proximal to a newly created forearm loop
AV graft. This stenosis was subsequently balloon-dilated using the graft for percu-
taneous access.

outflow can be checked by passage of a small-diameter Fogarty balloon catheter
or coronary dilator up the vein at the time of fistula construction. Poor hemody-
namic performance in a newly constructed fistula demands further evaluation
with fistulography and immediate revision to salvage the access site. As in the
case of poorly functioning AV grafts, a full evaluation of the venous outflow
including the central venous system is necessary to complete the workup of a
poorly functioning native fistula.

Intimal hyperplasia resulting in venous outflow obstruction is the most
common cause of late access thrombosis (16). This process most often occurs at
the venous anastomosis but may also be seen more proximally along the venous
outflow tract. Intimal hyperplasia is thought to represent an exaggerated and ulti-
mately detrimental response to injury (17,18). The factors initiating and perpetu-
ating this exaggerated response are unclear at this time. Current theories implicate
a complex interaction between vascular endothelial cells, smooth muscle cells,
leukocytes, and platelets. Furthermore, various growth factors, cytokines, and
coagulation factors have been implicated as mediators of this process (19). To
date, no effective therapy exists to combat intimal hyperplasia; however, numer-
ous approaches to this problem are being explored. Treatments under consider-
ation range from systemic drugs to local mechanical interventions.

Repeated needle puncture resulting in fibrotic stricture is another common
cause of late AV access failure. Overzealous attempts to establish hemostasis
after removing the dialysis needles by prolonged compression of the graft can
result in stasis of flow and thrombosis. Premature use of an ePTFE graft prior
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FIGURE 12.4 Occult left subclavian artery occlusion in a patient with normal, sym-
metrical arterial examination and subsequent failure of an upper arm AV graft.

to adequate healing and tissue incorporation may lead to bleeding from the needle
holes, resulting in a perigraft hematoma. This can extrinsically compress and
occlude the graft.

One way to avoid this complication is to wait 10 to 14 days before using
a new ePTFE graft. However, if early cannulation is necessary, it may safely be
accomplished by using small-guage needles and taking care not to puncture the
back wall of the new graft. The Diastat graft, with its additional external layer
of ePTFE, was designed for early use. Unfortunately, the enthusiasm with which
its arrival was hailed has been subdued by emerging unfavorable complications
with this prosthesis, particularly infection (20). Other potentially avoidable
causes of graft thrombosis include hypotension, dehydration, low cardiac output,
and inadvertent compression during general anesthesia. Insufficient arterial in-
flow is a less common cause of access failure and should largely be excluded by
a careful physical examination prior to access construction. However, a well-
collateralized proximal artery is an important factor to consider and should be
assessed by arteriography in cases of difficult access when obstructive lesions
are not found elsewhere (Figure 12.4).

Diagnosis and Management

Access occlusion is diagnosed by physical examination. Absence of a pulse, audi-
ble bruit, or palpable thrill indicates graft thrombosis. Absence of flow by Doppler
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examination further confirms the diagnosis. A careful history may elicit the cause
of thrombosis. Recent prolonged episodes of bleeding from fistula access sites
suggests venous outflow obstruction as an etiology of access thrombosis. Throm-
bosis within a month of placement of a prosthetic AV graft suggests either techni-
cal errors at the time of construction or selection of an inadequate venous outflow
site. Surgical revision is mandatory to definitively address these problems; how-
ever, thrombolysis and fistulography with attention to the venous outflow prior
to the surgical revision may help to direct the appropriate therapy. It may be
more difficult to identify the etiology of early failure of an autologous fistula.
Early failure of an initially functioning native AV fistula should be treated with
thrombolysis, fistulography, and surgical revision if an anatomic lesion is identi-
fied. The more common scenario encountered comprises the native fistula that
remains patent but fails to develop an arterialized segment suitable for access.
In this circumstance, fistulography should be performed to assess the fistula for
a correctable lesion (Figure 12.5). More often than not, the workup of native
fistulae that fail to develop fails to reveal a correctable anatomic lesion. However,
the superiority in long-term performance of native fistulae compared with pros-
thetic AV grafts explains our own aggressive approach to maintaining autologous
access if at all possible, and, therefore, our determined use of fistulography in
evaluating fistulae that fail to mature.

FIGURE 12.5 Fistulogram of poorly functioning 2-month-old snuffbox fistula show-
ing anastomotic narrowing amenable to surgical correction and fistula salvage.
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Management of AV graft and AV fistula thrombosis beyond 1 month after
construction can be individualized and is discussed in detail in Chapters 7 and 8.
Briefly, combinations of percutaneous and open surgical thrombectomy/throm-
bolysis, patch and balloon angioplasty, and revision have found varied success in
disparate reports (21–23). When all the available literature is reviewed, whether
percutaneous or surgical approaches are adopted, the end result is that patency
of a thrombosed AV fistula or graft is restored for an average of 6 months before
further interventions are required. Individual results will vary with the experience
and the expertise of the specialty physicians available to care for the patient.

Our own approach centers on percutaneous techniques as the first line of
treatment for all initial access thromboses. The findings are then reviewed by the
interventional radiologists and surgeons so that future thrombotic events can be
handled on an individual basis. Recurrent thrombosis within 30 to 60 days man-
dates assessment for surgical revision after patency is restored and dialysis is
completed, if medically necessary. Otherwise surgical revision is performed with-
out interval dialysis. Patients with a history of recurrent thrombosis without a
clear etiology should be evaluated for hypercoagulability by assaying for protein
C and S, antithrombin III, resistance to activated protein C, factor V Leiden level,
and antiphospholipid antibodies (24,25).

Evidence is mounting that correction of venous outflow stenoses prior to
access thrombosis is more cost-effective. Identifying patients at risk remains
somewhat elusive. Sands (26) has championed an aggressive surveillance pro-
gram that combines hemodynamic assessment with duplex sonography. A de-
tailed discussion of graft surveillance techniques appears in Chapter 6. Correction
of outflow obstruction prior to graft thrombosis may result in improved secondary
patency. Early signs of venous outflow obstruction include elevated pressure in
the venous dialysis line, increased relative graft resistance, and increased recircu-
lation rate (27,28). If these measurements indicate outflow compromise, fistulog-
raphy followed by revision is indicated.

ACCESS SITE INFECTION

Etiology

Infection is the most common reason for hospitalization and the second most
common cause of death in hemodialysis patients. Infection accounts for 12% of
mortality in this group, exceeded only by cardiovascular causes (29). Hemodialy-
sis access sites are a common source of infection in this population. A recent
multicenter prospective study demonstrated that up to 50% of documented bacter-
emias in hemodialysis patients originate in access grafts (30). Commonly encoun-
tered infectious complications include postoperative wound infection, cellulitis,
puncture-site infection, perigraft abscess, graft erosion, or pseudoaneurysm. Pa-



Complications of Fistulae and Grafts 217

tients may present with erythema, edema, warmth, tenderness, or fluctuance over
the graft. Fever, leukocytosis, bacteremia, and frank sepsis may be seen. Alterna-
tively, graft infections may be clinically indolent, presenting with fever and staph-
ylococcal bacteremia but few local physical findings. Ultrasonographic demon-
stration of perigraft fluid or a positive radionuclide-tagged white blood cell scan
may aid in the diagnosis of occult graft infection.

The vast majority of graft infections are caused by gram-positive cocci,
with Staphylococcus aureus accounting for approximately 70% and Staphylococ-
cus epidermidis responsible for only 10% in one series (31). It has been demon-
strated that a significant percentage of dialysis patients are colonized with S.
aureus; phage typing of pathogenic organisms indicates that the majority of
staphylococcal infections in this population are caused by endogenous flora (32).
Eradication of staphylococcal colonization through the use of prophylactic antibi-
otics may decrease the rate of access related infectious complications in dialysis
patients (33). Graft infections caused by gram-negative rods, although uncom-
mon, are difficult to treat and have been associated with anastomotic disruption
and exsanguination (34).

Multiple factors inherent to ESRD patients contribute to the development
of access-site infections. Chronic renal failure has various detrimental effects on
immune function, including impaired lymphocyte-mediated cellular immunity,
neutrophil chemotaxis, phagocytosis, and bacterial killing (35–38). These de-
rangements in immune function predispose ESRD patients to access infection.
However, despite its prevalence in ESRD, diabetes mellitus has not been shown
to be an independent risk factor in the development of access infection (31).

Graft infection may occur during surgical implantation and may be associ-
ated with postoperative wound infection. This complication is seen in 3% of
primary AV graft operations and in 0.4% of autogenous AV fistulae (31). Periop-
erative antibiotics have been shown to reduce the incidence of postoperative graft
and wound infection following angioaccess surgery (39). Postoperative bleeding
with perigraft hematoma formation is associated with a sevenfold increase in the
incidence of graft infection (31). Since patients with chronic renal failure are
often coagulopathic, adequate hemostasis must be assured prior to termination
of the operative procedure to minimize the chance of hematoma formation and
subsequent infection. We avoid the use of heparin in primary AV access proce-
dures so as to minimize this risk.

Erosion of a prosthetic graft through the skin may either result from or be
the cause of graft infection. Superficial tunneling of a prosthetic graft may lead
to erosion, with subsequent infection of the exposed graft. Care must be exercised
in placement of the graft in the subcutaneous space to avoid graft erosion. This
may sometimes be difficult due to the fragile nature of the dermis and minimal
subcutaneous tissue in some ESRD patients. In this subgroup, meticulous skin
care must be emphasized, including the avoidance of adhesive dressings to reduce
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the chance of developing erosions, which can escalate to breakdown over the
access site. In constructing a loop graft, the counterincision at the apex of the
loop should not directly overlie the graft, as this may predispose to wound break-
down and graft exposure. To avoid incision breakdown directly over the apex
of a loop graft, we position the counterincision several centimeters distal to the
apex of the loop. Repeated access puncture provides numerous opportunities to
introduce skin-borne bacteria. Adherence to strict aseptic technique during graft
puncture is necessary. Premature puncture of ePTFE grafts prior to adequate heal-
ing and tissue incorporation may result in a perigraft hematoma and subsequent
infection. It is ideal to wait 7 to 14 days after implantation before using ePTFE
grafts. As with other foreign bodies, grafts can become infected secondary to
transient bacteremias occurring during dental or other invasive procedures. Ap-
propriate antibiotic prophylaxis should be administered prior to any procedure
where transient bacteremia is anticipated.

Finally, the choice of conduit has a profound impact on the incidence of
infectious complications. Infection is commonly seen in patients with synthetic
grafts but is an uncommon complication of autogenous fistulae. The reported
incidence of infection in ePTFE grafts is 5% per year. Consequently, the risk of
a second infection dramatically rises to 12% per year. In contrast, infection oc-
curring at the site of an autogenous fistulae is exceedingly uncommon, with a
reported incidence 0.02% per year (31).

Presentation and Management

Access-site infection can vary in severity and presentation. Note should be made
of an inflammatory response seen in roughly one-third of newly placed ePTFE
AV grafts. This response manifests itself as intense erythema over the course of
loop AV grafts in the forearm and is often associated with significant pain, fever,
and edema. This response is usually self-limited and clears within 2 weeks, but
it often provokes concern over early graft infection and is treated with a course
of empiric antibiotics against gram-positive organisms. We have not appreciated
a relationship between this inflammatory response and subsequent emergence of
infectious complications. True access-site infection may range in presentation
from localized erythema over the course of the access or the surgical incision to
frank graft erosion to perigraft or incisional abcesses. Equally varied in presenta-
tion are systemic signs of infection such as fever, leukocytosis, pain, and—in
patients with diabetes—poor glycemic control.

The management of access-site infections varies according to the type of
conduit, extent of infection, and causative organism. Table 12.3 summarizes the
DOQI guideline for prosthetic AU graft infection treatment. If possible, the incit-
ing organism should be identified and appropriate antibiotics initiated. As the
vast majority of access infections are caused by gram-positive cocci, we often
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TABLE 12.3 Treatment of Infection of Dialysis AV Grafts

1. Local infection of a dialysis AV grafts should be treated with appropriate
antibiotics based on culture results and by incision/resection of the infected
portion of the graft.

2. Extensive infection of a dialysis AV graft should be treated with antibiotics
and total resection of the graft.

3. Infection of a newly placed graft (i.e., within 1 month) should be treated
with antibiotics and by removing the graft regardless of the extent of the
infection.

4. Initial antibiotic treatment should cover both gram-negative and gram-
positive organisms and Enterococcus.

Source: Modified from Ref. 3, Guideline 24.

treat patients empirically with intravenous vancomycin, since a single dose will
remain therapeutic for 7 days in the ESRD patient. If a gram-negative organism
is identified, we initiate aminoglycoside therapy.

Infection, which occurs infrequently in native AV fistulae, most often pre-
sents as an infected perigraft hematoma or abscess (Table 12.4). Many infected
autogenous fistulae can be salvaged. Incision and drainage of the perigraft collec-
tion is followed with routine local wound care. Specimens for Gram’s stain and
culture are obtained at the time of surgical drainage. Intravenous vancomycin is
begun empirically and is adjusted as indicated by Gram’s stain and culture results.
Perianastomotic involvement with or without pseudoaneurysm formation usually
requires dismantling the anastomoses. In appropriately selected patients, the fis-
tula can be reconstructed with an autogenous vein graft tunneled through an non-
infected field. The presence of marked systemic sepsis or extensive graft involve-
ment would preclude attempts at salvage.

Although more difficult to manage than infected autogenous fistulae, pros-
thetic graft salvage can be accomplished in a significant proportion of appropri-
ately selected patients (31). One of the overwhelming advantages of ePTFE grafts
compared with bovine grafts is the ability to salvage a ePTFE access should a
portion become infected (40,41). By contrast, infected bovine AV grafts usually

TABLE 12.4 Treatment of Infection of Primary AV Fistulae

1. Infections of primary AV fistulae are rare and should be treated as
subacute bacterial endocarditis with 6 weeks of antibiotic therapy.

2. Fistula take-down is required in cases of septic emboli.

Source: Modified from Ref. 3, Guideline 25.
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require removal of the entire prosthesis, including the arterial and venous anasto-
moses, to completely eradicate the infection. Attempts at graft salvage are contra-
indicated in patients with significant sepsis, persistent bacteremia, and extensive
graft involvement, particularly if the arterial anastomosis is involved. Since graft
infections with gram-negative rods are notoriously difficult to eradicate and be-
cause of their association with anastomotic disruption, their presence is consid-
ered a further contraindication to graft preservation (34).

Attempts at salvage often require a combination of local abscess drainage
and segmental excision of infected graft material. A number of scenarios come
to mind. Localized small abscesses overlying a segment of well-incorporated
ePTFE graft can often be treated with incision and drainage. If adequate healthy
subcutaneous tissue exists in proximity to the infection, culture-specific antibiot-
ics and local wound care may result in secondary healing without the need for
any graft removal. More extensive infection in a segment of AV graft remote
from the anastomoses can be treated with excision of the infected segment and
reconstruction with a new graft segment interposed through noninfected fields.
Whether reconstruction is performed concurrently with excision of the infected
segment depends somewhat on the degree of infection. Our preference is to pro-
ceed with reconstruction if the graft is patent and the infection is manifest only as
exposed graft without gross purulence. If the graft is thrombosed and the infected
segment surrounded by purulent material, graft excision and reconstruction are
performed as staged procedures with reconstruction conducted once the wounds
have completely healed. This usually requires interval placement of a temporary
jugular venous catheter for dialysis until permanent access continuity can be re-
stored.

Anastomotic involvement with or without pseudoaneurysm formation re-
quires segmental graft resection and closure of the anastomosis. If only the ve-
nous anastomosis is involved, it is possible to limited resection to this area and
reestablish access continuity with a jump graft to a new venous outflow site once
the infected wounds are healed. If the arterial anastomosis is involved in the
infection, it is often difficult to salvage the access site and complete removal of
all unincorporated graft material will be necessary. Graft resection and primary
closure can be applied to the venous anastomosis; however, vein patch angio-
plasty is usually necessary when the arterial anastomosis is involved so as to
avoid distal ischemic complications. One basic principle that must be adhered to
is the complete removal of all unincorporated graft material. Occasionally, an
access graft will be infected except for the arterial and venous anastomoses. In
this circumstance, complete graft removal is performed save for a cuff of graft
at both the venous and arterial anastomoses.

Wound closure covers this area with both subcutaneous and dermal tissues,
thereby avoiding the need to dissect out the arterial and venous anastomoses,
which can be difficult and may be associated with significant bleeding and the
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potential for nerve injury. In managing infected forearm AV grafts, we have
broadly applied the use of a sterile pneumatic tourniquet for vascular control
(42). Use of the pneumatic tourniquet permits avascular dissection and control
while accomplishing eradication of infected material without the need for exces-
sive dissection through scarred, noninfected planes to establish proximal and dis-
tal vascular control. Moreover, we apply the principles for managing vascular
graft infection developed at our own institution with the use of intraoperative
vascular wall cultures to guide the duration of postoperative antibiotic therapy
(43,44). Rarely, coverage of exposed conduit may require the use of local soft
tissue flaps.

HEMODYNAMIC COMPLICATIONS

Construction of an AV access, whether configured as an autogenous fistula or a
prosthetic graft, ‘‘short circuits’’ the circulation in the extremity where the access
is placed. This occurs by the shunting of blood from a muscular high-pressure
artery into a low-pressure vein, effectively eliminating the high-resistance arteri-
oles and capillary beds from the circulation of the inflow artery. Therefore the
end result of a successful access is high flow, which manifests itself as a palpable
thrill in the fistula. The thrill is the tactile representation of the turbulence through
the access due to the high level of blood flow into a low-resistance runoff bed.

A functioning fistula must provide blood flow rates on the order of 400 to
600 mL/min in order for effective dialysis to be accomplished. Three untoward
complications may develop as a consequence of a functioning access site with
or without pathological implications that may require intervention. The three
complications are steal, venous hypertension, and congestive heart failure. Fortu-
nately, the incidence of each complication is relatively low; however, their man-
agement poses significant challenges to access surgeons, as described in the fol-
lowing sections (Table 12.5).

Steal

Arterial insufficiency or ‘‘steal syndrome’’ is an uncommon but potentially dev-
astating complication of angioaccess surgery. The syndrome derives its name
from the reversal of flow seen in the inflow artery of an AV fistula or graft, distal
to the anastomosis. This flow reversal may result in the actual stealing of nutrient
blood flow from the tissue beds distal to the arterial anastomosis. Asymptomatic
or physiological steal is a common finding and can be appreciated by noninvasive
testing in up to 90% of AV access sites (45). Symptomatic arterial insufficiency,
however, is seen in less than 5% of patients following Brescia-Cimino or forearm
loop PTFE fistulae. The incidence is higher, at 8 to 10%, in more proximally
based autogenous or prosthetic fistulae (5). This syndrome may be more common
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TABLE 12.5 Managing Potential Ischemia in a Limb Bearing an AV Access

All patients, particularly those in high-risk groups, should be monitored for the
development of limb ischemia following AV access construction.
1. Patients in high-risk groups (diabetic, elderly, those with multiple access

attempts in an extremity) should be monitored closely for the first 24 h
postoperatively. Monitoring should include the following:
a. Subjective assessment of complaints, including sensations of coldness,

numbness, tingling, and impairment of motor function (not limited by
postoperative pain).

b. Objective assessment of skin temperature, gross sensation, and
movement and distal arterial pulses in comparison to the contralateral
side.

c. Teaching patients to immediately report any coldness, loss of motion,
or significant reduction in sensation.

2. Patients with an established fistula should be assessed monthly. The
following are recommended as part of this assessment:
a. Obtaining an interval history of increased distal coldness or distal pain

during dialysis, decreased sensation, weakness or other reduction in
function, or skin changes.

b. Confirming any abnormalities by physical examination.
Patients with new findings suggestive of ischemia should be referred to a
vascular access surgeon emergently. Reduced skin temperature as an isolated
finding requires follow-up observation but no emergent intervention.

Source: Modified from Ref. 3, Guideline 16.

in patients with severe atherosclerosis and diabetes (46). Previously occult arterial
occlusive disease of the extremity inflow arteries may become manifest following
fistula construction and should be carefully looked for preoperatively (47).

Steal syndrome, or ischemia related to a patent dialysis access site, declares
itself with severe pain in the distal extremity. In the most severe cases, the pain
is unrelenting and very similar in character to ischemic rest pain of the foot
(Figure 12.6). In milder cases, the patient may exhibit pain and/or paresthesias
only during dialysis treatments. The mechanism of dialysis-induced ischemia is
unknown but likely related to changes in volume, electrolytes, and systemic blood
pressure commonly seen during a dialysis session. Since blood flow through the
access does not change appreciably during a dialysis treatment compared with
the pretreatment level, it is unlikely that flow disturbances alone result in treat-
ment-related symptoms. Ischemic symptoms in dialysis patients are often con-
fused with or dismissed as neuropathy, which is another common phenomenon
in ESRD patients (48,49). Careful evaluation of patients exhibiting pain and par-
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FIGURE 12.6 Severe ischemia secondary to steal from a Cimino fistula with hyper-
emia and early gangrene.

esthesias in the extremity distal to the site of an AV access fistula or graft, how-
ever, may uncover an ischemia component that may be treatable (50).

Access-related ischemia may appear acutely after fistula construction, sub-
acutely within the first few weeks after fistula placement, or chronically several
years after fistula placement (51). In our own experience with 21 cases, patients
were more likely to present with pain and paresthesias in the acute and subacute
setting. Those patients experiencing chronic ischemia often had evidence of tissue
loss with either ischemic ulcerations or digital gangrene. There are two challenges
the clinician must overcome related to access induced ischemia. The first chal-
lenge comprises a careful preoperative evaluation and attention to detail in access
construction to minimize the incidence of clinically significant ischemia. The
second and more formidable challenge is successfully treating clinically signifi-
cant access-related ischemia.

The preoperative assessment of a patient undergoing an AV access place-
ment has been discussed in detail in Chapter 2. A brief summary of the issues
related to minimizing extremity ischemia is given in this section. A careful exami-
nation of all peripheral pulses is the first component in reducing the likelihood
of ischemia developing after AV access placement. For the upper extremity, spe-
cific note should be made of the presence and character of the axillary, brachial,
radial, and ulnar pulses. A simple hand-held Doppler examination should be per-
formed to characterize the presence and quality of palmar arch and digital arterial
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flow. Performance of an Allen’s test is particularly important if a Cimino-type
autogenous AV fistula is planned. A positive Allen’s test suggests inadequate
collateral flow to the hand, thereby eliminating a radiocephalic fistula at the wrist
as an access option (52). A similar evaluation of the lower extremities is required
when a thigh AV graft is planned. A simple segmental Doppler examination
with digital pressures will suffice in identifying patients with significant lower
extremity occlusive disease in the absence of easily palpable pedal pulses.

A normal preoperative arterial examination in the chosen extremity, how-
ever, does not preclude the development of access-induced ischemia. In our own
series, 3 of 10 patients who developed acute ischemia had occlusive disease docu-
mented arteriographically, despite normal preoperative examinations (Figure
12.7) (51). This finding highlights the complexity of ‘‘steal’’ physiology, which
results in ischemia despite the absence of occlusive disease in the majority of
patients. The etiology remains unclear, but the strength and adequacy of collateral
arterial flow around the arterial anastomosis of the access seems suspect. Unfortu-
nately, at this time there are no provocative tests available to predict ischemia
prior to access construction in a patient without preoperative signs of arterial
insufficiency. By contrast, chronic ischemia in the access extremity is more likely
related to the presence of arterial occlusive disease. All 11 of the patients with
chronic access-induced ischemia in our series had occlusive disease in the af-
fected extremity (51). Given the time course of symptom development in these
patients, it is likely that the ‘‘steal’’ physiology acts in concert with underlying

FIGURE 12.7 Occult axillary artery stenosis above a patent forearm loop AV graft
discovered when the patient exhibited severe steal.
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arterial occlusive disease, leading to the tissue loss that is appreciated in these
patients (Figure 12.8).

The second and more overwhelming challenge facing surgeons who must
deal with access-related ischemia revolves around the reversal of the ischemia
as well as the maintenance of a functional access site. A number of treatment
options for symptomatic steal exist, including simple ligation or takedown of the

FIGURE 12.8 Chronic ischemia in a patient with a patent AV fistula and atheroscle-
rotic occlusive disease of the infrabrachial arteries.



226 Sarfati and Berman

fistula, flow reduction through the fistula by either banding or interposing a flow
restrictor, or revascularization of the extremity distal to the AV access (51,53–
60). Ligation or dismantling of the fistula or access is the simplest form of treat-
ment and invariably eliminates the ischemia (53). Unfortunately, this leaves the
patient and surgeon with the perplexing problem of reestablishing access at an-
other site, which carries the consequent risk of recurrent ischemic symptoms.
Ligation may assume another form for patients with steal related to a patent
Cimino fistula. Here the radial artery just distal to the fistula at the wrist is ligated,
thereby eliminating the pathway for steal through the palmar arch. This specific
technique is applicable in patients with pure steal unrelated to occlusive disease
and is classically described for radiocephalic fistulae at the wrist whereby hand
perfusion is preserved through the ulnar artery feeding the palmar arch and symp-
toms are related to the overwhelming flow reversal through the fistula in the
radial artery distal to the AV anastomosis (61).

Unlike fistula ligation or takedown, an alternative technique for treating
steal syndrome—which centers upon the principle of reducing flow through the
AV fistula or access graft by increasing the resistance in the fistula or graft—
seeks to preserve the access site. By either lengthening the segment of prosthetic
graft or, more commonly, narrowing a portion of the access by either banding
or interposition of a tapered segment of prosthesis (Figure 12.9), total flow
through the fistula can be reduced (54–57). Despite the initial success with a
tapered graft reported by Rosenthal et al. (54), consistent protection from isch-
emic complications has not been demonstrated as experience with the clinical
use of tapered grafts has grown (62). Failure of flow reduction alone, through

FIGURE 12.9 Tapered 4-mm arterial limb to 7-mm venous limb ePTFE graft de-
signed to limit steal by providing a smaller, high-resistance arterial segment.



Complications of Fistulae and Grafts 227

the use of tapered grafts, to consistently correct or avoid steal complications
highlights the complexity of this problem and suggests that multiple physiological
factors need to be addressed to effectively treat significant ischemia.

A comparable inference can be made from a review of the experience with
banding techniques (Figure 12.10). Few objective data are available to calibrate
the amount of banding necessary to reliably eliminate the distal ischemia while
maintaining flow through the fistula. As a result of the subjective nature of this
treatment, access thrombosis is a common complication. Jain et al. (56) recently
published their limited experience of three patients, using intraoperative angiody-
nography to gauge the amount of banding required to eliminate flow reversal in
the distal artery, in which ischemia was relieved and access function preserved.
Our own experience with the banding technique more closely correlates with that
reported in the literature. Successful treatment of ischemia and maintenance of
the access site was achieved in only 15 of 29 patients treated with banding (51).
Moreover, access thrombosis was the prevalent outcome achieved once flow was
reduced enough to relieve the ischemia (63).

The last technique described to deal with significant steal was originally
presented by Schanzer et al. (58,59). We have recently reviewed our own experi-
ence with this technique and have called it the distal revascularization–interval
ligation (DRIL) procedure (51). It involves revascularization from the artery

FIGURE 12.10 Banding of an AV access accomplished with application of clips to
narrow the flow channel in the arterial limb.



228 Sarfati and Berman

above the fistula to an artery below the fistula accompanied by interval ligation
of the artery between the origin of the AV access and the distal anastomosis of
the bypass (Figure 12.11). In 1992, Schanzer’s group reported their experience
to date with 14 patients, of which 13 achieved limb salvage and preservation of
a functional access with a 1-year patency of 84% (59). An additional series of
six patients was recently added to the published experience with this procedure
by Katz and Kohl and furnished further support for the reliability in treating
ischemia and preserving the AV access site that the DRL procedure makes possi-
ble (60).

We recently published our own series of 21 patients treated with the DRL
technique and demonstrated consistency in resolving limb ischemia without sacri-
ficing a functioning AV access. With the support of the reports of Schanzer et
al. (58,59) and Katz and Khol (60) as well as our own published experience (51),
we believe that the DRL procedure is the method of choice for treating access-
induced ischemia. None of the alternative methods described for managing steal
have achieved the consistent results realized with the DRIL procedure in salvag-
ing both a viable extremity and a functional AV access site, and we commend
the DRIL procedure to all access surgeons as the first choice for dealing with
the complex problem of steal syndrome induced by a functioning AV access.

Venous Hypertension

Venous hypertension is an uncommon complication of dialysis angioaccess. Two
clinical syndromes may be recognized. The first occurs in the setting of a side-
to-side fistula and affects the extremity distal to the fistula (64). High-pressure
arterial blood flows into the low-resistance venous bed results in venous hyperten-
sion, which is manifest as progressive extremity swelling, hyperpigmentation,
induration, cyanosis, and—if allowed to progress—skin ulceration. The hand is
most commonly affected. The clinical appearance is similar to that seen in chronic
lower extremity venous insufficiency. Resolution is typically seen following liga-
tion of the vein distal to the anastamosis, converting the side-to-side anastomosis
to a functional side-of-artery to end-of-vein configuration.

The second syndrome of venous hypertension is related to venous outflow
obstruction. This more common form of venous hypertension may present acutely
when an arteriovenous anastomosis is constructed distal to an unrecognized prox-
imal venous stenosis or occlusion. More often, however, venous hypertension
develops chronically in the extremity with a patent AV fistula and proximal ve-
nous obstruction. The most common site of venous obstruction is at the axillary–
subclavian vein level. Stenoses and occlusions at this site have been correlated
with prior placement of temporary dialysis catheters through a subclavian vein
approach. Increased venous flow under arterial pressure in the face of venous
outflow obstruction results in marked venous hypertension. Massive upper ex-
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FIGURE 12.11 Schematic depiction of the distal revascularization–interval ligation
(DRIL) procedure for access steal. Courtesy of the Journal of Vascular Surgery.
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tremity edema in the immediate postoperative period after placement of AV ac-
cess is suggestive of proximal venous obstruction and should trigger further eval-
uation. If the subclavian vein occlusion is located proximal to the internal
mammary vein, ipsilateral breast edema may be seen (65).

Treatment of venous hypertension secondary to a patent and functioning
AV access is contingent upon the severity of the symptoms. Mild symptoms may
respond to elevation of the extremity which usually requires the limb to be kept
almost continuously above the level of the heart. Occasionally, venous collaterals
around the shoulder develop sufficiently to permit the resolution of symptoms
without intervention (Figure 12.12). Severe symptoms, such as pain and ulcer-
ation, require further evaluation and treatment.

The first step in managing severe venous hypertension includes accurate
anatomical delineation of the site and severity of the venous obstruction. Al-
though duplex scanning can visualize the axillary and portions of the subclavian
veins, the best method to image the complete peripheral and central venous sys-
tem is through venography. This can often be accomplished through the venous
limb of the fistula. Occasionally, a severe, acute stenosis or occlusion of the
subclavian vein is not well collateralized and thereby provides poor visualization
of the central venous system. In this circumstance it becomes necessary to image
central venous system through a transfemoral approach. A number of anatomical
findings maybe encountered to account for the venous hypertension and that indi-
vidually have therapeutic implications.

FIGURE 12.12 Chronic venous hypertension secondary to an AV graft. Note mas-
sive subcutaneous venous collaterals in the shoulder.
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The venous hypertension may be secondary to a high-grade stenosis in the
subclavian or brachiocephalic venous system (Table 12.6). These lesions are of-
ten treated by percutaneous balloon angioplasty (PTA) at the time of fistulogra-
phy, as described in detail in Chapter 8. Acute lesions usually have few collaterals
around the shoulder. By contrast, chronic lesions may produce findings sugges-
tive of postphlebitic recanalization of the central vein with marked venous collat-
erals around the shoulder. As with angioplasty in other locations, focal lesions
tend to respond well to balloon treatment. Second-and third-time recurrent lesions
following successful primary or secondary PTA are often treated with adjunctive
stenting. Repeat angioplasty of stent lesions is also possible to maintain long-
term patency. In general, central venous stenotic lesions are considered to be
nonsurgical because of the significant morbidity associated with their reconstruc-
tion. As such, aggressive use of PTA and stents may salvage an extremity and
functioning access when venous obstruction is encountered. Procedural success
rates approach 80% with 6-month patency rates reaching 50 to 60% in this diffi-
cult population.

In contrast to a subclavian or brachiocephalic stenosis, correction of a sub-
clavian occlusion maybe somewhat more difficult. If other clinical signs of chro-
nicity are absent, a trial of thrombolytic therapy may be required to determine
whether the occlusion is acute or chronic. Acute occlusions that are successfully
opened with thrombolysis and reveal a precipitating stenosis are managed as
described in the preceding paragraph. Chronic subclavian vein occlusions are
more difficult to treat successfully. One surgical option that has met with moder-
ate success is the jugular vein turndown procedure, similar to the technique de-
scribed for the treatment of chronic venous insufficiency of the upper extremity
caused by thoracic outlet syndrome. With this technique, the internal jugular (IJ)
vein is mobilized from the base of the neck to the base of the skull and divided
proximally. The IJ is then swung down laterally to be anastomosed to the axillary-
subclavian vein to effectively bypass the proximal subclavian vein occlusion. An
alternative technique employs a prosthetic graft extension off the venous limb
of an upper arm AV graft, which courses across the shoulder joint and over the
clavicle; it is anastomosed to the IJ vein at the base of the neck (Figure 12.13).

These bypass techniques are usually reserved for patients with functioning

TABLE 12.6 Treatment of Central Vein Stenosis

1. Percutaneous intervention with transluminal angioplasty is the preferred
treatment for central vein stenosis.

2. Stent placement combined with angioplasty is indicated in elastic central
vein stenoses or if a stenosis recurs within a 3-month period.

Source: Modified from Ref. 3, Guideline 20.



232 Sarfati and Berman

AV fistulae and few options for future access sites. Both techniques rely on a
patent ipsilateral IJ vein. This should be verified by venography to be in continuity
with the superior vena cava. Although duplex scanning can determine the status
of the cervical portion of the IJ, the mediastinal section cannot be adequately
imaged with this modality and requires confirmatory venography prior to surgical
intervention. Moreover, patency of the contralateral IJ vein is desirable to avoid
massive head edema in the event of failure or thrombosis of the IJ used for the
bypass procedure. It is not uncommon for dialysis patients to have undergone
multiple central venous access procedures during their dialysis lifetimes and simi-
larly not uncommon for them to have multiple silent central venous occlusions,
which only become apparent during the evaluation and treatment of venous hy-
pertension. Both of these bypass techniques offer methods of salvage for these
complex patients, though limited experience with these techniques appears in the
literature for review or comparison.

When complete subclavian or brachiocephalic occlusion is encountered in
a patient whose contralateral extremity is free of any contraindications for use
as an AV access site, the most reliable method to eliminate venous hypertension
in the involved extremity is simple access ligation. We generally place the new
access graft and confirm is functionality prior to proceeding with access ligation
in patients whose inciting fistula remains patent. This usually requires staging
the procedures a few weeks apart. Fistula ligation can be accomplished under
local anesthesia. When severe venous engorgement is present, limb exsanguina-
tion and tourniquet placement can simplify the ligation procedure by decom-
pressing the giant venous collaterals. Paramount in the postoperative care is the
use of elastic wrappings to facilitate resolution of the chronic edema, often in a
few weeks.

Congestive Heart Failure

Congestive heart failure in the dialysis patient is most frequently due to volume
overload caused by inadequate dialysis, myocardial ischemia, anemia, or poorly
controlled hypertension. Uncommonly, the hemodynamic effects of a surgically
created arteriovenous fistula will precipitate congestive heart failure. The hemo-
dynamic consequences of dialysis angioaccess include an increase in resting car-
diac output and heart rate and a fall in systemic vascular resistance, with no
significant change in mean arterial or central venous pressure (66). The observed
increase in cardiac output is due to an increase in venous return to the heart,
which is proportional to the diameter of the feeding artery and the size of the
arteriovenous anastomosis. In patients with compromised cardiac function, in-
creased venous return results in ventricular volume overload and high-output
cardiac failure. The incidence of this complication is likely related to the fistula
flow rates and the degree of underlying cardiac dysfunction. Congestive heart
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failure is unusual in fistulae with flow rates less than 20 to 50% of cardiac output
(67). In one reported series, all patients developing congestive heart failure had
fistula flow rates greater than 600 mL/min. The often mentioned Nicaladoni-
Branham sign, a fall in heart rate with temporary fistula occlusion, is rarely ob-
served (67). Correction requires either fistula ligation or flow reduction, as de-
scribed in the section on steal syndrome, above (68).

OTHER COMPLICATIONS

Pseudoaneurysm

Pseudoaneurysm formation secondary to graft infection or trauma occurs in 2 to
10% of patients and is more commonly seen in prosthetic grafts (5). Pseudoaneu-
rysm formation at the arterial anastomosis is often due to local infection, with
partial disruption of the suture line. This complication may lead to anastomotic
disruption or graft rupture, with resultant exsanguination. Anastomotic pseudoan-
eurysms are treated by dismantling the anastomosis. In selected patients, the fis-
tula may be salvaged with a jump graft. Pseudoaneurysms may also form along
the length of the graft due to laceration during needle puncture. Pseudoaneurysms
along the length of the graft are treated with either local suture repair or local
excision and reconstruction with interposition or jump grafting. Critical in the
treatment of any pseudoaneurysm is the assessment of graft incorporation. Any
sign of poor graft incorporation should signal the possibility of graft infection
and suggest the need for adequate debridement, intraoperative cultures, and the
application of reconstructive techniques described in the earlier section on access
infection (Table 12.7).

Access Aneurysm

True aneurysms (Table 12.8) are more likely to occur in native AVFs, although
their overall incidence is poorly defined, since there are no clear criteria distin-
guishing the usual diffuse enlargement seen in a native AVF from an actual aneu-
rysm. Aneurysms in native AVFs become troublesome when they are focal in

TABLE 12.7 Treatment of Pseudoaneurysms of Dialysis AV Grafts

1. Needle insertion into the area of pseudoaneurysm should be avoided.
2. Pseudoaneurysm of a dialysis AV graft should be treated by resection and

insertion of an interposition graft if the pseudoaneurysm (a) is characterized
by rapid expansion in size, (b) exceeds twice the diameter of the graft, (c)
threatens viability of the overlying skin, or (d) is infected.

Source: Modified from Ref. 3, Guideline 27.
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TABLE 12.8 Aneurysm of Primary AV Fistulae

1. Aneurysms of primary AV fistulae require surgical intervention only when
the aneurysm involves the arterial anastomosis.

2. Venipuncture should avoid the aneurysm.

Source: Modified from Ref. 3, Guideline 28.

that the wall of the aneurysmal segment is thin and weak and poses problems
for hemostasis after cannulation. More commonly, diffuse aneurysmal enlarge-
ment of an AVF limits available stick sites for dialysis treatments. Management
of AVF aneurysms depends upon their size and extent. Focal aneurysms can be
managed with either interposition replacement with vein or a prosthesis or, if the
wall is fairly thick, resection and imbrication to a size that matches the remainder
of the access. Diffuse aneurysmal degeneration of an AVF will require either
bypass with a prosthetic graft or placement of a new access at a new site.
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HISTORICAL PERSPECTIVE

The development of the first chronic arteriovenous (AV) fistula is attributed to
Scribner and colleagues, who described the use of a polymer-based shunt (1).
This shunt was established outside the body and provided access to the blood-
stream. Initial work with this device was designed to evaluate the feasibility of
establishing a long-term vascular access based on polymer implants (2,3). The
use of an external shunt permitted vascular access but was problematic for several
reasons, including, initially, the development of infection at the polymer–subcu-
taneous tissue interface, thrombosis within the graft, lack of control of bleeding
at puncture sites, and the development of anastomotic complications related to
polymer–tissue interactions (4,5). While these initial results were not optimal,
they were encouraging enough to prompt a search for other materials suitable
for access construction. Two basic material groups were subsequently evaluated:
synthetic polymer-based materials and grafts made of natural materials. The se-
lection, use, and clinical outcome of all these materials is based primarily on the
lack of suitable vessels available for construction of an autogenous fistula, which
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has remained the ‘‘gold standard’’ for vascular access since its introduction by
Brescia et al. 30 years ago (6).

The development of materials used to construct artificial AV fistulae fol-
lows the development of materials for all vascular replacements. Historically,
new vascular graft designs and materials have been evaluated in either peripheral
or aortic applications first, followed by evaluation of their potential as AV fistulae
(7). Table 13.1 illustrates the different types of fistulae, including autogenous,
heterologous, and prosthetic fistulae developed for the purpose of dialysis access.
This table also provides information concerning the current status of the use of
these different fistulae. The initial polymeric vascular grafts were constructed of
nylon, but they exhibited poor healing characteristics and therefore the use of
nylon was quickly abandoned (12,13). Subsequent materials tested for use as
vascular grafts including AV fistulae have included silicone, (3,14–18) expanded
polytetrafluoroethylene (ePTFE) (19–31), polyethylene terephthalate (PET)

TABLE 13.1 Fistulae Used for Dialysis Access

Specialized
Material Author/Manufactuerer Characteristics

Autogenous vessel May (8) Most commonly saphe-
nous vein

Silastic Scribner Original external AV
shunt

Expanded PTFE Atrium External surface with
high porosity

Impra, Inc.
W. L. Gore External wrap

Polyethylene terephthal-
ate (PET)

Golaski Laboratories Low-inflammatory PET
Meadox Inc.
Vascutek PET with fluorine passi-

vation

Polyurethane Ota et al. (9) Experimental

Hybrid graft Possis Inc. Venturi flow restrictor in-
corporated in

Bovine carotid artery Haimov (10) Glutaraldehyde cross-
linked

Umbilical vein Dardik (11)
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(26,32,33), polyurethane (PU) (23), polyesters, and polycarbonates. Nonsynthetic
materials have also been evaluated, including bovine carotid artery (23,34) and
umbilical vein (35,36). All of these materials are considered ‘‘biomaterials’’ sim-
ply because they have been used as implants. It is important to note that the
term biomaterial does not connote anything concerning whether a material is
biocompatible. A truly biocompatible material would provide a replacement with
healing and functional characteristics identical to the tissue being replaced (37).
Thus very few if any materials currently used as implants can be considered
biocompatible. The lack of compatibility remains a major focus of biomaterials
research today.

Each of the base polymers defined above has been manufactured for AV
grafts in a number of different configurations. The design and manufacture of
these different polymer configurations is often driven by a concern for several
graft-related functions, including kink resistance (38), suturability (39), and re-
sponse to continuous needle puncture (40,41). With a few exceptions (42,43),
little attention has been directed to developing AV grafts with more optimal heal-
ing characteristics. This lack of attention to healing has resulted in numerous
graft configurations with excellent physical strength and good handling character-
istics but relatively poor healing characteristics. The physical structure of several
AV grafts, as analyzed by scanning electron microscopy, is illustrated in Figure
13.1. These scanning electron micrographs illustrate the unique differences in
polymers all manufactured for use as AV fistulae. Many of these structural char-
acteristics are discussed further on.

MATERIAL DEVELOPMENT

The clinical disadvantages of polymer-based AV grafts were observed with the
earliest devices and include infection (44,45), thrombosis on the blood-contacting
surface (46,47), poor healing of the external (abluminal) graft surface (48–50),
and finally the development of occlusive intimal thickening (51–54). All of these
complications have been the target of intense research activities, with progress
made in all areas. However, significant complications remain as a direct result
of the relative nonbiocompatibility of prosthetic grafts. All currently available
prosthetic grafts are made of base polymers that were never originally developed
for implantation in humans. These materials in general have been adapted from
other uses and were chosen for their expected durability. The earliest grafts were
external devices made of silicone tubing. Silicone remains a generally inert poly-
mer with superior long-term survival in implants. Later developments included
the use of polyethylene terephthalate (PET), most often described as Dacron, its
trademarked name (7). This material has unique properties permitting extrusion
as fine fibers with excellent durability and the ability to weave or knit these fibers
into tubes of several different designs. Figure 13.1 illustrates the structure of
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(A)

(B)

FIGURE 13.1 Scanning electron micrographs illustrating the luminal blood-
contacting surface of vascular graft materials. These materials include (A) Atrium
ePTFE, (B) Dacron knit, (C) Dacron weave, and (D) Meadox Hemashield Dacron.

knitted and woven Dacron (7) fabric. The major difference observed is the rela-
tively high porosity of knitted fabrics, necessitating preclotting of this material
before implantation. Without preclotting, a significant amount of transmural
bleeding occurs until the pores of the graft are filled. Newer designs of knitted
Dacron include the incorporation of a chemically cross-linked collagen matrix,
precluding the need to preclot the grafts.
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(C)

(D)

MATERIAL SELECTION

Synthetic Polymers

Silastic

Although Silastic is the name most commonly used to describe material manufac-
tured from silicone, Silastic is actually a silicone-based material that is polymer-
ized into an elastomeric material and is more appropriately known as silicone
elastomer. Silicone elastomer is widely used in the manufacture of biomedical
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implants with multiple applications. Considering the current concerns with sili-
cone-based implants, it is important to note that silicone can be used to manufac-
ture implants using gels, elastomers, and oils. Of these three materials, the sili-
cone elastomer is among the most inert of those used in medical implants. In
vascular access, Silastic is the most commonly used material for indwelling cathe-
ters. Silastic material also has the distinction of being the first to be used as a
chronic, albeit external, vascular access fistula. Scribner described the use of
silastic as an AV shunt for end-stage renal disease (ESRD) patients and reported
the first successful dialysis using a synthetic fistula (1). Complete internalization
of this fistula within a subcutaneous pocket was impeded by the difficulty in
cannulating these devices once implanted.

A complete description of the differences in the available forms of silicone
is beyond the scope of this chapter but should be reviewed for those patients
who have concerns related to the use of Silastic. In any case, silicone elastomer
remains a highly stable synthetic polymer of great utility, especially in the manu-
facture of catheters. It is among the most biocompatible polymers available. This
biocompatibility is due in part to the relative lack of inflammatory response asso-
ciated with silicone elastomeric implants—a characteristic that would be desir-
able in other synthetic polymers used in the manufacture of implantable AV fis-
tulae.

Composite AV fistulae made of both Silastic and ePTFE have been reported
(17). The most significant advantage of these grafts is the ability of the silicone
elastomer to self-seal needle puncture holes following cannula removal. The clini-
cal use of these grafts has not been widely reported and they remain experimen-
tal.

Polyethylene

This polymer is synthesized from monomeric ethylene with varying degrees of
branching. The degree of branching is an important consideration in the clinical
use of polyethylene, since highly branched polyethylene results in a pliable
material, while more linear, nonbranched polyethylene is relatively rigid.
Highly branched polyethylene is also called low-density polyethylene and is a
major component of central venous catheters. The more linear polyethylene
is produced in two major forms and is commonly referred to as either high-den-
sity or ultra-high-density polyethylene (HDPE and UHDPE respectively). This
high-density polyethylene is not highly inflammatory and is used as a permanent
implant in both orthopedic and plastic surgery applications. The more pliable
low-density polyethylene would have certain applications as an AV fistula;
however, this material is highly inflammatory when used as a chronic implant.
Use of low-density polyethylene remains in short-term catheter placements but
not chronic placements because of complications resulting from inflammation
(55).
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Polyethylene Terephthalate

This polymer (often abbreviated PET or PETE) is more commonly known as
Dacron, its trademarked name (7). PET is a widely used polymer—most com-
monly, for example, in the manufacture of disposable drink containers. The his-
tory of the development and use of synthetic materials for vascular grafts saw
experimentation with both the textile Dacron and ePTFE grafts. Dacron grafts,
created initially from Dacron fabric, have seen widespread use in large vessel
reconstructions and, more recently, as components of stent grafts (56–58); how-
ever, the use of PET for small-diameter grafts and AV grafts has not been exten-
sive (59–61).

Dacron AV grafts of various designs were actively evaluated clinically dur-
ing the 1970s and ’80s (26,32,33). Many of these studies were comparative evalu-
ations using other synthetic and natural AV grafts. The Dacron velour graft was
used in several trials and exhibited significant improvement in resistance to infec-
tion compared with natural heterografts (26,32,33). The reasons these grafts did
not receive active clinical acceptance are probably severalfold. First, the initial
Dacron grafts were manufactured using a highly porous knit or weave requiring
a preclotting step. The time to preclot the graft was not long but placed it at a
significant disadvantage to grafts that did not require this additional procedure
(e.g., bovine heterografts and ePTFE). Other problems noted were the increased
difficulty in placing dialysis needles through the graft interstices and unraveling
the textile fibers if the graft had not been handled carefully. These difficulties
were noted in studies where a direct comparison was made with natural vessel
and remains a significant difference for all synthetic grafts.

One feature of Dacron grafts that provides superiority over other nontextile
synthetic grafts is that the material can be easily sutured. Modifications in the
design of Dacron have continued since its initial use. These include inclusion of
an external velour (33); prepackaged preclotting with either collagen or gelatin
gels (62,63); and surface modification using a technique known as radiofrequency
glow discharge (64,65). This latter technique has been used to incorporate highly
negative fluoroethylene or fluorene groups onto the internal surface of the grafts,
theoretically providing a more thromboresistant surface via a charge repulsion
process. Clinical trials of fluorine-passivated surfaces have not indicated that this
modification provides any specific improvement in graft function (64).

Expanded Polytetrafluoroethylene

Of all the synthetic grafts used in vascular surgery, expanded polytetrafluoroeth-
ylene has seen the most widespread clinical use and acceptance. Like all other
synthetics used as vascular conduits, this material was originally designed for
other commercial uses but was borrowed for clinical testing by an astute surgeon
(19). The emergence of ePTFE as a synthetic conduit is based on several factors,
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including the stability of this polymer during long-term implantation; its rela-
tively low cost as compared with natural vessel heterografts; its ease of handling,
especially the lack of necessity to preclot the material before use; and finally its
relative lack of inflammatory response following implantation. The term relative
is used, since, as with all synthetic materials used as implants, some degree of
inflammation is observed.

Expanded polytetrafluoroethylene (ePTFE) is a material manufactured and
supplied as vascular grafts by several corporations including Impra, Atrium, and
W.L. Gore. Unlike Dacron, which is extruded as a fiber and subsequently pro-
cessed into a tube, ePTFE is extruded as solid tubes of PTFE and subsequently
expanded at an elevated temperature to create the unique porous characteristics
of ePTFE (66). Manufacturers of ePTFE have developed different methods for
expanding PTFE. Figure 13.2 illustrates the luminal, abluminal, and cross-sec-
tional morphology of Atrium, Gore, and Impra grafts. Two physical characteris-
tics are most often mentioned in describing ePTFE. First, grafts are described
according to their wall thickness as either of regular thickness or thin-walled.
For AV access, grafts of regular thickness are generally used owing to the belief
that these grafts will exhibit greater resistance to the formation of false aneurysms
and tearing during puncture as part of the dialysis process.

The second general structural characteristic is the relative porosity of the
grafts based upon direct measurement of polymer density on the luminal and
abluminal surface. It is in this respect that the greatest difference in grafts supplied
from different manufacturers is observed. The description of graft porosity is
often provided as a statement of graft internodal distance. The measurement of
this parameter is illustrated in Figure 13.3, with bars illustrating the internodal
distance. Commercially available ePTFE grafts are generally referred to in the
literature as grafts with 30-µm internodal distances. However, since the original
introduction of ePTFE, the internodal distance on commercially supplied grafts
has slowly been reduced to a distance of approximately 20 µm. In Figure 13.2,
the internodal distances between grafts from different manufactures can be com-
pared. Impra grafts exhibit a uniform internodal distance on both the luminal and
abluminal surfaces. The Atrium AV graft is manufactured with a unique design
incorporating a narrow luminal internodal distance of 20 µm with a transintersti-
tial graft transition to an outer surface with an internodal distance of approxi-
mately 60 µm. Grafts constructed with this transitional porosity are believed to
exhibit better healing characteristics owing to the high porosity of ePTFE inter-
acting with tissue for healing. The Gore ePTFE is constructed of an ePTFE with
an approximately 20-µm internodal distance throughout the graft. However, dur-
ing manufacture, the Gore graft receives an external wrap of an additional layer
of ePTFE with an extremely small internodal distance. The manufacturer believes
that this external wrap provides superior resistance to aneurysm formation as
well as to damage from needle puncture during dialysis. Resistance to aneurysm
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formation, occurrence of seromas, and resistance to damage due to needle punc-
ture appear to be quite similar in all the currently available ePTFE. Anecdotal
evidence exists; but in the absence of a study that directly compares the function
of these grafts, the general conclusion to be drawn is that all of these materials
perform acceptably as AV fistulas. However, this is not to suggest that significant
improvement in synthetic fistula design and manufacture cannot be achieved.

(A)

(B)

FIGURE 13.2 Scanning electron micrographs comparing the luminal and abluminal
surface of commonly used ePTFE grafts: (A) Atrium lumenal surface, (B) Atrium
abluminal surface, (C) Impra luminal surface, (D) Impra abluminal surface, (E)
Gore luminal surface (F) Gore abluminal surface, (G) cross section through wall
of Atrium ePTFE, and (H) cross section through wall of Impra ePTFE.
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(C)

(D)

(E)

FIGURE 13.2 Continued
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(F)

(G)

(H)



250 Williams and Jarrell

FIGURE 13.3 Measurement of internodal distance on ePTFE grafts is performed
by measuring the distance between the centers of two opposing nodes in the ex-
truded polymer.

NATURAL TISSUE AV GRAFTS

During the development of AV grafts, within the period initiated by Scribner (5)
and the external synthetic shunt and ending with the utilization and acceptance
of ePTFE grafts, several natural vessel AV grafts were evaluated. These grafts
represented both natural autografts [i.e., autogenous saphenous vein (8,67–70)]
and heterografts [i.e., umbilical vein (36,11) and bovine carotid artery
(10,23,34,71)].

Autogenous Saphenous Vein

This vessel source is the same as that used in any vascular procedure employing
saphenous vein interposition grafts. Veins are harvested from the thigh and used
most commonly as fistulae between brachial vessels. The major disadvantage of
this procedure is the use of autogenous vessel, which may be needed for subse-
quent coronary or peripheral vascular reconstructions. Moreover, greater effec-
tiveness of autogenous vein over synthetic fistulae has not been observed (67,70).

In contrast, the saphenous vein may actually be an inferior conduit, as the
incidence of puncture-related complications may be elevated in autogenous sa-
phenous vein grafts (69). On the other hand, saphenous vein grafts exhibit mini-
mal infection as compared with synthetic grafts (67). The use of the saphenous
vein graft has been extremely limited, but—interestingly—extensive use of these
grafts in Europe and Japan has been reported (68,70). Again, differences in pa-
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tient selection between the United States and other countries must be considered
in comparing graft use and performance.

HETEROGRAFTS

Bovine Carotid Artery

The bovine heterograft is manufactured using segments of carotid arteries har-
vested from cows. This artery is subsequently ‘‘tanned’’ by a process involving
treatment with a cross-linking agent, which is most commonly glutaraldehyde.
This tanning process is essentially identical to the preparation of natural tissue
heart valves and leaves a biological material that is composed of predominantly
extracellular matrix. Cells present in the artery are destroyed during the tanning
process, leaving a cross-linked matrix with extensive cellular debris. These het-
erografts were used extensively for a period of time but are now used infrequently
(30,31,34,72,73). Their infrequent use can be attributed to many factors, includ-
ing their relatively high cost of manufacture, incidence of infection, the occur-
rence of aneurysms, and the occurrence of punctate intimal thickening, most
commonly observed at the venous anastomotic site (72). The higher cost and
perception that the incidence of complications is higher with the bovine hetero-
graft have contributed significantly to its reduced use in clinical practice.

Umbilical Vein

The use of human umbilical vein as an alternate source of a biological conduit
was first attempted in the late 1970s (11,35,36). The use of these grafts was based
upon the belief that grafts of a biological nature would exhibit improved patency
as compared with synthetic grafts. However, comparison of patency between
heterografts and synthetic grafts indicates little difference (35,36). Concerns re-
lated to the use of umbilical vein grafts are similar to those involving the bovine
carotid heterograft, namely cost and problems with infection. For both of these
heterografts it is important to note that infections can be devastating, since bacte-
ria produce proteolytic enzymes that can essentially destroy the structure of the
graft. Incidents of early hemorrhage relating to infection in heterografts have
been reported.

PREVALENCE OF DIFFERENT GRAFT TYPES

Current data to establish the relative frequency of the type of graft used for either
first or subsequent vascular access procedures provide equivocal conclusions.
The most extensive data exists in the form of the Medicare End-Stage Renal
Disease program (75) as well as in recent reviews (74,75). These data suggests
that at least 50% of all first-time AV fistulae are prosthetic, with the trend toward
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increased placement of prosthetic fistulae in first-time patients. The Medicare
data also suggest that in 1990, approximately 83% of grafts placed in established
chronic hemodialysis patients were prosthetic. Of these prosthetic grafts, ePTFE
grafts were the predominant type. Data from countries other than the United
States are less conclusive but again provide some suggestions. Outside the United
States the use of autogenous arteriovenous fistulae predominate in first-time as
well as chronic dialysis patients (74–77). However, comparison of patient selec-
tion criteria for dialysis between the United States and other countries provides
several reasons for this difference in type of fistula. The primary difference is
the age of patients selected for dialysis, where the patient population in the United
States is dramatically older in mean age and thus presents a patient population
that often does not have usable autogenous vessels for fistula construction (77).
Thus the predominance of prosthetic fistula use in U.S. patients appears to result
primarily from the types of patients selected for initial dialysis as well as the
types of current dialysis methods available in the United States as compared with
other countries. While autogenous arteriovenous fistulae remain the fistulae of
choice, prosthetic fistulae and predominately ePTFE fistulae remain the most
common alternative; in compromised patients, these prosthetic grafts often pro-
vide the only type of fistula material.

GRAFT CHARACTERISTICS CONSIDERED TO AFFECT
HEALING AND PATENCY

Compliance

The failure of synthetic fistulae has been attributed to many mechanisms, includ-
ing what is termed a compliance mismatch between graft and natural vessel
(78,79). Synthetic grafts have very little compliance, defined as the ability of a
material to expand and contract both radially and tangentially as compared with
native blood vessels. Some investigators have hypothesized that compliance mis-
match, especially at the anastomosis, leads to a chronic tissue response that is
clinically observed as intimal thickening (78,79). This hypothesis remains essen-
tially untested owing to the difficulty in manufacturing highly compliant synthetic
grafts that both maintain their compliance once implanted and also exhibit biolog-
ical stability. Considering that an anastomosis from a natural vein to an artery
also exhibits intimal thickening, the compliance mismatch hypothesis has not
received significant support. Undoubtedly compliance is one of several mecha-
nisms that collectively affect vessel response to injury.

Stability

The stability of materials used in currently available and experimental AV grafts
is a significant concern. With AV grafts, stability is of paramount importance,
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since grafts are physically penetrated when dialysis cannulas are placed. This
penetration results in a cylindrical deformation in the graft wall, leaving a hole
approximately 200 µm in diameter on cannula removal. An example of a puncture
hole in a graft which has healed is shown in Figure 13.4. The hole is replaced
initially by thrombus, followed by varying degrees of tissue ingrowth. Again,
each graft material has varying degrees of tissue ingrowth. Several manufacturers
have evaluated graft materials that have self-closing characteristics. Materials
such as silicone or soft polyurethanes have a ‘‘memory’’ and will partially fill
the cylindrical channel formed when the dialysis cannula is removed. This design
parameter has theoretically significant value, since the incidence of bleeding
would be markedly reduced.

Stability—defined as the ability of grafts to resist either chemical or physi-
cal degradation—has been a major concern in AV graft development and has

FIGURE 13.4 Light micrograph illustrating an ePTFE graft punctured by a dialysis
needle and the healing response that occurs via ingrowth of surrounding tissue.



(A)

(B)

(C)

FIGURE 13.5 Examples of the physical damage to ePTFE AV graft material that
occurs during suturing.(A) suture placed with maximal attention to minimize needle
tension on graft material. (B) Suture placed forcing the needle directly through the
graft without rotating the needle as it passes through the material.(C) Suture placed
with tangential strain placed on the ePTFE by the needle.
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resulted in a limited number of materials available for clinical use today. Materi-
als such as polyurethane and biodegradable materials have not reached clinical
use as AV grafts due to lingering concerns regarding the stability of these materi-
als in long-term implants. Synthetic grafts of ePTFE remain the most widely used
AV grafts.

Suturing and Graft Handling

The process of constructing an anastomosis from a synthetic graft to a vessel
subjects both the graft and the vessel to significant physical manipulation. One
aspect of this manipulation is placement of sutures through the interstices of the
graft, with subsequent approximation of graft and vessel. Several aspects of su-
ture placement should be considered with respect to the effects on graft structure
and subsequent healing. Since most synthetic grafts used are ePTFE, this material
is the focus of this discussion. The ePTFE material can be stretched in a three-
dimensional coordinate; thus, the amount of tension placed on each suture will
result in variable amounts of ePTFE distortion. Sutures placed with extensive
tangential strain will open the ePTFE structure, resulting in prolonged bleeding.
Secondarily, the formation of granulation tissue will be more extensive in this
area. Figure 13.5A illustrates the placement of a suture with maximal attention
to minimizing needle tension on the graft material. Figure 13.5B shows the suture
being placed, forcing the needle directly through the graft without rotating the
needle as it passes through the material. Finally, Figure 13.5C illustrates the dam-
age that occurs when the suture is placed with tangential strain placed on the
ePTFE by the needle. This disruption in the ePTFE surface structure results in
increased surface area for platelet and fibrin deposition. Suture retention strength
in commercially available ePTFE grafts is quite similar. However, comparative
studies will be necessary to determine whether suture hole bleeding is different
between materials.

Another aspect of polymer design that is affected by physical manipulation
during anastomosis construction is the effect on ePTFE caused by handling with
forceps and clamps. The ePTFE material is easily deformable, and this deforma-
tion, when applied with significant force, will remain following release of the
clasping device. The healing characteristics of ePTFE are affected by all these
physical manipulations (80). One cause for poor incorporation of grafts can be
the overmanipulation of the material in this fashion, which should be avoided.

POLYMER-TISSUE INTERACTIONS

Following implantation of a synthetic AV fistula, a healing response is observed,
which—with respect to cellular and extracellular components—is similar in
many ways to normal wound healing. The most significant difference observed
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following synthetic fistula implantation is the prolongation of the inflammatory
phase (81). In essence, synthetic polymers elicit a chronic inflammatory response
that remains active for the duration of the life of the implant. As diagrammed in
Figure 13.6, the normal response to injury involves a programmed sequence of
cellular and extracellular responses leading to the formation of replacement tissue
similar in structure to the tissue prior to damage. Figure 13.7 illustrates the current
state of knowledge of how the presence of a synthetic fistula alters the healing
response, leading to both heightening of inflammatory components and their sub-
sequent prolongation. The cellular nature of this response is illustrated morpho-
logically in Figure 13.8, which demonstrates the cellular response on the outer
surface of an ePTFE graft. The most prominent feature is the presence of numer-
ous macrophages, with the common appearance of foreign-body giant cells. This
reaction is constant and is observed in implants that have been evaluated years
after their primary implantation.

The presence of these foreign-body reactions is coordinate with the synthe-
sis and secretion of numerous cytokines—such as interleukins, tumor necrosis
factor, transforming growth factor beta, and interferon gamma—as well as nu-
merous other growth factors and chemoattractants (81–84). The net result of
these factors is chronic recruitment of additional inflammatory cells and often
the development of a fibrous capsule around the implant. This capsule is seen
as an attempt by the tissue to wall off the highly inflammatory material. Essen-
tially the tissue response has evolved to encapsulate foreign bodies that cannot
be effectively degraded by the action of cell-associated digestive enzymes and
chemicals. In summary, the environment surrounding an implanted synthetic AV

FIGURE 13.6 Cellular events that occur during normal wound healing.
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FIGURE 13.7 Cellular events associated with wound healing when a biomaterial
is present.

FIGURE 13.8 Light micrograph of the abluminal surface of an AV graft illustrating
the presence of inflammatory cells, including a foreign body giant cell.
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fistula is initially composed of inflammatory cells that persist, resulting in a
chronically inflamed implant. This inflammation may be reduced by the encapsu-
lation of the implant in an acellular extracellular matrix–rich capsule. The in-
flammatory tissue environment surrounding a synthetic fistula is also character-
ized by a lack of microvascular elements, indicating that this region is poorly
perfused.

The implantation of AV fistulas results in protein and cellular responses
on the luminal and abluminal surfaces as well as a tissue reaction at the anasto-
motic site. These distinct sites all exhibit different responses, since one surface,
the lumen, is interacting with blood components while the abluminal surface is
interacting with surrounding tissue. The graft-vessel interface at the anastomosis
is a third unique site of healing as the blood vessel wall responds to both surgical
injury and the presence of a foreign material.

Endothelialization

The formation of a natural endothelial cell lining on the luminal surface of pros-
thetic fistulae has been hypothesized as a means to improve the long-term func-
tion of these grafts (85). The accelerated formation of this cellular lining has
been evaluated using both endothelial cell transplantation (86–88) as well as
polymer modifications to improve spontaneous formation of luminal linings with
endothelial cells (89–90). Endothelial cell transplantation has reached the point
of clinical evaluation, with continued development of procedures to improve the
rate and stability of the endothelial cell lining (87,91). In Figure 13.9, a scanning
electron micrograph of the flow surface of an endothelial cell transplanted graft
is illustrated, providing an example of the cellular lining that can be established
with this technique. The modification of polymers to improve healing characteris-
tics and promote spontaneous endothelialization is predominantly in the preclini-
cal stage. Exceptions include the development of ePTFE grafts with high external
porosity to accelerate healing (43). Significant efforts are ongoing to improve
the healing of both the luminal and abluminal surfaces of synthetic grafts, with
particular emphasis on the cellular response following synthetic AV fistula im-
plantation.

Blood-Materials Interactions

The initial response following restoration of blood flow through AV fistulae is
the interaction of blood components with the luminal flow surface (92–97). Syn-
thetic AV grafts are uniformly nonbiological, and thus the initial interactions are
characterized as an activation of blood cells and plasma proteins. The initial sur-
face interactions have been characterized to involve the absorption of plasma
proteins in a sequence directly related to the relative concentration of the protein
in the blood (94,96,97). Serum albumin, the most abundant plasma protein, inter-
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FIGURE 13.9 Scanning electron micrograph of the luminal surface of an AV (eP-
TFE) graft that received transplanted endothelial cells at the time of graft implanta-
tion.

acts with the luminal surface first, and it is sequentially followed by immunoglob-
ulins and fibrinogen. Other proteins—such as factor VIII, Hageman factor, and
circulating fibronectin—are also absorbed by the luminal surface. The net result
of this protein deposition is a complex surface of absorbed proteins. Individually,
these proteins exhibit both nonthrombogenic characteristics, as exemplified by
serum albumin, and prothrombogenic characteristics, as exemplified by factor
VIII, Hageman factor, and fibronectin (93). The net thrombogenicity of the lumen
surface of a vascular graft is dependent upon the protein surface exposed to blood.
Several attempts have been made to reduce the thrombogenicity of grafts by
either bonding serum albumin to the luminal surface or imparting a negative
surface charge to the polymer surface to mimic the charge of albumin (98,99).
Mixed results with these types of modifications have been reported (100).

Cell-Material Interactions

Following the deposition of proteins, circulating platelets as well as leukocytes
contact the lumenal surface of vascular grafts. Figure 13.10 illustrates the associa-
tion of platelets and leukocytes with grafts following their implantation. The in-
teractions of platelets and leukocytes is modulated by specific interactions be-
tween plasma membrane proteins in platelets and leukocytes with the proteins
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FIGURE 13.10 Scanning electron micrograph of the luminal surface of an AV graft
retrieved after 6 weeks of implantation, illustrating the thrombogenic nature of the
blood contacting surface.

associated with the graft surface (92,93). For example, von Willebrand factor,
another plasma protein that associates with graft surfaces, exhibits affinity for
platelet GPIb, a protein found on the surface of platelets. This interaction leads
to the binding of platelets to the graft surface and is further accelerated by platelet-
platelet interactions. Continued deposition of platelets leads to the formation of
platelet aggregates that grow in size until the force of detachment created by the
shear force in the fistula surpasses the force of attachment anchoring the platelet
aggregate (101). Platelet microemboli are subsequently released, leading to a
continuous cycling of platelet aggregation and embolization in a process believed
to continue for the life of the implanted device.

Leukocyte deposition, and especially monocyte adherence, is not as well
characterized but does occur even at the high flow rates observed in AV grafts.
Leukocytes express integrin protein heterodimers on their plasma membranes
with known binding affinity for immunoglobulins, fibronectin, and fibrinogen
(102). The mechanisms regulating leukocyte-integrin interactions have been es-
tablished in the microcirculation but are poorly understood in the high-flow-rate
environment common in large blood vessels and especially as observed in AV
fistulae.

The surgical implantation of any material results in a wound healing re-
sponse, with components common to all wound healing. However, a significant
difference in material-related wound healing is the prolongation of cellular pro-
cesses seen during granulation tissue formation (81,82). Specifically, the recruit-



Biomaterials in Vascular Access 261

ment of monocytes and the transformation of these cells into macrophages is
prolonged (83,84). With many material implants, the subsequent formation of
foreign-body giant cells from monocytes is extremely common (84). Proliferation
of fibroblasts and the formation of extracellular matrix is another cellular process
that is prolonged (82). The formation of a fibrous capsule around the external,
abluminal surface of AV grafts is common; however, the extent of this fibrous
capsule varies depending on the type of synthetic polymer.

Intimal Thickening

The earliest responses on the blood-contacting surfaces of synthetic AV fistulae
are characterized as sequentially serum protein deposition, fibrin deposition, and
finally platelet and leukocyte deposition. Subsequent cellular reactions on the
blood-flow surface in the portion of the graft more than 1 cm from the anastomo-
ses do not change significantly during the ensuing months to years. The blood-
flow surface remains highly thrombogenic, with continual deposition of activated
platelets and fibrin and with embolization of these aggregates in the form of
microemboli. This process of deposition and embolization continues for the life
of the implant; thus the luminal surface is never quiescent. The blood-flow surface
of a fistula is often characterized as a pseudointima; however, this term is inher-
ently incorrect, since the surface is essentially acellular and thus is not an intimal
lining.

A most characteristic feature of the blood-flow surface distant from the
anastomosis is the complete absence of an endothelial cell lining even in grafts
that have been evaluated after more than 10 years of implantation. This lack
of spontaneous endothelialization is a hallmark of the blood-flow surface (103).
Interestingly, other nonhuman animal species exhibit the ability to form spontane-
ous endothelial cell linings on synthetic grafts. Certain animal species such as
the baboon exhibit extremely rapid spontaneous endothelialization rates. Unfortu-
nately, the human species lacks the ability to spontaneously endothelialize the
lumenal blood-flow surface, and the mechanism of this failure to endothelialize
is currently under active investigation.

Anastomotic healing of synthetic AV fistulae exhibits cellular and extracel-
lular responses common to all vascular grafts, including the occurrence of a pro-
gressive intimal thickening at the distal (venous) anastomosis. The occurrence
of intimal thickening is a significant cause of fistula failure. These anastomotic
lesions were originally defined as intimal hyperplastic lesions, suggesting that
their presence was the result of cellular proliferation, with smooth muscle cells
being considered the major cell found in hyperplastic lesions. Indeed, immunocy-
tochemical staining of tissue samples from anastomotic lesions from AV grafts
exhibits the presence of the cytoskeletal protein known as alpha smooth muscle
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cell actin. Investigators are generally agreed that this marker confirms that cells
in these lesions were derived from smooth muscle cells activated by the process
of AV fistula implantation.

Our current concept of the mechanism of anastomotic lesion formation is
undergoing significant reconsideration for a number of reasons. First, many cells
of mesenchymal origin exhibit alpha smooth muscle cell actin staining, sug-
gesting that cells in the intimal lesions are not definitively of smooth muscle cell
origin (104). Second, evaluation of the proliferation rate of cells in AV fistula
intimal lesions indicates that proliferation of cells is very rare. Moreover, many
of the cells observed to be proliferating in intimal lesions are microvascular endo-
thelium and not cells generally described as myofibroblasts (105). Finally, the
cell density found in AV fistula intimal lesions is not quantitatively in the range of
a hyperplastic response but must be described more accurately as an extracellular
hypertrophic response. The intimal lesions are predominantly extracellular matrix
when the distribution of components is quantified on the basis of a unit volume
of lesions. The anastomotic response following the implantation of an AV fistula
is currently most accurately described as an intimal thickening composed of a
luminal lining of endothelial cells. These endothelial cells rarely penetrate onto
the luminal surface of the fistulae more than 1 cm from the anastomosis. The
intimal thickening under the endothelial cell lining is composed of numerous cell
types, including microvascular endothelium, inflammatory cells, myofibroblasts,
and a rich investment of extracellular matrix. Future studies will be imperative
to understand the mechanisms of this, which result in the formation of intimal
thickening.

COMPLICATIONS

Infection

Material-based infections are a significant complication of synthetic grafts, and
they are compounded by the relative cellularity of these implants. Studies have
reported infection rates for AV grafts at 1 year between 10 and 35% (106–111).
Bacterial infection come from several sources, including abluminal sources dur-
ing graft placement and luminal sources due to bacterial-polymer interaction. The
most significant bacterial infections are due to Staphylococcus epidermidis and
aureus (112). The mechanisms of bacterial-polymer interactions are under active
evaluation (113–115). Interestingly, it appears that this interaction may not be
passive but may involve utilization of specific receptor interaction between pro-
teins on the surface of grafts and receptors found on the surface of bacteria. The
most effective barrier to bacterial–vessel wall interaction remains the endothelial
cell. In the absence of this cellular barrier, bacteria can invade the porous poly-
mer, resulting in colonization and drug resistance.
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Pretreatment of synthetic grafts with antibiotics has been suggested as a
prophylaxis against infection (115). Such treatment varies from antibiotic binding
techniques to simple preimplant immersion. Types of antibiotics for this treat-
ment also vary and include surfactants (116), pennicillins, cephalosporins
(117,118), and rifampin (119). To date, the effectiveness of antibiotic treatment
is undetermined. Careful attention to sterile technique remains the method of
choice when synthetic grafts are used.

Seroma

The porous nature of synthetic grafts results in the ability of both plasma and
formed elements to penetrate the luminal surface of the graft and to varying
degree penetrate its interstices, giving them access to the abluminal surface. Mas-
sive penetration of plasma and cells does not occur for several reasons. First,
although the porosity of ePTFE is often quoted as approximately 30 µm, this
represents the average distance between nodes on the surface of the graft. This
value suggests that the grafts would impose little restriction on erythrocytes or
plasma; however, the internodal distance is not the major determinant of graft
porosity. As observed in Figures 13.1 and 13.2, the density of fibers between
nodes is a more significant factor affecting edema formation. Chronic penetration
of grafts with catheters leads to a breakdown in the structural integrity of grafts
and can lead to several complications, including aneurysms, hematomas, and ser-
omas (120).
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The placement of central venous access devices has become an everyday
component of the management of a significant proportion of patients suffering
from a variety of maladies in a number of diverse treatment environments. Central
venous access is routinely used in the treatment of critically ill intensive care unit
patients for both durable intravenous access as well as a route for measurement of
central hemodynamics. In less critically ill hospitalized patients, central venous
access is frequently applied to difficult intravenous access situations or where
prolonged intravenous administration of medications such as antibiotics or nutri-
tion is required. Finally, as more and more treatment is transitioned from inpatient
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to outpatient settings, central venous access devices are commonly seen in ambu-
latory patients receiving chemotherapy for malignancies and infections, pro-
longed intravenous nutrition, and as a means to perform renal replacement
therapy.

The placement and maintenance of a functional central venous access de-
vice can become a formidable challenge in patients who need these appliances
for prolonged periods of time. This chapter reviews the general points for catheter
selection and focuses on catheter placement techniques for central venous cathe-
ters (CVC). Since most catheter insertions are done using percutaneous tech-
niques, our own general procedure for most CVC insertion is described in detail
under ‘‘Percutaneous Insertion,’’ below. The specific considerations related to
central venous catheters used for hemodialysis have already been discussed in
Chapter 10 and interested readers are referred there for details regarding these
special catheter types. Moreover, Chapter 17 comprises an explicit discussion of
the prevention and treatment of catheter-related complications, which are not
repeated here.

CATHETER SELECTION

Central venous catheters are used in a broad number of applications. The type
of catheter placed is somewhat dependent upon the specific needs of each clinical
scenario. For instance, catheters inserted in the intensive care unit and used for
hemodynamic monitoring are usually required for only short periods of time and
are rarely needed beyond a few days after placement. By contrast, catheters in-
serted for chemotherapy to treat solid tumors may be left in place for months or
years. The details surrounding each catheter’s clinical indication help determine
appropriate catheter specifications required.

For simplicity, we have grouped the catheters into three general categories
based upon duration of access required. Our discussion of catheter specifications
centers on catheters designed for temporary use (less than 1 week), short-term
use (one to 6 weeks) and long-term use (more than 6 weeks). Common clinical
circumstances that may predicate catheter criteria are mentioned. Another factor
that must be considered is the number of lumens required. This component is
also guided by the clinical circumstances. In general, multilumen catheters have
a higher infection rate than their single-lumen counterparts (1–3). This holds true
whether one considers temporary or long-term CVCs and is related to the higher
incidence of catheter access with multilumen devices. Multilumen catheters are
available in a number of configurations, including the double-D, circular, and
coaxial designs. Lumen configuration becomes a significant issue when high
flows are required through the catheter, as in hemodialysis or plasmapheresis. A
detailed discussion of lumen configuration appears in Chapter 10.
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Temporary Catheters

Establishment of central venous access for periods of time measured in days is
usually required for central hemodynamic monitoring in critically ill or injured
patients or in patients undergoing major surgical procedures. By contrast, CVCs
are not considered the first choice for vascular access for the resuscitation of
trauma victims, whereas large-bore antecubital intravenous catheters are still the
mainstay in these patients. Catheters used for temporary access range from simple
single-lumen CVCs to complex combinations of introducer sheaths and multilu-
men catheters. These catheters are commonly made of stiff polyurethane for easy
placement. Most catheters are supplied as self-contained insertion trays allowing
for ease of placement at the patient’s bedside. Temporary catheters are designed
for percutaneous insertion using the Seldinger technique, as described in greater
detail further on.

Temporary CVCs are typically placed via the internal jugular or subclavian
route, depending on the clinical situation. Occasionally, in patients with severe
coagulation abnormalities or in those who lack available jugular or subclavian
access routes, femoral vein access is required. Most single and multilumen tem-
porary CVCs have a fixed length and require careful attention to tip location
during placement to avoid atrial or ventricular tip positioning. Instances of atrial
perforation have occurred most frequently with polyurethane catheters, prompt-
ing the Food and Drug Administration to recommend not letting any catheter tip
come to rest in the right atrium (4). Introducer sheaths, ranging in size from 9
to 11 F, not only function as large-bore CVCs for fluid resuscitation but can also
provide a conduit for the introduction of pulmonary artery catheters into the cen-
tral venous circulation.

Temporary catheters are intended for short periods of use, usually less than
7 days. Beyond this time frame, the risk of catheter infection increases. By design,
the catheters lack any barrier to infection, as in permanent or degradable cuffs.
Although protocols for catheter care vary, most institutions recommend removal
or replacement of a temporary CVC at 7 days. In an effort to reduce the infection
risk of CVCs, some manufacturers have incorporated antimicrobial components
into the catheter construct. One example of this technology is the ArrowgardBlue
antiseptic surface applied to a number of catheters available from Arrow Interna-
tional, Inc., Reading, PA (Figure 14.1). The coating consists of chlorhexidine-
silver sulfadiazine molecularly bonded to the external surface of the catheter,
which provides a prolonged antiseptic effect to the intravascular portion of the
CVC. In both in vitro and in vivo experiments, a reduction in catheter-related
bacteremias has been correlated with the use of this antiseptic surface (4,5).

Polyurethane, the base polymer utilized in most temporary CVCs, limits
the duration of cannulation of these devices. By virtue of its rigidity, catheters
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FIGURE 14.1 Arrow blue catheter.

made of polyurethane are predisposed to vessel perforation acutely during place-
ment and to vessel erosion when left in place for prolonged periods of time.
Moreover, polyurethane is associated with a higher rate of fibrin sheath formation
and intimal reaction compared with silicone, the base polymer frequently em-
ployed in most long-term intravascular devices (6). Both of these responses limit
the functionality of the device through either catheter thrombosis or vessel throm-
bosis, respectively. A predilection for these adverse reactions limits the safety
and durability of polyurethane catheters beyond 1 to 2 weeks of use.

Short-Term Catheters

Few catheter designs address the need for intravascular access for the intermedi-
ate time period of 1 to 6 weeks. Clinical scenarios that might call for this include
infections requiring prolonged intravenous antibiotic administration, such as os-
teomyelitis, endocarditis, or intravascular device–related infections. Other indica-
tions for this interval of access comprise total parenteral nutrition in a patient
with ischemic colitis or short-bowel syndrome. Short-term access is largely
achieved with either a modified temporary catheter or a long-term catheter, as
described below. We are aware of only one device designed for a limited period
of prolonged access—the Hohn catheter (Bard Access Systems, Salt Lake City,
UT) (7).
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The Hohn catheter shares a number of characteristics with both temporary
and long-term catheters. It is available as either a 5F single-lumen or 7F dual-
lumen device (Figure 14.2). Both sizes are provided as self-contained placement
kits that allow for bedside insertion. The small size of the Hohn catheter and
over-the-wire placement makes bedside insertion feasible and safe, a trait shared
with temporary catheters. Both models come with a variable-length intravascular
portion that necessitates trimming the catheter to an estimated length for tip place-
ment in the superior vena cava (SVC). Prolonged use of the Hohn catheter is
enhanced by its construction of soft Silastic, which minimizes intravascular inti-
mal trauma and risk of catheter erosion. Unlike traditional long-term catheters,
no portion of the Hohn catheter is designed for subcutaneous tunneling. However,
each Hohn catheter is equipped with a Vitacuff (see Figure 14.2) to provide a
barrier to infection for up to 6 weeks. The Vitacuff is a silver-impregnated colla-
gen cuff attached to the catheter just under the skin by the exit site. During the 6-
week degradation of the collagen cuff, continuous release of silver ions provides a
barrier to infection along the shaft of the catheter (8).

One nuance of the Hohn catheter deserving of mention centers on insertion
problems. The tip of the catheter is a blunt cylinder that sometimes makes pene-
tration through the subcutaneous tissue and into the vessel lumen difficult. This
is aggravated by the soft pliability of the Silastic catheter. We have over-
come this problem by using 6F (single-lumen) and 8F (double-lumen) peel-away
sheath introducers to traverse the subcutaneous tissue and enter the vessel lumen
whenever resistance is encountered. Because no tunneling is required, catheter
removal is simple and straightforward, requiring only removal of an anchoring
stitch or two and gentle traction. Aside from the technical point with insertion
mentioned above, the Hohn catheter provides an excellent alternative to long-

FIGURE 14.2 Hohn catheter.
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term tunneled catheters for patients who need an intermediate period of central
venous access.

Other options for accomplishing short-term central venous access include
modifying temporary catheters for prolonged insertion or simply using tunneled
long-term catheters. Modification of a temporary catheter for prolonged insertion
largely focuses on the addition of a subcutaneous Vitacuff to the catheter shaft
(8). This simple procedure at the time of catheter insertion provides a barrier to
catheter infection for up to 6 weeks. The Vitacuff is available as a separately
packaged device and is also incorporated into the shaft of a number of commer-
cially available temporary catheters. Though the Vitacuff affords some protection
against catheter infection, the disadvantages of using polyurethane catheters for
prolonged access remain unchanged. Use of a long-term tunneled catheter ad-
dresses this issue, as most popular brands are made of Silastic. The specific char-
acteristics of long-term catheters are noted in the following section. However,
use of a small-diameter single-lumen cuffed, tunneled catheter is an acceptable
alternative for short-term access.

A final and increasingly popular choice for short-term access is the periph-
erally inserted central catheter (PICC) (9,10). In many institutions including our
own, these central venous catheters are placed by specially trained nurses (11).
These PICC lines, as they are called, are small-diameter Silastic or polyurethane
catheters inserted into the central venous circulation through a peripheral vein,
usually the median antecubital (Figure 14.3). Details of PICC insertion appear
later in this chapter. Because of the peripheral site of venous cannulation, compli-

FIGURE 14.3 PICC line.
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cations related to placement are usually of no significant consequence and primar-
ily involve peripheral hematomas or superficial thrombophlebitis. This is quite
distinct from the known complications of central venous catheter placement, such
as pneumothorax and major vascular injury. Though infection rates of PICC lines
are less than with CVCs in general, the potential exists for catastrophic thrombo-
phlebitis of the central venous system and endocarditis despite the peripheral
origin of these devices (10). These advantages of PICCs over traditional CVCs
make them an attractive selection for short-term intravenous access.

Long-Term Catheters

Patients in need of central venous access for periods in excess of 6 weeks require
placement of a long-term CVC. Common indications for placement of this type
of CVC include prolonged chemotherapy for malignancies, prolonged parenteral
nutrition for short-gut syndrome, and absence of peripheral venous access in a
chronically ill patient. This category of catheters can be further subdivided into
three components: (a) tunneled, cuffed, external CVCs; (b) implanted CVCs with
subcutaneous reservoirs; and (c) peripherally inserted CVCs with subcutaneous
reservoirs. The characteristics, advantages, and disadvantages of these access op-
tions are outlined below.

In selecting a long-term catheter for an individual patient, key consider-
ations in catheter selection include the anticipated duration of therapy, the number
and types of infusions required, the availability of resources for catheter care,
cosmetic concerns of the patient to have an exposed or concealed device, the
patient’s activity level, and his or her tolerance or intolerance of repeated needle
sticks. In general, implanted ports are favored over external catheters for pro-
longed infusions of single agents in active patients, patients who desire concealed
devices, or those who lack the resources required for regular catheter care neces-
sary with external devices. Peripheral ports are acceptable for low-viscosity sin-
gle infusions requiring infrequent access. Examples of this include single-agent
chemotherapy in patients with solid tumors or prolonged antibiotic infusions.
Multilumen centrally placed ports are available and can be used, but they carry
a higher risk of infectious complications compared with single-lumen ports. In
patients with the anticipated need for multiple infusions and multiple blood sam-
plings, such as leukemia and bone-marrow transplant patients, tunneled, cuffed,
external catheters are a better alternative to implanted ports. Large-diameter
multiple-lumen external catheters meet the needs of these often very ill patients
far better than the implanted reservoirs.

Tunneled, Cuffed, and External CVCs

The introduction of the Broviac and subsequently the Hickman catheters ushered
in the modern era of long-term central venous access (12,13). These devices were
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made of silicone rubber or Silastic and were intended to be a less thrombogenic
alternative to the polyvinyl chloride catheters that preceded them. Catheters that
share the basic design of the Broviac and Hickman are now the mainstays of
long-term venous access devices. These tunneled catheters are available in a vast
array of sizes and lumen configurations. A Dacron cuff is incorporated into the
shaft of the catheter and positioned in the subcutaneous tissue 1 to 2 cm from
the catheter exit site. Over a period of 4 to 6 weeks, the cuff becomes incorporated
into the subcutaneous tissue through fibrous ingrowth. Once the cuff becomes
well healed into the subcutaneous tissues, a barrier to bacterial migration along
the catheter is established to minimize catheter infection. Moreover, the scarred-
in cuff provides some protection against accidental catheter removal.

Recently, Vitacuffs have been added to a number of these tunneled cathe-
ters to provide additional protection against infection in the first 4 to 6 weeks
when tissue incorporation of the Dacron cuff proceeds. During this early phase
of healing, the biodegradable collagen Vitacuff discharges a continuous supply of
silver ions and provides some antibacterial activity near the catheter exit site (8).

One increasingly popular modification of tunneled, cuffed external CVCs
is the Groshong catheter. This catheter is unique in its design by the presence
of a slit-valve at its tip. The construction of the slit-valve allows it to function
as a two-way valve compatible with both aspiration and injection (Figure 14.4).

FIGURE 14.4 Drawing of Groshong tip.
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However, without these forces applied to the valve, it rests in a neutral, closed
position and prevents reflux of blood into the catheter lumen. Thus, the catheter
does not require daily flushing with heparinized solutions, or require placement
of a concentrated heparin dwell. The care recommended is weekly flushing with
normal saline. This innovation greatly reduces the cost and amount of care re-
quired to maintain catheter patency. Like other tunneled, cuffed, external CVCs,
the Groshong is made of Silastic. Moreover, use of a thin-walled arrangement
allows the Groshong catheter to provide similar lumen sizes as its Hickman coun-
terparts packaged in a smaller outside diameter. The disadvantage of this design
is a much more fragile catheter that, in our own experience, is prone to fracture.
In addition, removal of Hickman catheters often requires only gentle traction to
disengage the subcutaneous cuff, whereas similar traction applied to the thin-
walled Groshong may result in catheter disruption. Therefore removal of a Gros-
hong often requires a limited cutdown procedure over the subcutaneous cuff.

Most of the available tunneled, cuffed, external catheters are provided as
self-contained insertion trays containing all the equipment necessary for percuta-
neous insertion. Tunneled external CVCs have a durability limited only by mate-
rial strength, patency, and avoidance of infection. With the exception of the Gros-
hong catheter noted above, a regular maintenance schedule is required to include
flushing of all lumens with heparin and scrupulous cleansing of the exit site with
application of sterile dressings (14). The need for regular care and maintenance
of external catheters must be factored into the decision as to what type of long-
term device to place for an individual patient. These care considerations may
prove prohibitive for patients who do not have access to professional ambulatory
care agencies or who lack either the personal ability or family support to ensure
that meticulous catheter care is achieved. In these types of patients, the lower
maintenance required of an implanted reservoir may influence the access device
selected.

Implanted CVCs with Subcutaneous Reservoirs

Implanted venous access ports combine the attributes of a CVC with the ease of
management and cosmetic acceptability of a completely implanted device. Most
available implantable venous ports comprise a Silastic catheter with an im-
plantable reservoir. A number of manufacturers have devices available with either
a preassembled catheter and port or a detached catheter (Figure 14.5). Subtle
differences in placement technique are required, depending upon the configura-
tion of the device, and are described below, under ‘‘Common Placement Tech-
niques.’’ The reservoir generally consists of a plastic or titanium housing with
a silicone diaphragm. When noncoring needles are used for access, a multitude
of punctures can be achieved without extravasation. Titanium or plastic housings
are used to reduce the likelihood of image scatter when subjected to computed
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FIGURE 14.5 Port with and without attached catheters.

tomography. The implantable ports are available from a number of manufacturers
as double or single-lumen designs as well as multiple housing sizes to accommo-
date pediatric patients and adults with limited subcutaneous tissue.

Because the catheter and reservoir are completely sealed beneath the skin,
implanted ports offer a cosmetic appeal to patients expected to need prolonged
intravenous therapy. Furthermore, active patients may resume regular physical
activity, including swimming, with an implantable port, unlike the case with ex-
ternal catheters, which have activity restrictions associated with their use by na-
ture of their location (15). The disadvantage of this arrangement is that the patient
must endure the pain of a needle puncture when the port is cannulated, in contrast
to the external catheters, which may be accessed without discomfort to the patient.
This difference between tunneled catheters and implanted ports brings to light
the fact that patient concerns and tolerance of needle sticks is yet another factor
in determining the most appropriate access device.

Peripherally Inserted CVCs with Subcutaneous Reservoirs

A final option for long-term venous access evolved from both implanted venous
ports and PIC lines. The P.A.S. Port (Pharmacia Deltec, Inc., St. Paul, MN) is
an example of a CVC inserted through a peripheral vein and is attached to a
subcutaneous reservoir implanted in the upper extremity (Figure 14.6) (16). Like
the PIC line, the P.A.S. Port has a peripheral entry site that minimizes the chance
for significant placement complications without compromising the advantage of
tip placement in a large central vein. A small-profile implanted reservoir is placed
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FIGURE 14.6 PAS port compared with regular port.

in the subcutaneous tissue of the arm, as described in detail below. The P.A.S.
Port and related devices offer cosmetic advantages similar to those of centrally
placed implanted ports and also permit resumption of normal physical activity
once the site is completely healed. As in the case of centrally placed ports, each
time the peripheral port is accessed, the patient must submit to a needle puncture.
However, the reduced reservoir size of peripheral ports limits the recommended
size of the cannulation needle to a 22-gauge and also confines the septum area
available for rotation of access sites. These attributes exclude patients who may
need multiple infusions from having peripheral ports as an access alternative.

COMMON PLACEMENT TECHNIQUES

Basic Techniques and Components

Central venous access devices may be placed in a number of environments. Prin-
ciples of sterile technique should be strictly adhered to regardless of whether the
CVC is placed at the bedside or in a specialized suite such as an operating room
or angiography unit. Important components of the placement environment include
adequate lighting, an adjustable bed or stretcher, and the availability of personnel
to provide assistance to the individual performing the placement procedure. These
components are independent of the type of CVC to be inserted. For bedside tem-
porary CVC placement, the need for continuous electrocardiographic (ECG) and/
or pulse oximetry monitoring is unclear. Our own approach is to use either the
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operating room patient prep area or the postanesthesia care unit for all catheter
insertions on inpatients not already in an intensive care setting. By virtue of the
usual care provided at these sites, ECG is readily available and is routinely em-
ployed. We do not routinely use conscious sedation when placing bedside CVCs;
however, use of this technique would mandate the need for noninvasive monitor-
ing in most institutions today.

The expedience of having the patient in an adjustable bed cannot be over-
stated. Not only does a fully adjustable bed or stretcher facilitate patient position-
ing to enhance venous distention, but the ability to adjust the patient’s height to
an optimal level for the operator has immeasurable benefit in avoiding prolonged
periods in a hunched position over a patient for whom the bed height is not
adjustable. Exposure of the important anatomical landmarks is also of universal
importance for insertion of all CVCs. For most of our CVC placements, exposure,
along with sterile prepping and draping, includes the area bounded by the mandi-
bles, nipples, and shoulders. This provides excellent visualization of the critical
landmarks and also affords the availability of a multiple of contingency place-
ment sites if we are unable to successfully access our primary site. With the
generous preparation we describe, secondary sites may be accessed without the
need for repositioning, reprepping, and redraping. As a minimum, sterile gloves,
a mask, and protective eyewear are used for all catheter insertions. Use of a cap
and sterile gown has not been clearly shown to reduce catheter infection rates
for bedside insertion except for placement of dedicated CVCs for total parenteral
nutrition. When CVCs are inserted in the operating room or angiography suite,
standard techniques for surgical scrub as well as cap, mask, gown, and glove
utilization are applied.

Most CVCs designed for bedside placement are available as self-contained
placement trays. These kits usually include the catheter and the necessary acces-
sories for insertion such as needles, syringes, an allotment of 1% lidocaine, guide-
wire, suture, drapes, dressing, povodine-iodine solution, and even sterile gloves.
Though unnecessary for uncomplicated insertions, we recommend having re-
placement parts readily available for the common difficulties likely to be encoun-
tered during CVC placement. A plethora of situations may arise during CVC
insertion that require replacement of an individual component of an insertion
tray. A simple example of this is dropping the guidewire on the floor before its
role is completed. Replacement components may be as simple as extra syringes
and sutures or may be as specialized as a replacement catheter or guidewire (Fig-
ure 14.7). Often another complete insertion tray must be opened for a simple
component that could be readily available on an individual basis with the appro-
priate forethought. Opening complete trays to retrieve individual pieces is waste-
ful and expensive. With the exception of the catheters themselves, individually
packaged replacement components are readily available. To this end, individual
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FIGURE 14.7 Spare parts available, including dilator, guidewire, and sheath.

packaged catheters are available for a number of the temporary hemodialysis
catheters.

Aside from the availability of replacement parts, adjunctive devices that
may facilitate catheter insertion should be accessible. These may include an as-
sortment of guidewires and peel-away sheaths. Previously, we alluded to our use
of a peel-away sheath to facilitate Hohn catheter insertion at the bedside. Based
upon our experience, we now make sure to have the appropriately sized sheath
available for all Hohn placements. Finally, an adequate quantity of injectable
normal saline, heparin flush, and local anesthetic should be easily accessible to
the operator.

For bedside catheter placement, one of the keys to an uneventful insertion
is organization. Once the patient has been positioned and the skin prepared, it is
the authors’ preference to organize the components to be used in catheter place-
ment on either a Mayo stand or the patient’s tray table prior to beginning the
invasive part of the procedure. This avoids inadvertent loss of a portion or all
of the tray should patient movement occur—a problem associated with resting
the insertion tray on the patient’s chest. Subtle points that can expedite catheter
insertion include assembling selected needles and syringes, disengaging the
guidewire introducer tip from the guidewire housing sheath, unsheathing the
knife blade, unpacking the suture, and having the catheter and dilator readily
available for immediate use (Figure 14.8). Once the components are organized
on the stand, the procedure commences.

The operating room or angiography suite is more likely to be the site of
placement of long-term catheters. In general, these catheters are larger in diameter
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FIGURE 14.8 CVL kit laid out on Mayo stand.

and have a variable length compared with temporary catheters. These two charac-
teristics of long-term catheters escalate the risks associated with CVC placement.
Fortunately, most long-term catheters are placed with fluoroscopic guidance in
environments with an abundance of personnel and resources to assist with place-
ment should difficulties be encountered. With this in mind, it is optimal to have an
assortment of guidewires and peel-away sheaths readily available during catheter
insertion. This is in addition to the array of replacement components describe
above for bedside CVC placement.

Percutaneous Insertion

By far the most common method used today for the introduction of catheters
into the vascular system is the percutaneous method. The single most important
historical landmark in percutaneous catheter insertion is the introduction of the
over-the-wire technique first described by Seldinger in 1953 (17). Aside from
minor modifications in component construct, the Seldinger technique has been
modified little since its first description. The basic Seldinger technique comprises
the cannulation of the chosen vessel with a needle followed by the passage of a
guidewire through the needle into the vascular system. The guidewire, which
remains in place until the procedure is completed, functions as a rail over which
catheters or devices are safely introduced into the vascular system.

Percutaneous placement of CVCs requires an absolute familiarity with re-
gional anatomy as well as an understanding of potential anomalies and pathologi-
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cal conditions that may either contraindicate or complicate percutaneous inser-
tion. The specific anatomy for a number of access sites is discussed in subsequent
sections. Specific details of the patient’s history and physical should be noted
including prior catheter insertion: a history of bleeding abnormalities; history of
trauma or surgery to the neck, chest, extremities, and/or pelvis; and any signs
or symptoms of active infection. The physical assessment prior to CVC insertion
should pay special attention to any swelling in the extremities, areas of venous
engorgement, areas of active phlebitis, and scars from previous CVCs. Informed
consent should be obtained from each patient, with a detailed discussion of the
risks of catheter placement regardless of the technique chosen for catheter inser-
tion. Although no absolute contraindications for percutaneous placement of cath-
eters exist, the presence of certain conditions may prompt the operator to restrict
access to certain sites or evaluate the patient with more intensive testing prior
to CVC placement. For example, patients with a history of multiple previous
CVC placements and physical signs of central venous obstruction such as extrem-
ity swelling or engorgement of subcutaneous veins should undergo assessment
with either duplex scanning or venography to document patency of selected cen-
tral venous sites. As another example, CVC placement in a patient with an active
bleeding diathesis might be limited to percutaneous access of the femoral vessels
only, since bleeding complications at this site may be more easy to control and
have less impact on the patient’s overall condition as compared with bleeding
complications at the jugular or subclavian locations.

Percutaneous insertion begins with an assessment of the typical landmarks
for placement at a chosen site. It is the authors’ preference to use a surgical
marker and draw anatomical landmarks on the patient’s skin, as palpable and
visual landmarks may become obscured by infiltration anesthesia, prepping, and
draping. Preparation of the skin with a bactericidal agent followed by draping
with sterile towels or prefabricated drapes should provide adequate sterile field
protection without limiting access to multiple sites if possible. The selected access
vein is then cannulated with a large bore introducer needle (usually 16-gauge).
Some operators prefer to use a smaller needle (22-gauge) as a ‘‘finder’’ needle
to verify the position and depth of the vein prior to using the larger needle. Once
the vein is accessed, the syringe is disconnected from the needle and the guide-
wire passed into position through the back of the introducer needle. The authors
prefers to use a nonlocking Luer syringe to avoid over manipulation and mis-
placement of the needle when disconnecting the syringe, which may occur with
a locking Luer syringe. This specific concern is addressed by the Arrow safety
syringe (Figure 14.9). This system is constructed such that the guidewire is intro-
duced through the back of the plunger on the syringe, avoiding the task of discon-
necting the needle from the syringe, with its attendant risk of needle movement.
Unfortunately, the Arrow safety syringe is available only in certain CVC kits
and has not been universally well received by physicians.
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FIGURE 14.9 Arrow safety syringe.

An assessment of the color and flow of blood through the introducer needle
should take place prior to passage of the guidewire. Bright red, pulsatile flow
emanating from the introducer needle implies an arterial puncture. When this
complication occurs, we recommend removing the needle, halting the procedure,
and applying direct pressure to the puncture site for 10 min prior to resuming
the placement procedure. Unless the patient has a coagulopathy or severe throm-
bocytopenia, these maneuvers will prevent the development of a significant hema-
toma and allow further attempts at placement at the same site. Patience on the
part of the operator in achieving adequate hemostasis of an unintentional arterial
puncture is usually rewarded with few major bleeding complications requiring
surgical intervention. This is true even of the subclavian artery, which can be
tamponaded through the simultaneous application of direct pressure from both
above the clavicle and below the clavicle. Andros et al. demonstrated that even
larger (7 to 9F) arterial punctures of the subclavian artery can be safely controlled
with this method in their series of 569 direct puncture subclavian artery arterial
interventions (18).

If there is any doubt as to the nature of the blood flow from the introducer
needle—i.e., arterial versus venous—a simple method to resolve this dilemma
prior to attempting guidewire passage is to connect the introducer needle to a
pressure transducer system and measure the blood pressure. The applicability of
this technique requires the availability of hemodynamic monitoring equipment
with sterile pressure tubing. An argument further in favor of placing all CVCs
in a critical care environment. The guidewire should pass through the introducer
needle without any resistance. This point cannot be overstated. Any resistance
encountered during passage of the guidewire suggests malposition and should
signal the operator to reassess needle location. Most temporary catheters are stiff
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enough that they can be passed directly over the guidewire into the desired posi-
tion. The exception to this is the Hohn catheter, described above.

The soft Silastic long-term catheters present different challenges for percu-
taneous placement inherent to their design. Recently, adjunctive components have
been developed to facilitate passage of very large diameter, soft, Silastic catheters
into the venous system, since the catheters are innately too compliant to traverse
the skin and subcutaneous tissue. The most common addition is the peel-away
sheath introducer which when combined with a dilator provides a rigid system
to pass through the skin and subcutaneous tissue and develop a large pathway
for placement of large-diameter pliable devices (19). Removal of the dilator por-
tion then leaves a large sheath to introduce the device into position. Once the
catheter is positioned, the sheath ‘‘peels away,’’ leaving the catheter in proper
position. The dilator is tapered to gradually open these tissues and provide for
resistance-free passage of the sheath. Absolute care must be exercised in introduc-
ing the dilator/sheath complex over the guidewire to provide resistance-free pas-
sage. We recommend a push-pull technique to ensure that the guidewire continues
to slide easily through the device during insertion (Figure 14.10). One hand
pushes the dilator over the guidewire while the other pulls the guidewire through
the dilator. After an interval advancement of the device, the guidewire is subse-
quently pushed back into place prior to the next push-pull maneuver. As long as
the guidewire is moving freely through the dilator, the dilator cannot advance
ahead of the guidewire—a condition that can result in vessel perforation. When
a hang-up is encountered where the wire will not pass easily through the device
during its introduction, the device should not be advanced further and imaging
should be used to guide the remainder of the insertion. Often a kink will be seen
in the guidewire when the device was advancing ahead of and off the course of
the guidewire (Figure 14.11). We also recommend the use of fluoroscopy in plac-
ing large-diameter sheaths and dilators, so that the entire insertion can be visual-
ized. In this way, the course of the dilator/wire complex is well visualized and
uncontrolled dilator or catheter tip advancement can be avoided.

Once the sheath is positioned and this is confirmed with fluoroscopy, the
soft catheter can be placed through the sheath. We do not peel away the sheath
until we have confirmed catheter position. Occasionally, upon peeling away the
sheath, the catheter tip is withdrawn out of the desired location. When this occurs,
we use a hydrophilic glidewire passed through the catheter under fluoroscopy to
manipulate the catheter tip back into position. This technique is also useful for
placement of catheters through very tortuous brachiocephalic venous systems. In
this circumstance, the dilator/sheath complex cannot be safely advanced into the
superior vena cava. To overcome this problem, we remove the short guidewire
provided with the catheter kit from the dilator and we replace it with a Teflon-
coated glidewire 150 cm in length, placing the guidewire through the right atrium
and into the inferior vena cava. Rather than removing the dilator and guidewire
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(a)

(b)

FIGURE 14.10 Drawing of (a) push (b) pull technique for dilator over guidewire.



Central Venous Catheters 289

FIGURE 14.11 Kinked guidewire from device advancing ahead of guidewire.

to pass the catheter through the sheath, we remove only the dilator. In addition,
we thread the glidewire through the catheter to facilitate the passage into the
superior vena cava. The glidewire provides enough length to course through a
tortuous brachiocephalic system, yet its hydrophilic coating permits easy passage
through the Silastic catheters. Stenting the catheter with a guidewire can also
overcome the occasional problem of the sheath is kinking at the costoclavicular
ligament (20). The soft Silastic catheter cannot pass through the kinked sheath
in this circumstance; however, removing the sheath as the catheter is advanced
allows the catheter to enter the proximal subclavian vein. Without a guidewire
through the catheter to maintain access to the central circulation, this maneuver
often results in loss of venous access. An alternative technique comprises the
passage of serially sized dilators over the guidewire to dilate the ligament beyond
the size of the sheath.

With the availability of fluoroscopy and adjuncts such as accessory guide-
wires, extra sheaths, and intravenous contrast agents, most catheters at the au-
thors’ institutions are placed using percutaneous methods. Along with published
series, we believe that percutaneous insertion may even be more hemostatic com-
pared with cutdown techniques through the sparing of the subcutaneous tissue
butress normally in place around vessels with percutaneous insertion (21). This
may make this method more appealing for the patient with a mild coagulopathy.
The use of fluoroscopy not only allows visualization of the passage of guidewires
and devices but also provides a means to immediately interrogate venous anatomy
with venography should difficulties in placement be encountered. All procedures
involving long-term catheter placement conclude with an extensive fluoroscopic
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survey of the catheter course, making note of catheter tip location. We strive to
place all upper body long-term catheter tips within the superior vena cava (SVC)
such that a portion of the catheter is parallel to the SVC to avoid catheter tip
obstruction from oblique placement in the brachiocephalic veins (Figure 14.12).
An additional adjunct used in the authors’ institutions for long-term catheter in-
sertions is an iodine-impregnated occlusive plastic drape placed with the draping
procedure. Use of this occlusive drape prevents the catheters from coming into
contact with the patient’s skin—a detail that may reduce catheter infection.

Final details of catheter placement revolve around the type of CVC inserted.
For temporary-access catheters, the length is usually fixed and the catheter is
inserted to a defined point, such as a suture wing or mark on the catheter. Care
must be exercised in selecting an appropriately sized catheter, depending upon the
insertion site selected, with increasing catheter lengths required for right internal
jugular, left internal jugular, and left subclavian positions, respectively. For tun-
neled long-term catheters and implantable ports, catheter length depends upon
tip configuration. Tunneled catheters with specialized lumen configurations such
as those used for dialysis do not permit trimming the catheter length, therefore
care must be exercised in determining the appropriate exit site so as to position
the Dacron cuff about 2 cm from the skin exit. Some tunneled catheters have
squared-off tips and are sized by simply cutting the catheter to the appropriate
length once an exit site has been selected. Many of the implantable ports come
equipped with a specialized tip that may be tapered or have a Groshong valve
incorporated. These ports come unassembled and the catheter is sized by trim-
ming excess material from the end of the catheter, which is inserted into the
reservoir itself once an appropriate length has been estimated. Catheter sizing
may seem a trivial exercise, but precise catheter positioning cannot be overem-
phasized. Correct catheter positioning in the SVC for upper body catheters is a
prerequisite for proper, uninterrupted catheter function. Moreover, for tunneled
catheters, choosing an exit site that allows for easy catheter care and lets the
patient conceal the catheter comfortably under clothing requires little effort on
the part of the operator but yields tremendous appreciation from both the patient
and the infusion team. Accurately sizing catheter length is pivotal in making sure
these needs are met and that the Dacron cuff is safely positioned for maximal
function.

Most tunneled catheters are supplied with a tunneling trocar that functions
adequately. Other instruments that have found utility in catheter tunneling are a
number of reusable and disposable shunt tunnelers. Regardless of the instrument
employed, care must be exercised to avoid damaging the catheter tip or stretching
and weakening the catheter shaft during the tunneling procedure. For implantable
ports, extreme care must be used in suturing the port to the subcutaneous tissue
in such a fashion that the port is prevented from flipping over in the pocket.
Furthermore, meticulous hemostasis of the subcutaneous pocket for port place-



Central Venous Catheters 291

(a)

(b)

FIGURE 14.12 CVL tip in brachiocephalic trunk (a). Repositioned to appropriate
location in the SVC (b).
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ment should be practiced to prevent hematomas. This point is particularly empha-
sized in patients at risk for bleeding, such as those with thrombocytopenia from
either prior chemotherapy or inherent due to their disease process, such as leuke-
mia. Port-pocket hematomas not only limit the utility of the device but predispose
to pocket infections. In addition to being careful with hemostasis, we often make
a practice of accessing implantable ports with a noncoring needle at the time of
placement in any patient for whom the port will need to be used within 72 h.
The needle, with its attached segment of tubing, is left in place and secured
with occlusive dressings. This practice spares the patient the pain associated with
accessing the port in the immediate postoperative period and also avoids manipu-
lation of the site in the early postoperative course. Catheter function should be
confirmed prior to completion of the procedure. All lumens should be verified
to aspirate and flush without resistance. The catheter course should be inspected
fluoroscopically to confirm tip location and make sure there are no kinks in the
course of the catheter. We strongly advocate the judicious use of contrast injec-
tion through the catheter should there be any question as to function or position.
At the conclusion of the procedure, all catheters should be flushed with heparin-
ized saline solution and filled with a dwell. The concentration of the heparin
dwell is not well defined but ranges from 100 to 10,000 U/mL. Finally, all access
procedures conclude with a portable upright chest x-ray to verify catheter posi-
tions and assess for any cardiopulmonary complications.

Cutdown

Catheters can be introduced into the central venous circulation using a cutdown
technique. In general, this technique is reserved for tunneled, cuffed, long-term
catheters to avoid the infection and bleeding risks associated with nontunneled,
short-term catheters if placed using these methods. Unlike the percutaneous tech-
niques, which are based upon a relatively blind puncture of the selected vein
using anatomical landmarks as guides, cutdown methods are based upon the di-
rect visual placement of the catheter into a central vein or through one of its
tributaries. Access to the SVC can be gained via a direct cutdown on the internal
jugular vein or through the subclavian vein using a cutdown on the cephalic vein
as the pathway. In the lower extremity, the inferior vena cava can be accessed
through a cutdown on the saphenous vein in the groin. Specific mention of the
anatomic relationships and exposure for cutdown placement appear in the sec-
tions below describing access sites.

As in the case of percutaneous methods, an utmost familiarity with regional
anatomy is required to be proficient at CVC placement using cutdown techniques.
The general method is summarized as follows: The selected anatomical region
for access is prepared with a bactericidal skin preparatory agent and sterile drapes.
An incision is made over the selected access site and the vessel is gently dissected
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and circumferentially controlled with Silastic vessel tapes. A purse-string suture
is placed on the anterior wall of the selected access vein using either fine mono-
filament vascular suture or fine absorbable suture. For access via the cephalic or
saphenous veins, some authors recommend ligating the vein distally to avoid
bleeding around the catheter. In the jugular position, care must be taken to avoid
ligating the vein with the purse-string suture. Once the catheter has been tunneled
from the chosen exit site to the insertion site, a small venotomy is made in the
center of the purse string. The vessel loops provide for proximal and distal hemos-
tasis while a vein pick is introduced into the venotomy. With the vein pick in
position, the catheter is threaded into place through the venotomy and into the
chosen vein. Fluoroscopy is utilized to guide catheter tip placement. Occasion-
ally, tortuous central veins require the use of a guidewire threaded through the
catheter to properly position the tip in the SVC. After the wounds are closed and
the catheter secured at its exit site, a completion chest x-ray is obtained to confirm
tip placement and to assess for cardiopulmonary complications.

The cutdown technique is an important component in the armamentarium
of the vascular access surgeon. It finds particular application in patients who have
had multiple prior CVCs, have multiple sites of venous thrombosis, and for whom
percutaneous access of a central vein is unsuccessful. Whether the presence of
a bleeding diathesis connotes an absolute contraindication to percutaneous CVC
placement is not clear. However, for those patients in dire need of long-term
access with complicating coagulopathies, the cutdown method offers a mecha-
nism for catheter placement that provides direct visualization and control of the
large peripheral access veins. Although the complications traditionally associated
with percutaneous placement—such as pneumothorax, hemothorax, arterial in-
jury, or thoracic duct damage—are less common using the cutdown technique,
these complications may also occur due to the proximity of these structures to
the central veins (22). In experienced hands, the incidence of these complications
is quite low (�1%), regardless of the insertion technique chosen (23).

Adjunctive Measures

Fluoroscopy

A detailed discussion regarding the use of intraoperative fluoroscopic imaging
during CVC placement appears in Chapter 15. Though fluoroscopy is not univer-
sally required for all CVC insertions, it can be a useful adjunct for placement of
all long-term catheters. One reason for this lies in the design differences between
temporary and long-term CVCs. In general, temporary CVCs are fabricated of a
fixed length, which is not easily alterable at the time of insertion. Most temporary
catheters are constructed to be inserted to a fixed point of the device, such as a
hub or suture wing. By this design, the catheter tip usually lies in the SVC when
the device is inserted to its fullest length. By contrast, most long-term CVCs are
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of a variable length. Depending upon the site chosen for insertion as well as the
exit site, the catheter is either trimmed to the appropriate length or manipulated
into the correct position. Since long-term catheters are designed to have their
lengths altered at the time of insertion, confirmation of tip location is more criti-
cal. Moreover, owing to the inherent pliability of long-term CVCs, more manipu-
lation is often required to steer the catheter into position. For many patients re-
ceiving long-term CVCs, these devices become a lifeline for extended treatment.
A poorly function CVC may become a source of severe morbidity; therefore we
strive to achieve perfection in placement and function for every long-term CVC.
As part of this, we believe that intraoperative fluoroscopy provides a mechanism
to confirm an accurate catheter tip position and an unobstructed catheter course
in a setting where minor adjustments can be undertaken without the need to bring
the patient back for catheter revision or replacement at a future time, with its
attendant disruption to the patient’s therapy.

The use of fluoroscopy at the time of long-term CVC insertion enables
the operator to visually follow the path of insertion of guidewires, dilators, and
introducer sheaths. Intraoperative imaging provides a source of confirmation of
resistance-free passage of these devices into the desired location. This may reduce
the chance of perforation of either a great vessel or the heart by blind placement.
Moreover, the availability of fluoroscopy at the time of CVC insertion also pro-
vides a means of defining variant or unexpected pathological anatomy with the
use of intravenous contrast agents. When resistance to passage of a guidewire is
encountered in an otherwise uneventful cannulation, venography may reveal an
occult venous obstruction, segmental venous stenosis, or severe tortuosity as a
cause. Using the image capture ferature of most modern portable imaging equip-
ment, a ‘‘road map’’ is provided that may guide the operator in placing the cathe-
ter using adjunctive methods, such as the glidewire technique mentioned above.
Alternatively, if an occult venous occlusion is unmasked, this information will
not only assist the operator in promptly aborting the current site, thereby reducing
the chance of complications from repeated punctures, but will also provide useful
information to guide future access attempts in the same patient. We have found
the use of intraoperative fluoroscopy extremely helpful and use this technology
for all long-term catheter insertions.

Ultrasound

The traditional method for gaining access to the central venous circulation relies
on anatomical landmarks to localize the vein. Although this method is reasonably
safe, it is effectively a blind puncture. Since 1984, Doppler and ultrasound tech-
niques have been described to facilitate the localization of central veins for subse-
quent cannulation (24–26). Only recently, with the availability of relatively inex-
pensive systems that are ergonomically appealing to the environment in which
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CVCs are placed, has ultrasound guidance become a more common adjunct to
catheter insertion.

One example of an ultrasound device specifically designed for CVC place-
ment is the Site-Rite (Dymax Corporation, Pittsburgh, PA) (Figure 14.13). The
Site-Rite is a compact, portable, battery-operated B-mode ultrasound system with
transducers designed to facilitate vessel cannulation. The transducers are avail-
able in 7.5- and 9-MHz configurations, which provide real-time imaging at depths
of 4 and 2 cm, respectively. The probe also has a needle guide incorporated into
its design for concomitant imaging and cannulation of the selected vessel.

Not surprisingly, ultrasound guidance for placement of CVCs found its
first advocates in radiology, where these imaging devices were readily available.
However, typical ultrasound instrumentation is large, not easily portable, cumber-
some to operate, and quite expensive. As a result, limited experience with ultra-
sound-guided CVC insertion was reported. The availability of a small, inexpen-
sive, and simple to operate ultrasound device specifically designed for the varied
environments in which CVCs are placed has kindled significant enthusiasm for
the use of this adjunct. A number of reports have demonstrated an overall im-
provement in efficiency and reduction in complication rates when ultrasound
guidance is used for CVC insertion. In a prospective comparison of ultrasound
guidance versus landmark techniques for CVC insertion in the internal jugular
vein, Denys et al. reported significantly better results in the ultrasound-guided
group in regards to success rate, access time, and complication rate (26). Similar

FIGURE 14.13 Site-Rite.
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findings were published by Gualtieri et al. in their randomized report of subcla-
vian vein cannulation by inexperienced operators (27). Whether ultrasound
guidance is necessary for CVC insertion often depends upon a number of factors:
the experience of the operator, the physical characteristics of the patient, and the
number of prior CVCs the patient has had that might alter venous anatomy. The
reported success and complication rates for CVC insertion by landmark technique
cover a broad scope, with successful cannulation ranging from 80 to 99% and
complications ranging from �1 to 10% (26). The rates that individual operators
achieve are often dependent on the factors mentioned above, with emphasis
placed on operator experience. In our own institutions, ultrasound guidance has
been adopted for routine use not only in teaching situations but by many operators
with varied backgrounds and levels of experience. Its availability has proven
useful to the surgical staff in difficult cannulation situations. We commend its
accessibility to any institution with a significant volume of CVC placements,
particularly if the experience of operators covers a wide range.

Other Adjuncts

In addition to the use of fluoroscopy for catheter positioning and ultrasound for
venous access, two other methods have been described for catheter-tip position-
ing that are intended to avoid the added expense and inconvenience of fluoros-
copy. One method relies on the use of ECG monitoring to locate the position of
the right atrium (28). The other technique employs a specialized guidewire with
a transmitting tip and an external receiver (Cath-Finder, SIMS Deltec, Inc., St.
Paul, MN), which allows the operator to monitor tip location as the wire is ad-
vanced through the central circulation (29). Both the ECG monitoring and Cath-
Finder technologies may reliably locate the catheter tip in the SVC and prevent
catheter positioning in the right atrium or other undesirable positions; however,
both are limited to tip positioning only and do not address questions of catheter
course, thereby, in our opinion, limiting their applicability for any long-term ac-
cess catheter.

COMMON ACCESS SITES

Subclavian Vein

The subclavian vein (SCV) is a common site for placement of all types of CVCs.
Its use is specifically not recommended for placement of temporary or long-term
dialysis catheters in any patient for whom an extremity arteriovenous access is
a possibility in the future due to the significant incidence of subclavian vein
stenosis related to large-diameter CVCs. This concern has been detailed in the
earlier chapter devoted to dialysis CVCs. For nondialysis indications, however,
the SCV offers a direct route to the SVC from either the right or left approach.
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The most common method to access the SCV is through an infraclavicular ap-
proach, though supraclavicular and axillary methods have been described and
utilized in limited reports (30,31). The SCV is accessed just distal to its exit
from the thoracic outlet (Figure 5.15) and lies anterior and slightly inferior to
the subclavian artery. Numerous techniques are described for accessing the SCV
by both percutaneous and cutdown methods.

Surface anatomy is important in preparing for SCV access. The crucial
landmarks include the clavicle, first rib, sternal notch, and deltopectoral groove.
With deep palpation under the clavicle in the deltopectoral groove, one can often
feel the pulsation of the subclavian artery, particularly in a thin patient. For percu-
taneous access, the site for venous entry is just under the angle of the clavicle;
however, skin puncture should take place a few centimeters lateral to this point.
To facilitate passage of the needle under the clavicle in a straight line roughly
parallel to a coronal plane, we abduct the shoulders. In some patients, this requires
use of a rolled towel in a vertical or transverse position between the shoulders,
depending upon body habitus. After prepping and draping, our usual technique
is as follows:

1. A 22-gauge needle is used to infiltrate the infraclavicular skin, subcuta-
neous tissue, area under the clavicle, and into the periosteum of the
clavicle to provide analgesia and anesthesia. Often this needle is used
to localize the subclavian vein, taking care to avoid an intravascular
injection of any anesthetic agent.

2. A 16-gauge needle is used to access the subclavian vein by puncturing
the skin a few centimeters lateral to the angle of the clavicle. While
one hand advances the needle and applies negative pressure to the sy-
ringe, the other is positioned with the index finger in the sternal notch
and the thumb applies external pressure over the needle to facilitate
its smooth, straight passage under the clavicle.

3. Once an easy-flowing flash of dark blood has been obtained, the guide-
wire is passed into position and the procedure continues as described
in the earlier section on percutaneous placement.

Some descriptions of SCV cannulation advocate marching the needle down
the clavicle to get under it and enter the vein. Though this technique does result
in venous cannulation, it also leads to a wire and subsequent catheter course that
is angulated. This may result in pinching of the soft Silastic catheters and even
catheter fracture over the long term (32). We prefer instead to concentrate on a
straight-line access under the clavicle, which is facilitated by entering the skin
sufficiently lateral to allow for a straight catheter position and smooth entry point
into the vein.

The SCV can be reached both directly and indirectly via the cephalic vein
using cutdown techniques as well. For direct access, an infraclavicular incision
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is made similar to that which appears in Figure 5.14 for an axillo-axillo-arteriove-
nous graft. The more common method to reach the SCV using a cutdown takes
advantage of the more superficially located cephalic vein, which lies in the delto-
pectoral groove and joins the subclavian vein directly. To expose the cephalic
vein requires a more laterally placed incision between the angle of the clavicle
and the anterior axillary line. The vein is located within the groove and can be
encircled with vessel loops or ligatures. Once the vein is localized, we prefer to
access it with a 16-gauge angiocath followed by the guide wire and procede as
though a percutaneous access was performed. This often precludes the need to
ligate the distal vein, as the integrity of the vein wall is preserved around the
catheter. Alternatively, once the vein is isolated, a venotomy is performed and
the catheter is introduced with the aid of a vein pick and manipulated into posi-
tion. We still employ fluoroscopy to aid in the positioning of the catheter tip and
for verification of a smooth catheter course. Guidewire aided manipulation of
the catheter is still feasible and may be necessary even when a cutdown has been
performed for access to the vein. The remainder of the CVC placement procedure
is conducted as described above for the individual catheter types. Whether cathe-
ter tunneling or port assembly takes place prior to or subsequent to catheter intro-
duction into the vein depends upon the construction of the device and requires
some forethought on the part of the operator.

Internal Jugular Vein

Like the SCV, the internal jugular vein (IJV) is a common site for CVC placement
and can be reached by both percutaneous and cutdown techniques. The right IJV
offers the straightest course to the SVC and is consistently reported to have the
lowest complication rate for CVC placement. Moreover, the right IJV is our pre-
ferred site for placement of all hemodialysis catheters, as described in Chapter 10.

The IJV lies deep to the sternocleidomastoid muscle within the carotid
sheath and lateral to the carotid artery. It can be accessed through a number of
anatomical approaches based upon the sternocleidomastoid muscle. The anterior
approach is based upon the vein’s position in the triangle comprising the clavicu-
lar and sternal heads of the sternocleidomastoid muscle. In thin patients, this
triangle is readily observed by having the patient lift his or her head slightly.
Often the small-gauge needle used for infiltration of local anesthesia is also used
to identify the position of the IJV. For the anterior approach, needle puncture
takes place in the apex of the triangle formed by the heads of the sternocleidomas-
toid muscle. Palpation of the carotid artery pulse provides further anatomical
information regarding the location of the IJV. The needle is angled toward the
ipsilateral nipple at 30 to 45 degrees. The patient’s head is rotated slightly away
from the chosen side. If the head is rotated to the extreme opposite side, the IJV
flattens out and overlies the carotid artery, thereby increasing the risk of carotid
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puncture. Placing the patient in the Trendelenburg position often dilates the IJV,
making access somewhat easier. The posterior approach takes its name from the
posterolateral border of the sternocleidomastoid muscle. Needle access occurs at
this position and is directed medially toward the sternal notch at 30 to 45 degrees
downward. Another anatomical approach is termed the supraclavicular and actu-
ally achieves access at the junction of the IJV and the SCV (33). Needle puncture
occurs just superior to the midpoint of the clavicle and is angled toward the
sternoclavicular joint.

Regardless of the access approach chosen, once venous access is heralded
by the easy aspiration of dark blood, the guidewire is placed and catheter insertion
proceeds as described previously. Cutdown exposure of the IJV usually requires
a small transverse incision in the triangle formed by the heads of the sternocleido-
mastoid muscle (Figure 14.14). The vein is exposed by bluntly dissecting in this
space. Once the vein is exposed, it can be accessed with a 16-gauge angiocath
followed by guidewire passage or it can be circumferentially dissected and con-
trolled for placement of an anterior wall purse-string suture. Small-diameter cath-
eters can often be introduced without the need for circumferential control and a

FIGURE 14.14 IJ exposure.
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purse-string suture. However, the larger diameter tunneled dialysis catheters often
require a purse-string suture to prevent bleeding around the catheter where it
enters the vein.

Placement of left-sided IJV CVCs can be tricky due to tortuosity of the
brachiocephalic segment that separates the IJV from the SVC. For placement of
temporary catheters through largely blind approaches, it is vital to achieve abso-
lutely resistance free passage of the guidewire through the introducer needle and
the subsequent resistance-free passage of dilators and catheters over the guide-
wire. Any resistance encountered to either guidewire, dilator, or catheter advance-
ment should tell the operator that there is a problem and the procedure should
be terminated. Resistance to wire, dilator, or catheter advancement can occur for
many reasons, such as malposition in the vertebral vein, down the left SCV, or
across into the right SCV. More troublesome is the resistance which results when
a stiff device cannot traverse a severely tortuous brachiocephalic trunk. All these
scenarios can result in either a poorly placed CVC or tearing of the central circula-
tion with resultant mediastinal hemorrhage or cardiac tamponade. Respect for
these potential complications should tell the operator to abort the procedure when
any resistance to device advancement is encountered with a blind left IJV ap-
proach. These problems are less frequently encountered with a right IJ approach,
since it has a direct straight-line communication with the SVC.

The concerns raised in the preceding paragraph are less prominent when
placing tunneled CVCs or ports, since we use fluoroscopy routinely for these
device insertions. Fluoroscopy provides an immediate mechanism to image the
guidewire and steer it through a tortuous brachiocephalic system as well as the
ability to inject contrast and define the venous anatomy. Moreover, though guide-
wire passage may occur without resistance, passage of the stiff dilators and
sheaths may be prohibited by a severely tortuous brachiocephalic system. Suc-
cessful CVC placement will demand finess in limiting the depth of placement of
the dilator and sheath to the distal most left IJV/proximal brachiocephalic vein
and the use of a guidewire within the catheter to manipulate the catheter into
final position once the sheath has been cleared. This avoids the dangerous practice
of advancing the dilator and sheath through an extremely tortuous central vein,
which can result in tearing of the vein wall by the shear forces imposed by
straightening the vessel. Whether the left IJV is accessed through a cutdown or
percutaneous methods, we advocate the use of fluoroscopy when placing tunneled
CVCs and ports to safely and accurately position these devices to minimize com-
plications and maximize function.

Femoral Vein

Access to the femoral vein is commonly required for temporary CVCs. The use
of the femoral vein or its saphenous branch for long-term access is limited largely
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FIGURE 14.15 Femoral vein exposure.

by the higher infection rate seen with devices placed in the groin (34). Access
to the femoral vein is easily obtained either percutaneously or through a small
cutdown. The femoral vein is one of the neurovascular components in the groin
and lies medial to the femoral artery (Figure 14.15). A common method to local-
ize the femoral vein is to begin with a needle puncture 2 cm lateral and 2 cm
inferior to the pubic tubercle. Alternatively, the pulsation of the femoral artery
is easily felt and needle puncture is placed medial to the femoral artery and 2
cm inferior to the inguinal ligament. The course of the needle is cephalad at a
45-degree angle. Once a free-flowing aspiration of venous blood is obtained, the
angle of the needle is reduced to 10 to 20 degrees. This flattening of the angle
facilitates guidewire passage. A cutdown incision in this same area will provide
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access directly to the femoral vein or indirectly via the greater saphenous vein,
which lies superficial to the femoral vein. Tunneled, cuffed catheters and venous
ports are usually positioned on the lower quadrant of the anterior abdominal wall
between the belt line and the groin. Catheters placed via a femoral approach
should have their tips positioned in the inferior vena cava to minimize the risk
of thrombotic complications. Though fluoroscopy is not mandatory for femoral
CVC placement, its utility in confirming catheter position cannot be overstated.
When a cutdown is necessary, the saphenous may be preferential to the common
femoral vein, since it is more superficially located and can be ligated should any
complications ensue that mandate catheter removal.

In our practice, femoral vein access is most commonly used in emergency
situations for temporary CVC placement for hemodialysis or plasmapheresis
when the jugular sites are not available or if the patient has a significant contrain-
dication to jugular or SCV cannulation, such as severe thrombocytopenia or coag-
ulopathy. Occasionally, the femoral site is used for massive fluid resuscitation
in patients undergoing repair of a ruptured abdominal aortic aneurysm or other
causes of shock. Once the immediate threat to the patient’s life has passed, jugular
or subclavian CVC placement usually replaces the femoral access. Infrequently,
we have placed tunneled dialysis access catheters in this position in patients who
have exhausted alternative sites for access (35).

External Jugular Vein

The external jugular vein (EJV) can often be seen distended in the subcutaneous
tissue of the neck as it courses from cephalad to caudad, from medial to lateral
across the sternocleidomastoid muscle. By emptying into the SCV behind the
clavicle, the IJV offers yet another indirect route to the SVC, which is readily
accessible through either percutaneous or cutdown methods. Although it is often
easy to cannulate the EJV, passage of guidewires and catheters into the SCV
through this approach can be difficult owing to the acute angle the IJV assumes
at its entry point into the SCV (Figure 14.16). Because of this angle, EJV cannula-
tion is limited to soft, small-diameter, over-the-wire catheters such as the Hohn
or multilumen temporary CVCs. Passage of a guidewire from the EJV into the
SCV may require manipulation of the shoulder to facilitate traversing the angle
into the SCV (36). In our own practice, the difficulty and time required to manipu-
late a catheter into the SVC through the EJV approach has limited the application
of this approach in favor of the IJ and SC vein insertion sites.

LESS COMMON VENOUS ACCESS SITES

The following discussion of unusual venous access sites is limited to placement
of soft Silastic catheters for either tunneled cuffed long-term applications or for
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FIGURE 14.16 EJ vein anatomy.

implantable venous access ports. Due to the remote location of these sites in
relation to either the SVC or the inferior vena cava, placement of rigid temporary
catheters is not recommended. Published experience with most of these alterna-
tive sites is limited to case reports. Moreover, indirect access to the central venous
circulation in any patient is limited only by an individual physician’s creativity,
as many other named venous branches could function as conduits for CVC place-
ment in the appropriate clinical scenario. Our discussion will be limited to the
more popular ‘‘less common’’ access sites.
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FIGURE 14.17 Exposure and anatomy of the inferior epigastric vein.

Inferior Epigastric Vein

The inferior epigastric vessels are accessed via cutdown. This approach offers the
advantage of not transversing the inguinal ligament, thus minimizing the effect of
leg motion on catheter position. Though a more common approach in pediatric
patients, it is useful in adults as well (37). A transverse incision is made in the
lower abdominal wall superior and parallel to the inguinal ligament (Figure
14.17). The external oblique fascia is incised, revealing the inferior epigastric
vessels just medial to the spermatic cord or round ligament. Venous control is
obtained, a venotomy performed, and a previously tunneled catheter inserted in
the vein. Fluoroscopy is used to direct the catheter into the inferior vena cava.
Access to the inferior vena cava by the inferior epigastric vein is via the external
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iliac vein. The small size of the inferior epigastric vein limits the application of
this technique to small-diameter cuffed CVCs or venous ports.

Internal Mammary Vein

In contrast to the inferior epigastric vein, the internal mammary vein direct com-
municates with the SVC and offers another alternative for CVC placement in
patients with more distal venous occlusion involving the jugular and subclavian
veins (38). Because of its small diameter, use of the internal mammary vein is
limited to smaller Silastic CVCs. Access to the internal mammary vein is readily
obtained through a limited incision in the second intercostal space. Once the
vein is isolated, placement proceeds as previously described for other upper body
CVCs. Fluoroscopy aids in positioning the catheter tip in the SVC.

Retroperitoneal Approaches

An alternative to the femoral or epigastric approach to the inferior vena cava is
through the retroperitoneum. The gonadal veins, the lumbar veins, and direct
access into the inferior vena cava itself have all been described for difficult access
situations (39–41). All three of these approaches can be used to gain CVC place-
ment in patients who have sustained iliofemoral venous thrombosis and who have
exhausted upper body access sites.

Gonadal Vein

On the right side the gonadal vein empties directly into the inferior vena cava.
On the left side, the gonadal vein empties into the left renal vein (Figure 14.18).
Access to the gonadal vein is obtained through a limited flank incision with the
patient supine with a roll under the flank. A standard muscle splitting incision
is used followed by retroperitoneal exposure gained by bluntly sweeping the peri-
toneum medially. The right side is preferred for a number of reasons (39). First,
the gonadal vein provides direct access to the vena cava. Second, the right retro-
peritoneal exposure provides access to the lumbar veins and the vena cava directly
should the gonadal vein be unavailable due to thrombosis. The dissection is car-
ried down to the gonadal vein, which lies anterior to the psoas muscle and near
the right ureter. The catheter is tunneled from the anterior abdominal wall and
placed via direct cannulation of the gonadal vein. Sufficient slack in the catheter
should be left to allow for return of the retracted peritoneal contents and to antici-
pate patient movement in order to prevent catheter dislodgement.

Lumbar Vein

The lumbar veins can be used for access to the inferior vena cava as well. The
patient is positioned as for the gonadal vein approach described above. The retro-
peritoneal space is entered in a similar fashion, after a flank incision anterior to
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FIGURE 14.18 Anatomy and exposure of the gonadal veins, lumbar veins, and
inferior vena cava.

the 12th rib. A suitable lumbar vein should be isolated just above the psoas muscle
and vascular control obtained near the inferior vena cava. The catheter is then
inserted under direct vision. Intraoperative fluoroscopy is often useful to confirm
correct placement of the catheter, as the sharp angle between the lumbar veins
and the inferior vena cava can be difficult to transverse. Because the lumbar veins
can be extremely fragile, the catheter is secured in place at the venotomy with
a vascular nonabsorbable suture. As in the gonadal vein approach, enough laxity
in the catheter must remain to allow the peritoneal contents to relax back into
the field without causing catheter dislodgement.

Inferior Vena Cava

If the gonadal and lumbar veins are found to be unsuitable at the time of opera-
tion, direct cannulation of the inferior vena cava is also possible. Once adequate
vascular control is obtained, a purse-string suture is placed in the side of the vein.
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The previously tunneled catheter can then be inserted under direct vision with
the same proviso regarding catheter length as mentioned above applying in this
circumstance.

Thoracic Approaches

Direct access into the azygos system, the right atrium, and the SVC can be accom-
plished by thoracotomy (Figure 14.19) and tunneling of the catheter from a suit-
able position on the chest wall (42–44). As these interventions are quite major,
they should be reserved for those patients in whom no other vascular access sites
exist.

Azygos Vein

Access to the chest is gained through a right posterolateral thoracotomy in the
fifth intercostal space. The dissection can be either intrapleural or retropleural.
After the azygos vein or one of its large tributaries is isolated, direct cannulation
provides access to the SVC. The catheter is secured in place with a purse-string
suture and brought out onto the chest wall after traversing over the fifth rib and
in the subcutaneous tissues.

Superior Vena Cava

The SVC can be selected at the time of thoracotomy if the azygos vein is not
usable due to thrombosis or stenosis. The approach is identical to that for the
azygos vein, with the venotomy performed in a more central location. Since com-
plete control of the SVC is difficult with this exposure, two purse-string sutures
are placed in the wall of the cava and the CVC is placed through a venotomy
in the center of the sutures, similar to cannulation of the aorta during cardiopul-
monary bypass. Extra care must be exercised to secure the catheter and prevent
dislodgement, which could be met with exsanguinating hemorrhage into the
large-volume hemithorax.

Right Atrium

Direct cannulation of the right atrium is as an absolute last option, as no other
sites will be usable once a right atrial line fails because of thrombosis or infection.
A right anterolateral thoracotomy is performed in the third intercostal space and
the pericardium entered. The right atrial appendage is used for the atriotomy,
and the previously tunneled catheter is secured in place to the atrium, the pericar-
dium, and the chest wall.

Alternative Approaches

Percutaneous translumbar and transhepatic approaches have been described
(45,46). These techniques mandate image guidance to access the inferior vena
cava through either approach and require custom-length catheters. These two
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(a)

(b)

FIGURE 14.19 Anatomy (a) and exposure (b,c) of the azygos vein and superior
vena cava through a posterolateral thoractomy in the fifth interspace.
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(c)

techniques have largely been relegated to interventional radiologists with an inter-
est in vascular access. Because these two approaches provide direct access to the
inferior vena cava, even large-diameter dialysis/pheresis catheters can be placed
using these techniques. For translumbar placement, the patient is placed in the
prone or left lateral decubitus position. The inferior vena cava is accessed percuta-
neously just above the iliac crest and lateral to the midline. Once the vena cava
is accessed, a guidewire is passed and catheter placement proceeds as previously
discussed. Nuances unique to this approach include the need to adequately dilate
the track to the IVC prior to passage of the introducer sheath and a need for a
long catheter to be tunneled subcutaneously from a site on the anterior abdominal
wall to the entry site of the guidewire. For the transhepatic placement, ultrasound
is used to guide percutaneous access through the liver into the inferior vena cava.
As in the translumber approach, care must be taken to dilate the track through
the hepatic substance prior to passage of the introducer sheath.

Both the translumber and transhepatic approaches to CVC placement offer
yet two more alternatives to the patient in whom access is difficult. Reports of
both techniques for chemotherapy, stem cell harvesting, and hemodialysis suggest
that these techniques are safe and effective, with complication rates not dissimilar
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from those at more traditional access sites in the IJV and SCV. In general, how-
ever, experience with translumbar and transhepatic percutaneous catheter place-
ment is limited, since the majority of patients in need of CVC access have other
sites available.

PERIPHERALLY INSERTED CENTRAL CATHETERS

With the expansion of outpatient services, including home intravenous antibiotic
therapy, chemotherapy, hyperalimentation, analgesics, etc., the need for interme-
diate and long-term central access has grown immensely. The placement of tun-
neled central catheters and ports has historically served this role; however, new
options now exist that replace these traditional access routes.

Peripheral venous access (i.e., via veins of the upper extremity) to the cen-
tral venous system has evolved rapidly since the insertion of the first peripherally
inserted central catheter (PICC) in 1979. Refinement in access techniques and
improved catheter technology have fueled this evolution. Peripheral access cathe-
ters as well as peripheral subcutaneous implanted infusion ports are in common
use in many centers and are often a preferred route over central venous access
sites (SCV, IJV) (47).

PICC Lines

A vast array of PICC lines are available today. Catheters in 2 to 6F diameter
with single- or dual-lumen (larger diameter catheters) designs are available. Most
catheters are made of silicone; however, polyurethane and Silastic catheters are
available. A detailed discussion of current catheter technology is beyond the
scope of this chapter and appears in Chapter 10.

Perhaps half of all PICC lines are inserted at the bedside by well-trained
nurses, nurse practitioners, or physicians. After accessing an antecubital vein us-
ing sterile technique, the catheter is fed ‘‘blindly’’ (without imaging guidance)
into central veins. Catheter placement is confirmed only after a chest radiograph
reveals the position of the catheter tip. The junction of the SVC and right atrium
is ideal, but PICCs placed in this fashion are often improperly positioned. Failure
during blind placement may occur in patients with poor peripheral veins in whom
access cannot be obtained and in patients with spasm or stenoses that make
threading the catheter tip difficult. In general, failure rates average approximately
40%, even when appropriately trained personnel are performing placement. Be-
cause these catheters are fed directly into superficial veins, the short tissue tract
may lead to higher rates of catheter infection. For these reasons, fluoroscopic
guidance for placement is now commonly requested. With fluoroscopic guidance,
failure is rare (�3%) (48,49).
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Fluoroscopic Technique

A small intravenous (IV) catheter is placed peripherally, usually in the nondomi-
nant hand or forearm. The arm is prepped and draped and extremity venography
is performed through the peripheral IV catheter with a tourniquet applied at the
axilla. The basilic vein is localized under fluoroscopy and the skin overlying
the vein is anesthetized. The vein is accessed with a needle (thin-walled) under
fluoroscopic control. A hydrophilic guidewire is advanced into the central veins,
and a ‘‘peel away’’ sheath is used to insert the catheter over the wire under
fluoroscopy. Regions of venous spasm or stenosis can be traversed and the cathe-
ter tip position immediately visualized and adjusted if necessary.

The basilic vein is preferred over the cephalic vein. It is larger and follows
a more direct course to the subclavian vein. The cephalic vein can be used if
necessary; however, it is a smaller vessel and is more tortuous. The brachial vein
is generally avoided because of its proximity to the neurovascular bundle. Basilic
vein puncture is usually in the distal upper arm just above the antecubital fossa.
Access here is well tolerated and avoids catheter stress at the elbow joint, which
occurs with placement in the forearm. However, catheters can be placed distal
to the antecubital fossa, and this is generally well accepted by patients.

PICC line placement under fluoroscopic guidance is uniformly technically
successful, and proper positioning of the catheter is seen in all patients. Catheters
placed in this manner can deliver several months of venous access, with service
intervals nearly as long as those of the surgically placed catheters. At the conclu-
sion of therapy, PICC removal is easily performed, avoiding the occasional diffi-
culty encountered with tunneled central catheters. Complications (infection,
thrombophlebitis, catheters shearing) are low (�2%) and minor compared with
surgical complications (pneumothorax, hemothorax, catheter embolization, cen-
tral thrombosis). Nonetheless, patients undergoing therapy exceeding 6 weeks in
duration should be considered potential candidates for an infusion port. Patients
often prefer ports because the device is concealed, permits greater choice in cloth-
ing, improves self-image, and allows recreational activities including swimming.

Peripheral Infusion Ports

Subcutaneously placed peripheral infusion ports were first implanted about a de-
cade ago (50). The frequency of placement of such ports has increased rapidly.
Catheters and ports are constantly being modified. Lower profiles, smaller cathe-
ter diameters, more biocompatible materials, and greater ease of placement has
greatly increased their popularity.

Most ports are plastic or titanium, with a compressed silicon disc access
diaphragm designed for 100 to 2000 noncoring needle accesses. As with PICCs,
ports can be placed in either the forearm or in the upper arm; the basilic vein is
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the preferred site. Veins are localized using the aforementioned technique (PICC
lines). Rigorous sterile technique is used during placement, as is done for cen-
trally placed ports, except that placement is generally done in the fluoroscopy
suite versus the operating room. After access is obtained, an incision is made
from the point of skin entry for approximately 4 cm distally. A subcutaneous
pocket is formed by blunt dissection. The catheter is then placed through a peel-
away sheath over a wire and into the vena cava. The catheter is cut to an appro-
priate length to position the tip at the junction of the SVC and right atrium. The
catheter can then be attached to the port. The port is buried in the subcutaneous
pocket and the subcutaneous tissue and skin are closed.

The experience with these devices has grown rapidly. The U.S. experience
now exceeds 100,000 annual implantations. The thrombosis rate is approximately
3% and an infection rate that is generally below 5% can be expected.

Peripherally placed ports are an excellent alternative for chemotherapy,
long-term antibiotic administration, and repeated blood draws over an extended
period of time. The peripherally placed ports are well tolerated and provide an
excellent alternative to centrally placed ports. Peripherally placed ports are less
expensive to place, their cost being two-thirds to one-half that of surgical implan-
tation of chest wall ports. The peripherally placed ports cause less morbidity,
with no risk of pneumothorax during placement. Additionally, service to patients
and requesting physicians is often enhanced by eliminating the need to obtain
operating room time and anesthesia support (48,51).

Care and Maintenance of Central Venous Catheters

Up to this point, we have focused on selection and placement issues surrounding
CVCs in order to achieve prolonged catheter function and reduce morbidity. Once
a catheter has been successfully inserted, its fate is also determined by its subse-
quent care and maintenance. Furthermore, we are occasionally faced with the
problem of dealing with a mechanical breakage of a catheter. Some of these are
reparable without the need for replacing the entire device. Finally, whether due to
device complication or completion of therapeutic course, CVC removal becomes
necessary. This final section addresses each of these important issues encom-
passing CVCs.

Access of Central Venous Catheters

Appropriate technique applied in accessing CVCs is fundamental to their proper
function and avoidance of complications, particularly infectious complications.
No well-controlled studies exist which yield ‘‘etched in stone’’ dogma of catheter
access and care techniques, as evidenced by the paucity of category II data in
the recent Centers for Disease Control (CDC) and Prevention draft guidelines
for prevention of intravascular device-related infection (52). Careful attention to
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basic nursing technique and an understanding of a catheter’s application and func-
tion should guide most daily interactions.

For all catheters regardless of specific type, absolute adherence to basic
hand-washing recommendations is probably the single most important act in
terms of reducing infectious complications. For any CVC receiving a continuous
infusion, that infusion should be connected directly to the hub of the lumen as
opposed to a needle piercing an injection cap. Direct connection to the hub will
reduce the likelihood inadvertent disconnection of the infusion. For nondialysis
CVCs, the injection caps should be changed on a regular basis if the catheter is
in active usage. Prior to accessing a nondialysis CVC, the injection cap should
be cleaned with an antimicrobial solution of either alcohol or povodine-alcohol
(52). All ports of a nondialysis CVC should be aspirated prior to use to confirm
patency and flushed with either heparin or normal saline at the conclusion of a
treatment. By virtue of their two-way slit valve, Groshong-tip catheters do not
require flushing on a daily basis, since blood cannot leak into the catheter without
the application of a negative force. By contrast, non-Groshong-type tunneled
CVCs need to be flushed on a regular basis to avoid lumen clotting from fibrin
formation. Whether flushing must be done on a daily basis or less often is not
clear from the available literature, nor is the need for and concentration of heparin
in the flush solution (53–55).

Implanted venous ports must be carefully cleaned with an antimicrobial
solution prior to being accessed with a noncoring Huber needle. Prolonged infu-
sions through venous ports should be done using nonsiliconized Huber needles,
otherwise the needle may slip out of the septum of the reservoir. Ports require
flushing with heparin after each use or on a monthly basis to prevent fibrin
buildup within the catheter.

Tunneled and temporary hemodialysis catheters require special care when
being accessed. Although there are no well-controlled studies documenting a need
for this practice, most hemodialysis and plasmapheresis catheters are filled with
a concentrated heparin dwell as high as 10,000 U/mL in each lumen at the conclu-
sion of each treatment session. It is imperative, therefore, that each lumen of a
dialysis or plasmapheresis catheter be aspirated of 2 to 5 mL of blood prior to
the initiation of and treatment or flushing of the catheter. This will avoid the
problem of bolusing a patient with up to 30,000 U of heparin inadvertently, with
potentially serious bleeding complications. Moreover, prior to connecting a pa-
tient to a dialysis or plasmapheresis machine, the hubs of the catheter are soaked
in a povidone-iodine solution. Variations on this theme include filling a hemodial-
ysis with a lytic agent dwell at the conclusion of a session (56). All these measures
are intended to reduce the chance of fibrin deposition in the catheter, which leads
to catheter failure, and to prevent infection at the connecting sites. Unfortunately,
there are no well-controlled studies that compare various antiseptic or anticoagu-
lation regimens.
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Exit-Site Care

Unlike the case of access techniques, some attention has been directed to the
care of catheter exit sites by a number of studies, mostly centering on catheter
dressings and topical antibiotics (57–59). The use of transparent, semipermeable
polyurethane dressings has been compared with that of standard gauze and tape
dressings, with mixed and confusing results being reported. A large metanalysis
suggests that transparent dressing led to a higher risk of infection than did gauze
dressings (58). However, this metanalysis suffered from many flaws, chief among
them was a rather significant construct change in the type of transparent dressing
used in the studies reviewed compared with what was available on the market.
The transparent dressing used during the metanalysis did not allow the escape
of moisture. Newer dressings that have addressed this issue may reduce skin
colonization by allowing moisture to escape from under the dressing. No specific
study in the meta review addressed tunneled cuffed CVCs. Amid this confusion,
it appears that there is no benefit to one type of dressing over another for CVCs
either temporary or tunneled. Similarly, preparation of the skin exit site of a CVC
prior to dressing placement has been examined for povidone-iodine, chlorhexi-
dine, alcohol, and antimicrobial ointments (60). Although antiseptics have shown
a reduction in infection rates without a clear distinction between agents, antimi-
crobial ointments have not and may be associated with a higher risk of subsequent
fungal infection (61).

The frequency of CVC dressing change is also not well defined. Current
recommendations from the CDC suggest catheter site dressing be changed when-
ever they become damp, soiled, or loose or if inspection of the catheter entry
site is necessary (52). The presence of an external tunneled, cuffed CVC does
impart some limitations on patient activity. Showering is not recommended until
the cuff is well incorporated into the subcutaneous tissue; usually 4 to 6 weeks.
Even after that point, showering and getting the catheter wet is not universally
endorsed. Dressings need to be left in place over an implanted venous port only
until the site heals or when they are accessed. Unlike a tunneled, cuffed CVC,
a well-healed venous port site can be left uncovered and the patient can engage
in normal activity, including swimming, bathing, and showering.

Catheter Repair

A number of the tunneled, cuffed catheters have repair kits available to address
catheter or hub breakage when it occurs in the external portion of the CVC. The
repair kits are specific to the actual brand and size catheter in place and must be
used specifically for a particular catheter. For catheter breakage, the repair kit
usually consists of a new extension with the appropriate number of lumens and
ports, a silastic sleeve, and silicone cement (Figure 14.20). Since catheter break-
age usually occurs outside the health care setting, patients must be instructed
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FIGURE 14.20 Catheter repair kit.

how to handle a broken catheter to prevent exsanguination or air embolism. Since
most people do not have catheter clamps or hemostats readily available, the sim-
plest way to control the remaining segment of the catheter is to fold it over on
itself and tightly wrap it with either tape or a rubber band. Once the patient arrives
at the hospital, the catheter can be secured with an atraumatic clamp such as
a tubing clamp or rubber-shod hemostat. The catheter is then prepped with an
antimicrobial agent and cut to freshen the end. The repair segment usually has
a plastic or metal male end which will slip into the catheter remnant. This area
is covered with the Silastic sleeve and the silicone cement is injected under the
sleeve to completely coat the catheter repair junction. The entire segment is se-
cured with a piece of tongue depressor to give it stability for 24 h while the
cement cures. Usually a repaired catheter can be used immediately if absolutely
necessary, but ideally one should wait 24 h. It is imperative that whenever tun-
neled CVCs are placed at an institution, the appropriate number and configuration
of repair kits, if available, also be stocked for the catheter. These can save both
patient and physician from having to endure another CVC placement procedure.

An easier problem to deal with is breakage of a catheter hub. This also
requires a catheter-specific repair kit, but since many of the hub assemblies are
secured with simple mechanical pressure, the hassle of gluing and splinting the
repaired catheter is avoided and immediate catheter use following the repair is
permitted. Similar to the preceding discussion, patient must be educated in con-
trolling the free end of the catheter if the hub assembly breaks. Once the end is
secured and the patient arrives at the hospital the catheter is clamped in an atrau-
matic manner and the edge is trimmed after cleansing with a bactericidal agent.
Replacement hubs are generally assembled the same way as they are at the time
of catheter placement. One note of caution pertains to hemodialysis tunneled,
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cuffed catheters: trimming the length of the catheter changes the dwell volume
and must be noted and reported to the dialysis staff, so that the appropriate dwell
is placed and the patient is not inadvertently anticoagulated.

Catheter Removal

Requests for catheter removal can be received with joy or despair depending on
the reason for the request. Satisfaction is felt when a patient presents to have a
CVC removed because a course of chemotherapy or antibiotics has been com-
pleted or because a native arteriovenous fistula has matured and is functional.
Misery is experienced when catheter removal is requested because of poor func-
tion or infection. Regardless of the indication for catheter removal, most of these
procedures can be done in the office under local anesthesia. The exception is
removal of an implanted venous port, which we prefer to do in an operating
room. In general, these recommendations for catheter removal apply to upper
body tunneled, cuffed CVCs. Removal of CVCs placed in unusual or uncommon
lower extremity, thoracic, or retroperitoneal locations will require individualized
approaches based upon location and catheter securing procedures.

A temporary CVC is removed simply by cutting the cutaneous suture and
removing it with an occlusive dressing in place over the exit site. We generally
do this with the patient in the supine or slight Trendelenburg position to avoid
any possibility of air embolism. Direct pressure is maintained over the exit site
for 10 to 15 min. Prior to removing a temporary dialysis catheter, we aspirate
the heparin dwell from the lumens. An occlusive dressing is applied and left in
place for 48 h. Most tunneled, cuffed CVCs can be removed with either gentle
traction or a limited cutdown incision over the cuff. After infiltrating around the
cuff with local anesthesia, slow, steady traction is applied to the catheter. In
most instances, either the cuff will disengage from the subcutaneous tissue or
the catheter will disengage from the cuff and catheter removal will be accom-
plished in a simple fashion. Occasionally, the cuff will not release from either the
catheter or the subcutaneous tissue without excessive force. In this circumstance a
cutdown is performed over the cuff, the cuff is dissected free from the subcutane-
ous tissue, and the catheter is removed. Periodically, a catheter will break during
attempts at removal. Catheter breakage is most likely to occur in this circum-
stance at the cuff, leaving the cuff and the intravascular portion of the catheter
intact. When this occurs, immediate pressure is applied to both the skin tunnel
and the catheter entry site (i.e., internal jugular vein or SCV) and a cutdown is
performed over the cuff to retrieve the remainder of the catheter. Whenever a
cutdown is performed for cuff removal, care must be exercised not to damage
the catheter between the cuff and the vein cannulation site, as this could result
in catheter breakage and embolization into the central venous circulation. An
added note of caution regards catheters that have been placed via a cutdown
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technique. It is important to know how the catheter was secured to the vein. If
a purse-string suture was placed in the vein wall and tied too snugly, the catheter
may break if any force is applied to it, resulting in catheter fragment embolization.
Unless you specifically placed the catheter, the safest option for catheter removal
under this circumstance is in the operating room through a reopening of the cut-
down to avoid unexpected problems created by the original catheter insertion
technique. Though catheter breakage and embolization is a potentially life-threat-
ening event due to arrhythmias or damage to the pulmonary vasculature, most
catheter fragments can be easily removed using modern interventional techniques
by percutaneous methods using loop snares, baskets, or biopsy forceps via a jugu-
lar or femoral approach (62,63).

Implanted venous ports require a reopening of the subcutaneous pocket.
Although this could probably be done in an office setting, we prefer to remove
these in an operating room with cautery and suction readily available. After either
induction of general anesthesia or infiltration of local anesthesia, the old incision
is reopened. The reservoir will have a foreign-body reaction capsule around it,
which needs to be incised. The port can then be easily removed from the pocket
by cutting the anchoring sutures. We place the patient in a slight Trendelenburg
position when withdrawing the catheter from the vein. The pocket is irrigated.
Hemostasis is verified and the pocket is closed in layers. If a very thick capsule
surrounds the pocket, we excise this and obliterate the dead space with sutures
to minimize the risk of seroma formation.

Regardless of the type of CVC or indication for removal, the catheter
should be carefully inspected upon removal to make sure its tip is intact. This
may be difficult to tell in a Hickman-type catheter with a squared-off edge but
more easy to determine if a blunt-tip or Groshong valve is present. Furthermore,
if a CVC is being removed due to infection, any pericatheter exudate as well as
the catheter tip should be cultured. Finally, retained Dacron cuffs that result from
traction removal when the cuff releases from the catheter and not the subcutane-
ous tissue are left undisturbed unless signs or symptoms of infection develop—
an infrequent occurrence (64). In this instance, a limited cutdown over the cuff
will both remove the retained foreign body and drain the infection.
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Throughout this text thus far we have emphasized the importance of the
availability and utility of fluoroscopy when placing central venous catheters
(CVCs). Although a detailed discussion of radiation physics and radiographic
techniques is beyond the scope of this text, this chapter is intended to provide a
broad overview of some of the important issues regarding the use of imaging in
the operating room for catheter placement. The discussion is limited to fluoros-
copy and contrast-based methods and is not meant to serve as a substitute for a
more comprehensive curriculum or appropriate experience gained in a proctored
setting. The use of ultrasound to aid in establishing vascular access appears in
Chapter 14 and is not reviewed in the present chapter.

RADIATION SAFETY

Any discussion regarding the use of fluoroscopy and contrast agents should begin
with important safety information. Unfortunately, little of this information may

323



324 Berman and Stejskal

be conveyed to operators of radiographic equipment prior to its use. In fact, state
regulations vary on the prerequisites to the use of x-ray equipment. Some states
require a special license of all physicians who use x-ray imaging, whereas others
have little mandate beyond a medical license. Therefore physicians may be work-
ing with an extremely dangerous modality with little or no basic education to
minimize exposure and protect them their patients, and their support staff.

Exposure to ionizing radiation is an unavoidable consequence of operating
any of the presently available fluoroscopic imaging systems. The risk of tissue
damage is proportional to the period of exposure to the radiation. Annual limits
of radiation exposure have been set and are measured by wearing a dosimeter
badge underneath a protective lead apron. The maximum permissible annual dose
of radiation for an adult is 5 rems per year. Steps can be taken to minimize all
personnel’s exposure to radiation in the operating room and can generally be
categorized into those that limit contact and those that reduce radiation output
by the imaging equipment.

Mechanisms to limit contact between personnel include mechanical barriers
and distance. The amount of radiation exposure decreases proportionally to the
square of the distance (1). Maximizing the distance between the x-ray tube and
personnel whenever possible during an imaging sequence is an important safety
measure. Operators of x-ray equipment should be cognizant of this simple act
and afford operating room personnel who are not required to be in close proximity
to the x-ray tube the opportunity to leave the room prior to any imaging if the
patient’s condition permits. The most common mechanism to limit exposure to
personnel is the use of a protective lead apron. In general, these barriers cover
the most radiation-sensitive organs such as the gonads, breasts, and bone marrow.
Moreover, since fluoroscopic imaging for vascular procedures often requires that
the operator be functioning adjacent to the radiation source, strong consideration
should be given to the use of leaded glasses, sterile leaded gloves, and thyroid
shields. Despite these measures, a recent study suggests that the single best pro-
tection to reduce exposure as measured by dosimeter badges worn under lead
aprons is the thickness of the apron itself (2). In that study, the best protection
was provided by aprons 1.0 mm thick. A more recent study suggests that aprons
0.5 mm thick provide adequate protection for vascular applications (3).

Radiation output by the imaging equipment can be minimized by attention
to some specific details. The single most important and easiest way to reduce
radiation output is to minimize the time spent imaging. This may seem intuitive;
however, manipulation of guidewires and catheters is somewhat unfamiliar to
many surgeons, as the action takes place on the monitor as opposed to being
within the surgical field. Because of this, all too often surgeons take their eyes
off the monitor and return to the surgical field but fail to take their foot off the
fluoroscopy pedal. A simple rule to remember is this: When not looking at the
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monitor, take your foot off the pedal. With experience in performing catheter
and guidewire manipulations, this becomes second nature.

Other methods to reduce radiation output by the imaging equipment require
a broader understanding of imaging technology. Radiation exposure is also pro-
portional to the power usage and the amount of scatter produced by the tube.
Power usage can be controlled by changing imaging modes. In general, in using
fluoroscopic equipment, imaging takes place by a continuous expenditure of en-
ergy from the x-ray tube. This allows for live-action imaging without any discon-
tinuity that can be appreciated on the monitor. Some x-ray systems allow this
energy mode to be changed from continuous to pulse.

Although this mode displays disjointed imaging on the monitor, it can re-
duce radiation output significantly and may be satisfactory for survey imaging
prior to an intervention. Power output can also be reduced by reducing the frame
rate. The frame rate is the number of images generated per second. Higher frame
rates result in better image quality and resolution but also cause more radiation
exposure. Unlike changing the imaging mode from continuous to pulsed, slowing
down the frame rate has only a minimal impact on exposure. Finally, some im-
aging equipment allows for a process known as collimation. In simple terms,
collimation prunes undesired areas of the image usually in both the horizontal
and vertical directions. When used prior to an imaging sequence, collimation not
only reduces scatter and exposure but can also enhance image quality.

Prolonged and excessive radiation exposure can have dire consequences
that all operators should be aware of. These include malignancies of the thyroid
and hematopoietic systems, sterility, cataracts, and radiation necrosis of the bones
in the hand. Beyond the obvious implications of these processes is a frightening
potential for career-ending morbidity, which should provide ample motivation
for all physicians to acquire and practice radiation safety skills.

IMAGING SYSTEMS

A basic understanding of the available features of imaging equipment is required
prior to deciding on which system to use or purchase. Moreover, once a system
is selected, it behooves the physician who will be relying on the system’s proper
function to have at least a cursory understanding of its technical operation. In
our own practice, we have often served as the on-site instructor in the operation
of our imaging equipment to the second- or third-shift, recently hired, radiology
technologist sent to the operating room to run the equipment during off hours.
Only through our own knowledge of the equipment and its operation are we able
to keep from being stifled in our efforts in these circumstances. Although dedi-
cated equipment and technologists for on-demand vascular imaging would be the



326 Berman and Stejskal

ideal, the reality of health care economics and hospital resources does not gener-
ally allow for that luxury in most institutions.

The fundamental construct of imaging equipment includes the x-ray tube,
the image intensifier, monitors, table, and a computer that integrates and pro-
cesses the images. The specifics of these components for available systems deter-
mine the quality of the images and the costs of the system. Ideally, image quality
should be of prime importance; however, some sacrifice of image quality can
usually be offered in exchange for significant cost savings without a significant
impact on functionality. Specific features that are desirable for vascular applica-
tions include an adjustable image intensifier, multiple video monitors, digital sub-
traction, road mapping, cine loop playback, and an appropriately designed im-
aging table. Although this list is not complete, it includes pertinent components
for intraoperative imaging in vascular procedures.

Adjustable field of view (FOV) image intensifiers permit flexible imaging
with two or three field sizes, with higher resolution (and magnification) obtained
at smaller FOVs and a large FOV at the higher end. In central venous catheter
(CVC) placement for example, it is often desirable to view most of the upper
thoracic cavity on scout and diagnostic images and be able to magnify specific
areas of interest only when needed.

Since the catheter and guidewire manipulations inherent to CVC placement
take place on the video monitor, it is ideal to have at least two monitors to view
in a side-by-side configuration. This also becomes critical when contrast injec-
tions are used for road mapping or are simply saved and displayed on one monitor
for reference while live action is viewed on the adjacent monitor. Digital subtrac-
tion technology allows for the computer removal of bony landmarks from the
reference image, so that the contrast column becomes the primary feature of the
image. The advantages of digital subtraction include the ability to immediately
evaluate the results on the monitor, the availability of postacquisition image pro-
cessing, and use of lower volumes of contrast. However, digital subtraction has
its drawbacks, including lower resolution compared with cut-film imaging and
a smaller FOV.

Road mapping is a feature that can be indispensable in complex anatomical
situations encountered during CVC placement. This feature lets the operator su-
perimpose a previously acquired angiogram on a live-action image. The road
map image is acquired first with a contrast injection. It is saved and then superim-
posed on the next live imaging sequence as long as no movement has occurred
in either the system or the patient. With the road map superimposed on the live
image, real-time guidewire/catheter manipulations can be performed with an im-
age of the contrast filled vessels as a guide. In trying to traverse a diseased or
tortuous vessel, this imaging feature is requisite in avoiding trouble by allowing
the operator to visualize impediments and manipulate devices appropriately. Ciné
loop playback provides for the immediate viewing of a filming sequence from
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the digital memory of the computer processor. This feature can expedite interven-
tions by saving time in viewing series of images much faster than other methods,
such as videotape or processed film.

Finally, an appropriately designed table completes the imaging package.
The table should be easily movable and be of a construct to enhance image acqui-
sition. More detail on table features follows in the discussion of imaging systems.

Two basic types of imaging equipment systems can be utilized for vascular
applications: portable and built-in. Both offer advantages and disadvantages for
all parties involved, namely the operator, patient, and institution. A brief descrip-
tion and comparison of these two broad categories is provided below.

Portable Imaging Systems

By far the most popular type of imaging in use in operating room environments
is the portable C-arm system (Figure 15.1). This offers tremendous advantages
over fixed systems for a surgical suite, but imaging purists feel that this comes
at the cost of image quality (4,5). First and foremost, portable systems are not
restricted to one room and one application, thereby permitting multiple specialties
access to the equipment, which can often justify its expense. In any busy op-
erating room, a portable imaging system rarely sits idle for any significant period

FIGURE 15.1 Portable C-arm system with carbon fiber table and vascular sofware.
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of time. This brings us directly to the issue of cost. Even the most sophisticated
portable C-arm system outfitted with special software for vascular applications
can be acquired for roughly $200,000, far less than the $500,000 to $1.5 million
price tag for ceiling-mounted built-in systems. No specific room modifications
are required for portable systems, and their operation is usually straightforward
and automated.

The portable C-arm systems available today come with many of the essen-
tial features found in the more expensive fix-mounted systems, such as digital
subtraction, road mapping, adjustable image intensifiers, dual monitors, and ciné
loop playback. Portable systems, however, can be limited by their ability to han-
dle the cooling demands needed for prolonged vascular imaging applications.
This often results in overheating and system shutdown for periods up to 20 min.
This is an unacceptable and potentially risky drawback of portable systems. Porta-
ble units have inherently poorer resolution compared with fixed units owing to
a basic component of x-ray tube design. However, the differences in resolution
between portable and fixed units may be clinically insignificant. Finally, portable
fluoroscopy systems make use of whatever table happens to be in the room. Stan-
dard operating tables are usually designed for limited imaging but not for panning
the entire length of the table. Special end-mounted carbon fiber tables are avail-
able for use in conjunction with portable C-arm systems and overcome the limita-
tions of standard operating room tables, but they add roughly $10,000 to the cost
of the imaging system.

Built-in Imaging Systems

Built-in systems provide superior image quality and usually incorporate a free-
floating table easily controlled by the operator (Figure 15.2). These advantages
come at a significant cost for most available units compared with their portable
counterparts. Most states require full lead lining of the walls for the suite con-
taining any built-in imaging system. Moreover, reinforced ceilings are usually
necessary to support the system.

The essential features required for vascular procedures are readily available
for most built-in imaging systems. Digital subtraction, road mapping, multiple
monitors, and ciné loop playback are largely standard features of most angio-
graphic suite systems. Placing these systems in an operating room environment
requires careful planning, since the system occupies a significant portion of the
ceiling space and can make accommodating other essential components of the
operating room, such as lighting and anesthesia machines, logistically difficult
in all but the largest of rooms.

Ultimately the decision between portable and built-in imaging systems
must be settled on an individual operator and institutional basis. Both options
offer acceptable image quality for most clinical applications if appropriately out-
fitted at the time of purchase.
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FIGURE 15.2 Fixed angiographic system with free-floating table.

CONTRAST AGENTS

Contrast agents allow visualization of vessels with x-ray imaging upon injection
by virtue of their iodine content. There are two basic types of contrast agents:
ionic and nonionic. This distinction is based upon whether or not the benzene
ring carrier of the iodine dissociates in solution. Ionic contrast agents are typically
higher in osmolality (600 to 2200 mOsm) at any given concentration of iodine
but markedly less expensive than nonionic agents (300 to 800 mOsm) (Table
15.1). These features are important, as most contrast reactions are related to os-
molarity. For most applications related to CVC placement, contrast can be in-
jected by hand. However, if large structures such as the vena cava will be imaged
with a small-diameter catheter, a power injector may be necessary to administer
an appropriate contrast volume and overcome the resistance of the catheter.

Adverse contrast reactions are usually mild and self-limited. Most com-
monly, patients experience pain at the site of infusion as well as nausea and
vomiting. Some patients experience reactions related to histamine release, which
can range from rash and urticaria to cardiopulmonary arrest. Patients at risk for
these more profound reactions are those who have a prior history of dye reaction,
allergies, asthma, or anxiety. Pretreatment of patients with a history of contrast
reactions with antihistamines, H2 blockers, and steroids can virtually eliminate
serious reactions.

One of the most serious complications related to contrast agent administra-
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TABLE 15.1 Contrast Agents

Iodine content Osmolality
Agent (mg/ml) (mosm/kg H2O) Cost ($) (50ml)

Ionic
Conray 60 282 1539 3.75
Conray 325 325 1797 10.56
Renograffin 60 292 1549 8.97
Renograffin 76 370 2188 2.03
Hexabrix 320 600 43.85

Nonionic
Isovue 128 128 290 31.12
Isovue 370 370 796 50.00
Optiray 320 320 702 31.94
Omnipaque 140 140 322 102.58
Omnipaque 300 300 672 184.30
Omnipaque 350 350 844 49.99

tion is nephrotoxicity. Patients at highest risk for this complication are those with
underlying renal dysfunction prior to the contrast injection. Interestingly, in a
patient with normal renal function, there is no relationship between the volume
of contrast administered and the risk of nephrotoxicity. Unfortunately, a normal
serum creatinine does not guarantee normal renal function, particularly in patients
with diabetes, hypertension, and/or atherosclerotic cardiovascular disease, so
contrast should always be administered judiciously and kept to the minimum
necessary to obtain needed diagnostic information. Other patients at risk are those
with diabetes and specifically those treated with metformin (Glucophage) (6).
Withholding metformin for 48 h after contrast administration can reduce the risk
of nephrotoxicity in these patients. The best prophylaxis against nephrotoxicity
is making sure the patient is adequately hydrated and maintaining adequate urine
output. Preinjection hydration and the use of mannitol and Lasix have all been
championed in this effort.

IMAGING TOOLS

This section provides a brief description of the necessary tools to accomplish
imaging and access in difficult CVC placement situations. Having a state-of-the-
art imaging system at your disposal in the operating room is useless without the
appropriate tools necessary to access the circulation, image the anatomy, and
treat uncovered lesions.
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Catheters

Catheters are available in a broad range of sizes and configurations. This section
is limited to a description of diagnostic angiographic catheters. Chapters 10 and
14, respectively, are dedicated to discussions of hemodialysis and nonhemodialy-
sis CVCs. Diagnostic catheters are usually small on the order of 4 or 5F and
range in length from 65 to 110 cm. They are constructed of polymers such as
polyethylene, polyurethane, nylon, Teflon, or combinations of these. Catheters
are available in a multitude of head shapes, depending on their principal applica-
tion (Figure 15.3). For example, ‘‘tennis racket’’ or ‘‘pigtail’’ catheters are de-
signed for high-volume injections in the aorta, whereas a ‘‘cobra’’ catheter is
designed for selective catheterization of branch arteries. A straight catheter or
the slightly angled-tipped Berenstein catheter is likely to find utility during diffi-
cult CVC placements for diagnostic venography. An assortment of all these de-
signs should be kept readily available in any suite where vascular imaging is
performed.

Guidewires

Like catheters, guidewires are available in a range of sizes, lengths, and construc-
tions. A full discussion of guidewire technology is beyond the scope of this book.
However, a basic understanding of guidewire features is necessary for any opera-
tor placing CVCs. Most CVC kits come with an appropriate sized J wire made
of steel with a soft tip. For the majority of CVC placements, this is all that is

FIGURE 15.3 Sampling of available diagnostic angiography catheters.
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necessary. When variant anatomy is encountered which may require complex
diagnostic and even therapeutic interventions prior to placing the CVC, a broader
selection of guidewires should be available to facilitate completion of the diag-
nostic and therapeutic interventions.

Guidewire size is the first feature to consider and is comprised of length
and diameter. Most CVC applications require a short 50- or 60-cm guidewire
to accomplish primary placement. For diagnostic purposes, most off-the-shelf
guidewires begin at length of 145 cm and go up to 260 cm. This is important,
because the extra length must be handled carefully to avoid contamination during
manipulations. Guidewire diameters are also variable depending upon the appli-
cation. Most CVCs are inserted using 0.035-in. wires. Smaller catheters come
with 0.025- or 0.018-in. wires. Large devices such as large sheaths or balloons
usually require a wire diameter of 0.038 in.

Guidewires can be constructed to achieve a variable level of stiffness. Stiff
guidewires such as the Amplatz are useful in delivering large devices, as they
allow the device to negotiate tortuous vessels by virtue of their stiffness. Floppy
wires such as the glidewire are therefore pliable and excellent for negotiating
tight lesions but need to be exchanged for stiff wires (with or without hydrophilic
coating) when deploying devices. Finally, guidewires can have specialized tips,
such as soft floppy J’s, or stiff, straight tips. Floppy-tips wires and J wires are
less like to cause damage, but cannot get through tight lesions. Angled-tip or
steerable wires can be used to maneuver through complex lesions or to cannulate
branches.

For CVC placement, we have found the most utility in using straight or
angle-tipped glidewires. These wires are used to negotiate through a venous ste-
nosis prior to dilation. More commonly, we have used the glidewire to stent a
soft Silastic catheter to help maneuver it through a tortuous brachiocephalic ve-
nous system or a kinked sheath. Like diagnostic catheters, an assortment of the
more commonly used guidewires should be at the operator’s disposal when per-
forming CVC placement.

Sheaths

Most tunneled-cuffed CVC and ports come complete with peel-away sheaths
specific for the type and size of catheter in the kit (Figure 15.4). As these sheaths
can sometimes become wrinkled or kinked, replacement peel-away sheaths need
to be available.

Another type of sheath that should be within proximity of the operating
room is the angiographic introducer sheath. These devices are thin-walled Teflon
sheaths with a hemostatic valve and side port on one end and usually come pack-
aged with a dilator (Figure 15.5). The dilator is about 2 cm longer than the sheath.
Sheaths are available in a number of sizes based upon their inner diameter and
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FIGURE 15.4 Peel-away sheath for placement of soft Silastic central venous cathe-
ters.

FIGURE 15.5 Introducer sheath with hemostatic valve.

length. Their main function is to provide atraumatic access to the circulatory
system for the introduction of other devices, thereby sparing the artery and vein
repeated trauma from threading devices over a guidewire. In CVC placement, a
sheath would be necessary to dilate a venous lesion uncovered during a difficult
catheter insertion, as in the case of a brachiocephalic vein stenosis. Once success-
ful dilation is accomplished, the angiographic sheath is exchanged over the guide-
wire for the peel-away sheath to complete catheter insertion. For most CVC appli-
cations, sheaths ranging in size from 7 to 9F should be adequate and available.
More complex interventions such as stenting may require longer and larger
sheaths, depending upon the application and the device. Introducer sheaths are
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FIGURE 15.6 A sampling of balloon angioplasty catheters.

available with radiopaque markers at the tip of the sheath to avoid deployment
of devices within the sheath proper.

Balloons

The last tool necessary to place a difficult CVC are balloon dilation catheters
(Figure 15.6). Like the other components described above, balloons are available
in a vast array of sizes, materials, and structures. For venous interventions, bal-
loons ranging in size from 7 to 14 mm must be available to dilate lesions in the
jugular, brachiocephalic, or caval positions to facilitate CVC placement. Balloon
catheters come in a variety of balloon and catheter lengths. Balloons of 2- and
4-cm lengths will be adequate for most applications, but longer balloon lengths
may be necessary for specialized applications. For venous applications, high-
pressure balloons of 17 atm are usually required to overcome the resiliency of
venous lesions.
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Access to the venous circulation for infusion of medications was first de-
scribed by Sir Christopher Wren, who, in 1657, using a cannula made from a
goose quill, injected drugs into the veins of dogs (1). The central venous circula-
tion, however, was not successfully accessed until 1929, when Forssmann (2), a
German surgeon and urologist, introduced a catheter from a peripheral vein into
his own right atrium and confirmed the catheter position by radiograph. With
advances in areas such as total parenteral nutrition (TPN), hemodialysis, critical
care, and chemotherapy that emerged in the 1960s, a need was created for a more
durable central venous catheter. Subsequent progress in materials technology has
resulted in a wide array of external and implantable devices with improved com-
pliance, decreased thrombogenicity, and better resistance to infection, making
long-term venous access a lasting alternative. With the current widespread use
of these devices in a variety of patients in both the hospital and the home-care
setting, it becomes important for health care practitioners to understand the poten-
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tial complications that may be encountered during and after placement of these
catheters. This chapter discusses these complications—their management and
prevention. Certain aspects of hemodialysis and long-term catheters are discussed
separately, as the incidence, prevention, and management of complications in
these separate patient populations may differ significantly.

HEMODIALYSIS CATHETERS

A complete discussion of catheter design and selection criteria appears in Chapter
10. Intravenous double-lumen catheters are commonly used as vascular access
for hemodialysis. Central venous cannulation is primarily indicated in patients
with acute renal failure requiring temporary dialysis or in chronic end-stage renal
disease (ESRD) patients awaiting placement, maturation, or revision of their per-
manent access. A subset of ESRD patients, including young children and adults
who have exhausted permanent fistula options, may be entirely dependent on
these catheters for hemodialysis access. Indeed, due to the many inherent prob-
lems with prosthetic arteriovenous fistulae, some authors have advocated use of
these catheters as an alternative when autogenous fistula construction is not an
option (3). These large diameter double-lumen catheters may also be used for
plasmapheresis or for stem cell harvest for bone marrow transplantation. While
these double-lumen catheters provide an effective and safe method of access to
the venous circulation, they are not without potential complications.

Transcatheter venous access for hemodialysis was first described by Shal-
don et al. (4) using separate venous and arterial cannulas placed through a femoral
approach. Many changes in catheter placement techniques and design have oc-
curred since the introduction of the central venous dialysis catheter by Erben et
al. in 1969 (5). Catheter construction using silicone rubber (Silastic; Dow Corning
Corp., Midland, MI), polytetrafluoroethylene (Teflon), or polyurethane materials
has been discussed in Chapter 10. The majority of catheters presently in use for
long-term hemodialysis access are constructed of soft silicone rubber, are usually
placed in the operating room, and are tunneled. A Dacron felt cuff is bonded to
the catheter and is designed to prevent infection by promoting tissue ingrowth,
thus forming an anatomical barrier to organisms ascending along the outer aspect
of the catheter. A recent modification to enhance infection resistance is the incor-
poration of a second cuff constructed of silver ions bound to a collagen matrix
(Vitacuff) to form an antimicrobial barrier for 4 to 6 weeks until the Dacron cuff
becomes well incorporated (6).

LONG-TERM VENOUS ACCESS CATHETERS

The development of TPN in the late 1960s created the need for a long-term central
venous catheter, since the highly concentrated, hyperosmolar glucose solutions
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led to chemical phlebitis when infused peripherally. This was first addressed by
Broviac et al. (7), who reported on a new type of venous access device specifically
designed for prolonged TPN infusion in children. The Hickman and Broviac cath-
eters (Bard Access Systems, Salt Lake City, UT) are nearly identical in construc-
tion but were originally designed for different purposes. While the original Brov-
iac catheter was designed for prolonged TPN infusion in children, the original
Hickman catheter was a larger-diameter device designed for adult patients under-
going bone marrow transplantation, who usually require multiple blood tests,
transfusions, and chemotherapy along with TPN (8). Over the past two decades—
with the expanding use of TPN, multiagent chemotherapy, antibiotics and blood
products—maintaining venous access has become of primary importance in the
care of complex patients. The central venous route remains the preferred method
of sustaining circulatory access for long-term use in both the inpatient and outpa-
tient setting.

A detailed discussion of the various types of long-term external catheters
that have been developed—including the Broviac, Hickman, and Groshong types
of catheters as well as the totally implantable devices—appears in Chapter 14.
Early central venous catheters were developed for acute care situations such as the
resuscitation and monitoring of trauma and critically ill patients. Like temporary
catheters in use today, these catheters were made of firm biomaterials such as
polyvinyl chloride, polyurethane, and polyethylene. In contrast, the Broviac and
Hickman catheters are made of the more pliable silicone rubber and are more
comfortable for the patient while being less traumatic to the venous endothelium.
They are also designed with an attached Dacron cuff; therefore they need to be
tunneled and are usually placed in a surgical suite. Implantable ports such as the
Portacath are available from a variety of manufacturers and include a titanium
or plastic reservoir, a silicone access septum, and an attached central venous
catheter. These reservoirs and their attached catheters are placed completely be-
neath the skin and are accessed percutaneously with a special noncoring needle
that, despite repeated use, avoids destruction to the silicone septum.

The Hohn catheter (Bard Access Systems, Salt Lake City, UT) is a unique
device deserving of special mention. It is available as a single- or double-lumen
catheter (5 or 7F) made of soft Silastic. It is unique in that its small size and
over-the-wire insertion make it amenable to bedside placement, thereby reducing
the expense related to catheter placement. The incorporation of a Vitacuff pro-
vides antibacterial resistance for up to 6 weeks. These features have led the Hohn
catheter to assume a role as an intermediary to long-term use catheter when cen-
tral venous access is needed for a limited time. Examples of indications for Hohn
catheter placement include patients who need central venous access for antibiotics
(e.g., osteomyelitis) or for TPN while recovering from extensive bowel surgery
or ischemic colitis. Occasionally difficulty is encountered in introducing the cath-
eter into the proximal vein even with the guidewire in place. This problem can
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easily be overcome by using a 7 or 9F peel-away introducer, which should be
readily available at the time of placement.

Peripherally inserted central venous silicone catheters (PICC lines) were
first reported in 1975 by Horshal (9). There has been a recent resurgence in the
popularity of the PICC catheter. The catheter can now be placed by nurses after
a short training period without many of the potential complications of central
venous approaches. A novel modification of the PICC catheter is the peripheral
implantable port (PAS Port, Pharmacia Deltec Inc., St. Paul, MN). The PAS port
is smaller than other central venous implantable reservoirs and is designed for a
periperal location in the arm (usually the inner aspect of the upper arm) (10).
Interested readers are referred to the detailed discussion of the PICC lines and
PAS ports included in Chapter 14.

INTRAOPERATIVE COMPLICATIONS

The delineation of complications related to venous access devices varies between
studies but can be generally divided into the intraoperative and postoperative.
Intraoperative complications such as pneumothorax, hemothorax, hemomediasti-
num, air embolism, and cardiac tamponade account for less than 3% of catheter-
related complications. They can, however, easily be fatal if not recognized and
managed expeditiously. Distinct complications such as exit site hematomas, arte-
rial puncture, adjacent nerve injury, and chylothorax must also be properly man-
aged but are usually not of a life-threatening nature. The wide spectrum of com-
plications described following central venous access procedures reflects the
complexity of the anatomy of the neck and thoracic inlet.

The prevention of intraoperative complications begins with a careful preop-
erative evaluation. Patients should have a history and physical focusing on prior
central venous line placements, evidence of central venous thrombosis (prior line
infection or malfunction, arm edema), body habitus, local anatomical abnormali-
ties, or prior surgery in the area to be accessed. Mansfield et al. (11) prospectively
evaluated 821 patients undergoing elective placement of subclavian vein cathe-
ters. They noted that failed attempts and complications during line placement
were associated with prior surgery in the region (p � 0.002), a body-mass index
(the weight in kilograms divided by the square of the height in meters) higher
than 30 or lower than 20 (p � 0.009), and prior catheterizations (p � 0.043).
Years of postgraduate training of the physician also correlated with inability to
access the subclavian vein (p � 0.003). Several other studies have shown that
physician experience is a dominant factor in determining the risk associated with
the placement of venous access devices. Experienced physicians have complica-
tion rates of less than 2%, whereas inexperienced physicians have complication
rates as high as 12% (12). Bernard and Stahl (13) found that individuals who
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had performed less than 50 central venous catheterizations had a far greater com-
plication rate, suggesting that this was a minimum number to attain proficiency.

Central venous catheter placement techniques as well as the use of intraop-
erative imaging have been discussed in prior chapters. Briefly, venous access
devices may be inserted by a cutdown approach or percutaneously. A cutdown
method may be preferred over the percutaneous method for patients with obesity,
severe coagulopathy, or in small children. The majority of devices placed today,
however, are via a percutaneous approach. Use of fluoroscopy is recommended
to confirm proper guidewire placement and final catheter position. Use of other
imaging techniques during catheter placement, such as duplex ultrasonography,
is controversial and has failed to improve results obtained by experienced clini-
cians (11). In select groups of patients, notably those with prior subclavian cathe-
ter placement, the incidence of subclavian vein thrombosis or stenosis may be
as high as 50% (14,15). Preoperative duplex scanning or venography can identify
these abnormalities and may prevent access attempts of thrombosed vessels, with
their attendant complications (16).

Patients may require the use of femoral vein catheters for venous access
while hospitalized and infrequently for long-term access. The femoral approach
maybe used for venous access while infection at a subclavian or jugular catheter
site is resolving or in patients for whom the risk for pneumothorax or hemothorax
is high and either complication would prove to be catastrophic due to severe
underlying pulmonary compromise. We have rarely had to use this approach in
patients with complete upper extremity and jugular venous thrombosis. Catheters
placed in the femoral vein have several disadvantages, including decreased pa-
tient mobility and a higher risk of infection (17). In addition, the combination
of patient immobility and an indwelling foreign body increases the risk for deep
venous thrombosis (Figure 16.1) (18).

Some authors have advocated the use of a percutaneous translumbar ap-
proach for catheter placement in the inferior vena cava (IVC) for long-term access
or stem cell harvest. This option may be selected in patients for whom jugular
or subclavian vein access is not an option, but in several studies IVC catheters
were associated with both IVC thrombosis and a high rate of catheter malposition
and malfunction (19,20). Overall, while this technique remains an option, we
have rarely found it to be indicated.

Pneumothorax

Smith et al. (21) have pointed out that the pleura is only 5 mm posterior to the
subclavian vein beyond the edge of the first rib. Therefore it is not surprising
that a common complication of central venous catheter placement is pneumotho-
rax with a reported incidence varying from 0 to 12% (12,22). Of 1000 percutane-



342 Marek and Berman

FIGURE 16.1 Radiograph showing placement of a venous port through a femoral
approach. Catheter lies in the inferior vena cava.

ous subclavian catheters placed by a single operator, Defalque (23) reported a
0.3% incidence of pneumothorax. A similiar experience was reported in a series
of 1000 internal jugular catheter placements with a 0.2% incidence of pneumotho-
rax (24). All studies stress the importance of thoroughly understanding the anat-
omy of the region, with operator experience being a major factor. In experienced
hands, the risk of pneumothorax should be less than 1%. The site of placement
(jugular vs. subclavian) does not clearly affect the rate of pneumothorax as long
as the physician is experienced with that particular approach. The risk of pneumo-
thorax may be eliminated by placing the catheter through a cutdown approach
or by using a peripheral route (PICC line or arm port).

The patient who develops a pneumothorax may be asymptomatic and re-
quire no treatment or may develop a life-threatening tension pneumothorax re-
quiring prompt intervention. Symptomatic patients often complain of chest pain,
dyspnea, and coughing and on examination may have diminished breath sounds.
With a tension pneumothorax, patients may have jugular venous distention and
hypotension. All patients should have a chest x-ray (CXR) performed after an
attempted central line placement even if the attempt is unsuccessful. The decision
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FIGURE 16.2 Radiograph shows small apical pneumothorax (arrows) following at-
tempt at right-sided central venous line placement.

between placement of a chest tube versus observation can be difficult. Small,
asymptomatic pneumothoraces (�25%) may be observed with serial CXRs and
oxygen therapy (25,26). If the pneumothorax remains stable for 12 h, it will likely
be reabsorbed without the need for decompressive therapy (Figure 16.2). Larger
or symptomatic pneumothoraces should be managed with tube thoracostomy. If
a chest tube is placed, complete reexpansion of the collapsed lung should be
documented on repeat CXR. Excellent results may be obtained with a small-
diameter chest tube (9F) with an attached one-way valve if no significant air leak
is present. These tubes are much less painful than a full-sized chest tube and are
equally effective for uncomplicated pneumothoraces related to central venous
catheter placement.

Hemothorax, Hemomediastinum, Cardiac Tamponade

Bleeding related to placement of a central venous access device can be local,
mediastinal, intrapleural, or pericardial. Local hemorrhage or exit site hematoma
generally occurs in patients with coagulopathy and is managed with manual pres-
sure and, if necessary, correction of the underlying coagulation abnormalities
(primarily thrombocytopenia). Even in patients with coagulopathy, this complica-
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tion is rare, occurring in less than 1% (24,27). Thrombocytopenia is not an abso-
lute contraindication to central venous catheter insertion because patients can
undergo platelet transfusion during or immediately prior to catheter placement.
We recommend platelet transfusion for patients with platelet counts less than
50,000/mL (1 U single-donor or 6 U random-donor platelets) within 2 h of cathe-
ter insertion.

Hemorrhage into the thoracic space is the most feared complication of cen-
tral venous catheter placement and is the leading cause of procedure-related
deaths (28–33). Hemorrhage can occur at the time of insertion, from operative
trauma, or after the catheter has been in place, from erosion through the vein
wall. Guidewire insertion may cause venous perforation if the wire is too stiff
or a non-‘‘J’’-tipped wire is used. More commonly, significant venous injury
occurs during placement of the stiffer percutaneous introducer sheath and dilator.
As the sheath is inserted, it may fail to negotiate the path of the venous system
and impinge on the vein wall. Perforation usually occurs contralateral to the side
of insertion. Constantly ensuring that the guidewire slides freely through the
dilator/sheath complex and placement of the introducer sheath under direct
flouroscopy are the most effective ways of avoiding this complication. Placement
of catheters by the right internal jugular or left subclavian approach may be asso-
ciated with a decreased risk due to a straighter path into the superior vena cava.
Use of a cutdown technique may also decrease the incidence of significant intra-
thoracic bleeding (34). Intrapleural hemorrhage may manifest as sudden chest
pain or hemodynamic collapse. Prompt recognition and treatment are essential.
Initial therapy includes placement of a tube thoracostomy and, when necessary,
thoracotomy in the unstable patient.

Mediastinal hemorrhage occurs in less than 1% of insertions and is usually
manifest by mediastinal widening on postoperative radiography, although symp-
toms of chest pain and respiratory difficulties may occur. Usually this situation
is self-limited as long as the catheter remains in the venous system. Failure to
recognize mediastinal placement followed by infusion of TPN or other agents
carries a high mortality rate (31). If there is any question of the placement, venog-
raphy through the catheter should be performed to document placement in the
venous system. If the catheter is in the mediastinum, it should be removed under
controlled conditions with personnel prepared to explore the patient should hem-
orrhage ensue. Although there are no large series of studies on mediastinal perfo-
rations, our own limited experience offers some understanding of the treatment
options. If the patient remains hemodynamically stable upon withdrawal of the
catheter, he or she may be observed in an intensive care unit with serial echocar-
diograms and CXRs. The low-pressure venous system may allow these injuries
to be self-limited. Small pericardial effusions can be managed expectantly with
pericardiocentesis as needed. Surgical intervention is reserved for hemodynamic
collapse or recurrent hemopericardium causing tamponade.
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Catheter-induced cardiac tamponade is a highly lethal complication, with
reported mortality rates exceeding 90%. Cardiac tamponade may occur at the
time of catheter placement from perforation of the right atrium or in a delayed
fashion from erosion of the catheter tip through the myocardium followed by
instillation of fluid into the pericardial sac. The mechanical error that precedes
this complication is probably improper positioning of the catheter tip in the right
atrium. Most early reports of this complication were related to stiff polyurethane
catheters, whereas this complication is uncommon when soft Silastic catheters
are used for long-term access. While prior reports stressed the dangers of leaving
the catheter tip in the right atrium, more recent reports question the significance
of this finding, with some authors now advocating placement in the right atrium
to prevent catheter malfunction or venous thrombosis (35,36). Once a problem
is recognized, prompt therapy to relieve the tamponade must be undertaken. Peri-
cardiocentesis may be attempted in relatively stable patients. An unstable patient
requires emergency pericardial window or median sternotomy as their clinical
course dictates.

Arterial Injury

Inadvertent subclavian or carotid artery puncture, laceration, or cannulation may
be a serious complication. If an arterial puncture is recognized before the guide-
wire is passed into the artery, this may be managed simply with removal of the
needle and holding pressure for 5 to 10 min. If the arterial injury goes unrecog-
nized until a large-bore catheter or dilator has been passed into the artery, it
would be unwise to remove the catheter unless one were prepared to explore the
patient emergently should hemorrhage ensue. Catheters as large as 13 F may be
removed from the carotid or subclavian artery and serious complications avoided
by holding pressure for 30 to 45 min, but this should be performed in the op-
erating room (37). Traumatic arteriovenous fistula has been described following
misplaced subclavian or internal jugular catheter insertion (Figure 16.3), but this
complication is rare (38).

Air Embolism

Air embolism may be a lethal complication of central venous catheterization.
Kashuk and Penn (39) demonstrated a 50% mortality and a 42% incidence of
transient or permanent neurological deficits among survivors of this complication.
When the normal negative intrathoracic pressure is transmitted to the venous
system, air may enter the venous circulation whenever it is open to the sur-
rounding atmosphere. Air embolism may occur at any time from catheter place-
ment to after the catheter has been removed. Ordway (40) extrapolated from
animal experiments and estimated that a lethal embolism requires the introduction
of 70 to 100 mL/s of air.
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(A)

(B)

FIGURE 16.3 (A) Arch angiogram demonstrating inadvertent catheter placement
into the right common carotid artery through the internal jugular vein. Catheter was
removed without incident or need for operative intervention. (B) Duplex scan
months later confirming presence of an asymptomatic posttraumatic arteriovenous
fistula between the carotid artery and jugular vein in the same patient.
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The diagnosis of a significant air embolus is primarily clinical. The syn-
drome of tachypnea or apnea, hypotension, pulmonary wheezes, and characteris-
tic ‘‘mill wheel’’ heart murmur is considered classic for air embolism (41). Any
suspicion of air embolism should prompt emergency treatment, which consists
of turning the patient onto his or her left side and placement in the Trendelenburg
position. Because death may be due to an airlock that obstructs the pulmonary
outflow tract, this maneuver keeps the air within the apex of the right ventricle.
If the patient is unstable, attempts at air aspiration by percutaneous transthoracic
puncture of the right ventricle with a spinal needle have been suggested by Felici-
ano et al. (42).

Introduction of a significant air embolus during catheter placement may be
prevented by ensuring adequate patient hydration and by placing the patient in
the Trendelenburg position. Equally important in preventing the introduction of
a significant air embolus into the central venous circulation is education of other
health care providers on the hazards of air embolization during manipulation of
the catheter tubing. Finally, the placement of an air-occlusive dressing over the
insertion site after removal of the central venous catheter can minimize the occur-
rence of this unusual but potentially lethal complication. This dressing should
stay in place for a minimum of 24 h after catheter removal to allow adequate
closure of any chronic sinus tracts that may from during the interval in which
the catheter is in place. Particularly when managing large-diameter temporary
dialysis catheters that have been in place for up to 2 weeks, the residual tract
communicates directly with the internal jugular vein and may be of a significant
size (13.5F), therefore easily allowing the passage of air if prescribed maneuvers
are not followed.

Chylothorax/Hydrothorax

Chylothorax may result from direct injury to the thoracic duct as it enters the
left jugulosublclavian venous junction. It may be recognized immediately by
clear lymph drainage from the insertion site or may present in a delayed fashion
with ipsilateral or contralateral pleural effusion (43). Treatment includes removal
of the venous catheter, maintenance of a low-fat oral or parenteral diet, and con-
tinuous pleural drainage until the leak seals spontaneously, which may take as
long as 6 weeks.

Hydrothorax results from the intrapleural instillation of fluid through a mal-
positioned catheter with an extravascular tip. The appearance of hydrothorax may
be immediate, as soon as an infusion is begun through the catheter. Hydrothorax
may also present in a delayed fashion thought to be due to erosion of the catheter
through the vessel wall into the pleural cavity. Treatment revolves around prompt
catheter removal. Rarely, this complication may progress to fibrothorax from
chemical irritation or empyema requiring open drainage or decortication.
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Nerve Injury

Injuries to the brachial plexus or phrenic nerve and Horner’s syndrome have all
been described as a result of central venous cannulation (21,24,44). This is not
surprising considering the proximity of these structures to the central veins. Phre-
nic nerve injury has been noted to result in paralysis of the diaphragm. The major-
ity of these injuries recover completely and may be due to direct injury or pressure
from a hematoma. These complications have been noted as high as 0.5% but
should be rare in experienced hands.

Retained Catheter Fragments

Portions of central venous catheters or guidewires may be broken off by improper
insertion techniques or occasionally during removal of the catheter. This is rare
with today’s catheter design, which relies upon the Seldinger over-the-guidewire
technique and avoids the earlier practice of passing the catheter through the sharp
bevel of the access needle. Intravascular catheter fragment emboli demand imme-
diate removal (Figure 16.4). Richardson et al. (45) reviewed 202 cases in the
literature and documented a 24% mortality without removal and an additional
21% morbidity from endocarditis, pulmonary embolism, myocardial perforation,
and superior vena cava syndrome. Fortunately, the majority of retained catheter
fragments can be removed percutaneously by employing an intravascular loop
snare or wire basket, thus minimizing the need for thoracotomy or median sterno-
tomy (46).

POSTOPERATIVE COMPLICATIONS

Intraoperative complications are usually due to errors in technique and conse-
quently are largely avoidable, while many postoperative complications are inevi-
table with a prolonged intravascular device in place. Postoperative complications
include catheter malfunction, venous thrombosis, and infection. The incidence
of these complications varies widely among reports in the literature, depending
on the patients’ diagnoses, level of nursing care, treatment schedule, and the
enthusiasm with which the diagnoses are pursued.

Hemodialysis Catheter Malfunction

The effectiveness of hemodialysis is dependent on the delivery of a high blood
flow rate and the avoidance of recirculation of blood. Hemodialysis catheter mal-
function may be defined several ways but in general is an inability to consistently
maintain a blood flow rate of greater than 200 mL/min (47). Traditionally, blood
flow rates of 200 to 300 mL/min have been prescribed when double-lumen cathe-
ters have been used for hemodialysis access. In addition to blood flow rates, other
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(A)

(B)

FIGURE 16.4 PA (A) and lateral (B) chest x-rays demonstrating broken catheter
at subclavian entry site with catheter fragment retained within the right atrium.
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studies have examined criteria for recirculation rates and excessive venous or
arterial pressures (48,49). Bregman and colleagues looked at a small number of
double-lumen dialysis catheters (Vas-Cath SC-4000) (47). They recommended
minimum performance standards for double-lumen catheters at a flow rate of 200
mL/min: cannula inlet arterial pressure (CIAP) of �100 mmHg maximum; ve-
nous pressure of less than 150 mmHg; and recirculation of less than 5%. The
CIAP is the negative pressure applied by the dialysis machine and reflects the
maximum flow rate one can obtain before risking blood hemolysis. High CIAP
may vary with catheter design or may indicate cannula abutment against the wall
of the vena cava. Excessive venous pressure will produce high ultrafiltration and
may limit attainable flow rates. The average recirculation percentages achieved
using hemodialysis catheters range from 2 to 8% with blood flows of 200 to 250
mL/min, and no significant increase in this recirculation rate occurs with flow
rates up to 400 mL/min (47–49) (Table 16.1).

TABLE 16.1 Treatment of Tunneled Cuffed Catheter Dysfunction

Catheter dysfunction is defined as failure to attain and maintain an
extracorporeal blood flow sufficient to perform hemodialysis without significantly
lengthening the hemodialysis treatment. The Work Group considered sufficient
extracorporeal blood flow to be 300mL/min. (opinion) Urokinase is currently not
available on the U.S. market. Preliminary studies using thromboplastin activator
(TPA) and recombinant urokinase (rUK) in the treatment of hemodialysis
catheter dysfunction are under way and appear promising. At this time neither
agent has sufficient evidence for the guidelines to recommend wholesale
adoption.
A. A dysfunctional catheter should be treated in the hemodialysis unit using the

protocol for intraluminal urkinase administration. (evidence)
B. If urokinase treatment fails, a radiographic study using catheter contrast

injection should be performed. Further treatment should then be performed
based on the radiographic findings. Appropriate treatments include:
1. Fibrin sheath stripping using a snare if a fibrin sheath is present

(evidence)
2. Exchanging the thrombosed catheter over a guidewire if a fibrin sheath is

present, or if the catheter is malpositioned, or of inadequate length
(evidence)

3. Intracatheter urokinase infusion (e.g., 20,000 U/lumen/h) for 6 h if a fibrin
sheath is present or a luminal thrombosis remains (evidence)

4. Performing embolectomy on the catheter if the lumens show residual
thrombus (opinion)

5. Repositioning a malpositioned catheter using a snare (evidence)

Source: Modified from Ref. 50. Guideline 23.
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Vanholder et al. (51) performed a retrospective evaluation of the morbidity
and mortality of hemodialysis catheters including 786 catheters over a 10-year
period at their own institution. They reviewed 11 published series of hemodialysis
catheters (1542 catheterizations) and performed a questionnaire-based survey of
16 dialysis centers (approximately 4000 catheterizations). Catheter malfunction
requiring replacement due to insufficient flow occurred in 7.6% of catheters
placed. Moss et al. (3) presented a review of their experience with 168 silicone
dialysis catheters with a Dacron cuff inserted over a 4-year period. Their esti-
mated 1- and 2-year catheter survival was 65 and 30%, respectively. Median
catheter survival was 18.5 months, with reported average blood flow rates of 243
mL/min and recirculation of 7.5%.

Bour et al. (52) evaluated their experience with 53 double-lumen silastic
PermCath (Quinton Instrument Co., Bothell, WA) catheters placed in 49 patients.
Using the jugular approach for access, they found no catheters that failed to func-
tion over the period of review. Catheter thrombosis occurred 40 times in 10 pa-
tients, all of which were successfully treated with infusion of streptokinase or
urokinase. Catheters remained in place an average of 84 days (range 1 to 573
days). Arterial flow rates ranged from 100 to 250 mL/min (average 212 mL/
min). Recirculation rates reported for 9 patients in their series averaged 5.6%
with a range of 0 to 11%.

Proper catheter function must be assured before the patient leaves the op-
erating room and is tested by the ability to rapidly withdraw through both ports
of the catheter. The catheter should also be tested with the patient in an upright
sitting position to make sure that the expected movement in the catheter tip that
occurs with patient positioning does not adversely affect catheter function. The
use of image intensification during catheter placement is important to verify the
absence of any kinks in the catheter course and confirm catheter tip placement.
If a catheter fails to provide adequate flow rates from its first use, it will likely
require replacement. There has been a recent stance assumed by the interventional
radiology community advocating that all tunneled catheters be placed by that
specialty. A single series by Lund et al. (53) has reported 100% catheter function
and a 0% complication rate in catheters placed by radiologists. Whether this
high standard can be duplicated by others awaits further published experience.
Catheters that develop thrombosis or low blood-flow rates may be salvaged with
lytic therapy or possibly removal of the fibrin sheath surrounding the catheter
tip. This problem is discussed in more detail in the following section.

Long-Term Venous Access Catheter Malfunction

The function of long-term venous access devices can be divided into two compo-
nents: withdrawal and infusion. The first catheter function to fail is usually with-
drawal, manifest by progressive inability to aspirate blood for testing. This has
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been ascribed to the adherence of fibrin or thrombus to the tip of the catheter,
forming a one-way valve. Before the development of effective therapy, this com-
plication led to removal of up to 25% of catheters (54). While this remains one
of the most common complications today, it can often be treated successfully
with lytic agent infusion and results in catheter removal in less than 5% of cases
(3,54,55).

If a venous access device initially functions well but acutely develops with-
drawal dysfunction or complete occlusion, it should be treated with urokinase,
5000 U (Open-Cath, Abbott Laboratories, Abbott Park, IL). The urokinase is
instilled into the access device and left in place for 20 to 30 min before it is
withdrawn and another attempt made to use the catheter. This process may be
repeated several times. Catheters resistant to bolus urokinase have been salvaged
with a regimen of 6-h infusion of urokinase at a rate of 40,000 U/h (56). The
recent withdrawal of urokinase from the U.S. market has necessitated the use of
tissue plasminogen activator (TPA) as a substitute lytic agent for catheter clear-
ing. Since protocols using TPA for catheter clearance are evolving, recommended
dosages are not yet available.

Catheters may also be occluded by precipitation of poorly soluble fluid
components such as calcium or magnesium salts, drugs (phenytoin, vancomycin,
amikacin, and others), or lipid accumulation in patients receiving total parenteral
nutrition. These occlusions generally do not respond well to thrombolytic therapy.
Catheter occlusions of this nature may be treated with infusion of 0.1 N hydro-
chloric acid (HCl) for mineral or drug precipitation or 70% ethanol for lipid
accumulation (57,58). Werlin et al. (58) have recommended using tuberculin sy-
ringes to inject 0.5 mL of either 0.1 N HCl or 70% ethanol with maximum doses
of 3 mL (1 mL for infants between 1 and 3 kg). Hydrochloric acid administration
is safe at this concentration even in infants, and the risk of inducing metabolic
acidosis is negligible. Using this regimen, Werlin et al. (58) were able to restore
patency in 34 of 39 occluded catheters in pediatric patients, the majority of whom
had failed urokinase therapy. Because of their safety and low cost (especially
compared with catheter replacement), HCL or ethanol should be considered ad-
junctive agents for clearing obstructions of unknown etiology.

Should initial treatment with thrombolytic or chemical agents fail to restore
proper catheter function, percutaneous removal of the fibrin sheath encasing the
catheter has been described. Early reports with this technique have shown good
success in restoring function in hemodialysis catheters with a 98% success rate.
Unfortunately continued patency may require multiple stripping procedures (59).
We have experienced limited success with this technique in also restoring patency
to long-term catheters placed for chemotherapy and stem cell harvesting.

Thrombotic occlusion of the catheter to withdrawal or infusion is frequent
but is not considered by some authors to be a significant event because of the
effectiveness of lytic agents in treating this complication. However, in some pa-
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tients, thrombotic occlusion of the catheter may be a sign of complete vascular
thrombosis. Lokich et al. (60), in a series of 92 patients with totally implanted
venous access devices, noted that nearly half the patients with withdrawal occlu-
sion (6 of 13) were noted to have vascular thrombosis.

Central Venous Stenosis and Thrombosis

Central venous thrombosis following catheterization was first reported by McDo-
nough and Altemeier (61) in 1971. The incidence of clinically apparent thrombi
associated with central venous catheterization has been reported to range from 3
to 5%; however, these figures underestimate the actual occurrence of thrombosis.
Prospective studies utilizing venography have documented an incidence of 30 to
50% occurring primarily in asymptomatic patients (14,15,62,63). Venous throm-
bosis may be nonocclusive and therefore asymptomatic or may result in complete
thrombosis of the superior vena cava and even right atrial thrombus formation
(64). Life-threatening complications such as pulmonary embolism and suppura-
tive thrombophlebitis of the central veins may be more common than once be-
lieved, and their actual incidence may be related to the intensity with which the
diagnosis is pursued (65).

Several mechanisms may contribute to the formation of thrombosis and
stenosis of the venous system in patients with a central venous catheter; however,
few of these factors have been studied in a prospective fashion (66). The first
mechanism is the obvious intimal disruption by the catheter itself as it enters the
vein. A fibrin sheath forms on virtually all plastic catheters, and this has been
proposed as the nidus for thrombus formation. In addition, the function of the
catheter—such as infusion of acidic, hyperosmolar TPN, toxic chemotherapeutic
agents, or high-flow dialysis—may continually act to injure the venous endothe-
lium. Other factors may include the site of placement (jugular vs. subclavian),
size of the catheter, catheter material, and hypercoagulable states such as malig-
nancy. Bozzetti et al. (62) demonstrated venographically a 46% incidence of
thrombosis with the use of a polyvinyl chloride catheter versus a 11.5% incidence
with a silicone rubber catheter. Pithie et al. (36) have shown that use of TPN
solutions containing higher lipid concentrations decreased the incidence of central
venous thrombosis and suggested that placement of the catheter tip in the right
atrium may further decrease the incidence of thrombosis.

Although the majority of catheter-related venous thromboses are clinically
silent, multiple presentations are possible. Venous thrombosis should be consid-
ered in any patient presenting with swelling, pain in the arm, shoulder, or neck
ipsilateral to the side of catheter placement. Patients may present with signs and
symptoms of pulmonary emboli. Simple withdrawal occlusion of the catheter
may be a sign of venous thrombosis in an otherwise asymptomatic patient. Diag-
nosis of central venous thrombosis is made by upper extremity venography with
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contrast injection into a peripheral vein (60,65). Injection of contrast through
the catheter is not adequate to document proximal venous thrombosis. Duplex
ultrasonography or computed tomography have been suggested as alternative di-
agnostic methods. Diagnosis of pulmonary embolism requires a high index of
suspicion, as many of its common symptoms—such as chest pain, dyspnea,
tachycardia, or fever—may frequently be present in cancer or dialysis patients.
Monreal et al. (67) prospectively studied 86 consecutive patients with catheter-
related deep venous thrombosis (DVT) and noted a 15% incidence of pulmonary
emboli, with a 2% incidence of fatal pulmonary embolism (PE) despite anticoagu-
lation. Overall, despite some controversy in the literature, the incidence of clini-
cally significant pulmonary emboli from upper extremity DVT appears to be less
than 15% (68).

The traditional subclavian approach has been reported to cause subclavian
vein stenosis or occlusion in up to 50% of dialysis patients. This may result in
venous obstruction and arm edema as well as the loss of the arm for future con-
struction of permanent access with an AV fistula or graft. Many of these stenoses
or occlusions remain asymptomatic until a fistula is placed in the ipsilateral arm
and subsequent arm edema and high venous pressures result (69). Placement of
the catheter in the jugular system via the right internal or external jugular ap-
proach has a lower incidence of stenosis and has become the preferred method
in renal failure patients.

Schillinger et al. (15) prospectively studied the subclavian-brachiocephalic
vein in 100 renal failure patients with venography. Fifty patients had been dia-
lyzed using a subclavian catheter while the remaining fifty had been dialyzed
using an internal jugular catheter. Both groups were similar in patient demograph-
ics, duration of catheter insertion, type of catheter, and frequency of removal of
catheters for malfunction or infection. Venography revealed a dramatic difference
in the incidence of subclavian stenosis: 42% in the subclavian catheter group and
10% in the internal jugular catheter group. Similarly, Cimochowski et al. (14)
studied the subclavian-brachiocephalic vein in 52 dialysis patients 1 to 27 months
after insertion of hemodialysis catheters: 32 subclavian and 20 jugular. No steno-
ses were noted in the internal jugular group compared to a 50% incidence of
mild to severe stenosis in the subclavian group, with 90% of these being severe 70
to 100% stenosis or occlusion. Of the 32 patients, 6 had bilateral severe strictures
rendering neither upper extremity available for fistula placement. In several of
these patients, attempts were made to treat the catheter-induced stenoses with
balloon angioplasty; however, this intervention was universally unsuccessful.

Prevention of Central Venous Stenosis

Measures available to prevent the development of thrombophlebitis and thrombo-
sis include maintenance of adequate intravascular volume, use of less thrombo-
genic silicone catheters, and placement of the catheter tip in the superior vena
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cava (SVC) or right atrium. In dialysis patients, use of the right internal jugular
vein is clearly beneficial in preventing subclavian vein stenosis, which has a high
incidence and renders the ipsilateral arm useless for future dialysis fistulae. Bern
et al. (70), in a small, randomized, prospective trial, looked at the question of
whether low-dose warfarin decreases the incidence of catheter-associated venous
thrombosis. Chemotherapy patients undergoing placement of chronic central ve-
nous catheters were randomized to receive low-dose warfarin (1 mg/day) or pla-
cebo. Warfarin was started 3 days before catheter insertion and continued for 90
days. In the group of 42 patients on warfarin, 4 (9.5%) had venogram-proven
thrombosis and all 4 had symptoms from the thrombosis. By contrast, in the 40
patients not receiving warfarin, 15 (37.5%) had venogram-proven thrombosis,
and 10 (25%) had symptoms (p � 0.001). There were no appreciable coagulation
abnormalities or thrombotic complications from low-dose warfarin therapy. The
authors concluded that this protocol can protect against catheter thrombosis with-
out inducing a hemorrhagic state. Currently, at the University of Arizona Health
Sciences Center, all bone marrow transplant patients receive low-dose warfarin
by this regimen for prophylaxis of venous thrombosis.

Management of Central Venous Stenosis and Thrombosis

Any patient with symptoms suggestive of venous thrombosis should undergo
diagnostic studies: duplex scanning and/or venography. The decision of anticoag-
ulation with heparin and warfarin versus thrombolytic therapy should be tailored
to the specific patient. Patients with newly discovered venous thrombosis who
no longer need their catheter should have it removed and anticoagulation insti-
tuted with heparin and warfarin for 3 months. Asymptomatic patients with a
functional catheter may have the catheter left in place, but anticoagulation should
be started to prevent further propagation of thrombus and pulmonary embolism.
Patients who are symptomatic despite catheter removal or in whom an attempt
to salvage the catheter is indicated have been treated with thrombolytic therapy
followed by chronic anticoagulation with variable success (71).

Schwab et al. (72) evaluated 47 patients with fistula dysfunction with ven-
ography and demonstrated subclavian vein stenosis in 12 patients. Percutaneous
transluminal angioplasty (PTA) was performed in 11 of 12 patients with initial
success in all cases noted by a decrease in venous pressure, improvement in arm
edema, and restoration of a functional access site. Lesions recurred in 2 of 11
patients and were successfully retreated with PTA with an average follow-up
period of 12.7 months. However, these encouraging results are not universal.
Kovalik et al. (73) demonstrated a 30% initial failure rate in 30 patients with
central venous stenosis treated with PTA. Moreover, the same authors reported
a recurrence rate of 81% in those patients with initial treatment success at a mean
follow-up of 7.6 months. Similarly, Lund et al. (74) reported an initial failure
rate of 15% and a recurrence rate of 74% at a mean follow-up of 4 months in
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their experience of 27 subclavian or innominate vein stenoses. Like other authors,
they observed that these central venous stenoses related to dialysis access fistulae
and grafts are highly elastic and suggested a possible role for adjunctive stenting
to maintain patency (Figure 16.5). This specific issue was addressed by Criado
et al. (75), who applied a combination of PTA and stent placement for central
venous stenoses with disappointing results. These authors were successful in
treating only 8 of 17 (47%) patients and, moreover, were largely unsuccessful
treating subclavian occlusions with this technology. Encouraging results have
been reported by Schoenfeld et al. (76) in their treatment of central vein stenosis,
with an initial success rate of 68%; however, follow-up in this series is too limited
to mitigate significantly the overall pessimism regarding PTA in treating these
difficult lesions.

Bypass of subclavian vein strictures using large-caliber ePTFE grafts (10-
to 12-mm) or jugular transposition in an attempt to salvage failing fistulae caused
by central venous stenosis or occlusion has been reported in a few instances
(75,77). Extension of the fistula to the ipsilateral internal jugular vein as an out-
flow conduit remains a final option for salvaging an access with subclavian vein
outflow occlusion.

Catheter Infection

In addition to venous thrombosis, the most prevalent problem with long-term
venous access devices remains infection and sepsis. Catheter-related infections
have been reported to occur in 10 to 50% of catheters (1 to 6 per 1000 catheter
days) and necessitates removal of 5 to 30% of catheters despite use of appropriate
antibiotics (78–84). In recent reviews of the literature, including nearly 4000
catheters placed, the incidence of catheter infection was 22% (1.9 per 1000 cathe-
ter days), with 7.7% of catheters removed for suspected infection (83,84). The
rate of catheter infection varies with patient diagnosis, frequency of catheter use,
diligence of aseptic technique, and type of catheter placed. Debate still surrounds
the treatment of catheter-related infections, including the duration of antibiotic
treatment and whether the catheter or device should be removed.

Defining Catheter Infection

Unfortunately, the terms catheter-related sepsis and infected catheter have often
been used by authors in many different ways to explain a fever or bacteremia of
undetermined origin in a patient with an indwelling vascular access catheter. This
inconsistency in terminology has resulted in confusion. Infections can be local,
systemic, or both in presentation. Exit site infections present with erythema, mild
induration, tenderness, and purulent drainage around the catheter’s cutaneous exit
site or the implanted port’s surface needle access site. This classification com-
prises 20 to 45% of device infections. While most patients do not have systemic
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(A)

(B)

FIGURE 16.5 (A) Venogram of the left brachiocephalic vein demonstrating com-
plex stenotic lesion. (B) Successful treatment with balloon angioplasty and Walls-
tent deployment in the brachiocephalic vein.
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complaints, exit site infections may be associated with symptoms of sepsis and
bacteremia in 50% or more of cases. Catheter tunnel infections present with more
severe erythema, induration, and tenderness extending at least 1 cm from the
catheter exit site and tracking proximally along the catheter tract (80). The exit
site may or may not be involved in the process. A tunnel infection involves a
more severe soft tissue infectious process and patients generally have systemic
signs of sepsis. Implantable ports may develop a similar process called a port-
pocket infection. Catheter tunnel or port pocket infections constitute 2 to 14%
of device-related infections.

Catheter-related sepsis may be defined as an episode of clinical sepsis in
a patient with a central venous catheter who has no other apparent source for the
sepsis and no external evidence of catheter infection. In many patients it may be
difficult to separate sepsis related to catheter infection from that due to another
source. Indeed, many patients who have central venous access devices placed,
especially cancer patients receiving chemotherapy and other immunosuppressed
patients, are predisposed to febrile episodes without culture-proven bacteremia
or may have multiple potential sources of infection. In some studies sepsis of
unknown origin occurred twice as frequently as sepsis attributable to the catheter
(82,83). Unfortunately, the only definitive test for catheter-related sepsis is re-
moval and culture of the catheter combined with the patient’s complete resolution
of clinical signs of sepsis. Catheter removal and subsequent replacement, how-
ever, is not without morbidity and cost. In an attempt to differentiate catheter-
related sepsis from septicemia of unknown origin, many institutions have used
either quantitative or qualitative blood cultures drawn simultaneously from the
periphery and from the venous device. Using qualitative cultures, the highest
likelihood of device infection occurs when cultures are positive from the device
and negative from the peripheral venous culture. Using quantitative catheter-tip
cultures and blood cultures drawn from the device and peripherally, device-
related bacteremia or fungemia is defined using the criteria listed in Table 16.2
(80,82,85,86). For evaluation of potentially infected subcutaneous ports, cultures

TABLE 16.2 Criteria for Device-Related Bacteremia or Fungemia

1. A 10-fold or greater increase in colony-forming units (cfu) of organism per
milliliter of blood obtained through the device compared with simultaneous
peripheral blood cultures

2. In the absence of peripheral blood cultures, more than 1000 cfu of organism
obtained through the device.

3. A positive result of catheter tip culture (�15 cfu per plate) when the device
was removed specifically for suspected device-related infection in the
absence of cultures, as stated above
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of the particulate matter from within the port has also been shown to correlate
well with device infection (87).

The most common organism isolated from indwelling venous access de-
vices is Staphylococcus epidermidis (50 to 60%). Other organisms frequently
cultured include Staphylococcus aureus (20%), Escherichia coli (10%), Pseu-
domonas species (5 to 20%), Streptococcus species (3%), Bacillus species (7%),
Enterobacteriaceae (25%), and Candida species (2 to 7%) (78–83). Because the
majority of catheter infections are due to Staphylococcus species (60 to 70%) it
was initially postulated that catheter infections were caused by skin contaminants
traveling along the catheter from the entrance site or contamination during cathe-
ter placement. This led to the development of fibrous or antibiotic-impregnated
cuffs attached to the catheter designed to prevent infection by forming a barrier
to organisms ascending along the catheter from the skin. This mechanism of
catheter-related sepsis, however, has been challenged. Investigators who have
examined phage types of coagulase-negative staphylococci have documented lit-
tle correlation between phage types from skin around the catheter site and those
recovered from the blood or catheter tip (88). In a prospective study of 135 pa-
tients, Linares et al. (89) demonstrated a high proportion of infections resulting
from colonized hubs and proposed that colonization of the inner surface of the
catheter hub was followed by intraluminal progression, tip infection, and sepsis.
Other investigators have demonstrated a correlation between isolates from the
catheter hub and those from blood cultures (90). Recent studies have also shown
that the tunneling of catheters may not decrease catheter sepsis as much as previ-
ously thought, suggesting that proper sterile technique of the port or catheter hub
may play a larger role (91,92).

Several other factors—including the type of venous access device placed,
the number of catheter lumens, use of the catheter for TPN, and patient factors
such as type of malignancy, neutropenia, or diabetes—have been evaluated re-
garding incidence of device infection. Recent experience suggests that patients
who have completely implanted ports may be less prone to device-related infec-
tion. Groeger et al. (80) prospectively evaluated cancer patients who received
either a Hickman-type tunneled Silastic catheter or a completely implanted subcu-
taneous port. At least one device-related infection occurred in 341 of 788 (43%)
catheters as compared with 57 of 680 (8%) completely implanted ports (p �
0.001). Device-related bacteremia or fungemia was the predominant infection
occurring with catheters, whereas implanted ports had a more equal distribution
of pocket, site, and device-related bacteremia. The prevailing organisms isolated
in catheter-related bacteremia were gram-negative bacilli (55%), compared with
gram-positive cocci (65.5%) in port-related bacteremia. The number of infections
per 1000 device days was 2.77 for catheters versus 0.21 for ports. Implantable
ports lasted longer than catheters (mean 408 days versus 210 days), and this
difference persisted across all patient subgroups. The study by Groeger et al. (80)
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was not, however, a randomized study. Typically, external catheter lumens are
flushed daily with heparinized saline, often at home by patients, whereas ports
are flushed only after use and every 4 to 6 weeks, usually by experienced person-
nel. The only prospective randomized trial to date did not show a difference in
infection rates between subcutaneous ports and catheters implying that the above-
noted findings of Groeger et al. (80) may be related more to the frequency of
device usage and device care techniques rather than to the type of device itself
(93). Overall, if a venous access device is required for intermittent therapy for
more than several months, a subcutaneous implantable port would likely be supe-
rior to an external catheter owing to decreased infection rates, less home mainte-
nance, and normal patient activity.

In addition to the type of device, the number of lumens required must also
be tailored to the patient’s needs. Henriques et al. (94), in a nonrandomized study
of 355 lines placed for long-term venous access, demonstrated an increase in
infectious complications in patients with an abnormal white blood cell count
(�2000 mm3 or �20,000 mm3 in leukemia) and with the use of double-lumen
compared with single-lumen catheters (double-lumen catheter sepsis � 18.4%,
single-lumen � 4.4%, p � 0.01). An increase in the number of catheter lumens
may simply reflect a need for more frequent use and manipulation of the catheter
hub, thereby resulting in the increase risk of infection. In contrast, Moosa et al.
(95), in a study of 123 bone marrow transplant patients, noted no increase in
infection risk comparing triple-lumen to single-lumen catheters in these patients,
who require multiple lumens following their transplants. However, based on the
fact that additional catheter hubs add potential sites of infection and a number of
studies reporting increased thrombosis rates with larger catheters, we recommend
placing a catheter with the least number of lumens necessary to suit the specific
patient’s need.

Placement methods and a history of diabetes may affect infection risk. Moss
et al. (3), in their study of 168 tunneled hemodialysis catheters in ESRD patients,
noted that catheters placed by a percutaneous method had significantly fewer
exit-site infections than those placed by the cutdown method (10.6 vs. 31%).
Overall, exit-site infections occurred in 21% of patients and bacteremia in 12%.
There where significantly more exit-site infections in diabetics than nondiabetics
(33 vs. 11%). Exit-site infections resolved with parenteral antibiotic therapy in
90% of cases and bacteremia in 25% without catheter removal. Unresolved bac-
teremia was the most common cause of catheter removal and led to the loss of
7% of catheters. The authors noted that bacteremia resolved in 50% (4 of 8)
nondiabetic patients with parenteral antibiotics alone but that bacteremia never
resolved in diabetic patients (0 of 8) without catheter removal (3).

The use of TPN appears to increase the risk of catheter infection as com-
pared with catheters used strictly for chemotherapy or other infusions. In 310
pediatric patients with cancer, Christensen et al. (96) showed an overall infection
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rate of 0.06 infections per 100 days. During the period of TPN administration,
the rate increased to 0.5 infections per 100 days. In evaluating the entire study
population, infection was more likely to occur with the use of Hickman/Broviac
catheters than with subcutaneous ports (p � 0.01) in patients with acute non-
lymphocytic leukemia (p � 0.01), or in those who received parenteral nutrition
(p � 0.02). There was no relationship between infection and catheter duration,
days hospitalized, or days neutropenic (96).

Ranson et al. (97) noted that patients undergoing chemotherapy for leuke-
mia or bone marrow transplantion (BMT) had a higher incidence of catheter
sepsis than patients being treated for solid tumors (57 vs. 16%) as well as a higher
percentage of catheters requiring removal for sepsis (17 vs. 0%) (98). Other stud-
ies have verified this increase infectious risk in patients with hematological malig-
nancies and those undergoing BMT compared with those having solid malignan-
cies (80).

Several small series have suggested that venous access devices can be
placed in other immunosuppressed patients [human immunodeficiency virus
(HIV)–positive or acquired immune deficiency syndrome (AIDS)] without an
increase in infectious complications (98,99). Raviglione et al. (100), however,
demonstrated an increased risk of Hickman catheter infection in 44 patients with
AIDS compared with control patients (36 vs. 8%). Seven AIDS patients devel-
oped catheter-related septicemia in the first week following catheter placement,
and two of these episodes were fatal. Staphylococcus aureus was responsible for
87% of the infections in the AIDS patients. The authors stressed avoiding the
use of Hickman catheters in AIDS patients unless absolutely necessary (100).

Prevention of Catheter Infection

Many studies have investigated potential methods of preventing the infection of
venous access devices. These studies have evaluated placement techniques, cathe-
ter design, use of antibiotics at the time of placement, and, most importantly,
catheter care protocols.

Ranson et al. (97) performed a randomized controlled study to address the
question of the value of antibiotic prophylaxis at the time of catheter placement.
They randomized 98 cancer patients to receive vancomycin prior to and following
placement of long-term venous catheters. They found that the incidence of cathe-
ter-related sepsis was greater in patients with more severe and prolonged immu-
nosuppression; however, there was no improvement in infection rate with antibi-
otic prophylaxis (97). This study supported the findings of a smaller study by
McKee et al. (88). Neither of these studies involved subcutaneous ports, which
require a larger incision and in our opinion deserve a single dose of prophylactic
antibiotics at time of placement. Skin preparation with antiseptics during device
placement does not remove all skin bacteria, and it has been reported that cathe-
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ter-tip contamination may occur in almost one-quarter of patients at the time of
insertion (88). Our specific protocol employs application of an iodine-impreg-
nated occlusive drape after the prep to completely exclude any skin from the
operative field.

Maki et al. (101) demonstrated decreased infection rates with temporary
central venous catheters that have attached subcutaneous silver-impregnated col-
lagen cuffs (catheters in place 7 to 9 days total). The Vitacuff is a cuff of collagen
impregnated with bactericidal silver ion. There is immediate bactericidal activity
with the silver ion, which last for a few weeks while subsequent tissue ingrowth
occurs into the collagen, forming a physical barrier. Because most long-term
catheter infections occur on average 3 months following placement, it would be
unlikely for this cuff alone to play a significant role in reducing catheter infections
(80). Studies judging the value of these cuffs in long-term catheters have failed
to demonstrate a significant benefit (102).

Several studies have recently questioned the value of tunneling catheters.
Nontunneled catheters may be placed outside of the operating room with an obvi-
ous decrease in cost. Two recent studies have demonstrated no clear benefit of
subcutaneous tunnel insertion even in immunocompromised patients (91,92).
These studies primarily involved silicone catheters with or without an attached
cuff. Fueled by potential cost savings, nontunneled catheters will likely constitute
an increased percentage of catheters used in the future.

In regard to prevention of infection of temporary central venous catheters
or pulmonary artery catheters (polyurethane or polyvinyl chloride), multiple stud-
ies have examined the question of how often catheters should be changed and
whether a new venipuncture is necessary (103,104). Overall, no increase in infec-
tion rates has been demonstrated for catheters changed over guidewires at the
same site as compared with new venipunctures. The incidence of mechanical
complications as well as patient discomfort is decreased with a protocol of chang-
ing catheters intermittently (approximately every 7 days) over a guidewire. Cathe-
ter tips should be sent for semiquantitative culture and, if positive, the catheter
should be removed, as there is a 70% incidence of the new catheter becoming
infected in this instance.

Present evidence suggests that meticulous adherence to catheter care by
trained staff may be the single most important factor in minimizing the incidence
and morbidity arising from catheter-related sepsis. Studies have shown that when
breaks in aseptic protocol for catheter care occurred, the rate of catheter sepsis
increased from 3 to 20% (105). Because the infectious focus is usually found at
the level of the hub, there should be strict rules concerning its use. It has been
clearly shown that when TPN solutions are used, the same line must not be used
for taking blood samples or for any other purpose. Manipulation of the needle
and hub should be kept to a minimum and strict protocols for dressing and tubing
changes should be followed (90). Semipermeable transparent dressings are
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widely used, but evidence is accumulating that they increase the risk of infection
as compared to using simple dry sterile gauze dressings (106).

Treatment of Catheter Infection

The treatment of catheter-related infection should take into account the patient’s
diagnosis and condition, type of device infection, and future need for the venous
access device. The dialysis outcome quality initiative (DOQI) guidelines appears
in Table 16.3. While in many situations catheter-related infections may be treated
without catheter removal, it should be remembered that an infection may progress
from a minor clinical problem to a life-threatening situation. Particularly in immu-
nocompromised patients, catheters should be removed if the patient’s condition
fails to improve following 48 h of treatment, recurs following treatment, infection
involves pseudomonal or fungal species, or if the device is no longer needed. Be-
cause the most common infecting organisms are Staphylococcus species, initial
treatment should include vancomycin (25). Immunocompromised patients should
also be treated with gram-negative coverage, including antipseudomonal antibiot-
ics (25). Fungemia represents a life-threatening condition, with mortality rates ap-
proaching 50%. Most clinicians would recommend removal of a venous access
device without a trial of treatment, since early catheter removal is associated with
improved outcome in pediatric patients with this specific type of infection (107).

Exit-site infections can usually be treated with local care and antibiotics
while leaving the catheter in place in approximately 90% of cases (80,83). Results
of swab culture of any discharge should be used to guide antibiotic therapy. The
patient’s clinical status and any associated signs of sepsis will dictate whether
intravenous or oral antibiotics will suffice for treatment. Most patients who re-
spond to initial empiric parenteral antibiotics may be switched to oral antibiotics
and managed on an outpatient basis, with therapy continuing for 10 to 14 days.

Tunnel or port-pocket infections are treated with administration of empiric
parenteral antibiotics until cultures are available. If symptoms resolve rapidly,
within 24 to 48 h, the antibiotics may be continued with the device left in place.
In general these infections require removal of the device (16 of 17 tunnel and
12 of 13 port-pocket infections requiring removal in one large series) (80). Occa-
sionally, patients will require more extensive debridement of soft tissue infections
in addition to removal of the access device. After removal of grossly infected
implanted ports, the wound should be left open and allowed to heal by secondary
intention. Antibiotic therapy should last 10 to 14 days for tunnel infections re-
gardless of whether the device is removed. Infections due to Pseudomonas spe-
cies generally fail conservative treatment and require catheter removal (in one
series 12 of 15 catheters requiring removal were infected with Pseudomonas) (82).

The treatment of catheter-related bacteremia remains controversial, primar-
ily concerning whether the device can remain in place. Successful treatment has
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TABLE 16.3 Treatment of Infection in Tunneled Cuffed Catheters

Tunneled cuffed catheter infection is a serious problem. Appropriate treatment
is dependent upon the nature of the infection:
A. Catheter exit site infections—characterized by redness, crusting, and

exudate at the exit site in the absence of systemic symptoms and negative
blood cultures—should be treated as follows:
1. Apply topical antibiotics, ensuring proper local exit site care; do not

remove the catheter (opinion).
2. If there is tunnel drainage, treat with parenteral antibiotics

(antistaphylococcal, antistreptococcal therapy pending exit site cultures)
in addition to following appropriate local measures. Definitive therapy
should be based on culture results. Do not remove the catheter unless
the infection fails to respond to therapy. If the infection fails to respond to
therapy, remove the catheter and replace it using a different tunnel and
exit site (evidence/opinion).

B. Catheter-related bacteremia, with or without systemic signs or symptoms of
illness, should be treated by initiating parenteral treatment with an
antibiotic(s) appropriate for the organism(s) suspected, usually
Staphylococcus and Streptococcus (evidence).
Definitive therapy should be based on the organism(s) isolated (evidence).
1. The catheter should be removed in all instances if the patient remains

symptomatic more than 36 h (evidence).
2. Preliminary reports suggest that after obtaining a bactericidal level of the

antibiotic in the blood, stable asymptomatic patients without exit site or
catheter tunnel tract involvement may be treated by changing the
catheter over a guidewire plus a minimum of 3 weeks of systemic
antibiotic therapy. Blood cultures should be repeated periodically during
and immediately after this treatment to monitor its effectiveness. The
catheter should also be removed in any clinically unstable patient
(opinion).

3. A new permanent access should not be placed until blood cultures,
performed after cessation of antibiotic treatment, have been negative for
at least 48 h (opinion).

Source: Modified from Ref. 50, Guideline 26.

been shown to be possible in 60 to 90% of patients without device removal (78–
80,89,108). Patients with evidence of septic emboli or septic thrombophlebitis,
persistent sepsis despite appropriate antibiotics, recurrence of infection following
treatment, or those who no longer require the device should have it removed. As
with other types of device infection, initial coverage pending culture results
should include vancomycin with gram-negative coverage for immunocomprom-
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ised patients. Prior to the extensive use of central venous catheters, Staphylococ-
cus aureus bacteremia gave rise to a 64% incidence of infective endocarditis
(109). More recent studies, however, have noted a much lower incidence of deep-
seated infections such as endocarditis associated with S. aureus bacteremia, par-
ticularly when bacteremias are associated with intravascular catheters (110,111).
Duration of antibiotic treatment for S. aureus bacteremia is generally recom-
mended as a 10- to 15-day course of parenteral antibiotics; however, in some of
these studies, all catheters were removed at the time of diagnosis (110). It may
still be preferable to use longer courses of therapy in patients considered at higher
risk for complications, such as those who do not rapidly improve with therapy,
those who are severely immunocompromised, or patients with known valvular
heart disease. Moss et al. (3) in their study of hemodialysis catheters recom-
mended completion of 4 weeks of appropriate antibiotic therapy with catheters
removed for recurrence of bacteremia with the same organism. They also noted
failure of antibiotic therapy in diabetic patients without catheter removal. Follow-
ing removal of an infected catheter, if another access device is required, it can
be safely placed on the contralateral side within 1 to 3 days provided that the
bacteremia has resolved clinically (83).

In 1980, Glynn et al. (112) reported clearance of an occluded and septic
catheter with the use of urokinase and antibiotics. They postulated that the throm-
bolytic agent lysed the clot and fibrin adherent to the catheter which may have
harbored the bacteria and prevented the immune system from adequately clearing
the infection. Since that time, others have shown clearance of resistant catheter
infections with the combined use of antibiotics and thrombolytic therapy in up-
ward of 100% of patients (79,108,113). This usually involves a bolus of 1 to 2
mL of urokinase (5000 U/mL) into the catheter, being repeated 24 h later. How-
ever, the only randomized, prospective study of the use of urokinase in catheter
infection did not demonstrate a benefit for this approach, leaving the role of
thrombolytics in catheter infection uncertain (114).
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HISTORY

The concept of peritoneal lavage was first described over 250 years ago. At that
time, Christopher Warrick, a surgeon, had developed a new technique of treating
persistent ascites; he performed paracentesis and replaced the ‘‘ascitic lymph’’
with a solution composed of Bristol water and cohore claret (a Bordeaux wine)
(1). Since this sclerosing procedure was painful to the patient, the Reverend Ste-
phen Hales proposed the simultaneous infusion and drainage of the medicinal
agent in order to produce less discomfort (2). This first description of continuous
peritoneal lavage was essentially identical to the method later used for the treat-
ment of uremia.

The next publication on peritoneal lavage waited until 1877, when Weg-
ener, a German physiologist, reported the results of a series of animal experiments
in which the effluent fluid volume increased following the infusion of hypertonic
saline, sugar, or glycerin solutions into the peritoneal cavity (3). Several years
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later, Orlow described a series of experiments using solutions of various tonicity
to effect volume transfers (4). Other investigators including Starling and Tubby
(5) and Putnam (6) began studying the peritoneum as a viable membrane for the
transfer of solutes from the blood to the peritoneal cavity and raised the possibility
of clinical application. The fact that scientists rather than clinicians performed
most of these studies, and the advent of World War I, delayed the development
of clinical applications for peritoneal lavage.

The German physician Gantner is traditionally credited with the first at-
tempts at peritoneal dialysis in humans (7). In 1918, he noted clinical improve-
ment in a uremic patient after performing thoracentesis followed by an infusion
of isosmolar sodium chloride. Subsequently, he performed intermittent peritoneal
irrigation in rabbits and guinea pigs made uremic by bilateral ureteral ligation.
In 1923 he reported these results and those of a uremic patient with bilateral
ureteral obstruction from a uterine carcinoma. Intermittently instilling physiologi-
cal saline into the peritoneal cavity of his patient, he noticed clinical improve-
ment. He appreciated that the transient improvement in symptoms of toxicity was
directly related to the exchange phases and observed that the undrained fluid may
be absorbed. Finally, Gantner noticed the association of peritoneal lavage with
peritoneal contamination. Gantner felt that his inability to quantify the uremic
changes precluded conclusions regarding clinical applicability.

During the ensuing decade, other groups attempted peritoneal dialysis with
variable success. In the mid 1940s, Fine, Frank, and Seligman (8–11) participated
in a government-sponsored project studying the scientific needs of the United
States in the war effort. Convinced that the peritoneum was an efficient dialysis
membrane, the group determined the optimal solution and flow rates so that, in
1946, they were able to report the successful management of uremia by using
continuous peritoneal irrigation in a patient with sulfathiazole-induced anuria.

In the 1950s, peritoneal dialysis was still an experimental procedure, and
patients frequently developed fatal complications such as pulmonary edema or
peritonitis. High sodium and chloride concentrations in peritoneal dialysis solu-
tions were largely responsible for the pulmonary edema seen in these early pa-
tients. Maxwell (12) and Doolan (13) determined the optimal solution composi-
tion and began using a closed system to instill commercially prepared dialysis
solutions. In addition to simplifying peritoneal dialysis, these commercial solu-
tions diminished the rates of pulmonary edema through improved electrolyte
composition. Through the use of a closed system, the risk of peritonitis was re-
duced. High rates of peritonitis were also associated with the continuous perito-
neal dialysis technique, which required two catheters. Since these early catheters
frequently leaked, the introduction of intermittent peritoneal dialysis, which re-
quired only one catheter, helped to further lessen the rate of peritonitis (12–
17). The development of improved catheters (12–14) subsequently reduced the
incidence of peritonitis yet more.
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Stimulated by a desire to expand the number of patients who could benefit
from dialysis as well as to diminish the rate of peritonitis, Boen and Scribner
devised an automated system by which patients could receive overnight perito-
neal dialysis at home (17). The automated system minimized the frequency of
opening the closed sterile fluid administration circuit. Furthermore, they utilized
an intermittent puncture method to overcome the peritonitis that complicated the
use of indwelling catheters (18). This technique was not openly received by the
medical community, however, because of the bulky equipment, the length of time
required, and the difficulty of abdominal cannulation.

After the successful application of intermittent peritoneal dialysis for acute
renal failure, Scribner and associates described the periodic peritoneal dialysis
guided by blood creatinine levels of a patient with end-stage renal disease. The
original catheter lasted 3 months before requiring replacement, and the patient
survived 6 months on peritoneal dialysis before refusing further treatment (un-
published). Spurred by this success, many centers attempted periodic peritoneal
dialysis using implanted devices for repeated access to the abdominal cavity.
Unfortunately, these attempts were fraught with episodes of recurrent peritonitis
from either the catheter site or from manually changing the dialysis bottles. Re-
peated episodes of peritonitis led to adhesions, obliterating portions of the abdom-
inal cavity and decreasing the efficiency of the dialysis process.

During this time, it became apparent that patients would need more frequent
dialysis in order to control their uremia. Consequently, Henry Tenckhoff and
George Shilipetar (19) constructed a miniature still that could purify water in the
patient’s house. This system allowed the patient to dialyze overnight essentially
unattended. Additionally, Tenckhoff straightened the Palmer catheter and added a
Dacron cuff to the exit site, which made long-term indwelling peritoneal catheters
feasible (20). Subsequently, the introduction of reverse osmosis water treatment
by Tenckhoff provided a more compact and efficient system (21). These modifi-
cations were adapted by a number of hospitals and the Tenckhoff catheter became
the standard for peritoneal dialysis.

Milestone legislation in 1972 provided for funding of all patients in the
United States who required dialysis. One of the centers subsequently opened was
the Austin Diagnostic Center, led by Jack Moncrief. One of the patients at this
center was unable to undergo standard hemodialysis because his arteriovenous
fistulae repeatedly clotted. In order to be successfully dialyzed by peritoneal dial-
ysis, patients required 60 h of treatment per week. Expanding upon the work of
Boen (22), Robert Popovich worked out the kinetics of long-dwell equilibrated
peritoneal dialysis, which allowed for the instillation of dialysate followed by 4-h
dwell times. They determined that it would take five exchanges of 2 L each day
to achieve the desired blood chemistries. This was the beginnings of continuous
ambulatory peritoneal dialysis (CAPD). Curiously, this technique (23) was first
reported as an abstract in 1976; the manuscript was initially rejected before its
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publication in 1978 (24). Oreopoulos improved upon this technique by introduc-
ing peritoneal dialysis solutions in polyvinylchloride (PVC) bags (25). During
the dwell time, the PVC bags could be rolled up under clothing and then unrolled
at the end of the dwell time. This reduced the frequency of disconnects and sig-
nificantly reduced the incidence of peritonitis from 1 in 10 patient-weeks to 1 in
8 patient-months (26).

These advances in peritoneal dialysis provided a safe and convenient alter-
native to hemodialysis for patients with chronic end-stage renal disease. Further
research led to the introduction of a modified CAPD technique called continuous
cycler, which is programmed to deliver three or four 2-L exchanges overnight
with 2 L left in the abdomen for 12 to 14 h during the daytime (27–30). This
permitted comparable efficiency to CAPD and required only a single connection/
disconnection.

ANATOMY AND PHYSIOLOGY

Peritoneal dialysis partially replaces some of the functions performed by healthy
kidneys. It removes solutes such as urea nitrogen, creatinine, phosphate, and po-
tassium; corrects acidosis; and removes excess free water. This process occurs
when blood in the interstitial capillaries equilibrates across the peritoneal mem-
brane with infused dialysate in the peritoneal cavity.

Lined by a continuous monolayer of squamous mesothelium, the peritoneal
cavity normally contains less than 100 mL of fluid. In the average adult, however,
2 L or more can be instilled into the abdomen for the purpose of dialysis. The
surface area of the peritoneal cavity has been estimated to be between 1 and 2
m2 (31–33). The mesothelial cells are flattened, elongated cells with thickness
between 0.6 and 2 µm (34,35) and have numerous microvilli or cytoplasmic
extensions that increase the effective peritoneal surface area to an estimated 40
m2 (36,37). The mesothelial cells are joined by tight junctions (36,38,39) as well
as gap junctions and desmosomes (40) and rest on a basement membrane. Their
nuclei are oval in shape, while the cellular organelles include a prominent rough
endoplasmic reticulum, well developed Golgi apparatus, mitochondria, and la-
mellar bodies (41). The lamellar bodies contain primarily phosphatidylcholine,
which is released by exocytosis to lubricate the peritoneal surface (42).

Deep to the basement membrane lie the interstitium and capillaries. The
interstium is a layer of loose areolar tissue composed of reticular collagen bundles
and elastic fibers (35,43) embedded in a matrix of mucopolysaccharides such as
hyaluronan and chondroitin sulfate (44). Interstitial fluid is entrapped in the gel-
like matrix. Probably the most important restriction barrier of solute transport in
peritoneal dialysis is the capillary wall. The vascular endothelial cells are coated
with a glycocalix that imparts an electronegative charge to the luminal surface
(45–47). These surface modifications contribute to the regulation of the transport
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of small and large molecules across the vascular wall, acting as a size, shape,
and charge barrier (48,49). Numerous studies in both animals and humans have
demonstrated vasoactive substances that increase mesenteric blood flow will also
increase creatinine and urea clearance during peritoneal dialysis (50).

The parietal peritoneum is supplied by the intercostal, epigastric, and lum-
bar arteries, while venous drainage is via the inferior vena cava. The visceral
peritoneum is supplied by the superior mesenteric artery and drained by the portal
vein. Thus, intraperitoneally administered drugs will be partially subjected to a
higher first-pass hepatic clearance. Lymphatic drainage of the peritoneal cavity
occurs mainly along the diaphragmatic surface through stomata, originally de-
scribed by Von Recklinghausen using silver stain preparations in 1871 (51). The
function of these lymphatic openings was not completely accepted until they were
confirmed with electron microscopy (52,53) and particles were demonstrated to
pass from the peritoneal cavity into the subdiaphragmatic lymphatics (54,55).
Augmented by respiration (56,57), the majority of these lymphatics accompany
the internal mammary vessels to the anterior mediastinal lymph nodes and drain
into the right lymphatic duct (58,59). The second major lymphatic drainage path-
way of the peritoneal cavity is via the omental lymphatics, which drain into the
thoracic duct through the cysterna chyli (60). The lymphatics draining the mesen-
tery primarily drain the gastrointestinal tract and do not contribute to drainage
of the peritoneal cavity.

During peritoneal dialysis, the mesothelial cells develop a cuboidal appear-
ance and increase in density. The rough endoplasmic reticulum, Golgi apparatus,
and lamellar bodies undergo hyperplasia while a diminution occurs in the number
of microvilli. In addition, abnormal surface protuberances such as blebs and blis-
ters develop on the peritoneal surface (35,43,61–63). Reduplication of the base-
ment membrane of stromal blood vessels is seen, similar to the vascular changes
seen in diabetic patients (64–66), and hyalinization of the superficial stromal
collagen occurs in patients on long-term CAPD. These changes may ultimately
impair efficient exchange across the peritoneal membrane, making the process
inefficient.

The peritoneal membrane functions as an imperfect semipermeable mem-
brane. Osmotic pressure is generated when a gradient of a poorly permeable
substance exists across the peritoneal membrane and accounts for the bulk flow
of water during peritoneal dialysis. This process is called osmotic ultrafiltration.
Solutes will exert an effective osmotic pressure gradient proportional to the ratio
of the molecular radius of the solute and the radius of the water-filled membrane
pores. In a perfect system, the effective and theoretical osmotic pressures are
equal. For an imperfect semipermeable membrane like the peritoneum, the effec-
tive osmotic pressure is less than the theoretical pressure. The solute reflection
coefficient is the ratio of the effective osmotic pressure divided by the theoretical
osmotic pressure.
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Diffusion and convection are the major mechanisms of solute transport
during peritoneal dialysis. Diffusion is the most important transport mechanism
for low-molecular-weight solutes such as urea, creatinine, and uric acid. The net
diffusion rate of a substance between the capillary and peritoneal cavity is directly
proportional to the permeability of the solute, the solute concentration gradient,
the pressure difference across the membrane, the membrane surface area, and
the temperature. There is a negative correlation between diffusion rate and the
square root of the solute molecular weight and the peritoneal membrane thick-
ness.

Convective flow or solute drag is a process whereby molecules are trans-
ported across a membrane, with fluid as part of the total fluid transport. This is
in contradistinction to the random movement seen in pure diffusion. The rate of
convective transport is proportional to the water flux, the solute concentration,
and the solute reflection coefficient. It remains controversial whether the main
transport mechanism of larger molecules during peritoneal dialysis is by convec-
tion (67,68), restricted diffusion (69–72), or both (73).

Solutes of sizes greater than the pore size and macromolecules such as
proteins are transported from the capillaries into the peritoneal cavity via pino-
cytosis or vesicular transport. Small amounts of plasma proteins may leak through
pores in the capillary wall into the interstitium of the peritoneum. The return of
macromolecules from the peritoneum and interstitium back into the capillaries,
however, likely occurs via the lymphatics.

Net removal of sodium and potassium is usually far below their respective
concentrations in the extracellular fluid during convective flow. This is due to a
sieving effect from either a membrane feature or an interaction between mole-
cules within the membrane channels. The sieving coefficient for a solute is given
by the ratio of the solute concentration in the ultrafiltrate to that in the plasma
water. Charged substances in the endothelial and mesothelial gap junctions or in
the interstitial gel matrix may also impede ultrafiltration forces.

Overall, peritoneal dialysis is a function of capillary flow rate, dialysis flow
rate, and a coefficient that reflects the peritoneal membrane surface area and
membrane resistance to transfer (74). Clinically, these variables translate into
blood pressure, cardiac output, intraperitoneal volume of dialysate, and the physi-
ologic characteristics of the peritoneal membrane.

The advantages of CAPD include a lack of expensive equipment and ready
availablity for in-home use following a brief training period. It is less efficient
for the removal of small molecules such as urea, although it is more efficient for
the removal of middle-sized molecules. Several major disadvantages of CAPD
exist, however, including a protein loss of 5 to 15 g/day and the cumbersome,
time-consuming nature of the technique, hypertrigyceridemia, hyperglycemia,
and weight gain secondary to the absorption of dextrose, which generates up to
approximately 850 calories per day (75).
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SELECTION OF PATIENTS FOR PERITONEAL DIALYSIS

In deciding whether to place a patient on peritoneal dialysis rather than hemodial-
ysis, the long-term results of each treatment modality must be comparable. Al-
though large multicenter randomized trials comparing peritoneal dialysis with
hemodialysis have not been performed, nonrandomized comparisons of these two
cohorts have found patient survival to be equivalent when adjusted for age, diabe-
tes mellitus, and other comorbidities (1–5). Likewise, patients had similar hospi-
talization rates with peritoneal dialysis and hemodialysis (6).

As with hemodialysis, patients may be placed on peritoneal dialysis for
either acute or chronic renal failure. Acutely, peritoneal dialysis is sometimes
preferred to hemodialysis in patients with poor venous access, contraindications
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to heparinization, or marginal cardiovascular hemodynamics (7–12). Hypother-
mia is another indication for acute peritoneal dialysis (13–15). In patients with
chronic renal failure, peritoneal dialysis is a suitable modality for renal replace-
ment therapy if the patient or family members caring for them are willing to
accept the added responsibility of performing dialysis and are able to maintain
meticulous sterile technique in handling the catheter (16–21). Neonates and small
children are especially suited for peritoneal dialysis (22). Although drug overdose
was considered an acceptable indication for peritoneal dialysis in the past, hemo-
dialysis is more effective in clearing drugs (23).

Contraindications

There are no absolute contraindications to peritoneal dialysis, but a number of
relative contraindications exist:

1. Chronic obstructive pulmonary disease.
2. Gastroesophageal reflux disease.
3. Patients with inflammatory bowel disease or those taking steroids.
4. Patients with known abdominal adhesions or diffuse peritoneal malig-

nancy.
5. Patients with acute surgical problems of the abdomen such as bowel

obstruction, marked distention, or paralytic ileus.
6. Recent major abdominal surgery, especially in patients with abdomi-

nal drains.
7. Patients with enterostomies, ureterostomies, large abdominal wall

hernias, or cellulitis of the abdominal wall that could result in perito-
nitis.

8. Marked obesity; these patients have an increased incidence of hernias,
abdominal wall cellulitis and fungal infections.

9. Patients with hyperlipidemia, or protein malnutrition.
10. Patients with arthritis, blindness, or other neurological impairments

that would preclude them from performing catheter exchanges.

CATHETER INSERTION TECHNIQUES

In general, catheters can be divided into two main groups, those designed for
acute use (less than 3 days) or chronic use (greater than 3 days). Acute peritoneal
dialysis catheters are straight, rigid and made of either nylon or polyethylene
with numerous intraperitoneal side holes. They are inserted using the Seldinger
technique and secured to the skin by suture. Because of the rigidity of the catheter
and the lack of a barrier to bacterial invasion, a significant risk of peritonitis,
peritoneal irritation, or bowel perforation exists if the catheter is used for more
than 3 days.



Patient Selection 385

Palmer designed the first permanent peritoneal dialysis catheter using a
soft silicone rubber tube with a long subcutaneous portion (24). Tenchoff (25)
subsequently added subcutaneous Dacron cuffs to the Palmer catheter, signifi-
cantly decreasing the incidence of catheter-related infections and making long-
term peritoneal access feasible. The majority of patients on peritoneal dialysis
use the Tenckhoff catheter or one of its variations (26–28) (Figure 18.1).

Most peritoneal dialysis catheters have one or two Dacron cuffs. Although
the incidence of leaks and exit site infections is similar (29), catheters with two
cuffs have a longer survival (30) and are associated with a lower rate of peritonitis
(26) than single-cuffed catheters. Single-cuffed catheters are preferred in neo-
nates and infants to prevent cuff erosion through the skin. The intraabdominal
portion of the catheter may be either straight or curled; a randomized trial demon-
strated no difference in mechanical complications or infusion pain between
straight and curled catheters (31).

Additional variations of the Tenckhoff catheter exist. The Toronto Western
Hospital catheter has two additional flat silicon discs added to the intraabdominal
portion of the catheter to prevent catheter migration and a disc at the base of the
inner Dacron cuff to prevent leaks (32). A randomized prospective trial compared
the Toronto Western catheter with both straight and coiled Tenckhoff catheters
and found similar short-term outcomes in all three (33). The Swan-neck Missouri
catheter has a 180-degree curve in the subcutaneous portion in order to direct
both the internal and external exit sites downward and a flange at the inner cuff

FIGURE 18.1 Examples of available peritoneal dialysis catheters.
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to prevent leaks. A randomized trial comparing the Swan-neck catheter to the
straight Tenckhoff catheter demonstrated no difference in 2-year catheter sur-
vival, peritonitis, or exit-site infection (34).

Other less commonly used catheters exist. The Lifecath catheter, which
was designed to improve drainage, was found to have a higher incidence of drain-
age failure than the Tenckhoff catheter (35). Both the Cruz catheter, which has
two 90-degree bends in the subcutaneous portion, and the Dermaport catheter
are made of polyurethane. The Dermaport catheter was found to have a high
incidence of catheter infection (36). Other catheters made of polyurethane have
been reported to develop deformities with repeated exposure to alcohol or local
antibiotics such as mupirocin (37,38). The Moncrief-Popovich catheter has its
external segment left subcutaneously at the time of insertion (39). After 3 to 5
weeks of tissue ingrowth, it is exteriorized and attached to an adapter. Another
modification of the Tenckhoff catheter is the Malpighi catheter, which has a 3.5-
cm outer cuff positioned half extruded through the exit site (40). Theoretically,
this retards bacterial ingrowth and decreases exit site infections.

Long-term peritoneal dialysis catheters may be placed either by open, Sel-
dinger, or laproscopic techniques. All catheters are inserted in the operating room
under sterile conditions, with either a local, regional, or general anesthetic. The
catheter exit site is selected ahead of time in order to avoid placement in the belt
line or skin folds and to choose a site that is easy for the patient to reach. Patients
are given preoperative antibiotics to cover skin flora. If the catheter is placed by
the open technique, a 2- to 3- in. transverse periumbilical incision is made over
the rectus sheath and continued through to the peritoneum. A tunneler is used to
bring the catheter out through a separate exit site, and the catheter tip is positioned
in the pelvis. The inner Dacron cuff is sutured to the peritoneum using a nonab-
sorbable suture, the posterior and anterior rectus sheaths are closed around the
catheter, the skin is closed, and the catheter is secured to the skin at the exit site.
Finally, the catheter is irrigated with heparinized saline and drained by gravity
to confirm proper function.

The peritoneal dialysis catheter can also be placed using either the Sel-
dinger technique or laporoscopically. With the Seldinger technique, a trochar is
inserted into the peritoneal cavity, a guidewire is inserted through the trochar, and
the catheter is advanced over the wire. Certain catheters—including the Missouri,
Toronto-Western and Lifecath—cannot be placed by the Seldinger technique ow-
ing to their configuration. In the laporoscopic technique, a trochar is placed into
the peritoneal cavity and a pneumoperitoneum is created. A laparoscope is then
used to place a guidewire into the pelvis under direct vision and the catheter is
advanced into the pelvis over the guidewire.

Once the catheter has been inserted, it is helpful to test its function, particu-
larly for chronic peritoneal dialysis catheters. A simple way to do this is to infuse
500 to 1000 mL of warm dialysate or Ringer’s lactate into the peritoneal cavity
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at the time of insertion. One technique that we use is to start the infusion once
the peritoneal cavity has been sealed around the catheter with a purse-string su-
ture. By the time the wound is closed, the infusion will be complete. The infusate
bag is then placed on the floor and passive drainage is tested. We like to see
recovery of most of the 500- to 1000- mL infusion to know that the catheter is
unobstructed. If the infusate is not recovered, the wound is reopened and the
catheter repositioned and checked for obstruction again.

DIALYSIS TECHNIQUES

Peritoneal dialysis techniques vary with respect to volume, concentration, and
timing of infusion of dialysate. Peritoneal dialysis is designed for use at home
and can be performed in a variety of ways to meet individual social and physical
needs. Two major modes of peritoneal dialysis exist: intermittent and continuous.
Intermittent regimens are reserved primarily for patients who have high peritoneal
transport rates or significant residual renal function. After early trials comparing
hemodialysis with peritoneal dialysis demonstrated similar clinical and biochemi-
cal results, intermittent peritoneal dialysis gained broad support within the dial-
ysis community (41). As experience grew, however, it became clear that drop-
outs, malnutrition, and poor control of hydration status occurred at a higher rate
in patients receiving intermittent peritoneal dialysis compared to hemodialysis
patients (42). Subsequently, either continuous peritoneal dialysis or hemodialysis
have replaced intermittent peritoneal dialysis techniques. Clinical application of
intermittent peritoneal dialysis techniques should generally be reserved for the
following patients:

1. Patients awaiting renal transplant who have some clinically significant
degree of residual renal function

2. Chronic and debilitated institutionalized patients requiring in-center
peritoneal dialysis

3. Those in underdeveloped countries where the prevailing medical and
economic factors rule out continuous peritoneal dialysis or hemodial-
ysis

Continuous forms of peritoneal dialysis are based on the presence of dialy-
sate within the peritoneal cavity around the clock except for instillation and drain-
age time. The advantage of continuous peritoneal dialysis is that both small and
large molecules can be cleared efficiently and effectively over time while protein
loss is similar to that in intermittent peritoneal dialysis. Furthermore, new devel-
opments in dialysate containers, tubing, and exchange equipment have made this
technique of dialysis convenient, safe, and usable by a diversity of patients.

Two basic types of continuous peritoneal dialysis exist. Continuous ambu-
latory peritoneal dialysis is characterized by exchanging fluid within the perito-
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neal cavity four to five times per day and sleeping with dialysate dwelling in the
peritoneal cavity. Alternatively, continuous cycler peritoneal dialysis is character-
ized by spending the waking hours with one unchanged volume of dialysate
within the peritoneal cavity and having a machine (or cycler) fill and drain the
peritoneal cavity on a regular basis several times throughout the night. Such ma-
chines have gone through tremendous improvements over the past decade, mak-
ing for a user-friendly, independent technique of renal replacement therapy.

In determining the optimal dialysis solution for a patient, dextrose is the
one solute that is provided in different concentrations to induce osmotic ultrafil-
tration from the blood. In the early days of dialysis, high sodium concentrations
were used; current hemodialysate sodium concentrations are 132 meq/l. Higher
sodium concentrations can induce severe thirst and result in excessive interdia-
lytic fluid gains (43). The net transcapillary ultrafiltration rate is maximal at the
beginning of an exchange and decreases exponentially as the glucose concentra-
tion is dissipated by absorption and dilution. The volume of ultrafiltrate produced
peaks at about 2 to 3 h dwell time, when the forces of ultrafiltration and reabsorp-

FIGURE 18.2 Kinetics of ultrafiltration during peritoneal dialysis. Arrow A: time at
peak ultrafiltration; B: osmolar equilibrium; C: hypothetical glucose equilibrium.
From Ref. 43a.
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tion are equal (Figure 18.2) (43a). In order to replace the base requirement in
the usually acidotic uremic patient, lactate must be used, since bicarbonate-con-
taining solutes are hard to prepare and store (44). Other solutes such as magne-
sium, chloride and calcium are essentially in stable concentrations.

ADEQUACY OF PERITONEAL DIALYSIS

The use of peritoneal dialysis as a form of renal replacement therapy in end-
stage renal disease continues to grow both in the United States and internation-
ally. Assurance that these patients receive adequate dialysis remains a cardinal
concern. Defining adequate dialysis in the setting of progressive loss of residual
renal function and alterations in peritoneal membrane characteristics remains a
controversial area. While a variety of clinical studies have tried to determine the
best method of defining adequate dialysis, none of the published clinical studies
have been performed as randomized clinical trials. Recently, the National Kidney
Foundation published its Dialysis Outcomes Quality Initiative (DOQI) (45). As
part of DOQI, 32 guidelines were published regarding the adequacy of peritoneal
dialysis and appear in Table 18.1. A detailed discussion of these guidelines is
beyond the scope of this text. Interested readers are referred to the DOQI publica-
tion for the details of the guidelines and an extensive reference list.

The use of urea kinetics to calculate the urea clearance per volume of urea
distribution (Kt/V) has been applied in a variety of clinical dialysis studies to
attempt to measure adequacy of dialysis. Early reports theorized that a Kt/V
between 1.7 and 2.25 would be adequate weekly dialysis (46–49). Clinical expe-
rience demonstrated lower patient survival (44,50–54) and poorer clinical out-
comes (55–57) with Kt/V � 1.5. A minimum Kt/V of 2.2/week is now widely
accepted as a target goal for adequate dialysis. Furthermore, a total creatinine
clearance of greater than 50 L/week/1.73 m2 of body surface remains a second
goal in developing a dialysis prescription (58,59). A multicenter study in Canada
and the United States demonstrated that an increase of 0.1 Kt/V unit per week
was associated with a 5% decrease in the relative risk of death, and an increase
in creatinine clearance of 5 L/week/1.73 m2 was associated with a 7% decrease
in relative risk of death (60). No plateau was noted in this association up to a
Kt/V of 2.3 or a creatinine clearance to 95 L/week/173 m2.

In defining dialysis prescriptions, consideration of the patient’s overall nu-
tritional status is important. Adequate protein intake must be maintained, as clini-
cal studies have shown that a protein catabolic rate below 0.8 g/kg normal body
weight per day is associated with a high morbidity in the dialysis population.
Patients who are well dialyzed have good appetites, eat well, and maintain normal
serum albumin levels. Serum albumin remains a sensitive marker for morbidity
and mortality in the dialysis population (44).
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TABLE 18.1 Guidelines of the Dialysis Outcomes Quality Initiative

Guideline 1 When to initiate dialysis—Kt/Vurea criterion
Guideline 2 When to initiate dialysis—nPNA criterion
Guideline 3 Frequency of delivered PD dose and total solute clearance

measurement within 6 months of initiation
Guideline 4 Measures of PD dose and total solute clearance
Guideline 5 Frequency of measurement of Kt/Vurea, Total Ccr, PNA, and total

creatinine appearance
Guideline 6 Assessing residual renal function
Guideline 7 PD dose troubleshooting
Guideline 8 Reproducibility of measurement
Guideline 9 Estimating total body water and body surface area
Guideline 10 Timing of measurement
Guideline 11 Dialysate and urine collections
Guideline 12 Assessment of nutritional status
Guideline 13 Determining fat-free, edema-free body mass
Guideline 14 Use of modified Borah equation to assess nutritional status of

pediatric PD patients
Guideline 15 Weekly dose of CAPD
Guideline 16 Weekly dose of NIPD and CCPD
Guideline 17 PD dose in subpopulations
Guideline 18 Use of empiric and computer modeling of PD dose
Guideline 19 Identify and correct patient-related failure to achieve prescribed

PD dose
Guideline 20 Identify and correct staff-related failure to achieve prescribed PD

dose
Guideline 21 Measurement of PD patient survival
Guideline 22 Measurement of PD technique survival
Guideline 23 Measurement of hospitalizations
Guideline 24 Measurement of patient-based assessment of quality of life
Guideline 25 Measurement of school attendance, growth, and developmental

progress in pediatric PD patients
Guideline 26 Measurement of albumin concentration in PD patients
Guideline 27 Measurement of hemoglobin/hematocrit in PD patients
Guideline 28 Measurement of normalized PNA in PD patients
Guideline 29 Indications for PD
Guideline 30 Absolute containdications for PD
Guideline 31 Relative contraindications for PD
Guideline 32 Indications for switching from PD to HD

Source: From Ref. 45.
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MECHANICAL COMPLICATIONS OF
PERITONEAL DIALYSIS

In general, most patients tolerate dialysis without difficulty; however, some will
develop complications related to peritoneal dialysis. These can be divided into
mechanical and infectious complications. The performance of peritoneal dialysis
changes the physiology of the peritoneal space by causing an increase in intraab-
dominal pressure. As expected, the intraabdominal pressure increases in propor-
tion to the volume of dialysate instilled (1,2). The increased intraabdominal pres-
sure predisposes the patient to hernias, rectoceles, cytoceles, gastroesophageal
reflux, hiatal hernias, hemorrhoids, pleural effusions, and leakage of dialysate
fluid.

Hernias are the most common complication, occurring in up to 11% of
patients during a 5-year follow-up (3,4). The most common types of hernias are
incisional, inguinal, and umbilical (3–8). The intraabdominal pressure measured
in patients with hernias was found to be the same as that in patients without
hernias (9), indicating that certain patients are predisposed to this complication.

395
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Women have a higher incidence of recurrent hernias, especially multiparous
women. There is some evidence that patients with polycystic kidney disease have
a higher incidence of hernia formation (10). Finally, children, too, have been
found to have a higher incidence of hernia formation (11,12). Hernias associated
with peritoneal dialysis can become complicated with the same problems as in
other individuals, including incarceration, strangulation, and obstruction.

Prevention of incisional hernias may be optimized by proper surgical tech-
nique during insertion. The use of a paramedian incision that traverses the rectus
abdominis muscle may result in fewer hernias (13,14). In general, patients with
preexisting hernias should undergo repair of the hernia prior to initiating perito-
neal dialysis. After waiting several weeks for healing, peritoneal dialysis may be
initiated with lower-volume dialysis for several more weeks to allow more com-
plete wound healing.

Dialysate leaks most commonly occur at the peritoneal entrance of the cath-
eter and can occur either internally or externally. While external leaks are easy
to diagnose, internal leaks often present as genital or abdominal wall edema.
This problem can be minimized if the use of new catheters can be delayed for
approximately 2 weeks after insertion and low volumes are used initially. Leaks
are treated conservatively and usually resolve with cessation of the peritoneal
dialysis for 2 to 3 weeks. In general, it is preferable to switch the patient to
hemodialysis until the leak seals, because approximately half of these patients
will become infected if a persistent leak is present. Once the leak is sealed, low-
volume dialysis is reinitiated prior to full-volume dialysis. Most of these leaks
will resolve, although catheter removal is necessary on occasion (15,16).

Transdiaphragmatic leak resulting in hydrothorax is a serious complication
that can occur at any time after starting peritoneal dialysis. The incidence is
estimated to be less than 5% (17). Patients may be asymptomatic or may present
with dyspnea, chest pain, hypotension, or atrial fibrillation. Acute effusions usu-
ally present within 48 h after the initiation of peritoneal dialysis and can be diag-
nosed by examining the thoracentesis fluid for a high glucose concentration. A
pleuroperitoneal communication can be confirmed with isotope peritoneography
(18). Methylene blue injection into the peritoneal cavity is not recommended,
since it can lead to chemical peritonitis. Simply stopping peritoneal dialysis for
a period of time often leads to spontaneous resolution (17,19,20). Obliteration
of the pleural cavity with tetracycline or talc (17,20) and surgical repair of the
diaphragmatic defect (21,22) have been reported to be successful; however, recur-
rent or refractory hydrothorax often leads to abandonment of peritoneal dialysis
as a form of renal replacement therapy (20).

Peritoneal dialysis catheters are foreign bodies in the peritoneal cavity and
can become obstructed, with a reported incidence of approximately 5 to 20% of
all catheters placed (23). The frequency of immediate catheter failure is related
to the experience of the physician inserting the catheter, and the amount of in-
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traabdominal adhesions (24). Approximately 6 to 7% of catheters have inadequate
flow rates immediately; 50% of these require replacement (25–26). If malfunction
occurs, catheter position should be confirmed with plain film. In order to obtain
optimal outflow of effluent, the tip of the catheter should lie in one of the pericolic
gutters in the pelvis; location of the catheter tip in the upper abdomen is fre-
quently associated with inadequate drainage (27,28).

Late catheter malfunction is associated with a number of factors. Catheter
tip migration is associated with 5% of late drainage problems when straight cathe-
ters are used (25,26,29,30). Approximately 30 to 50% of these can be repositioned
using either laporoscopic assistance or the a stiff guidewire and fluoroscopy (31–
34). If the catheter repeatedly fails, however, it should be replaced. Other causes
of late catheter failure include obstruction from clots, fibrin deposition, or omen-
tal adhesions (35,36). Flushing the catheter with fibrinolytic agents may achieve
catheter salvage in these cases (37–41). Constipation is also associated with de-
creased rate of effluent flow and should be treated with laxatives.

Other less common complications of peritoneal dialysis can occur, includ-
ing chronic low back pain due to increased lordotic curvature of the spine and
a variety of GI disturbances such as gastroesophageal reflux, hemorrhoids, and
early satiety. Vasovagal syncope remains a peritoneal complication of uncertain
etiology but is probably related to increased intraabdominal pressure (42). Al-
though pulmonary compromise due to increased abdominal pressure is a potential
complication, patients with severe chronic obstructive pulmonary disease usually
tolerate peritoneal dialysis fairly well (43). Finally, while sleep disturbance is
common, particularly in patients using the cycler form of peritoneal dialysis,
exacerbation of sleep apnea remains a potential complication (44).

INFECTIOUS COMPLICATIONS OF PERITONEAL
DIALYSIS CATHETERS

Infection occurs in two specific locations, both intraperitoneally, with bacterial
adherence to the intraperitoneal portion of the catheter, and at the exit site, with
bacterial infection of the catheter and surrounding tissues. Peritonitis is the lead-
ing reason for patients to switch temporarily or permanently to hemodialysis (45)
and is a major cause of their hospitalizations and death (46). Approximately 25
to 60% of patients ultimately discontinue peritoneal dialysis because of peritonitis
and up to 15% of deaths occurring in patients on chronic ambulatory peritoneal
dialysis (CAPD) are attributable to sepsis (47,48).

Peritonitis

Since its inception, peritonitis has plagued peritoneal dialysis as a frequent com-
plication. The rate of peritonitis has fallen from 4 to 5 episodes per year in the
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late 1970s (49) to an episode every 24 to 36 months in the 1990s (50–53). The
biggest contribution to this reduction has been the development of the Y-set sys-
tem, which allows for infusion of new peritoneal dialysate fluid in the peritoneum
after both draining the peritoneum and flushing the tubing with new, sterile dialy-
sate with only one connection. The Y set has led to the delay of onset of the first
attack of peritonitis after initiating peritoneal dialysis from an average of 11.4
months to 20.6 months (53). Despite these improvements, peritonitis occurs three
to five times more frequently in patients on intermittent peritoneal dialysis than
in patients on CAPD (54). This may be due to a decreased number of connections
as well as improved host defense mechanisms during the periods when the perito-
neal cavity is fluid-free.

The etiology of peritonitis has been extensively examined in the literature.
Compromised host defenses have been implicated as a major factor in a patient’s
susceptibility to developing peritonitis. Dilution and acidification of opsonins and
leukocytes by the dialysate as well as impaired lymphatic clearance have been
reported (55–59). The piercing of the abdominal wall by the indwelling peritoneal
catheter, of course, disrupts the integrity of the abdominal wall. Last, the uremic
and malnourished metabolic milieu commonly found in end-stage renal disease
patients leads to an impaired host immune response.

In addition to weakened host defense mechanisms, there are both exoge-
nous and endogenous sources of bacterial contamination. Transluminal contami-
nation through the peritoneal catheter by exogenous bacteria is the most common
mechanism of peritoneal infection. Studies have shown patients to be at higher
risk from their own skin and nasal flora than from bacterial flora from the environ-
ment or other people (60). Endogenous bacterial sources such as bowel, however,
are the major cause of gram-negative peritoneal infections (61). Other endoge-
nous sources of peritoneal infection such as bacteremia (49) or the female genital
tract (62–65) are well-recognized but infrequent causes.

The diagnosis of peritonitis is made both on the basis of symptoms and on
peritoneal dialysate findings. The most frequent symptom is a cloudy effluent
(90% of patients), followed by abdominal pain (80 to 95% of patients). Approxi-
mately 60% of patients develop peritoneal signs, while fever is less common
(approximately 30%) (54,66–68). Microscopic examination of the dialysate re-
veals greater than 100 leukocytes per deciliter with greater than 50% neutrophils
(54). Normal dialysate has less than 50 leukocytes per deciliter. Gram’s stain of
the centrifuged sediment may reveal organisms in up to 20% of cases. A more
useful method is culture of the sediment of a sample of 50 mL of the dialysate;
this will be positive approximately 90% of the time (69–72). Culture of uncon-
centrated dialysate may frequently lead to false-negative results.

Approximately 70% culture-positive peritoneal infections are due to gram-
positive organisms, with a predominance of coagulase-negative Staphylococcus
followed by Staphylococcus aureus (60,73–78). Infection with S. aureus is more
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commonly associated with hypotension or septic shock and has a more virulent
course than that due to coagulase-negative Staphylococcus (79,80). Another 20%
of culture-positive peritoneal infections grow gram-negative organisms, with a
predominance of Pseudomonas and Enterobacteriacae (60,73–78). Pseudomonas
peritonitis is more difficult to eradicate and is associated with loss of the perito-
neal cavity as well as ultrafiltration (81,82). Anaerobic peritonitis is frequently
associated with bowel perforation and fecal leakage (54). Fungal peritonitis is
more difficult to treat and requires early catheter removal (83).

Treatment of peritonitis should be initiated immediately when the signs
and symptoms present. Gram’s stain should guide antimicrobial treatment choice
(Figure 19.1). If Gram’s stain is negative, empiric therapy should cover gram-

FIGURE 19.1 Decision analysis for initial antibiotic treatment of peritonitis. The rec-
ommended dose of antibiotics is intraperitoneal unless stated otherwise. LD, load-
ing dose; MD, maintenance dose in each exchange; i.p., intraperitoneal; i.v., intra-
venous; p.o., orally. Vancomycin 30 mg/kg i.p. weekly or 1 g i.p. LD and 250 mg/L
MD; ceftazidime 500 mg/L i.p. LD and 125 mg/L MD. *Tobramycin and gentamicin
(1.5 to 2.0 mg/kg LD then 8 mg/L MD) is an alternative to ceftazidime. **Metronida-
zole 500 mg three times per day p.o. or i.v. in addition to vancomycin and ceftazi-
dime or an aminogylycoside. ***Piperacillin 4 g i.v. twice daily and ciprofloxacin
750 mg p.o. twice daily; tobramycin or gentamycin 1.5–2.0 mg/kg LD then 8 mg/
kg MD.
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positive and gram-negative organisms unless there is a previous history of in-
fecting organisms. Antibiotics are typically administered intraperitoneally during
dialysis (71,72). In general, both gram-negative and gram-positive infections are
treated with a 2-week antibiotic course. Pseudomonas and S. aureus infections
are perhaps the exception in that they typically require 3 to 4 weeks of treatment
and probable catheter removal (71). Clinicians should be aware that the complica-
tions associated with antibiotics can still be seen with peritoneal administration.
The ototoxicity notable with aminoglycoside administration can occur, particu-
larly in the elderly.

Fungal infections are treated with amphotericin preferentially which can
be given intraperitoneally or intravenously for 2 to 3 weeks for a total of 250 to
500 mg total dose. These patients should have a skin test prior to initiation and
then be given the antibiotic daily. Unfortunately, amphotericin often fails to eradi-
cate the infection, and catheter removal is necessary for complete eradication.

It is important to maintain the dialysis schedule in treating peritonitis. The
large majority of patients can be treated as outpatients, but hospitalization may
be necessary if multiple gram-negative organisms, Pseudomonas, or yeasts are
present in the cultures. Patients need to keep a close eye on exchange volumes
and weight, since peritoneal transport often increases with peritonitis, thus de-
creasing the dialysis drainage volume. The addition of heparin, 500 U/L, to the
dialysate is indicated if there is evidence of fibrin deposition. Resistant peritonitis
should alert the clinician to the possibility of fungal or resistant Pseudomonas
infection. Although antibiotics can eradicate these organisms, persistent peritoni-
tis requires catheter removal.

Exit-Site or Tunnel Infections

Infections can occur where the catheter exits the skin as well as along the tunnel
in the subcutaneous route. This is usually recognized as erythema and induration
of the skin overlying the catheter and purulent discharge at the exit site. The
annual incidence of exit-site and tunnel infections is about 0.7 per patient per
year (84). No clear relationship exists between the presence of exit-site infections
and the type of catheter or the frequency of dialysis. It is probably best to prevent
this complication with routine care of the exit site; local antibiotic ointments and
povidone-iodine have been used successfully by many centers. Once a catheter
becomes infected or a segment of exposed cuff is present, local procedures in-
cluding cuff removal or exteriorization of the tunnel are generally unsuccessful
(85–89). It is probably best to proceed with removal of the catheter. There have
been some successful experiences with simultaneous removal of the infected
catheter and insertion of a new catheter at a distant site.

Exit sites, tunnel, and catheter infections are usually associated with Staph-
ylococcus aureus and Pseudomonas aeruginosa (90). Staphylococcus epider-
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midis is commonly associated with exit-site infections but is a rare tunnel infec-
tion agent (48). Peritonitis in the absence of tunnel or catheter infection is highly
responsive to antibiotic therapy; however, when peritonitis is associated with
tunnel or catheter infections, removal of the catheter is invariably required.

SPECIAL PROBLEMS IN DIALYSIS

Peritoneal Dialysis in Children

Peritoneal dialysis can be done safely in children even under 1 year of age. Ab-
dominal hernias appear to be more common, with up to 50% of children devel-
oping hernias (11,12) and a smaller number developing leaks. In one series, the
majority of these were repaired surgically while the dialysis was continued. When
inserting the catheter into a child, the surgeon should ascertain correct catheter
position and ensure a watertight seal. Routine partial omentectomy has also been
recommended in children and even bilateral groin exploration at the time of cathe-
ter insertion with ligation of a patent processus vaginalis has also been recom-
mended.

Renal Transplant

Renal transplantation can be done safely with a peritoneal dialysis catheter in
place. In planning a future transplant procedure, it is worthwhile to place the
peritoneal dialysis catheter on the side opposite the planned transplant. For exam-
ple, if most transplants are performed in the right iliac fossa, the dialysis catheter
should be placed in the left side of the pelvis. Prior to proceeding with the trans-
plant, one should document the absence of peritonitis by performing a white
blood cell count of the peritoneal dialysate in addition to performing a history
and physical examination. Posttransplantation, the dialysis catheter may be used
for treatment of acute renal failure providing the peritoneum was not violated
during the transplant procedure. If the peritoneum was entered during transplanta-
tion, hemodialysis is preferred. After stable renal function has been attained, the
catheter may be removed. Most physicians recommend removal within 3 months
following the transplant if adequate renal function is present. Patients should be
instructed on catheter care with periodic flushes until the catheter is removed. In
children, it may be prudent to remove the catheter at the time of discharge from
the hospital.

Chronic Liver Failure

Peritoneal dialysis catheters can be used in patients with chronic liver failure.
Catheter placement should be performed using the open technique to avoid injury
to a patent umbilical vein. If unrecognized, this would be catastrophic in the
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presence of portal hypertension. Ascitic leaks are of concern, so particular atten-
tion should be paid to creating a watertight seal. Patients with ascites and liver
failure are prone to significant protein loss in the dialysate; thus one should
closely monitor the patient’s nutritional status.

Abdominal Catastrophes

Abdominal catastrophes such as diverticulitis, perforated ulcers, acute cholecysti-
tis, appendicitis and pancreatitis occur in peritoneal dialysis patients but fortu-
nately are rare. The peritoneal dialysis fluid reflects abdominal events and can
aid with diagnosis. Early catastrophes can occur at the time of catheter insertion
due to perforation of the colon, bladder, or other viscus and should be recognized
and treated promptly. Some diseases—such as cholecystitis, pancreatitis, uncom-
plicated incarcerated hernias, and early mesenteric ischemia—tend to produce a
clear dialysate; large bowel inflammatory processes usually produce a cloudy
dialysate due to a leukocytosis. Nonperforated diverticulitis usually responds to
antibiotic treatment and discontinuance of the peritoneal dialysis, but complicated
diverticulitis with perforation or abscess requires surgery.

Aside from the common abdominal problems, a number of more obscure
problems may occur. Sclerosing peritonitis, which is a more chronic inflamma-
tory process of the peritoneum, can cause intermittent crampy pain, adhesions,
and fibrosis and may be demonstrable on computed tomography as a thickened
peritoneum. These patients demonstrate loss of ultrafiltration capability. Hemo-
peritoneum is also seen and is usually a benign process. This commonly occurs
initially after catheter insertion but can occur in chronic dialysis patients. One
may also see blood in the dialysate with menstruation, ovulation, and even after
colonoscopy. A third disorder, peritoneal dialysis eosinophilia, is noted by both
peritoneal dialysate and peripheral blood eosinophilia and is associated with ele-
vated levels of IgE. It usually occurs at the initiation of peritoneal dialysis, is
poorly understood, and is usually asymptomatic and self-limited. If it persists, it
may be treated with steroids, but catheter removal is not usually necessary.
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