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Abstract. Peripheral arterial occlusive disease (PAOD) ac-
counts for significant morbidity and mortality among end-stage
renal disease (ESRD) patients but has not been as extensively
studied as other kinds of atherosclerotic disease in this popu-
lation. The current epidemiology and management of PAOD in
ESRD patients is here reviewed and target areas for future
research are identified. The prevalence of PAOD appearsto be
much higher among ESRD patients than in the general popu-
lation. Risk factors for disease among ESRD patients are not
well understood but probably include both conventional and
dialysis or uremia-associated risk factors. Standard diagnostic
techniques used to identify PAOD in the general population
may not be as helpful in ESRD patients because many of these
tests are inaccurate in the settings of vascular calcification and

small-vessel disease. Despite the fact that this is a common
disease in ESRD patients, most of these patients are not
screened for PAOD. Interventions that have proven effective in
the prevention and treatment of PAOD in the general popula-
tion, such as smoking cessation, preventive foot care, and
exercise, have not been systematically applied to ESRD pa-
tients. Furthermore, the optimal management of ischemic ul-
ceration and gangrene in ESRD patients is quite controversial,
and better algorithms for the prevention and management of
PAOD in ESRD patients are needed. In conclusion, PAOD is
common in ESRD patients. Future research should identify risk
factors for disease in this population, and efforts should be
made to develop strategies for the effective prevention and
management of limb ischemia in this population.

The incidence of nontraumatic lower-extremity amputation
among the United States end-stage renal disease (ESRD) pop-
ulation is approximately 10 times higher than that among
non-ESRD patients, even controlling for diabetes mellitus (1).
Although it is less common among transplant recipients than
among dialysis patients, amputation is the most common vas-
cular complication after renal transplantation, occurring in 13
to 25% of renal allograft recipients within 5 yr after transplan-
tation (2). Peripheral arterial occlusive disease (PAOD) is the
most common indication for amputation among the ESRD
population. For example, amputation was listed as the diag-
nostic related group (DRG) code for 12,425 hospital discharges
for Medicare patients with ESRD in 1998. In approximately
80% of these discharges, “circulatory system disorder” was
cited as the indication for amputation (3). Furthermore, “sep-
ticemia attributable to peripheral vascular disease” was listed
as one of the ten leading causes of death among patients with
ESRD between 1996 and 1998 (3).

To date, PAOD has not been as extensively studied as other
kinds of atherosclerotic disease, such as coronary artery and
cerebrovascular disease. However, it has been demonstrated
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that even patients with asymptomatic PAOD have a higher risk
of death compared with the general population (4). Patients
with ESRD and PAOD seem to have a similarly increased risk
of death (5,6), and PAOD seems to be a risk factor for a host
of adverse outcomes among patients with ESRD. For example,
dialysis patients with PAOD are at increased risk for hospital
admission (7), death within 6 mo after initiation of dialysis (8),
and death after acute myocardial infarction (9). PAOD has
recently been recognized as a risk factor for poor outcomes
after renal transplantation, including prolonged hospitalization
(20), poor alograft survival rates (11), and increased mortality
rates (12). In combination, these findings suggest that PAOD
confers substantial risks for both morbidity and death in the
ESRD population.

Because so many nephrologists provide primary care for
their patients (13) and because PAOD is a mgjor cause of
morbidity and death in the ESRD population, it is important
that nephrologists understand how to diagnose and manage this
disease. This article reviews the current management of lower-
extremity PAOD in the general population and among patients
with ESRD and identifies target areas for future research in this
area.

Epidemiology
Prevalence

Intermittent claudication, the earliest symptom of PAOD, is
observed in 1 to 4% of community-dwelling men and women who
are >55 yr of age (14). Estimates of the prevalence of PAOD on
the basis of noninvasive diagnostic testing results range from 5.5
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Table 1. PAOD prevalence among patients with ESRD on the basis of histories and physical examination findings®

Diagnostic Criteria Used

Authors Ii\la?i'er?tfs Population D'Pri or Amputation or A Decreased Pre'\@!gnce
iagnosis b oo larization Claudication  Gangrene PUlSES
of PAODP
USRDS (3) 35,438 Incident dialysis X X X X X 15
Webb et al. (17) 325 Prevalent diaysis X 19
HEMO Study (16) 936 Prevalent hemodialysis X 23
USRDS (3) 369 Incident transplant X X 24
Morrissey et al. (19) 39 Prevalent diabetic transplant (4 yr 30
after transplant)
Kasiske et al. (18) 46 Prevalent transplant (15 yr after X 15
transplant)
Morrissey et al. (19) 65 Prevalent kidney-pancreas X X 46

transplant (4 yr after transplant)

2USRDS, United States Renal Data System; HEMO, Hemodialysis; PAOD, peripheral arterial occlusive disease; ESRD, end-stage renal

disease.

b Patients with claudication or abdominal aortic aneurysms were also included in this category.

to 23% (12,15). Table 1 summarizes published estimates of the
prevalence of PAOD in different ESRD patient groups, on the
basis of history and physical findings, and indicates the diagnostic
criteriaused in each study. According to 1999 United States Rena
Data System data, the overdl prevalence of PAOD among pa
tients with incident ESRD was 14.9% (3). Figure 1 presents the
trend in PAOD prevalence among incident ESRD patients from
1995 to 1998. Although the percent prevalence of PAOD has
remained fairly stable with time, there has been an increase in the
absolute number of incident ESRD patients and PAOD, which
reflects expansion in ESRD program enrollment during this pe-
riod. As in the general population, PAOD among new diaysis
patients is more common among men (compared with women),
among older age groups, and among diabetic patients (compared
with nondiabetic patients) (3). There are dso ethnic differencesin
the prevaence of PAOD among didysis patients. The highest
rates of PAOD are encountered among Native American dialysis
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Figure 1. Numbers of patients with incident end-stage renal disease
and peripheral arterial occlusive disease, 1995 to 1998 (3).

patients (21%), although, due to the ethnic composition of the
United States dialysis patients, the vast mgjority of ESRD patients
with PAOD are white.

It is important to note that United States Renal Data System
data reflect only the prevalence of PAOD as reported on the
Health Care Financing Administration’s Medical Evidence
Form (Form 2728) submitted for each patient at the onset of
ESRD. The Hemodialysis (HEMO) Study reported a PAOD
prevalence of 23% among a sample of established hemodial-
ysis patients (16). Webb et al. (17) reported a 19% prevalence
of intermittent claudication among a population of 325 British
patients undergoing hemodialysis. Estimates of the prevalence
of PAOD among renal transplant recipients range from 15 to
30% (18,19), and rates as high as 46% have been reported for
kidney-pancreas transplant recipients (19).

None of the aforementioned studies used diagnostic testing
among patients without symptoms to make the diagnosis of
PAOD. Therefore, these data probably underestimate the true
prevalence of PAOD among patients with ESRD. Severa
studies have measured prevalence among patients with ESRD
on the basis of noninvasive diagnostic testing results (Table 2).
Estimates reported in these studies range from 16 to 48%,
depending on the specific populations studied and the diagnos-
tic techniques used. In general, estimates of the prevalence of
PAOD among dialysis patients that are based on diagnostic
testing results are almost double those that are based on history
and physical findings alone.

Risk Factors

Established risk factors for PAOD in the general population
include increased age, hypertension, hyperlipidemia, smoking,
diabetes mellitus, and coronary artery disease. Severa uncon-
ventional cardiac risk factors, such as lipoprotein(a) levels,
homocysteine levels, and chronic inflammation, are also asso-
ciated with PAOD. There have been very few attempts to
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Table 2. PAOD prevalence among patients with ESRD, on the basis of diagnostic testing®

Prevalence According to Diagnostic Criteria Used (%)

Authors No. of Patients Population
ABI < 0.9 ABI < 0.77 TBI < 0.65 PVR < 5 mm

Fishbane et al. (5) 132 Hemodialysis (United States) 35

Al Zahrani et al. (84) 60 Hemodialysis (Saudi Arabia) 38.3

Ono et al. (85) 774 Hemodialysis (Japan) 16.6

Testa and Ottavioli (6) 226 Hemodialysis (France) 33

Makisalo et al. (44) 129 Before transplant (Finland) 4 20 48
Aakhus et al. (86) 406 After transplant (Norway) 4

#ABI, ankle brachial index; TBI, toe brachial index; PVR, pulse volume recording by impedence plethysmography.

identify PAOD risk factors among patients with ESRD. The
HEMO Study found that diabetes mellitus and smoking were
associated with PAOD among hemodialysis patients (16). Age
was significantly associated with PAOD among nondiabetic
patients but not among diabetic patients. Black race was neg-
atively associated with PAOD. Other conventional cardiac risk
factors, such as male gender, hyperchol esterolemia, and hyper-
tension, were not associated with PAOD in the HEMO study.

Although conventional cardiac risk factors contribute to
cardiovascular morbidity and death among patients with
ESRD, they cannot fully account for the excess burden of
cardiovascular disease in this group (16). Preliminary evidence
suggests that, as for other forms of cardiovascular disease,
unconventional cardiac risk factors such as hyperparathyroid-
ism, chronic inflammation, hyperhomocysteinemia, and apoli-
poprotein(a) levels may play significant roles in the develop-
ment or progression of PAOD among patients with ESRD.

Vascular calcification seems to be extremely common
among dialysis patients (20) and perhaps contributes to the
development of PAOD. Savage et al. (21) observed that 75%
of 24 patients with ESRD but without clinical evidence of
cardiovascular disease had carotid or femoral artery calcified
plaques. There is growing evidence that this phenomenon is
associated with elevated serum phosphorous levels, elevated
calcium and phosphorous product values, and hyperparathy-
roidism. Among patients with ESRD, abdominal aortic calci-
fication seems to be correlated with increased calcium and
phosphorous product levels (22), and hyperphosphatemia and
hyperparathyroidism have been demonstrated to be correlated
with coronary, carotid, and femoral artery atherosclerosis
among diaysis patients (23,24). Goldsmith et al. (25) used
skeletal surveys to document vascular calcification among 38
long-term hemodialysis patients. Those authors observed that
calcification became more prevalent and more severe with time
and that the rate of progression was determined by age, systolic
BP, parathyroid hormone levels, and serum phosphorous and
vitamin D levels.

Guerin et al. (26) recently demonstrated that the extent of
vascular calcification in patients with ESRD is associated with
the degree of arterial stiffness (as assessed in aortic pulse wave
velocity measurements), serum fibrinogen levels, and the use
of calcium-based binders. Arterial stiffening is correlated with
the extent of atherosclerosis and has been demonstrated to be
a powerful predictor of all-cause and cardiovascular mortality

rates among hemodialysis patients (27). These authors suggest
that there may be a correlation between atherosclerotic disease
burden and the degree of vascular calcification. However, the
precise relationship between vascular calcification and periph-
eral vascular disease has yet to be fully elucidated.

There is growing evidence that chronic inflammation plays
arolein the pathogenesis of atherosclerosis. Data from several
prospective studies has demonstrated that elevated levels of the
acute-phase reactant C-reactive protein (CRP) predicts an in-
creased incidence of future cardiovascular events among a
wide range of clinical populations, including individuals with
no history of cardiovascular disease, those with angina, and
those with a history of prior myocardia infarction (28). Ridker
et al. (29) directly evaluated the relationship between CRP
levels and PAOD. Those authors identified 144 healthy men,
participating in the Physicians' Hedth Study, who subse-
quently developed symptomatic PAOD, and it noted that base-
line CRP levels were significantly higher for that group than
for a group of control subjects who did not develop PAOD.
CRP levels seem to be predictive of cardiovascular mortality
rates in the ESRD population, as they are in the general
population (30). An association between carotid artery athero-
sclerosis and CRP levels among patients with chronic renal
insufficiency has also been demonstrated (31). We are not
aware of any studies documenting a connection between lower-
limb atherosclerosis and inflammation among patients with
ESRD.

Lipoprotein(a) is a genetically determined risk factor for
PAOD in the genera population, and dialysis patients have
significantly higher levels of lipoprotein(a) and low-molecular
weight apolipoprotein(a) isoforms than do individuals with
norma rena function. Low-molecular weight apolipopro-
tein(a) isoforms are associated with the presence of carotid
artery plagues among hemodialysis patients (31). However,
one study of patients undergoing peritoneal dialysis noted that
lipoprotein(a) levels were not correlated with the presence of
peripheral vascular disease (32). Further research is needed to
determine whether lipoprotein(a) confers a higher risk for the
development or progression of PAOD in the ESRD population.

Hyperhomocysteinemia is a risk factor for lower-extremity
PAOD and for the progression of PAOD in the general popu-
lation (12). There is an extraordinarily high prevalence of
hyperhomocysteinemia among patients with ESRD (33), and it
has been hypothesized that hyperhomocysteinemia may con-
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tribute to atherosclerosis in this population. Severa studies
have found that dialysis patients with the highest homocysteine
levels exhibit a higher prevalence of PAOD, compared with
patients with the lowest homocysteine levels (34,35).

Diagnosis

Most patients with PAOD do not exhibit symptoms. The
earliest symptom of PAOD is intermittent claudication.
Asymptomatic PAOD and intermittent claudication are collec-
tively referred to as “noncritical ischemia.” More advanced
disease is signaled by the onset of rest pain, ischemic ulcer-
ation, and eventually gangrene (in increasing order of severity).
Patients with any of these findings are said to have “critical
ischemia.”

History and physical examinations are insensitive indicators
of the presence of PAOD (36). Therefore, diagnostic testing is
essential for establishing this diagnosis. A commonly used
diagnostic test is measurement of the ankle brachia index
(ABI), i.e., the ankle/larm systolic pressure ratio (37). This test
exploits the fact that PAOD results in selective decreases in
lower-extremity systolic pressure. ABI values of =0.9 have
estimated sensitivity and specificity values of 95 and 100%,
respectively, for PAOD detection (38,39). However, ABI val-
ues can be falsely elevated among patients with lower-extrem-
ity vascular calcification, because heavily calcified arteries
tend to be incompressible (40). Ankle pressure is also a poor
measure of perfusion among patients with extensive pedal or
digital arterial disease. The sensitivity of ABI measurements
for detection of PAOD among patients with ESRD has not
been tested, but thistechniqueis probably less sensitive than in
the general population, because of the high prevalence of
arterial calcification in this population. Therefore, it is likely
that estimates of the prevalence of PAOD that are based on
ABI testing underestimate the true prevalence of PAOD in the
ESRD population (Table 2). Other noninvasive screening tests
for PAOD, such as toe brachia index (TBI) measurements
(41), transcutaneous partial pressure of oxygen (TCPO,) read-
ings (42), and toe pulse volume recordings (PVR) (43), are not
affected by calcification of lower-leg vessels (although TBI
and PVR values may be affected by digital vessel calcification,
which is also observed in this patient group). TBI, PVR, and
TCPO, tests are probably more appropriate than ABI tests for
screening patients with ESRD for PAOD. However, we are
aware of only one study in which alternative techniques of this
type have been used in the ESRD population (Table 2) (44). In
that study of patients undergoing renal transplant evaluation,
toe PVR values of =5 mm and TBI values of =0.65 were
much more sensitive than ABI values of =0.9 for PAOD
detection. Although ABI measurements can be performed in
the primary care setting with hand-held Doppler instruments
(45), more specialized techniques, such as TBI, toe PVR, and
TCPO, testing, require referral to a vascular laboratory.

After PAOD has been detected in screening tests, the site of
arterial occlusion can be localized by duplex scanning or by
angiography, if asurgical intervention is planned. Increasingly,
CO, angiography and three-dimensional peripheral magnetic
resonance angiography are used instead of contrast angiogra-
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phy for patients with chronic renal insufficiency, because these
techniques do not cause nephrotoxicity (46,47).

Treatment
Noncritical Ischemia

General Considerations. In the genera population, only
approximately one-third of patients with claudication develop
critical ischemia. Therefore, the treatment of noncritical isch-
emia is a quality-of-life issue for most patients. Interventions
such as preventive foot care, smoking cessation, and exercise
can be extremely beneficial. When these interventions fail to
relieve symptoms, patients are usually offered revasculariza-
tion and/or medications.

Preventive Foot Care. Meticulous foot careis critical for
the prevention of amputation. Foot care programs have been
demonstrated to be extremely effective in reducing foot com-
plications among diabetic patients without ESRD (48). One
preventive foot care program for diabetic rena transplant re-
cipients produced reductions in the numbers of episodes of
digital gangrene and major amputations and increases in the
rate of foot ulcer healing (49). Instruction in diabetic foot care
has not figured prominently in nephrology nursing, and most
dialysis units do not have a foot care program (40). Efforts
should be made to establish routine clinic-based or dialysis
unit-based foot care programs for patients with ESRD and to
raise physician awareness regarding the importance of preven-
tive foot care among patients with PAOD (50).

Smoking Cessation. One controlled nonrandomized study
of smoking cessation among patients with intermittent claudi-
cation reported significant improvements in walking distance
among patients who stopped smoking (40). Smoking cessation
may also slow the progression of disease and reduce the risk of
amputation. The incidence of tobacco use among patients with
ESRD is quite high. For example, of the first 1000 hemodial-
ysis patients enrolled in the HEMO study, 52% smoked ciga-
rettes at the time of entry into the study or had a history of
tobacco use (16). Despite the high prevalence of tobacco use
among the ESRD population, we were unable to find any
literature reports of smoking cessation programs for this group.
Organized efforts to help patients with ESRD stop smoking are
needed to lower overall morbidity and mortality rates, as well
as those associated specifically with PAOD.

Exercise. Exercise seems to be the most effective treat-
ment for patients with intermittent claudication. A recent meta-
analysis of 10 prospective randomized trials of exercise among
patients with intermittent claudication found a weighted mean
difference of 6.51 min (95% confidence interval, 4.36 to 8.66
min) in maximal walking time for the exercise group, com-
pared with the no-treatment group (51). Exercise produced
significant improvements in maximal walking time, compared
with angioplasty, at 6 mo (weighted mean difference, 3.3 min;
95% confidence interval, 2.21 to 4.39 min) and did not differ
significantly from surgical treatment. There have been no
studies of exercise for the treatment of claudication among
patients with ESRD, but there is growing evidence that exer-
cise is beneficia in this population (52).
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Medications. Although a wide variety of medications
have been used to treat PAOD, few have any proven benefit.
Pentoxifylline has been widely used to treat intermittent clau-
dication but did not produce clinically significant improve-
ments in walking distance, compared with placebo (40). Pen-
toxifylline is renally excreted and can accumulate during
moderate to severe renal insufficiency (53). Cilostazol isanew
cAMP phosphodiesterase inhibitor that has improved absolute
claudication distances in randomized, double-blind, placebo-
controlled trials (54,55). However, cilostazol is probably not
safe for use in ESRD, because of atered protein binding.
Although lipid-lowering agents are effective in the primary
prevention of coronary artery disease (56), there is no evidence
that these medications are effective in either prevention or
treatment of PAOD. A recent meta-analysis of seven prospec-
tive randomized trials of lipid-lowering agents among patients
with existing PAOD noted no significant improvements in
pain, ABI, or skin necrosis (57). Despite the lack of efficacy in
PAOD treatment, most clinicians would prescribe lipid-lower-
ing agents for patients with PAOD because of their proven
benefits in reducing coronary artery and cerebrovascular dis-
ease in this high-risk patient group. Some data suggest that the
use of aspirin alone or aspirin plus dipyridamole resultsin less
progression of PAOD, as measured angiographically; however,
there is no evidence for improved clinical outcomes (40).
Although vitamin E, steroid sex hormones, defibrotide, garlic,
and gingko biloba have been used to treat PAOD, they have no
proven benefit and cannot be recommended at this time.

Angioplasty. Angioplasty is indicated for select patients
with intermittent claudication. However, trials comparing an-
gioplasty with exercise suggest that, although angioplasty may
result in short-term improvements in walking distance, this
benefit is not sustained with time (58). Angioplasty of inter-
mittent claudication has not been studied in patients with
ESRD.

Surgical Revascularization. Although critical ischemiais
the only clear indication for surgical bypass, most bypass
operations are performed because of intermittent claudication.
For example, intermittent claudication was the indication for
intervention for 73% of patients enrolled in Veterans Cooper-
ative Study 199, a prospective randomized trial of percutane-
ous tranduminal angioplasty (PTA) versus surgery to treat
PAOD (59). There are currently no data to support the use of
surgical bypass, rather than exercise therapy, for the treatment
of intermittent claudication in the genera population. Most
centers do not routinely offer revascularization procedures for
patients with ESRD and claudication, but several surgical
series investigating revascularization among patients with
ESRD have included small numbers of patients with intermit-
tent claudication (60—63).

Critical Ischemia

General Considerations. Each year, approximately
150,000 patients develop critical limb ischemia in the United
States. The treatment of choice is a limb-salvage procedure,
such as vascular reconstruction, percutaneous angioplasty,
thrombolysis, or thrombectomy. However, approximately 40%

J Am Soc Nephrol 12: 2838-2847, 2001

of patients are not candidates for a reopening procedure. Ap-
proximately one-half of these patients undergo primary ampu-
tation. The remaining patients either receive no trestment or,
usually as a last resort, are offered nonsurgical limb-salvage
therapies such as spinal cord stimulation (SCS) or intravenous
prostaglandin infusion. The percentage of patients who ulti-
mately require amputation is even higher in the ESRD popu-
lation, because many of these patients are not candidates for
limb-sparing procedures in the first place and many of those
who do undergo revascularization subseguently require
amputation.

Limb-Sparing Procedures. Surgical Revascularization.
The current trend is to offer limb-sparing surgery to patients
with critical ischemia. This approach consists of surgical by-
pass, which may be performed in concert with limited ampu-
tation (below the tarsal-metatarsal joint) in an attempt to avoid
major amputation. The management of limb-threatening isch-
emia among patients with ESRD poses some unique chal-
lenges. Both dialysis and transplant patients are often at high
surgical risk because of the existence of comorbid conditions.
Furthermore, many surgeons have anecdotally observed that
the vessels of patients with ESRD are heavily calcified, ren-
dering lower-extremity bypass technically difficult (64). In
addition, these patients often heal poorly and have high rates of
wound infections, even in the presence of a patent bypass graft.

There have been no prospective trials comparing surgical
bypass with other modalities for the treatment of critical isch-
emia among patients with ESRD, but at least 15 retrospective
surgical case series have been reported in the literature. All of
those studies used graft patency, limb salvage, and patient
survival rates as study end points. Six of those studies included
data for non-ESRD control groups. Table 3 presents the results
of surgical revascularization studies among patients with
ESRD and demonstrates that there was considerable variation
in outcomes among those studies. For example, 1-yr graft
patency rates ranged from 53 to 90%, 1-yr limb salvage rates
ranged from 56 to 91%, 2-yr patient survival rates ranged from
32 to 67%, and 30-d operative mortality rates ranged from O to
13%. Amputation in the presence of a patent bypass graft
seems to be more common among patients with ESRD (65—68)
and among patients with chronic rena failure (69). Graft
failure is most common in the setting of frank gangrene.
Differences in individual study outcomes may reflect differ-
ences in the study populations (i.e., percentages of diabetic
patients, smokers, and transplant recipients), in the surgical
procedures performed (i.e., percentage of revascularization
procedures with distal anastomosis below the popliteal artery),
and in the indications for surgery (i.e., the percentage of
patients for whom the indication for surgery was gangrene).
Table 4 presents outcome data for the non-ESRD control
groups included in six of the aforementioned case series.
Comparisons of outcomes weighted according to the number of
patients and procedures demonstrated that patients with ESRD
exhibited significantly higher 30-d operative mortality rates
and lower graft patency, limb salvage, and patient survival
rates, compared with control subjects without ESRD.

These observations have led to disparate recommendations
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Table 3. Outcomes of retrospective studies of limb revascularization among patients with ESRD?

No. of No. of 1-yr Graft L-yr Limb 2-yr Patient 30-d Mortality

Authors Patients Limbs Patazg/yg) Rate Salv?g/s) Rate Suwl(\{)zl) Rate I(?(;f)e
Leers et al. (87) 34 41 62 56 52 24 (3wk)°
Mills et al. (65) 12 14 NR 59 67 NR
Hakaim et al. (68) 23 30 53 63 52 (1yr)P 0
Lumsden et al. (61) 27 34 64 65 60 5.9
Simsir et al. (60) 44 52 NR 67 72 (1yr)P 13
Korn et al. (73) 23 33 65 67 47 6
Beale et al. (88) 44 57 71 70 52 9
Johnson et al. (89) 53 69 78 75 38 10
Sanchez et al. (90) 47 69 76 714 (2yr)° 45.6 13
Edwards et al. (70) 19 25 85 76 18 (3yr)° NR
Whittemore et al. (74) 12 16 67 76 (2yr)° 32 13
Taylor et al. (67) 55 71 80 82 NR NR
Harpavat et al. (63) 20 25 82 86 39 10
Chang et al. (91) 24 32 90 20 62 6
Harrington et al. (62) 39 52 7 91 47 12
Total with outcome® 524 671 554 535 358 356
Weighted mean® 73.9 74 48.6 9.48

2NR, not reported.
P Times in parentheses represent alternative lengths of follow-up.

¢ Weighted means were calculated for all outcomes by using only studies for which there were data for the particular outcome. Values
for limb salvage and graft patency rates were obtained by weighting each study according to the number of limbs reported. Values for
patient survival and 30-d operative mortality rates were obtained by weighting each study according to the number of patients included.
The total numbers of limbs or patients used in the calculations for weighted means are indicated.

in the literature. Some authors, recognizing the tremendous
morbidity associated with repeated unsuccessful surgical inter-
ventions, have recommended that patients with ESRD and
critical ischemia should undergo primary amputation rather
than revascularization (70). Others have suggested avoiding
surgical intervention and allowing autoamputation among pa-
tients with stable gangrene who are poor surgical candidates,
on the basis of data indicating poor outcomes with both sur-
gical bypass and amputation (71). At the opposite end of the
spectrum, some authors have suggested early revascularization
for patients with ESRD, on the basis of the fact that outcomes
are extremely poor when ischemia is advanced (65). Current
practices fall somewhere in the middle of this spectrum. In the
absence of frank gangrene extending above the foot, patients
with ESRD and critical ischemia are generally offered revas-
cularization when it is technically possible. Amputation is
usualy recommended when gangrene has extended above the
middle of the foot, particularly if the patient has significant
comorbidity and a sedentary lifestyle (71). However, there is
considerable clinical practice variation among individual sur-
geons and among centers.

There is also disagreement regarding the management of
failed bypass grafts among patients with ESRD. The authors of
one recent surgical series of secondary interventions for failed
peda bypass grafts recommended that patients with renal in-
sufficiency not undergo graft revision (72). This recommenda-

tion was based on their observation that all patients with renal
insufficiency who underwent revision required major amputa-
tion within 1 yr. Cost is also a consideration. If successful,
revascularization is cheaper than amputation because rehabil-
itation costs are more modest. However, the cost and length of
the hospital stay increase markedly when subsequent amputa-
tion or graft revision becomes necessary. Korn et al. (73)
estimated an average cost of approximately $44,000 per year of
limb salvage for patients with ESRD. This figure is approxi-
mately twice the estimated cost of limb salvage for non-ESRD
patients ($18,000 to $22,000/yr of limb salvage). However, the
cost was much lower among patients with ESRD who experi-
enced sustained benefits from revascularization, compared
with those who did not ($23,538 versus $110,000 per year of
limb salvage). Unfortunately, it has proven difficult to predict
which patients with ESRD will develop complications after
bypass and ultimately require revision or amputation (74).
Korn et al. (73) observed that patients undergoing peritoneal
dialysis and patients with extensive tissue loss at the time of
revascul arization experienced poor outcomes after revascular-
ization. The considerable patient morbidity and expense related
to failed revascularization procedures underscore the impor-
tance of patient selection for aggressive interventions. More
research is clearly needed to identify patients who are at
highest risk for revascularization failure and who might be
better served by primary amputation.
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Table 4. Outcomes of retrospective studies of limb revascularization among non-ESRD control patients®

No. of  No. of 1-yr Graft 1-yr Limb 2-yr Patient 30-d Mortality

Authors Patients  Limbs Patazg/yg) Rate Salv%;/g) Rate Suwl(\ézl) Rate F({O%e
Taylor et al. (67) 443 540 92 97 72 2.3°
Edwards et al. (70) 238 279 89 95 66 (3yr)° NR
Mills et al. (65) 41 42 84 (2yr)° 92 81¢ 3.6¢
Whittemore et al. (74) 40 43 86 (2yr)° 90 (2yr)P° 66 9
Harpavat et al. (63) 173 199 83 86 87 4
Hakaim et al. (68) 58 70 82 84 90 (1yr)® 2
Total with outcome® 908 1161 1088 1121 697 755
Weighted mean® 88.9 93.6 75.9 31

2NR, not reported.

P Times in parentheses represent alternative lengths of follow-up.
¢ Three-week operative mortality rate.

dValues are for entire group (ESRD and non-ESRD patients).

¢ Weighted means were calculated for all outcomes by using only studies for which there were data for the particular outcome. Values
for limb salvage and graft patency rates were obtained by weighting each study according to the number of limbs reported. Values for
patient survival and 30-d operative mortality rates were obtained by weighting each study according to the number of patients included.
The total numbers of limbs or patients used in the calculations for weighted means are indicated.

Angioplasty. Percutaneous transluminal angioplasty (PTA)
is used when arterial disease is localized to a vessel segment
<10 cm in length. PTA of the iliac arteries produces better
outcomes than does PTA of more distal arteries. Two prospec-
tive clinical trials comparing angioplasty with surgical bypass
in the general population failed to demonstrate convincing
differencesin mortality, patency, and amputation rates between
the two groups to 48 mo (58). However, long-term follow-up
monitoring in the Veterans Cooperative Study did demonstrate
significantly higher 5-yr morbidity and mortality rates for the
surgically treated group, compared with the angioplasty-treated
group (75). These results should be interpreted with caution;
patients undergoing angioplasty may not be strictly comparable
to those undergoing surgical bypass, because only a small
subset of patients are candidates for angioplasty. Although
some centers have experience with lower-extremity angio-
plasty among patients with ESRD, there have been no con-
trolled studies of the use of angioplasty to treat PAOD among
patientswith ESRD, as there have been for non-ESRD patients.
Furthermore, there are anecdotal reports that patients with
ESRD are poor candidates for angioplasty, because of the
relatively high incidence of diffuse distal lesions in this pop-
ulation and because of vascular calcification (76).

Soinal Cord Simulation. SCS has been used widely in
Europe to treat persistent severe ischemic pain and ulcers in
patients with critical limb ischemia not amenable to medical or
surgical therapy (77). SCS is thought to improve microcircu-
lation by stimulating the autonomic nervous system and has
been shown to increase tissue oxygenation in ischemic limbs.
SCSismost effective when ulcers are small and pain control is
a priority. SCS has not been systematically studied among
patients with ESRD, but anecdotal reports are discouraging.
For example, one study reported that al four patients with
ESRD and critical ischemia who were treated with SCS even-
tually required amputation (78).

Prostaglandins. Prostaglandins have been used in the
treatment of both critical and noncritical ischemia, and they
were demonstrated to be superior to placebo in promoting ulcer
healing in several prospective, randomized, clinical trials (79).
The use of prostacyclin for dialysis patients may be problem-
atic. Although prostacyclin has been successfully used as an
extracorporeal anticoagulant for intermittent hemodiaysis,
careful dose adjustment is required when prostacyclin is ad-
ministered in a continuous infusion because its clearance is
reduced approximately fourfold in dialysis patients. The effi-
cacy of prostacyclin among patients with ESRD was recently
called into question by a prospective, double-blind, crossover,
placebo-controlled trial in five patients with ESRD and inter-
mittent claudication. Prostacyclin had no more effect on pain
relief or walking distance than did placebo, and it was noted
that prostacyclin did not produce vasodilation in these patients,
as it does in non-ESRD patients (80).

Amputation. Limb amputation is usually performed as a
last resort, when conservative measures and/or revasculariza-
tion have failled or when the patient is not a candidate for
revascularization. Dialysis patients exhibit extremely high
rates of nontraumatic lower-extremity amputation resulting
from all causes, compared with the genera population (1). A
total of 35,898 amputations were performed in the Medicare
ESRD program between 1991 and 1994. In 1994, the crude
amputation rate was approximately 4.3/100 person-years for al
patients with ESRD and 13.8/100 person-years for diabetic
patients with ESRD. The rate of amputation in all groups
increased during the period of 1991 to 1994. Amputation rates
were fivefold higher for diabetic patients than for nondiabetic
patients, and men were 23% more likely to undergo amputation
than were women.

Poor survival rates for patients with ESRD after amputation
have been well documented (1,81). In the Medicare ESRD
population, survival rates after amputation were only 32.7% at
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2 yr (1). The presence of gangrene, age of >55 yr, and below-
or above-knee amputation (compared with toe amputation)
were associated with significant increases in the risk of death
after amputation. Dossa et al. (81) noted increased hospital
mortality rates and decreased long-term survival rates after
amputation for patients with ESRD, compared with hon-ESRD
patients. For their group of 85 patients with ESRD, they
recorded a hospital mortality rate of 24% and a 2-yr survival
rate of 27%, compared with 7 and 79%, respectively, for the
375 non-ESRD patients studied. Both studies noted signifi-
cantly lower amputation rates for transplant recipients, com-
pared with dialysis patients. Patients with the highest risk of
amputation after transplantation are those with coronary artery
disease (82), those undergoing dialysis before transplantation
(83), and those with abnormal TBI and PVR values at the time
of transplantation (44).

Conclusions

PAOD is more prevalent in the ESRD population than
among the general population and is responsible for significant
morbidity and death in the ESRD population. Future research
efforts should focus on the development of an optimal screen-
ing strategy for patients with ESRD. Effective screening would
alow us to identify patients who are likely to benefit from
interventions such as preventive foot care, smoking cessation,
and exercise programs, which are of proven value in the
treatment of noncritical ischemia in the genera population.
Researchers should also try to identify ESRD-specific risk
factors that could be targeted in efforts to prevent or slow the
rate of progression of PAOD. Finaly, if poor outcomes with
surgical intervention are to be improved, it is essential that we
develop strategies to distinguish between patients who are good
candidates for limb-salvage therapy and those who are not and
might be better served by early primary amputation. (84-91)
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