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THE diagnosis and management of
peripheral vascular disease has under-
gone tremendous change during the
past two decades. Diagnostic angiog-
raphy is complemented and, in some
cases, even supplanted by digital sub-
traction techniques, duplex sonogra-
phy, intravascular ultrasound, and
magnetic resonance imaging. Simi-
larly, percutaneous transluminal an-
gioplasty has evolved from a novelty
to a vital component in the treatment
of peripheral vascular disease. This
document discusses the background
and current state of peripheral angio-
plasty, including the prevalence of pe-
ripheral atherosclerosis and the his-
tory, clinical results, and risks of
angioplasty.

As a less invasive treatment, angio-
plasty has been placed in an awkward
position between surgery and nonop-
erative therapy. To clarify the role of
angioplasty, the determinants of suc-
cess, requisite symptoms for interven-
tion, indications for treatment, and ap-
propriate clinical setting are described.
Because the alternative treatment is
typically surgery when a patient’s con-

dition necessitates intervention, the lit-
erature comparing the two treatments
is reviewed.

EPIDEMIOLOGY

Prevalence and Incidence of
Peripheral Arterial Disease

The prevalence of peripheral arte-
rial disease (PAD) in populations de-
pends on the criteria used for diagno-
sis. Traditionally investigators have
used the criterion of classic intermit-
tent claudication, as determined by the
Rose questionnaire (1), which can only
detect symptomatic disease. Such in-
vestigations have found the rate in
people approximately 60 years of age
to vary from 1% to 6%, with rates 1-l/2
to 2 times higher in men than in
women (2–9). In a population-based
study of older adults in southern Cal-
ifornia, classic claudication rates were
negligible in those less than 60 years
old, rose to 2.4% at ages 60 to 69, and
were 2.7% at age 70 and above (10).
Similar gradients with age have been
seen in other studies. The southern
California study also looked at Rose
and “possible” claudication, or all ex-
ercise calf pain not present at rest. This
category has considerable validity as a
marker of PAD (11). The rates in this
category were 3.1% at ages 40 to 59,

5.4% at ages 60 to 69, and 7.7% at age
70 and above (10). Noninvasive testing
was also used in this study to accu-
rately determine whether subjects
were symptomatic, asymptomatic, or
atypically symptomatic for PAD. The
results were rates of about 2.5% at
ages 40 to 60, 5% at ages 60 to 64, 13%
at ages 65 to 69, 16% at ages 70 to 74,
and 22% at age 75 and above. There-
fore, use of classic Rose claudication as
a criterion appears to result in a dra-
matic underestimation of the preva-
lence of PAD. In addition to the low
sensitivity of Rose claudication (9.2%)
or Rose and possible claudication
(20%) for noninvasively determined
PAD, the positive predictive values
are also lower than might be expected:
54.5% for Rose claudication and 38.2%
for Rose or possible claudication (12).
Thus, even in a population of patients
with classic claudication, only half
may truly have PAD.

Determining the incidence of PAD
requires careful repeated investiga-
tions in the same cohort over time.
Such data are available from the Fra-
mingham Study (13). PAD was de-
fined by intermittent claudication. The
age-specific annual incidence in men
and women per 10 000 population at
risk is shown in Table 1.

Like prevalence, the incidence rates
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of claudication increase sharply with
age, and become quite similar in men
and women at the oldest ages, a trend
also apparent in the study of PAD
prevalence as diagnosed with nonin-
vasive tests (10).

Natural History and Prognosis

Changes over time.—Two thirds to
three fourths of PAD patients who
survive for several years after diag-
nosis will have no worse than stable
symptoms, while the remaining one
third to one fourth will show deterio-
ration or progression. One percent to
5% will eventually require amputa-
tion (14).

This natural history of PAD is
contingent upon long-term survival.
However, cardiovascular mortality in
patients with PAD is sharply in-
creased, leading to a significantly
higher overall death rate (see below).
It seems logical that PAD would
progress more rapidly in patients
who eventually suffer early cardio-
vascular death.

Comorbidity from cardiovascular dis-
ease.—The prevalence of comorbid
coronary disease in patients with
PAD may exceed 50%, and there is
an excess prevalence of cerebrovascu-
lar occlusive disease as well (14).
Such comorbidity is to be expected,
given the similarity of risk factors for
atherosclerosis in various arterial
beds (15).

Mortality.—In early studies using
intermittent claudication to define
PAD, there was a doubling of total
mortality in persons with claudica-
tion (8,16,17), primarily because of

cardiovascular disease. However,
whether this excess risk could be ex-
plained by the excess of cardiovascu-
lar disease risk factors or existing
cardiovascular disease in persons
with PAD was controversial. In a
prospective study, in which noninva-
sive tests were used to make a more
accurate diagnosis of PAD, the rela-
tive risk of all-cause mortality in pa-
tients with PAD was 4.5 (18). Thus, a
better definition of PAD, with less
misclassification, indicated a true ex-
cess risk much higher than the dou-
bling reported in earlier studies in
which PAD was defined by claudica-
tion. In addition, this risk was dem-
onstrated to be independent of car-
diovascular risk factors or extant
cardiovascular disease at baseline.
Further follow-up of this population
revealed that the relative risk for car-
diovascular mortality was about 6,
and in patients with severe or symp-
tomatic disease the relative risk was
about 10 (19). These data highlight
the sharply elevated risk of cardio-
vascular mortality in PAD patients.

PAD Hospitalization and Treatment
in the United States

Gillum (20) recently published esti-
mates of hospitalization and treatment
for PAD in the United States, using data
from the National Hospital Discharge
Survey conducted by the National Cen-
ter for Health Statistics. Between 1985
and 1987 the NCHS coded up to seven
diagnoses and four procedures, using
the ninth revision of the International
Classification of Disease, Clinical Modi-
fication. These codes were used to dis-
tinguish between diagnoses of chronic
PAD and acute PAD and procedures re-
lated to PAD. Data were averaged over
1985 to 1987.

Chronic PAD.—Every year 55 000
men and 44 000 women had a first-
listed diagnosis of chronic PAD, and
229 000 men and 184 000 women had
chronic PAD noted at discharge. In the
latter group 66.3% of the men and
74.1% of the women were 65 years old
or older. Like intermittent claudication
and noninvasively diagnosed PAD, the
rate increased sharply with age, and
the condition was 11⁄2 to 2 times more
common in men. Interventional tech-
niques were the most common proce-
dure used to treat chronic PAD, with
88 000 hospital discharges, a sharp in-
crease from 37 000 in 1979. Aorto-iliac-

femoral bypass was coded for 31 000
discharges, a sharp increase from 18
000 in 1979. Other shunt or bypass pro-
cedures were coded for 74 000 dis-
charges, compared with 46 000 in 1979.
Endarterectomy of lower limb arteries
was listed for 17 000 discharges, com-
pared with 10 000 in 1979.

A bias toward underestimation of
chronic PAD was evident in these data
because, on average, only half the pa-
tients with arteriography, aorto-iliac-
femoral bypass, or other shunt or by-
pass procedures had chronic PAD dis-
charge diagnoses. This underestimation
may reflect, in part, there being only
seven discharge and four procedure
codes.

Amputations were coded for 21 000
men and 15 000 women with a diagno-
sis of chronic PAD per year in the pe-
riod from 1985 to 1987.

Acute PAD.—Each year 60 000 men
and 50 000 women had this diagnosis,
and 57.6% of the men and 69.8% of the
women were aged 65 or older. Ninety-
one percent of these diagnoses in-
volved the lower extremity. Like that
of chronic PAD, the incidence of acute
PAD increased sharply with age and
was 11⁄2 to 2 times more common in
men than women.

Deaths due to PAD.—Few deaths
were attributed to chronic PAD, a find-
ing compatible with previous observa-
tions that the excess mortality in peo-
ple with PAD is attributable to other
cardiovascular causes.(19) In 1985 acute
PAD (arterial embolism and thrombo-
sis of the extremities) was mentioned
583 times as the underlying cause of
death, and 2661 times anywhere on the
death certificate.

Trends in PAD Treatment and
Economic Implications

A recently published study con-
ducted in Maryland confirms the sharp
increase in procedures for PAD noted in
the NCHS data (21). Between 1979 and
1989 the rate of percutaneous translumi-
nal angioplasty for PAD rose from 1 to
24 per 100 000 Maryland residents. De-
spite this dramatic increase, the annual
rate of peripheral bypass surgery also
increased sharply, from 32 to 65 per
100 000. Despite these two therapeutic
interventions, the annual rate of lower
extremity amputation was stable at 30
per 100 000. In constant dollars, total
hospital charges for stays involving a
revascularization procedure increased
from $14.7 million in 1979 to $30.5 mil-
lion in 1989. The associated number of

Table 1
Age-Specific Annual Incidence of
Peripheral Arterial Disease In Men
and Women, Per 10 000 at Risk

Age Men Women

30–44 6 3
45–54 19 7
55–64 53 18
65–74 61 54

From Kannel WB, Skinner JJ Jr,
Schwartz MJ, Shurtleff D. Intermittent
claudication: Incidence in the
Framingham Study. Circulation. 1970;
41:875–883. Reproduced with
permission.
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hospital days rose from 20 695 in 1979 to
33 830 in 1989. The aging of the popula-
tion cannot be blamed for these dramatic
increases, because data were adjusted
for age (and sex) over the 10-year period.
An editorial accompanying the article
suggests that angioplasty and bypass
may have been performed for mild to
moderate disease, which could not save
limbs and could lead to complications
such as amputation, and may have been
performed in too many hospitals, in-
cluding those with limited expertise (22).
Veith et al (23) have described a coordi-
nated effort by an expert vascular sur-
gery team that produced a reduction in
amputations.

When considering the economic im-
plications of current therapy for PAD, it
is important to remember that the data
in the Maryland study were age ad-
justed. In fact, the US population contin-
ues to age, and this factor, combined
with the advance in surgical techniques,
suggests that medical care costs will
mount, particularly given the rather dis-
appointing impact of angioplasty for
PAD on bypass and amputation rates in
Maryland to date (21).

History of Angioplasty

In 1964 Dotter and Judkins (24) de-
scribed the first angioplasties performed
in the femoropopliteal system with coax-
ial catheters up to 12F in diameter. These
catheters were later modified by Staple
(25) and then van Andel (26), who de-
scribed serial tapered dilators. The con-
cept of vessel-sized dilators was clearly
unsuitable, and in 1973 Porstmann (27)
described a caged latex balloon for use in
the iliac system. However, it was not
until Grüntzig and Hopff (28) described
a coaxial balloon catheter that inflated to
a fixed diameter that angioplasty came
to be used with any frequency, particu-
larly in the United States. Nevertheless,
Grüntzig’s balloons were made of poly-
vinyl chloride and were relatively com-
pliant: ie, they increased their diameter
considerably with pressure. However,
over the working pressure of 2 to 6 at-
mospheres, the change was no more
than 1 or 2 ml. Since then, less compliant
materials like polyethylene have been
used to maintain fixed diameters
through a wide range of pressures (29).
Advances in technology, particularly in
size, trackability, and profile of cathe-
ters, have been important, as have the
advances in the pharmacologic adjuncts
to angioplasty. Combined with the im-
provement in image intensification and
digital subtraction filming, these ad-

vances have contributed to the slowly
progressive growth in the number of
procedures performed.

Grüntzig’s primary interest was in
taking his techniques to the coronary cir-
culation, and soon the equipment was
miniaturized for use coaxially through a
guiding catheter. In 1978 the first renal
angioplasty was performed (30) and
shortly after that, the first coronary an-
gioplasty (31).

Results of Angioplasty

In 1991 Rutherford (32) produced re-
porting standards for peripheral inter-
ventions that have since been adopted
by Radiology and the Journal of Vascular
and Interventional Radiology (33). These
standards, modified from standards pro-
posed to the vascular surgical commu-
nity in 1986 (34), will bring uniformity to
a field in which reports are sometimes
difficult to evaluate. Previous studies by
both Johnston et al (35) and Capek et al
(36) meet Rutherford’s criteria, but to
circumvent these problems Adar et al
(37) proposed a meta-analysis technique
called confidence profile analysis, deriv-
ing patency rates similar to those re-
ported by Becker et al (38) in a literature
review. To date, no registry has been
reported, and there is only one random-
ized trial in the literature in which an-
gioplasty is compared with surgery (39).
It indicated similar results over 3 years
between surgery and angioplasty in both
the iliac and femoropopliteal systems.

Angioplasty has been recognized for
some time as a valid technique. In 1984
the Council for Scientific Affairs of the
American Medical Association con-
cluded that “angioplasty is an acceptable
procedure in selected patients as an al-
ternative to bypass grafting” (40). In
1983-1984 the Health and Public Policy
Committee of the American College of
Physicians concluded that “the morbid-
ity in the periphery is less than for sur-
gery” (41). The success rates approxi-
mate those of bypass surgery and are
superior to those of prosthetic femoro-
popliteal artery bypasses. Success is in-
creased in short stenosis and occlusions
with good runoff and in disease limited
to the site of the angioplasty. It is also
more successful in patients with claudi-
cation than in those with ischemia (41).

Aortic Angioplasty

Several small series and case reports
are in the literature (42–49); the largest
series included 32 patients (49). Mean

follow-up in this series was 25 months (1
to 96 months), and 25 of 28 patients
maintained postangioplasty improve-
ment in their ankle/brachial indexes
(mean improvement 0.24). The condition
of only three patients deteriorated. Aor-
tic angioplasty has previously been rec-
ommended for short stenoses, but in this
series 41% of the stenoses were 2 cm or
longer, and half of those were 4 cm or
longer. Patients with these stenoses did
as well as those with isolated stenoses.
Nevertheless, the majority of patients
with widespread aortic disease will have
surgery because in most it will be asso-
ciated with widespread iliac disease.

Iliac Angioplasty

The overwhelming majority of series
in the literature concern stenosis, and the
procedure has been performed for clau-
dication rather than advanced ischemia
in about 75% (35,50–63). Becker et al (38)
analyzed 2697 procedures from the liter-
ature and found a 92% initial success
rate, a 2-year patency rate of 81%, and a
5-year patency of 75%. Nevertheless,
long-term follow-up was not available
for the majority of these patients. Con-
tinued improvement in ankle/brachial
index is a valid method of reporting, but
a decrease in the index may indicate
femoral occlusion rather than restenosis
of the iliac lesion. Little experience has
been reported with a thigh/brachial in-
dex, which is a more logical criterion
(33).

The most recent series in the litera-
ture is that of Tegtmeyer et al (63), who
reported on 340 procedures in 200 pa-
tients. Sixty-eight percent of the angio-
plasties were for claudication. There was
an 80% 4-year patency rate (including
initial failures) measured by improve-
ment in clinical grade only, so these data
are falsely high. The 60% 4-year patency
for common iliac lesions found by
Johnston et al (35) is probably falsely low
because it includes an unknown number
of femoral occlusions occurring at some
time after the iliac angioplasty. Never-
theless, results of the only randomized
trial of surgery showed no significant
difference between the long-term results
of iliac angioplasty and surgery, with a
73% 3-year patency rate (39).

Femoropopliteal Angioplasty

Whereas in the iliac system stenoses
predominate, in the femoropopliteal sys-
tem occlusions predominate by a factor
of at least three. Furthermore, most oc-
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clusions are long, so the majority of le-
sions are not suitable for angioplasty
(64). Nevertheless, considerable data
have been accumulated about angio-
plasty in the femoropopliteal system.
Capek et al (36) reported a follow-up of
a mean of 7 years on 217 patients having
femoropopliteal angioplasty. The major-
ity had the procedure between 1979 and
1980. They were followed up noninva-
sively, but 78 patients had follow-up an-
giograms. Because the procedures were
done some time ago, failure to cross the
lesion occurred in 7% of the stenoses and
18% of the occlusions. More recent series
suggest that this rate could be improved,
and in 1989 Morgenstern et al (65) re-
ported a 91% primary success rate in
complete occlusions. Excluding these
initial failures, the 1-, 3- and 5-year pa-
tency rates in the series reported by Ca-
pek et al were 81%, 61%, and 58%. The
statistically significant factors negatively
influencing the success rate were diabe-
tes and threatened limb loss. Occlusions
were treated as successfully as stenoses,
but treatment of short occlusions (less
than 2 cm in length) was better than
longer occlusions of 10 cm or more. Spe-
cific cutoff points were not identified,
but lesions of more than 10 cm clearly
have unsatisfactory long-term patency.
In the femoropopliteal system, Capek et
al (36) convincingly showed that after 1
year the patency rates are essentially lin-
ear until 10 years, indicating the durabil-
ity of the procedure. Furthermore, each
subsequent angioplasty has the same
prognosis as the initial procedure.

The most significant factor negatively
affecting stenotic disease is long-seg-
ment stenosis (greater than 7 cm). Al-
though these lesions are technically easy
to dilate, the 6-month patency rate is
only 23% (66).

The data of Capek et al (36) are fairly
consistent with an analysis of 984 con-
secutive angioplasties by Johnston et al
(35), who reported that patients with
claudication had a 20% greater patency
rate at 5 years than patients treated for
limb salvage. The patency rate of femo-
ropopliteal disease at 5 years was 40%,
with 11% of the procedures being tech-
nically unsuccessful. However, the pri-
mary failure rate in occlusions was 26%,
compared with 8% in stenoses, and the
primary failure rate accounts for the 20%
difference between stenoses and occlu-
sions. A 20% difference at 5 years was
also seen between patients with good
runoff and poor runoff.

In a randomized Veterans Adminis-
tration trial comparing angioplasty with
surgery there were 98 patients with fem-

oropopliteal disease (39). At 3 years the
patency rate for patients who had under-
gone angioplasty was 59%, not signifi-
cantly different from that in patients
who had undergone surgery. These data
compared with the meta-analysis by
Adar et al (37), who found a 5-year pa-
tency of 60%, while the literature review
by Becker et al (38) of 4304 femoropop-
liteal artery angioplasties revealed a 67%
2-year patency. The majority of these le-
sions were stenoses. These studies are in
accordance with the majority of series in
the literature (50–56,67–73).

Tibial Angioplasty

In 1988 Schwarten and Cutcliff (74)
reported on 146 below-knee angioplas-
ties in 98 patients with a primary success
rate of 97%. All had distal ischemia.
Only 35 patients were followed up, but
in this group there was a 2-year limb
salvage rate of 83%. Ankle/brachial in-
dex rose from a mean of 0.25 to 0.62 as a
result of the procedure, and after 2 years
was a mean of 0.55.

With the very significant improve-
ment in equipment, in good hands the
complications of tibial angioplasty are
few. It would appear that results are best
when straight-line continuity of the ves-
sel to the foot can be achieved (75); sim-
ilarly, Capek et al (36) noted that in the
femoropopliteal system the best predic-
tor of success is a palpable pulse. There
is therefore a tendency to include high
tibial angioplasty in conjunction with
femoral angioplasty to attempt to pro-
vide a palpable pulse in patients with
that particular combination of lesions.
Five years ago they would have under-
gone femoral angioplasty alone.

Restenosis

A patency rate of 70% indicates a sig-
nificant rate of restenosis, even if pro-
gression of atherosclerotic disease,
which usually occurs more than 1 year
after angioplasty and is frequently
known as late restenosis, is excluded
(76). Acute closure immediately after an-
gioplasty is usually caused by dissec-
tion, spasm, or embolism and frequently
is complicated by thrombosis. It occurs
in 1% to 4% of peripheral angioplasties
(52,77). Spasm is now aggressively pre-
treated and treated, with calcium chan-
nel blockers and nitroglycerin, as is the
thrombosis itself with heparin and
thrombolytic agents like urokinase.
Stents may well emerge as the best treat-
ment for dissection, which is the major

cause of immediate postangioplasty clo-
sure (78). The other acute problem is
elastic recoil, which usually results only
in a poor angioplasty result with a sig-
nificant gradient. It is seldom associated
with acute thrombosis. Again, vascular
stenting appears to be the treatment of
choice.

Early restenosis, the most common
type of restenosis (76), most frequently
occurs from 1-2 months to 1 year after
angioplasty and is an intimal prolifera-
tive response. It also occurs after vascu-
lar surgery and is not specific to angio-
plasty (79). Essed et al (80) first
suggested that it was caused by expo-
sure of the myocytes of the media to
blood, and restenosis treated by atherec-
tomy confirms the intimal fibroprolifera-
tion (76). Plaque disruption causes local
platelet deposition with release of
thromboxane A2 and platelet-derived
growth factor. The vessel endothelium
also releases endothelin, which is a po-
tent vasoconstrictor, endothelium
growth factor, and fibroblast growth fac-
tor. This results in the migration and
proliferation of the smooth muscle cells
as well as fibrocellular tissue accumula-
tion, which may completely occlude the
vessel (81).

A recent study of the coronary circu-
lation showed restenosis to be most fre-
quent in saphenous vein bypass grafts
rather than in the native coronary circu-
lation. It was more prevalent in longer
than in shorter lesions. Restenosis was
lowest in the lesions with the largest
postangioplasty diameter (82).

Drug regimens to modify restenosis
have so far been unrewarding. Aspirin
has no influence on the restenosis rate,
and neither does coumadin (83). Ome-
ga-3 fatty acids may be of some benefit
(84), but no long-term studies have been
done. A trial of intracoronary prostacy-
clin showed no benefit (85).

Requisite Symptoms for Intervention
Signs and Symptoms of Peripheral
Vascular Disease

Chronic lower extremity ischemia has
a broad spectrum of severity. The most
widely used classification is that devel-
oped by Fontaine, which encompasses
four stages of severity based on signs
and symptoms (Table 2 [86]). Stages I
and II in the Fontaine classification in-
clude ischemia only with exercise, while
stages III and IV include ischemia at rest.
Although not commonly used in the
United States, this classification is
widely used in other parts of the world
and appears frequently in publications.
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Most patients with chronic ischemia
of the lower extremity will have pain as
the primary symptom. To establish a
vascular etiology for this pain, it is es-
sential to confirm the presence of arterial
occlusive lesions and quantitate their he-
modynamic and physiologic signifi-
cance. Intermittent claudication is a clin-
ical condition characterized by the
appearance of symptoms in the muscles
of the lower extremities during exercise,
with prompt relief after cessation of ex-
ercise. The location of the exercise-in-
duced discomfort, its relation to walk-
ing, and its duration and severity are
usually constant in each patient. Wors-
ening of symptoms in a patient with sta-
ble claudication is usually caused by oc-
clusion of previously stenotic axial
vessels or one of the major collaterals
that circumvent an obstruction. Ad-
vanced ischemia (Fontaine stages III and
IV) is characterized by pain at rest. This
includes ischemic rest pain, character-
ized by burning or aching discomfort, or
sometimes numbness confined to the
toes and forefoot. Its onset is usually
within a few hours of assumption of the
recumbent position and is relieved by
placement of the foot in a dependent
position. This symptom must be distin-
guished from night cramps, which are
quite common in elderly patients. Night
cramps affect primarily the calf muscles
(although they can affect the muscles of
the foot as well), are probably not di-
rectly caused by circulatory impairment,
and do not carry the same prognostic
implications as does ischemic rest pain.
Ulceration and gangrene are obviously
manifestations of far-advanced arterial
insufficiency. Whereas the patient who
has just intermittent claudication has a
generally favorable natural history for
which any intervention can be consid-
ered elective, patients with ischemic rest

pain, ischemic skin lesions, or both are in
a limb-threatening situation unless the
circulatory status of the affected limb
can be improved.

Almost all patients with intermittent
claudication have diminished or absent
lower extremity pulses, but occasionally
patients may have a normal examination
at rest with the diminished perfusion de-
tectable only with exercise, either by
physical examination or Doppler-mea-
sured ankle/brachial systolic blood
pressure ratios. As disease severity
progresses, physical findings of ischemia
at rest develop before the onset of symp-
toms at rest. These physical findings in-
clude atrophy of the skin and dermal
appendages manifested as loss of hair
and atrophy of the subcutaneous tissue
with shiny, tight, smooth skin stretched
over the toes. Ridging of the toenails and
slow or poor healing of breaks in the
skin are other manifestations of this
stage of ischemia. Finally, as noted
above, the development of ischemic ul-
cers or gangrene marks the end stages of
circulatory impairment.

In most patients, the diagnosis of in-
termittent claudication or ischemic rest
pain can be established by a thorough
clinical history and physical examina-
tion. These will usually allow determi-
nation of the approximate location and
the hemodynamic significance of vari-
ous obstructive lesions. Modern nonin-
vasive, physiologic testing can then be
used to confirm the presence of arterial
insufficiency, quantify its severity, doc-
ument the location and hemodynamic
importance of individual arterial lesions,
and provide an objective means of fol-
low-up and monitoring of treatment.

Clinical Indications for
Revascularization

For patients truly incapacitated by
their exercise limitation, be it for recre-
ational, vocational, or personal reasons,
invasive intervention is appropriate.
This also applies to patients with limb-
threatening ischemia. A balance must
obviously be maintained between the
risks of the various interventions and the
risks of the natural history of the disease
if left untreated. The recent introduction
of percutaneous treatments, including
balloon angioplasty, atherectomy, and
stents, has expanded the scope of physi-
cians treating patients with peripheral
vascular disease. These interventional
techniques have been promoted as safe,
cost-effective, reliable, and durable alter-

natives to conventional vascular surgical
procedures, and they have been offered
to many patients with milder degrees of
ischemia that would not meet conven-
tional criteria for surgical intervention.
Unfortunately, there have been few
properly performed prospective, ran-
domized, clinical trials to substantiate
these claims.

When the degree of ischemia is limb-
threatening (there is ulceration, rest
pain, or gangrene), the natural history is
one of progressive deterioration, and the
only treatment alternatives are revascu-
larization or amputation. Nearly all pa-
tients in this situation are candidates for
attempted lower extremity revascular-
ization, and in most series account for
more than 70% of patients operated on.
There is relatively little controversy
about the decision to intervene in this
group of patients. On the other hand,
patients who only have ischemia with
exercise, ie, intermittent claudication,
have a much more favorable prognosis,
and intervention has not been tradition-
ally considered by vascular surgeons un-
til the symptoms become truly incapac-
itating. This long-standing tradition of
interventional conservatism is based on
the perceived favorable natural history
of this condition as reported in prospec-
tive studies more than 30 years old as
well as in the Framingham study of 1970.
These studies show that only 7% to 10%
of patients with intermittent claudica-
tion will progress to a degree of ischemia
requiring amputation over a 5-year fol-
low-up (87–90). However, more contem-
porary data suggest that the natural his-
tory may not be so favorable. McDaniel
and Cronenwett (91) reviewed 6 studies
involving 2307 patients with an average
follow-up of 4.4 years. The conditions of
only 50% improved or became stable
and of 14% worsened; 30% of the pa-
tients required operations for rest pain
or tissue loss, and 6% ultimately under-
went amputation.

Percutaneous transluminal angio-
plasty has been the endovascular proce-
dure most widely used for treating oc-
clusive arterial lesions. For most lesions,
the published data on the procedure are
not comparable to contemporary results
of conventional surgical procedures (ex-
ceptions being short, focal lesions affect-
ing the common iliac and superficial
femoral arteries). Endovascular treat-
ment of these lesions might be appropri-
ate earlier in the course of a patient’s
disease than would conventional surgi-
cal procedures. The relative risks and
benefits of the various treatment modal-

Table 2
Claudication–Fontaine Classification

Stage Symptoms

I Asymptomatic
II. Intermittent claudication
II-a. Pain-free, claudication walking

�200m
II-b. Pain-free, claudication walking

�200m
III. Rest/nocturnal pain
IV. Necrosis/gangrene

Adapted from Reference 86.
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ities are discussed in detail later in this
report.

Role of Conservative Treatment and
Risk Factor Reduction

Nonoperative treatment is appropri-
ate for most patients with non-limb-
threatening chronic lower extremity
ischemia (stages I and II). Symptomatic
lower extremity atherosclerotic occlu-
sive disease is a marker of a similar dis-
ease process affecting other vascular
beds, particularly the extracranial ca-
rotid and coronary circulations. There-
fore, assessment of these areas may be
appropriate as an adjunct to cessation of
smoking, exercise, and pharmacologic
agents (92).

The adverse effects of cigarette smok-
ing are well known, and smoking clearly
has been shown to be an important risk
factor for both the development and pro-
gression of peripheral vascular disease.
There is abundant evidence that cessa-
tion of smoking leads to improvement of
the symptoms of intermittent claudica-
tion, which can be expected in 85% of
patients, and improvement in walking
distance can be as much as 200% to 300%
(92–95). There is also evidence that con-
tinuation of smoking after reconstructive
arterial surgery results in a statistically
significant increased incidence of recon-
struction failure (96). Most patients ex-
perience great difficulty in discontinuing
the use of cigarettes. Nicotine-containing
chewing gum and transdermal patches
are probably helpful, but the importance
of the physician’s role and the supple-
mental use of counseling and group
therapy must be emphasized. Cessation
of tobacco use is the single most impor-
tant factor in the nonoperative manage-
ment of patients with intermittent clau-
dication.

The second most important nonop-
erative treatment factor is exercise. The
beneficial effects of exercise in patients
with intermittent claudication have long
been known. In addition, regular physi-
cal training has potentially beneficial ef-
fects on other cardiovascular risk factors,
neuromuscular function, and joint mo-
bility, particularly in elderly patients.
Data from controlled studies strongly
suggest that supervised active leg exer-
cise programs are associated with im-
provement in pain-free and maximum
walking distance (97–100). The most suc-
cessful programs combine regular, su-
pervised group sessions with daily
home activities. The prescribed exercises
must be safe, simple, and convenient,
and are most successful when they are

combined with comprehensive objec-
tives, regular supervision, and outcome
evaluation.

Many pharmacologic agents have
been used for the treatment of intermit-
tent claudication, including vasodilators,
antiplatelet agents, hemorheologic
agents, and metabolic enhancers. Al-
though a large number of vasodilators
have been used, none have proven to be
of benefit in patients with chronic lower
limb ischemia, and none are currently
approved for this condition by the Food
and Drug Administration. Several, in
fact, have been withdrawn from the mar-
ket. Antiplatelet aggregating agents may
be helpful in the prevention of athero-
sclerotic progression and are widely
used, particularly for their effects on the
coronary and cerebral circulations. Their
effects on the progression of lower ex-
tremity lesions are not known. Pentoxi-
fylline, a methylxanthine derivative, is
the only hemorheologically active agent
currently approved by the FDA for treat-
ment of intermittent claudication. Sev-
eral randomized prospective clinical tri-
als have reported statistically significant
improvement in walking distance when
this drug is administered, and improve-
ment can be expected in about 25% to
50% of patients with mild to moderate
symptoms (101). Unfortunately, there is
a poor correlation between response to
treatment and improvement in blood
rheologic parameters, and 6 to 8 weeks
of treatment may be required before
beneficial effects are seen.

Drugs that increase the metabolic ef-
ficiency of ischemic skeletal muscle are
not yet available in the United States but
are being extensively tested in Europe.
These include naftidrofuryl (Praxilene)
and carnitine (102). The early results
have been promising, but the results of
additional randomized prospective clin-
ical trials in North America will be
needed to determine whether these
agents will have a role in the manage-
ment of intermittent claudication.

Modification of other risk factors may
be necessary. Diabetes mellitus, hyper-
lipidemia, and hypertension are the
most frequent disorders associated with
peripheral vascular occlusive disease.
Several reports have shown a strong as-
sociation between elevated plasma ho-
mocystine concentration and peripheral
arterial occlusive disease (103). Because
this is a genetic disorder, this diagnosis
may be worth considering in patients
under the age of 50 who have intermit-
tent claudication (104).

Pretreatment Noninvasive Vascular
Laboratory Assessment

Although the clinical history and
physical examination are key elements
in the evaluation of patients with chronic
lower extremity ischemia, physiologic
testing with modern noninvasive tech-
niques has become an essential compo-
nent of the pretreatment evaluation and
post-treatment follow-up. Several tech-
niques have been used for this purpose,
including plethysmography (volume
flow, pulse volume recordings) and
Doppler ultrasound techniques. The
simplest and most widely used is the
determination of the ankle/brachial sys-
tolic blood pressure index, which serves
as an excellent indicator of the overall
arterial supply of an extremity. Multiple
pneumatic cuffs are used on the extrem-
ity to determine arterial pressure in dif-
ferent segments of the limb. The Doppler
analog waveform can also be analyzed
in a qualitative fashion, and all of these
studies can be combined with treadmill
exercise testing. These exercise tests are
particularly useful in symptomatic pa-
tients who have normal or near normal
ankle/brachial index values at rest as
well as in patients with other conditions
associated with chronic, exercise-related,
lower extremity discomfort. Duplex ul-
trasound has recently been used in the
evaluation of the aorto-iliofemoral ves-
sels and may become more important for
this purpose in the future. Proper inter-
pretation of the results of any of the non-
invasive physiologic tests depends on
in-depth knowledge of vascular disease
in general as well as of the individual
patient. Each of the different techniques
has its own advantages, disadvantages,
and limitations, and the physician using
these modalities must be aware of them.
Standards for Evaluating and Reporting
Peripheral Angioplasty

An arterial stenosis or occlusion is
significant when physiologic alterations
result in immediate or potentially long-
term adverse consequences. Therefore,
documentation must be obtained that (1)
substantiates the physiologic and clinical
abnormality, (2) enables comparison to
determine procedural and clinical suc-
cess, and (3) provides a database that
allows assessment of long-term patency,
clinical success, or lesion recurrence.

A vascular obstruction (stenosis or
occlusion) that diminishes arterial blood
flow sufficiently to alter function may be
manifested as exercise-induced limb
claudication, basilar artery insufficiency
(ie, subclavian steal syndrome), renovas-
cular hypertension or renal ischemic at-
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rophy, or ischemic tissue injury (eg, ul-
cers or nonhealing wound).

The documentation of a significant le-
sion may include visualization and he-
modynamic determinations including
arteriography, translesion pressure gra-
dients, ankle/brachial index, pulsed vol-
ume recordings, and duplex scanning.
There may be a physiologic response to
ischemia, including claudication or
physical signs of tissue damage such as
hair loss, skin atrophy, or ulceration. De-
termination of other parameters such as
isotopic muscle imaging and transcuta-
neous pO2 may be of value, particularly
when compared serially with baseline
studies.

Standards for reporting results are
particularly important in the evaluation
of percutaneous interventions to ensure
that results of different therapies (ie, sur-
gical and interventional) can be com-
pared. Such standards have recently
been proposed and published (32–34).
Although such recommendations may
seem arbitrary and be unpopular, com-
pliance is critical for meaningful analysis
of utilization data, quality of care, and
the scientific literature.

Definitions and Classification Criteria
(Table 3)

1. Viable: Limb not immediately
threatened; no ischemic pain, no
neurologic deficit, skin capillary
circulation adequate; clearly audi-
ble Doppler flow signal in pedal
arteries or ankle pressure greater
than 30 mm Hg.

2. Threatened viability: Implies re-
versible ischemia and a limb sal-
vageable without major amputa-
tion if arterial obstruction
promptly relieved; ischemic pain

and/or mild and incomplete neu-
rological deficit present (eg, sen-
sory loss involving only vibra-
tion, touch position, or weakness
of toe/foot dorsiflexion); “pulsa-
tile flow” in pedal arteries not
audible with Doppler instrument,
but venous patency demonstra-
ble.

3. Major, irreversible ischemic
change: Will require major ampu-
tation regardless of therapy; pro-
found sensory loss and muscle
paralysis, absent capillary skin
flow or evidence of more ad-
vanced ischemia (eg, muscle rigor
or skin marbling); neither arterial
nor venous flow signals audible
distally.

The Fontaine classification has been
further modified and subdivided to per-
mit more accurate classification (32–34).
Henceforth, patients with chronic ex-
tremity ischemia should be categorized
according to Table 4.

Modification of certain criteria is
necessary to permit comparison of en-
dovascular techniques (33,34,105). For
example, whether obstruction of the
superficial femoral artery is due to ste-
nosis or a long occlusion may be irrel-
evant to the vascular surgeon, but such
a distinction is very important to the
interventionalist. Thus, arterial lesions
should be described by location and
type (eccentric or concentric, calcified
or noncalcified, focal or diffuse). The
length of lesions should be quantified
(�2 cm, 2 to 5 cm, 5 to 10 cm, �10 cm)
and the status of runoff vessels defined
(number of adequately patent vessels,
minus those with �50% stenosis, mi-
nus the number of runoff vessels).

Criteria for improvement after percu-
taneous interventions are different for

early and late success. Early success
should be judged on a combination of
clinical, hemodynamic, and angio-
graphic factors, with improvement in all
three for the procedure to be considered
successful. Clinical improvement should
include symptomatic improvement and
change of at least one category in Table
5.

Hemodynamic improvement should
be defined as an increase in ankle/bra-
chial index of 0.10. For diabetic patients
with incompressible vessels, pulse vol-
ume recording distal to revasculariza-
tion of 5 mm above preprocedure testing
should be documented. Finally, angio-
graphic success should result in less than
30% residual stenosis. Changes in the
condition of the affected extremity
should be categorized on a scale of �3 to
�3 as described in Table 5.

OUTCOME CRITERIA

Criteria for Significant Change in
Status (Improvement, Deterioration, or
Failure)

Patency is the ultimate criterion of
success when results of arterial recon-
struction are reported, because it is a
discrete and comparable end point.
However, patency does not necessarily
mean success (eg, patient is not relieved
of claudication, rest pain, or the need for
major amputation, although the graft is
clearly patent). This may be termed a
“hemodynamic failure.” At the other ex-
treme, a bypass graft, performed for
limb salvage, may occlude but the limb
may no longer be threatened. How often
such cases are the result of loosely de-
fined indications and how often they
represent true salvage because of time
gained for collateral development or suf-

Table 3
Clinical Categories of Acute Limb Ischemia

Category Description
Capillary

Return Muscle Weakness Sensory Loss

Doppler Signals

Arterial Venous

Viable Not immediately
threatened

Intact None None Audible (AP � 30
mm Hg)

Audible

Threatened Salvageable it
promptly
treated

Intact, slow Mild, partial Mild, incomplete Inaudible Audible

Irreversible Major tissue loss,
amputation
regardless of
treatment

Absent
(marbling)

Profound, paralysis
(rigor)

Profound, anesthetic Inaudible Inaudible

AP indicates ankle pressure.
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ficient improvement in circulation to al-
low healing remain grounds for debate.
Clear definitions of patency, foot sal-
vage, or significant improvement are
needed to serve as ultimate measures of
success, and reporting the rates of other
criteria in addition to patency will pro-
vide greater perspective and better
grounds for comparison.

For reporting purposes, the designa-
tion “significantly improved” ordinarily
requires an improvement by at least one
clinical category, but patients with actual
tissue loss (those in category 5) must
improve by at least two categories and
reach a level of claudication to be con-
sidered improved. In addition, some ob-
jective criteria of improvement should
be included (eg, a change in the ankle/
brachial index of more than 0.10).

Classification of Peripheral Vascular
Disease: Selection Criteria for
Percutaneous Therapy

When a patient meets the clinical cri-
teria for therapy, a choice must be made
between traditional surgical procedures
or percutaneous revascularization. The
choice is based primarily on the angio-
graphic findings, but a number of factors
must be considered. These include the
severity of the symptoms, the durability
and risks of each therapeutic alternative,
the skills of the various specialists in-
volved, and the patient’s preferences. In
addition, when considering the durabil-
ity of the alternatives it must be remem-
bered that there will usually be an op-
portunity to repeat angioplasty if
restenosis occurs, with prolongation of
clinical benefit at moderate additional

cost and morbidity. Furthermore, the
morbidity associated with the reocclu-
sion of a percutaneously treated lesion
compared with a surgical bypass must
be weighed. Therefore, the relative mer-
its of percutaneous and conventional
surgical therapies must be evaluated
with the total cost, length of hospitaliza-
tion, lost time, and morbidity consid-
ered. All these factors make the develop-
ment of a rigid classification based on
angiographic criteria alone unworkable.

Using the results of published studies
is the obvious method for developing
guidelines. However, use of the litera-
ture as the final arbiter only confounds
this process. There has been only one

large randomized prospective trial com-
paring balloon angioplasty with surgical
therapy (39). The results of most trials
are not strictly comparable because of
the variability in study design, criteria
for patient selection, clinical success, pa-
tency, and follow-up, so there is a broad
range of reported success rates. In addi-
tion, most published series come from
centers that have special expertise in the
procedure reported, and the results may
not be achievable in the community at
large.

Therefore, to define criteria, data
from the literature were used as a guide
for the development of a consensus
among the committee members as to the

Table 4
Clinical Categories of Chronic Limb Ischemia

Grade Category Clinical Description Objective Criteria

0 0 Asymptomatic—not hemodynamically
significant

Normal treadmill/stress test

I 1 Mild claudication Completes treadmill exercise,* AP after exercise
�50 mm Hg but �25 mm Hg less than BP.

2 Moderate claudication Between categories 1 and 3.
3 Severe claudication Cannot complete treadmill exercise and AP

after exercise �50 mm Hg.
II 4 Ischemic rest pain Resting AP �40 mm Hg, flat or barely pulsatile

ankle or metatarsal PVR; TP �30 mm Hg.
5 Minor tissue loss—nonhealing ulcer, focal

gangrene with diffuse pedal ischemia
Resting AP �60 mm Hg, ankle metatarsal PVR

flat or barely pulsatile; TP �40 mm Hg.
III 6 Major tissue loss—extending above TM level,

functional foot no longer salvageable
Same as category 5.

AP indicates ankle pressure; BP, blood pressure; PVR, pulse volume recording; TP, toe pressure; TM, transmetatarsal.
* Five minutes at 2 mph on a 12% incline.

Table 5
Clinical Improvement After Percutaneous Interventions

Grade Clinical Description

�3 Markedly improved: symptoms gone or markedly improved;
ankle/brachial index increased to more than 0.90.

�2 Moderately improved: still symptomatic, but at least single
category improvement; ankle/brachial index increased by
more than 0.10 but not normalized.

�1 Minimally improved: greater than 0.10 increase in
ankle/brachial index but no categorical improvement, or vice
versa (ie, upward categorical shift without an increase in
ankle/brachial index of more than 0.10).

0 No change: no categorical shift and less than 0.10 change in
ankle/brachial index

�1 Mildly worse: no categorical shift but ankle/brachial index
decreased more than 0.10, or downward categorical shift with
ankle/brachial index decreases less than 0.10.

�2 Moderately worse: one category worse or unexpected minor
amputation.

�3 Markedly worse: more than one category worse or unexpected
major amputation.
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most appropriate therapy. A similar set
of previously published guidelines (106)
has been modified for this article. For
each vascular distribution, the angio-
graphic extent of disease was divided
into one of four categories. The catego-
ries, defined below, are written to allow
leeway for judgment. It is important to
remember that this is only a set of guide-
lines. In any individual patient, alterna-
tive management may be valid for
sound clinical reasons. In addition, cer-
tain surgical or percutaneous procedures
require the physician to be highly
trained or unusually skilled in the spe-
cific technique. Practitioners are cau-
tioned to recognize the level of skill and
experience they possess and to weigh
the appropriateness of therapy in that
light. Finally, these guidelines are in-
tended to define in a general way the
current procedures of choice and should
not be used to discourage innovation or
new developments in properly con-
trolled clinical research protocols. They
will be reviewed and updated periodi-
cally as knowledge of the therapy of vas-
cular disease advances.

Definition of Categories

Category 1.—Lesions for which per-
cutaneous transluminal angioplasty
alone is the procedure of choice. Treat-
ment of these lesions will result in a
high technical success rate and will
generally result in complete relief of
symptoms or normalization of pressure
gradients.

Category 2.—Lesions that are well
suited for percutaneous transluminal
angioplasty. Treatment of these lesions
will result in complete relief or signifi-
cant improvement in symptoms,
pulses, or pressure gradients. This cate-
gory includes lesions that will be
treated by procedures to be followed
by surgical bypass to treat multilevel
vascular disease.

Category 3.—Lesions that may be
treated with percutaneous therapy, but
because of disease extent, location, or
severity have a significantly lower
chance of initial technical success or
long-term benefit than if treated with
surgical bypass. However, percutane-
ous transluminal angioplasty may be
performed, generally because of patient
risk factors or because of lack of suit-
able bypass material.

Category 4.—Extensive vascular dis-
ease, for which percutaneous therapy
has a very limited role because of low
technical success rate or poor long-term
benefit. In very-high-risk patients, or in

those for whom no surgical procedure
is applicable, percutaneous translumi-
nal angioplasty may have some place.

Aortic Angioplasty

Focal aortic stenosis is an unusual
manifestation of atherosclerosis, and as a
result the number of reported cases
treated with balloon angioplasty is
small. Early case reports and small series
established the feasibility of percutane-
ous treatment (42–46,107), and two re-
cent larger series(49,108) support the use
of angioplasty in focal stenotic disease of
the abdominal aorta. Technical success is
greater than 90% and patency rate ap-
pears acceptable, although long-term fol-
low-up is still very limited. Patients with
focal severe stenosis of the infrarenal aorta
with an otherwise minimally diseased ves-
sel have the best clinical results. Treatment
of patients with severe diffuse atheroscle-
rotic disease of the aorta is not advocated.
The dilation of stenoses more than 4 cm in
length has been reported in small numbers
of patients (49), and although the initial
results have been encouraging, the data
supporting the percutaneous treatment of
long segment aortic stenosis are insuffi-
cient to recommend it categorically. Treat-
ment of patients with atheroembolic
symptoms has also been successful, but a
reported death associated with this proce-
dure dictates caution in this group of pa-
tients (108).

Category 1.—Short segment stenosis
of the infrarenal abdominal aorta (less
than 2 cm) with minimal atheroscle-
rotic disease of the aorta otherwise.

Category 2.—Medium-length stenosis
of the infrarenal abdominal aorta (2 to
4 cm) with mild atherosclerotic disease
of the aorta otherwise.

Category 3.—(1) Long segment (�4
cm) stenosis of the infrarenal abdomi-
nal aorta; (2) aortic stenosis with athe-
roembolic disease (blue toe syndrome);
or (3) medium-length stenosis of the in-
frarenal abdominal aorta (2 to 4 cm)
with moderate to severe atherosclerosis
of the aorta otherwise.

Category 4.—(1) Aortic occlusion or
(2) aortic stenosis associated with an
abdominal aortic aneurysm.

Iliac Angioplasty

Percutaneous transluminal angio-
plasty has proved to be an effective tech-
nique for treatment of symptomatic ath-
erosclerotic disease in the iliac arteries,
with a success rate of 95% and 5-year
patency of 80% to 90% reported for short

segment stenosis (35,51,52,57,58,63,109,
110).

These results approach those of sur-
gical bypass procedures (111,112). The
success of iliac angioplasty is related to
many factors, including lesion length,
presence of occlusion or stenosis, ade-
quacy of distal runoff, and the presence
of diabetes (112–114). In general, the best
results are obtained with limited stenotic
lesions with patent runoff vessels and in
nondiabetic patients. Control of other
cardiovascular risk factors has an uncer-
tain effect on iliac patency. An overall
technical success of 95% can be antici-
pated with proper selection for category
1 or 2 stenoses. Five-year patency is 80%
to 85% for ideal short segment lesions,
with patency decreasing to approxi-
mately 65% to 75% for stenoses in cate-
gory 3 (35,51,57,63,109). Although longer
lesions can be successfully dilated, the
long-term patency is lower, and surgical
treatment would be preferred in patients
with low surgical risk.

Total occlusion of an iliac artery has
been considered a contraindication to
percutaneous transluminal angioplasty
because of the risk of distal embolus or
contralateral embolization by dislodg-
ment of atheromatous material or clot
(115). In addition, angioplasty of occlu-
sions has generally had a much poorer
outcome (116). Although recent reports
of percutaneous therapy are more opti-
mistic (117,118), they have failed to place
sufficient emphasis on the role of throm-
bolytic therapy prior to balloon angio-
plasty. Before percutaneous therapy is
attempted on total iliac occlusions, a trial
of intra-arterial thrombolytic therapy
should be done. The conversion of an
occlusion to a stenosis by the prelimi-
nary use of a thrombolytic agent should
improve results while reducing the risk
of distal embolization. The lesions dis-
cussed below are categorized based on
their appearance after thrombolytic ther-
apy. Recent studies have defined a sub-
group of patients with unilateral “blue
toe syndrome” and hemodynamically
significant stenosis, in whom percutane-
ous therapy has been beneficial
(119,120). At present, the experience
with percutaneous treatment of such
atheroemboli or blue toe syndrome is
small and the role of angioplasty not
completely defined. Although the pres-
ence of dense calcification increases the
difficulty of angioplasty, with newer bal-
loon technology these lesions can be suc-
cessfully dilated. Because of the in-
creased risk of arterial rupture,
aneurysms adjacent to stenosis are best
treated surgically.
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Category 1.—Stenosis is less than 3
cm in length and concentric and non-
calcified.

Category 2.—(1) Stenosis is 3 to 5 cm
in length or (2) calcified or eccentric
and less than 3 cm in length.

Category 3.—(1) Stenosis is 5 to 10
cm in length or (2) occlusion is less
than 5 cm in length after thrombolytic
therapy with chronic symptoms.

Category 4.—(1) Stenosis is greater
than 10 cm in length, (2) occlusion is
greater than 5 cm in length, after
thrombolytic therapy and with chronic
symptoms, (3) there is extensive bilat-
eral aortoiliac atherosclerotic disease, or
(4) the lesion is an iliac stenosis in a
patient with abdominal aortic aneu-
rysm or another lesion requiring aortic
or iliac surgery.

Femoropopliteal Angioplasty

After more than 15 years of experi-
ence with angioplasty in the femoropop-
liteal segment, a number of factors that
directly affect the success of the proce-
dure have been identified. Short lesion
length, minimal vascular disease else-
where, claudication as the presenting
symptom, stenosis rather than occlusion,
and absence of diabetes all correlate with
improved patency. Treatment of lesions
less than 5 cm in length has better results
than that of lesions more than 10 cm
long. Significant residual stenosis after
angioplasty correlates with a poor long-
term outcome (36). The presence of
patent runoff vessels correlates with
long-term benefit, reflected in the im-
proved outcome in patients with milder
symptoms (35,36,113). Surgery is indi-
cated for long segment occlusions (great-
er than 10 cm) and for patients with
severe diffuse disease for which dilation
of very long segments of vessel would be
required. Angioplasty has a limited but
definite role in patients with advanced
disease, either in combination with vas-
cular reconstruction or when surgery is
not possible (122,123).

During the past decade there have
been consistent advances in both the sur-
gical and percutaneous management of
femoropopliteal disease. The recent de-
velopment of devices for the percutane-
ous treatment of femoropopliteal disease
holds promise for improvement in the
technical success and patency rates.
However, until longer follow-up is avail-
able for results of many of the newer
devices, therapeutic decisions will con-
tinue to rely on the extensive data avail-
able on balloon angioplasty and surgical
revascularization. Meanwhile, improve-

ments in the technique of femoropopli-
teal bypass have resulted in a 5-year pa-
tency of 80% in the best-reported series
(124). However, whether this level of
success can be matched in the commu-
nity seems doubtful (125), and an aver-
age patency of vein graft bypasses is
probably closer to 60% to 70% at 5 years.
In addition, failure of a femoropopliteal
graft has graver consequences than re-
stenosis of an angioplasty site (126).
Therefore, it appears that surgery and
angioplasty have a complementary role,
with percutaneous treatment for patients
with less severe disease and those who
are poor candidates for surgery, and sur-
gery for more advanced disease in pa-
tients who are candidates for surgery.

Category 1.—(1) Single stenosis up to
5 cm in length that is not at the super-
ficial femoral origin or distal portion of
the popliteal artery, or (2) single occlu-
sion up to 3 cm in length not involving
the superficial femoral origin or distal
portion of the popliteal artery.

Category 2.—(1) Single stenosis 5 to
10 cm in length, not involving the dis-
tal popliteal artery, (2) single occlusion
3 to 10 cm in length, not involving the
distal popliteal artery, (3) heavily calci-
fied stenosis up to 5 cm, (4) multiple
lesions, each less than 3 cm, either ste-
noses or occlusions, or (5) single or
multiple lesions where there is no con-
tinuous tibial runoff to improve inflow
for distal surgical bypass.

Category 3.—(1) Single occlusion 3 to
10 cm in length, involving the distal
popliteal artery, (2) multiple focal le-
sions, each 3 to 5 cm (may be heavily
calcified), or (3) single lesion, either ste-
nosis or occlusion, with a length of
more than 10 cm.

Category 4.—(1) Complete common
and/or superficial femoral occlusions,
(2) complete popliteal and proximal tri-
furcation occlusions, or (3) severe dif-
fuse disease with multiple lesions and
no intervening normal vascular seg-
ments.

Infrapopliteal Angioplasty

Early experience with transluminal
angioplasty of the infrapopliteal vessels
met with limited success because of lim-
itations in available catheter technology
(69,126,127). Recent advances in catheter
and guidewire design have allowed safe
and efficacious application of angio-
plasty techniques in the anterior tibial,
posterior tibial, and peroneal arteries
(74,75,128,129). However, the risks are
somewhat greater in these vessels than
in the larger, more proximal arteries. The

indications for intervention in these ves-
sels are more limited than those previ-
ously discussed, and should be applied
judiciously (75). In addition, the greatest
benefit occurs when the disease is local-
ized, with restoration of straight-line
flow to the foot. Because of the advanced
multilevel disease frequently present,
the most common symptoms are isch-
emic rest pain, ischemic ulceration, or
gangrene. Generally, infrapopliteal an-
gioplasty is only indicated when these
symptoms are severe. However, severe
claudication that prevents minimal am-
bulation may be an acceptable indica-
tion, particularly if a vessel at a higher
level is to be treated (129). Mild to mod-
erate claudication is not an indication for
treatment of these vessels, both because
treatment at other levels generally re-
lieves the symptoms and because the
risk of occlusion is unacceptably high for
treatment of this condition.

Category 1.—Single focal stenosis, 1
cm or less, of tibial or peroneal vessels.

Category 2.—(1) Multiple focal steno-
ses, each 1 cm or less, of tibial or pero-
neal vessels, (2) one or two focal steno-
ses, 1 cm or less, of tibial trifurcation,
or (3) tibial or peroneal stenosis dilated
in combination with femoral popliteal
bypass.

Category 3.—(1) Moderate-length ste-
nosis (1 to 4 cm) or moderate-length (1
to 2 cm) occlusion of tibial or peroneal
vessel or (2) extensive stenosis of tibial
trifurcation.

Category 4.—(1) Tibial or peroneal
occlusions longer than 2 cm or (2) dif-
fusely diseased tibial or peroneal ves-
sels.

Angioplasty of Bypass Grafts

Balloon angioplasty has been advo-
cated as a safe and effective means of
treating many stenoses that develop in
or near bypass grafts (130–137). Al-
though there is variable long-term pa-
tency based on the underlying pathol-
ogy, dilation can sometimes extend the
life of grafts for years. However, two
recent studies have cast some doubt on
the long-term results of balloon dilation
(137,138). Early recurrence has been fre-
quently noted and one recent study re-
ported an 18% 5-year patency rate (138).
In this study there were improved re-
sults in grafts that required only one di-
lation. A subset of patients have acute
graft occlusion, and after treatment with
a thrombolytic agent the underlying ste-
nosis is discovered. Graft patency of le-
sions treated with balloon angioplasty
after thrombolytic therapy has been
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poorer than those discovered and
treated prior to thrombosis (138). Al-
though surgical revision may have better
long-term results, percutaneous therapy
may provide a less expensive and dura-
ble result in some patients. The pathol-
ogy of these stenoses may vary to some
degree, but myointimal hyperplasia is
the most common cause. This may occur
within the graft or at the anastomosis. In
77% of cases the stenosis occurs within
the first year. Hypertrophy of a venous
valve can also cause stenosis and usually
occurs in the first year. Graft failure or
occlusion within the first week after sur-
gery usually indicates a technical prob-
lem and should be treated with reopera-
tion. Graft failure after the first year may
be due to either myointimal hyperplasia
or progression of atherosclerosis, either
above or below the bypassed segment.

Atherosclerotic lesions within native
vessels above or below the bypass are
not discussed here and the type of ther-
apy should be chosen using the catego-
ries from the appropriate vascular distri-
bution. The lesions categorized below
are assumed to have developed after the
perioperative period.

Category 1.—Focal stenosis of the
distal anastomosis of a femoral popli-
teal or femoral-tibial vein bypass.

Category 2.—(1) Focal stenosis of the
proximal anastomosis of a saphenous
vein femoral-popliteal or femoral-tibial
bypass, (2) short-segment (up to 3 cm)
stenosis occurring within vein by-
passes, (3) stenosis associated with aor-
tobifemoral or aortobiliac bypasses, or
(4) stenosis associated with prosthetic
extra-anatomic bypasses.

Category 3.—Moderate-length steno-
sis (more than 3 cm) of venous bypass
grafts.

Category 4.—(1) Long-segment steno-
sis (more than 10 cm) in vein bypass
grafts or (2) stenosis associated with
anastomotic aneurysms.

Patient Care Standard During
Percutaneous Transluminal
Angioplasty

Percutaneous transluminal angio-
plasty and other methods of percutane-
ous revascularization have become es-
tablished as effective therapies for some
patients with peripheral occlusive dis-
ease. Extensive literature now docu-
ments the safety and efficacy of this
procedure in the management of athero-
sclerotic and other vascular diseases.* As
with any invasive therapy, the patient
will most likely benefit when appropri-
ate selection criteria, preprocedure and

postprocedure care, and monitoring are
used. In this section guidelines are pre-
sented for the care of patients undergo-
ing angioplasty of the peripheral vessels.
In all cases, the type of care provided
should be directed by the operating phy-
sician, and treatment decisions should
be made after individual consideration
of each case. Variation from this stan-
dard may be necessary and appropriate,
depending on the specific clinical cir-
cumstances.

Patient Selection Considerations

The indications for angioplasty have
been outlined earlier in this article and in
previous reports; a patient should meet
the appropriate criteria for clinical
symptoms and angiographic findings
(106). These should be documented as
follows:

A written medical history should be
available, including a history of the pre-
senting symptoms, indications for the
procedure, pertinent medical and surgi-
cal history, a list of current medications,
allergic history, and vascular risk fac-
tors.

Physical examination should have
been performed, including a detailed
vascular examination and a general ex-
amination of sufficient depth to exclude
significant concurrent illnesses. For pa-
tients with lower extremity vascular dis-
ease, ankle/brachial index should be
measured prior to arteriography. In
some patients, measurement of segmen-
tal pressures or pulse volume recordings
may help define the level of disease and
assist in planning the angiographic ap-
proach.

Complete diagnostic arteriography
should precede any vascular interven-
tion. This study should be permanently
recorded and should be of sufficient de-
tail to fully characterize the extent of
vascular disease that might contribute to
the symptomatology. This study may
immediately precede intervention when
appropriate.

Informed consent must be obtained
in all cases.

Laboratory evaluation may be indi-
cated: this may include determination of
hemoglobin, hematocrit, creatinine, elec-
trolytes, and coagulation parameters.

Alternative therapies, including sur-
gical revascularization, should be dis-
cussed with the patient and referring
physician. Vascular surgical consulta-
tion is often helpful in clarifying alter-
nate approaches. All interventions
should be done in a setting that will
allow prompt surgical intervention in

emergencies; ideally this setting would
be an acute care hospital.

Procedural Care

All patients should have cardiac
monitoring continuously during the pro-
cedure, with intermittent blood pressure
monitoring. A record of vital signs
should be maintained.

All patients should have intravenous
access for the administration of fluids
and medications as needed.

If the patient is to undergo conscious
sedation, pulse oximetry should be used
and a registered nurse or other appropri-
ately trained person, whose primary re-
sponsibility is to monitor the patient,
should be present.

In certain circumstances, intra-arte-
rial pressure measurements are very
helpful in the preprocedure and post-
procedure assessments, and their use is
encouraged when indicated.

In all cases, postprocedure arteriogra-
phy should be performed and perma-
nently recorded to document the ana-
tomic result and to identify potential
complications.

Equipment and medications for
emergency resuscitation should be im-
mediately available and the personnel
present should be trained in their use.

Postprocedure Care

All patients should be observed while
in bed rest in the initial postprocedure
period. Depending on the size of the ar-
teriotomy and risk factors (see below),
bed rest may be required for up to 24
hours.

During the initial postprocedure pe-
riod, skilled nurses or other appropri-
ately trained personnel should periodi-
cally monitor the puncture site and the
status of the vascular distribution distal
to the puncture and angioplasty sites.

Hemodynamic monitoring is re-
quired to detect late rupture and hemor-
rhage in all patients undergoing angio-
plasty.

The patient should be monitored for
urinary output, cardiac symptoms, pain,
and other indicators of systemic compli-
cations. This may include laboratory
evaluation of renal function at 24 to 48
hours.

The initial ambulation of the patient
must be supervised. Vascular perfusion,
mobility, puncture site stability, and in-
dependent function must be ensured.

When the treatment or vascular ac-
cess requires manipulation in the tho-
racic aorta or brachiocephalic vessels,
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neurological status should be assessed
periodically.

The operating physician or a desig-
nate should evaluate the patient after the
procedure and be available for continu-
ing care during hospitalization and after
discharge.

The patient should be counseled
about reduction of risk factors, in partic-
ular smoking cessation, blood pressure
control, proper diet, weight loss, and ex-
ercise. These changes should be inte-
grated into the overall treatment of the
patient by the primary care physician.

Selection Criteria for Short-Term
Observation

The duration of postprocedure obser-
vation must be decided on an individual
basis. Many patients may be candidates
for short-term observation (less than 12
hours), while others require overnight
care in a hospital. Short-term observa-
tion should only be considered when all
of the following conditions can be met:

Patients should be capable of inde-
pendent ambulation before the proce-
dure and of stable independent ambula-
tion after the procedure.

Mental status should be intact, with
the patient capable of following instruc-
tions and of detecting changes in symp-
toms.

A responsible adult must be present
during the first night after discharge.

The patient should be free of concur-
rent unstable serious medical illness that
might contribute to a significantly in-
creased risk of complication.

The patient must have recovered
from the effects of the sedation.

Travel time to the hospital or to an-
other acute care facility should be less
than 1 hour from where the patient is to
spend the first night after the procedure.

Relative Contraindications for Short-
Term Observation

Several factors must be considered
when determining the length of postpro-
cedure skilled nursing care. Short-term
observation is generally contraindicated
for the patients listed below. This list is
not meant to be comprehensive, and any
clinical circumstance that might predis-
pose the patient to significant complica-
tions should prompt overnight admis-
sion.

Patients with poorly controlled hy-
pertension, in whom there appears to be
increased risk of hematoma formation,
should be observed overnight.

Azotemic patients with significant

risk of contrast- induced renal injury
may benefit from periprocedure intrave-
nous hydration and should be moni-
tored overnight.

Patients with coagulopathies or elec-
trolyte abnormalities that require correc-
tion should be hospitalized until stable.

Patients with insulin-dependent dia-
betes who have labile serum glucose lev-
els in the periprocedure period should
be hospitalized until stable.

Complications occurring during or
after angioplasty, including large hema-
toma, anuria, and persistent nausea and
vomiting, should prompt observation
until symptoms resolve.

The decision for short-term or longer-
term postprocedure observation must be
made on an individual basis, and a pa-
tient’s care may vary from the above
criteria for sound clinical reasons. The
decision in each case must be made by
the operating physician after review of
all pertinent data.

Quality Improvement

All angioplasty procedures should be
monitored as part of the overall quality
improvement program of the facility. In-
cidence of complications and unex-
pected admissions should be recorded
and periodically reviewed for the oppor-
tunity to improve care. To protect the
confidentiality of the peer review data,
this data should be collected in a manner
that complies with statutory and regula-
tory peer review procedures.

Complications of Peripheral
Transluminal Angioplasty

Because angioplasty for peripheral
vascular disease does not generally have
a more durable result than surgical re-
vascularization, its use is justified only
by its reduced risk and cost, combined
with a reasonable likelihood of success.
It is therefore essential for those per-
forming angioplasty to have a thorough
understanding of the hazards associated
with the procedure, including the inci-
dence and causes of complications and
the steps that should be taken to mini-
mize the consequences when a compli-
cation occurs. It is important to remem-
ber that the literature on angioplasty
may not accurately reflect the actual or
current incidence of complications
(24,35,38,47,77,145–151). Because pro-
spective multicenter trials have only re-
cently begun, the existing literature is
derived from either multi-institutional
retrospective surveys or the results
achieved by individual experts with vast

experience. Moreover, the techniques of
angioplasty have been rapidly improv-
ing, so conclusions about current out-
comes cannot always be obtained from
older literature. Each institution needs to
maintain an ongoing quality assurance
program for review of not only out-
comes and complications of angioplasty
procedures but also for all of the thera-
pies used to treat patients with periph-
eral vascular disease. Table 6 is a com-
posite of the incidence and consequences
of complications reported in multiple se-
ries and includes angioplasty proce-
dures performed on 3784 patients.

Protocol for Surgical Support

When angioplasty is performed in pe-
ripheral vessels, there are very few com-
plications that would require immediate
surgical intervention. Therefore, there is
no need for a standby surgical team or
operating room. Although a few reports
indicate that peripheral angioplasty can
be safely done on an outpatient basis,
most authors recommend integrating the
procedure as part of a team approach in
a hospital where surgical support and
consultation are readily available.

Comparison of Surgery With
Angioplasty

Direct comparison of the results of
percutaneous transluminal angioplasty
and surgery is not possible because per-
cutaneous transluminal angioplasty is
most often performed in the treatment of

Table 6
Complications of Angioplasty

Complication Incidence

Puncture site (total) 4.0%
Bleeding 3.4%
False aneurysm 0.5%
Arteriovenous fistula 0.1%

Angioplasty site (total) 3.5%
Thrombus 3.2%
Rupture 0.3%

Distal vessel (total) 2.7%
Dissection 0.4%
Embolization 2.3%

Systemic (total) 0.4%
Renal failure 0.2%
Myocardial infarction

(fatal)
0.2%

Cerebrovascular accident
(fatal)

0.55%

Consequences
Surgical repair 2.0%
Limb loss 0.2%
Mortality 0.2%
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patients with localized arterial stenosis
or occlusions and for those needing re-
lief from claudication rather than limb
salvage. The following sections summa-
rize the data on the results of percutane-
ous transluminal angioplasty from pub-
lished series and review a randomized
study in which that procedure was com-
pared with surgery. Interpretation of re-
sults is often difficult because in many
cases the definitions for success or pa-
tency were not clearly stated; appropri-
ate statistical methods were not used;
only angiography was used as the end
point, even though it does not allow for
continuous regular follow-up; the series
was not a consecutive analysis of all pa-
tients having percutaneous transluminal
angioplasty (36,152); follow-up was in-
complete on all the patients in the series
(109); or only cases that were technical
successes were considered in the analy-
sis (65). Although patency of a surgical
bypass can be determined more accu-
rately and appropriate statistical meth-
ods have generally been applied more
rigorously, many of the same criticisms
apply equally to the published surgical
series and make comparison of surgery
with percutaneous transluminal angio-
plasty impossible.

Comparison Between Surgery and
Angioplasty

Only one study presents data for a
randomized comparison between percu-
taneous transluminal angioplasty and
surgery in the treatment of peripheral
arterial occlusive disease (39). One hun-
dred twenty-nine men underwent per-
cutaneous transluminal angioplasty of
iliac, femoral, or popliteal arteries, with a
technical success rate of 92.2% and a
1-month success rate of 84.5%. Of the 126
patients who had surgical procedures,
iliac bypass grafts were carried out in 74
cases and femoral popliteal bypasses in
58. Although the overall long-term suc-
cess rate was better for surgery (74.9%
compared with 64.5% at 3 years), the
observed differences in treatment were
mainly due to early events rather than
late failures. If only those cases in which
the procedure was technically successful
were analyzed, percutaneous translumi-
nal angioplasty and surgery had similar
success rates. In the case of percutaneous
transluminal angioplasty, it seems justi-
fied to exclude early failures in the anal-
ysis because failed angioplasty does not
seem to increase the risk of limb loss
(153) or subsequent surgical failure
(39,154).

Thus, for patients who are candidates

for either percutaneous transluminal an-
gioplasty or surgery, angioplasty, with
its lower cost and morbidity, is preferred
because the methods have similar re-
sults. However, it should be noted that
in this study, because of the eligibility
criteria, all patients had to be candidates
for percutaneous transluminal angio-
plasty, and as a consequence the inci-
dence of claudication was much higher
than in a normal population of patients
with arterial occlusive disease (39). Fur-
thermore, in the femoral popliteal group,
23 of 58 bypasses were performed using
a prosthesis rather than autogenous
vein.

Results of Iliac Angioplasty

University of Toronto.—In the To-
ronto series, 667 iliac percutaneous
transluminal angioplasties were ana-
lyzed (35). At 1 month after the angio-
plasty, 90.2% of the procedures were
considered a success (ie, both the clini-
cal grade and the noninvasive vascular
laboratory measurements improved).
Late success rates were 75.2�1.8% at 1
year, 64.9�2.1% at 2 years, 59.7�2.2%
at 3 years, 56.7�2.4% at 4 years, and
53.4�2.7% at 5 years. Upon Cox regres-
sion analysis, the following combina-
tion of variables was associated with
the success of percutaneous translumi-
nal angioplasty: Patients undergoing
the procedure because of mild or dis-
abling intermittent claudication had a
better success rate than those with limb
salvage (53.8% compared with 48.7% at
5 years); common iliac results were bet-
ter than external iliac or percutaneous
transluminal angioplasty of both sites
(58.8% compared with 46.1% at 5
years); arterial stenosis were dilated
more successfully than occlusions
(77.4% compared with 48.3% at 1 year);
and patients with good runoff had a
higher success rate than those with
poor runoff (57.0% compared with
44.7% at 5 years).

Other results.—For iliac angioplasty,
Grüntzig and Kumpe (155) reported an
87% success rate at 2 years; O’Mara et
al (156), 84% success at 1 year; van An-
del (157), 90% success at 1 year; Spence
et al (52), 82% cumulative patency at 2
years; Schoop et al (158), 50% patency
at 5 years; Schwarten (159), 89% at 2
years; Kadir et al (57), 89% at 3 years;
Kumpe and Jones (160), 82% at 3 years;
and Gallino et al (161), 87% at 4 years.

Surgical results.—In the hands of
very experienced surgeons, the periop-
erative mortality for aortobifemoral re-
construction is now between 2% and

3% (162–165), and the expected long-
term patency rates are excellent. Ac-
cording to reports in the literature, pa-
tency rates of 85% at 5 years, 70% at 10
years, 60% at 15 years, and 55% at 20
years can be expected (163–177). Al-
though a patent graft does not neces-
sarily reflect functional improvement,
most patients with a patent graft are
clinically improved or asymptomatic.
Axillofemoral or bifemoral bypass
grafts are most often carried out for
limb salvage and in patients who have
a significant cardiorespiratory risk or
multiple previous abdominal opera-
tions. The primary patency rate with
grafts without external support is 55%
to 75% at 3 years; however, secondary
patency is approximately 75% at 3
years and 50% to 75% at 5 years
(178–184). Patency rates for iliofemoral
bypass grafts between 80% and 90%
have been reported.(185,186) Femoral-
femoral bypass grafts have approxi-
mately 75% 5-year patency rates and
50% 10-year patency rates (187–189);
however, lower patency rates of 57% at
5 years (190) and 67% at 3 years (191)
have been reported.

Results of Femoralpopliteal
Angioplasty

University of Toronto.—In the Univer-
sity of Toronto series, 254 percutaneous
transluminal angioplasties of the femo-
ral or popliteal arteries were performed
in 236 patients (35). The following sum-
mary is of a recent reanalysis of this
data (192). Procedures were successful
in 96% of patients. When evaluated 1
month after the procedure, 88.8% of the
procedures were considered successful
(ie, both the clinical grade and the non-
invasive vascular laboratory measure-
ments improved). Late success rates
were 62.5�3.2% at 1 year, 52.6�3.5% at
2 years, 50.7�3.5% at 3 years,
44.1�4.0% at 4 years, 38.1�4.4% at 5
years, and 35.7�4.8% at 6 years. Upon
Cox multiple regression analysis, the
type of the femoral popliteal lesion
(stenosis or occlusion) and the runoff
were the variables found to be useful
in predicting the late results. For steno-
sis with good runoff, the success rate
was 53% at 5 years; for stenosis with
poor runoff it was 31% at 5 years; for
occlusions with good runoff it was 36%
at 5 years; and for occlusions with poor
runoff it was 16% at 5 years. When the
early failures were excluded from the
analysis, the results were 7.9% higher
at 1 year and 4.8% higher at 5 years.
According to Cox regression analysis,
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the predicted success rates were depen-
dent only on the runoff. If the proce-
dure was initially successful and the
runoff was good, the predicted success
rate was 76% at 1 year, 64% at 3 years,
and 52% at 5 years. For poor runoff,
the success rate was 61% at 1 year, 44%
at 3 years, and 30% at 5 years. This sta-
tistical model that excludes early fail-
ures is less realistic because it does not
predict the success rate prior to the
procedure.

Other results.—It should be noted
that our criteria for defining success
are more strict than those used by
many others, and as a consequence
other reported results are higher. Adar
et al (37) reviewed several published
series and for intermittent claudication
reported an early patency rate of 89%
and a 3-year rate of 62%. For salvage,
the early patency rate was 77% and
was 43% at 3 years. Wilson et al (39)
reported an immediate overall failure
rate of 15.5%. Jørgensen et al noted ini-
tial technical success of 98% and 3-year
patency of 68% for short stenoses (193)
but only 59% early patency after percu-
taneous transluminal angioplasty for
femoral or popliteal occlusion (194).
Capek et al (36) noted that the femoral
popliteal lesion could not be crossed in
7% of stenoses and 18% of occlusions.
Blair et al (195) reported an 18% 2-year
patency rate for percutaneous translu-
minal angioplasty carried out for sal-
vage. Henriksen et al (196) reported a
41% 2-year patency. Hewes et al (71)
calculated a 4-year patency of approxi-
mately 65%. Gallino et al (51) reported
a 5-year patency rate of 58%. Krepel et
al (73) reported excellent results: an
84% initial success rate and 5- and
7-year patency rates of 70% and 60%
respectively. Capek et al excluded early
failures and reported 1-, 3-, and 5-year
patency rates of 81%, 61%, and 58% re-
spectively. Jeans et al (121) noted good
results for percutaneous transluminal
angioplasty of femoral popliteal steno-
sis with good runoff (78% at 3 years)
but worst results in femoropopliteal oc-
clusions with poor runoff (25% at 3
years).

Surgical results.—Comparison be-
tween the numerous surgical series is
difficult because of the multiple sites of
distal anastomosis and alternative con-
duits. For reversed saphenous vein, the
cumulative 5-year patency for femoral
popliteal bypass is 60% to 75%
(197,198), but in a recent report a
5-year patency of 80% was reported
(199). In situ femoral popliteal bypass
grafts have secondary patency rates of

89% at 3 years (200) and femoral tibial
grafts have an 80% patency rate.
Leather et al (201) reported a 5-year pa-
tency rate of 76% (201) and Donaldson
et al (202) a secondary patency of 83%.
For polytetrafluoroethylene grafts,
Veith et al (198) reported a patency of
38% at 4 years and Z’graggen et al
(203) 48% at 5 years; however, some
groups have documented patency rates
of 40% to 65% for above-knee grafts or
in patients with claudication (204–207).

Conclusion

These guidelines should provide the
reader with an understanding of the
background and appropriate use of pe-
ripheral transluminal angioplasty. Sev-
eral factors cannot be adequately ad-
dressed by such a report. First, the actual
application of these recommendations
can only be evaluated at the local level,
where utilization data and quality of
care issues can be judged. Second, guide-
lines are just guidelines, not rigid rules
to be applied without considering the
unique situation of every patient. Third,
these guidelines represent a compilation
of the scientific literature combined with
the consensus opinion of leaders in the
field. They should serve as a spring-
board for prospective studies of the
influence of risk factor reduction, com-
parisons of different modalities, antico-
agulants, the effect of estrogen replace-
ment on outcomes, and the role of age,
ethnicity, and gender on peripheral ath-
erosclerosis. Finally, the recommenda-
tions are formulated at a particular mo-
ment in time and must constantly be
updated as new developments, such as
stents, arise.
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47. Berger T, Sörensen R, Konrad J. Aortic
rupture: a complication of transluminal
angioplasty. AJR 1986; 146:373–374.

48. Tegtmeyer CJ, Kellum CD, Kron IL,
Mentzer RM Jr. Percutaneous translu-
minal angioplasty in the region of the
aortic bifurcation: the two-balloon tech-
nique with results and long-term fol-
low-up study. Radiology 1985; 157:661–
665.

49. Yakes WF, Kumpe DA, Brown SB,
Parker SH, Lattes RG, Cook PS, Haas
DK, Gibson MD, Hopper KD, Reed MD,
Cox HE, Bourne EE, Griffin DJ. Percu-
taneous transluminal aortic angioplasty:
techniques and results. Radiology 1989;
172:965–970.

50. Neiman HL, Bergan JJ, Yao JS, Brandt
TD, Greenberg M, O’Mara CS. Hemo-
dynamic assessment of transluminal an-
gioplasty for lower extremity ischemia.
Radiology 1982; 143:639–643.

51. Gallino A, Mahler F, Probst P, Nachbur

B. Percutaneous transluminal angio-
plasty of the arteries of the lower limbs:
a 5-year follow-up. Circulation 1984; 70:
619–623.

52. Spence RK, Freiman DB, Gatenby R,
Hobbs CL, Barker CF, Berkowitz HD,
Roberts B, McClean G, Oleaga J, Ring EJ.
Long-term results of transluminal angio-
plasty of the iliac and femoral arteries.
Arch Surg 1981; 116:1377–1386.

53. Morin JF, Johnston KW, Wasserman L,
Andrews D. Factors that determine the
long-term results of percutaneous trans-
luminal dilatation for peripheral arterial
occlusive disease. J Vasc Surg 1986; 4:68–
72.

54. Waltman AC. Percutaneous translumi-
nal angioplasty: iliac and deep femoral
arteries. AJR 1980; 135:921–925.

55. Waltman AC, Greenfield AJ, Novelline
RA, Abbott WM, Brewster DC, Darling
RC, Moncure AC, Ottinger LW, Athana-
soulis CA. Transluminal angioplasty of
the iliac and femoropopliteal arteries:
current status. Arch Surg 1982;
117:1218–1221.

56. Kaufman SL, Barth KH, Kadir S, Wil-
liams GM, Smith GW, Stonesifer GL Jr,
Leand PM, Adams PE, Wenham F,
White RI Jr. Hemodynamic measure-
ments in the evaluation and follow-up of
transluminal angioplasty of the iliac and
femoral arteries. Radiology 1982;
142:329–336.

57. Kadir S, White RI Jr, Kaufman SL, Barth
KH, Williams GM, Burdick JF, O’Mara
CS, Smith GW, Stonesifer GL Jr, Ernst
CB, Minken SL. Long-term results of
aortoiliac angioplasty. Surgery 1983; 94:
10–14.

58. van Andel GJ. Transluminal iliac an-
gioplasty: long-term results. Radiology
1980; 135:607–611.

59. Fradet G, Lidstone D, Herba M, Chiu
RC, Blundell PE. Percutaneous translu-
minal angioplasty of iliac arteries: the
importance of functional studies. Can
J Surg 1984; 27:359–361.

60. Motarjeme A, Keifer JW, Zuska AJ.
Percutaneous transluminal angioplasty
of the iliac arteries: 66 experiences. AJR
1980; 135:937–944.

61. Rush DS, Gewertz BL, Lu CT, Ball DG,
Zarins CK. Limb salvage in poor-risk
patients using transluminal angioplasty.
Arch Surg 1983; 118:1209–1212.

62. Colapinto RF, Harries-Jones EP,
Johnston KW. Percutaneous translumi-
nal recanalization of complete iliac ar-
tery occlusions. Arch Surg 1981; 116:277–
281.

63. Tegtmeyer CJ, Hartwell GD, Selby JB,
Robertson R Jr, Kron IL, Tribble CJ. Re-
sults and complications of angioplasty in
aortoiliac disease. Circulation 1991;
83(suppl I):I-53–I-60.

64. Martin EC. Transcatheter therapies in
peripheral and noncoronary vascular
disease: introduction. Circulation 1991;
83(suppl I):I-1–I-5.

65. Morgenstern BR, Getrajdman GI, Laffey
KJ, Bixon R, Martin EC. Total occlu-

Pentecost et al • S509Volume 14 Number 9 Part 2



sions of the femoropopliteal artery: high
technical success rate of conventional
balloon angioplasty. Radiology 1989;
172:937–940.

66. Murray RR Jr, Hewes RC, White RI Jr,
Mitchell SE, Auster M, Chang R, Kadir S,
Kinnison ML, Kaufman SL. Long-seg-
ment femoropopliteal stenoses: is angio-
plasty a boon or a bust? Radiology 1987;
162:473–476.

67. Lu CT, Zarins CK, Yang CF, Sottiurai V.
Long-segment arterial occlusion: percu-
taneous transluminal angioplasty. AJR
1982; 138:119–122.

68. Greenfield AJ. Femoral, popliteal, and
tibial arteries: percutaneous translumi-
nal angioplasty. AJR 1980; 135:927–935.

69. Tamura S, Sniderman KW, Beinart C,
Sos TA. Percutaneous transluminal an-
gioplasty of the popliteal artery and its
branches. Radiology 1982; 143:645–648.

70. Zarins CK, Lu CT, McDonnell AE,
Whitehouse WM Jr. Limb salvage by
percutaneous transluminal recanaliza-
tion of the occluded superficial femoral
artery. Surgery 1980; 87:701–708.

71. Hewes RC, White RI Jr, Murray RR,
Kaufman SL, Chang R, Kadir S, Kinnison
ML, Mitchell SE, Auster M. Long-term
results of superficial femoral artery an-
gioplasty. AJR 1986; 146:1025–1029.

72. Martin EC, Fankuchen EI, Karlson KB,
Dolgin C, Collins RH, Voorhees AB Jr,
Casarella WJ. Angioplasty for femoral
artery occlusion: comparison with sur-
gery. AJR 1981; 137:915–919.

73. Krepel VM, van Andel GJ, van Erp WF,
Breslau PJ. Percutaneous transluminal
angioplasty of the femoropopliteal ar-
tery: initial and long-term results. Radi-
ology 1985; 156:325–328.

74. Schwarten DE, Cutcliff WB. Arterial
occlusive disease below the knee: treat-
ment with percutaneous transluminal
angioplasty performed with low-profile
catheters and steerable guide wires. Ra-
diology 1988; 169:71–74.

75. Bakal CW, Sprayregen S, Scheinbaum K,
Cynamon J, Veith FJ. Percutaneous
transluminal angioplasty of the infrap-
opliteal arteries: results in 53 patients.
AJR 1990; 154:171–174.

76. Waller BF, Pinkerton CA, Orr CM, Slack
JD, VanTassel JW, Peters T. Morpho-
logical observations late (greater than 30
days) after clinically successful coronary
balloon angioplasty. Circulation 1991;
83(suppl I):I-28–I-41.

77. Gardiner GA Jr, Meyerovitz MF, Stokes
KR, Clouse ME, Harrington DP, Bett-
mann MA. Complications of translu-
minal angioplasty. Radiology 1986; 159:
201–208.

78. Becker GJ. Intravascular stents: general
principles and status of lower-extremity
arterial applications. Circulation 1991;
83(suppl I):I-122–I-136.

79. Stoney RJ, String ST. Recurrent carotid
stenosis. Surgery 1976; 80:705–710.

80. Essed CE, Van den Brand M, Becker AE.
Transluminal coronary angioplasty and
early restenosis: fibrocellular occlusion

after wall laceration. Br Heart J 1983;
49:393–396.

81. Ip JH, Fuster V, Badimon L, Badimon J,
Taubman MB, Chesebro JH. Syn-
dromes of accelerated atherosclerosis:
role of vascular injury and smooth mus-
cle cell proliferation. J Am Coll Cardiol
1990; 15:1667–1687.

82. Hirshfeld JW Jr, Schwartz JS, Jugo R,
MacDonald RG, Goldberg S, Savage MP,
Bass TA, Vetrovec G, Cowley M, Taussig
AS, Whitworth HB, Margolis JR, Hill JA,
Pepine CJ. Restenosis after coronary
angioplasty: a multivariate statistical
model to relate lesion and procedure
variables to restenosis. J Am Coll Cardiol
1991; 18:647–656.

83. Stein B, Fuster V, Israel DH, Cohen M,
Badimon L, Badimon JJ, Chesebro JH.
Platelet inhibitor agents in cardiovascu-
lar disease: an update. J Am Coll Cardiol
1989; 14:813–836.

84. Dehmer GJ, Popma JJ, van den Berg EK,
Eichhorn EJ, Prewitt JB, Campbell WB,
Jennings L, Willerson JT, Schmitz JM.
Reduction in the rate of early restenosis
after coronary angioplasty by a diet sup-
plemented with n-3 fatty acids. N Engl
J Med 1988; 319:733–740.

85. Knudtson ML, Flintoft VF, Roth DL,
Hansen JL, Duff HJ. Effect of short-
term prostacyclin administration on re-
stenosis after percutaneous transluminal
coronary angioplasty. J Am Coll Cardiol
1990; 15:691–697.

86. Bollinger A. Funktionelle Angiologie.
Stuttgart, Germany: Thieme; 1979: 57–
84.

87. Radack K, Wyderski RJ. Conservative
management of intermittent claudica-
tion. Ann Intern Med 1990; 113:135–146.

88. Kannel WB, McGee DL. Update on
some epidemiologic features of intermit-
tent claudication: the Framingham
Study. J Am Geriatr Soc 1985; 33:13–18.

89. Widmer LK, Greensher A, Kannel WB.
Occlusion of peripheral arteries: a study
of 6400 working subjects. Circulation
1964; 30:836–842.

90. Imparato AM, Kim GE, Davidson T, et
al. Intermittent claudication: its natural
course. Surgery 1975; 78:795–799.

91. McDaniel MD, Cronenwett JL. Basic
data related to the natural history of in-
termittent claudication. Ann Vasc Surg
1989; 3:273–277.

92. Cronenwett JL, Warner KG, Zelenock
GB, Whitehouse WM Jr, Graham LM,
Lindenauer M, Stanley JC. Intermittent
claudication: current results of nonop-
erative management. Arch Surg 1984;
119:430–436.

93. Couch NP. On the arterial conse-
quences of smoking. J Vasc Surg 1986;
3:807–812.

94. Krupski WC, Rapp JH. Smoking and
atherosclerosis. Perspect Vasc Surg 1989;
1:103–134.

95. Quick CR, Cotton LT. The measured
effect of stopping smoking on intermit-
tent claudication. Br J Surg 1982;
69(suppl):S24–S26.

96. Provan JL, Sojka SG, Murnaghan JJ, Jaun
Kalns R. The effect of cigarette smok-
ing on the long term success rates of
aortofemoral and femoropopliteal recon-
structions. Surg Gynecol Obstet 1987;
165:49–52.

97. Hiatt WR, Regensteiner JG, Hargarten
ME, Wolfel EE, Brass EP. Benefit of ex-
ercise conditioning for patients with pe-
ripheral arterial disease. Circulation
1990; 81:602–609.

98. Lundgren F, Dahllöf AG, Lundholm K,
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Appendix A

Tissue State
Class Sign or Symptom

1 Mild tissue damage*
2 Moderate tissue damage†
3 Severe tissue damage‡

* Discrete sore or tender area(s) with ischemic changes in skin but without break in
skin.
† Ischemic changes present; includes uninfected ulcers up to 2 cm in diameter.
‡ Ischemic changes present; includes ulcers larger than 2 cm, multiple ulcers,
infected ulcers, and gangrene.

Appendix B
Guide to Rating Permanent Impairment Due to Occlusive Arterial Disease of the Extremities

Class* Impairment % Ischemic Pain Ischemic Ulceration
Amputation Due to Occlusive

Arterial Disease

1 0 None None None
2 5–20 Claudication walking

100 yards or more
Healed Healed painless stump of single

digit
3 25–45 Claudication walking

25–100 yards
Persistent, superficial Healed stumps of two or more

digits
4 50–75 Claudication walking

25 yards
Persistent, widespread or

deep, of one extremity
At or above wrist or ankle of one

extremity or two or more digits
of two extremities

5 80–95 Severe and constant
rest pain

Persistent, widespread or
deep, of two or more
extremities

At or above wrist or ankle of two
extremities or of all digits of
two or more extremities

* Patients in class 1 have occlusive arterial disease but none of the symptoms or findings listed in the table. Patients in classes 2,
3, 4 and 5 have occlusive arterial disease and one or more of the symptoms or findings mentioned.
From Juergens JL, Pluth JR: Trauma and peripheral vascular disease. In: Juergens JL, Spittell JA Jr, Fairbalm JF, eds. Peripheral
Vascular Disease, ed 5, Philadelphia, Pa: WB Saunders Co; 1980; pp 607–627. Reproduced with permission.
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Appendix C
Noninvasive Laboratory Assessment of Arterial Insufficiency of the Legs

Standard Exercises Systolic Blood Pressure Index*

Degree of Arterial
Insufficiency Claudication

Duration
(min)

Before
Exercises

After
Exercises

Minimal 0 5 Normal to mildly abnormal Abnormal
Mild � 5 �0.8 �0.5
Moderate � � �0.8 �0.5
Severe† � �3 �0.15

* Systolic pressure index is obtained by dividing the systolic ankle blood pressure by the systolic brachial blood pressure, both
measured with the patient supine (normal is 0.95 or greater).
† Often the systolic ankle blood pressure is less than 50 mm Hg.
From Spittell JA Jr. Recognition and management of chronic atherosclerotic occlusive peripheral arterial disease.
Mod Concepts Cardiovasc Dis. 1981; 50:19–23. Reproduced with permission.

Appendix D
Grading of Elevation Pallor

Grade of Pallor Duration of Elevation*

0 No pallor in 60 seconds
1 Definite pallor in 60 seconds
2 Definite pallor in less than 60 seconds
3 Definite pallor in less than 30 seconds
4 Pallor on the level

* Elevation of extremity at angle of 60° above the level.
From Spittel JA: Recognition and management of chronic atherosclerotic occlusive
peripheral arterial disease. Mod Concepts Cardiovasc Dis. 1981; 50:19–23. Reproduced
with permission.

Appendix E
Color Return and Venous Filling Time

Condition

Time for
Color Return

(sec)

Venous
Filling Time

(sec)

Normal 10 15
Moderate ischemia 15–20 20–30
Severe ischemia 40� 40�

From Spittel JA: Recognition and management of chronic atherosclerotic occlusive
peripheral arterial disease. Mod Concepts Cardiovasc Dis. 1981; 50:19–23. Reproduced
with permission.
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Appendix F
Clinical Categories of Chronic Limb Ischemia (33–38)

Grade Category Clinical Description Objective Criteria

I 0 Asymptomatic, no hemodynamically significant
occlusive disease

Normal results of treadmill*/stress test

1 Mild claudication Treadmill exercise completed, postexercise AP is
�50 mm Hg but �25 mm Hg below normal

2 Moderate claudication Symptoms between those of categories 1 and 3
3 Severe claudication Treadmill exercise cannot be completed;

postexercise AP is �50 mm Hg
II 5 Ischemic rest pain Resting AP of 40 mm Hg or less, flat or barely

pulsatile ankle or metatarsal
plathysmographic tracing, toe pressure �30
mm Hg

5 Minor tissue loss, non-healing ulcer, focal
gangrene with diffuse pedal ischemia

Resting AP of �60 mm Hg, ankle or metatarsal
plathysmographic tracing flat or barely
pulsatile toe pressure �40 mm Hg

III 6 Major tissue loss, extending above
transmetatarsal level, functional foot no
longer salvageable

Same as for category 5

AP indicates ankle pressure.
* Five minutes at 2 mph on a 12° incline.
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