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Background: Ischemic ulcerations of the distal lower extremities are a manifestation of chronic critical
limb ischemia. Without restoration of arterial flow, subsequent gangrene and limb loss can ensue. Un-
fortunately, revascularization is not always possible.

Methods: A literature search of MEDLINE was performed and a case series of 5 patients with lower
extremity ischemic ulcerations is described.

Results and Conclusion: Five patients with severe peripheral artery disease had nonhealing lower
extremity ischemic ulcerations. Because 3 patients were not ideal candidates for percutaneous or surgi-
cal intervention, and 2 refused invasive therapy, they were treated with cilostazol. Between 7 and 24
weeks after beginning cilostazol therapy, the ulcerations healed in all 5 patients. Three of the patients
experienced resolution of concurrent ischemic rest pain. One patient underwent a posttreatment nonin-
vasive arterial study that documented improved large- and small-vessel perfusion. The antiplatelet, anti-
thrombotic, and vasodilatory effects, in addition to possible unrecognized actions of cilostazol, ap-
peared to promote wound healing in this small group of patients with chronic critical limb ischemia.
When revascularization is not ideal therapy for ischemic ulcers, a pharmacologic approach with cilosta-
zol might induce healing and obviate limb amputation.(J Am Board Fam Pract 2002;15:55–62.)

Peripheral artery disease is a disorder typically
caused by atherosclerosis that limits blood flow to
the limbs. Most patients with peripheral artery dis-
ease are either asymptomatic or complain of inter-
mittent claudication (exertional leg pain that is
promptly relieved with rest). A minority, however,
develop chronic critical limb ischemia whereby the
integrity of the limb is jeopardized. In this scenario,
peripheral artery disease is complicated by ischemic
rest pain, nonhealing ulcerations, or gangrene.
Without restoration of limb perfusion, the patient
who has peripheral artery disease and chronic crit-
ical limb ischemia is at high risk for limb loss. Yet
revascularization might not be technically possible.
As a result, pharmacotherapy is sometimes used as
a last resort for improving the manifestations of
chronic critical limb ischemia. Unfortunately, limb
salvage is rarely achieved with a pharmaceutic ap-
proach. In this article, we describe ischemic ulcer-
ations in 5 patients that were successfully treated
with cilostazol.

Methods
MEDLINE was searched using the following key
words: “cilostazol,” “ulcerations,” “chronic critical
limb ischemia,” and “peripheral arterial disease.”
The literature search did not find articles in the
English language that analyzed cilostazol in the
setting of chronic critical limb ischemia. Conse-
quently, a case series was prepared on the use of
cilostazol in the treatment of lower extremity isch-
emic ulcerations.

Case 1
An 84-year-old minimally ambulatory man with a
history of type 2 diabetes mellitus, hypertension,
hyperlipidemia, coronary artery disease, and previ-
ous tobacco use (1 pack per day for 5 years) was
referred to the office for evaluation of a nonhealing,
painful ulceration on the right distal hallux. The
pain in his great toe worsened at night and was
relieved by placing the extremity in a dependent
position. The ulcer had been present for approxi-
mately 14 weeks and had failed to improve despite
various medications, including topical mupirocin,
aspirin, and a 2-month course of antibiotics (which
included 4 weeks of parenteral antibiotics).
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When examined, his feet were cool bilaterally
with dependent rubor and pallor on elevation. A
distal ulceration was observed on the right hallux,
the base of which was composed primarily of dry
fibrin and necrotic debris. There was only a mini-
mal amount of granulation tissue (Figure 1A). The
underlying bone was not exposed or palpable. The
femoral and popliteal pulses were normal, but the
dorsalis pedis and posterior tibial pulses were ab-
sent.

The patient’s right ankle-brachial index mea-
sured 0.52, and his ankle systolic pressure was 64
mm Hg. The ankle-brachial index was falsely ele-
vated because of partially calcified vessels. Arterial
Doppler ultrasonography displayed posterior tibial
and dorsalis pedis monophasic waveforms. In addi-
tion, the pulsed volume recording waveform at the
right ankle was severely dampened (approximately
5–6 mm of amplitude) indicating severe large-ves-
sel ischemia. The transmetatarsal waveform was
flat, and the hallux waveform showed erratic, min-
imal pulsatility (suggesting a motion artifact, not
true perfusion), which was indicative of concurrent
severe small-vessel ischemia (Figure 2A). The distal
plethysmographic waveforms were obtained after 5
minutes of external warming to eliminate possible
vasospasm.

Percutaneous or surgical intervention was not
considered an ideal treatment option for this pa-
tient because of his limited ambulatory status, ad-
vanced age, and comorbid disease. As a result, he
was prescribed cilostazol, 50 mg twice a day (dose
adjusted to accommodate concurrent nifedipine

therapy). After 10 weeks of cilostazol therapy, the
ulcer had healed (Figure 1B), and the patient’s
ischemic pain had resolved. A follow-up pulsed
volume recording examination displayed subtle in-
creased pulsatility within the ankle waveform (am-
plitude increased to 7–8 mm) and new pulsatility at
the transmetatarsal and hallux levels (Figure 2B).
The ankle-brachial index increased from 0.52 to
0.57 (ankle systolic pressure increased from 64 to
82 mm Hg).

The patient returned 3 months after the fol-
low-up visit for evaluation and treatment of a re-
current right hallux ulceration. He had mistakenly
discontinued cilostazol a month earlier and subse-
quently traumatized the right distal hallux, provok-
ing a second, stereotypical ischemic ulcer. Cilosta-
zol was again prescribed, and the patient was
counseled about the importance of adhering to
therapy. The second ulcer healed within 2 months.
By the 1-year follow-up visit, the patient was con-
tinuing to take cilostazol faithfully and has re-
mained free of ulcers.

Case 2
A 58-year-old woman with type 2 diabetes mellitus,
short-distance bilateral calf claudication, peripheral
neuropathy, and current long-standing tobacco use
(1 pack per day for 40 years) was seen for evaluation
of a large left calf ulceration. Six weeks earlier, a
bulla spontaneously developed that the patient de-
brided with hair scissors. Subsequently, a large,
moderately painful ulcer evolved, which failed to

Figure 1 (Case 1). A. Ischemic right hallux ulceration. B. Right hallux after 10 weeks of therapy with cilostazol.
The ulcer had healed with visible evidence of reepitheliazation.
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improve despite treatment that included weekly
debridement and oral and topical antibiotics.

The physical examination was remarkable for a
15 � 6 cm left calf ulceration with a base composed
of an admixture of granulation tissue, moderate
fibrin, and partial necrosis. The left femoral pulse
was normal, but the popliteal, posterior tibial, and
dorsalis pedis pulses were not palpable.

The left ankle-brachial index measured 0.48
with an ankle systolic pressure of 73 mm Hg. The
ankle-brachial index was probably falsely elevated
as a result of partially calcified vessels, as the arterial
Doppler waveforms from the left popliteal, poste-
rior tibial, and dorsalis pedis arteries were severely
monophasic.

The patient adamantly refused to undergo arte-
riography and invasive intervention. Four more
weeks of oral and topical antibiotics, weekly de-
bridement, and aspirin therapy resulted in minimal
improvement. Consequently, cilostazol, 100 mg
twice a day, was added. During the next 6 weeks,
increasingly robust granulation tissue appeared
within the ulcer base, and the margins began to
contract. A skin substitute wound dressing (Apli-
graf) was placed to expedite healing. Twelve weeks
later, the ulcer had healed. At her 6-month fol-
low-up examination, the patient has remained free
of ulceration.

Case 3
An 87-year-old woman with a history of type 2
diabetes mellitus, short-distance bilateral calf clau-
dication, and current long-standing tobacco use
(1⁄2 to 1 pack per day for 60 years) came in for
evaluation of a nonhealing painful ulceration on the
left distal second toe. Her toe pain was aggravated
by elevation and relieved when in a dependent
position. The ulcer spontaneously appeared 1
month earlier and had not improved despite topical
mupirocin and oral pentoxifylline. When exam-
ined, she had a palpably cool left foot with depen-
dent rubor and pallor on elevation. A distal ulcer-
ation was found on the left second toe; its base was
predominately composed of fibrin and minimal
granulation tissue. No exposed or palpable bone
was observed. The left femoral pulse was normal,
but the popliteal, dorsalis pedis, and posterior tibial
pulses were absent.

The left ankle-brachial index measured 0.47,
with an ankle systolic pressure of 74 mm Hg; how-
ever, this value was falsely elevated as the arterial
Doppler waveforms from the posterior tibial and
dorsalis pedis arteries were severely monophasic
(nearly flat), a finding consistent with severe large-
vessel ischemia. The left first and second toe ple-
thysmographic waveforms obtained after 5 minutes
of external warming were essentially flat (� 2mm),
indicating attendant critical small-vessel ischemia.

Figure 2 (Case 1). A. Pretreatment noninvasive arterial
study. Right ankle-brachial index measured 0.52, with
an ankle systolic pressure of 64 mm Hg. Severely
dampened right ankle pulsed volume recording
waveform indicates severe ischemia and suggests an
ankle-brachial index falsely elevated because of
arterial calcification. The right transmetatarsal
waveform is flat, and hallux waveform displays erratic,
minimal pulsatility (suggesting motion artifact, not
true perfusion), indicating concurrent severe small-
vessel ischemia. B. Posttreatment noninvasive arterial
study. Right ankle-brachial index increased to 0.57
(ankle systolic pressure increased to 82 mm Hg).
Right pulsed volume recording waveforms at level of
ankle, transmetatarsal, and hallux displayed increased
pulsatility (note the increased amplitude of ankle
waveform to 7–8 mm)
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Invasive intervention was not an ideal treatment
option because of her advanced age and comorbid
disease. Cilostazol was started at a dose of 100 mg
twice a day. After 17 weeks of cilostazol therapy,
the ulcer had healed, and her ischemic rest pain had
resolved. At a 3-month follow-up visit, no recur-
rent ulcerations had developed.

Case 4
A 70-year-old woman with type 2 diabetes mellitus,
hypertension, and left hemiparesis was evaluated
for a nonhealing left distal hallux ulceration. The
patient resided in an extended-care facility and was
wheelchair bound as a result of a right hemispheric
stroke. Six months before her vascular evaluation,
the patient traumatized the distal aspect of her
hallux while transferring from her wheelchair. A
subsequent ulcer ensued that failed to improve de-
spite multiple topical treatments and several
courses of oral antibiotics.

When examined, she had bilaterally cool feet
with pronounced dependent rubor and pallor on
elevation. An ulceration with a dry necrotic base
was noted on the distal left hallux (Figure 3A). No
gross signs of infections were observed. The fem-
oral pulses were normal; however, the bilateral
popliteal, dorsalis pedis, and posterior tibial pulses
were absent.

A radiograph was negative for osteomyelitis of
the distal phalanx. Ankle-brachial indices could not
be obtained because the bilateral dorsalis pedis and
posterior tibial Doppler signals were inaudible. A
pulsed volume recording study documented multi-

segmental occlusive disease, and the bilateral ankle
waveforms were essentially flat, a finding consistent
with critical limb ischemia (Figure 4).

Neither percutaneous nor surgical interventions
were ideal treatment options because the patient
was not ambulatory and the ulceration involved a
paretic extremity. She was therefore given cilosta-
zol, 100 mg twice a day. After only 7 weeks of
cilostazol therapy, the ulcer had healed (Figure 3B).
The ulcer remained healed when she was seen at a
2-month follow up visit.

Case 5
A 41-year-old man with end-stage renal disease and
hypertension was evaluated for persistent painful
ulcerations on the right first and fourth toes. He
was neither diabetic nor a smoker, and his renal
failure was presumed caused by chronic pyelone-
phritis and possibly hypertension. Three months
earlier he developed spontaneous painful ulcer-
ations on the right first and fourth toes. His dis-
comfort was aggravated by elevation and partially
relieved with dependency and narcotic medication.
The ulcerations had progressed despite supportive
care and oral antibiotics.

When examined, he had a palpably cool right
distal forefoot and toes, with dependent rubor and
pallor on elevation. A small necrotic crust was ob-
served on the right distal hallux, and an irregular
ischemic ulceration was noted on the proximal-
dorsal right fourth toe (Figure 5A). The bilateral
femoral and popliteal pulses were easily palpable,

Figure 3 (Case 4). A. Ischemic left hallux ulceration when first examined. B. Left hallux after only 7 weeks of
therapy with cilostazol. The ulcer had closed completely.
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but the dorsalis pedis and posterior tibial pulses
were absent.

Ankle-brachial indices were inaccurate as a re-
sult of calcified arteries and arterial Doppler-doc-
umented triphasic bilateral femoral and popliteal
waveforms, with monophasic bilateral dorsalis pe-
dis and posterior tibial waveforms. The bilateral
transmetatarsal pulsed volume recording wave-
forms were severely dampened, and the hallux
waveforms obtained after 5 minutes of external
warming were flat, a finding documenting critical
ischemia at the level of the forefoot and toes.

Although revascularization was offered as a
treatment option, the patient requested an initial
conservative approach to his care. As a result,
cilostazol, 100 mg twice a day, was begun. Subse-
quently, the ulcerations and attendant rest pain
slowly resolved within a 24-week period (Figure

5B). At a 3-month follow-up examination, no new
ulcerations were found.

Discussion
Chronic critical limb ischemia defines a subset of
patients with peripheral arterial occlusive disease
that manifests with ischemic rest pain, ulcerations,
or gangrene. Despite collateral vessel development
and compensatory vasodilatation, in a patient with
chronic critical limb ischemia, arterial perfusion is
severely compromised and is not sufficient to meet
the metabolic needs of the extremity. From a ma-
crovascular standpoint, patients with chronic criti-
cal limb ischemia usually have multisegmental
peripheral arterial occlusive disease. The microvas-
cular circulation is impaired as well from a variety
of mechanisms, including capillary collapse, arte-
riolar vasospasm, leukocyte activation and adhe-

Figure 4 (Case 4). Noninvasive arterial study when first examined. Ankle brachial indices could not be obtained
because bilateral dorsalis pedis and posterior tibial doppler signals were inaudible. A pulsed volume recording
study documented severe, multisegmental occlusive disease, and essentially flat bilateral ankle waveforms were
consistent with critical limb ischemia.
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sion, platelet aggregation, and microthrombosis.1

As a result, not only are patients with chronic crit-
ical limb ischemia functionally disabled, but they
are also at high risk for limb loss and cardiovascular
and cerebrovascular complications.

Corroborative noninvasive objective criteria for
chronic critical limb ischemia include an ankle sys-
tolic pressure of 50 mm Hg or less and toe systolic
pressure of 30 mm Hg or less.1 If the patient has
diabetes mellitus and arterial medial calcinosis, ab-
solute pressure measurements might not be reliable
or even obtainable. In such a case, a pulsed volume
recording waveform of less than 5 mm2 or a pho-
toplethysmographic waveform of 4 mm or less is
suggestive of chronic critical limb ischemia.3 Alter-
natively, a transcutaneous oxygen tension reading
of 10 mm Hg or less in the supine position or
40 mm Hg or less while sitting suggests severe
ischemia.4

Minimal data on the prevalence of chronic crit-
ical limb ischemia exists, although an incidence of
300 per million per year has been calculated5 by
using intermittent claudication statistics (and as-
suming that 5% of patients with intermittent clau-
dication progress to chronic critical limb ischemia
within 5 years). Weitz et al6 estimated that 1%, or
20 million, of Americans older than 50 years might
ultimately acquire chronic critical limb ischemia.
Of 100 patients with intermittent claudication, at
least 1 each year will progress to chronic critical
limb ischemia.5

Risk factors for chronic critical limb ischemia
parallel those of generalized atherosclerosis, al-
though diabetes mellitus, smoking, and age assume
the most importance.5 Diabetes is noteworthy be-
cause it underlies 50% to 70% of the amputations
performed in the United States.7,8Additionally, a
diabetic patient with peripheral arterial occlusive
disease is anywhere from 7 to 11 times more likely
to require leg amputation.9,10 In Kannel’s study,11

40% of diabetic patients with chronic critical limb
ischemia progressed to gangrene, whereas only 9%
of patients who were not diabetic had a similar
outcome.

The prognosis for limb salvage as well as survival
is frequently dismal in a patient with chronic crit-
ical limb ischemia. Within a 6-month period, 20%
of patients die, 35% live but require amputation,
and the remaining 45% live with no immediate
need for amputation.5 In the United States,
150,000 leg amputations each year are performed
for unremitting chronic critical limb ischemia.12

Effective treatment alternatives are traditionally
restricted to endovascular or surgical revasculariza-
tion. Neither surgical bypass nor percutaneous
transluminal angioplasty might be technically pos-
sible, however, when the tibioperoneal or below-
knee arteries are severely diseased. Not uncom-
monly, the patient with chronic critical limb
ischemia is typically affected by advanced tibio-
peroneal arterial occlusive disease, especially if the
patient has diabetes mellitus. In addition, comorbid

Figure 5 (Case 5). A. Ischemic-appearing ulcerations on right first and fourth toes. B. After receiving cilostazol for
24 weeks, the ulcers finally healed.
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coronary, cerebral, and renal atherosclerosis can
increase the risk of developing revascularization-
associated complications. Although risk factor
modification, proper foot care, antibiotics, and top-
ical therapy for ulcerations are frequently war-
ranted, these measures play more of an adjunctive
role and are unlikely to be successful as primary
therapy for chronic critical limb ischemia.

When revascularization is not possible, medical
therapy is sometimes attempted. Anticoagulants,
antiplatelet therapy, defibrinogenating agents,13

rheologic drugs,14 and prostanoids15,16 have been
used for treatment of chronic critical limb isch-
emia. Unfortunately, none of these agents have
produced major, long-term improvement in the
critically ischemic limb. In their recent consensus
document, the TASC Working Group noted, “be-
cause the results are unconvincing or negative, cur-
rent drugs cannot be recommended in patients with
chronic critical limb ischemia.”17 As a group, pro-
stanoids have received the most attention; however,
the medication must be administered by prolonged
intravenous infusion, and any improvement is only
short term.

In 1988, cilostazol, a phosphodiesterase III in-
hibitor, was approved in Japan for the treatment of
ulcerations, pain, and coldness associated with pe-
ripheral artery disease. In one study, the efficacy of
cilostazol, 100 mg twice a day, was evaluated in a
mixed cohort of patients with intractable skin ul-
cerations from a variety of causes that included
severe peripheral artery disease. After 6 weeks, 48%
of patients showed marked improvement, and only
19% worsened. The authors concluded that
cilostazol might be useful in the treatment of skin
ulcerations caused by vascular disease.18 In a group
of 26 patients with arterial occlusive disease from
varying causes (arteriosclerosis obliterans, Taka-
yasu arteritis, and thromboangiitis obliterans),
cilostazol, 200 mg each day, for 3 months improved
ulcer healing and rest pain in 50% of the patients.19

Several studies have objectively documented in-
creases in arterial perfusion after treatment with
cilostazol. Money et al20 documented a statistically
significant increase in the posttreatment ankle-bra-
chial index when cilostazol was compared with pla-
cebo (0.64–0.70 in the cilostazol group vs 0.68–
0.69 in the placebo group, P � .0125). In a study of
9 patients with peripheral artery disease, cilostazol
administered for 2 weeks increased the mean ankle
blood flow by 16.2% (P � .05 vs baseline).21

Ohashi et al compared 100 mg with 200 mg of
cilostazol each day for 6 weeks in 10 patients with
peripheral artery disease. Significant increases in
skin temperature and blood flow were documented
in 7 of the 10 patients only when the higher dose
was used.22

The Food and Drug Administration approved
cilostazol in 1999 as a new treatment option for
intermittent claudication. In addition to its anti-
platelet and antithrombotic properties, the agent
induces vasodilatation, increases plasma high-den-
sity lipoprotein cholesterol, and decreases plasma
triglycerides.23 The precise mechanisms of action
of the medication remain incompletely defined,
however. It is known that cilostazol inhibits cyclic
adenosine monophosphate (cAMP) phosphodies-
terase III, resulting in decreased phosphodiesterase
activity and suppression of cAMP degradation.24 In
turn, the level of cAMP in platelets and blood
vessels is increased, leading to inhibition of platelet
aggregation and to vasodilatation, respectively.

The patients described here were either not
ideal candidates for invasive therapy or refused
such an approach. Thus, the addition of a relatively
new pharmacologic agent was a feasible option
when the course of traditional supportive measures
failed. Despite underlying chronic critical limb
ischemia, between 7 and 24 weeks after starting
cilostazol, the ischemic ulcerations completely
healed in all 5 patients. Moreover, 3 patients expe-
rienced resolution of attendant ischemic rest pain.
One patient erroneously discontinued cilostazol af-
ter his ulcer healed and subsequently developed a
second ulcer after minor trauma to the right distal
hallux. Resumption of cilostazol resulted in healing
of the second ulcer within 2 months. Finally, a
posttreatment noninvasive arterial study performed
on 1 patient objectively illustrated improvement in
both large and small arterial perfusion. All 5 pa-
tients have continued taking cilostazol and remain
free of recurrent ulcerations during a follow-up
period ranging from 2 to 12 months.

Primary care physicians often encounter similar
patients. For instance, family physicians are some-
times asked to evaluate and treat ischemic foot and
toe ulcerations in bedridden, demented patients
residing in extended-care facilities (eg, case 4).
These patients rarely warrant referral for aggres-
sive interventional vascular therapy and are prefer-
ably managed with a conservative treatment ap-
proach that could include the use of cilostazol.
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Considering the long-standing discouraging re-
sults of pharmacotherapy for chronic critical limb
ischemia, the preliminary data showing the success-
ful use of cilostazol in such patients are promising,
and subsequent randomized, placebo controlled tri-
als are warranted. To the best of our knowledge,
our case series is the first report in the English
literature investigating the use of cilostazol for
treating lower extremity ischemic ulcerations.
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