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Peripheral artery disease
and unusual skin findings

A 68-YEAR-OLD MAN with peripheral artery
disease and dry gangrene of the feet was
admitted to the hospital from a subacute reha-
bilitation facility because of increasing edema
and erythema in the right lower extremity,
with scattered areas leaking serous fluid.

Five months previously, he had presented
to a podiatrist with superficial ulceration of
the fifth toe of his left foot and a purple hue to
all toes of both feet, findings that were thought
to represent ischemia. Evaluation for vasculi-
tis indicated normal renal function and was
negative for antinuclear antibody, rheumatoid
factor, and cryoglobulins. His erythrocyte sed-
imentation rate was mildly elevated at 12 mm/
hour (Table 1). Peripheral artery disease was
diagnosed, manifesting as dry gangrene of his
toes and feet. Risk factors for peripheral artery
disease were treated optimally with antihy-
pertensive drugs, a statin, and low-dose daily
aspirin, although he continued to smoke.

Three months before the current admis-
sion, he underwent left femoral endarterec-
tomy with angioplasty with the goal of treat-
ing his peripheral artery disease. However,
the ischemic changes of his feet continued to
progress, and he developed necrotic areas on
the right foot (hallux and the fourth and fifth
digits) and the left foot (hallux and the distal
aspects of the second, third, and fifth digits).
Three weeks before the current admission, he
underwent angioplasty of the right superficial
femoral artery.

At the rehabilitation facility, he received
appropriate wound care for his gangrenous
toes, but because of the severity he could no
longer bear weight and required a mechani-
cal lift for transfers. He had chronic lower
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TABLE 1

The patient’s laboratory evaluation
5 months earlier

Reference

Test Value® range
Erythrocyte sedimentation rate 12 mm/hour 0-10
C-reactive protein 0.90 mg/L <5.00
Antineutrophil cytoplasmic anti- <1:20 <1:20
bodies immunoglobulin (Ig) G
Rheumatoid factor 10.2 IU/mL 0-14.0
Cardiolipin IgA 4.9 APL units 0.0-13.9
Cardiolipin 1gG 4.5 GPL units 0.0-9.9
Cardiolipin IgM <2.5MPLunits  0.0-9.9
Nuclear antibody IgG < 1:40 < 1:40
Cryocrit <1% <1%
Abnormal results are shown in bold.

extremity pain with no report of sensory loss.

Lower extremity strength was 3 on a scale of 5

and symmetric bilaterally.

The patient’s history also included to-

bacco use, hypertension, chronic obstructive

pulmonary disease, hypothyroidism, urinary

retention, and constipation. He had previ-

ously received the diagnosis of iron deficiency

anemia, but iron supplementation had been

recently discontinued because his hemoglobin

level had returned to normal. His medications

on admission to the hospital included low-

dose aspirin, atorvastatin, carvedilol, lisino-

pril, levothyroxine, acetaminophen, senna,

polyethylene glycol, albuterol and mometa-

sone-formoterol inhalers, as well as albuterol-

ipratropium given by nebulization.
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Figure 1. The patient’s lower back and buttocks on initial
presentation.

A 68-year-old
man was
admitted
because

of worsening
skin problems
in his legs
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Physical examination

On admission, his blood pressure was 109/64
mm Hg, pulse 83 beats per minute, tempera-
ture 36.6°C (97.9°F), weight 84.4 kg, and ox-
ygen saturation 97% on room air. He was alert
and in no distress.

Cardiopulmonary and abdominal exami-
nations were unremarkable. His right leg had
brawny edema with ill-defined reddish discol-
oration from the knee downward, with scant
yellowish fluid weeping through small open
erosions of the skin. The left calf appeared
normal without edema. He had no lymphade-
nopathy.

He had a purplish red reticular discolor-
ation of the skin around the right knee and
diffuse red, purple, and maroon discolorations
over the lower back and buttocks (Figure 1),
known to be present for about 2 weeks. The
skin appeared intact with blanchable discol-
oration.

The chronic necrotic changes of the toes
appeared unchanged and without subungual
hemorrhage. Posterior tibial pulses were dif-
ficult to palpate.

Laboratory results
A complete blood count with differential and
a basic metabolic panel were drawn (Table 2).
His thyroid-stimulating hormone level, liver
enzyme levels, and international normalized
ratio were normal.

Il CHARACTERIZING THE SKIN PROBLEM

Which of the following is most consistent
with the patient’s skin findings?

[J Pressure injury

[] Ecchymosis

[ Livedo reticularis
[] Purpura fulminans

Livedo reticularis is the condition most con-
sistent with our patient’s skin findings. A de-
scriptive term indicating reddish-blue spots in
a netlike or lacy pattern, livedo reticularis is
caused by decreased blood flow to the skin.

The cutaneous vascular microanatomy
can be thought of as a deep arterial bed with
superficially penetrating arterioles for blood
supply and a dense superficial venous plexus.
Under this model, any process that reduces
cutaneous blood flow results in better visual-
ization of the venous plexus.

Physiologic vasospasm (eg, from cold ex-
posure) can lead to reversible cutaneous dis-
coloration, known as physiologic (primary)
livedo reticularis.

Irreversible (secondary) livedo reticularis
can lead to necrotic skin lesions owing to a
lack of blood flow in the superficial arterial
vessels."? It has systemic associations and can
be caused by the following:

e Hypercoagulable states such as antiphos-
pholipid syndrome and thrombotic throm-
bocytopenic purpura

e Other autoimmune conditions, including
various manifestations of vasculitis

¢ Conditions of embolization or deposition,
such as cholesterol embolization syndrome
and calcific uremic arteriopathy.

Pressure injury. The skin remains intact
only in the first stage of pressure injury and
deep-tissue pressure injury, in which the skin
is ischemic but not infarcted. Pressure injury is
most commonly diagnosed visually.

Unlike the findings in our patient, stage 1
pressure injuries are erythematous rather than
purple-maroon and are typically described as
nonblanchable. Although a blanch response
may be elicited in early stage 1 pressure inju-
ries, our patient’s skin lesions were present in
some form over the previous 2 weeks. Deep-tis-
sue pressure injury is maroon or purplish in ap-
pearance but is also typically nonblanchable.?
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In addition to these differences, the sites
involved in this patient do not suggest pres-
sure injury, making this diagnosis unlikely.
Pressure injury typically involves skin over a
bony prominence, such as the iliac crest, sa-
crum, or coccyx.* Furthermore, although this
patient is chair-bound, he is alert, has intact
sensation, and is unlikely to have sustained
pressure over the areas of these lesions to cre-
ate a pressure injury.

Ecchymosis is the result of extravasation
of blood in the tissues, most commonly from
blunt-force trauma. Less commonly, it is seen
with severe pancreatitis or peritoneal hemor-
thage,” with classic distributions being peri-
umbilical (Cullen sign) and flank (Turner
sign).°®

Ecchymosis is unlikely in our patient, who
has no history of trauma and no notable ab-
dominal symptoms to suggest severe acute
pancreatitis or retroperitoneal hemorrhage.

Purpura fulminans, despite its name de-
scribing deep purple lesions, is not related
to ecchymosis. Purpura fulminans involves
extensive infarction of the skin, with the pe-
techiae and purpura quickly progressing to
blood pooling and skin necrosis. Purpura ful-
minans can follow disseminated intravascular
coagulopathy (intravascular thrombosis and
hemorrhage) caused by bacterial infection,
malignancy, or immunologic reactions. Pa-
tients are acutely ill with rapid deterioration;
hence, purpura fulminans signals a dermato-
logic emergency.™®

Although our patient’s skin lesions were
initially violaceous and purpuric, they pro-
gressed slowly and he was not acutely ill, so
this diagnosis does not fit.

I CASE CONTINUED:
THE PROBLEM SPREADS

The patient’s right leg erythema was thought
to represent deep vein thrombosis, reperfusion
injury from his prior angioplasty with reactive
erythema and edema, or ischemic changes from
progression of his peripheral arterial disease.
Venous ultrasonography showed no evidence
of deep vein thrombosis. Angiography of the
right lower extremity was repeated, and bal-
loon angioplasty of a newly found narrowing in
the right femoral artery was performed.
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TABLE 2
The patient’s laboratory results on admission
Reference
Test Value® range
Glucose 88 mg/dL 70-100
Sodium 125 mmol/L  135-148
Potassium 4.0 mmol/L 3.5-5.3
Chloride 93 mmol/L 92-108
Bicarbonate 18 mmol/L  22-30
Blood urea nitrogen 17 mg/dL 8-23
Creatinine 0.82 mg/dL 0.50-1.00
Calcium 7.7 mg/dL 8.2-9.6
Albumin 2.8 g/dL 3.8-5.1
Hemoglobin® 9.9 g/dL 13.1-17.5
Platelet count 328 x 10°/L  150-400
White blood cell count 14.8 x 10°/L  4.0-10.0
Hematocrit® 28.4% 40.0-51.0%
Red blood cell count 3.31 x 10"%/L  4.6-6.0
Mean corpuscular volume 85.8 fL 80-100.0
Absolute neutrophil count 11.4 x 10°/L  1.7-6.5
Absolute lymphocyte count 1.3x10°L 8.0-4.0
Absolute monocyte count 1.2x10°L 0.2-1.0
Automated absolute neutrophil count 9.9 x 10%L  1.7-6.5
Absolute eosinophil count 1.0x10°L <0.6

2Abnormal results are shown in bold.
®Previous studies showed microcytic iron deficiency anemia with low ferritin, serum
iron, and transferrin saturation.

The patient returned to the subacute re-
habilitation facility, where he was evaluated
2 days later. The red, purple, and maroon ap-
pearance of the skin around the right knee
persisted and now involved the left knee (Fig-
ure 2). The patient was referred to a derma-
tologist, and results of further laboratory tests
(Table 3) and skin biopsy were obtained.

What is the most likely cause of this pa-
tient’s livedo reticularis?

[] Acquired thrombotic thrombocytopenic
purpura

[] Antiphospholipid syndrome

[] Cholesterol embolization syndrome

[[] Thromboangiitis obliterans
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a left femoral
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Figure 2. The patient’s lower extremities demonstrated
evolving livedo reticularis.

Cholesterol embolization can occur spon-
taneously’ but is most often reported after car-
diac catheterization and infrarenal aortic and
infrainguinal vascular procedures.'®!! Because
our patient’s skin findings developed 3 weeks
after his lower extremity angiogram, choles-
terol embolization syndrome should be strong-
ly considered in the differential diagnosis.

Cholesterol embolization syndrome starts
with rupture of atherosclerotic plaque in a
proximal large-caliber artery such as the aor-
ta or iliac artery, followed by embolization
of plaque debris and settling of cholesterol
crystals in distal small to medium arteries.!
A foreign-body inflammatory response to the
cholesterol emboli ensues.'>"® End-organ dam-
age results from both obstruction and inflam-
mation.

Cholesterol embolization syndrome is a
microembolic process rather than what occurs
in the more common arterioarterial emboliza-
tion syndrome. The latter involves emboliza-
tion of a large organized thrombus overlying
an atheromatous plaque, which travels distally
to occlude large downstream arteries and leads
to severe ischemia of target organs.'

Cutaneous manifestations of cholesterol
embolization syndrome include livedo reticu-
laris with characteristic reddish-purple spots
distributed in a fishnet or lacy (reticulated)
pattern, cyanosis due to microvascular isch-

emia, and ulceration that progresses to gan-
grene.'>!* The skin of the lower extremities is
most commonly affected; if both extremities
are involved, findings are usually asymmetric.

The diagnosis can be made clinically, with
findings usually presenting days to weeks af-
ter the procedure, and with blood tests indi-
cating inflammation, eg, elevated C-reactive
protein, erythrocyte sedimentation rate, and
white blood cell count with eosinophilia.'?
However, because the syndrome can mimic
several diseases, biopsy of an involved organ
(eg, kidney, skin, muscle) is needed to confirm
the diagnosis. Biopsy of a suspect skin ulcer is
generally preferable to internal organ biopsy
because of easy accessibility and less proce-
dural morbidity.

Thrombotic thrombocytopenic purpura,
along with other thrombotic microangiopa-
thies, may have cutaneous manifestations,
including livedo reticularis, petechiae, ecchy-
mosis, and purpura.’” Acquired thrombotic
thrombocytopenic purpura is an autoimmune
disorder that results in functional inhibition
or increased clearance of the ADAMTS13 en-
zyme, which normally cleaves von Willebrand
factor to avert inappropriate platelet aggrega-
tion. It manifests as a Coombs-negative he-
molytic anemia with thrombocytopenia and
results in organ dysfunction, most notably in
the central nervous system. The autoantibody
process is often triggered by infection, drugs,
malignancy, or pregnancy, although many pa-
tients do not have an identifiable cause.'

This diagnosis is unlikely in our patient.
He does not have thrombosis or thrombocyto-
penia, his anemia is chronic, his normal total
bilirubin is not concerning for hemolysis, and
he does not have neurologic symptoms.

Antiphospholipid syndrome is an autoim-
mune disease characterized by thrombosis and,
often, thrombocytopenia and red blood cell
hemolysis.!” Unlike thrombotic thrombocyto-
penic purpura, antiphospholipid syndrome is
not a microangiopathic hemolytic process, so
schistocytes are not seen on peripheral smear.
The pathophysiology involves inappropriate
binding of antiphospholipid antibodies to en-
dothelial surfaces, which leads to upregulation
of adhesion molecules to promote inflamma-
tion and coagulation.'® Antiphospholipid syn-
drome often occurs in patients with other un-
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derlying autoimmune disorders (eg, systemic
lupus erythematosus).

The thrombocytopenia is often mild
(platelet count 50-150 x 10°/L). Cutaneous
manifestations commonly include livedo re-
ticularis and livedoid vasculopathy (ie, pain-
ful and recurrent ulcerations).'”!® The lack of
thrombosis, thrombocytopenia, or hemolysis
makes this diagnosis unlikely in our patient.

Thromboangiitis obliterans (Buerger dis-
ease) is an inflammatory vasculitis that affects
primarily small to medium-sized arteries and
veins and leads to the development of occlu-
sive thrombi.'” Although its cause remains
unknown, it occurs primarily in younger men
(usually before age 45) and is almost exclu-
sively associated with tobacco use.?

Serologic markers of inflammation includ-
ing erythrocyte sedimentation rate, C-reac-
tive protein, antinuclear antibody, rheuma-
toid factor, and complement levels are usually
unremarkable.!*%

Although our patient is male and uses to-
bacco, it would be unusual to present with an
initial insult at his more advanced age. Also,
his peripheral arterial disease is affecting his
large arteries, which is not characteristic of
Buerger disease.

Il CASE CONTINUED:
CHOLESTEROL EMBOLIZATION SYNDROME

Our patient’s complete blood cell count 3
weeks after his angiogram indicated a high
white blood cell count with eosinophilia. His
erythrocyte sedimentation rate and C-reactive
protein level were also elevated after hospital-
ization, although his chronically gangrenous
feet likely confounded the picture.

Punch biopsy of the skin revealed embolic
cholesterol crystals, confirming a diagnosis of
cholesterol embolization syndrome.

Which of the following is true about cho-
lesterol embolization syndrome?

(] Normal renal function after an event is
highly unusual

[ It is more likely to occur after left heart
catheterization than peripheral vascular
procedures

(] It can be prevented by antiplatelet
therapy before the procedure

TABLE 3

Follow-up laboratory evaluation
at the time of skin biopsy

Reference
Test Value® range
Erythrocyte sedimentation rate 104 mm/hour 0-10
C-reactive protein 198.10 mg/L < 5.00 mg/L
Antineutrophil cytoplasmic antibodies < 1:20 <1:20
immunoglobulin (Ig) G
Rheumatoid factor 10.7 IU/mL 0-14.0
Beta 2 glycoprotein IgG 1 U/mL 0-20
Beta 2 glycoprotein IgM 1 U/mL 0-20
Cardiolipin IgA 9.9 APL units 0.0-13.9
Cardiolipin IgG 6.7 GPL units 0-9.9
Cardiolipin IgM < 2.5 MPLunits 0-9.9
Nuclear antibody lgG < 1:40 < 1:40
?Abnormal results are shown in bold.
[J Subsequent angioplasty is not
contraindicated
[t is unknown if cholesterol embolization syn-
drome is a r.isk. factor for recILzugence after a Cholesterol
subsequent similar procedure.!??! Hence, an- L.
gioplasty procedures after diagnosis are not ab- embolization
solutely contraindicated, but careful risk-ben- can occur
efit analysis should be done since the initial spontaneously,
occurrence suggests the presence of athero-
sclerotic plaque that may still be vulnerable but most often
to mechanical injury and repeat embolization. after vascular
Whether benefits of further interventions d
likely outweigh the potential risk of recurrent procedures
cholesterol emboli should be considered on an
individual basis.
About half of patients with cholesterol
embolization syndrome have kidney involve-
ment, presenting as a rise in serum creatinine
with proteinuria. One mechanism of renal in-
jury is thought to be vascular obstruction by
cholesterol crystals, leading to tissue ischemia,
cell necrosis, and inflammation.
The gastrointestinal tract is affected in
19% to 48% of patients, and the problem most
commonly presents as bowel ischemia, which
can result in gastrointestinal blood loss from
mucosal ulcerations due to mucosal infarcts.
Cutaneous manifestations occur in 35% to
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Figure 3. The patient’s right flank (left), lower bac.k (middle), a‘nd right hip (right) demon-
strated evolving ulceration and necrosis of lesions seen in Figure 1.

96% of patients, and those with renal mani-
festations are most commonly affected.!>?
Although a decrease in renal function would
support a diagnosis of cholesterol embolization
syndrome, it is not uncommon for kidneys to
be unaffected, as is the case for our patient.

Based on observational data, patients un-
dergoing cardiac surgery or abdominal aortic
repair are at more risk of developing cholester-
ol embolization syndrome than those having
coronary angiography or minimally invasive
procedures.'? Its incidence after angiography
or angioplasty is low (1%-2%), but it is likely
underrecognized.”**

Although cholesterol embolization syn-
drome can develop after angiography alone as
a result of catheter introduction or manipula-
tion, interventional procedures may increase
the risk. A high index of suspicion for choles-
terol embolization syndrome should be main-
tained regardless of the indication for angi-
ography, arterial access site, or interventions
performed.

No clinical evidence suggests that anti-
platelet therapy helps prevent cholesterol
embolization syndrome. Modifiable risk factor
reduction (eg, blood pressure control, smok-
ing cessation) may help prevent it.”

Il SUPPORTIVE MANAGEMENT

No specific treatments address cholesterol
embolization syndrome, so management is
primarily supportive by maintaining hemody-
namic stability and optimizing nutrition. End-
organ damage is associated with high mor-
bidity and mortality risk and is particularly
important to address.!?

Severe skin lesions require appropriate
wound care, appropriate bed support surfaces,
and patient positioning to protect from fur-

ther injury and secondary infection.?

Steroids have been suggested to reduce in-
flammation caused by cholesterol crystals,**?
as have statins to help stabilize plaques.’®*
However, neither therapy has been studied for
cholesterol embolization syndrome in a ran-
domized controlled trial.

Recurrent embolism rates have been re-
duced with surgical endarterectomy and by-
pass procedures, and data on the use of intra-
luminal stenting procedures is promising in
some patients.”® There is no role for antico-
agulation or fibrinolytic therapy for managing
the condition.

Some case series suggest that warfarin or
fibrinolytics may lead to cholesterol emboliza-
tion syndrome, although this association is un-
clear and not supported by clinical trial data.
The best way to reduce recurrence may be to
limit invasive intra-arterial studies and inter-
ventions.!? Unfortunately, this is challenging,
as many of these patients require such studies
and procedures, given their medical complex-
ity and severity of cardiovascular disease.

I CASE CONTINUED: ULCER CARE

The patient had normal renal function, in-
dicating his kidneys had been spared. He re-
quired no treatment other than care of the
skin ulcers that developed from damage by
cholesterol emboli.

Over the course of 4 weeks, his lesions,
initially confluent, reticulated, and purplish,
evolved into full-thickness necrotic ulcers
(Figure 3). Four demarcated ulcers on his
back and trunk (the largest being 3.5 cm x 8
cm) were 100% necrotic (eschar) tissue with
open wound edges that drained a moderate
amount of serosanguinous fluid.

Initially, a dry sodium-impregnated gauze
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was used to debride the moist necrotic tissue
through reverse osmosis. As the necrotic ar-
eas softened and were debrided, the wound
base developed granulation buds with areas
of thick, slough tissue (Figure 4). The wound
was then managed with a honey-based prod-
uct to address the high bacterial load in the
ulcers, followed by a calcium alginate foam
dressing to absorb the exudate while main-
taining a moist wound. Surgical debridement
was not required, and neither systemic nor
topical antibacterial agents were used.

Five months after the patient’s hospitaliza-
tion, the ulcers had improved, and hydrocol-
loid dressings were used. At 8 months, all the
ulcers were healed.

Unfortunately, his severe gangrene of the
toes, which predated the cholesterol embo-
lization syndrome, progressed to involve the
midfoot and eventually required bilateral
above-the-knee amputation. Once the patient
was less catabolic from chronic gangrene, and
after receiving excellent wound care and opti-
mization of oral nutrition, the ulcers from his
cholesterol emboli healed completely, and he
regained his previous baseline health status.

M TAKE-AWAY POINTS

e Skin lesions involving the disruption of ar-
teries and subsequent ecchymosis, whatev-
er the inciting mechanism, should prompt
an evaluation for an underlying systemic
cause.

e Cholesterol emboli should be suspected
when characteristic skin lesions appear in
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Figure 4. The patient’s flank ulcer 2 months after treatment.

the days or weeks after angiography.

e Clinical history, physical examination,
laboratory findings, and biopsy are essen-
tial for diagnosis.

e Renal and gastrointestinal complications
are potentially the most serious end-organ
manifestations of cholesterol embolization
syndrome. However, skin lesions can pro-
gress to large necrotic ulcers, causing sig-
nificant morbidity.

e No treatment is specific for cholesterol
embolization syndrome, but complications
must be managed.

¢ Smoking cessation and blood pressure con-
trol may reduce the risk.

e Substantial damage to skin can occur in
cholesterol embolization syndrome, as
in this case, with 8 months to complete
resolution of what eventually became full-
thickness necrotic ulcers. [ ]
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