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A 53-year-old man with lung adenocarcinoma developed pulmonary embolism and bilateral

popliteal venous thrombosis. Treated with intravenous unfractionated heparin and dis-

charged home on warfarin, he returned a week later with extending thrombosis. Treatment

with heparin followed by warfarin was reinitiated. Twenty-four hours following the re-

administration of warfarin, the patient’s INR increased to 14.5. The platelet count dropped

bymore than 50%, and he developed venous limb gangrene of the left leg and skin necrosis

of the right leg. Heparin-induced thrombocytopenia was ruled out, and coagulation studies

showed a severe depletion of protein C as well as increased thrombin generation. The

patient was transfused with fresh frozen plasma, and vitamin K was given. Heparin was

continued, and after 4 weeks, the patient improved markedly showing only minimal necro-

sis of the toes. Venous limb gangrene is a major complication associated with warfarin

therapy. Its pathogenesis is explained by a transient hypercoagulable state produced by

protein C depletion that leads to microvascular thrombi progressing to venous limb gang-

rene. The present case emphasizes the importance of careful anticoagulation with heparin

followed by slow initiation of low-dose warfarin, in order to minimize thrombotic complica-

tions. Am. J. Hematol. 76:176–179, 2004. ª 2004 Wiley-Liss, Inc.
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INTRODUCTION

After surgery, malignancies are the second most
common acquired cause of hypercoagulability,
accounting for ten to twenty percent of venous throm-
bosis. Fifteen percent of patients with malignancies
have clinical thrombotic episodes, and 50% have
thrombi at autopsy. Hypercoagulability is especially
frequent in mucin producing carcinomas because the
sialic acid moiety can cause non-enzymatic activation
of factor X to its active form, factor Xa [1]. Conse-
quently, adenocarcinomas of the lung, pancreas, gas-
trointestinal tract, and ovary are often associated with
venous thrombosis. Clotting episodes usually occur
coincident with the diagnosis of malignancy or during
treatment; however, evidence of hypercoagulability can
sometimes precede diagnosis of cancer by weeks or
months [2].
Patients with malignancy and venous thrombo-

embolism are usually treated with heparin followed
by oral anticoagulants, such as warfarin. Some

patients show ‘‘resistance’’ to oral anticoagulants
developing an extension of the initial thrombosis or
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a new thromboembolic event while on treatment. These
patients have a persistent hypercoagulable state, as
shown by elevated levels of in vivomarkers of thrombin
generation, such as thrombin–antithrombin complex
(TAT), even when INR levels are at the therapeutic
range. In such patients, depletion of protein C as a
consequence of warfarin therapy may result in progres-
sion of thrombosis to involve the microvasculature.
Such involvement produces skin and muscle
necrosis (warfarin-induced skin necrosis or venous
limb gangrene).

CASE PRESENTATION

A 53-year-old man with a 30-pack-year history of
smoking and a 5-year history of chronic obstructive
lung disease (COPD) was admitted for intractable
cough and shortness of breath. Chest radiogram
(CXR) on admission showed a 3-cm nodule in the
right upper lobe, and subsequent evaluation revealed
a stage IIIB adenocarcinoma. Radiotherapy was
started, but 3 weeks after the initial admission the
patient returned with increasing shortness of breath.
Further study revealed a pulmonary embolus in the
right main pulmonary artery and bilateral popliteal
deep venous thrombosis. He was treated with intra-
venous unfractionated heparin followed by warfarin.
Heparin was discontinued after 10 days, and the
patient was discharged home on 4 mg of warfarin,
with an INR of 2.2.
A week later, he returned to the hospital complain-

ing of pain and swelling of his legs. Ultrasound stud-
ies of the lower extremities revealed an extension of
the thrombi into both femoral veins. The INR at the
time of admission was 1.9. Warfarin was withheld,
and the patient was restarted on intravenous unfrac-
tionated heparin. After 5 days, the heparin was dis-
continued and warfarin was resumed at 10 mg/day.
By the next day, the INR had increased to 3.5 and,
even though warfarin was held, the INR increased
further to 6.7. The patient suddenly developed cya-
nosis of both feet, accompanied by increased swelling
and pain. Acute arterial insufficiency was suspected,
and he was transferred to our institution.
On admission, physical exam showed necrosis of

the skin of the distal right leg, along with necrosis of
the left foot and toes despite the presence of palpable
pedal pulses (Fig. 1). The platelet count was 112 �
109 cells/L, INR was 14.5, and liver function tests
were within normal limits (AST/ALT ¼ 12/7 U/L).
A coagulation profile was obtained prior to infusing 9
units of fresh frozen plasma and 5 mg of intravenous
phytonadione. Initially, it was assumed that the clin-
ical findings were consistent with heparin-induced
thrombocytopenia with thrombosis (HITT), so the

patient was started on argatroban. However, when
on the following day the HIPA [3] and PF4-ELISA
[4] tests were reported to be negative, argatroban was
discontinued. The coagulation studies revealed a
marked reduction in all vitamin K-dependent factors
and increased thrombin generation (Table I). Intra-
venous unfractionated heparinwas resumed, and coag-
ulation factors, platelet count, PTT, and INR were
monitored. In addition, thrombin–antithrombin com-
plexes (TAT) were determined [5]. The platelet count
improved immediately, and factors II and X reached
normal levels within the next 3 days. However, factor
VIIandproteinCactivity remaineddecreased(Table I);
therefore, an additional 5 mg of intravenous phyto-
nadione was given. The patient’s clinical status
improved, and 4 weeks later, his right leg showed
only a minimal area of skin necrosis; the left leg
showed necrosis only in the toes. The patient was
discharged home after 24 days on daily doses of low
molecular weight heparin. Unfortunately, 4 weeks

Fig. 1. Severe venous gangrene of the left foot and skin
necrosis of the right leg.

TABLE I. Coagulation Markers, INR, and Platelet Counts

Test

Normal

values Day 1 Day 7 Day 21

Factor II (%) 50–150 19 N/A 66

Factor V (%) 50–120 96 87 97

Factor VII (%) 50–150 3 36 42

Factor X (%) 50–150 19 N/A 109

Antithrombin III (%) 83–125 68 66 66

Protein C activity (%) 68–128 14 91 82

Protein S activity (%) 72–172 55 69 49

Thrombin–antithrombin

(TAT) Complex (mg/L) 1–4.1 16.9 10 6

INR 1.0 14.5 3.9 1.2

Platelet count (�109 cells/L) 150–350 112 169 177a

aOn day 19.
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later the patient died of respiratory failure due to the
progression of his lung adenocarcinoma.

DISCUSSION

This patient with lung cancer developed pulmonary
embolism and deep venous thrombosis that pro-
gressed to severe limb gangrene despite palpable
pedal pulses. This complication occurred during war-
farin therapy and was associated with thrombocyto-
penia and a high INR. All of these features are very
similar to the venous limb gangrene reported in pa-
tients with heparin-induced thrombocytopenia [6,7].
However, heparin-dependent antibodies were absent,
and the re-administration of unfractionated heparin
led to a good clinical and laboratory response.
The decrease in the platelet count was presumably
secondary to widespread intravascular coagulation
in the setting of malignancy.
Patients with malignancies have continuous throm-

bin generation (as shown by high levels of TAT) and
often cannot suppress the clotting process despite
treatment with warfarin. Increased thrombin forma-
tion leads to increased generation and consumption
of activated protein C. If warfarin treatment is
started, all vitamin K-dependent factors decline, in-
cluding the key thrombin regulatory zymogen, pro-
tein C. Since protein C has a half-life of about 8 hr,
it will be depleted long before prothrombin (half-life
of 60 hr). In addition, in malignancies, the hepatic
synthesis of antithrombin III and protein C may also
be depressed [8]. These patients will present with
severely decreased protein C levels along with poor
control of thrombin generation. If heparin treatment
is discontinued immediately when the INR is in the
therapeutic range (2–3) or higher (factor VII has
a half-life of only 8 hr), the unopposed thrombin
generation may lead to microvascular thrombi and
potentially to venous gangrene. The increased INR in
such cases is merely a marker of severe factor VII
depletion rather than an indication of clinical protec-
tion against thromboembolism [11].
The pathogenesis of venous limb gangrene compli-

cating malignancy-related venous thrombosis may be
the result of a combination of factors such as a tran-
sient prothrombotic state induced by excessive doses
of warfarin and rapid depletion of protein C, malig-
nancy which is itself a prothrombotic state (evidenced
by increased level of TAT); and a primary thrombotic
condition (deep venous thrombosis) [9,10].
The role of warfarin treatment in the pathology of

venous gangrene is not widely recognized for several
reasons. First, both conditions that produce it, heparin-
induced thrombocytopenia and malignancy, are asso-
ciated with thrombosis. Second, these patients develop

an atypical clinical picture of warfarin-induced necro-
sis, predominantly involving the distal limb rather than
being located centrally. Third, the proportion of
patients who develop limb necrosis is small and few
well-studied cases have been reported [6,7,11,12].
As proposed by Warkentin [11], the development of

warfarin-induced venous limb gangrene in the setting of
malignancy or heparin-induced thrombocytopenia is
related to the interaction of a profound hypercoagul-
ability state (increased thrombin generation) and war-
farin-induced depletion of the natural anticoagulant,
protein C. Often, the progression to limb loss is attrib-
uted to the underlying disease alone (malignancy or
HIT), and the important pathogenic role of warfarin
is not recognized. Our present report, in which we
found evidence of severe depletion of protein C to-
gether with elevated TAT complex levels (indicating
persistence of thrombin generation despite the greatly
elevated INR), supports the viewpoint [11] that venous
limb gangrene reflects a profound disturbance in pro-
coagulant–anticoagulant balance, in which failure of
the protein C natural anticoagulant pathway to down
regulate the increased thrombin generation in the
microvasculature leads to microthrombosis in the
limb affected by the deep vein thrombosis [11].

CONCLUSION

The present case emphasizes the severity of venous
limb gangrene that can occur during treatment
of malignancy-associated venous thromboembolism.
Initiating slow, low-dose oral anticoagulation after a
period of overlap with heparin might minimize this
complication.
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