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Abstract: Acute myelogenous leukemia (AML) is a malignant disease of the hematopoietic system,
characterized by features of bone marrow insufficiency and organ infiltration by leukemic cells. Venous
thrombosis in AML patients is uncommon, compared to bleeding; therefore in patients with AML,
simultaneous occurrence of venous and arterial thrombosis is a rather rare presentation. We reported an
unusual case of anti-phospholipid antibody syndrome secondary to AML characterized by venous and
arterial thrombosis. A 70-year-old man with deep venous thrombosis (DVT) of the left leg confirmed by
Doppler was seen in our clinic. During treatment with a Vitamin K antagonist (3 mg daily of Warfarin) and
a low molecular weight heparin (LMWH), he developed an acute pulmonary embolism and an acute inferior
wall ST elevation myocardial infarction (STEMI), a result of right coronary artery embolism. His full blood
count showed leukocytosis and thrombocytopenia. Lupus anticoagulant and anti-cardiolipin antibodies
were positive. A bone marrow aspirate test showed results consistent with AML (FAB class M1). A diagnosis
of antiphospholipid antibody syndrome secondary to AML characterized by coronary artery embolism,
pulmonary embolism and left leg DVT was eventually established. He received anticoagulation with a low
dose of warfarin after refusing chemotherapy. He however died of cerebral hemorrhage despite the fact that
the INR was in the normal therapeutic range. It is challenging to anticoagulated AML patients complicated

by multiple vascular thromboses and thrombocytopenia.
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Introduction

Acute myelogenous leukemia (AML) is a malignant
disease of the hematopoietic system, characterized by
features of bone marrow insufficiency such as anemia and
thrombocytopenia; and also by granulocytosis which is a
result of proliferation of these abnormal hematopoietic cells
of the white blood cell line. There is also organ infiltration
by these abnormal or malignant hematopoietic cells. Most
patients with AML present with anemia, infections and
bleeding as a result. Venous thrombosis in AML is less
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common, compared to bleeding; therefore in patients with
AML, venous and arterial thrombosis is a rare presentation
(1). We encountered an unusual case of anti-phospholipid
antibody syndrome secondary to AML characterized
by DVT, pulmonary embolism and acute myocardial
infarction caused by right coronary artery embolism. The
characteristics and possible reasons for arterial and venous
thrombosis in patients with AML are discussed in this
report. We present the following article in accordance with
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/cdt-20-486).

Cuardiovasc Diagn Ther 2020;10(5):1332-1340 | http://dx.doi.org/10.21037/cdt-20-486


http://dx.doi.org/10.21037/cdt-20-486
http://dx.doi.org/10.21037/cdt-20-486
https://crossmark.crossref.org/dialog/?doi=10.21037/cdt-20-486

Cardiovascular Diagnosis and Therapy, Vol 10, No 5 October 2020

1333

Figure 1 The color Doppler ultrasound of left leg (A,B) showed non-compressible popliteal and peroneal veins with abnormal echo (arrows).

The CPTA (C,D,E,F) and three-dimensional reconstruction (G,H) showed emboli (arrows) in the terminal branches of both pulmonary

arteries (C,D) and the branches of both lower pulmonary arteries (E,F).

Case presentation

A 70-year-old man presented to the general surgery
department of our hospital with a 2-week history of a
painful progressive left calf swelling without associated fever
or chills. He had no personal or family history of venous
thromboembolism or coronary artery disease. He had no
history of diabetes mellitus, hypertension or dyslipidemia.
He had however been treated successfully in the past for
pulmonary tuberculosis with no residual sequelae. He drank
no alcohol and denied smoking or recreational drug use.

On examination, he was an elderly man in pain with
an obvious swollen left leg. He was afebrile and had no
respiratory distress. He was not tachycardic and had normal
blood pressure. His entire left leg was swollen and tender
with a calf circumference of 41 cm (measured 10 cm below
the tibial tuberosity), whiles the right leg measured 35.5 cm
and was neither swollen nor tender. The rest of the physical
examination was unremarkable.

Lab results showed a very mild normocytic anemia and
mild leukocytosis. He had severe thrombocytopenia and a
severely elevated C-reactive protein (almost 20 times the
upper border of normal). He also had significant elevated
D-dimer (over 40 times the upper border of normal).
A color Doppler ultrasound of his left leg showed non-
compressible popliteal and peroneal veins, indicating a left
leg DV'T (Figure I).

He was diagnosed with DVT of the left leg, admitted
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and started on a dual therapy of Low molecular weight
heparin (LMWH) (Nadoparin calcium 0.4 mL) and a
Vitamin K antagonist (Warfarin 3 mg). The LMWH
was stopped the following day on account of the
thrombocytopenia, and patient was transfused with one unit
of cell-matched platelet concentrate.

On the third day of admission, the patient complained
of a sudden onset severe chest pain and difficulty breathing
without hemoptysis. His arterial blood gases on room
air were normal. An urgent CT pulmonary angiogram
(CTPA) was ordered, which showed emboli in the terminal
branches of both pulmonary arteries and the branches of
both lower pulmonary arteries (Figure I1). A diagnosis of
acute pulmonary embolism was made and the patient was
transferred to the intensive care unit (ICU).

He was continued on Warfarin 3 mg and Nadoparin
0.4 mL/q12h was re-started. Patient’s International
Normalized Ratio (INR) was found to be progressively rising
till they became markedly elevated (over 5 times the upper
border of normal after 6 days of dual anticoagulation therapy).
Both warfarin and the LMWH were stopped and the patient
was transfused with 600 mLs of fresh frozen plasma.

In spite of the above therapy, the retrosternal chest pain
persisted over the following two days, without radiation
to the neck, jaws or left arm. Cardiac enzymes and a 12-
lead ECG were ordered which showed markedly elevated
cardiac enzymes and Troponin (over 19 times above the
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Figure 2 The 12-lead ECG (A,B,C) showed an acute inferior wall STEMI and dynamic change of ST segment elevation in leads II, III, and

avF, during hospitalization.

upper border of normal) and an acute inferior wall STEMI Coronary Angiography with PCI was recommended. The

(Figure 2A4). patient and his relatives however refused to give consent
On consultation with the cardiologists, a diagnosis of and opted for conservative management. Follow up ECGs
acute inferior wall STEMI was confirmed and an emergent showed dynamic ST segment changes (Figure 24,B,C)
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Figure 3 The dynamic change of myocardial enzyme (A: CK, B: CK-MB, C: LDH, D: a-HBDH, E: hs-cTnT) during hospitalization.
LDH, lactate dehydrogenase; a-HBDH, alpha-hydroxybutyric dehydrogenase.

further confirming the diagnosis of acute inferior wall
STEMI.

He was managed on Clopidogrel 75mg daily and
Warfarin was reduced to 1.5 mg nocte, without Aspirin,
on account of the low platelet count. The low platelet
count however persisted so clopidogrel had to be stopped
and patient was left only on warfarin. After two weeks of
admission at the ICU, he became stable and was transferred
to the cardiology ward for further management.

Repeat labs showed that cardiac enzymes and troponin
had fallen to baseline levels (Figure 3) and the platelet
count had moderately improved (from 39x10°/L on the day
of admission to 61x10°/L after transfusion with a unit of
platelet concentrate; normal range: 100x10°-300x10°/L).

Further investigations revealed a positive anti-cardiolipin
and lupus anticoagulant antibodies. An autoantibody screen;
including ANA, anti-dsDNA, rheumatoid factor (RF),
and anti-neutrophil cytoplasmic antibody (ANCA), were
however negative. Echocardiography showed regional
wall motion abnormality (inferior wall) with a residual left
ventricular systolic dysfunction (Left ventricular ejection
fraction of 41%), as well as a mild mitral and tricuspid
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regurgitation.

Coronary artery CTA showed complete occlusion
of proximal RCA without any obvious stenosis or
atherosclerosis in the left coronary artery or any of its
branches (Figure 4). A bone marrow aspirate cytology and
biopsy was done in his fourth week of admission which
showed a predominance of large primitive cells with
92% granulocytes in the bone marrow smear and 29%
myeloblasts in the peripheral blood smear, consistent with
AML (FAB M1) (Figure 5).

A final diagnosis of antiphospholipid antibody syndrome
(APS) secondary to AML (FAB M1) complicated by
Acute myocardial infarction (AMI), Pulmonary embolism
(PE) and Deep venous thrombosis (DVT) was made.
Induction chemotherapy for AML was recommended after
consultation with the hematologists but was declined by the
patient and his relatives. After discharge, patient continued
to refuse to undergo chemotherapy in other hospitals
despite being urged to do so by his relatives.

A month after discharge, patient presented to our
emergency department in a deep coma. An urgent head CT
scan was done which showed a massive right intracerebral

Cuardiovasc Diagn Ther 2020;10(5):1332-1340 | http://dx.doi.org/10.21037/cdt-20-486



1336 Liang et al. AML characterized by arterial and venous thrombosis

Figure 4 The coronary artery CTA (A-F) and three-dimensional reconstruction (G,H) showed complete occlusion (arrows) of initial

segment of the right coronary artery (C-H), without any atherosclerosis or stenosis in the left coronary artery and its branches (A,B).

- .

Figure 5 The bone marrow aspiration with Wright stain (A-D, 100x) and biopsy with HE stain (E,F, 20x) showed acute myelogenous

leukemia (FAB, M1) with a predominance of large primitive cells (arrows).

hemorrhage, a subarachnoid hemorrhage and brain the Helsinki Declaration (as revised in 2013). Written informed
herniation (Figure 6). He unfortunately died shortly after consent was obtained from the patient and his relatives.
presentation from the brain herniation.
All procedures performed in studies involving human . .
, . . . Discussion
participants were in accordance with the ethical standards of

the institutional and/or national research committee(s) and with "This is a case report of an unusual case of acute myelogenous
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Figure 6 The cranial CT scan showed cerebral hemorrhage, subarachnoid hemorrhage, as well as herniation of brain.

leukemia (AML) presenting as Antiphospholipid antibody
syndrome (APS). The initial diagnosis of APS was based on
the presence of multiple vascular thromboses including a
left leg DVT, PE and an AMI secondary to right coronary
artery embolism; with accompanying thrombocytopenia
and positive antiphospholipid antibodies.

AML commonly presents with anemia, hemorrhage,
recurrent infections and organomegaly resulting from organ
infiltration with leukemic cells. Hemorrhagic or thrombotic
events may occur in patients with AML, but thrombotic
events are less common because of thrombocytopenia with
its accompanying coagulopathy in these patients (1). Major
thrombotic events may commonly occur in AML patients
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with hyperleukocytosis (WBC >10'/L), especially for
acute promyelocytic leukemia (APL) (2,3). In a review of
APL-related thrombosis, DVT/PE was the most common
thrombotic event, followed by cardiovascular events
(mainly coronary artery thrombosis) and cerebrovascular
events(stroke or Dural Sinus thrombosis) (1,4). Although
some previous studies have reported on some AML patients
presenting with either DVT, PE or AMI occurring alone
(4-10); both arterial and venous thromboembolic events
characterized by all three occurring together as in this case
is uncommon in AML patients.

The association between AML and thrombosis is well
documented; however the pathogenesis of thrombosis
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Figure 7 The dynamic change of blood cell count (A: WBC; B: PLT; C: RBC; D: Hb) during hospitalization. PLT; platelet; RBC, red blood

cell; Hb, hemoglobin.

in AML remains unclear. Several hypotheses have been
postulated, such as production of prothrombotic cytokines
by the abnormal leukemic cells, direct expression of tissue
factor and cancer procoagulant by these cells, disseminated
intravascular coagulation, infiltration of blood vessels
by leukemic cells, occlusion of the blood vessel by a
leukemic thrombus, leukostasis syndrome and deficiency of
coagulation factors (10,11).

Because of their smaller luminal diameter, the
microvasculature is most susceptible to leukemic cell
infiltration, usually affecting the central nervous system and
the respiratory system, while major arterial thromboembolic
events are uncommon, especially in epicardial coronary
arteries due to their larger caliber (8). Why this patient
suffered from such multiple vascular thromboses remains a
dilemma.

It is worthy of note, that the highest WBC count for
this patient during admission was only 26.19x10” (Figure 7)
which makes leukostasis syndrome less likely. In addition,
the coagulation test showed prolonged prothrombin
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time and activated partial thromboplastin time, without
reduction of fibrinogen. There was also no evidence of
bleeding, which indicated that disseminated intravascular
coagulation was not likely either.

The fact that the patient presented with multiple vascular
thrombosis and thrombocytopenia with a positive anti-
cardiolipin and lupus anticoagulant led to the diagnosis of
APS secondary to AML which is considered as the aetiology
of the venous and arterial thrombosis in this patient.

It is well known that APS is a hypercoagulable condition
characterized by venous or arterial thrombosis, or both,
in the presence of antiphospholipid antibodies. APS can
be primary, occurring in patients without concomitant
disease, or secondary to conditions such as systemic lupus
erythematous, infections, drug use, or malignancies.
Several studies have reported the presence of APS in acute
lymphoblastic leukemia and acute myelogenous leukemia;
however, the pathogenesis of APS in AML remains unclear.
It is hypothesized that production of prothrombogenic
cytokines by abnormal leukemic cell may lead to immune
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dysregulation and autoantibody formation, thereby
activating the coagulation cascade, eventually leading to
multiple vascular thrombosis (12,13).

In the treatment of AML patients with arterial and
venous thrombosis, both anticoagulant and antiplatelet
therapy are necessary to reduce new thrombotic events.
However, there was a high risk of bleeding in this patient,
because of the thrombocytopenia. In addition, he also had
anaemia. This patient was initially started on anticoagulation
with warfarin 1mg/qn and a single antiplatelet (clopidogrel,
75 mg/qd) therapy during hospitalization, but antiplatelet
therapy with clopidogrel (75 mg/qd) was stopped, due to
recurrent positive faecal occult blood test results. Finally,
only anticoagulation therapy with warfarin (I mg/qn) was
continued to maintain an international normalized ratio
(INR) between 2 and 3. Thus anticoagulation therapy was
preferred over antiplatelet therapy in this patient.

Upon discharge, the patient continued anticoagulation
with warfarin (1 mg/qn), and the INR was among normal
therapeutic window (2.0 to 3.0), after one month follow
up. He still eventually died of intracerebral hemorrhage
and brain herniation. It can be inferred from this case that
it is very important to monitor patients on anticoagulant
therapy for AML complicated by venous thrombosis
and thrombocytopenia very closely post discharge. As to
whether it is safer to use NOACs for such patients remains
uncertain. Lastly, in relation to the etiology, it was necessary
for the patient to have had induction chemotherapy for
AML. However, the patient refused chemotherapy.

Conclusions

In conclusion, the above is a case report of a rare case of
antiphospholipid antibody syndrome secondary to AML
in a patient presenting with multiple arterial and venous
thrombosis, including a DVT of the left leg, PE and
AMI caused by right coronary artery thromboembolism.
It sums up the need to estimate the risk of bleeding,
when anticoagulation therapy is being considered for
AML patients with multiple vascular thrombosis and
thrombocytopenia.
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