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Concomitant central venous sinus thrombosis and subdural hematoma in acute
promyelocytic leukemia: middle meningeal artery embolization enables safe
anticoagulation. Illustrative case
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BACKGROUND Acute promyelocytic leukemia (APL) has long been associated with coagulation disorders. The proposed mechanism is a combination of
ﬁbrinolysis, proteolysis, platelet dysfunction, thrombocytopenia, and possibly disseminated intravascular coagulation. Hemorrhagic complications are
prominent.
OBSERVATIONS In this case, a 25-year-old female with newly diagnosed APL developed extensive cerebral venous thrombosis (CVT) and was
initiated on a protocol with idarubicin and all-trans retinoic acid. The general recommendation for treating CVT is anticoagulation to stabilize the existing
thrombus and prevent propagation. The patient was initiated on a heparin drip, but her clinical course was complicated by subdural hemorrhage (SDH)
and epidural hemorrhage in the setting of thrombocytopenia. Anticoagulation was held, and her CVT propagated on follow-up imaging. To restart
anticoagulation for CVT with a limited risk of SDH, the authors pursued middle meningeal artery (MMA) embolization. The patient was transitioned to
apixaban and discharged to home.
LESSONS MMA embolization enables safe anticoagulation in patients with concomitant CVT and SDH. The authors report the complex clinical course
and effective management of this rare clinical scenario.
https://thejns.org/doi/abs/10.3171/CASE2080
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Cerebral venous sinus thrombosis is a rare complication of
acute promyelocytic leukemia (APL). Some of the common presenting signs of cerebral venous thrombosis (CVT) include headaches, altered mental status, seizure, emesis, visual impairment,
and sometimes focal neurological deﬁcits. Coagulopathy in APL
is multifactorial, as most patients present with thrombocytopenia,
increased levels of ﬁbrin degradation products, and prolongation
of thrombin time.1 Thrombocytopenia is usually due to bone marrow inﬁltration by the leukemic cells, further worsened by the
myelosuppressive effects of chemotherapy.2 All-trans retinoic acid
(ATRA), a differentiating agent, is part of the treatment protocol
for APL and has been associated with an increased survival rate
compared to that with chemotherapy alone.3–6 However, ATRA is
known to complicate the hematological picture by promoting

differential regulation on acute myeloid leukemia (AML) adhesion
molecules, facilitating cell migration and adhesion.7 It also enhances
the procoagulant properties of endothelium, increasing fatal cerebral
thrombosis and myocardial infarctions.5,8,9 In a study performed by
Escudier et al.,10 3 of 31 patients were noted to have thrombotic
complications during the induction period with ATRA. Nevertheless,
ATRA has been shown to be beneﬁcial with a high remission rate
and low induction mortality in patients with APL.9,11,12 The usual recommendations for CVT are full-dose anticoagulation with unfractionated heparin versus low-molecular-weight heparin, which should be
individualized as per the patient’s clinical condition and platelet
counts.13–15 Anticoagulation has been proved to be safe in patients
with venous sinus thrombosis, even in the presence of intracerebral
hemorrhage in small placebo-controlled studies.16–18

ABBREVIATIONS AML = acute myeloid leukemia; APL = acute promyelocytic leukemia; ATRA = all-trans retinoic acid; CT = computed tomography; CVT = cerebral
venous thrombosis; EDH = epidural hemorrhage; MMA = middle meningeal artery; MRA = magnetic resonance angiography; MRI = magnetic resonance imaging;
MRV = magnetic resonance venography; SDH = subdural hemorrhage.
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To investigate previously published case reports of central venous
sinus thrombosis associated with APL, we searched PubMed using
the keywords “venous sinus thrombosis” and “APL.” This search
yielded 9 results. We then searched PubMed using the keywords
“venous sinus thrombosis” and “ATRA.” This search yielded 5 results.
Articles regarding acute myeloblastic leukemia or AML were excluded
on the basis of title alone. Articles in languages other than English
were excluded as well. Articles potentially meeting criteria for inclusion based on title and abstract were reviewed and included, yielding
a total of 7 articles.

Illustrative Case
History and Examination
We present a case of a 25-year-old female without a signiﬁcant medical history who was transferred from an outside hospital for initial laboratory test results raising suspicion of leukemia.
She presented with worsening headaches associated with fever/
chills, fatigue, nausea, vomiting, and decreased appetite. Her initial workup included computed tomography (CT) of the head,
which was reported as normal; routine laboratory tests; and administration of ondansetron and acetaminophen. Her complete
blood count revealed leukocytosis (56,000/mm3 white blood cells
with 40,000/mm3 blast cells), prompting urgent transfer to our facility. On admission, the patient underwent workup for acute leukemia and was ultimately diagnosed with APL. She was started
on ATRA and arsenic, as well as antimicrobial prophylaxis and
dexamethasone. Following the treatment, the patient had a worsening headache along with vertigo and diplopia and was found
to have bilateral conjunctival hemorrhages. CT of the head was
performed and revealed diffuse cerebral and cerebellar edema
without hydrocephalus or herniation. On neurological evaluation,
the patient did not have any focal deﬁcits except mild sixth cranial nerve weakness on the right. Follow-up magnetic resonance
imaging/magnetic resonance venography (MRI/MRV) of the brain
demonstrated nonocclusive thrombus in bilateral transverse sinuses and superior sagittal sinus. The patient was started on a
heparin drip without a bolus. One week later, the patient developed sudden-onset nausea and vomiting. CT of the head was repeated and revealed a small epidural hemorrhage (EDH) in the
right frontoparietal region and subdural hemorrhage (SDH) of the
left convexity, along with a 10-mm left to right midline shift. Heparin drip was discontinued, and the patient was then transferred
to the neurology intensive care unit. Heparin-induced thrombocytopenia antibody was negative. Over the next few days, the patient’s
platelet count continued to drop (10,000/mm3), and she received
platelet transfusions. Hematology/oncology recommended discontinuing arsenic and ATRA therapy due to signiﬁcant thrombocytopenia.
The ﬁndings of repeat MRV were concerning for clot propagation involving the right transverse sinus. This led to a multidisciplinary approach involving the neurology critical care, neurology, neurosurgery,
interventional neurology, and hematology/oncology team, and the decision was made to withhold any further platelet transfusions and perform middle meningeal artery (MMA) embolization to limit the risk of
SDH expansion.
Oncological History
Pathology Results
Fluorescence in situ hybridization results were positive for t(15;17);
ﬂow cytometry ﬁndings were positive for aberrant blasts; and the results

of a peripheral smear were positive for myeloblasts with ﬁgure of
8–shaped inclusions, without granules and rare Auer rods. A diagnosis
of APL, hypogranular variant, with high-risk disease was made.
Oncological Treatment
Hydroxyurea was administered on the 8th of the month, ATRA
was administered from the 8th to the 23rd, idarubicin was administered from the 9th to the 11th, and arsenic was administered from
the 17th to the 25th.

Imaging Findings and Progression
CT of the head on admission revealed no evidence of an acute intracranial process. CT of the head was again performed 2 days later,
when the patient reported worsening of her symptoms. This was concerning for the development of diffuse cerebral and cerebellar edema
with associated mass effect without herniation or hydrocephalus.
Follow-up MRI/magnetic resonance angiography (MRA) revealed
nonocclusive venous thromboses involving the right transverse sinus and the short segment of the left transverse sigmoid junction
along with nonocclusive clots within the superior sagittal sinus.
Ten days later, another CT of the head was performed and revealed mixed SDH and EDH of the left convexity along with a small
EDH in the right frontoparietal region, with a 10-mm left to right
midline shift. Follow-up MRA of the head revealed the absence of
ﬂow within the distal superior sagittal sinus extending to the sinus
conﬂuence, concerning for clot propagation.
Repeat MRA 2 days later revealed no evidence of clot propagation. Soon after, angiography was performed with successful embolization of the left MMA.
CT of the head postembolization revealed stable subacute left
subdural hematoma. CT of the head prior to discharge showed stable
subacute left lateral temporal subdural hematoma with a 5-mm left to
right midline shift. CT of the head at the ﬁrst follow-up appointment
disclosed no evidence of any residual subdural hematoma.
Procedure
Before the procedure, the technical aspects of the procedure, as
well as potential risks and beneﬁts, were explained to the patient.
After informed consent was obtained, the patient was brought to
the angiography suite and prepped and draped in the usual fashion.
The right radial artery was accessed using ultrasound guidance, followed by the infusion of nitroglycerin 200 mg and verapamil 2.5 mg
mixed with the patient’s blood to prevent vasospasm. The Sim 2
(Merit Medical) was used to access the left common carotid artery
with a guidewire for guidance. We used a Headway Duo (Microvention) and Aristotle 18 (Scientia) to access the left MMA under roadmap guidance, with successful embolization of the left MMA with
Onyx 18 (Medtronic).
Postoperative Course
The patient returned to the neurology/neurosurgery intensive care
unit after the procedure. No complications were reported during and
after the procedure. The patient’s neurological exam was signiﬁcant
for sixth cranial nerve palsy on the right. Her headache continued to
improve over the next few days and completely resolved before discharge. The patient was started on a low-intensity heparin drip without
bolus on day 3 postembolization because her platelet count continued
to rise (>100,000/mm3). CT of the head demonstrated stable SDH.
The patient was monitored in the neurological intensive care unit with
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hourly neurological checks for the ﬁrst 4 days. The patient was
switched from a heparin drip to apixaban 5 days post-procedure, and
ATRA was restarted. The patient was then discharged and has since
followed up with oncology and ophthalmology with no new complaints.
She was later placed back on arsenic during her hematology/oncology
follow-up appointment.

Discussion
Literature Review Results
Our search yielded a total of 7 articles representing 6 cases of cerebral sinus thrombosis associated with APL and/or ATRA therapy.
Most of these case reports described coagulopathy secondary to
APL, which further worsened upon initiating ATRA (4 cases).11,19–22
The patients were treated with early anticoagulation, except for 1
case in which CVT was associated with cerebellar hemorrhage and
the patient was given fresh frozen plasma initially and then continued
on anticoagulation.22 Most of the case reports recommended using
heparin over warfarin, particularly during the induction and consolidation therapy because of concerns about higher risks of bleeding associated with thrombocytopenia and treatment-related coagulopathy.
In one of the studies, researchers suspected that the thrombotic
events were more common during the ATRA syndrome than during
ATRA itself.11 Apart from these case reports, a retrospective study reviewed 34 patients with APL on presentation and during the induction
period. There was no association found between hemostatic parameters in predicting either hemorrhage or thrombosis. After multivariate
analysis, bleeding complications did not correlate with hemostatic parameters but did correlate with white cell count at presentation.23 The
remaining reports described CVT secondary to AML, and the patients
were treated with anticoagulation, except for 1 unique case report in
which suction thrombectomy was performed.24–27
Observations
Several studies have described hematological malignancies as a
risk factor for developing cerebral venous sinus thrombosis.28–30
Even though systemic anticoagulation is recommended as ﬁrst-line
therapy, venous sinus thrombectomy may be essential if CVT is refractory to medical therapy or if the patient’s clinical course deteriorates secondary to cerebral edema or hemorrhage.
A promising outcome was achieved in the present case through
MMA embolization despite the massive clot burden and additional challenges presented by the intracranial hemorrhages. A multidisciplinary
discussion including intensive care, hematology/oncology, neurology,
and neurosurgical services should occur regarding anticoagulation versus acute endovascular intervention in any patient with cerebral sinus
venous thrombosis. MMA embolization has been demonstrated to be
an alternative for chronic SDH management;31 however, limited experience has been documented in acute SDH. Nevertheless, MMA embolization was considered a safer approach in this patient with multiple
comorbidities. This technique is usually well tolerated and carries a
lower risk of complications, especially in patients with severe thrombocytopenia. Despite this excellent outcome, individual patient-based
management protocols need to be shaped to balance the risks and
the beneﬁts of each case.
Lessons
To our knowledge, this is the ﬁrst documented case treated with
MMA embolization for an acute SDH in the setting of CVT in a patient with APL. Hemorrhagic and thrombotic complications are

frequent in these patients. A multidisciplinary approach is essential
to improve outcomes. Less invasive techniques such as endovascular interventions seem to be safe and effective. This case highlights
the inﬁnite scope of endovascular intervention as a potentially lifesaving measure and stimulates further investigation.
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