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Malignant Cerebral Venous Infarction: Decompressive Craniectomy versus Medical
Treatment
Humain Baharvahdat1,2, Sina Ahmadi1, Babak Ganjeifar1, Hamid Etemadrezaie1, Samira Zabyhian1,
Payam Sasannejad2, Gholamreza Bahadorkhan1, Ashkan Mowla3
-BACKGROUND: Cerebral venous thrombosis (CVT) is a
common type of stroke in young adults and associated with
8% mortality. High intracranial pressure (ICP) and brain
herniation are the most common causes of death in these
patients. In contrast with malignant arterial middle cere-
bral infarction, there are few studies reporting the efficacy
of decompressive craniectomy (DC) for treatment of high
ICP in patients with CVT. In this study, we assess the
clinical outcome of patients with CVTwith impending brain
herniation treated with DC versus medical management.

-METHODS: In this retrospective study, medical records of
all patientswith CVTadmitted to our hospitalwere reviewed.
Patients with the following inclusion criteria were entered
into the study: 1) CVT proven by contrast-enhanced magnetic
resonance venogram and/or computed tomography veno-
gram, 2) malignant CVT (impending brain herniation ac-
cording to imaging and clinical finding), and 3) age between
16 and 80 years. Patients with deep venous system throm-
bosis, Glasgow Coma Scale (GCS) score of 3, and bilateral
nonreactive midposition pupils or mydriasis on admission
were excluded. Patients were classified into 2 groups: sur-
gical group (DC group) including patients who received
medical treatment and DC and medical group (MG) including
patients who received only medical treatment. Outcomes
and complications were assessed and compared between
the 2 groups.

-RESULTS: Of 357 patients with CVT hospitalized in our
center, 48 patients entered into the study. Twenty-three
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patients were managed medically, and 25 patients were
managed surgically. There was no significant difference be-
tween the groups concerning age, sex, presenting symptoms,
transient and permanent risk factors of CVT, GCS score on
admission, and pupils’ reactivity on admission. All patients in
the MG died during hospitalization in comparison with 8 pa-
tients in the DC group (100% vs. 32%, P < 0.001). Favorable
outcome (modified Rankin scale score 0e2) was achieved in
52% of the DC group and 0% of the MG group (P < 0.001).

-CONCLUSIONS: The results of our study confirmed that
in contrast with DC, medical treatment could not prevent
transtentorial herniation. DC is not only lifesaving for pa-
tients with CVT with impending brain herniation but also
results in favorable outcome in most patients.
INTRODUCTION
erebral venous thrombosis (CVT) is an uncommon type of
stroke, and it mostly happens in young adults. It is
Cassociated with poor outcome in about 15% of cases, with

approximately 8% rate of death.1 High intracranial pressure (ICP),
brain herniation because of hemorrhagic lesions, and diffuse
edema were shown to be the most common causes of death in
patients with CVT.2 Decompressive craniectomy (DC) is a
standard approach for malignant middle cerebral artery
infarction to save lives.3,4 For CVT, several studies have shown
that DC might prevent death in many patients and result in good
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outcome in 30.7%; however, in contrast with ischemic stroke, a
lower incidence of CVT accounts for a limited number of pub-
lished case series, small controlled studies, and few systemic re-
views to discuss the benefits of DC and/or hematoma evacuation
in patients with CVT with suspected high ICP.5-7 In our center,
high ICP in patients with CVT is managed at the discretion of the
treating physician medically or surgically or with both approaches.
In this retrospective hospital-based study, we report the clinical
outcome of patients with CVT with impending brain herniation
treated with DC versus medical management.
METHODS

This study was approved by the ethical committee of Mashhad
Medical Faculty, Mashhad, Iran. We reviewed the clinical records of
patients with CVT who were treated in the neurologic and neuro-
surgical departments, Ghaem Hospital, Mashhad University of
Medical Sciences, Mashhad, Iran, between March 2011 and March
2017. Patients with the following inclusion criteria were entered into
the study: 1) CVT proven by contrast-enhanced magnetic resonance
venogram and/or computed tomography venogram, 2) malignant
CVT, and 3) age between 16 and 80 years.Malignant CVTwas defined
as supratentorial cortical stroke (ischemicorhemorrhagic) alongwith
severebrainedemabecauseofCVTassociatedwith clinical (declineor
loss of consciousness and unilateral or bilateral pupil dilation) or
imaging signs of transtentorial herniation either at onset or after
worsening. Patients with the following criteria were excluded: 1)
patients with deep venous system thrombosis involving deep struc-
tures such as the midbrain, thalamus, and basal ganglia; and 2) pa-
tients with Glasgow Coma Scale (GCS) score of 3 and bilateral
nonreactive midposition pupils or mydriasis on admission that did
not improve after bolus dose of mannitol.
The following steps were performed to enter the patients into

the study. First, we reviewed the medical records of all patients
diagnosed with CVT (N ¼ 357). We included patients with any
reports of decline or loss of consciousness in clinical records or
severe edema including midline shift or space-occupying lesions
in imaging (head computed tomography [CT] scan or magnetic
resonance imaging [MRI]). Then we excluded patients with deep
vein system thrombosis or bilateral nonreactive pupils on admis-
sion that did not respond to bolus dose of mannitol.
In our center, on diagnosis of CVT, patients are admitted to the

neuro intensive care unit and managed according to the guidelines
of the American Heart Association/American Stroke Association
on management of CVT, including anticoagulation (heparin or
low-molecular-weight heparin). At the discretion of the treating
physician, patients with malignant CVT were treated medically or
surgically. For medical treatment, conventional medical therapy
was done for lowering ICP using sedation and mannitol. In case of
a surgical approach, anticoagulation was held for 6 hours and DC
was carried out using a large frontotemporoparietal flap on the
side of brain swelling, opposite to the midline shift, or a bifrontal
craniectomy for generalized edema without touching the brain or
any present hematoma. The dura mater was expanded with the
periosteum, and the flap was preserved in abdominal subcutane-
ous tissue. Anticoagulation was restarted 1e14 days after the
operation based on postoperative CT scans. If mannitol was
started before the operation, it was discontinued gradually within
e2 www.SCIENCEDIRECT.com WORLD NE
1e2 days after the operation. Other conventional medical therapy
was continued for patients in the neurosurgical intensive care unit.
Clinical and radiologic data of patients were reviewed and the

following parameters were collected: demographic data, risk fac-
tors for CVT, clinical findings on admission, GCS score on
admission and before surgery, brain CT scan and MRI findings,
cerebral dural sinus involved, interval timing between admission
and operation, largest diameter of craniectomy flap, and compli-
cations of operation. Patients were assessed at time of discharge
and at 6 months after discharge using the modified Rankin scale
(mRS). The patients were classified into 2 groups: surgical group
(DC group) including patients who received medical treatment
and DC and medical group (MG) including patients who received
only medical treatment. The risk factors of CVT were divided into
2 categories: 1) permanent risk factors when CVT was secondary to
inherited thrombophilia or cancer, and 2) transient risk factors
such as pregnancy, dehydration, or puerperium. Patient outcome
was classified into favorable outcome when mRS score was 0e2
and poor outcome when mRS score was �3.
Continuous data were presented as mean � SD, and categorical

data were presented as count (%). Between the 2 groups, we
compared continuous data using Student t test and categorical data
using c2 and Fisher exact tests. Statistical analysis was performed
using SPSS 16 (IBM Corp., Armonk, New York, USA), and P< 0.05
was considered significant.

RESULTS

Basic Characteristics
Of the 357 patients with CVT hospitalized in our center during the
aforementioned time period, 48 patients met the criteria and were
entered into the study. The mean age of the patients was 39.2 �
11.8 years, with a range from 17 to 68 years. Twenty-eight patients
(56%) were women. Twenty-three patients were managed medi-
cally and 25 patients were managed surgically. Table 1 shows the
basic characteristics of the patients. Headache was the most
common presentation among all patients (56%). Eighteen
patients (38%) presented with loss of consciousness. Seventeen
patients (35%) deteriorated clinically (GCS score lowered at least
2 points) during the first 48 hours of admission and required
aggressive treatment, including sedation, intubation, and high-
dose mannitol. There was no significant difference between the
DC group and MG concerning age, sex, presenting symptoms,
transient and permanent risk factors of CVT, GCS score on
admission, and pupils’ reactivity on admission (Table 1).
Radiologically, most patients (79%) had hemorrhagic infarc-

tion, and 89% of this group showed midline shift >5 mm. In 24
patients (50%) the lesion (ischemic and/or hemorrhagic lesions)
was predominantly left-sided, and in 6 patients it was bilateral.
Superior sagittal sinus was the most common involved sinus
(63%), and multiple sinuses were involved in 17 patients (46%).
There were no significant differences between the DC group and
MG in terms of hemorrhagic lesion frequency, midline shift, and
dural sinus involvement (Table 1).

Management and Outcome
Twenty-three patients were treated medically. All these patients
received full sedation, intubation, and osmotic therapy for
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.05.028
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Table 1. Basic Characteristic of Patients (N ¼ 48)

Characteristic All Patients Medical Group (n [ 23) Surgical Group (n [ 25) P Value

Age (years) 39.2 � 11.8 39 � 12.7 39.4 � 11.2 0.917

Female 28 (58) 14 (61) 14 (56) 0.732

Presenting symptoms

Headache 27 (56) 14 (61) 13 (52) 0.372

Seizure 14 (29) 9 (39) 5 (20) 0.145

Loss of consciousness 18 (38) 6 (26) 12 (48) 0.117

Neurologic deficit 10 (21) 6 (26) 4 (16) 0.132

Transient risk factors 17 (35) 12 (52) 5 (20) 0.094

Permanent risk factors 2 (4) 1 (4) 1 (4) 0.367

GCS score on admission 11.6 � 2.1 11.3 � 2.2 11.8 � 2.1 0.427

Unilateral fixed dilated pupil on admission 2 (4) 0 (0) 2 (8) 0.490

Midline shift >0.5 mm 41 (85) 19 (83) 22 (88) 0.564

Hemorrhagic infarction 38 (79) 16 (70) 22 (88) 0.116

Superior sinus 30 (63) 15 (65) 15 (60) 0.709

Lateral sinus 24 (50) 12 (52) 12 (48) 0.773

Multiple sinus 17 (46) 8 (35) 9 (36) 0.630

Acute deterioration* 17 (35) 8 (35) 9 (36) 0.930

Preoperative GCS score N/A N/A 8.8 � 3 N/A

Values are mean � SD, number of patients (%), or as otherwise indicated.
GCS, Glasgow Coma Scale; N/A, not available.
*Deterioration during the first 48 hours of admission.
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decreasing ICP. Twenty-five patients were treated by DC without
hematoma evacuation in the other group. Mean preoperative GCS
score was 8.8 � 3. Twenty patients had DC within 48 hours of
admission and 5 patients had it after 48 hours (at 52, 72, 130, 144,
and 219 hours of admission). The mean largest diameter of the
flap was 14.1 � 1.5 cm (range, 11.4e17.3 cm). The mean shortest
diameter of the flap was 11 � 2.2 cm (range, 9.2e17.3 cm). Two
patients needed reoperation: one had subdural empyema and
underwent reoperation for debridement and the other one was
reoperated for enlarging the flap because the first flap was too
small. Anticoagulation was restarted within 48 hours of operation
in 11 patients (44%), in 2 patients on the third day, in 1 patient on
the fourth day, in 5 patients on the fifth day, in 2 patients on the
seventh day, and in 4 patients on the tenth day or later. One pa-
tient for whom anticoagulation was restarted on day 3 of post-
operation showed increasing size of previous hematoma, and he
died of brain herniation.
Outcomes of patients are shown in Table 2. On discharge, only

9 of 48 patients (19%) had favorable outcome. All patients in the
MG died before discharge. This was significantly higher than the
DC group (100% vs. 32%, respectively; P < 0.001). The cause of
death in the MG was brain herniation. In the DC group, 5
patients died of brain herniation, 1 died of infection, and 2 died
from pulmonary embolization. Nine patients (36%) in the DC
group were discharged with mRS score �2. In other words,
WORLD NEUROSURGERY-: e1-e5, - 2019
there was a significant difference between the 2 groups in terms
of favorable outcome (36% in DC group vs. 0% in MG,
P < 0.001). The mean time of follow-up was 31.4 � 25.3 months
(range, 6e66 months) after discharge. At the last visit, favorable
outcome was seen in 13 patients in the surgical group (52%).
Overall, hemorrhagic infarction was associated neither with

poor prognosis nor with death (P < 0.001 for both). Out of 15
patients with hemorrhagic infarction who were alive, 11 (73.3%)
experienced favorable outcome without any significant deficit.
DISCUSSION

To our knowledge, this study is the largest study that compares
outcome of DC and medical treatment in patients with malig-
nant CVT. All patients who were managed with medical treat-
ment died before discharge; however, most patients who
underwent DC not only survived but also had an independent
life at 6-month follow-up. The results of our study confirm the
efficacy of DC in comparison with medical treatment in pa-
tients with malignant CVT and support the results of other
relevant studies.5-13

In general, most patients with CVT have a favorable outcome,
and only a small portion experience poor outcome or death (4%e
16%).1,14-17 Death is usually caused by transtentorial herniation
from severe brain edema or large parenchymal lesion.2 Patients
www.journals.elsevier.com/world-neurosurgery e3
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Table 2. Patient Outcome Comparison Between the Surgical Group and Medical Group (N ¼ 48)

All Patients Medical Group (n [ 23) Surgical Group (n [ 25) P Value

Discharge mRS score

1 2 (4.2) 0 (0.0) 2 (8) <0.001

2 7 (14.5) 0 (0.0) 7 (28)

3 5 (10.4) 0 (0.0) 5 (20)

4 2 (4.2) 0 (0.0) 2 (8)

5 1 (2.1) 0 (0.0) 1 (4)

Death 31 (64.6) 23 (100) 8 (32)

Favorable outcome at discharge 9 (19) 0 (0.0) 9 (36) 0.001

Follow-up mRS score

0e1 9 (19.0) 0 (0.0) 9 (36) <0.001

2 4 (8.3) 0 (0.0) 4 (16)

3 2 (4.2) 0 (0.0) 2 (8)

4 1 (2.1) 0 (0.0) 1 (4)

5 1 (2.1) 0 (0.0) 1 (4)

Death 31 (64.6) 23 (100) 8 (32)

Favorable outcome at last follow-up 13 (27.1) 0 (0.0) 13 (52) <0.001

Values are number of patients (%) or as otherwise indicated.
mRS, modified Rankin scale.
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with impending herniation and large infarcts do not benefit from
endovascular treatment or medical treatment.18 The indication to
proceed with DC in patients with CVT was different in different
studies but usually included patients with progressive
consciousness deterioration despite maximal medical treatment
or any clinical/imaging sign of impending herniation.6-8 Deep
CVT could damage significant structures, such as the thalamus,
basal ganglia, and brainstem, and result in loss of consciousness
without any significant high ICP, which may explain poor outcome
and poor response to DC.19 Therefore, in this study, we excluded
patients with significant deep cerebral venous involvement.
DC immediately brings down ICP by giving more space to

the edematous brain and may prevent and reverse trans-
tentorial herniation. It may decrease the pressure on the ce-
rebral venous system, may reopen collapsed cortical veins,
may improve venous drainage, and may reverse venous cere-
bral infarction.8,20

Diffusion-weighted images of MRI confirmed that most non-
hemorrhagic lesions in CVT are because of vasogenic edema that
usually resolved in follow-up MRI.21-23 Also the nonhemorrhagic
lesions because of toxic edema mostly include viable cells in
contrast with arterial ischemia and could reverse in follow-up
MRI.21-23 Hemorrhagic lesions usually are nonhomogeneous in
diffusion-weighted images,22 and they may include variant part of
hematoma, viable parenchyma, vasogenic edema, and cytotoxic
edema.20 This is confirmed by the high rate of favorable
outcomes without any significant sequela in our hemorrhagic
cases (73%) and also after DC.6,7 In other words, we prefer not
e4 www.SCIENCEDIRECT.com WORLD NE
to evacuate the hemorrhagic lesions in CVT cases to prevent
damage to viable parenchyma within hemorrhagic lesions. In our
study, DC decreased 80% death associated with transtentorial
herniation, and it confirmed that DC with sufficient dural
expansion might be enough to decrease ICP and transtentorial
herniation and to preclude the necessity of hematoma evacuation.
About 15% of our patients did not have the significant

midline shift (>5 mm) that is reported in other series.6 This
could be explained by generalized edema because of sagittal
sinus involvement resulting in edema of both hemispheres
without any prominence. Therefore, decision-making for DC
should include other components of edema in addition to
midline shift, including compression of basal cisterns, and
patient symptoms.

Anticoagulants were started in 84% of our patients in the
first week of DC, including 44% in the first 48 hours. There
was one incidence of hematoma progression (5%) leading to
the patient’s death. Although the data showed the safety of
early onset of anticoagulants after DC, it required close moni-
toring of patients, especially with intracranial hemorrhage,
including symptoms and imaging to find out any hematoma
size change.
Our study has limitations. The study retrospectively reviewed

the patients’ medical records and the patients were not ran-
domized. There is a possibility that we were not able to retrieve
all the patients in MG that could have benefit from DC. The
sample size was limited, and this could affect the results of the
study.
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.05.028
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CONCLUSIONS

The result of our study confirmed that medical treatment could
not prevent transtentorial herniation. In contrast, DC is not only
lifesaving for patients with CVT with impending brain herniation
WORLD NEUROSURGERY-: e1-e5, - 2019
but also results in favorable outcome in most patients. Also, DC is
a safe procedure, and anticoagulants could be restarted early with
caution.
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