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Abstract Patients with gliomas are at risk of cere-

brovascular accidents (CVA) with potential consequences

on survival, function, and local tumor control. Our objec-

tive was to provide information about CVA in patients with

gliomas and to estimate survival in this group. We

reviewed all adult glioma patients with ischemic CVA at

the University of Texas-M.D. Anderson Cancer Center

from 2003 through 2014. We extracted demographic,

clinical, imaging, treatment and outcome data. We used

descriptive summary data and estimated or compared sur-

vival rates where appropriate. 60 of 6500 patients (0.1 %)

with high-grade (HGG, n = 47) or low-grade glioma

(LGG, n = 13) had ischemic CVA Thirty-two (53 %)

patients had postoperative strokes, and 20 (33 %) had CVA

after 2 weeks of surgery. Forty-one patients (68 %) had

gross total resection. For HGG and CVA, the poststroke

median overall survival was 17 months versus 61 months

in LGG and CVA (P = 0.03; hazard ratio (HR): 2.8; 95 %

CI 1.07–4.60). Survival stratified by modified Rankin Scale

grade was significant (X2 = 9.8, P = 0.007). Five patients

received bevacizumab before stroke onset; none responded

to antiangiogenic therapy. There was no stroke-related

death. At our institution for 10 years, ischemic CVA in

glioma patients was a rare complication, clearly associated

in half of cases to surgery, and with a variable negative

impact on performance status and neurologic function. In

this group, patients with more neurological deficits lived

less. The survival difference between and within subgroups

was most likely due to tumor grade. More research is

necessary to improve prevention of postoperative stroke in

glioma patients.
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Introduction

The risk for ischemic stroke or ischemic cerebrovascular

accidents (we use both terms interchangeably) is higher in

patients with gliomas, reaching up to 9 % [1, 2], compared

to the general population (2.7 %) [3]. This complication

may have a detrimental effect on the outcome of this group

[2]. The diagnosis of an ischemic CVA is rare in the initial

presentation of glioma [1, 4] and the clinical diagnosis and

imaging may be challenging. A close clinical and radio-

logical follow-up is often necessary to correctly diagnose a

stroke [4].

The onset of neurological deficits in patients with

glioma could be secondary to tumor progression, brain

edema, seizures and stroke [5]. Stroke has been described

more frequently as a postoperative complication [2] or as a

late complication of radiotherapy [6], but also associated

with tumor-induced hypercoagulability or nonbacterial

thrombotic endocarditis [2, 6]. Moreover, infectious vas-

culopathy, certain chemotherapy and antiangiogenic agents

are associated to a higher risk for stroke [6, 7]. All these

factors are crucial to suspect a CVA in patients with

gliomas to make a correct diagnosis and to start the

appropriate treatment as early as possible.
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The aim of this study was to collect information about

risk factors and clinical presentation of ischemic strokes in

patients with gliomas, to explore any relation between

CVA and glioma, and to estimate survival in this group. As

a secondary objective, we derived information on perfor-

mance status and neurological disability after the stroke.

Methods

We reviewed all adult glioma patients registered in the

University of Texas-M.D. Anderson Cancer Center (UT-

MDACC) institutional database from 2003 through 2014

under a protocol with waiver of consent approved by the

Institutional Review Board. We identified a total database

population of 6500 patients. All of these patients had a

biopsy or surgical resection with a tissue diagnosis of

glioma (grade II-IV astrocytomas; grade II and III oligo-

dendrogliomas, and grade II and III ependymomas) [8]. 60

of them developed an ischemic stroke during the course of

disease. All patients had a preoperative MRI 24 h within

surgery, and postoperatively 24 h after surgery. The treat-

ing neurologist or neurosurgeon made the diagnosis of

CVA in all patients with confirmation by brain magnetic

resonance imaging (MRI) using hyperintense diffusion-

weighted imaging (DWI); and hypointense attenuated dif-

fusion coefficient (ADC) within 1 and 24 h of symptom

onset. The scanners were 1.5-Tesla or 3-Tesla units using

field of view of 22 cm, 5-mm slice thickness with a 1.5-

mm gap. We also examined brain computed tomography

(CT) scans for early ischemic findings. All the patients

underwent brain MRI after surgery for newly diagnosed

glioma or tumor recurrence and they were performed

within the first 48 h, 3 weeks after radiation therapy and

every 2-month in case of HGG or every 3 months for LGG.

We defined postoperative CVA as a stroke within

2 weeks of surgery. We excluded cases of transient

ischemic attacks (TIA) if there was no radiological evi-

dence of infarction, or if there was clear, unequivocal

evidence of seizure, migraine, tumor edema or progression

of disease. We also excluded cases of hemorrhagic stroke,

or intracranial hemorrhage (ICH). Based on the data

review, we assigned Modified Rankin Scale (mRS) grades

at onset of stroke, and the Karnofsky performance status

(KPS) before and after the stroke.

We extracted demographic, clinical, radiographic, ther-

apeutic, and survival data from the database. We first

summarized the data using standard descriptive statistics

and frequency tabulation. Time-to-event endpoints

including overall survival (OS) and progression-free sur-

vival (PFS) after the stroke were estimated using the

Kaplan–Meier method. If appropriate, we used the log-rank

test to compare OS and PFS between subgroups, and within

HGG, between grade III gliomas and glioblastomas (GB).

We confirmed death by review of medical records, death

certificates, or querying the Social Security Index. We

defined death associated to stroke as any death occurring

within 4 weeks of stroke onset [9]. We gathered additional

clinical, pathology, and neuroimaging data from the insti-

tutional electronic medical records.

Results

Demographics, clinical presentation, and initial

effect of CVA on function

From July 1, 2003, through June 1, 2014, we identified 60

patients with low-grade glioma (LGG; n = 13, grade II

gliomas) or high-grade glioma (HGG; n = 47, grade III

gliomas and glioblastomas) with acute ischemic stroke

from a total database population of 6500 patients (0.1 %;

0.017 % occurred presurgically and 0.083 % postsurgi-

cally). This corresponds to 7500 patient-years of observa-

tion. Thirty-seven of them were men (60 %) with a mean

age of onset for glioma and stroke of 50 and 52 years,

respectively, compared to 51 and 54 years in women.

Most patients developed symptoms with a time course

that suggested an ischemic stroke (n = 57, 95 %); three

patients (5 %) presented clinically as a transient ischemic

attack (TIA). Of these 60 patients, 32 (53 %) had the event

postoperatively; in 20 patients (30 %) the ischemic stroke

occurred after the postoperative period and in eight patients

(17 %) the ischemic stroke occurred preoperatively, within

6 months of surgery. The Karnofsky performance status

(KPS) ranged between 40 and 100, whereas 47 (78 %) of

them had a prestroke KPS between 80 and 100. The

poststroke KPS scores declined in 28 (47 %) patients: by

10 (n = 13); 20 (n = 5); 30 (n = 5); 40 (n = 1); 50

(n = 3), and 60 (n = 1) units. Thirty-two (53 %) patients

maintained a poststroke KPS between 80 and 100. The

glioma type, its location and stroke risk factors are detailed

in Table 1.

Most of CVAs localized adjacent to the resection cavity

in patients with a gross total resection (n = 41, 68 %),

subtotal resection (n = 16, 27 %) and biopsy (n = 3, 5 %).

Twenty-five (42 %) patients underwent one surgery before

the stroke, 21 (35 %) had two surgeries and seven (12 %)

patients had three or more brain surgeries. Seven other

patients (12 %) did not have surgery before the onset of

stroke. Thirty-one (52 %) patients had received radiation

therapy before the stroke. Half of them received a total

radiation dose of 60 Gy. Thirty-six (60 %) patients

received chemotherapy before the stroke. Twenty-eight

(47 %) patients received radiation and chemotherapy

before the stroke.
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The clinical presentation of stroke included hemiparesis

(52 %); hemihypoesthesia (19 %); language deficits

(18 %); visual field deficits (10 %); headaches (8 %); gait

imbalance (8 %), and seizures (5 %). Thirteen (22 %)

patients were asymptomatic, and the diagnosis of stroke

was incidental in the postoperative MRI. Twenty-eight

(47 %) patients had mild residual deficits (mRS 1–2), 25

(42 %) had moderate residual deficits (mRS 3–4) and five

(8 %) had severe deficits (mRS 5) within the first 72 h of

stroke onset. In all, half of patients experienced moderate

to severe neurologic disability ranging from requiring help

but able to walk without assistance to bedridden, inconti-

nent, and dependent on constant nursing care and attention.

Characteristics of the CVA and associated factors

Only 20 (33 %) patients had a brain CT scan. Acute CT

scan findings included hypodensity (70 %); sulcal efface-

ment (15 %); loss of white–gray matter differentiation

(5 %), and a hyperdense middle cerebral artery (5 %). 5 %

of patients had a normal or unremarkable CT scan. All the

patients had a brain MRI. All 60 cases had DWI restriction.

We found correlation between ADC and DWI sequences in

46 patients (77 %), and contrast enhancement in seven

cases (12 %) (Fig. 1a–f). The most common vascular ter-

ritory was the middle cerebral artery (MCA; n = 46,

77 %); the posterior cerebral artery (PCA; n = 9, 15 %);

the anterior cerebral artery (ACA; n = 7, 12 %), and the

posterior inferior cerebellar artery (PICA; n = 1, 2 %).

The ischemic areas were adjacent to the surgical cavity

in 50 (83 %) patients; the rest occurred away from the

resection cavity (Fig. 1g, h). 21 patients had transthoracic

echocardiogram; five had heart failure, two had an

intracardiac shunt, and two had a valvulopathy. Electro-

cardiograms revealed atrial fibrillation (n = 3), tach-

yarrhythmia (n = 1) and right bundle branch block

(n = 1). None of the patients had Holter monitoring. 37

patients had a lipid panel within 12 months before the

stroke. The mean LDL was 133 mg/dL, HDL 54 mg/dL,

and triglycerides 207 mg/dL. Seven patients had carotid

Doppler, of which one had significant ipsilateral carotid

stenosis. The hypercoagulation panel in two patients was

unremarkable. The mean HbA1c in 13 patients was 5.7 %.

The mean platelet count was 231 9 109/L.

Regarding the tumor status at the time of the stroke, 42

(70 %) patients were newly diagnosed with glioma and 18

(30 %) had recurrence or progression. The use of steroids

was common (n = 36, 60 %), and the average daily dose

was 12 mg. Postoperative CVA was the most common

occurrence (n = 32, 53 %), compared with non-postoper-

ative causes of CVA such as radiation-related (n = 10),

lacunar (n = 5), cardioembolic (n = 4), and large artery

disease due to radiation (n = 1). In eight patients the CVA

occurred within 6 months before surgery (Fig. 2). Five

patients had received bevacizumab by the time they had a

stroke. The time between the start of bevacizumab to stroke

was 12 weeks (range: 2–31 weeks). None of these patients

responded to antiangiogenic therapy after the stroke.

Treatment

Thirteen (22 %) patients could safely receive some treat-

ment for the acute stroke. The most common treatment was

antiplatelet therapy; aspirin alone or with dipyridamole

(n = 9, 14 %) or clopidogrel (n = 3, 5 %). One patient

(2 %) was treated with tissue plasminogen activator (tPA).

Table 1 Most common gliomas, its location and predisposing factors associated with acute ischemic stroke in 60 patients

Primary brain tumor N (%) Location of glioma N (%) Predisposing factors of CVA N (%)

Glioblastoma 35 (58) Temporal lobe 32 (53) Hyperlipidemia 24 (40)

Grade 3 astrocytoma 10 (17) Frontal lobe 22 (37) Hypertension 21 (35)

Grade 2 astrocytoma 5 (8) Parietal lobe 17 (28) Uncontrolled 6 (29)

Grade 2 oligodendroglioma 4 (7) Occipital lobe 7 (12) Tobacco use 21 (35)

Grade 3 ependymoma 2 (3.3) Basal ganglia 1 (1.7) DVT/PE/VST 9 (15)

Grade 2 oligoastrocytoma 2 (3.3) Cerebellum 1 (1.7) Diabetes 8 (13)

Grade 2 glioma 2 (3.3) Multilobar 19 (32) CAD/PVD 7 (12)

Ipsilateral ICA stenosis 3 (5)

Secondary active malignancy 3 (5)

PFO 1 (1.7)

PD after the stroke

1 recurrence

26 (43)

21 (80)

CAD coronary artery disease, CVA cerebrovascular accident, DVT deep venous thrombosis, ICA internal carotid artery, N number, PBT primary

brain tumor, PD progression of disease, PE pulmonary embolism, PFO patent foramen ovale, PVD peripheral vascular disease, VST venous sinus

thrombosis
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This patient tolerated tPA well and did not have treatment-

related complications. The rest of patients did not or could

not receive any treatment.

Survival

There were no stroke-related deaths (mRS grade 6). The

median OS for all 60 glioma patients after the acute

ischemic stroke was 15 months; the median PFS was

7 months. Patients with a postoperative stroke had a median

OS of 21 months. Twenty six (43 %) patients had recurrent

tumor after the stroke, of which 11 (41 %) developed

recurrence within the first 6 months after the CVA.

The median poststroke OS in the HGG and LGG sub-

groups was 17 and 61 months (P = 0.03; HR: 2.8; 95 % CI

1.07–4.60, log-rank test). The median PFS was 6 and

10 months (P = 0.15; HR: 2.1; 95 % CI 0.83–5.38, log-

rank test) (Fig. 3). Patients with GB and postoperative

stroke had a median OS of 11 months and a PFS of

5 months. Progression after the stroke occurred in 24

(40 %) patients, half of them within 6 months of the CVA.

The relationship between the degree of disability and

shorter survival based on mRS was significant (X2 = 9.8,

P = 0.007); the OS for the three groups (mRS 1–2), (mRS

3–4) and (mRS 5) was 18, 7, and 4 months, respectively.

The median OS of patients with a poststroke KPS between

80 and 100 was 17 months; the median OS of patients with

a poststroke KPS\80 was 4 months (X2 = 2.8, P = 0.09).

Discussion

In addition to risk factors for stroke such as cardiovascular

disease, cancer predisposes patients to thrombosis through

tissue-specific pathways, and brain tumors are not an

Fig. 1 Brain MRI findings of cerebrovascular accidents. Case 1

a Brain MRI 24 h after a brain biopsy (arrow) shows DWI

hyperintensity with corresponding ADC hypointensity b involving

the territory irrigated by the lateral lenticulostriate arteries, branches

of the right middle cerebral artery. Case 2 c Brain MRI 24 h after a

right temporal craniotomy with gross total resection of a glioblastoma

shows DWI restriction in the posterior aspect of the resection cavity,

without corresponding ADC findings (d). Case 3 Four months after a

right parietal craniotomy with gross total resection of a glioblastoma,

brain MRI shows T1-contrast enhancement (e) (arrow) surrounding

the region of DWI restriction (f). Brain biopsy showed no residual/

recurrent tumor but acute inflammation, gliosis and foamy macro-

phages. Case 4 4 days before surgery, brain MRI shows DWI

restriction (g) and ADC hypointensity (h) in both occipital lobes and

left thalamus (arrow) far from tumor location

Fig. 2 Cerebrovascular accident at time of onset: preoperative,

postoperative and 2 weeks after stroke
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exception [10]. Mechanical compression and vascular

infiltration by malignant cells might contribute as well.

Strokes in patients with gliomas may occur as early sur-

gical, chemotherapeutic or late radiation complications [2].

Previous radiotherapy could also increase the risk for

postoperative ischemia [2].

In our series, ischemic strokes occurred in 0.1 % from a

total database population of 6500 patients (7500 patient-

years). These episodes were frequent in the postoperative

period, especially in patients with prior chemotherapy and

radiation. Most of the postoperative strokes localized

adjacent to the resection cavity suggesting iatrogenic stroke

due to manipulation during surgery as the main mecha-

nism, general prothrombotic state due to the underlying

glioma may also contribute to develop stroke. The low

incidence of CVA found in our population may be related

to several reasons including the neurosurgeon’s skills, the

restricted availability of postoperative DWI and ADC

sequences in the early 2000s at The UT-MDACC, diffi-

culty to detect early CVA findings on CTs and low clinical

suspicion of CVA in primary brain tumor (PBT) patients.

Given the influence of astrocytes in controlling vas-

cular tone, cerebral blood flow, nutrient diffusion, and

circuit reorganization [11], gliomas may affect vasodila-

tion and neuronal plasticity after injury. Furthermore,

because astrocytes endocytose and metabolize glutamate,

their malfunction can lead to seizures [12], not frequent in

our series (5 %) when compared with hemiparesis (52 %).

These factors make more difficult to distinguish between

clinical tumor progression, hemorrhage, TIA, ischemic

stroke, and partial motor or sensory seizures that may be

followed by postictal deficits. In the pre-MRI era, some

authors suggested that unilateral focal motor seizures,

pure sensory deficits, loss of consciousness and speech

arrest should prompt for brain imaging for evaluation of a

brain tumor regardless of risk factors for stroke such as

carotid stenosis or other vascular disease [13]. Further-

more, ischemic CVA is an important comorbidity in

cancer patients and possibly acts as inducer of tumor

progression. Mohyeldin and colleagues stipulated that

stem cell niches in the subventricular zone maintain an

undifferentiated state by keeping one of the lowest partial

pressures of oxygen in brain tissue [14]. Interestingly,

progression of disease occurred in 40 % of the patients

after the stroke, 42 % of which did so within the first

6 months of the CVA. On the other hand, and making the

recognition of stroke more complicated, many asymp-

tomatic and nonclassic presentations of stroke may go

unnoticed if DWI sequences in MRI studies are missing.

Yet, there is debate whether DWI truly reflects ischemia

Fig. 3 Kaplan-Meier estimates of overall survival in glioma patients since the diagnosis of ischemic stroke
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as opposed to atypical necrosis or VEGF inhibitor-in-

duced chronic hypoxia [15].

Most studies agree that the majority of ischemic strokes

in glioma patients are postoperative. A large study on

glioma complications reported 61 % of ischemic infarcts as

postoperative [16], similarly to our data, with 53 % suf-

fering a decline in KPS. The degree of disability after the

CVA affected the OS. It was statistically significant when

comparing three groups (mRS 1–2), (mRS 3–4) and (mRS

5) with an OS of 18, 7, and 4 months, respectively. A study

of patients with PBT had a similar trend [2]. CVAs provide

additional risk to HGG patients, already with dismal

prognosis; we found a poststroke OS of 15 and 11 months

in grade III glioma and GB patients, respectively. Another

study reported an OS of 1.7 years (20.4 months) after the

stroke in patients with primary brain tumors [2].

Neurosurgical studies have also addressed the preven-

tion of postoperative stroke. An extent of resection (EOR)

of \80 % was associated with better early postoperative

outcomes (within 30 days of surgery) than larger EOR

[17]. However, other studies have associated the extent of

resection (gross total or near total) in grade III gliomas and

glioblastomas with longer survival, recommending to

attempt the greatest EOR when motor-evoked potentials

and intra-operative mapping are available [18]. Most of our

patients underwent gross total resection; unfortunately, it is

difficult to measure how postoperative ischemia may

induce tumor progression. Current studies on CVA with

focus on PBT evaluate CVA incidence during specific

treatments for glioblastoma patients or as complications of

long-term glioblastoma survivors [19].

An European study that compared ischemic stroke in

patients receiving anti-VEGF therapy with patients who

received temozolomide and radiotherapy, found that the

stroke rate significantly increased with bevacizumab (6.2

vs. 0.6 %) [16]. Another study found no difference

between the groups, with a stroke frequency of 1.9 % [7].

In our series, only five patients were receiving beva-

cizumab at the onset of stroke, which occurred within the

first 12 weeks of starting bevacizumab. Furthermore,

bevacizumab did not show any clinical or radiological

benefit once the CVA occurred.

We acknowledge this study has limitations. The main

shortcoming was its retrospective design with a lack of a

control group to which we could estimate the stroke risk.

Also, survival comparisons between groups stratified by

diagnosis, mRS, or KPS are post hoc; therefore, these

results should be interpreted and extrapolated with caution.

With our low incidence of ischemic strokes, we are not

sure that strict preoperative screening to identify high-risk

patients can lower this rate even more.
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