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Abstract

Ischemic stroke seems to be one of the most serious neuro-
logic complications in patients with COVID-19 infection.
Herein, we report a series of 10 ischemic stroke patients with
concomitant COVID-19 disease. Out of 10, 8 had large in-
farcts (3 massive middle cerebral artery, 2 basilar artery, 2
posterior cerebral artery, and 1 internal carotid artery infarct
territory). Two had cardiogenic embolic stroke due to atrial
fibrillation. Almost half of our patients did not have a vascu-
lar risk factor. Nine did not have fever and were diagnosed
with COVID-19 upon admission for stroke. Stroke occurred
in the first week of respiratory symptoms with moderate pul-
monary involvement. Most Patients did not have hypoxia
and did not establish respiratory failure or acute respiratory
distress syndrome. The blood pressures were low and hem-
orrhagic transformation did not occur even after antiplatelet
or anticoagulant therapy. Patients had markedly increased
levels of lactate dehydrogenase, C-reactive protein, and D-
dimer. Three patients died. It seems that ischemic strokes in

COVID-19 patients tend to occur as large infarct and can be
seen in patients with mild to moderate pulmonary involve-
ment. © 2020 S. Karger AG, Basel

Introduction

The evidence from SARS-CoV-2 studies implies that
the virus can have central nervous system involvement
[1-3]. Other reports suggest a prothrombotic state with
COVID-19 [4]. Since the Coronavirus pandemic in 2020,
there has been an ever-growing evidence of neurologic
complications associated with COVID-19. A retrospec-
tive study form china with 214 COVID-19 patients re-
ported 4 ischemic strokes [5]. The report suggests that the
neurologic complications were seen in patients with se-
vere COVID-19. Also, abnormalities in liver enzyme, he-
moglobin, lactate dehydrogenase (LDH), d-dimer, Cr,
and lymphopenia were more common in patients with
neurologic complications. Patients with COVID-19 tend
to be in a prothrombotic state [4]. On the other hand, in-
creased prothrombin time (PT), partial thromboplastin
time (PTT), and decreased platelet counts is also reported
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in COVID-19 [4], which may increase the risk of hemor-
rhagic incidents. This is especially important in patients
with cerebrovascular diseases.

Because the treatment of ischemic strokes includes dif-
ferent regimens of antiplatelet, anticoagulant, and throm-
bolytic therapies; it is important to understand the rela-
tion between COVID-19 and coagulative changes in the
body. So far, a lot about the virus and its behavior is un-
known. Here, we aim to describe the findings in 10 pa-
tients with ischemic stroke and COVID-19.

Method

One week after the announcement of the outbreak of CO-
VID-19 Tehran, Iran, Sina Hospital affiliated to Tehran Univer-
sity of Medical Sciences became one of the official referral centers
for COVID-19 on February 28, 2020. This single-center retrospec-
tive case series study was carried out based on the data extracted
from the Sina registry database [6] and was approved by the Iran
National Committee for ethics in biomedical research. All cases in
the emergency room were screened for COVID 19 regardless of
their complaints. Until April 3, 2020, we had about 508 patients
admitted with moderate to severe COVID-19 diagnosis amongst
which, 10 also had ischemic stroke. Due to hospital guidelines, the
diagnosis of COVID-19 infection was made through clinical his-
tory and chest computed tomography (CT) scan. If highly sugges-
tive, the diagnosis was made with the chest CT findings. If suspi-
cious, COVID-19 PCR test was performed. Brain CT scan was per-
formed initially for all patients with stroke symptoms and only if
the brain CT scan findings were inconclusive brain magnetic reso-
nance imaging (MRI) with diffusion-weighted imaging/apparent
diffusion coefticient (DWI/ADC) map sequences were performed.
We admitted patients with stroke and COVID-19 and monitored
them continuously for blood oxygen saturation and need for me-
chanical ventilation. In the case of any neurologic symptoms’ ag-
gravation, we repeated brain CT scan (data availability: anony-
mized data not published within this article will be made available
by request from any qualified investigator).

Results

We had 10 ischemic strokes (no intracranial hemor-
rhages) out of 508 COVID-19 patients (1.9%) that corre-
spond to 10 out of 22 (with and without COVID-19) total
stroke number (45%). We had 12 patients with stroke
who did not have COVID-19 and were referred to an-
other center after diagnosis. Table 1 shows the patients
characteristics. Most of our patients aged between 50 and
90 years. Only 1 patient was 27 years old. Five had cere-
brovascular disease risk factors (none had previously
known atrial fibrillation [AF]) and 4 were already taking
anti-platelet prophylaxis prior to stroke. Most patients
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had experienced respiratory symptoms for 0-7 days prior
to stroke. However, only one of them had sought medical
attention and was in home quarantine receiving hydroxy-
chloroquine and azithromycin with the diagnosis of a
mild COVID-19 disease. Four patients did not have any
symptoms of COVID-19 and were diagnosed with the in-
fection upon stroke admission. When present, cough and
dyspnea were the most common respiratory symptoms
that were aggravated at the time of admission for stroke.

In the emergency room (), only 1 patient had a 39.5°C
fever and the vital signs were stable except for pt#6 who
had increase heart rate and respiratory rates (120 beat per
minute, respiratory rate: 40/min). The peripheral capil-
lary oxygen saturation in most patients was acceptable
(above 90%). Three had peripheral capillary oxygen satu-
ration: 88% that were intubated in the ER. Nonetheless,
during the disease, 3 more needed mechanical ventilation
due to decreased levels of consciousness. Of interest, the
blood pressures were relativelylow in our patients (90/60—
160/90, median 130/80 mm of mercury [mm Hg]). Two
patients had irregular heart rates due to new-onset AF.

Upon admission, most of our patients were ill and had
various degrees of decreased consciousness. There were
no seizures nor temporary loss of consciousness. The fo-
cal neurologic deficits were severe (Table 1).

We made the diagnosis of COVID-19 infection based
on chest CT scan reported by a radiologist. Most of them
had bilateral moderate to severe ground glass opacities in
more than 2 lobes. Two patients had mild pulmonary in-
volvement. However, severe alveolar involvement sug-
gestive of acute respiratory distress syndrome was not
present. The brain CT scan findings showed mostly large
artery involvement with large infarct size, but there was
no hemorrhagic transformation in the course of the dis-
ease. Three had a malignant left middle cerebral artery
(MCA) stem infarct, 2 had a top of basilar artery throm-
bosis, 2 right posterior cerebral artery infarct, 1 had a left
internal carotid artery thromboembolic stroke, and 2 had
cariogenic embolic stroke due to AF (Fig. 1).

The lab data showed that the total white blood cell
count was normal to elevated (6.2-18.7 x 10°) and 3 pa-
tients had lymphopenia (absolute lymphocyte count: 620,
714, and 580). The hemoglobin levels were not dramati-
cally decreased ranging from 12.7-15.4 mg/dL. The plate-
let counts and Cr levels were normal (except for pt#6 who
later developed acute tubular necrosis [ATN]). PT and
PTT were normal. The liver enzymes and erythrocyte
sedimentation rate levels were mildly increased. All pa-
tients had elevated C-reactive protein (mean: 50.54 and
SD: 48.17), D-dimer (mean: 2,746 and SD: 3,675.4), and
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LDH levels (mean: 566.6 and standard deviation [SD]:
183.5) (Table 1).

None of our patients were eligible for thrombolytic
treatment. For acute ischemic stroke secondary preven-
tion, our patients were treated based on American Heart
Association/American Stroke Association guideline 2019
[7]. Seven of our patients received antiplatelet. Two pa-
tients with AF received anticoagulants after 1 week. The
27-year-old patient with extensive basilar and vertebral
artery thrombosis, received a combined anti-platelet, an-
ticoagulant treatment that resulted in dramatic improve-
ment. Unfortunately, 3 patients died after less than a week
of stroke one with malignant MCA stroke and one with
top of basilar artery stroke.

Discussion

There are reports showing that thromboembolic
events are increased in patients with COVID-19 [4] and
apart from headache and dizziness, cerebrovascular ac-
cidents (CVAs) are amongst the common neurologic
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Fig. 1. Brain Findings. Patients #2, #6, and #10 died. Patient #4 had
a brain CT angiography showing RT vertebral and basilar artery
occlusion by thrombosis. CT, computed tomography.

complications in this disease. It has been postulated that
state of hypercoagulation along with endothelial injury
following massive inflammatory response in COVID-19
could be potential contributor to developing ischemic
stroke [8]. Given that CVA is also very common popula-
tion-wide, it is understandable that it could be a common
comorbidity when we have this high number of CO-
VID-19 infection. Our stroke numbers are comparable to
the Chinese report (1.9 vs. 1.7%, respectively) [4]. The
main outstanding characteristics of our stroke patients
were the size of the infarct, the larger size artery involve-
ment, and the relative absence of conventional cerebro-
vascular risk factors. This was noteworthy especially in
our 27-year-old patient with total vertebrobasilar artery
occlusion. This patient was quite an outlier. The only risk
factor he possessed was smoking and curiously one can
assume that prothrombotic state associated with CO-
VID-19 infection might have played an important role in
his disease. The lab tests for genetic thrombophilia condi-
tions will be performed after the anticoagulant regimen.
It appears that COVID-19 disease can be associated
with an increased thrombotic state that can be associated
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with large artery thrombosis. A case series study in New
York has reported 5 COVID-19 patients under 50 years
with large-vessel stoke [9]. Another interesting finding
was the normal to mildly elevated blood pressures in our
patients. We usually anticipate a rather high blood pres-
sure in the first day of stroke. Several mechanisms could
contribute to low blood pressure in acute ischemic stroke
including cardio emboli, heart failure, gastrointestinal
bleeding, and sepsis [10]. In general, patients who are
normotensive at the presentation of acute ischemic stroke
tend to have cardio emboli source [11]. It seems that in
the context of COVID-19, cardiogenic shock or sepsis
could be the plausible causes of low blood pressure. In the
previous reports [4], the severe neurologic complications
were more common in the severe COVID-19 cases. Nev-
ertheless, in our patients, the pulmonary involvement
was mostly mild to moderate and none of our patient
reached a severe respiratory distress pattern prior to
stroke. Even the arterial oxygen saturations were accept-
able and the late need for mechanical ventilation was due
to decreased levels of consciousness. Also, in our patients
the absence of fever and the fact that the COVID-19 dis-
ease was diagnosed upon admission was noteworthy.
Therefore, it is of utmost importance to note that most
patients were not aware of having COVID-19 disease and
did not primarily complain of respiratory symptoms. In
our hospital, 2 separate emergency rooms exist: 1 desig-
nated to COVID patients and the other to regular pa-
tients. Most of our patients came to the non-COVID ER.
This once again emphasizes on screening all patients for
COVID-19 during the epidemic since many patients may
lack telltale signs of the infection such as fever. Further-
more, performing a simultaneous chest/brain CT scan
seems to be a convenient method in patients with CVA.
According to previous reports, we expected abnormal-
ities in liver enzyme, hemoglobin, LDH, d-dimer, Cr, and
lymphopenia [5]. Similarly, we noted that the significant
lab findings were abnormal such as C-reactive protein,
LDH, and D-dimer levels. But our patients did not have
decreased hemoglobin, extremely low lymphocyte count
or extremely high liver enzymes as was reported in a Chi-
nese report [4]. Aside from a thrombus indicator, the D-
dimer is known to be an acute phase reactant. Therefore,
one can assume that the D-dimer rise is basically due to a
severe underlying COVID-19 infection. However, we
were not convinced that the viral infection was severe
enough to justify the rise. It would be enlightening to
compare the D-dimer levels in all COVID-19 patients
with and without thrombotic events. Unfortunately, the
D-dimer levels were assessed in our hospital only in pa-

Ischemic Stroke in Patients with
COVID-19 Disease

tients with a thromboembolic disease and we did not have
the necessary data to investigate this matter. The mortal-
ity rate was high as it was expected in old age patient with
massive stroke or with COVID-19 infection. There was
no clear evidence of DIC or increased PT and PTT (unlike
previous reports) [4] and we did not encounter a hemor-
rhagic transformation after antiplatelet and anticoagu-
lant therapy. Anticoagulation with heparin has been used
in critically ill patients with COVID-19. On the other
hand, in acute large ischemic infarcts, there is always a
hesitation of using anticoagulation for the fear of hemor-
rhagic transformation. One may assume that the situa-
tion is different with COVID-19 patients with stroke, but
we need more reports to confirm the safety or benefit of
using anticoagulants in the acute phase of stroke in these
patients. Unfortunately, we did not have an eligible case
for recombinant tissue plasminogen activator injection to
observe the interaction of this treatment with the as-
sumed coagulopathy of COVID-19 disease. On the other
hand, large artery thrombosis may be a suitable candidate
for thrombectomy which we did not perform in these cas-
es.

There might be some possible limitations in this study.
First, we did not screen patients based on their COVID
PCR test. At the beginning of the COVID-19 pandemic,
because of substantial number of COVID-19 patients, we
did not have enough PCR tests for screening. Therefore,
the initial diagnosis of COVID-19 was based on the chest
CT findings. Second, this study was a retrospective study,
and the patient’s data were reliant on documentation in
clinical histories. Third, given this study was an uncon-
trolled case series, there was not a comparison group to
differentiate the acute ischemic stroke features in CO-
VID-19 patients and non-COVID-19 patients.

Conclusion

In our series, about 1.9% of patients with moderate-to-
severe COVID-19 had concomitant ischemic stroke.
Ischemic strokes in COVID-19 patients tend to occur as
large infarcts mostly due to large artery thrombosis and
can be seen in patients with mild to moderate pulmonary
involvement who are not aware of having COVID dis-
ease. Antiplatelet and anticoagulant therapy was not
harmful in our patients, however, recombinant tissue
plasminogen activator administration should be investi-
gated in COVID-19 patients to understand the potential
benefit or harm of this treatment in relation to CO-
VID-19 coagulative/thrombotic complications.
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