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CLINICAL STUDY

Infl uence of COVID-19 disease on subarachnoid hemorrhage 
and intracerebral hemorrhage
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ABSTRACT
This study aims to make a comparative evaluation of the change in the incidence of intracranial hemorrhage 
[intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH)] cases that attended our hospital in 
the Covid-19 pandemic period with that of the same term one year ago. This study included 80 patients 
diagnosed with ICH and/or SAH in the period that started with the pandemic in 2020. It was determined that 
51 patients had been diagnosed with ICH and/or SAH during the same period of 2019. A total of 131 ICH and 
SAH patients (2019; n=51, 39%; and 2020; n=80, 61 %) having an average age of 64.52±7.33 including 
66 women (50.4 %) were included in the study in the nine -month follow-up periods covering the period of 
March-November of 2019 and 2020, respectively. It was determined that the number of patients diagnosed 
with ICH and SAH during the pandemic was higher than the number of those who attended our clinic in 
2019 (80 vs 51) and that they were older (65.76±6.56 years vs 62.57±8.09 years) (p=0.014 and p=0.026, 
respectively). The incidence and distribution of ICH and SAH among the patients were similar (p >0.05). It 
was determined that in 1 patient, ICH and SAH co-existed. In the study, it was determined that among the 
patients treated for intracranial hemorrhage in 2020, 32.5 % were diagnosed with COVID-19 as validated 
by positive nasopharyngeal SARS-CoV-2 PCR. The evaluation of the patients in 2020 revealed that the 
average age and ICH and SAH incidence in COVID-19 (+) and COVID-19 (–) patients were similar. Although 
increased incidence of acute intracranial hemorrhage has been observed during COVID-19 pandemic a 
athophysiological correlation between the two clinical presentations could not be clearly demonstrated. 
When rapidly progressing neurological deterioration fi ndings are present in COVID-19 patients, existence of 
intracranial hemorrhage should always be considered (Tab. 2, Ref. 21). Text in PDF www.elis.sk
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Introduction

After the novel SARS-Cov-2 infection (COVID-19) was an-
nounced as a pandemic by the World Health Organization (WHO)  
(1) and Turkey reported the fi rst offi cial COVID-19 case around the 
same time (March 11, 2020), 2020 has turned into a challenging 
year for our country as well as the entire humanity (2, 3). 

Intracerebral hemorrhage (ICH) and subarachnoid hemorrhage 
(SAH), the two major reasons for central nervous system (CNS) 
bleeding, are associated with certain underlying conditions such 
as amyloid angiopathy, hemangioma, arteriovenous malformations 
and coagulopathy. About 24.6 ICH and 14.9-19.6 SAH cases per 
100.000 occur annually which constitute signifi cant reasons for 
morbidity and mortality. Advanced age, hypertension and diabetes 
are correlated with negative clinic outcomes in CNS bleedings (3, 4). 

The data demonstrated that human coronaviruses may be 
transmitted from the respiratory tract to the central nervous system 
by hematogenous and trans neuronal ways, causing neurological 
diseases and encephalitis. SARS-CoV-2 has been demonstrated 
in the gene sequence transferring into the cerebrospinal fl uid, and 
the fact that it should be taken into consideration for neurological 
diseases has been emphasized (5, 6). Proof of viral infection of the 
endothelial cells and generalized endothelial infl ammation have 
been reported in a number of patients diagnosed with COVID-19.

Patients experiencing intracranial hemorrhages are vulnerable 
against SARS-CoV-2 infection and may develop serious compli-
cations as a result of it (7). Particularly, ischemic stroke may be a 
symptom for COVID-19 at attendance which entails the respec-
tive risk at a rate 7.5 times higher than infl uenza virus infection. 
On the other hand, it is not clear whether SARS-CoV-2 is neuro-
tropic or how it causes the development of neurological damage 
or symptoms. Similarly, it has also been reported that ICH occurs 
during the course of COVID-19, however signifi cant matters such 
as time-wise correlation with COVID-19 infection remain unclear.

Our hospital, being a 400-bedtraining and research hospital, 
has a broad capacity for admitting patients diagnosed with neuro-
surgical pathologies, traditionally treating approximately 150 pa-
tients each year for acute and elective neurosurgical pathologies. 
In this study, it was aimed to compare those patients diagnosed 
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with ICH and SAH who attended our clinic during a 9-month term 
within the COVID-19 period with those patients who had received 
the same diagnosis in the same period of the previous year. 

Materials and methods

Patients
All patients diagnosed with SAH and ICH are admitted to the 

emergency department of our institution before admission to the 
neurosurgical intensive care unit. At this stage, all vital fi ndings 
are recorded and the necessary imaging tests are conducted, which 
are followed by hospitalization.

Data
Demographic characteristics, medical history, clinical fi ndings, 

symptoms, chest computed tomographic (CT) scan fi ndings, labo-
ratory fi ndings were obtained from the electronic medical records 
system. The respective data was reviewed by a team of physicians 
specialized in their fi elds. Acute cerebrovascular disease covered ce-
rebral hemorrhage and ischemic stroke diagnosed by cranial CT scan.

Study method
This study retrospectively included adult patients (age>18) diag-

nosed with SAH and ICH who were admitted to our institute during 
a 9-month period between March 1, 2020 and November 30, 2020. 

The database of the hospital was used to compare our data 
pertaining to 2020 involving the COVID-19 pandemic period with 
that of the previous year for the identical time period. Patients dia-
gnosed with SAH and ICH who attended our hospital between 
March 1, 2019 and November 30, 2019 (2019) were included in 
the study as the control group. During the aforementioned period, 
due to the COVID-19 pandemic, utmost care was taken about social 
distancing, mask use and personal isolation in Turkey.

Pre-treatment planning in ICH and SAH cases
Age, date of initial symptom, date of attendance to hospital, the 

World Federation of Neurosurgical Societies (WFNS) score, the 
Glasgow coma scale (GCS) score and existence of mydriasis were 
recorded for each patient at hospitalization. Evaluation of attendance 
with a deteriorating neurological manifestation was defi ned by a 
World Federation of Neurosurgical Societies (WFNS) score of > 3 
(8, 9). Information on the date of onset of COVID-19 or neurologi-
cal symptoms was obtained by inquiring the patient and/or family.

Pre-treatment radiological evaluation 
Existence of ICH or SAH, existence of acute hydrocephalus 

requiring external ventricular drainage (EVD) and the planned 
imaging procedures were recorded. Suitable patients developing 
acute hydrocephalus were given an EVD. Existence of signifi cant 
levels of vasospasm in CT angiography and digital subtraction an-
giography (DSA) was recorded. Severe radiological manifestation 
was identifi ed by the existence of ICH and/or acute hydrocephalus 
requiring EVD and/or existence of vasospasm during attendance 
(8, 9). All neurological symptoms were evaluated by two experi-
enced neurosurgical specialists. The onset date of the disease was 

identifi ed as the day on which the symptom was noticed. The fi nal 
treatment (endovascular or microsurgical) was decided by a multi-
disciplinary committee made up of brain surgeons, neuroradiolo-
gists and intensive care physicians.

COVID-19 diagnosis and evaluation
All neurosurgical patients attending the emergency department 

of our hospital who might have been in need of surgical intervention 
were routinely given nasopharyngeal (NF) PCR swab testing for en-
abling safe perioperative evaluation. The taken swab samples were 
validated by real time RT-PCR test using SARS-CoV-2 nucleic acid 
detection kit (Device, Brand, Model, Country). The severity of CO-
VID-19 for community-acquired pneumonia has been defi ned by 
international guidelines. Patients were treated in accordance with 
the instructions provided in the Updated COVID-19 Infection Treat-
ment Guide, the Ministry of Health, and the Republic of Turkey. 

Ethics commitee 
The study was operated in compliance with the Declaration of 

Helsinki and after approved by the Local Ethics Committee of Adi-
yaman University (22.09.2020:2020/8-24, 2020-07-21T14_12_29). The 
oral and written consent of all patients was obtained for the study 

Statistical analysis
In the analysis of the variables, SPSS 26.0 (IBM Corporation, 

Armonk, New York, United States) was used. Compliance of uni-
variate data with normal distribution was evaluated by Shapiro-
Wilk francia test whereas homogeneity of variances was evaluated 
by Levene’s test. In the comparison of the two independent groups 
in terms of quantitative data, Independent-Samples T test was used 
together with Bootstrapping results. For homogeneity of categori-
cal variables, Binomial test, and in the comparison with each other, 
Pearson Chi-Square Test and Linear-by-Linear Association test 
were tested by Monte Carlo Simulation method. The quantitative 
variables are expressed as ± SD (standard deviation) (Minimum/
/Maximum) in the tables whereas the categorical variables are 
shown as n (%). The variables were examined in the confi dence level
of 95%, and a p value lower than 0.05 was considered signifi cant. 

Results

A total of 131 ICH and SAH patients (2019; n=51, 39 %; and 
2020; n=80, 61 %) having an average age of 64.52±7.33 including 
66 women (50.4 %) were included in the study in the nine-month 
follow-up periods covering the period of March-November of 2019 
and 2020, respectively. It was determined that the number of patients 
diagnosed with ICH and SAH during the pandemic was higher than 
the number of those who attended our clinic in 2019 (80 vs 51) and 
that they were older (65.76±6.56 years vs 62.57±8.09 years) (p= 
0.014 and p=0.026, respectively). The incidence and distribution 
of ICH and SAH among the patients were similar (p >0.05). It was 
determined that in 1 patient, ICH and SAH co-existed (Tab. 1).

The monthly periods in which the patients attended the hospital 
for ICH and SAH were evaluated. It was detected that intracra-
nial hemorrhage was most frequently observed in August (n=18, 
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13.7 %) and September (n=17, 13 %). As for 2020 which included 
the COVID-19 pandemic process, it was detected that the most 
frequent attendances to hospital have been in June and Septem-
ber (n=11, 13.8). On the other hand, no signifi cant difference was 
found in terms of monthly number of patient attendance (Tab. 1).

In the study, it was determined that among the patients treated 
for intracranial hemorrhage in 2020, 22.5 % were diagnosed with 

COVID-19 as validated by positive naso-
pharyngeal SARS-CoV-2 PCR. The evalua-
tion of the patients in 2020 revealed that the 
average age and ICH and SAH incidence of 
COVID-19 (+) and COVID-19 (–) patients 
were similar. No differences were detected 
in the monthly distribution of the patients 
during the COVID-19 pandemic in terms of 
PCR (+) rates (p >0.05) (Tab. 2).

Discussion

Due to the global spread of the novel 
coronavirus strain (SARS-CoV-2) which 
causes the respiratory disease called CO-
VID-19, there has been a growing interest 
in the medical world in its common effects. 
Specifi cally, it has been getting clearer that in 
many patients, neurological symptoms con-
stitute the initial symptoms of COVID-19. 
Although clinical data is not suffi cient, there 
has nevertheless been heavy concern about 
the fact that COVID-19 may increase or 
trigger hemorrhagic stroke risk, especially 
in elderly patients (10, 11). It is probable 
that subarachnoid hemorrhage developing 
in a patient may be due to the increase in the 
intraluminal pressure of the radiculo-med-
ullary veins that pass into the subarachnoid 
space. Latest studies have shown that due to 
severe coughing, these veins may be subject 
to spontaneous pressure increase and rup-
ture which in turn may lead to spontaneous 
subarachnoid hemorrhage. The results of our 
study have shown a signifi cant increase in 
the number of patients diagnosed with SAH 
and ICH who attended our clinic in 2020. 

Although susceptibility to thrombosis is 
well known in COVID-19, there are a con-
siderable number of case reports connected 
to hemorrhage affecting multiple organ sys-
tems including the CNS. The causal patho-
physiological process has not yet been fully 
understood, and hemorrhage secondary to 
microthrombosis, cytokine storm (12), en-
dotheliosis (13), disseminated intravascular 
coagulation with underlying excessive vas-
cular permeability and vasculitis (14), have 

been held responsible. In a recently published neuroimaging study 
by Mahammedi et al (15), it has been shown that in COVID-19 
patients, imaging is rich in acute ischemic infarct and intracranial 
hemorrhage. Following several proofs in the current literature 
about the correlation between COVID-19 and cerebrovascular dis-
ease, there is a compulsory need for defi ning such correlations and 
outcomes. Striking proofs have shown that in adults, COVID-19 

 Total 2019 2020 P
(n=131) (n=51) (n=80)

Age mean±SD (Min/Max) 64.52±7.33 (45/83) 62.57±8.09 (45/81) 65.76±6.56 (45/83) 0.026 t

n (%) n (%) n (%)  
Number of cases 131 (100) 51 (38.9) 80 (61.1) 0.014 b

Gender     
Female 66 (50.4) 22 (43.1) 44 (55.0) 0.212 l

Male 65 (49.6) 29 (56.9) 36 (45.0)  
Subarachnoid Bleeding     

No 71 (54.2) 29 (56.9) 42 (52.5) 0.730 l

Yes 60 (45.8) 22 (43.1) 38 (47.5)  
Intracerebral Bleeding     

No 59 (45.0) 21 (41.2) 38 (47.5) 0.589 l

Yes 72 (55.0) 30 (58.8) 42 (52.5)  
Number of cases by month     

March 10 (7.6) 5 (9.8) 5 (6.3) 0.914 l

April 12 (9.2) 5 (9.8) 7 (8.8)  
May 16 (12.2) 6 (11.8) 10 (12.5)  
June 14 (10.7) 3 (5.9) 11 (13.8)  
July 13 (9.9) 6 (11.8) 7 (8.8)  
August 18 (13.7) 7 (13.7) 11 (13.8)  
September 17 (13.0) 7 (13.7) 10 (12.5)  
October 16 (12.2) 6 (11.8) 10 (12.5)  
November 15 (11.5) 6 (11.8) 9 (11.3)  

t Independent Samples t-test (Bootstrap), b One Sample Binomial test(Monte Carlo), l Linear-by-Linear Associa-
tion Test(Monte Carlo, Exact), SS.: Standard deviation, Min.: Minimum, Max.: Maximum

Tab. 1. Characteristics of patients diagnosed with intracranial hemorrhage in 2019 and 2020.

 COVID-19 (2020 data)
No (n=54, 67.5 %) Yes (n=26, 32.5 %) p

Age mean±SD (Min/Max) 66.69±6.35 (45/83) 63.85±6.68 (48/75) 0.572 t

n (%) n (%)  
Gender    

Female 29 (53.7) 15 (57.7) 0.512 p

Male 25 (46.3) 11 (42.3)  
Subarachnoid hemorrhage    

No 29 (53.7) 13 (50.0) 0.665 p

Yes 25 (46.3) 13 (50.0)  
Intracerebral bleeding    

No 25 (46.3) 13 (50.0) 0.661 p

Yes 29 (53.7) 13 (50.0)  
Month    

March 4 (7.4) 1 (3.8) 0.952 ff

April 5 (9.3) 2 (7.7)  
May 7 (13.0) 3 (11.5)  
June 7 (13.0) 4 (15.4)  
July 5 (9.3) 2 (7.7)  
August 7 (13.0) 4 (15.4)  
September 8 (14.8) 2 (7.7)  
October 6 (11.1) 4 (15.4)  
November 5 (9.3) 4 (15.4)  

t Independent Samples t test (Bootstrap), b One Sample Binomial test (Monte Carlo), l Linear-by-Linear Asso-
ciation Test( Monte Carlo, Exact), SD.: Standard Deviation

Tab. 2. Evaluation of patients diagnosed with intracranial hemorrhage in terms of COVID-19.
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causes multisystem organ involvement including cerebrovascular 
occurrences such as the central nervous system (CNS) and intra-
cranial hemorrhage (16–18). 

Sharifi -Razavi et al (19) reported an intracranial hemorrhage 
case developing in a 79-year-old, COVID-19-positive male who 
had no previous hypertension history or anticoagulant use. In a 
case series consisting of fi ve patients, Benger et al. contributed to 
the discussions on the COVID-19 and intracerebral hemorrhage 
association (20). In this series, particularly the clinical challenges 
occurring in the management of the thrombotic complications of 
COVID-19 have been emphasized. In three out of the fi ve patients 
in the series, anticoagulation was used in the pre-ICH treatment 
dosage whereas the remaining two patients took a prophylactic 
LMWH, which has been considered as a signifi cant confounding 
factor in interpreting the correlation of the clinical results with 
COVID-19. In our study, the increased hemorrhage incidence dur-
ing the pandemic in patients of advanced age having negative out-
come risk correlated with COVID-19 and intracranial hemorrhage 
suggests that elderly patients go through a quite fragile process. 

Due to its retrospective nature, this study entails certain limita-
tions in evaluating the COVID-19-related clinical fi ndings of the 
cases with intracerebral hemorrhage, especially in the pandemic 
period, comprising detailed evaluation of the COVID-19-related 
clinical outcomes and intracranial hemorrhage etiologies of the pa-
tients, and diffi culty in accessing detailed data about postoperative 
follow-up. The detection of simultaneous COVID-19 in 32.5 % 
of the patients treated in our clinic for intracranial hemorrhage in 
2020 has been determined to be quite high in proportion to the 
COVID-19 incidence reported in the literature. This may have been 
a result of the inclusion of asymptomatic patients as the patients 
were routinely given preoperative SARS-CoV-2 PCR validation, 
and the patients getting infected during follow-up.

In the light of the present lack of evidence, it may remain merely 
theoretical whether this situation exists in certain rapidly developing 
pulmonary defi ciency in COVID-19 patients [21]. We consider that 
in order to shed light on the real effects, mechanisms and systemic 
results of CNS involvement in COVID-19 patients, other patho-
logical studies such as necropsy, or more suitably in view of the 
current health emergency, even minimally invasive brain biopsies 
may be requested. 

Conclusions

As a result, although increased incidence of acute intracranial 
hemorrhage has been observed during COVID-19 pandemic a 
pathophysiological correlation between the two clinical presenta-
tions could not be clearly demonstrated. When rapidly progressing
neurological deterioration fi ndings are present in COVID-19 pa-
tients, existence of ICH should always be considered.
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