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Objective: Subarachnoid hemorrhage (SAH) has been reported as a neurological
manifestation in 0.1% of COVID-19 patients. This systematic review investigated
the outcomes and predictive factors of SAH in patients with COVID-19. Materials
and methods: An electronic literature search was conducted on PubMed, Embase,
and Scopus from inception to 10th September 2021. Studies reporting SAH in
COVID-19 patients were included. Demographic characteristics, risk factors for dis-
ease, severity of COVID-19, and mortality of SAH in COVID-19 patients were ana-
lyzed. Subgroup analyses stratified by COVID-19 severity and mortality were
conducted. Results: 17 case reports, 11 case series, and 2 retrospective cohort studies,
with a total of 345 cases of SAH in COVID-19 patients, were included for analysis.
Most published cases were reported in the US. Mean age was 55§18.4 years, and
162 patients (48.5%) were female. 242 patients (73.8%) had severe-to-critical
COVID-19, 56.7% had aneurysmal SAH, 71.4% were on anticoagulation, and 10.8%
underwent surgical treatment. 136 out of 333 patients (40.8%) died. Among patients
with severe-to-critical COVID-19, 11 out of 18 (61.1%) died, and 8 out of 8 (100.0%)
were non-aneurysmal SAH. Conclusions: SAH is a rare but morbid occurrence in
COVID-19. The mortality rate of COVID-SAH patients was 40.8%, with a higher
prevalence of severe-to-critical COVID-19 (100% versus 53.8%) and non-aneurys-
mal SAH (85.7% versus 44.6%) among COVID-SAH deaths. Given the changing
landscape of COVID-19 variants, further studies investigating the association
between COVID-19 and SAH may be warranted to identify the long-term effects of
COVID-19.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) which emerged in end-2019 has resulted in
an estimated 17.2 million infection-related deaths as of 31
May 2022.30 Neurological manifestations, including head-
ache, impaired consciousness, ataxia, acute cerebrovascu-
lar disease, seizures, hyposmia, hypogeusia, and
neuralgias have been reported in up to 36.4% of COVID-
19 patients.19,20

Several reviews have investigated the relationships
between COVID-19 and cerebrovascular disease such as
stroke32 intracranial hemorrhage,6 and neuropathological
findings.26 In COVID-19 patients, the incidence of intra-
cranial hemorrhage and SAH has been reported at 0.7%
patients,6,27 and 0.1% patients,5,28 respectively. SAH and
COVID-19 have also been associated with higher morbid-
ity and mortality as compared with isolated disease of
either.5,28 However, the outcomes and predictive factors
of concomitant SAH and COVID-19 (COVID-SAH) have
not been adequately reported.
Considering the public health ramifications of COVID-

19 transmission, which despite the rollout of vaccines is
expected to continue2 with a possible resurgence up to
2024,15 it is important to understand how COVID-19 is
associated with SAH. This understanding will help to
guide the diagnosis and management of possible COVID-
19-related SAH; if a correlation indeed exists, it is impera-
tive to recognize it due to the predicted long-term
endemic phases that many countries are predicted to
experience with COVID-19.30 Hence, this systematic
review aims to investigate the risk factors and outcomes
of SAH in COVID-19 patients reported in the interna-
tional literature.
Materials & methods

Search strategy and study selection

We conducted an electronic literature search from
PubMed, Embase, and Scopus from inception to 10th Sep-
tember 2021, in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines,25 without language restrictions.
The search strategy consisted of search terms involving
COVID-19 and SAH concepts [Supplementary Table 1].
References of included articles were also searched for any
relevant articles that meet the inclusion criteria of the
study. Studies reporting the presence of SAH in COVID-
19 patients were included. Conference abstracts, pre-
prints, systematic reviews, meta-analyses, and retrospec-
tive cohort studies which included SAH patients but did
not report their baseline characteristics were excluded. In
addition, bibliographies of included studies were
screened, and searches on Google
Scholar and the Web of Science database (1900�2021)

using the first and last author of each included study
were conducted to ensure inclusion of all relevant studies.
The study protocol was published in the International
Register of Prospective Systematic Reviews (PROSPERO;
reference no. CRD42021259432) prior to initiation of the
study.
Two reviewers (KYF and JY) independently screened all

retrieved abstracts using the above inclusion and exclu-
sion criteria. Following identification of potentially rele-
vant studies from abstract screening, full-text articles
were retrieved. Two reviewers (KYF and JY) indepen-
dently screened the full-texts and reasons for exclusion
were recorded. Risk of bias was assessed using the Joana
Briggs Institute Critical Appraisal Tools.21,22 Discrepan-
cies at any stage of the screening were resolved by a third
reviewer (MLJR).

Data extraction

The following variables were extracted from the studies
by two independent reviewers (JY and KYF) using a stan-
dardized data collection form with the following fields:
age, gender, co-morbidities (hypertension, hyperlipid-
emia, diabetes mellitus, smoking, anticoagulation), sever-
ity of COVID-19, etiology of SAH (aneurysmal or non-
aneurysmal), associated intracranial pathologies, treat-
ment (surgical or non-surgical), and outcomes (survived
or deceased). Where not reported explicitly, COVID-19
severity was classified into mild, moderate, severe, and
critical as defined by the 8th edition of the Novel Corona-
virus Pneumonia Diagnosis and Treatment Plan.1

Statistical analysis

A descriptive synthesis of the demographic characteris-
tics, risk factors for disease, severity of disease, and mor-
tality of patients with COVID-19 and SAH (COVID-SAH)
was conducted. Continuous variables were reported as
mean § SD or mean (range), while categorical variables
were reported as number of patients and their corre-
sponding percentage of total patients.
Where individual patient data (IPD) was provided in

studies, subgroup analyses comparing the characteristics
of deceased versus survived SAH patients, and severe-to-
critical versus mild-to-moderate COVID-19 were con-
ducted. In addition, univariate analysis according to
patient characteristics was performed, with results
expressed as odds ratios (OR) and 95% confidence inter-
vals (95%CIs).
All analyses were conducted in RStudio (using R-4.0.2)

and Review Manager 5.4, with p<0.05 taken to indicate
statistical significance.

Results

The electronic search strategy retrieved a total of 743
potentially relevant articles (Fig. 1). After deduplication
and title and abstract screening, 57 articles were sought
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Fig. 1. PRISMA flowchart of included studies.
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for full-text eligibility screening, of which 2 articles were
not retrievable. Of the 55 articles assessed for eligibility
through full-text screening, 27 were excluded with the fol-
lowing criteria: incorrect study type (n = 4), not reporting
SAH (n = 1), non-COVID-19 cases (n = 1), and retrospec-
tive cohort studies without baseline characteristics of
SAH patients (n = 21, comprising 48 patients with SAH).
15 articles identified via citation screening of included
articles were sought for retrieval and full-text eligibility
screening, of which 2 articles were eventually included
for descriptive analysis. Finally, 30 articles were included
in the subsequent data extraction and descriptive analy-
sis.

Study characteristics

The study characteristics and summary statistics are
summarized in Table 1. Across the 30 articles included in
this descriptive analysis (17 case reports, 11 case series,
and 2 retrospective studies), a total of 345 COVID-SAH
cases were reported.
As not all studies provided demographic details of

patients, summary statistics were derived using only
studies which clearly reported details of all patients. The
mean age was 55 §18.4 years and 162 out of 334 (48.5%)
patients were female. 192 out of 326 patients (55.9%) had
hypertension, 97 out of 240 (40.4%) had hyperlipidemia,
134 out of 328 (40.6%) had diabetes mellitus, and 41 out of
325 (12.6%) were smokers. 242 out of 328 patients (73.8%)
had severe-to-critical COVID-19. 17 out of 30 patients
(56.7%) had aneurysmal SAH, 172 out of 241 patients
(71.4%) were on anticoagulation therapy, and 11 out of 31
patients (35.5%) had associated intracranial pathology. 12
out of 111 patients (10.8%) underwent surgical treatment,
and 136 out of 333 patients (40.8%) were deceased.
Geographical characteristics of COVID-SAH cases

The geographical characteristics of COVID-SAH cases
are summarized in Table 2. 325 cases (94.2%) were
reported in US, of which 228 out of 321 (71.0%) had
severe-to-critical COVID-19. 9 cases (2.6%) were reported
in Europe, of which 3 out of 5 had severe-to-critical
COVID-19. 3 cases (0.9%) were reported in UK, of which
all 3 (100.0%) had severe-to-critical COVID-19. 8 cases
(2.3%) were reported in Asia, of which 6 (75.0%) had
severe-to-critical COVID-19.
Survived versus deceased COVID-SAH cases

The subgroup analyses comparing outcomes of sur-
vived vs deceased patients are summarized in Table 3. A
total of 138 patients (56.3%) survived, whilst 207 patients
(43.7%) died. IPD was reported in up to 18 survivors and
15 deceased. Among the deceased, 11 of 11 patients
(100.0%) had severe-to-critical COVID-19, as compared to
7 out of 13 patients (53.9%) among the survivors. Aneu-
rysmal SAH was found in 6 out of 11 survivors (54.6%),
whilst non-aneurysmal SAH was found in 6 out of 7
deceased (85.7%). 7 out of 13 survivors (53.9%) and 6 out
of 12 deceased were on anticoagulation. Among the survi-
vors, 7 out of 16 patients (43.8%) had associated



Table 1. Baseline characteristics of included studies.

Authors and study Location Study type Number of

COVID-SAH

patients (female)

Age (years) Diabetes

Mellitus

Hypertension Hyperlipidemia Smoking

1 Al Saleigh et al., 2020 US Case report 1 (1) 31 0 0 0 0

2 Al-Mufti et al., 2020 US Case series 2 (1) 31 81 0 0 0 0

3 Altschul et al., 2020 US Case series 2 (1) Mean 62 1 1 0 NR

4 Avci et al., 2020 US Case report 1 (0) 50 NR NR NR NR

5 Basirjafari et al., 2020 Iran Case report 1 (0) 9 0 0 0 0

6 Bradley et al., 2020 US Case series 1 (1) 76 0 0 1 0

7 Castillo et al., 2020 Germany Case report 1 (0) 64 0 1 0 1

8 Cezar-Junior et al., 2020 Philippines Case series 4 (3) 36; 53; 61; 71 NR NR NR NR

9 Craen et al., 2020 US Case report 1 (1) 66 1 1 1 0

10 Dodd et al., 2021 US Case series 10 (5) NR 0 1 NR NR

11 Esteves-Ordonez et al., 2020US Case report 1 (1) 56 NR NR NR NR

12 Fabbri et al., 2021 Italy Case series 1 (0) 74 1 0 0 0

13 Fayed et al., 2020 US Case series 1 (1) 54 0 1 0 0

14 Fernandez et al., 2021 UK Case report 1 (0) 54 NR NR NR NR

15 Gogia et al., 2020 US Case report 1 (0) 75 NR 1 1 1

16 Haider et al., 2020 Germany Case report 1 (0) 56 0 1 0 0

17 Harrogate et al., 2020 UK Case report 2 (0) 74 53 NR NR NR NR

18 Kaushik et al., 2020 US Case report 1 (0) 5 0 0 0 0

19 Keller et al., 2020 Switzerland Case series 3 (NR) NR 2 2 1 1

20 Khazaei et al., 2021 Iran Case report 1 (0) 57 1 1 0 0

21 Kostrya et al., 2020 Poland Case report 1 (0) 70 NR NR NR NR

22 Li et al., 2020 China Case report 1 (0) 68 0 0 0 0

23 Paez et al., 2020 Ecuador Case report 1 (0) 63 0 0 0 1

24 Qureshi et al., 2021 US Retrospective

cohort study

86 (39) NR 29 59 NR 24

25 Ravindra et al., 2021 US Retrospective

cohort study

212 (105) NR 99 122 93 13

26 Rustemi et al., 2020 Italy Case report 1 (1) 68 0 0 0 0

27 Sabayan et al., 2020 Iran Case series 1 (0) 60 0 1 0 0

28 Saiegh et al., 2020 US Caser report 2 (1) 31 62 0 0 0 0

29 Shekhar et al., 2020 US Case series 1 (1) 38 0 0 0 0

30 Usman et al., 2020 US Case series 2 (NR) Mean 53.7 0 0 0 0

Total, n (%) NA 345 (162, 48.5%) Mean 55, SD §
18.4

134 (40.9%) 192 (58.9%) 97 (40.4%) 41 (12.62%)
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Table 1 (Continued)

Authors and study Location Study type Number of

COVID-SAH

patients (female)

Age (years) Diabetes

Mellitus

Hypertension Hyperlipidemia Smoking

Study code Location Study type COVID-19 Sever-

ity (severe-

critical)

Aneurysmal SAH Anticoagulation Associated

intracranial

pathology

Surgical treatment Deceased

1 Al Saleigh et al., 2020 US Case report 0 1 0 1 1 0

2 Al-Mufti et al., 2020 US Case series 0 0 NR 0 NR NR

3 Altschul et al., 2020 US Case series 0 NR 1 NR 0 0

4 Avci et al., 2020 US Case report 1 NR NR 0 NR 1

5 Basirjafari et al., 2020 Iran Case report 1 0 NR 0 0 1

6 Bradley et al., 2020 US Case series NR NR 0 NR NR 1

7 Castillo et al., 2020 Germany Case report 0 0 0 0 0 0

8 Cezar-Junior et al., 2020 Philippines Case series 3 1 NR 2 2 1

9 Craen et al., 2020 US Case report 1 0 NR 0 0 1

10 Dodd et al., 2021 US Case series 4 10 NR NR 3 2

11 Esteves-Ordonez et al., 2020US Case report 0 1 0 0 1 0

12 Fabbri et al., 2021 Italy Case series NR 0 0 1 NR 1

13 Fayed et al., 2020 US Case series 1 0 1 0 NR 1

14 Fernandez et al., 2021 UK Case report 1 NR 1 0 0 1

15 Gogia et al., 2020 US Case report 1 NR 1 0 0 1

16 Haider et al., 2020 Germany Case report 0 0 1 0 0 0

17 Harrogate et al., 2020 UK Case report 2 NR 2 0 0 0

18 Kaushik et al., 2020 US Case report 1 0 1 0 0 1

19 Keller et al., 2020 Switzerland Case series 3 NR 3 2 NR 1

20 Khazaei et al., 2021 Iran Case report 0 0 1 1 0 0

21 Kostrya et al., 2020 Poland Case report NR 1 NR 0 1 0

22 Li et al., 2020 China Case report 1 0 1 0 0 1

23 Paez et al., 2020 Ecuador Case report NR 1 1 1 0 1

24 Qureshi et al., 2021 US Retrospective

cohort study

75 NR NR NR 2 27

25 Ravindra et al., 2021 US Retrospective

cohort study

144 NR 155 NR NR 91

26 Rustemi et al., 2020 Italy Case report NR 1 1 0 0 0

27 Sabayan et al., 2020 Iran Case series 1 NR 0 NR NR 1

28 Saiegh et al., 2020 US Caser report NR 1 0 2 2 0

29 Shekhar et al., 2020 US Case series NR NR 0 NR NR 1

30 Usman et al., 2020 US Case series 0 NR 2 1 NR 1

Total, n (%) NA 242 (73.8%) 17 (56.7%) 172 (71.4%) 11 (35.5%) 12 (10.8%) 136 (40.8%)
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Table 2. Results by geographic location.

Total patients Severe-to-critical COVID-19

US 325 (94.2%) 228/321 (71.0%)

Europe 9 (2.6%) 3/5 (60.0%)

UK 3 (0.9%) 3/3 (100.0%)

Asia 8 (2.3%) 6/8 (75.0%)
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intracranial pathology, as compared with 4 out of 13
patients (30.8%) among the survivors. Among the survi-
vors, 6 out of 14 patients (42.9%) had undergone surgical
treatment, as compared with 1 out of 8 patients (12.5%)
among the deceased.
The univariate analyses of patient and SAH characteris-

tics associated with death are summarized in Table 4.
Based on the results, hypertension (OR=0.75, 95% CI,
0.14-3.88, p = 0.729), diabetes mellitus (OR=0.80, 95% CI,
0.12-5.39, p = 0.813), and the use of anticoagulation
(OR=0.86, 95% CI 0.17-4.18, p = 0.848) were not significant
risk factors for mortality in COVID-SAH. The odds of
aneurysmal SAH leading to mortality were not significant
(OR=0.14, 95% CI 0.01-1.21, p = 0.111), and surgical treat-
ment was not significantly associated with lower mortal-
ity rates (OR=0.19, 95% CI 0.01-1.51, p = 0.166).
Table 3. Results comparing

Total patients, n (%)

Age (years), mean (SD)

Female, n (%)

Hypertension, n (%)

Hyperlipidemia, n (%)

Diabetes Mellitus, n (%)

Smoking, n (%)

Severe-critical COVID-19, n (%)

Aneurysmal, n (%)

Anticoagulation, n (%)

Associated intracranial pathology, n (%)

Surgical treatment, n (%)

Table 4. Univariate analysis of char

O

Age �60 1

Female gender 1

Hypertension 0

Hyperlipidemia 3

Diabetes Mellitus 0

Smoking 3

Aneurysmal SAH 0

Anticoagulation 0

Associated intracranial pathology 0

Surgical treatment 0
Mild-to-moderate versus severe-to-critical COVID-19 in
COVID-SAH cases

The results of the subgroup analysis comparing out-
comes of mild-moderate vs severe-critical COVID-19 are
summarized in Table 5. A total of 75 patients (31.5%) had
mild-to-moderate COVID-19, whilst 163 patients (68.5%)
had severe-to-critical COVID-19. IPD was reported in up
to 7 and 16 patients with mild-to-moderate and severe-to-
critical COVID-19, respectively, allowing for the following
subgroup analyses. 6 out of 6 patients (100.0%) with mild-
to-moderate COVID-19 had survived, whilst 11 out of 18
patients (61.1%) with severe-to-critical COVID-19 passed
away. Among patients with severe-to-critical COVID-19,
8 out of 8 (100.0%) had non-aneurysmal SAH, as com-
pared to 3 out of 6 (50.0%) in the mild-to-moderate sub-
group.
Discussion

There was a total of 345 COVID-SAH cases reported in
the international literature at the time of analysis. This
may be underreported, when considering the global
decrease in admissions for SAH during the pandemic,
attributable to an avoidance in seeking medical care
owing to fear of contracting COVID-19.23,35 Whilst most
Survived vs Deceased.

Survived Deceased

138 (56.3%) 107 (43.7%)

56 (§14.8) 54 (§20.9)

6 (40.0%) 6 (42.9%)

5 (45.5%) 5 (41.7%)

1 (9.09%) 3 (25%)

3 (27.3%) 4 (33.3%)

1 (9.09%) 2 (16.7%)

7 (53.8%) 11 (100.0%)

6 (54.5%) 1 (14.3%)

7 (53.8%) 6 (50%)

7 (43.8%) 4 (30.8%)

6 (42.9%) 1 (12.5%)

acteristics in deceased patients.

dds Ratio (95% CI) p-value

.00 (0.23-4.26) >0.99

.12 (0.25-5.05) 0.876

.75 (0.14-3.88) 0.729

.00 (0.32-66.6) 0.375

.80 (0.12-5.39) 0.813

.00 (0.32-66.6) 0.375

.14 (0.01-1.21) 0.111

.86 (0.17-4.18) 0.848

.57 (0.11-2.60) 0.476

.19 (0.01-1.51) 0.166



Table 5. Results comparing Mild-to-moderate vs Severe-to-critical COVID-19.

Mild-moderate Severe-critical

Total patients, n (%) 75 (31.5%) 163 (68.5%)

Age (years), mean (SD) 48 (§13.7) 56, (§20.4)

Female, n (%) 4 (57.1%) 5 (31.3%)

Hypertension, n (%) 3 (50.0%) 7 (58.3%)

Hyperlipidemia, n (%) 0 (0.0%) 3 (25.0%)

Diabetes Mellitus, n (%) 2 (33.3%) 3 (25.0%)

Smoking, n (%) 1 (16.7%) 1 (8.3%)

Aneurysmal, n (%) 3 (50.0%) 0 (0.0%)

Anticoagulation, n (%) 2 (40.0%) 9 (75.0%)

Associated intracranial pathology, n (%) 2 (33.3%) 4 (22.2%)

Surgical treatment, n (%) 3 (50.0%) 1 (9.1%)

Deceased, n (%) 0 (0.0%) 11 (61.1%)
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(94.2%) of the COVID-SAH cases were reported in the US,
this does not reflect the geographical incidence of SAH,
known to be highest in Finland and Japan.16,24 This could
be due to the relatively larger distribution of COVID-19 in
US. The mean age of COVID-SAH patients was 55 years-
old, in keeping with the peak age of SAH known to be
between 50 and 60 years-old.7 Among modifiable risk fac-
tors for SAH, hypertension and smoking were apparent
in 58.9% and 12.6% the COVID-SAH cohort, respectively.
In comparison with non-COVID SAH cohorts, the per-
centage of hypertensives is lower at 28.0%, whilst the per-
centage of smokers is higher at 43.0%.4 The predisposition
in SAH for the female gender was not apparent in the
COVID-SAH cohort, as 48.5% were female.7 Further,
whilst the composition of SAH in COVID patients was
predominantly aneurysmal (56.7%), it was significantly
less than the baseline epidemiology of aneurysmal SAH
(85.0% of SAH cases).34

The mortality rate of COVID-SAH patients was 40.8%,
in keeping with the literature on SAH mortality.13 This is
slightly less than the mortality rates of COVID-19 patients
with intracranial hemorrhage (49.0%)3,6 comparing the
deceased versus survived subgroups, a higher proportion
of deceased patients had severe-to-critical COVID-19
(100.0% versus 53.8%) and non-aneurysmal SAH (85.7%
versus 44.6%).
Severe-to-critical COVID-19 was the most prevalent fac-

tor in COVID-SAH patients (73.8%) and in deceased
patients (100.0%). This is consistent with previous litera-
ture that have established relationships between severe
COVID-19 and neurological manifestations, as well as
poorer outcomes.19 The association between severe-to-
critical COVID-19 and SAH could possibly be contributed
to by the higher rate of anticoagulation therapy in severe-
to-critical COVID-19 patients (75.0% versus 40.0%),
thereby increasing the risk of SAH.34 Another mechanism
that may contribute to coagulopathy in COVID-19 is viral
infection of endothelial cells and infiltration with inflam-
matory cytokines, leading to endothelial injury and coa-
gulopathy.11 The association with death may be
contributed to by the higher prevalence of cardiovascular
risk factors in severe-to-critical COVID-19 patients, pre-
disposing to systemic disease and poorer outcomes.12

COVID-SAH patients with non-aneurysmal SAH had a
higher mortality rate as compared to aneurysmal SAH
(54.6% versus 16.7%). This is unexpected, considering that
non-aneurysmal SAH is known to have a much better
prognosis than aneurysmal SAH.18,29 This could be
explained by the higher proportion of severe-to-critical
COVID-19 patients in the non-aneurysmal SAH subgroup
(72.7%), compared to the aneurysmal SAH subgroup
(0.0%). In a case series of aneurysmal SAH in COVID-19
patients, 80% of participants were less than 50 years-old,
relatively younger than the expected mean age of rup-
tured aneurysms in non-COVID-19 patients.8 The youn-
ger age found in aneurysmal SAH may explain the milder
severity of COVID-19 found in these patients. An impor-
tant caveat to the aforementioned points is that a low
number of patients in included studies (12 out of 111)
underwent surgical treatment. As mortality naturally
increases without surgical treatment to control bleeding
and prevent aneurysmal re-rupture, these results do not
provide much weight in favor of a COVID-19-specific
pathophysiological mechanism contributing to increased
mortality.
Along this line, it remains contentious whether COVID-

19 is a true cause of SAH. While SAH cases are mainly
aneurysmal,34 our findings highlight that the majority of
reports of COVID-SAH are non-aneurysmal in nature.
One of the reports included a 31-year-old patient with
reversible cerebral vasoconstriction syndrome with con-
vexity of SAH in setting of intra-cranial and extra-cranial
dissection, as well as an 81-year-old patient also with
extra and intra-cranial dissection with diffuse SAH. The
two patients had no known risk factors indicative of cere-
bral dissection such as connective tissue disorders or vas-
culopathies which could have contributed to the
dissection. Furthermore, there was a report of a 9-year-old
boy who upon autopsy, had no lesions in the anatomical
pathways of cerebral arteries, leading to speculation that
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the infection may have caused SAH through abnormal
coagulation pathways or a cytokine storm. This raises the
possibility of COVID-19 being a contributing factor
towards the development of spontaneous SAH. Further
epidemiological studies in population-based cohorts may
be important to further investigate this hypothesis.9 Con-
sidering that 71.4% of COVID-SAH patients included in
our study were on anticoagulation and despite the non-
significant association of anticoagulation use with mortal-
ity (OR=0.86, 95%CI=0.17-4.18, p = 0.848), the risk of SAH
as a complication of therapeutic anticoagulation therapy
in COVID-19 patients cannot be ruled out due to the small
sample size analyzed, and hence should be further inves-
tigated. This risk should be carefully considered when
assessing the mortality benefit of therapeutic anticoagula-
tion in COVID-19 patients, for which evidence from trials
is lacking or indeterminate at present.10,31

The main strength of this study lies in the systematic
review and consolidation of international data on the spe-
cific cohort of COVID-19 patients with SAH. This has
allowed for deeper analysis by subgroups and better
understanding of the impact of COVID-19 on SAH and its
characteristics.
As this was a systematic review of mostly case reports,

a formal meta-analysis could not be conducted to provide
more robust evidence of the association between SAH
and COVID-19. Prevalence of concomitant COVID-19 and
SAH cases among a general population was reported
infrequently among studies, precluding the use of a meta-
analysis of incidence rates. Data was also especially lack-
ing in continents outside the US, and further studies are
needed to verify that the present results are generalizable
to a worldwide population. Variations in healthcare sys-
tems and standards of living worldwide will also add
considerable heterogeneity to such an analysis.
The gravity of our findings is also limited by the num-

ber of cases with IPD reported. Statistical significance was
not observed in any of the univariate analyses of factors
affecting mortality or COVID-19 severity. Although this
could truly reflect null effect, the low number of patients
included in the analysis is likely to have contributed to
the lack of significance, and quality of evidence is very
low as a result. Further, there was insufficient information
to categorize COVID-SAH cases according to SAH grad-
ing scales for severity or complications (such as Hunt and
Hess, World Federation of Neurological Surgeons, and
Fisher), which would provide insight to the severity of
SAH with concomitant COVID-19.
Additionally, publication bias may have influenced the

number and types of reports in this topic, especially
because COVID-19 is a heated area of research globally.
Moreover, within these studies, there was heterogeneity
in the variables reported, limiting the representativeness
of proportions analyzed to only what was reported.
Finally, COVID-19 is an ever-changing phenomenon.

With the emergence of new variants which have
demonstrated enhanced infectious patterns and different
receptor binding affinities to earlier variants,14,17,33 it
remains unclear whether these variants will impact the
prevalence, severity, and outcomes of SAH in COVID-19
patients, and renders challenge to finding an association
between COVID-19 and SAH.

Conclusion

SAH is a rare but morbid occurrence in patients with
COVID-19. The mortality rate of COVID-SAH patients
was 40.8%, with a higher prevalence of severe-to-critical
COVID-19 (100% versus 53.8%) and non-aneurysmal
SAH (85.7% versus 44.6%) among COVID-SAH deaths.
However, the strength of this evidence is low, due the
sparse number of studies and the ever-changing nature of
the virus. Further studies investigating the association
between COVID-19 and SAH may be warranted to iden-
tify the long-term effects of COVID-19.
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