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Introduction: In our article, our aim was to compare patients with aneurysmal SAH (subarachnoid hemorrhage) treated 
during and before the COVID-19 pandemic—regardless of whether they have COVID-19 pneumonia or not—in terms of 
clinical course, mortality, and morbidity.
Methods: In this study, we retrospectively analyzed 100 patients undergoing surgery at our institution between 02/2018 
and 02/2021. These patients were followed up for a period of 1 month during the period with the highest risk of vasospasm. 
Patients were compared based on sex, aneurysm location, presence of single or multiple aneurysms, WFNS grade, Fisher 
grade, complications, frequency of vasospasm, and mortality and morbidity. Complication rate and vasospasm rate were 
found to be higher in aneurysmal subarachnoid hemorrhage patients seen during the COVID pandemic period. This may be 
due to the late admission of patients to the hospital.
Results: Of those patients, 51% were female and 49% were male. The mean age was 51.33±12.94. The vasospasm frequency 
was 18% before the COVID-19 pandemic; during the pandemic, the rate significantly increased to 58%. Of the 38 patients 
with vasospasm, 26 were symptomatic and 12 were asymptomatic; symptomatic vasospasm was seen during the pandemic. 
Mean GCS scores and WFNS grades were significant, and the mean Hunt-Hess Scale score was nearly significantly higher 
during the pandemic in comparison to pre-pandemic time periods. During the pre-pandemic period, the complication rate 
was 40%, the presence of hydrocephalus was 8%, and vasospasm was unseen. During the pandemic, the complication rate 
significantly increased to 64%, hydrocephalus to 26%, and vasospasm to 26%.
Discussion and Conclusion: The higher complication rate and vasospasm rate in patients with aneurysmal subarachnoid 
hemorrhage seen during the COVID pandemic may be due to the late admission of these patients to the hospital. In SAH 
patients, the onset of symptoms instead of the date of hospital admission should be considered when determining the 
disease course, and the possibility of earlier vasospasm should always be kept in mind due to delays in diagnosing and 
treating the condition.
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A subarachnoid hemorrhage (SAH) develops between 
the pia and arachnoid mater of three membranous 

layers surrounding the brain parenchyma. In addition to 
head trauma, SAH can develop due to underlying vascular 
pathologies. Since aneurysmal SAH is associated with 
high morbidity and mortality (30%), and the possibility 
of rebleeding is high in the early period, surgical and/or 
endovascular treatment is vital[1-3].

The COVID-19 pandemic, which gained increased 
prevalence in 2020, has caused changes in the number 
of patients with cerebral aneurysms and SAH, as it did for 
many other diseases. Since symptoms such as headache 
and nausea can also be seen in COVID-19 pneumonia, 
the diagnosis of SAH may be delayed in some patients. 
Decreased admission to hospitals due to the increased 
risk of infection is another factor for delayed diagnosis. 
For these reasons, some studies argue that the number 
of patients admitted to hospitals for headache and being 
diagnosed with SAH is decreasing[4-11]. Studies have shown 
that intracranial bleeding and mortality are more frequent 
in patients with recent positive cases of COVID-19[12,13].

Vasospasm is seen in around 30% of patients with SAH. 
However, its effect on vasospasm in SAH patients during the 
COVID-19 pandemic has not been fully investigated. In this 
study, we aimed to compare the clinical course, mortality, 
and morbidity of SAH patients treated during the COVID-19 
pandemic, regardless of their COVID PCR test results, and of 
SAH patients treated before the COVID-19 pandemic.

Materials and Methods 
In this study, we retrospectively analyzed 100 patients 
undergoing surgery at our institution between 02/2018 and 
02/2021. Since the COVID-19 pandemic started in February 
2020, patients were divided into two groups: a pre-pandemic 
group (02/2018-02/2020) and a far-pandemic group 
(02/2020-02/2021). Patients were compared based on sex, 
aneurysm location, presence of single or multiple aneurysms, 
World Federation of Neurosurgical Societies (WFNS) SAH 
grade, Fisher Grade, perioperative complications, frequency 
of vasospasm, and mortality and morbidity. Each patient 
group was evaluated and compared within itself. Ethics 
committee approval or patient consent was not required 
due to the retrospective nature of our study.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 
25.0 (IBM Corp., Armonk, NY, USA) was used to analyze 
our findings. Normality was assessed using graphical 
and statistical methods for the continuous variables. The 

Shapiro-Wilk test was used to test the normality of the 
scores derived by the statistical analysis of a continuous 
variable. Other than descriptive methods (count, percent, 
mean, median, standard deviation), the Mann-Whitney U 
test was used to compare the quantitative data. Chi-square 
tests (Pearson’s Chi-square, Continuity Correction Test, and 
Fisher’s Exact Test) were used to compare the categorical 
variables. Multiple logistic regression analyses were used to 
define the independent factors associated with mortality. 
The results were evaluated with a 95% confidence interval; 
the significance level was set at p<0.05.

Results
One hundred patients diagnosed with SAH were included in 
our study; 50 of these were diagnosed before the COVID-19 
pandemic and 50 were diagnosed during the COVID-19 
pandemic. Of those patients, 51% were female and 49% 
were male. The mean age was 51.33±12.94; 13% of the 
patients were under the age of 40, 37% were between 41 
and 50, 30% were between 51 and 60, and 20% were older 
than 61. Moreover, 58% of the patients were diagnosed 
with a chronic disease. According to the findings from the 
radiologic imaging studies, the aneurysm location was the 
anterior communicating artery (ACom) in 39 patients, the 
middle cerebral artery (MCA) in 28 patients, the posterior 
communicating artery (PCom) in 19 patients, the proximal 
internal carotid artery (ICA) in 10 patients, and other locations 
in four patients. Single aneurysms were found in 22 patients 
and multiple aneurysms were present in 77 patients.

SAH Patients before the COVID-19 Pandemic

A total of 58% of the patients diagnosed before the 
pandemic were male and 42% were female. After imaging 
studies, the aneurysm locations of the patients in this 
group were: ACom (18 patients), MCA (13 patients), PCom 
(8 patients), posterior inferior cerebellar artery (PICA) (9 
patients), and proximal ICA (9 patients). Multiple aneurysms 
were detected in 40 patients (80%).

Among the patients undergoing surgery, 20 had 
perioperative complications; the most common 
complication was hydrocephalus (8%) followed by 
malignant edema (10%) and neurologic deficits (10%).

The WFNS grades of the patients in this group were: I in 
33 patients, II/III in 9 patients, IV/V in 8 patients. According 
to computed tomography (CT) examinations, the Fisher 
scores of the patients in this group were I in 3 patients, II in 
11 patients, III in 19 patients, and IV in 17 patients.

Vasospasm was seen in 9 patients, 9 of whom were 
asymptomatic.
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When the patients were evaluated according to the 
morbidity and mortality rates, in the pre-pandemic group, 
death at the time of admission was seen in 10 (20%) 
patients. Ten pre-pandemic patients with SAH died during 
their hospital stay, three patients needed lifetime care, and 
the remaining 37 patients were neurologically intact and 
were discharged without the need for additional surgery.

SAH Patients during the COVID-19 Pandemic

Of the 50 patients diagnosed with SAH during the pandemic, 
40% were male and 60% were female. Thirty-three (66%) of 
these patients underwent digital subtraction angiography. 
In our study, 75% of the patients were vaccinated and 28% 
had COVID-19 before hospital admission. Three of our 
patients had active COVID-19 at the time of SAH diagnosis. 

After imaging studies, the aneurysm location of the 
patients in this group were: ACom (21 patients), MCA (15 
patients), PCom (11 patients), proximal ICA (1 patient), PICA 
(1 patient), and basilar tip aneurysm (1 patient). Multiple 
aneurysms were detected in 37 patients (74%).

Twenty-six (52%) patients had a history of hypertension. 
Of the patients undergoing surgery, 32 had perioperative 
complications; the most common of these were 
hydrocephalus (40%) followed by malignant edema (20%) 
and neurologic deficit (20%). Two patients tested positive 
for COVID-19 during their postoperative follow-up.

The WFNS grades of the patients in this group were I in 20 
patients, II/III in 12 patients, IV/V in 18 patients. The Fisher 
scores of the patients in this group were I in 8 patients, II in 
11 patients, III in 13 patients, and IV in 18 patients.

Table 1. Patient characteristics (n=100)

		  All (n=100)	 Pre-pandemic	 Post-pandemic	 χ2/t	 p 
			   (n=50)		  (n=50)		

		  n	 n		  %	 n		  %	

Age, mean (SD)	 51.33 (12.94)		 50.36 (12.77)		 52.30 (13.17)	 0.748c	 0.456
Age group								        3.368a	 0.338
	 ≤40	 13	 8		  16	 5		  10		
	 41-50	 37	 16		  32	 21		  42		
	 51-60	 30	 18		  36	 12		  24		
	 ≥61	 20	 8		  16	 12		  24		
Sex								        2.561	 0.110
	 Female	 51	 21		  42	 30		  60		
	 Male	 49	 29		  58	 20		  40		
Presence of chronic disease								        1.026b	 0.311
	 Yes	 58	 26		  52	 32		  64		
	 No	 42	 24		  48	 18		  36		
Localization of aneurysm								        7.247a	 0.123
	 ACom	 39	 18		  36	 21		  42		
	 MCA	 28	 13		  26	 15		  30		
	 PCom 	 19	 8		  16	 11		  22		
	 Proximal ICA	 10	 9		  18	 1		  2		
	 Other	 4	 2		  4	 2		  4		
Presence of multiple aneurysm								        0.226b	 0.635
	 Single	 23	 10		  20	 13		  26		
	 Multiple	 77	 40		  80	 37		  74		
Vasospasm							       	 15.323b	 <0.001*
	 Yes	 38	 9		  18	 29		  58		
	 No	 62	 41		  82	 21		  42		
Type of vasospasm								        35.452a	 <0.001*
	 Symptomatic vasospasm	 26	 0		  0	 26		  52		
	 Asymptomatic vasospasm	 12	 9		  18	 3		  6		
	 Not detected	 62	 41		  82	 21		  42		

*: p<0.05; χ2: Chi-Square Tests. a: Pearson Chi-Square; b: Continuity correction; c(t): Independent Sample t-Test. SD: Standard deviation; ACom: Anterior 
communicating artery; MCA: Middle cerebral arteryİ PCom: Posterior communicatinng artery; ICA: Internal carotid artery.
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In 26 (52%) patients, symptomatic vasospasm was 
detected and in 15 patients there was a need for 
intensive care unit care. Neurologic deficits were seen in 
10 (20%) patients.

Mortality and morbidity assessment revealed that 14 (28%) 
patients treated during the pandemic died during their 
hospital stay, five (10%) patients needed lifetime care, and 
the remaining 31 patients (62%) were neurologically intact 
and discharged without the need for additional surgery.

Comparison of the Results Before and During the 
Pandemic

No statistical significance was found between the patients 
diagnosed before and during the COVID-19 pandemic in 
relation to age, sex, presence of chronic disease, aneurysm 
location, and number (single/multiple) of aneurysms 
(p>0.05) (Table 1).

The vasospasm frequency was 18% before the COVID-19 
pandemic; during the pandemic, the rate significantly 
increased to 58% (χ²=15.323; p<0.001). Of the 38 patients 
with vasospasm, 26 were symptomatic and 12 were 

asymptomatic; symptomatic vasospasm was seen during 
the pandemic (χ²=35.452; p<0.001) (Table 1).

Mean GCS (Glasgow Coma Scale) scores (12.30±3.54 vs. 
13.5±3.06, p=0.026) and WFNS grades (1.74±1.26 vs. 2.5±1.54, 
p=0.008) were significant, and the mean Hunt-Hess (H&H) Scale 
score was nearly significantly higher during the pandemic in 
comparison to pre-pandemic time periods (Table 2).

During the pre-pandemic period, the complication rate was 
40%, the presence of hydrocephalus was 8%, and vasospasm 
was unseen. During the pandemic, the complication rate 
significantly increased to 64% (p=0.028), the presence of 
hydrocephalus increased to 26% (p=0.031), and the presence 
of vasospasm increased to 26% (p<0.001). All these changes 
were significant. In the pre-pandemic period, mortality was 
20% and it increased to 28% during the pandemic, but this 
change was not statistically significant (p>0.05) (Table 3).

Without dividing patients into the pre- and during 
pandemic groups, according to the GCS scores, the 
mortality rate was lower in the confusion/orientation 
patient group in comparison to the stupor/pre-coma-coma 
group (13.9% vs. 50%, p≤0.001). An increase in mortality 

Table 2. Results of GCS, WFNS, fisher grade, hunt-hess scale evaluation

		  All (n=100)	 Pre-pandemic	 Post-pandemic	 χ2/Z	 p 
			   (n=50)		  (n=50)

		  n	 n		  %	 n		  %	

GCS, mean (SD)	 12.90 (3.34)		 13.50 (3.06)			 12.30 (3.54)		 -2.225a	 0.026*
GCS 								        4.018c	 0.045*
	 Stupor/perikoma/coma	 28	 9		  18	 19		  38		
	 Oriented/Confused	 72	 41		  82	 31		  62		
WFNS, mean (SD)	 2.12 (1.45)		  1.74 (1.26)			   2.50 (1.54)		  -2.722a	 0.008*
WFNS 								        7.463b	 0.024*
	 I	 53	 33		  66	 20		  40		
	 II/III	 21	 9		  18	 12		  24		
	 IV/V	 26	 8		  16	 18		  36		
Fisher Grade, mean(SD)	 2.91 (1.01)		  3.00 (0.90)			   2.82 (1.10)		  -0.664a	 0.507
Fisher Grade								        0.800d	 0.371
	 I	 11	 3		  6	 8		  16		
	 II	 22	 11		  22	 11		  22		
	 III	 32	 19		  38	 13		  26		
	 IV	 35	 17		  34	 18		  36		
Hunt-Hess Scale, mean (SD)	 2.41 (1.14)		  2.18 (1.00)			   2.64 (1.23)		  -1.909a	 0.056
Hunt-Hess Scale 								        4.085d	 0.043*
	 I	 18	 12		  24	 6		  12		
	 II	 50	 25		  50	 25		  50		
	 III	 12	 6		  12	 6		  12		
	 IV	 7	 1		  2	 6		  12

*: p<0.05; χ2: Chi-Square Tests. a(Z): Mann-Whitney U Test; b: Pearson Chi-Square; c: Continuity correction; d: Linear-by-linear association. GCS: Glasgow coma 
scale; WFNS: World Federation of Neurosurgery; SD: Standard deviation.
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was detected with increased WFNS grade and increased 
H&H Scale score ([WFNS→grade I, 11.3%, II/III, 23.8%, IV/V 
50%; p=0.001] and [H&H→grade I, 5.6%, II/III, 17.7%, IV/V, 
60%; p≤0.001]). The analyses also demonstrated that 
the peri- and post-operative complications significantly 
increased the mortality rate (6.3% vs. 40.4%; p<0.001) 
(Table 4). According to the logistic regression analysis, the 
factors that independently determined mortality were 
found to be the GCS category of stupor/pre-coma-coma 
(OR=4.49 [1.49–13.51], p=0.008) and the presence of 
complications (OR=7.52 [1.92–29.48]; p=0.004) (Table 5).

Discussion
With its increasing prevalence in 2020, the COVID-19 
pandemic caused differences in the number of cerebral 
aneurysm and SAH cases as it did for many other diseases. 
Although therapy for severe COVID-19 infections 
often focuses on acute respiratory distress syndrome, 
vasculopathy, and coagulopathy, cerebral damage may 
occur. Evidence-based therapies that reduce COVID-19 
mortality may increase the likelihood of acquiring an 

intracranial hemorrhage[8-15]. Despite the increase in 
this frequency, there are delays in the admission process 
of patients, and patients go to the hospital with worse 
neurological conditions.

Although the comparison of age, sex, presence of chronic 
diseases, aneurysm localization, and the number of 
aneurysms between the pre-pandemic group and the 
pandemic group did not show a significant difference 
(p>0.05) in our study, significantly low levels of pre-operative 
GCS and high post-operative morbidity levels were 
observed in both patient groups. During the pandemic, 
peri-operative vasospasm, and complications along with 
post-operative radiologic and symptomatic vasospasm, 
significantly increased in comparison to the pre-pandemic 
period. In addition to these findings, the frequency of 
hydrocephalus increased during the pandemic.

Symptoms such as headache and nausea, which are also 
reported in COVID-19 pneumonia, can cause delays in 
the diagnosis of SAH. Decreased admission rates due 
to increased infection risk are also another factor that 

Table 3. Perioperative and postoperative status evaluation results of the patients

			   All		  Pre-			   Post-		  χ2/Z	 p 
			   (n=100)		 pandemic		 pandemic 
					     (n=50)			  (n=50)		

		  Presence	 n	 n		  %	 n		  %

Complication	 Yes	 52	 20		  40	 32		  64	 4.848b	 0.028*
		  No	 48	 30		  60	 18		  36		
Hydrocephalus	 Yes	 17	 4		  8	 13		  26	 -c	 0.031*
		  No	 83	 46		  92	 37		  74		
Perioperative vasospasm	 Yes	 13	 0		  0	 13		  26	 -c	 <0.001*
		  No	 87	 50		  100	 37		  74		
Re-operation	 Yes	 21	 10		  20	 11		  22	 0.000b	 1
		  No	 79	 40		  80	 39		  78		
Periopertive third ventriculostomy	 Yes	 52	 17		  34	 35		  70	 11.579b	 0.001*
		  No	 48	 33		  66	 15		  30		
Perioperative lumbar drainage	 Yes	 9	 0		  0	 9		  18	 -c	 0.003*
		  No	 91	 50		  100	 41		  82	 -c	
External ventricular drainage	 Yes	 9	 0		  0	 9		  18	 -c	 0.003*
		  No	 91	 50		  100	 41		  82		
Perioperative ES transfusion	 Yes	 34	 15		  30	 19		  38	 0.401b	 0.527
		  No	 66	 35		  70	 31		  62		
Perioperative FFP transfusion	 Yes	 25	 11		  22	 14		  28	 0.213b	 0.488
		  No	 75	 39		  78	 36		  72		
Postoperative intubation	 Yes	 36	 13		  26	 23		  46	 4.516b	 0.061
		  No	 64	 37		  74	 27		  54		
Perioperative bleeding (ml)	 Mean (SD)	 356.30 (253.82)	 353.60 (276.04)	 359.0 (232.27)	 -0.693d	 0.488

*: p<0.05; χ2=: Chi-Square Tests. a: Pearson Chi-Square; b: Continuity correction; c: Fisher's Exact test;  d(Z): Mann-Whitney U Test. ES: Erythrocyte suspension; 
FFP: Fresh frozen plasma; SD: Standard deviation.
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Table 4. Mortality rates by patient characteristics

		  Category	 All (n)		  Mortality		 χ2	 p

				    n		  %

Patient group	 Pre-pandemic	 50	 10		  20	 0.493b	 0.482
		  Post-pandemic	 50	 14		  28		
Age	 ≤40	 13	 1		  7.7	 2.997a	 0.392
		  41-50	 37	 8		  21.6		
		  51-60	 30	 9		  30		
		  ≥61	 20	 6		  30		
Sex	 Female	 51	 14		  27.5	 0.348b	 0.555
		  Male	 49	 10		  20.4		
Presence of chronic disease	 Yes	 58	 16		  27.6	 0.562b	 0.454
		  No	 42	 8		  19		
Localization	 ACom	 39	 11		  28.2	 0.620a	 0.733
		  MCA	 28	 6		  21.4		
		  Other	 33	 7		  21.2		
Presence of multiple aneurysm	 Single	 23	 6		  26.1	 0.000b	 1.000
		  Multiple	 77	 18		  23.4		
GCS	 Confused/Oriented	 72	 10		  13.9	 12.501b	 <0.001*
		  Stupor/Pericoma-coma	 28	 14		  50		
WFNS	 I	 53	 6		  11.3	 14.308a	 0.001*
		  II/III	 21	 5		  23.8		
		  IV/V	 26	 13		  50		
Fisher Grade	 I/II	 33	 6		  18.2	 0.500b	 0.480
		  III/IV	 67	 18		  26.9		
Hunt-Hess Scale	 I	 18	 1		  5.6	 18.899a	 <0.001*
		  II/III	 62	 11		  17.7		
		  IV/V	 20	 12		  60		
Complication	 Evet	 52	 21		  40.4	 -c	 <0.001*
		  Hayır	 48	 3		  6.3		
Hydrocephalus	 Evet	 17	 6		  35.3	 0.783b	 0.376
		  Hayır	 83	 18		  21.7		
Peroperative Vasospasm	 Evet	 13	 4		  30.8	 -c	 0.506
		  Hayır	 87	 20		  23		
Re-operation	 Evet	 21	 8		  38.1	 2.000b	 0.157
		  Hayır	 79	 16		  20.3		

*: p<0.05; χ2: Chi-Square Tests. a: Pearson Chi-Square; b: Continuity correction; c: Fisher's Exact test. GCS: Glasgow coma scale; WFNS: World Federation of 
Neurosurgery.

Table 5. Independent factors associated with mortality 

	 Category	 β	 SE	 OR (95% CI)	 p

Age	 All	 0.043	 0.023	 1.044 (0.997-1.093)	 0.067
GCS	 Confused/Oriented			   1R	
	 Stupor/Pericoma-coma	 1.501	 0.562	 4.485 (1.489-13.505)	 0.008*
Complication	 No			   1R	
	 Yes	 2.017	 0.697	 7.519 (1.918-29.483)	 0.004*

*: p<0.05. Multivariate Logistic Regression Analysis (Method=Enter), 1R: Reference value. The dependent variable=Mortality. SE: Standard error; OR: Odds 
ratio; CI: Confidence interval; GCS: Glasgow coma scale.
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delays SAH diagnosis. Consequently, some studies have 
reported a decrease in the number of patients admitted 
to hospitals with headaches and SAH[2,5-7,10,11,16]. Possible 
explanations for this epidemiological situation include:

1.	 A decrease in the number of people seeking medical 
help because they are afraid of becoming infected with 
COVID-19.

2.	 Excessive pressure on the healthcare system, which may 
lead to misdiagnosis, particularly in patients who present 
with headache, which can be one of the first symptoms 
of COVID-19 infection, along with altered mental status.

3.	 Some of the quarantined people died for reasons that 
are yet unclear.

In patients undergoing surgery for an aneurysmal SAH, the 
main reason for altered consciousness is vasospasm, which 
can be followed by CT angiography and digital subtraction 
angiography; moreover, SAH can be symptomatic or 
present without any clinical outcomes[17,18]. Some studies 
have investigated diseases that cause non-aneurysmal 
cerebral vasospasm and their relationship with COVID-19 
infection[19,20]. Thrombocyte dysfunction in COVID-19 
patients has been described in the literature[21]. 
Furthermore, an increase in cerebral venous thrombosis in 
relation to COVID-19 cases has been reported[19]. Arterial 
vasospasm without obstruction in systemic and cerebral 
arteries caused by COVID-19 has also been reported[14,19].

Inflammation resulting from infections that cause vasospasm 
has also been reported in the literature[22]. Increased 
C-reactive protein and acute phase reactant levels in the 
setting of infection and inflammation are associated with 
angiographic or clinical vasospasm[23]. The clinical course 
of patients is affected by a wide range of comorbidities and 
inflammation[22]. Our study found that the two main reasons 
for the more frequent occurrence of vasospasm during the 
COVID-19 pandemic period were delayed admission to the 
hospital and, consequently, delayed initiation of treatment. 
The effects of the drugs used to treat COVID-19 may also 
trigger the development of ischemic events.

Our study has some limitations, including its retrospective 
nature, the limited number of cases, and the lack of detailed 
information on thrombocyte functions. Prospective studies 
with larger cohorts and more information on thrombocyte 
functions should be conducted. We believe that it is 
necessary to reevaluate the timing of hemorrhage in light of 
the onset of symptoms, delay surgery in patients with high 
WFNS grades, and, if present, treat the COVID-19 infection 
first. Then, it is beneficial to surgically address the aneurysm.

Conclusion
Symptoms such as headache and nausea, which are also 
reported in COVID-19 pneumonia, can cause delays in 
the diagnosis of SAH. This delay significantly affects the 
development of vasospasm in patients with SAH. In SAH 
patients, the onset of symptoms instead of the date of 
hospital admission should be considered when determining 
the disease course, and the possibility of earlier vasospasm 
should always be kept in mind due to delays in diagnosing 
and treating the condition.
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