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Abstract 

Background  The coronavirus disease-2019 (COVID-19) pandemic has created a global crisis unique to the health-
care system around the world. It also had a profound impact on the management of neurosurgical patients. In our 
research, we investigated the effect of the COVID-19 pandemic on clinical outcomes in people undergoing neurosur-
gery, particularly vascular and oncological neurosurgery.

Method  Two investigators independently and systematically searched MEDLINE, EMBASE, the Cochrane Central 
Register of Controlled Trials (CENTRAL), ClinicalTrail.Gov, and Web of Science to identify relevant studies respecting 
the criteria for inclusion and exclusion published up to June 30, 2022. The outcomes of our research included mortal-
ity rate, length of stay, modified Rankin Score, delay in care, Glasgow outcome scale, and major complications. The risk 
of bias was assessed using the Methodological Index for Non-randomized Studies (MINORS) checklist.

Results  Two investigators independently and systematically searched 1378 results from MEDLINE, EMBASE, Cochrane 
database, ClinicalTrail.Gov, and Web of Science and extracted the detailed data from 13 studies that met the review’s 
eligibility criteria. Two articles reported on patients with intracerebral hemorrhages, five on patients with suba-
rachnoid hemorrhages, four on patients undergoing surgery for neuro-oncology, and in two studies the patients’ 
conditions were unspecified. A total of 26,831 patients were included in our research. The number who died was sig-
nificantly increased in the COVID-19 pandemic group (OR 1.52, 95% CI 1.36–1.69, P < 0.001). No significant differ-
ence was found between the two groups in terms of length of stay (SMD − 0.88, 95% CI − 0.18–0.02, P = 0.111), but it 
differed between regions, according to our subgroup analysis.

Conclusion  Compared to the pre-pandemic group, the number who died was significantly increased in the COVID-
19 pandemic group. Meanwhile, the effect of the pandemic on clinical outcomes in people undergoing neurosurgery 
might differ in different regions, according to our subgroup analysis.
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Background
The coronavirus disease-2019 (COVID-19) pandemic 
has created a global crisis unique in recent history, such 
as severe economic and social impact, and most impor-
tantly, causing severe disruption to the provision of 
health care around the world [1]. Many countries tried 
to prevent and control the pandemic by improving per-
sonal hygiene, such as wearing masks and washing hands, 
and avoiding physical contact, such as stopping the ser-
vice of public transportation and national lockdown 
[2]. However, these efforts to control the further spread 
of COVID-19 may have had a significant impact on the 
diagnosis and treatment processes of diseases in the clin-
ical field [3, 4]. As the medical system was overwhelmed 
by the global pandemic, other health issues except for 
COVID-19 received minimal or less attention and most 
of the non-emergency procedures were deferred [5]. 
Besides, the pandemic may also have indirect effects 
on non-COVID patients, on account of the shortage of 
resources, postponement and cancellation of clinical 
schedules, and less care for non-urgent and semi-urgent 
patients. To meet the unusual demand of taking care of 
COVID-19 patients while simultaneously taking care of 
those non-COVID patients and reducing exposure risks 
for vulnerable patients, medical workers had to adapt to 
physician-led changes [6].

The pandemic also had a profound impact on how 
neurosurgical patients were clinically managed: a recent 
global study recognized that since the beginning of the 
pandemic, neurosurgical operations have more than 
halved [7]. The pandemic created a reduced capacity to 
perform surgery and an overall transient but dramatic 
decrease in surgical volumes at the majority of hospitals, 
including neurosurgical processes [8, 9]. The GlobalSurg 
group that published surgical services recently indicated 
that both elective and emergency were seriously impacted 
by the COVID-19 pandemic, and in patients infected 
with COVID-19, there was an increase of up to 23.8% 
30-day mortality [10]. A case–control multicenter study 
described the increased surgical cancellation rates as well 
as a decline in elective cases, which are responses from 
surgeons based on responses from surgeons in subjective 
surveys [11]. The local consequences of the pandemic 
may have been difficult to manage, due to the growing 
demands for health care which might have exceeded the 
capacity of the health system [12–14]. In our research, we 
evaluated the effect of COVID-19 on clinical outcomes 
in people undergoing neurosurgery. Cerebrovascular 
events are being increasingly reported in patients with 
COVID-19 [15–17]. However, most of the studies have 
only focused on the phenomenon of increased rates of 
hemorrhagic stroke in patients who were also positive 
for COVID-19, and there is little information about the 

impact of COVID-19 on hemorrhagic stroke patients’ 
treatment. The CHEST Guideline and Expert Panel 
Report emphasized the necessity to measure the risk of 
intracerebral hemorrhage (ICH) in patients who were 
also positive for COVID-19 because of the increasing 
anticoagulation requirement [18]. Particular caution is 
needed for surgery on ICH patients who were combined 
with COVID-19. A ruptured cerebral aneurysm leading 
to subarachnoid hemorrhage (aSAH) is known as one of 
the most severe neurological circumstances with sudden 
death occurring in 10–15% of these patients, and half of 
the survivors suffer from permanent disabilities [19]. Due 
to the pandemic, many problems such as the shortage of 
ambulances, completing preoperative tests like labora-
tory tests for SARS-CoV-2, and getting necessary protec-
tion equipment may cause a delay in emergency surgery 
and the golden time to rescue the patient may be missed. 
Neuro-oncology surgery by endonasal transsphenoidal or 
craniotomy was resource intensive during the pandemic 
time, especially with the historical requirement for multi-
day hospital admissions, which usually includes an initial 
recovery period in the intensive care unit (ICU) [20, 21]. 
The elective surgery or time-limit for surgery for patients 
who have a brain tumor may have been postponed or 
even canceled during the pandemic. This unforeseen 
crisis provided an opportunity and appeal for further 
streamlining efficient and safe neurosurgical care.

There was no research before trying to investigate the 
effect of the COVID-19 pandemic on clinical outcomes 
in people undergoing neurosurgery; thus, we performed 
this systematic review and meta-analysis to investigate 
this.

Method
Study protocol
We conducted a systematic review and meta-analysis 
following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) standards 
of quality [22]. The study has been registered on the 
website of INPLASY, with the registration number 
INPLASY202320025.

Search strategy
Two investigators independently and systematically 
searched MEDLINE, EMBASE, the Cochrane Central 
Register of Controlled Trials (CENTRAL), ClinicalTrail.
Gov, and Web of Science to identify relevant studies 
respecting the criteria for inclusion and exclusion. The 
search dates were from Dec 2019 up to 30 June 2022. 
The COVID-19 pandemic was defined as an ongoing 
global pandemic identified in December 2019. A combi-
nation of Medical Subject Headings (MeSH) terms, and 
keywords (in the title or abstract), was utilized in the 
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research, including (COVID-19 or SARS-CoV-2 or 2019 
Nov) and (neurosurgery or neurosurgical) and (tumor or 
astrocytoma or ependymoma or glioma or glioblastoma 
or meningioma or aneurysm or intracranial hemorrhage). 
The search strategy is presented in Supplemental mate-
rial Table S1. In addition, the reference lists of included 
studies were screened manually and independently to 
enhance the search process.

Eligibility criteria
Studies were included in this systematic review if they 
met the following criteria of inclusion according to the 
PEOS framework: (1) patient: any patient with neuro-
surgical diseases undergoing neurosurgery; (2) exposure: 
neurosurgery during COVID-19 (exposed population) 
versus neurosurgery before COVID-19 (non-exposed 
population); (3) outcomes: including mortality rate, 
length of stay, modified Rankin Score (mRS), delay in 
care, Glasgow outcome scale (GOS), and major compli-
cations (general complications and surgical complica-
tions (e.g., pulmonary embolus, deep vein thrombosis, 
myocardial infarction, stroke, hematoma, cerebrospinal 
fluid leak, meningitis…); and (4) study design: case–con-
trol studies (more than 10 patients), cross-sectional stud-
ies, and retrospective or prospective cohort studies were 
included.

We excluded those articles that did not meet the inclu-
sion criteria, including (1) RCT, review, commentary, let-
ter, or case reports without a control group. (2) Patients 
did not receive neurosurgical treatment. (3) Articles were 
not published in English.

Study selection and data extraction
We used the EndNote X8 (Thomson Reuters [Scientific] 
LLC Philadelphia, PA) to manage the retrieved records. 
Screening and selection of studies were performed inde-
pendently by two researchers. Data were extracted inde-
pendently by two researchers respecting the inclusion 
and exclusion criteria previously mentioned. Specifically, 
we reviewed articles using titles, abstracts, and full text to 
collect the following relevant information: author, coun-
try of the study, publication year, name of the journal, 
number of case groups, number of control groups, mor-
tality rate, length of stay, mRS score, delay in care, GOS, 
and major complications. Disagreements were resolved 
by discussion or consensus with a third researcher.

Subgroup analysis
To investigate whether different regions may lead to the 
different results of the impact of COVID-19 on clinical 
outcomes in people undergoing neurosurgery, we further 
performed subgroup analysis according to the different 
regions, including Europe, Asia, and America.

Statistical analysis
The STATA software 12.0 (STATA Corp., College Station, 
Texas, USA) was used to do the statistical analysis. This 
meta-analysis was conducted using a fixed-effects model. 
We calculated standardized mean difference (SMD) and 
95% confidence interval (CI) for the continuous out-
comes. Odds ratio (OR) and 95% CI values were used to 
evaluate the binary outcomes. A sensitivity analysis was 
also performed to exclude studies of high risk of bias. 
Two-tail tests were performed for analyses, and P < 0.05 
was considered statistical significance.

Risk of bias
For assessing the risk of bias in the included studies, we 
used the Methodological Index for Non-randomized 
Studies (MINORS) checklist [23]. MINORS checklist 
contains 12 items associated with potential areas of bias. 
Each item has a score from 0 to 2; thus, overall scores 
ranged from 0 to 24. The risk of bias was assessed inde-
pendently by two researchers. In the event of differing 
opinions between the two researchers, a third researcher 
was consulted.

Result
Search results and study characteristics
The initial search of the electronic databases yielded 
1378 records, of which 322 were duplicates, leaving 
1056 records for further screening. After screening 
based on the title and abstract, we removed 966 studies 
and 90 records needed for full-text screening. Of these 
90, 77 were excluded after reading the full texts, includ-
ing 35 case reports, 27 letters and comments, 5 system-
atic reviews and meta-analyses, and 10 reviews. Thus, 
13 studies met our eligibility criteria and were included 
in the review. These included two studies reporting on 
patients with intracerebral hemorrhages, five on patients 
with subarachnoid hemorrhages, four studies of patients 
undergoing surgery for neuro-oncology, and in two stud-
ies the patients’ conditions were unspecified. The screen-
ing and selection process for studies is shown in Fig.  1. 
The summary of the characteristics of the included arti-
cles is presented in Table 1.

Risk of bias
Based on the MINORS quality checklist, the quality of 
13 included studies was considered acceptable, with an 
average score of 16.7, and none of them was excluded 
(Supplementary Table  S2). However, sensitivity analysis 
indicated that one article [30] demonstrated publication 
bias in the result of mortality (Figure S1). The result that 
excludes the article is demonstrated in Figure  S2. And 
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another article [11]. demonstrated publication bias in 
the result of the length of stay (Figure S3). The result that 
excludes this article was demonstrated in Figure S4.

Mortality rate
Due to the lack of available data, we only conducted a 
meta-analysis of mortality, length of stay, and subgroup 
analysis according to the different regions.

Eleven studies reported the mortality rate. There was a 
significant difference between the two groups in terms of 
mortality (OR 1.52, 95% CI 1.36–1.69, P < 0.001; Fig.  2). 
In terms of mortality, there was a significant difference 
in the European group (OR 1.40, 95% CI 1.25–1.57, 
P < 0.001; Fig. 2) and American group (OR 2.61, 95% CI 
1.95–3.49, P < 0.001; Fig. 2). However, no significant dif-
ference was found in the Asian group (OR 0.89, 95% CI 
0.30–2.63, P = 0.836; Fig. 2).

Length of stay
Six studies reported the length of stay. No significant dif-
ference was found between the two groups in terms of 

length of stay (SMD − 0.88, 95% CI − 0.18–0.02, P = 0.111; 
Fig.  3). The length of stay was significantly prolonged 
in the American group (SMD 0.33, 95% CI 0.16–0.49, 
P < 0.001; Fig.  3) but was significantly shortened in the 
Asian group (SMD − 0.38, 95% CI − 0.52–0.24, P < 0.001; 
Fig.  3). However, no significant difference was found in 
the European group (OR − 0.10, 95% CI − 0.34–0.14, 
P = 0.418; Fig. 3).

mRS score
Two studies reported the mRS score. In the study by Han 
et  al. [2], clinical outcomes of patients in the COVID-
19 group were worse at 3-month follow-up (mRS ≤ 0–2; 
33.7% versus 46.7%; p = 0.039). In the study by Kashefi-
olasl et al. [28], two groups had similar rates of favorable 
outcomes (32% versus 37%).

Delay in care
Five studies reported the delay in care. In the study by 
Amarouche et  al. [24], the median duration of anes-
thesia was 43  min during the pandemic and 25  min 

Fig. 1  PRISMA flow diagram of study selection
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pre-pandemic. In the study by Fiorindi et  al. [27], the 
diagnostic delay increased significantly (+ 68%) in the 
COVID-19 group versus pre-pandemic (1.06 versus 
0.63  days, p = 0.030), while therapeutic delay did not 
significantly differ between the two groups (0.89 versus 
0.74 days, p = 0.183). In the study by Han et al. [2], symp-
tom onset or detection-to-door time (56.0  min versus 
40.0 min; P = 0.016) and median door-to-intensive treat-
ment time significantly differed between the COVID-19 
and pre-COVID-19 groups [349.0 min versus 184.0 min, 
P < 0.001]. In the study by Kashefiolasl et  al. [28], the 
delay in hospital admission days between the groups is 
not significantly different (0.94 ± 1.45 versus 0.77 ± 1.3). 
In the study by Norman et al. [6], there were significantly 
more delays in care during the pandemic (8.0% versus 
1.8%, P = 0.016).

Glasgow Outcome Scale
Two studies reported the Glasgow Outcome Scale. In the 
study by Fiorindi et al. [27], patients with poor outcomes 

rate (GOS at discharge 1–3) were higher during the 
COVID-19 pandemic compared to the non-COVID 
period (54.2% versus 40.2%, p = 0.044). In the study by 
Han et al. [2], no significant difference was found between 
the two groups in terms of initial GCS (11.6 ± 4.00 versus 
10.9 ± 4.30, P = 0.175).

Major complications
Three studies reported the major complications. In 
the study by Amarouche et  al. [24], no COVID-19-re-
lated complications were seen. In the study by Bajunaid 
et  al. [24], two separate groups of complications were 
reported: general and craniospinal. General complica-
tions occurred in 3.61% of patients during COVID-19 
compared with 5.7% pre-COVID-19, whereas craniospi-
nal complications occurred in 9.18% of patients during 
COVID-19 compared with 9.17% pre-COVID-19. In the 
study by Mallari et al. [29], no significant differences were 
found comparing pandemic and pre-pandemic cohorts in 
overall complication rates (11 versus 20, P = 0.81).

Table 1  Basic information of studies

a Studies compare COVID-19 patients with non COVID-19 patients

Authors & Year Study Design Country Disease Number of cases Number 
of 
controls

Outcomes

Amarouche 2021 [24] Retrospective United Kingdom Transsphenoidal Pitui-
tary Surgery

27 39 Length of stay
Delay in care

Amoo 2021 [25] Retrospective Ireland Neuro-oncology 127 139 Mortality
Length of Stay

Ashkan 2021 [26] Prospective United Kingdom Unspecific neurosur-
gery

206 453 Mortality

Bajunaid 2020 [11] Retrospective Kingdom of Saudi 
Arabia

Unspecific neurosur-
gery

305 545 Mortality
Length of Stay
Delay in Care
Major Complications

Fiorindi 2022 [27] Retrospective Italy Aneurismal Subarach-
noid Hemorrhage

72 179 Mortality
Length of Stay
Delay in Care
Glasgow Outcome Scale

Han 2021 [2] Retrospective Korea Intracerebral Hemor-
rhage

83 255 mRS Score
Delay in care

Kashefiolasl 2022 [28] Retrospective Germany Aneurysmal Subarach-
noid Hemorrhage

56 84 mRS Score
Delay in Care

Mallari 2021 [29] Retrospective United States 
of America

Neuro-oncology 132 163 Mortality
Length of Stay
Major Complications

Miękisiak 2022 [30] NA Poland Intracranial Aneurysms 3399 18,402 Mortality

Norman 2021 [6] Retrospective United States 
of America

Neuro-oncology 112 166 Mortality
Delay in Care

Qureshi 2021a [31] NA United States 
of America

Subarachnoid Hemor-
rhage

86 376 Mortality
Length of Stay

Qureshi 2022a [32] NA United States 
of America

Intracerebral Hemor-
rhage

154 667 Mortality
Length of Stay

Theofanopoulos 2021 
[33]

Retrospective Greece Aneurysmal Subarach-
noid Hemorrhage

31 68 Mortality
Length of Stay



Page 6 of 12Teng et al. Systematic Reviews          (2023) 12:137 

Discussion
Intracerebral hemorrhage
ICH is considered to be the most disastrous stroke sub-
type with a mortality rate of over 40% and a significantly 
high morbidity rate among survivors [34]. About 40% of 
deaths occur within the first month after ICH, and only 
20% of patients will fully recover approximately [35, 36]. 
Motor, memory, and language deficits, as severe morbidi-
ties, may be caused by hemorrhage-related injury [34]. 
Increasing evidence has concluded that patients with 
COVID-19 could present neurological symptoms, while 
cerebrovascular diseases are one of the most common 
comorbidities [37, 38]. The rate of intracranial hemor-
rhage associated with COVID-19 was much higher than 
other respiratory viruses, for instance, the influenza 
virus (OR 2.85, 1.35–6.02) [39]. It is unclear whether the 
manifestations of cerebrovascular disease are caused by a 
direct viral infection—a mechanism suggested by olfac-
tory nerve leading to the retrograde brain infection—or 

an indirect action mediated by inflammatory hyperacti-
vation, known as the cytokine storm, resulting in severe 
immune and coagulation systems dysfunction, bring-
ing about elevated D-dimer levels and intravascular dis-
seminated intravascular coagulation (DIC) [40]. In a 
previous review and meta-analysis, You et  al. identified 
alcohol intake and hypertension as important risk factors 
for the significant increase of ICH during the pandemic 
[41]. Although the admissions of hemorrhagic stroke 
during the pandemic period are less than during the pre-
pandemic period, the proportion of hemorrhagic stroke 
hospitalizations in all types of stroke is significantly 
increased.

The results of You et  al. [42]. also indicated that the 
admission number of ICH was 618 in the COVID-19 
pandemic group and 461 in the pre-pandemic group, 
with a corresponding rate raised. In addition, higher lev-
els of D-dimer and tissue plasminogen activator (tPA) 
plasma were reported in patients with severe COVID-19, 

Fig. 2  The forest plot of the mortality rate
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both of which are related to an increased propensity for 
hemorrhagic complications [43]. It is notable to indicate 
that in the case series of Abbas et al., 77% of the COVID-
19 patients had poor outcomes (mRS 3–6). The mortality 
rate was 59% [44]. In the literature of Berikol et al. [45], 
they evaluated the duration of the waiting time and found 
that 60.3% of the ICH patients waited over 6  h, 35.9% 
waited for 6 to 24 h, and 3.8% waited more than 1 day in 
the emergency department. The large number of patients 
admitted to the emergency room, insufficient intensive 
care and service beds, and the extension of referral times 
due to the density and occupancy of other medical cent-
ers can all contribute to increased emergency department 
wait times. Lawton et al. [46] identified patients hospital-
ized with ICH and COVID-19 infection compared with 
the control group of COVID-19-negative ICH patients 
has demonstrated that these patients were younger, had 
a worse prognosis, and longer lengths of hospital stay. 
According to the multivariable analysis, an unfavorable 
90-day functional outcome was associated with worse 
medical intensive care, low GCS, and advanced age [2]. 
The time from the onset of COVID-19 symptoms to the 

diagnosis of the development of ICH varies. Median 
times of 1 or 1.5 days have been observed in some stud-
ies [47] and up to 32 in others [48]. Part of this variability 
may be due to the deep sedation of ICU patients mask-
ing the typical symptoms of intracerebral hemorrhage. 
Clinicians should strongly suspect the possibility of ICH 
in critically ill patients with COVID-19 infection and 
receive the treatment of anticoagulants and admit to ICU 
[49].

Subarachnoid hemorrhage
SAH is a serious medical emergency characterized by 
the existence of blood in the subarachnoid area, cerebral 
parenchyma, and occasional intraventricular [50]. Non-
traumatic SAH is usually caused by a ruptured aneu-
rysm, called aSAH [51]. Acute SAH due to aneurysmal 
rupture is a severe vascular disease leading to approxi-
mately 5% of strokes and causes an extremely large bur-
den of mortality and morbidity [52]. One third of patients 
died before arriving at the hospital or within the first 
days after aneurysmal rupture, one third of patients are 
confronted with long-term deficits and complications 

Fig. 3  The forest plot of the length of stay
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of neurological function, and the last third of patients 
recover to normal life [53, 54]. The most common risk 
factor for aSAH is hypertension [54]. Moreover, Qin et al. 
[55]. demonstrated that COVID-19 can induce cytokine 
storm, named hypercytokinemia, causing elevated sys-
temic inflammation accompanied by high levels of medi-
ators, including TNFa, IL-1b, and IL-6. The consequence 
of this progress is vascular injury [56]. The SARS-CoV-2 
virus has been reported to attach surface angiotensin-
converting enzyme 2 (ACE-2) receptor to enter cells, 
thus causing endothelial injury as well. Endothelial injury 
may be caused by direct or indirect endothelial toxicity 
which may explain the deformation of arterial wall and 
the development or rupture of aneurysm in COVID-19 
patients [57]. The systemic infection of the COVID-19 
virus may play an important role in the development of 
cerebral aneurysms and secondary aSAH. In the patients 
analyzed in the study by Akbik et al. [58], they observed 
remarkable elevation of serum inflammatory markers, 
such as CRP (ranged from 27 to 6) and D-dimers (ranged 
from 1134 to 4000).

In a retrospective cohort study [59], they reported that 
aSAH in the COVID-19 era may be related to delayed 
manifestation and consequent increase in brain vasos-
pasm, delayed cerebral ischemia, re-rupture of aneurys-
mal, higher in-hospital mortality rate, and more terminal 
care disposition. Moreover, according to the study of The-
ofanopoulos et al., when compared to the pre-COVID-19 
period (previous year to the first COVID-19 infection 
case in 2020), there was a noteworthy increase of 1.5 
times in the number of patients admitted to their hospital 
with spontaneous SAH during the COVID-19 pandemic 
(from the first COVID-19 infection case to the lifting of 
the blockade in Greece) [33]. By contrast, studies from St. 
Michael’s Hospital, Toronto, Canada [60], and another by 
Lariboisière Hospital in Paris, France [61], both reported 
a significant reduction of SAH admissions during the 
beginning of the pandemic. During the beginning of the 
pandemic, the in-hospital pathways were heavily affected, 
and many regions were even blocked.

Neuro‑oncology
During the COVID-19 pandemic, multiple elective neu-
rosurgeries were canceled due to the shortage of ICU 
capacity, the transformation of regular postoperative 
wards into COVID-19 units, the requirement for the 
preservation of personal protective equipment (PPE), 
the closing of neurorehabilitation, and most vitally the 
protective measures taken to avoid the newly postopera-
tive patients from getting COVID-19 infection [62, 63]. 
However, a small group of neurosurgical procedures can-
not be dissolved, especially those that have been deemed 
necessary to operate on to avert impending death or 

irreversible disabilities to the patient. This is especially 
necessary the tumor cases located in the brain or spine 
in our practice of neurosurgical oncology. Operation is 
essential to reduce the massive effect of the tumor on the 
brain or spinal cord to preserve or improve neurological 
function [62].

Glioblastoma (GBM) is the most common primary 
malignant brain tumor, accounting for nearly 48% of all 
primary central nervous system malignant tumors and 
57% of all gliomas [64]. GBM patients are supposed to 
be one of the most vulnerable patient populations dur-
ing the COVID-19 pandemic, mainly on account of the 
increasing incidence of GBM in elderly patients, treat-
ment-related immunosuppression, and requirement for 
the frequent visits to the hospital. The mortality rate in 
patients with primary brain tumors was similar to that in 
patients with nonthoracic solid tumors [65, 66]. Accord-
ing to Amoo, during the period of the COVID-19 pan-
demic in 2020, gliomas accounted for 47.24% (n = 60) of 
treated neuro-oncological tumors, while 85% of the glio-
mas (n = 51) were high-grade glial tumors (WHO 3 or 4). 
During the same period in 2019, 40.3% (n = 56) of neuro-
oncological patients had glioma, while 78.6% (n = 44) of 
them were high-grade. In the year 2020, 16.7% (n = 10) 
of patients undergoing glioma surgery were electively 
admitted from home, fewer than the patients in 2019 
(30.4%, n = 17) [25]. In the study by Mallari et al. [29], two 
cohorts of brain tumor patients, which are well-matched 
in age, preoperative ASA physical status class, operation 
type, and tumor pathology, after carrying out a stream-
lined care protocol, the utilization of ICU of surgeries 
decreased from 54 to 29% and hospital length of stay of 
less than 1  day increased from 12 to 41%. The delay in 
care and mortality rate have no statistical significance 
in our research. We assumed that elective surgery may 
not be strongly affected by the short-term delay in care. 
In addition, some patients who need emergency surgery 
may not have been able to arrive at the hospital in time 
and passed away at home or on the way. So we suggest 
that our data may show some survivor deviation. Moreo-
ver, the sample size of our research is not large enough to 
answer the question.

Meningioma, which originates from the leptomenin-
ges, is classically a benign neoplasm [67]. Although post-
pandemic neuro-oncology is increasing in complexity 
and severity compared to pre-pandemic levels, the surgi-
cal treatment for meningioma is not affected. Therefore, 
Zou et  al. [68] suggested that under the circumstances 
of limited medical resources, meningioma patients can 
be postponed surgery and initially undergo conservative 
treatment.

Pituitary adenomas, accounting for 10–25% of all 
intracranial tumors, are usually benign. Gu et  al. 
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evaluated the differential expression level of ACE2 
between pituitary adenoma tissues and normal pitui-
tary glands to identify whether the pituitary gland can 
be affected by SARS-CoV-2 as a target organ. The results 
suggested that in pituitary glands and pituitary adenoma, 
ACE2 has a low expression level at the protein and 
mRNA levels. Low ACE2 might reduce the SARS-CoV-2 
entry or local viral load. It may also deteriorate the stress 
resistance function of the organ and fail to act as a pro-
tective role. Next, they compared the profiles of pituitary 
hormone between the cohort of COVID-19 patients and 
healthy controls in this study, which is well matched in 
age and gender, and found significantly increased levels 
of serum PRL and ACTH in the COVID-19 group [69].

Besides, it is noteworthy that the mental health of 
the patients who undergo the operation treatment is 
especially concerning. Because of the first wave of the 
COVID-19 pandemic in early 2020, both patients and 
their relatives exhibited significantly higher levels of 
depression, distress, and anxiety. Quality of life between 
patients and their families is correlated, informing the 
need to focus on the entire family for mental health inter-
ventions during the pandemic [70].

Meta‑analysis
Compared to the pre-pandemic group, the number who 
died was significantly increased in the COVID-19 pan-
demic group. At the beginning of the wave, it was obvi-
ous that the healthcare system had not prepared for such 
a pandemic of this magnitude; thus, the exact number 
of lives lost was countless. The increased mortality rate 
may be due to overrun ICUs and insufficient ventilators 
stay-at-home that avert a collapse of the medical sys-
tem. Meanwhile, the infection of SARS-CoV-2 is crucial 
to the death of patients who underwent neurosurgery. 
The GlobalSurg reported a 23.8% of 30-day periopera-
tive mortality rate in COVID-19 patients who underwent 
elective or emergency surgery [71]. And the complica-
tions caused by COVID-19 can affect a wide range of 
organ systems. It was suggested that a hypercoagulable 
and inflammatory state caused by COVID-19 could result 
in intracranial hemorrhage or acute ischemic stroke even 
in patients without apparent risk factors found [72]. No 
significant difference was found between the two groups 
in terms of length of stay. The length of stay was signifi-
cantly prolonged in the American group but was signifi-
cantly shortened in the Asian group, and no significant 
difference was found in the European group. The length 
of stay may depend on the severity of the pandemic, the 
development of the economic and healthcare system, and 
the availability of vaccination against COVID-19 in the 
region.

Limitation
There are some limitations of our study. First, a few 
studies were included in the review. Then, because of 
the heterogeneity and insufficient data of these studies, 
we were unable to conduct a meta-analysis on all of our 
pre-specified outcomes. In addition, the effects of the 
pandemic on outcomes might differ in different phases 
of the pandemic, availability of vaccination of COVID-
19, or variant types of SARS-CoV-2, and further sub-
group analyses were not possible.

Conclusion
Our studies suggested that the COVID-19 pandemic 
caused a negative effect on the outcomes of neuro-
surgery. Compared to the pre-pandemic group, the 
number who died was significantly increased in the 
COVID-19 pandemic group. Meanwhile, the effect of 
a pandemic on clinical outcomes in people undergoing 
neurosurgery might differ in different regions, accord-
ing to our subgroup analysis.
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