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Purpose: The SARS-CoV-2 infection cases are increasing rapidly in neuro-intensive care units (neuro-ICUs) at the beginning of 2023 
in China. We aimed to characterize the prevalence, risk factors, and prognosis of critically ill patients treated in neuro-ICUs.
Materials and Methods: In the prospective, multicenter, observational registry study, critically ill patients with intracerebral 
hemorrhage (ICH), subarachnoid hemorrhage (SAH), and traumatic brain injury (TBI) admitted to eight Chinese neuro-ICUs between 
Feb 16, 2023, to Apr 30, 2023 were enrolled for the study. Mortality and ICU stay day were used as the primary outcomes.
Results: 131 patients were finally included and analyzed (mean age 60.36 years [SD 13.81], 64.12% male, 39.69% SARS-CoV-2 
infected). The mortality is higher in the SARS-CoV-2 infection group without statistical signification (7.69% vs 5.06%, p>0.05). The 
length of stay (LOS) in neuro-ICUs was significantly longer among the SARS-CoV-2 infection patients (7(1–12) vs 4(1–8), p<0.01), 
with increased viral pneumonia occurrence (58.54% vs 7.32%, p<0.01). SARS-CoV-2 infection, surgery, and low GCS scores were 
independent risk factors for prolonged LOS, and respiratory/renal failure were independent risk factors for death.
Conclusion: Based on the present neuro-ICU cohort, SARS-CoV-2 infection was a significant risk for the prolonged LOS of neuro- 
critically ill patients.
Trial Registration: Registered with Chictr.org.cn (ChiCTR2300068355) at 16 February 2023, Prospective registration. https://www. 
chictr.org.cn/showproj.html?proj=188252.
Keywords: SARS-CoV-2, intensive care unit, intracerebral hemorrhage, subarachnoid hemorrhage, traumatic brain injury

Introduction
The outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to a worldwide pandemic, 
resulting in a substantial number of patients needing critical care. SARS-CoV-2 primarily affects the respiratory system, 
resulting in cough, fever, and dyspnea.1 Recent studies have indicated that SARS-CoV-2 has the potential to impact 
various organ systems, including the central nervous system (CNS).2 Patients with pre-existing critical neurological 
conditions, such as intracerebral hemorrhage (ICH), subarachnoid hemorrhage (SAH), and traumatic brain injury (TBI), 
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who subsequently acquire SARS-CoV-2 infection, may experience unfavorable outcomes when admitted to neuro- 
intensive care units (neuro-ICUs).

SARS-CoV-2 has the ability to invade endothelial cells and induce widespread endothelial inflammation in indivi-
duals diagnosed with COVID-19.3 Viral replication occurs in multiple respiratory and non-respiratory tissues during 
early infection, leading to systemic infection and persistence in the body for months.4 Patients admitted to neuro-ICUs 
are susceptible to SARS-CoV-2 infection and at risk of severe complications. Ischemic stroke can also manifest as 
a symptom of COVID-19 infection, presenting a substantial risk of 7.5 times greater than influenza virus infection.5 

Nevertheless, the ability to conduct retrospective studies on the neurological manifestations of COVID-19 in both NICU 
and non-NICU settings is impeded by various methodological inconsistencies, discrepancies in the definition of 
neurological disorders, limitations in sample size, and potential reporting bias.

We present a prospective, multicenter, observational cohort study that aimed to examine the influence of SARS-CoV 
-2 on the prognosis of patients with ICH, SAH, or TBI in Chongqing, Hubei, and Henan provinces, China. Our main aim 
was to analyze and describe the condition of severely ill individuals admitted to neuro-ICUs and systematically evaluate 
the frequency of neurological symptoms resulting from SARS-CoV-2 infection during the COVID-19 outbreak in early 
2023 in China. It is anticipated that the findings from our study will offer significant insights into the effects of SARS- 
CoV-2 infection on neuro-ICUs as well as aid in identifying prognostic indicators for unfavorable outcomes in COVID- 
19 patients receiving neurocritical care. Our research outcomes have the potential to provide valuable insights for clinical 
practitioners and to improve patient outcomes in this susceptible population.

Material and Methods
Study Design
We conducted a multicenter prospective cohort study from February 16, 2023, to April 30, 2023, at neuro-ICUs in 
eight centers in Chongqing, Hubei, and Henan provinces, China. The study design adhered to the STROBE statements 
for observational studies. The study was approved by the Ethics Committee of Southwest Hospital, which is affiliated 
with the Army Medical University (Approval No: (B) KY2023006) and registered with Chictr.org.cn 
(ChiCTR2300068355). The registration process was completed before the trial and enrollment of the first patient 
was initiated. COVID-19 was diagnosed using routine nucleic acid testing on admission. SARS-CoV-2 infection was 
confirmed through PCR nucleic acid testing in accordance with the Chinese COVID-19 Diagnosis and Treatment 
Protocol (Trial Version 10).6

Prior to hospitalization, each patient underwent a standardized medical history assessment encompassing the 
documentation of symptom onset. To mitigate the potential for nosocomial transmission of SARS-CoV-2, it is imperative 
to implement patient isolation measures and administer treatment while adhering to stringent personal protective 
equipment (PPE) protocols.

Study Participants
Inclusion criteria: ①Diagnosed of ICH, SAH, or TBI as the primary admission diagnosis in medical records; ②Age: 
18–80;③ admitted to neuro-ICUs; ④ willing to participate in the study after informed consent; ⑤Admission GCS 
score >5. Exclusion criteria: ①Patients with novel coronavirus pneumonia as the primary disease; ② Patients with 
other serious central nervous system diseases; ③ Developed a late cerebral hernia at admission, with signs of 
bilaterally dilated pupils, central respiratory failure, and hemodynamic instability; ④ Patients who had been diagnosed 
with psychological diseases before, such as depression and anxiety; ⑤ Patients who had previously suffered from 
COVID-19; ⑥ Patients who refused to accept nucleic acid or antigen testing; ⑦ Patients without informed consent. 
Patients with delayed discharge were excluded, considering the administrative delay (principally bed block), to 
eliminate non-logistic factors. Ultimately, 160 patients who satisfied the inclusion criteria for this study were initially 
enrolled. The involvement of patients or the public was not incorporated into our research design, implementation, 
reporting, or dissemination strategies.
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Study Design
Mortality and length of stay (LOS) in the neuro-ICUs were identified as the primary outcomes for evaluating the impact 
of SARS-CoV-2 infection. Viral pneumonia and respiratory failure were identified as secondary outcomes. The Glasgow 
Coma Scale (GCS) score improved from admission to discharge, and the modified Rankin Scale (mRS) score was also 
assessed upon discharge. Viral pneumonia was predominantly diagnosed through the utilization of chest CT scans and 
was referred to as a direct consequence of SARS-CoV-2 infection. Ground glass lesions or nodules were identified, 
irrespective of the outcome of SARS-CoV-2 PCR testing, to detect potential abnormalities.

Based on the data characteristics outlined in the referenced clinical studies and the risk factors specific to neuro- 
ICUs,7 several variables that could potentially influence LOS in neuro-ICUs were identified. The variables considered in 
this study encompass a range of factors such as mortality, initial GCS score at admission, septicemia or shock, renal 
failure, respiratory failure, D-dimer levels, treatment received at various medical centers, presence of other cardiovas-
cular diseases, diabetes mellitus, hypertension, tumor presence, smoking status, age, sex, SARS-CoV-2 infection, 
vaccination status, and history of previous surgery.

Statistical Analysis
The baseline characteristics of the neuro-intensive cases infected with SARS-CoV-2 were determined using R 4.1.2. Chi- 
square and Wilcoxon tests were used to assess the relationship between the status of SARS-CoV-2 infection and multiple 
factors. The LOS between the two groups was compared using the Mann–Whitney nonparametric or Kruskal–Wallis test 
in GraphPad Prism 9.0.0. The assessment of the normal distribution was conducted using the Shapiro–Wilk method. 
A logistic regression model for ICU LOS or the difference in GCS scores (D-GCS) was constructed using R 4.1.2. The 
model selection process was based on a lower AIC value and theoretical knowledge. In logistic regression analysis 
models, the outcome is determined by prognosis, specifically the improved GCS score, which is an indicator for 
evaluating the prognostic effect. A value less than or equal to zero indicates a high risk of poor prognosis.

In contrast, a value greater than zero indicates a low risk of poor prognosis. Spearman correlation analysis was used to 
evaluate the relationship between the present risk factors and the duration of ICU stay or the incidence of death using 
R 4.1.2. Finally, a P-value <0.05 or <0.01 was considered statistically significant or extremely significant, respectively, 
and denoted by the “*” or “**” symbol, was considered statistically significant or extremely significant, respectively.

Results
Clinical Characteristics
A cohort of 160 patients diagnosed with ICH, SAH, or TBI was admitted to the neuro-ICUs of eight medical centers 
between February 16 and April 30, 2023. Of the patients included in the study, 29 were excluded (Figure 1). Among 131 
eligible cases, SARS-CoV-2 infection occurred in 39.69% (n=52). As shown in Table 1, the initial GCS scores upon 
admission did not display any significant differences between the two groups, suggesting a comparable severity of the 
condition (Z=1.110, P=0.267).

The average age of the participants was 60.36 years, with a standard deviation of 13.81, and 84 (64.12%) were male. 
Of the participants, 52 tested positive for SARS-CoV-2 nucleic acid, accounting for 39.69%. The admitted diagnoses 
were categorized as follows: SAH, 39 (29.77%) participants; ICH, 76 (58.02%) participants; TBI, 16 (12.21%) 
participants. The median LOS in the intensive care unit was five days, with an interquartile range of two–ten days.

Among the participants, 41 (31.30%) were smokers, 88 (67.18%) had hypertension, 20 (15.27%) had diabetes, 31 
(23.66%) had cardio-cerebrovascular disease, and two (1.53%) had tumors. A total of 74 (56.49%) underwent the 
surgical procedures. Among these individuals, 82 (62.60%) received antibiotic or antiviral treatments.

Eight (6.11%) participants died during the course of the study and 19 (14.50%) experienced respiratory failure. Five 
(3.82%) participants developed renal failure, and one (0.76%) experienced sepsis or shock. The mean Glasgow Coma 
Scale (GCS) score upon admission was 9.89, with a standard deviation of 3.85. The mean GCS score at discharge was 
10.57, with a standard deviation of 4.54 (Table 2).

Neuropsychiatric Disease and Treatment 2024:20                                                                              https://doi.org/10.2147/NDT.S447887                                                                                                                                                                                                                       

DovePress                                                                                                                         
767

Dovepress                                                                                                                                                              Tan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


SARS-CoV-2 Infection Acted as a Risk Factor for Viral Pneumonia and Prolonged ICU 
Length of Stay
Among the patients who tested positive for SARS-CoV-2, 24 (58.54%) had viral pneumonia. In contrast, only three 
subjects (7.32%) in the negative group showed signs of viral pneumonia. The difference in ICU stay days between the 
two groups was determined to be statistically significant using the Wilcox test (7(1–12) vs 4(1–8), p<0.001) (Table 1), the 
sub-group analysis of age ≥60 or <60 showed SARS-CoV-2 infection led to longer length of ICU stay among the patients 
in both age sub-groups (Figure S1A and S1B). The analysis also indicated that the mortality rate was higher in the 

Figure 1 Study Flow Chart.

Table 1 Baseline Characteristics of Included Neuro-Intensive Cases Infected or Non-Infected with SARS-CoV-2 
(N=131)

Characteristics Positive Negative t/Z/χ2 P-value

Nucleic acid test, positive, N (%) 52 (39.69) 79 (60.31) _ _

Age, years, (Mean ± SD) 60.12 ± 14.53 60.52 ± 13.41 0.163 0.871
Gender, male, N (%) 32 (61.54%) 52 (65.82%) 0.099 0.753

Viral pneumonia, N (%) 24 (58.54%) 3 (7.32%) 35.158 <0.001

ICU Length of Stay (LOS), days, 7 (1–12) 4 (1–8) 3.019 0.003
median (IQR)
Death, N (%) 4 (7.69%) 4 (5.06%) 0.059 0.809

Respiratory failure, N (%) 9 (17.31%) 10 (12.66%) 0.236 0.627
Admitted GCS, median (IQR) 10 (6.00–14.00) 11 (7.00–13.25) 1.110 0.267

Improved GCS, median (IQR) 0 (−0.25–4.25) 0 (−1-3) 0.950 0.342
Discharged mRS score, Mean±SD 3.17 ± 1.86 3.56 ± 1.69 1.241 0.217

Admitted D-dimer, mg/L,median (IQR) 1.14 (0.60–4.20) 0.96 (0.37–4.08) 0.965 0.335

Postoperative highest D-dimer, mg/L, median (IQR) 6.83 (3.00–22.76) 4.16 (2.51–8.89) 1.795 0.073
Highest NEUT%, Mean±SD 85.38 ± 17.52 88.81 ± 5.60 1.188 0.241

Highest LYMR%, Mean±SD 23.26 ± 13.85 18.36 ± 11.41 1.631 0.107

Highest temperature, Mean±SD 38.75 ± 1.12 38.47 ± 0.81 1.295 0.199
Lowest SaO2, Mean±SD 93.31 ± 9.51 93.69 ± 5.50 0.195 0.846
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positive group, although the difference was not statistically significant (7.69% vs 5.06%, p > 0.05, Table 1). Additionally, 
D-dimer levels after surgery were higher in patients with SARS-CoV-2 infection in neuro-ICUs, although the difference 
was not statistically significant vs 4.16(2.58–8.35), p=0.07, Table 1). Other demographic factors, including age, sex, and 

Table 2 Baseline Characteristics of Included Neuro-Intensive Cases 
(N=131)

Characteristics Variables

Age, years, (Mean) 60.36 ± 13.81

Nucleic acid test, positive, N (%) 52 (39.69)

Gender, male, N (%) 84 (64.12)
Admitted diagnosis, N (%)

SAH 39 (29.77)

ICH 76 (58.02)
TBI 16 (12.21)

Admission severity of SAH, N (%)
mild (GCS score 14–15) 8 (20.51)

moderate (GCS score 9–13) 12 (30.76)

severe (GCS score 3–8) 19 (48.72)
Admission severity of ICH, N (%)

mild (GCS score 14–15) 19 (25.00)

moderate (GCS score 9–13) 28 (36.84)
severe (GCS score 3–8) 29 (38.16)

Admission severity of TBI, N (%)
mild (GCS score 14–15) 6 (37.50)
moderate (GCS score 9–13) 3 (18.75)

severe (GCS score 3–8) 7 (43.75)

The median length of ICU stays, days, 5 (2–10)
median (IQR)
Smoking, yes, N (%) 41 (31.30)

Hypertension, N (%) 88 (67.18)
Occupation, N (%)

unemployed 21 (16.03)

employed 84 (64.12)
retired 26 (19.85)

Diabetes, N (%) 20 (15.27)

Cardia-cerebrovascular disease, N (%) 31 (23.66)
Tumor, N (%) 2 (1.53)

Viral pneumonia, N (%) 27 (20.61)

Received surgery, N (%) 74 (56.49)
Antibiotics or antiviral, N (%) 82 (62.60)

Death, N (%) 8 (6.11)

Respiratory failure, N (%) 19 (14.50)
Renal failure, N (%) 5 (3.82)

Sepsis or shock, N (%) 1 (0.76)

Admitted GCS score, median(IQR) 11(6.5–13.5)
Discharged GCS score, Median(IQR) 12(7–15)

Admitted D-dimer, mg/L, Median(IQR) 1.06(0.44–4.15)

Postoperative highest D-dimer, mg/L, 
median (IQR)

4.65(2.66–13.50)

MV (h), median (IQR) 76 (2–169.75)

Discharged mRS score, median(IQR) 4(2–5)

Abbreviations: LOS, Length of Stay; APTT, Activated Partial Thromboplastin Time; PT, 
Prothrombin Time; FIB, Fibrinogen; GCS, Glasgow Coma Scale; MV, Mechanical Ventilation.
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presence of respiratory failure, did not exhibit any significant differences between the two groups, suggesting their 
comparability. Therefore, COVID-19 infection poses a significant risk for the development of viral pneumonia in neuro- 
ICUs, resulting in an extended stay in neuro-ICUs.

Independent Risk Factors for Prolonged ICU Length of Stay: SARS-CoV-2 Infection, 
Surgery, and Low GCS Scores
Figure 2A provides additional evidence of an extended stay in neuro-ICUs in relation to SARS-COV-2 infection. A forest 
plot of risk factors showed that SARS-COV-2 infection significantly prolonged the ICU stay of patients with neurological 
conditions. Undergoing surgery was also associated with prolonged stay in neuro-ICUs. Conversely, patients with higher 
GCS scores upon admission had a relatively shorter duration of ICU stay, with an influence coefficient of −0.4787 
(Figure 2B).

There was no statistically significant difference in ICU length of stay among patients with different neurological 
conditions, ICH, SAH, or TBI (Figure S2). Similarly, the ICU length of stay did not significantly differ between patients 
who received COVID-19 vaccination and those who did not (Figure S3).

Correlation Analysis Reinforces Prolonged ICU Length of Stay Was Associated with 
SARS-CoV-2 Infection
Spearman correlation analysis demonstrated a statistically significant association between the extended duration of stay 
in the ICU and various factors, including undergoing surgical procedures, testing positive for COVID-19, and presenting 
with low GCS scores upon admission (P<0.01) (Table 3). The study revealed a significant correlation between mortality 
in neuro-ICUs, respiratory failure, and renal failure (P<0.01) (Table 4).

Discussion
This study focused on how SARS-CoV-2 infection influences the outcomes of patients with ICH, SAH, and TBI who 
were admitted to eight neuro-ICUs in different provinces of China after COVID-19 prevention and control measures 
were relaxed in China at the beginning of 2023. A prospective multicenter observational cohort study suggested that the 
SARS-CoV-2 infection rate was as high as 39.69% among critically ill patients admitted to neuro-ICUs at the initial 
easing of COVID-19 prevention and control measures. The severity of illness was similar between the two groups, as the 
admitted GCS scores showed no statistical differences. The mortality rate of COVID-19 cases was higher than that of 

Figure 2 (A). The violin plot suggests that ICU length of stay is longer for COVID-19-infection patients than for non-COVID-19-infection patients. “**” represented p<0.01. 
(B). The forest plot of risk factors indicates that COVID-19 infection and undergoing surgery are associated with longer ICU length of stay. In contrast, a higher Glasgow 
Coma Scale (GCS) upon admission is related to a reduced length of ICU stay. AIC= 805.04. “*” represented p<0.05 and “**” represented p<0.01.
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non-infected patients in neuro-ICUs (7.69% vs 5.06%), without statistical differences. SARS-CoV-2 infection is a risk 
factor for viral pneumonia in the ICU, leading to prolonged LOS in the ICU.8 Additionally, the STRENGE analysis 
identified independent risk factors for prolonged LOS in the ICU, which included SARS-CoV-2 infection, surgery, and 
a lower GCS score upon admission.

Table 3 Spearman Correlation Analysis and Significant Correlation 
Variables of the Length of ICU Stay. “*” Represented P<0.05 and “**” 
Represented P<0.01

Risk factors Spearman Correlation P-value

ICU stay 1.0000 -

Surgery 0.2936 0.0007**
COVID19 infection 0.2648 0.0022**

Centers 0.1652 0.0593

Viral pneumonia 0.1424 0.1047
Respiratory failure 0.1394 0.1123

D-dimer 0.1381 0.1309
Septicemia or shock 0.1047 0.2341

Death 0.0592 0.5019

Hypertension −0.0058 0.9474
Smoker −0.0100 0.9094

Tumor −0.0157 0.8589

Renal failure −0.0190 0.8293
Age −0.1103 0.2098

Vaccination −0.1213 0.1675

Other cardiovascular diseases −0.1741 0.0467*
Diabetes mellitus −0.2035 0.0198*

Admitted GCS −0.3229 0.0002**

Table 4 Spearman Correlation Analysis and Significant Correlation 
Variables of the Mortality Rate. “**” Represented P<0.01

Risk factors Spearman Correlation P-value

Death 1.0000 -

Renal failure 0.6147 <0.0001**

Respiratory failure 0.5287 <0.0001**
Hypertension 0.1104 0.2094

Other cardiovascular diseases 0.0830 0.3458

Age 0.0780 0.3758
Diabetes mellitus 0.0690 0.4335

ICU stay 0.0592 0.5019

COVID19 infection 0.0537 0.5423
Centers 0.0443 0.6151

Surgery 0.0309 0.7259

Viral pneumonia 0.0277 0.7537
Admit GCS 0.0144 0.8703

D-dimer 0.0132 0.8859

Septicemia or Shock −0.0224 0.7998
Tumor −0.0318 0.7188

Smoker −0.0346 0.6945
Vaccination −0.0760 0.3882
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COVID-19 has been found to worsen neurological symptoms in individuals with preexisting neurological disorders. 
In the available literature on COVID-19, the in-hospital neuro-ICU mortality rate exhibits significant variation, which can 
be attributed to differences in the analyzed cohort centers, periods, and clinical characteristics.9–11 A study conducted in 
2021 found that in-hospital mortality among patients with SAH and COVID-19 was significantly higher than that among 
patients without COVID-19 (31.4% vs 12.2%), which was much higher than our results.12 However, the risk of SAH did 
not increase in COVID-19 patients. A prospective database of pediatric patients who suffered traumatic head injuries 
from 2018 to 2021 in Pittsburgh, USA, was post hoc analyzed to show that the prevalence of abusive head trauma did not 
increase during the Sars-Cov-2 lockdown (10.0%). The mortality rate related to abusive head trauma was 4.8 times 
higher during the lockdown period.13 Stroke patients with COVID-19 are particularly characterized by large vessel 
damage, and the main pathogenetic mechanism may be vasculitis induced by an immune response to damaged vascular 
endothelium, hypercoagulopathy, and cardioembolism. The direct injurious actions of SARS-CoV-2 on the brain vessels 
provoke wall rupture and hemorrhagic complications. Moreover, increases in blood pressure due to dysregulation of the 
renin-angiotensin system induced by viral invasion can contribute to the development of hemorrhages.

A Turkey study in 2020 revealed that 32.5% of patients diagnosed with ICH or SAH were also found to have COVID- 
19. The diagnosis was confirmed using nasopharyngeal SARS-CoV-2 PCR testing. The infection rate among these 
patients was as high as that observed in Chinese neuro-ICUs (39.69%) during the initial phase of easing epidemic 
prevention and control measures in 2023.14 Despite the relatively high vaccination rates, most countries have experienced 
a surge in COVID-19 cases after reducing lockdown measures, particularly in densely populated cities.15 Because of the 
flexible public healthcare provision in China, the lifting of the COVID-19 lockdown measures in early 2023 did not result 
in significant overcrowding of medical resources.16 This finding is consistent with our ICU mortality rate of 6.1% and an 
LOS of 5.2 days.

It has been reported that COVID-19 is an independent risk factor for ICU-acquired pneumonia among patients with 
common bacterial and viral pneumonia.8 Our study revealed that the prevalence of viral pneumonia among the 
participants was 20.61%. This finding aligns with a previous study that reported a 23% incidence of viral pneumonia 
among ICU patients.8 Moreover, the SARS-CoV-2 infected group has a higher percentage of viral pneumonia cases 
compared to the negative group (58.54% vs 7.32%). As reported, COVID-19 patients with viral pneumonia may have 
a higher risk of respiratory failure and ICU mortality rates than patients with bacterial pneumonia or other viral 
pneumonia.17 However, the respiratory failure and mortality rates did not differ significantly between the COVID-19 
positive and negative groups in the present study. One possible reason is that preventive measures, such as high-flow 
oxygen therapy, timely mechanical ventilation, and prone position ventilation, can also alleviate respiratory symptoms.18– 

20 Consequently, respiratory failure and mortality can be significantly reduced. Another explanation is that the lowest 
oxygen saturation level was recorded and used to assess patients with COVID-19 in neuro-ICU settings.21 Decreased 
oxygen saturation is an independent risk factor for mortality in COVID-19 patients. Oxygen saturation below 90% upon 
admission is strongly associated with mortality in patients with COVID-19.22 In the present study, the minimum oxygen 
saturation level among all patients exceeded 93% (Table 2). Therefore, in resource-constrained settings, hospital 
administrators and healthcare professionals in China may prioritize routine pulse oximetry, concentrate on the early 
detection of hypoxemic respiratory failure, and promptly administer supplemental oxygen therapy to enhance hospital 
care during the COVID-19 pandemic.23

Accumulating research has shown that while SARS-CoV-2 primarily targets the respiratory system, it can also affect 
the vascular and central nervous systems throughout the body. This can occur directly through viral infection and 
indirectly through a cytokine storm, leading to endothelial dysfunction and multiorgan injury.24 Thus, COVID-19 has 
also been deemed an endothelial and microvascular disease that induces multisystem symptoms.25 The secretion of 
multiple endothelial activation/dysfunction markers is elevated in COVID-19 patients, such as D-dimer, which causes 
coagulation dysfunction and increases the risk of blood clotting or rebleeding, which is consistent with our results.26 It 
has been proposed that pericytes, which are extensively distributed in the intracranial vascular system and exhibit higher 
levels of ACE2 expression compared to endothelial cells, might be more vulnerable to SARS-CoV-2 infection.27 

Angiotensin II was elevated in these patients and expressed higher levels of ACE2, which is essential for infectivity 
from SARS-COV-2. ACE2 receptors are also widely distributed in the cardiovascular system, then SARS-COV-2 can 
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directly infect and destroy cardiovascular cells.28 Autopsy of COVID-19 patients showed that viral replication is present 
in multiple respiratory and non-respiratory tissues in the early infection stage, including the brain, suggesting that SARS- 
CoV-2 can cause continuous systemic infection, especially in the central nervous system.29 Blood-brain barrier dysfunc-
tion, microglial activation, and neuroinflammation have been observed in individuals with severe neuro-COVID. These 
patients exhibit significantly elevated levels of inflammatory markers in the cerebrospinal fluid.30,31 Therefore, COVID- 
19 can be indicated as a systemic epidermal cell disease that can cause systemic inflammatory response of the whole 
body, including cardiovascular/central nervous system dysfunction, which may explain the delayed hospitalization time 
of patients with severe neurological conditions.4,32,33

Additionally, patients treated with ACEIs or ARBs have increased sensitivity of ACE2 receptors to coronavirus 
S proteins. As a result, they may be at a higher risk of severe disease outcomes owing to SARS-CoV-2 infection.34 Given 
that hypertension is a prevalent underlying condition in neuro critically ill patients (67.18% in the current study cohort), 
it is plausible that the disturbance in the balance between ACE and ACE2, as well as the activation of the renin- 
angiotensin-aldosterone system (RAAS), could contribute to the unfavorable outcomes observed in patients with SARS- 
CoV-2 infection in neuro-ICUs.35 Therefore, SARS-CoV-2 infection has worsened the condition of critically ill patients 
through various direct and indirect pathways, resulting in an extended duration of ICU hospitalization.

This study had some limitations that can be further improved. First, the sample size was relatively small; therefore, the 
mortality rates in neuro-ICUs may not show statistical differences. Second, the absence of cerebrospinal fluid and brain 
imaging data hinders the ability to examine the precise impact of SARS-CoV-2 on the central nervous system. Currently, 
there is a dearth of research on the enduring effects of COVID-19 on critically ill individuals with neurological disorders. 
We will maintain ongoing communication with the patients post-discharge to ensure the completeness of the study.

Conclusions
In conclusion, this prospective, multicenter, observational registry study provides valuable insights into the outcomes of 
patients with ICH, SAH, or TBI admitted to neuro-ICUs during the early COVID-19 pandemic in China in 2023. Our 
findings suggest that SARS-CoV-2 infection is associated with prolonged stay in patients with neurological conditions in 
the neuro-ICU. The factors contributing to this prolongation included undergoing surgery and having a lower GCS score 
upon admission. Additionally, a significantly higher incidence of viral pneumonia has been observed in SARS-CoV 
-2-positive patients. Understanding these factors can assist healthcare providers in effectively managing patients with 
neurological conditions during an ongoing pandemic.
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