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Introduction: Research on the relationship between dynamic neutrophil-to-
lymphocyte ratio (NLR)—measured at different time points around endovascular 
treatment—and the occurrence of postoperative pneumonia (POP) in patients 
with aneurysmal subarachnoid hemorrhage (aSAH) is still relatively scarce. This 
study aims to explore the association between dynamic NLR and the incidence 
of POP in patients with aSAH undergoing endovascular therapy.

Methods: This study included patients with aSAH who underwent endovascular 
treatment between January 2019 and April 2023. The follow-up endpoint was 
the presence of POP at 30 days postoperatively. Logistic regression analysis 
was conducted using POP as the dependent variable. The NLR was calculated 
at admission (NLR1), 24 h after endovascular treatment (NLR2), and 3–7 days 
after endovascular treatment (NLR3). Four prediction models were constructed: 
Model 1 (variables with p < 0.05, except for the NLR), Model 2 (Model 1 plus 
NLR1), Model 3 (Model 1 plus NLR2), and Model 4 (Model 1 plus NLR3).

Results: Among the 154 patients with aSAH, POP occurred in 101 (65.6%) 
patients. Higher NLRs at admission [odds ratio (OR) = 1.08; 95% confidence 
interval (CI): 1.02, 1.16; p = 0.019], 24 h postoperatively (OR = 1.14; 95% CI = 1.05, 
1.25; p = 0.005) and 3–7 days postoperatively (OR = 1.17; 95% CI = 1.02, 1.38; 
p = 0.04) were associated with the occurrence of POP.

Conclusion: Follow-up NLR may be associated with POP in patients with aSAH 
treated endovascularly. Elevated NLR at admission, 24 h postoperatively, and 
3–7 days postoperatively correlated with a high risk for POP.
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1 Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a 
cerebrovascular disorder with potentially devastating consequences 
and a mortality rate that ranges from 8.3 to 66.7% (1, 2). Treatment 
typically involves surgical and endovascular procedures (3, 4), and 
endovascular procedures have emerged as a predominant trend 
recently (5). The yearly incidence rate of aSAH is 7.9 cases per 
100,000 people (6, 7), and the incidence of serious complications of 
postoperative pneumonia (POP) occurring within 30 days ranges 
from 13 to 37% (8–10). Pneumonia during hospitalization 
significantly increases mortality among patients who experienced 
ischemic stroke, cerebral hemorrhage, or aSAH (11, 12). Therefore, 
the identification of reliable predictors of pneumonia is crucial for 
screening high-risk patients who require active surveillance and 
appropriate interventions to improve their outcomes and prognosis.

The neutrophil-to-lymphocyte ratio (NLR) is a widely 
recognized indicator of systemic inflammation and infection and 
has been extensively examined as a predictor of various diseases 
(13, 14). Compared to traditional inflammatory markers, NLR has 
a superior predictive value (15, 16). Previous research has 
identified that NLR is associated with cerebral ischemia (17, 18) 
and brain tumors (19, 20). Furthermore, NLR has shown potential 
as a prognostic indicator for POP in patients with aSAH (21). 
However, research on the relationship between dynamic NLR—
measured at different time points before and after endovascular 
treatment—and the occurrence of POP in patients with aSAH is 
still relatively scarce.

Therefore, this study aimed to explore the association between 
dynamic inflammatory markers (specifically NLR measured at 
various time points before and after endovascular treatment) and the 
occurrence of POP in patients with aSAH undergoing 
endovascular therapy.

2 Materials and methods

2.1 Patient population

This is a retrospective, single-center study conducted at the Second 
Affiliated Hospital of Fujian Medical University, which included 
patients with aSAH who underwent endovascular treatment between 
January 2019 and April 2023. The data were accessed for research 
purposes on October 1, 2023. The patients were treated in accordance 
with the current clinical protocols in a real-world environment (22). 
This study is based on the current version of the ‘Declaration of 
Helsinki,’ and all research processes are conducted in accordance with 
the relevant guidelines and regulations. The research in question 
received the necessary approval from the Institutional Review Board 
of the Second Affiliated Hospital of Fujian Medical University, China 
(Ethical approval no. 315/2023). As the study is retrospective in nature, 
the requirement for informed consent was waived by the review board.

The inclusion criteria were as follows: (1) SAH caused by intracranial 
aneurysm confirmed through computed tomography angiography 
(CTA) or digital subtraction angiography (DSA); (2) admission within 
7 days of emergence of symptom; and (3) patients treated endovascularly.

The following exclusion criteria were used: (1) individuals with 
connective or autoimmune disease, uremia, hematologic disease, 

malignancy, cirrhosis, or chronic pulmonary disease; (2) patients 
admitted with a diagnosis of pneumonia; (3) patients who had 
undergone surgery 1 month before admission or had an acute 
inflammatory or infectious disease within the last 3 months; (4) 
patients receiving antibiotics, systemic glucocorticoids, 
immunosuppressants, or immunotherapy; and (5) patients who were 
measured for NLR less than two times.

2.2 Data collection

Patient demographic characteristics and vascular risk factors, 
encompassing age, sex, hypertension, diabetes, hyperlipidemia, 
coronary disease, current smoking and alcohol history, previous 
history of hemorrhagic and ischemic stroke, treatment received 
(coiling or stent-assisted coiling), aneurysm location, multiple 
occurrences and sizes determined via CTA or DSA, and routine blood 
tests, were acquired from the electronic medical record system. Blood 
specimens were procured, and NLR was calculated at three time 
points: (1) at admission (neutrophil 1, lymphocyte 1, and NLR1); (2) 
24 h after endovascular therapy (neutrophil 2, lymphocyte 2, and 
NLR2); and (3) 3–7 days after endovascular treatment (neutrophil 3, 
lymphocyte 3, and NLR3) (23, 24). If multiple values were available, 
the earliest neutrophil and lymphocyte counts were chosen to reduce 
reverse causation bias. To infer any causality, only N/L values collected 
before the diagnosis of pneumonia should be included in the analysis. 
NLR was established as the absolute neutrophil count divided by 
lymphocyte count, which was obtained from complete blood counts. 
The severity of aSAH was classified according to the grading system 
proposed by the World Federation of Neurosurgical Societies (WFNS) 
(25). The relationship between aSAH severity and cerebral vasospasm 
was classified using the modified Fisher (mFisher) scale (26). The 
patient’s medical data were evaluated to derive the preliminary WFNS 
classification and mFisher grade.

2.3 Outcome assessment

The participants were categorized into two groups based on the 
occurrence of POP. According to the revised criteria by the Centers 
for Disease Control and Prevention (CDC) (27), the patients were 
diagnosed with POP if they contracted a lower respiratory tract 
infection within 30 days postoperatively, with at least one chest 
radiograph confirming the diagnostic alteration. Patients with a 
preadmission diagnosis of pneumonia were ruled out.

2.4 Statistical analysis

The dataset was analyzed using the R software (version 4.2.2). 
Continuous variables with normal distribution are expressed as the 
mean ± SD, whereas other variables are represented as the median + 
interquartile range (IQR). Data were analyzed using the t-test and 
Mann–Whitney U test for continuous variables, the χ2 test, and 
Fisher’s exact test for categorical variables. Independent predictors of 
POP after aSAH were ascertained using univariate and multifactor 
logistic regression analyses. In the univariate logistic regression 
analysis, variables with p values < 0.1 were incorporated into the 
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multifactor logistic regression model. In the final multivariate model, 
variables with p values < 0.05 were considered significantly correlated. 
Subsequently, inverse stepwise selection was used to ascertain 
parsimonious models limited to the most pertinent variables, and 
variables in the model were selected for significance at a level of 0.05. 
The following four prediction models were constructed: (I) Model 1, 
with statistically significant variables (p < 0.05) except for NLR; (II) 
Model 2 (Model 1 augmented by NLR1); Model 3 (Model 1 
augmented by NLR2); and Model 4 (Model 1 augmented by NLR3). 
Odds ratios (ORs) and 95% confidence intervals (CIs) were 
computed. The diagnostic accuracy of these factors in predicting POP 
was evaluated using receiver operating characteristic (ROC) curves 
and the area under the curve (AUC). Delong test was utilized to 
assess the significance of the differences in AUC values of the models. 
Due to the high percentage of missing data for some exposures 
(missing data < 20%), we  performed a secondary analysis by 
repeating the primary analysis after multiple inputs of missing data. 
We assumed that the data were missing at random (dependent on the 
values of other non-missing variables rather than the values of the 
missing variables). We performed multiple imputations by chained 
equations (MICE) using R software.

3 Results

A cohort of 235 individuals with aSAH received endovascular 
treatment, of whom 154 met the inclusion criteria (Figure 1) and were 

divided into the POP (n = 101) and non-POP (n = 53) groups. The 
average age of the patients was 57.51 ± 12.62 years, and 64.3% 
(99/154) were women. The baseline characteristics of the participants 
are presented in Table 1.

Compared to the non-POP group, the POP group was 
characterized by older age (p = 0.022), lower Glasgow Coma Scale 
(GCS) scores at admission (p = 0.007), higher WFNS grades 
(p < 0.001), higher Fisher grades (p < 0.001), and increased ventilator 
use (p < 0.002). Additionally, NLR1 (p = 0.03), NLR2 (p = 0.019), and 
NLR3 (p = 0.001) increased significantly in the POP group compared 
to those in the non-POP group (Table 1).

Multivariate logistic regression analysis showed that a higher 
NLR at admission (OR = 1.08; 95% CI 1.02, 1.16; p = 0.019), 24 h 
postoperatively (OR = 1.14; 95% CI 1.05, 1.25; p = 0.005) and 
3–7 days postoperatively (OR = 1.17; 95% CI 1.02, 1.38; p = 0.04) 
were independently linked to the occurrence of POP. By ROC curve 
analysis, the optimal cut-off value for the age-maximizing Youden 
index is 62. Age > 62 years and higher WFNS grades were associated 
with the occurrence of POP in all four models (Table 2). Imputation 
of missing data did not substantially change the estimated association 
(Figure 2). The AUC was utilized to calculate the diagnostic accuracy 
of the four models, with values of 0.699, 0.734, 0.778, and 0.739 for 
models 1–4, respectively (Figure 3). Delong test showed that among 
these models, the difference in AUC values between model 3 and 
model 1 was statistically significant (p = 0.049), indicating model 3 
has better predictive performance. ROC curves of NLR and POP in 
different time points were shown in Figure 4. Details of sensitivity, 

FIGURE 1

Flow chart of the patients included in the analysis. aSAH, aneurysmal subarachnoid hemorrhage; POP, postoperative pneumonia.
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TABLE 1 Comparison of baseline characteristics in patients with aSAH who were treated endovascularly according to the occurrence of POP.

Variables POP (n = 101) Non-POP (n = 53) p-value

Age, years, mean ± SD 54.43 ± 11.41 54.43 ± 11.41 0.022a

Age >62, n (%) 44 (44%) 12 (23%) 0.010b

Sex, female, n (%) 37 (37%) 18 (34%) 0.742b

Hypertension, n (%) 61 (60%) 31 (58%) 0.819b

Diabetes, n (%) 6 (5.9%) 2 (3.8%) 0.715c

Hyperlipidemia, n (%) 6 (5.9%) 3 (5.7%) >0.999c

Coronary heart disease, n (%) 3 (3.0%) 2 (3.8%) >0.999c

Smoking history, n (%) 7 (6.9%) 3 (5.7%) >0.999c

Drinking history, n (%) 7 (6.9%) 2 (3.8%) 0.719c

Ischemic stroke, n (%) 1 (1.0%) 2 (3.8%) 0.272c

Hemorrhagic stroke, n (%) 2 (2.0%) 1 (1.9%) >0.999c

Multiple aneurysms 21 (21%) 9 (17%) 0.571b

Ruptured aneurysm size (mm) 5.00 (3.98, 6.63) 5.00 (3.60, 6.00) 0.572d

Location 0.070b

  Anterior circulation aneurysm 88 (87%) 51 (96%)

  Posterior circulation aneurysm 13 (13%) 2 (3.8%)

GCS at admission 0.007b

  3–8 20 (20%) 2 (3.8%)

  9–12 24 (24%) 9 (17%)

  13–15 57 (56%) 42 (79%)

WFNS grade 2.00 [1.00, 4.00] 1.00 [1.00, 2.00] <0.001d

mFisher grade 4.00 [2.00, 5.00] 1.00 [1.00, 2.00] <0.001d

Treatment 0.332b

  coiling 25 (25%) 17 (32%)

  coiling & stent 76 (75%) 36 (68%)

EVD, n (%) 5 (5%) 2 (3.8%) 0.739c

Lumbar drainage, n (%) 5 (5.9%) 1 (1.9%) 0.251c

Hospitalization duration, days median [IQR] 19 (15, 26) 15 (14, 17) <0.001d

Laboratory parameters

Neutrophil1, 109/L, median [IQR] 11.4 (9.3, 15.0) 8.2 (6.4, 11.0) <0.001d

Lymphocyte1, 109/L, median [IQR] 1.25 (0.92, 2.00) 1.30 (0.98, 1.99) 0.928d

NLR1, median [IQR] 9 (6, 14) 6 (4, 12) 0.030d

Neutrophil2, 109/L, median [IQR] 8.66 (6.91, 11.71) 9.3 (7.2, 11.3) 0.024d

Lymphocyte2, 109/L, median [IQR] 1.26 (0.96, 1.64) 1.15 (0.92, 1.78) 0.142d

NLR2, median [IQR] 6.8 (4.6, 9.4) 6.7 (4.7, 10.4) 0.019d

Neutrophil3, 109/L, median [IQR] 11.1 (9.0, 13.8) 7.93 (6.45, 8.59) 0.004d

Lymphocyte3, 109/L, median [IQR] 1.03 (0.73, 1.29) 1.41 (1.20, 1.62) 0.008d

NLR3, median [IQR] 11.2 (7.9, 16.9) 5.5 (4.5, 7.1) <0.001d

SD, standard deviation; GCS, Glasgow Coma Scale; WFNS, World Federation of Neurosurgical Societies; mFisher, modified Fisher; EVD, external ventricular drainage; POP, postoperative 
pneumonia; NLR, neutrophil-to-lymphocyte ratio; IQR, interquartile range; *p < 0.05.
aT test.
bPearson’s Chi-squared test.
cFisher’s exact test.
dWilcoxon rank sum test; Neutrophil1, Lymphocyte1, and NLR1 were tested at admission; Neutrophil2, Lymphocyte2, and NLR2 were tested within 24 h after endovascular treatment; 
Neutrophil3, Lymphocyte3, and NLR3 were tested 3–7 days after endovascular treatment.
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specificity, positive predictive value, negative predictive value and the 
cutoff in each time point were shown in Table 3.

4 Discussion

In the present study, NLR at admission, 24 h postoperatively and 
3–7 days postoperatively, age > 62 years, and WFNS grade were were 
found to be associated with POP in patients with aSAH who were 
treated endovascularly. Our study contributes to the early prediction 
of POP and timely intervention in patients with aSAH after 
endovascular treatment.

As a factor that increases the mortality rate of patients, especially 
those with aSAH, POP has received considerable attention from 
researchers and clinicians (11, 12). NLR has been shown to be  a 
prognostic indicator of POP in individuals with aSAH (21). In our 
study, the results showed that NLR was also associated with 

pneumonia in individuals with aSAH who received endovascular 
treatment, which is consistent with prior research (21). Our 
investigation also revealed that age > 62 years and higher WFNS grade 
were associated with POP in individuals with aSAH. Previous studies 
have also shown that age, as a continuous variable, is closely related to 
pneumonia (28, 29). In the present study, the ROC curve identified 
62 years as the optimal age cutoff point. Consequently, subsequent 
analyses employed this threshold for dichotomizing age variables. The 
augmented susceptibility of infection in individuals aged > 62 years 
may be  due to low immunity and poor physiological status. The 
increased risk of infection in patients with higher WFNS grades 
indicates that aSAH severity may be correlated with POP. Therefore, 
intensive care is recommended as early as possible for patients with 
high WFNS scores, especially for older individuals. The results of 
these secondary analyses were largely similar to the primary analyses 
after multiple imputations of missing data, indicating that missing 
data had little effect on the results.

TABLE 2 Logistic regression models for POP in patients with aSAH.

Variables Model 1 Model 2 Model 3 Model 4

OR [95% CI] p OR [95% CI] p OR [95% CI] p OR [95% CI] p

Age >62 2.53 [1.17, 5.74] 0.021* 2.58 [1.14, 6.19] 0.028* 2.64 [1.184, 5.883] 0.013* 2.88 [1.20, 7.43] 0.022*

WFNS grade 1.59 [1.20, 2.16] 0.002* 1.63 [1.22, 2.27] 0.002* 1.49 [1.07, 2.15] 0.025* 1.44 [1.03, 2.06] 0.038*

Aneurysm location 3.74 [0.92, 25.4] 0.10 3.46 [0.79, 24.5] 0.14 2.59 [0.57, 18.6] 0.3 2.89 [0.64, 20.9] 0.2

NLR1 NA NA 1.08 [1.02, 1.16] 0.019* NA NA NA NA

NLR2 NA NA NA NA 1.14 [1.05, 1.25] 0.005* NA NA

NLR3 NA NA NA NA NA NA 1.17 [1.02, 1.38] 0.040

OR, odds ratio; CI, confidence interval; POP, postoperative pneumonia; NA, not available; *p < 0.05; NLR1, NLR2, and NLR3 were measured at the periods reported in Table 1.

FIGURE 2

Logistic regression models for POP in patients with aSAH after multiple imputation of missing data. OR, odds ratio; CI, confidence interval; SE, standard 
error; POP, postoperative pneumonia; NA, not available; NLR1, NLR2, and NLR3 were measured at the periods reported in Table 1.
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The current study explores the correlation between POP and 
NLR measured at different time points in patients with 
endovascularly treated aSAH. As the inflammatory response may 
develop in the few days after the onset of aSAH, NLR values must 
be obtained at various time points to explore the predictive value of 
NLR for POP. Upon incorporation of NLR1, NLR2, and NLR3 into 
our POP prediction models, the predictive capabilities of Models 2, 
3, and 4 were higher than that of Model 1, with the highest predictive 
power detected in Model 3, which may be  due to dynamic 
fluctuations in NLR levels over time. Therefore, the risk of POP may 
be assessed dynamically using NLR measurements at different time 
points. These results suggest that neuroinflammation may represent 
a potential and amenable objective for early identification and 
treatment of POP in patients with aSAH who receive 
endovascular treatment.

Our study found that NLR at admission, 24 h postoperatively, 
and 3–7 days postoperatively were associated with POP in patients 
with aSAH. The plausible relationship between NLR and POP can 
be explained by several factors. aSAH causes neutrophil activation 
and lymphopenia, leading to elevated NLR and inducing 
inflammatory responses and deregulation of the immune system to 
promote POP occurrence. Neurological impairment prompted by the 

inflammatory response and liberation of cytokines from immune 
cells has been discovered to elicit the generation of anti-inflammatory 
signals. These signals inhibit cytokine production, culminating in 
infection control and prevention of disease advancement (30). 
However, it should be noted that a prolonged inflammatory response 
can eventually lead to the exhaustion of the immune system (31). The 
resultant effect is a reduction in systemic immunity and concomitant 
suppression of systemic cellular immune responses. This syndrome 
is commonly referred to as stroke-induced immunosuppression 
syndrome and is characterized by a rapid decline in peripheral blood 
lymphocyte subpopulations (9, 32). As a result, patients become more 
susceptible to stroke-associated pneumonia. Various investigations 
have also discovered that NLR has the potential as a dependable 
forecaster of pneumonia among patients with ischemic stroke and 
aSAH, which may indicate a shared mechanism of excessive 
inflammation and immune imbalance that occurs after these acute 
cerebrovascular diseases (17). Therefore, regulation of the 
inflammatory and immune status by targeting particular subsets of 
neutrophils or lymphocytes may present a promising 
therapeutic objective.

This study had some limitations. First, this was a retrospective 
single-center analysis with a relatively small sample size, which 

FIGURE 3

AUC values for each model with different NLR measurements (Models 1–4). AUC, area under the curve. The significant variables age > 62 years and 
WFNS grade were selected to construct Model 1; age > 62 years, WFNS grade, and NLR1 for Model 2; age > 62 years, WFNS grade, and NLR2 for Model 
3; and age > 62 years, WFNS grade, and NLR3 for Model 4. The parameters were measured at the specified periods reported in Table 1.
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limited the model construction to integrate NLR values from 
multiple time points to observe the impact of NLR at each specific 
time point on the model’s predictive capacity. Future studies with 
large sample sizes are necessary to further explore this direction. 
Second, serologic markers were not measured continuously for 
30 days after aSAH, and understanding the prognostic value of these 
markers for POP in patients with aSAH treated endovascularly 
within a longer period is thus difficult. Further studies should focus 
on this topic. Third, due to the lack of clinical data, further analysis 
of the correlation between POP and other markers of inflammation, 
such as C-reactive protein in serum and procalcitonin, cannot 
be achieved in the present study. Future studies should be focused on 
this issue. Fouth, due to the relatively small sample size, a multivariate 
generalized mixed model cannot be achieved in the present study. 

Future studies including large sample size are warranted to account 
for repeated measures with this model. Fifth, the timing of 
pneumonia was not reported in this study, which is a very relevant 
data. Further studies are needed to explore the classification based 
on the timing of pneumonia onset. Sixth, the development of delayed 
cerebral ischemia, hydrocephalus, rebleeding and other 
complications may increase the risk of pneumonia if they preceded 
the diagnosis of pneumonia, which were not included in the present 
models. Further attention should be  paid to this issue in future 
studies. Last, the present study was focused on the prediction of POP 
with follow-up NLR in patients with aSAH treated endovascularly. 
Whether other infections may also be predicted with follow-up NLR 
cannot be determined in the present analysis. Further attention is 
warranted to be paid to this.

FIGURE 4

ROC curves of NLR and POP in different time points. ROC, receiver operating characteristic; POP, postoperative pneumonia; NLR1, NLR2, and NLR3 
were measured at the periods reported in Table 1.

TABLE 3 AUC in predicting POP in different NLR measurements.

Sensitivity, % Specificity, % Positive predictive 
value, %

Negative 
predictive value, %

Cutoff point

NLR1 65.3 62.5 77.5 47.6 6.944

NLR2 76.4 62.5 81.9 54.3 7.566

NLR3 42.4 82.9 83.7 41.0 7.562

AUC, area under the curve; POP, postoperative pneumonia; NLR1, NLR2, and NLR3 were measured at the periods reported in Table 1.
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In conclusion, follow-up NLR has been shown to be associated 
with POP in patients with aSAH who are treated endovascularly. 
Elevated NLR at admission, 24 h postoperatively, and 3–7 days 
postoperatively correlated with a high risk for POP. To validate our 
observations, future prospective multicenter investigations with 
larger and more diverse patient cohorts are necessary.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: The raw data supporting the conclusions of this article 
will be made available by the authors, without undue reservation. 
Requests to access these datasets should be directed to Feng Zheng, 
dr.feng.zheng@gmail.com.

Ethics statement

The studies involving humans were approved by Institutional 
Review Board of the Second Affiliated Hospital of Fujian Medical 
University, China. The studies were conducted in accordance with the 
local legislation and institutional requirements. The ethics committee/
institutional review board waived the requirement of written 
informed consent for participation from the participants or the 
participants’ legal guardians/next of kin because as the study is 
retrospective in nature, the requirement for informed consent was 
waived by the review board.

Author contributions

XH: Writing – original draft. XJ: Writing – review & editing. WG: 
Writing – original draft. LG: Writing – original draft. XG: Writing – 
original draft. HZ: Conceptualization, Writing  – original draft. ZP: 
Conceptualization, Writing – original draft. QL: Methodology, Writing – 
original draft. SZ: Data curation, Writing  – original draft. CK: 

Visualization, Writing – original draft. WH: Writing – review & editing. 
ZQ: Writing – review & editing. FZ: Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported 
by Quanzhou City Science & Technology Program of China (Grant 
Number 2022NS084), Doctoral Startup Fund of the Second Affiliated 
Hospital of Fujian Medical University (Grant Number BS202205), 
Natural Science Foundation of Fujian Province (Grant Number 
2023 J01754), Health Technology Program Project of Fujian Province 
(Grant Number 2023GGA046) and Technology Innovation Joint 
Fund Project of Fujian Province (Grant Number 2023Y9235).

Acknowledgments

Thank all the participants for their participation in this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
 1. Suarez JI, Tarr RW, Selman WR. Aneurysmal subarachnoid hemorrhage. N Engl J 

Med. (2006) 354:387–96. doi: 10.1056/NEJMra052732

 2. Langham J, Reeves BC, Lindsay KW, van der Meulen JH, Kirkpatrick PJ, Gholkar 
AR, et al. Variation in outcome after subarachnoid hemorrhage: a study of neurosurgical 
units in UK and Ireland. Stroke. (2009) 40:111–8. doi: 10.1161/STROKEAHA.108.517805

 3. Zhang L, Chen X, Dong L, Liu P, Jia L, Zhang Y, et al. Clinical and angiographic 
outcomes after stent-assisted coiling of cerebral aneurysms with laser-cut and braided 
stents: a comparative analysis of the literatures. Front Neurol. (2021) 12:666481. doi: 
10.3389/fneur.2021.666481

 4. Huang X, Xiong Y, Guo X, Kang X, Chen C, Zheng H, et al. Transradial versus 
transfemoral access for endovascular therapy of intracranial aneurysms: a systematic 
review and meta-analysis of cohort studies. Neurosurg Rev. (2022) 45:3489–98. doi: 
10.1007/s10143-022-01868-3

 5. Scerrati A, Visani J, Flacco ME, Ricciardi L, Trungu S, Raco A, et al. Endovascular 
treatment of ruptured intracranial blister aneurysms: a systematic review and Meta-
analysis. AJNR Am J Neuroradiol. (2021) 42:538–45. doi: 10.3174/ajnr.A6924

 6. Nieuwkamp DJ, Setz LE, Algra A, Linn FHH, de Rooij NK, Rinkel GJE. Changes in 
case fatality of aneurysmal subarachnoid haemorrhage over time, according to 
age, sex, and region: a meta-analysis. Lancet Neurol. (2009) 8:635–42. doi: 
10.1016/S1474-4422(09)70126-7

 7. Etminan N, Chang H-S, Hackenberg K, de Rooij NK, Vergouwen MDI, Rinkel GJE, 
et al. Worldwide incidence of aneurysmal subarachnoid hemorrhage according to 

region, time period, blood pressure, and smoking prevalence in the population: a 
systematic review and Meta-analysis. JAMA Neurol. (2019) 76:588–97. doi: 
10.1001/jamaneurol.2019.0006

 8. Savardekar A, Gyurmey T, Agarwal R, Podder S, Mohindra S, Gupta SK, et al. 
Incidence, risk factors, and outcome of postoperative pneumonia after microsurgical 
clipping of ruptured intracranial aneurysms. Surg Neurol Int. (2013) 4:24. doi: 
10.4103/2152-7806.107894

 9. Sarrafzadeh A, Schlenk F, Meisel A, Dreier J, Vajkoczy P, Meisel C. 
Immunodepression after aneurysmal subarachnoid hemorrhage. Stroke. (2011) 42:53–8. 
doi: 10.1161/STROKEAHA.110.594705

 10. Dasenbrock HH, Rudy RF, Smith TR, Guttieres D, Frerichs KU, Gormley WB, et al. 
Hospital-acquired infections after aneurysmal subarachnoid hemorrhage: a Nationwide 
analysis. World Neurosurg. (2016) 88:459–74. doi: 10.1016/j.wneu.2015.10.054

 11. de Jonge JC, van de Beek D, Lyden P, Brady MC, Bath PM, van der Worp HB. 
Temporal profile of pneumonia after stroke. Stroke. (2022) 53:53–60. doi: 
10.1161/STROKEAHA.120.032787

 12. Gonçalves-Pereira JC, Marino F, Mergulhão P, Nunes B, Froes F. Hospital-acquired 
pneumonia is more frequent and lethal in stroke patients: a nationwide 4-year study. 
Infect Control Hosp Epidemiol. (2023) 44:122–4. doi: 10.1017/ice.2021.398

 13. Jiang J, Liu R, Yu X, Yang R, Xu H, Mao Z, et al. The neutrophil-lymphocyte count 
ratio as a diagnostic marker for bacteraemia: a systematic review and meta-analysis. Am 
J Emerg Med. (2019) 37:1482–9. doi: 10.1016/j.ajem.2018.10.057

https://doi.org/10.3389/fmed.2025.1493761
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
mailto:dr.feng.zheng@gmail.com
https://doi.org/10.1056/NEJMra052732
https://doi.org/10.1161/STROKEAHA.108.517805
https://doi.org/10.3389/fneur.2021.666481
https://doi.org/10.1007/s10143-022-01868-3
https://doi.org/10.3174/ajnr.A6924
https://doi.org/10.1016/S1474-4422(09)70126-7
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.4103/2152-7806.107894
https://doi.org/10.1161/STROKEAHA.110.594705
https://doi.org/10.1016/j.wneu.2015.10.054
https://doi.org/10.1161/STROKEAHA.120.032787
https://doi.org/10.1017/ice.2021.398
https://doi.org/10.1016/j.ajem.2018.10.057


Huang et al. 10.3389/fmed.2025.1493761

Frontiers in Medicine 09 frontiersin.org

 14. Curbelo J, Luquero Bueno S, Galván-Román JM, Ortega-Gómez M, Rajas O, 
Fernández-Jiménez G, et al. Inflammation biomarkers in blood as mortality predictors 
in community-acquired pneumonia admitted patients: importance of comparison with 
neutrophil count percentage or neutrophil-lymphocyte ratio. PLoS One. (2017) 
12:e0173947. doi: 10.1371/journal.pone.0173947

 15. Gong P, Liu Y, Gong Y, Chen G, Zhang X, Wang S, et al. The association of 
neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and lymphocyte to 
monocyte ratio with post-thrombolysis early neurological outcomes in 
patients with acute ischemic stroke. J Neuroinflammation. (2021) 18:51. doi: 
10.1186/s12974-021-02090-6

 16. Ferro D, Matias M, Neto J, Dias R, Moreira G, Petersen N, et al. Neutrophil-to-
lymphocyte ratio predicts cerebral edema and clinical worsening early after reperfusion 
therapy in stroke. Stroke. (2021) 52:859–67. doi: 10.1161/STROKEAHA.120.032130

 17. Wang Q, Liu Y, Han L, He F, Cai N, Zhang Q, et al. Risk factors for acute stroke-
associated pneumonia and prediction of neutrophil-to-lymphocyte ratios. Am J Emerg 
Med. (2021) 41:55–9. doi: 10.1016/j.ajem.2020.12.036

 18. Nam K-W, Kim TJ, Lee JS, Kwon H-M, Lee Y-S, Ko S-B, et al. High neutrophil-to-
lymphocyte ratio predicts stroke-associated pneumonia. Stroke. (2018) 49:1886–92. doi: 
10.1161/STROKEAHA.118.021228

 19. Gan Y, Zhou X, Niu X, Li J, Wang T, Zhang H, et al. Neutrophil/lymphocyte ratio 
is an independent prognostic factor in elderly patients with high-grade gliomas. World 
Neurosurg. (2019) 127:e261–7. doi: 10.1016/j.wneu.2019.03.085

 20. Gomes Dos Santos A, de Carvalho RF, de Morais ANLR, Silva TM, Baylão VMR, 
Azevedo M, et al. Role of neutrophil-lymphocyte ratio as a predictive factor of glioma 
tumor grade: a systematic review. Crit Rev Oncol Hematol. (2021) 163:103372. doi: 
10.1016/j.critrevonc.2021.103372

 21. Chen Y, Lian B-Q, Peng L, Ding C-Y, Lin Y-X, Yu L-H, et al. Neutrophil to lymphocyte 
ratio is a prognosis factor for post-operative pneumonia in aneurysmal subarachnoid 
hemorrhage patients. Chin Med J. (2020) 134:682–9. doi: 10.1097/CM9.0000000000001304

 22. Connolly ES, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J, Higashida RT, 
et al. Guidelines for the management of aneurysmal subarachnoid hemorrhage: a 
guideline for healthcare professionals from the American Heart Association/American 
Stroke Association. Stroke. (2012) 43:1711–37. doi: 10.1161/STR.0b013e3182587839

 23. Weng Y. Dynamic neutrophil–lymphocyte ratios predict short-term prognostic 
outcome of thrombolysis in patients with acute ischemic stroke. Neurotox Res. (2021) 
39, 1678–87. doi: 10.1007/s12640-021-00382-6

 24. Feng Y, Bai X, Li W, Cao W, Xu X, Yu F, et al. Postoperative neutrophil-lymphocyte 
ratio predicts unfavorable outcome of acute ischemic stroke patients who achieve 
complete reperfusion after thrombectomy. Front Immunol. (2022) 13:963111. doi: 
10.3389/fimmu.2022.963111

 25. Lagares A, Alen JF, Gómez PA, Lobato RD. Grading of subarachnoid hemorrhage: 
modification of the world Federation of Neurosurgical Societies scale on the basis of 
data for a large series of patients. Neurosurgery. (2005) 56: E873; author replyy E873) 
56:E629. doi: 10.1227/01.NEU.0000155091.15992.3B

 26. Frontera JA, Claassen J, Schmidt JM, Wartenberg KE, Temes R, Connolly ES, et al. 
Prediction of symptomatic vasospasm after subarachnoid hemorrhage: the modified 
fisher scale. Neurosurgery. (2006) 59:21–7. doi: 10.1227/01.neu.0000243277.86222.6c

 27. Smith CJ, Kishore AK, Vail A, Chamorro A, Garau J, Hopkins SJ, et al. Diagnosis of 
stroke-associated pneumonia: recommendations from the pneumonia in stroke consensus 
group. Stroke. (2015) 46:2335–40. doi: 10.1161/STROKEAHA.115.009617

 28. Hu S-Q, Hu J-N, Chen R-D, Yu J-S. A predictive model using risk factor 
categories for hospital-acquired pneumonia in patients with aneurysmal 
subarachnoid hemorrhage. Front Neurol. (2022) 13:1034313. doi: 
10.3389/fneur.2022.1034313

 29. Wang T, Hao J, Zhou J, Chen G, Shen H, Sun Q. Development and validation of a 
machine-learning model for predicting postoperative pneumonia in aneurysmal 
subarachnoid hemorrhage. Neurosurg Rev. (2024) 47:668. doi: 
10.1007/s10143-024-02904-0

 30. Johnston GR, Webster NR. Cytokines and the immunomodulatory function of the 
vagus nerve. Br J Anaesth. (2009) 102:453–62. doi: 10.1093/bja/aep037

 31. Shim R, Wong CHY. Ischemia, immunosuppression and infection--tackling the 
predicaments of post-stroke complications. Int J Mol Sci. (2016) 17:64. doi: 
10.3390/ijms17010064

 32. Liu D-D, Chu S-F, Chen C, Yang P-F, Chen N-H, He X. Research progress in stroke-
induced immunodepression syndrome (SIDS) and stroke-associated pneumonia (SAP). 
Neurochem Int. (2018) 114:42–54. doi: 10.1016/j.neuint.2018.01.002

https://doi.org/10.3389/fmed.2025.1493761
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0173947
https://doi.org/10.1186/s12974-021-02090-6
https://doi.org/10.1161/STROKEAHA.120.032130
https://doi.org/10.1016/j.ajem.2020.12.036
https://doi.org/10.1161/STROKEAHA.118.021228
https://doi.org/10.1016/j.wneu.2019.03.085
https://doi.org/10.1016/j.critrevonc.2021.103372
https://doi.org/10.1097/CM9.0000000000001304
https://doi.org/10.1161/STR.0b013e3182587839
https://doi.org/10.1007/s12640-021-00382-6
https://doi.org/10.3389/fimmu.2022.963111
https://doi.org/10.1227/01.NEU.0000155091.15992.3B
https://doi.org/10.1227/01.neu.0000243277.86222.6c
https://doi.org/10.1161/STROKEAHA.115.009617
https://doi.org/10.3389/fneur.2022.1034313
https://doi.org/10.1007/s10143-024-02904-0
https://doi.org/10.1093/bja/aep037
https://doi.org/10.3390/ijms17010064
https://doi.org/10.1016/j.neuint.2018.01.002

	Association of follow-up neutrophil-lymphocyte ratio with postoperative pneumonia in aneurysmal subarachnoid hemorrhage patients after endovascular treatment: a retrospective analysis
	1 Introduction
	2 Materials and methods
	2.1 Patient population
	2.2 Data collection
	2.3 Outcome assessment
	2.4 Statistical analysis

	3 Results
	4 Discussion

	References

