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Background and Aim: The neutrophil-to-lymphocyte ratio (NLR) in whole blood is an indicator 
of prognosis in several disorders; however, its predictive value in the cerebrospinal fluid (CSF) of 
hydrocephalus patients has not been studied. Accordingly, this study determines the prognostic 
relevance of NLR at admission and its implications for clinical outcomes in patients with 
hydrocephalus treated with an external ventricular drain (EVD).

Methods and Materials/Patients: This retrospective study examined consecutive individuals 
with hydrocephalus who were admitted to an adult intensive care unit in a single center between 
2020 and 2022. Patient demographics, clinical characteristics, laboratory data, and computed 
tomography (CT) scans were gathered.  Receiver operating characteristic (ROC) curve analysis was 
used to identify the optimal NLR and clinical variable cutoff values for mortality. Univariate and 
multivariate logistic regression analyses were carried out to assess the independent impact of 
variables on mortality.

Results: This study included 40 patients with hydrocephaly in the present study. There were 24 
males (60%) and 16 females (40%) patients, with an average age of 51.68±16.34 years. NLR was 
considerably higher in the dead group compared to the alive group (8.49±6.53 vs 5.05±3.78; 
P=0.027). In a model of ROC analysis, NLR (area under curve [AUC]=0.702, 95% confidence 
interval [CI], 0.537%, 0.836%; P=0.0171), age (AUC=0.674; 95% CI, 0.507%, 0.813%; P=0.0496), 
underlying disease (AUC=0.650; 95% CI, 0.483%, 0.794%; P=0.0126), and level of consciousness 
level (AUC=0.946; 95% CI, 0.825%, 0.993%; P<0001) were significantly associated with mortality. 
The best predictive threshold of the NLR was 8.88 (sensitivity=40% and specificity=100%). 
Univariate analysis revealed that NLR in the three groups by Glasgow coma scale (GCS) in coma 
and semicoma is more substantially connected to mortality than in the stupor group (P<0.05). 
According to an adjusted multivariate logistic regression analysis, the level of consciousness upon 
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1. Introduction

ydrocephalus is the leading cause of neuro‐
surgical conditions globally, which involves 
the expansion of the brain ventricles filled 
with cerebrospinal fluid (CSF) as a result of 
impaired CSF homeostasis, culminating in 

progressive dilation of the brain ventricular system [1]. 
Regardless of the cause, hydrocephalus is frequently 
defined by elevated intracranial pressure, enlarged ven‐
tricular chambers from CSF accumulation, and brain 
structural damage, which can lead to neurological de‐
terioration, coma, and death if not treated [2]. When 
hydrocephalus is diagnosed, CSF diversion is required 
to keep normal cerebral pressure. The insertion of an 
external ventricular drain (EVD) is the initial therapy 
for acute hydrocephalus, allowing for the diversion and 
control of excess CSF, dependent on the total drainage 
status, to mitigate the related rise in intracranial pres‐
sure, which, if left untreated, may contribute to lower 
brain circulation and later neurological impairment [3].

Several studies have found brain and CSF inflamma‐
tion after EVD treatment in both posthemorrhagic and 
postinfectious hydrocephalus [4]. Although the restora‐
tion of inflammatory responses is critical for the remov‐
al of invading pathogens, damaged cells, and irritating 
substances, it can also develop or promote the disease 
if it is incorrectly induced or prolonged. The presence 
of multiple inflammatory agents in the circulatory sys‐
tem or CSF has been linked to an increased risk for post-
hemorrhagic or post-infectious hydrocephalus, as well 
as a greater degree of symptoms [5]. There is accumu‐
lating evidence that an immune-related inflammation 
in the central nervous system (CNS) is a major cause of 
initial posttraumatic cerebral damage and related clini‐
cal outcomes [6]. According to experimental and clinical 
research, EVD activates and proliferates several leuko‐
cyte subtypes (e.g. neutrophils, lymphocytes) in mouse 
models and humans with hydrocephalus [7, 8]. High 
neutrophil counts stimulate the neuro-inflammation 
pathway, exacerbating edema and hematoma forma‐
tion, increasing mass impact and intracranial pressure, 
and resulting in nervous system impairment [9]. Lym‐
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Highlights 

● The prevalence of infection and meningitis in hydrocephalus patients treated with an EVD is high, increasing 
morbidity and mortality.

● This study examined the factors that can predict which meningitis patients with an EVD have a worse prognosis.

● Subjects with a higher CSF NLR are likely to have a worse prognosis compared to others.

Plain Language Summary 

Hydrocephalus is a brain condition that needs to be treated urgently. We usually remove the patient from a life-
threatening situation by inserting a temporary external shunt. However, the placement of this type of shunt can cause 
various complications, such as brain infection, which is often associated with mortality. It is valuable to find a factor in 
patients that would guide us as to which patients with brain infections have a higher mortality rate. The ratio of the 
two types of white blood cells in the cerebrospinal fluid (CSF) can be associated with the prognosis of future infection 
in these patients, and it is likely that the higher the ratio between these two white blood cells, the higher the mortality 
rate in these patients.
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admission was an independent predictor of mortality and was positively linked with mortality 
(odds ratio (OR)=0.23; 95% CI, 0.08%, 0.65%; P=0.005). Furthermore, the multivariable analysis 
demonstrated that NLR > 8.88 in combination with GCS<8 (coma and semicoma) on admission had 
a higher prognostic value for mortality (P<0.0001).

Conclusion: In the current research, a high NLR (>8.88) in CSF was associated with an increased 
risk of mortality in individuals with hydrocephalus. When paired with a GCS score of <8, admission 
NLR>8.88 considerably improves the accuracy of predicting outcomes following EVD.

https://irjns.org/


3

2025, Volume 11, E14

phocytes, as an adaptive immune response, are nec‐
essary for bodily defense, and low lymphocyte counts 
imply a worse prognosis in hydrocephalus patients with 
an increased incidence of infections [10]. 

The neutrophil-to-lymphocyte ratio (NLR) has been 
suggested as a valid compound indicator and dynamic 
scale of the inflammatory process by calculating total 
neutrophil and lymphocyte numbers [11]. The NLR 
represents the immune response and integrates data 
from both the innate and adaptive. In addition, since 
counts of neutrophils and lymphocytes are frequently 
evaluated during laboratory tests, the NLR is useful 
in clinical settings. NLR has been widely studied and 
found to be linked with consequences, with high NLR 
having prognostic value for numerous disorders, such 
as cardiovascular disease [12], ischemic stroke [13], ce‐
rebral hemorrhage [14], and infectious diseases [15]. 
Furthermore, greater NLR is linked to a worse progno‐
sis in cancer patients [16]. These negative connections 
could be related to the roles of excessive inflammation 
and impaired immunological activity in the course of 
these disorders. As a result, NLR is a helpful indicator 
of vulnerability to subsequent brain injury and post-
stroke problems caused by increased neutrophils and 
decreased lymphocytes [17]. There is evidence that pa‐
tients with higher neutrophil levels and lower lympho‐
cyte levels had less favorable outcomes in ischemic and 
hemorrhagic strokes [18]. These results suggest that as‐
sessing the NLR in the CSF of patients with hydrocepha‐
lus may be especially important because inflammatory 
responses emerge to have a substantial impact on 
prognosis following EVD treatment. NLR may thus be 
predictive of death in hydrocephalus patients, as well 
as the general influence of inflammation and the im‐
mune system on health. A better understanding of the 
relationship between NLR and critical clinical factors on 
mortality rate would assist in elucidating the function 
of inflammation and immune response in the progres‐
sion and consequences of many diseases. While several 
studies have examined the predictive usefulness of NLR 
in terms of mortality rates because of cancer, cardiac 
disease, or stroke, no research has examined such rela‐
tionships in the context of hydrocephalus. The present 
study examines the connections of the NLR combined 
with significant clinical parameters with overall mortal‐
ity and prognosis in the CSF of patients with hydroceph‐
alus after EVD to provide more support information for 
hydrocephalus management.

2. Methods and Materials/Patients

Study design

We conducted a cross-sectional study on 40 consecu‐
tive hydrocephalus patients who underwent EVD inser‐
tions in the Neurosurgery Ward of Poursina Hospital in 
Rasht City, Iran, January 2020 and December 2022. The 
Ethics Committee of the hospital approved the study 
design. All patients or their families provided informed 
consent. In addition, a convenient means of sampling 
was selected in this research.

Patient selection

The inclusion criteria were as follows: 1) all patients 
with hydrocephalus on admission computed tomogra‐
phy (CT) who had EVD insertion and a CSF sample taken 
from the surgical site; 2) patient age ≥18 years; 3) the 
duration of intensive care unit (ICU) and hospitaliza‐
tion, as well as short-term mortality (death occurred 
before hospital discharge) were recorded; 4) first CSF 
specimen for laboratory tests 24 h after admission; 5) 
white blood cell count greater than 5 in CSF sample 
and cell index greater than 1 in case of intraventricular 
hemorrhage(IVH). 

In addition, the exclusion crieteria included the follow‐
ing items: 1) the lack of laboratory results for testing 24 
h after admission; 2) <4 days survival from the onset of 
symptoms; 3) individuals who had surgery before the 
24-h CT; 4) past cerebral abnormalities such as ischemia 
or hemorrhagic stroke; 5) immunodeficiency or autoim‐
mune disorders; 6) hematologic diseases and tumors; 
7) a history of systemic problems, such as uremia, liver 
cirrhosis, chronic heart or lung disease; 8) patients who 
met the inclusion criteria but had insufficient data on 
their charts. Medical records were used to obtain clinical 
data and imaging scans for each patient, and an online 
pathology registry was used to collect microbiology and 
biochemistry reports. The data from the patients were 
then retrospectively analyzed, and a variety of param‐
eters (detailed in the following sections) were evaluated.

EVD indications

The EVD was inserted on the clinically preferred side. 
The clinical indication determined the EVD height, which 
was opened to drainage when the intracranial pressure 
exceeded a threshold of 20 mmHg. Clinical manifesta‐
tions (such as mental status changes, lethargy, somno‐
lence, or pupillary alterations) and radiographic data in‐
dicating acute hydrocephalus (such as ventriculomegaly, 
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increase in temporal horn size, cisternal effacement, or 
sulcal effacement) were both considered when deciding 
whether or not to insert an EVD at the time of admis‐
sion. Lumbar drains were not employed to divert CSF.

Parameters in clinical and laboratory settings

Patients were divided into two groups: Subjects who 
were alive (n=20) and subjects who were dead (n=20). 
We analyzed demographic data (age, gender), clinical 
status (level of consciousness, underlying disease, type 
of primary disease, and history of COVID-19 and organ 
failure), and laboratory data (neutrophil, lymphocyte, 
and NLR) collected from CSF 24 h after admission. An 
autoanalyzer was used to measure the number of white 
blood cells, neutrophils, and lymphocytes. Our hospital 
laboratory equipment was used to conduct an absolute 
neutrophil count (ANC) and absolute lymphocyte count 
(ALC). NLR was then determined using the ANC/ALC 
methodology.

Statistical analysis

The demographic data is demonstrated in a table for‐
mat, with numerical parameters using the Mean±SD 
and categorical factors using numbers and percentages. 
The Fisher exact test for proportions, the Student t-test 
for continuous normally distributed data, and the Mann-
Whitney test for non-normally distributed continuous 
data were used for comparing baseline features in those 
who had or did not have an event of death before dis‐
charge. To generate the clinical significance of an odds 
ratio (OR) with 95% confidence intervals (CI), outcome 
factors were examined using adjusted and unadjusted 
data in simple and multiple logistic regression models. 
Multiple logistic regression models were employed to 
examine the relationship between mortality and clini‐
cally significant prognostic markers, such as age, under‐
lying disease, level of consciousness, and NLR. To dem‐
onstrate the predictive properties of various laboratory 
measurements related to mortality, receiver operating 
characteristic (ROC) curves were designed. The Binomi‐
al exact method was used to investigate the risk of mor‐
tality related to critical parameters and calculate the CI 
for the area under the curve (AUC). Furthermore, the 
DeLong et al. test was employed to determine the sta‐
tistically significant variations between curves. Mean‐
while, P<0.05 were used to determine statistical signifi‐
cance. All statistical analyses were carried out using IBM 
SPSS software, version 21.0, MedCalc software, version 
20.026, and GraphPad Prism software, version 9.0.0.

3. Results

We examined patient database entries from 2020 to 
2022. A total of 40 patients with hydrocephalus who 
were treated surgically with EVD insertion for CSF diver‐
sion on admission and met the inclusion criteria were 
found, for whom follow-up data were available. The 
baseline demographic and clinical characteristics of pa‐
tients diagnosed with acute symptomatic hydrocepha‐
lus are summarized in Table 1. As previously stated, 
the patients were separated into two groups: Dead 
(n=20) and alive (n=20). All patients were adults, with 
mean ages ranging from 22 to 78 years (51.68±16.34; 
P=0.038), and there were more males in the population 
(60%). Median glasgow coma score (GCS) on admission 
ranged from 3 to 13, with a Mean±SD of 7.10±2.39, and 
24 patients (60%) presented with a GCS<8. The median 
presentation GCS in alive patients was 8.85 (6-13) in 
comparison to 5.35 (3-8) in dead patients (P≤0.001). 
The median duration of ICU admission was 6.5 days, 
and that of overall hospital stay was 14 days; days with 
an EVD were not different between groups. Overall, 
mortality was 20 from 40 cases (50%). More than half 
of the patients had an intracranial hemorrhage (55%), 
whereas about a fifth had no history of COVID-19 or 
organ failure and underlying disease (82.5% and 80%, 
respectively). The mean NLR in our entire study was 
6.77±5.55. Patients who died showed greater NLRs than 
those who were alive, with median NLRs of 8.49 vs 5.05, 
respectively (P=0.027). 

ROC curve 

To assess the predictive potential of the selected indi‐
cators, ROC curves were provided. Actual NLR results on 
the value of markers on admission for hydrocephalus in‐
dicated an appropriate AUC (AUC=0.702, 95% CI, 0.537 
%, 0.836%; P=0.0171; Figure 1). The optimal NLR thresh‐
old value for predicting mortality rate was 8.88 with a 
sensitivity and specificity of 40% and 100%, respective‐
ly. In addition, the actual values of underlying disease 
(AUC=0.650; 95% CI, 0.483%, 0.794%; P=0.0126), con‐
sciousness level (AUC=0.946; 95% CI, 0.825%, 0.993%; 
P<0001), and age (AUC=0.674; 95% CI, 0.507%, 0.813%; 
P=0.0496) potentially predict mortality, while classified 
values of other clinical factors appear to be poor pre‐
dictors (Figure 1). Table 2 analyzes the relationship be‐
tween NLR and important factors in both patient groups 
who died and those who did not survive. The correlation 
of NLR with the level of consciousness was statistically 
significant (CI, 0.0761%, 0.411%; P=0.0044). In contrast, 
there was no significant difference in patients with NLR 
related to age and underlying disease. 
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NLR correlation with factors predicting mortality and 
clinical prognosis

To further analyze the effect of NLR on mortality, the 
dead group was divided based on age, GCS, and un‐
derlying disease. As shown in Figure 2, mortality in pa‐
tients with an admission GCS<8 was 90% (18/20) and 
was statistically greater than in those with a GCS>8. The 
level of consciousness varied from coma (n=4), semi‐
coma (n=14), and stupor (n=2). The GCS scores of coma, 
semicoma, and stupor were 3.5±0.28, 5.66±0.21, and 
8.5±0.5, respectively (Figure 2). The GCS scores did not 
differ significantly between coma and semicoma levels. 
GCS scores also increased as the consciousness level 
increased. NLR was significantly different in the three 
groups by GCS in coma and semicoma groups com‐
pared to the stupor group (P<0.05). Univariate analysis 
revealed that NLR in age and underlying disease was not 
significantly correlated with mortality. 

Logistic regression

Logistic regression analysis was used to predict unfa‐
vorable results using significant univariate characteris‐
tics (Table 3). The level of consciousness on admission 
was associated with mortality (OR=0.23; 95% CI, 0.08 %, 
0.65%; P=0.005). According to these regression analy‐
ses, there were no significant indicators for sex, age, or 
overall NLR. We then characterized dead patients based 
on the rate of NLR (>8.88 vs <8.88) in the CSF. A total 
of 10 (50%) patients had an NLR<8.88, and 50(50%) 
>8.88 (P<0.0001; Figure 3). The median GCS in individu‐
als with NLR<8.88 was 5.88, compared to 4.58 in those 
with NLR>8.88. In addition, the number of patients with 
GCS<8 was higher than the GCS<8 group. The NLR>8.88 
group had a greater mortality rate in terms of coma 
(30%) and semicoma (70%) (P<0.0001; Table 4).

Table 1. Demographics and clinical characteristics of the patients with hydrocephalus treated with EVD

Variables
Mean±SD/No. (%)

P
Sample (n=40) Died (n=20) Alive (n=20) 

Age 51.68±16.34 56.25±17.63 47.10±13.90 0.038

Male 24(60) 11(55) 13(65) 0.519

level of consciousness 7.10±2.39 5.35±1.31 8.85±1.90 <0.001

COVID-19-infected
Yes 7(17.5) 5(25) 2(10)

0.407
No 33(82.5) 5(25) 2(10)

History of organ 
failure

Yes 7(17.5) 5(25) 2(10)
0.407

No 33(82.5) 15(75) 18(90)

Underlying disease
Yes 8(20) 7(88) 1(12)

0.144
No 32(80) 13(41) 19(59)

Type of primary 
disease

Intracranial hemor‐
rhage 22(55) 12(55) 10(45)

0.162

Brain tumor 8(20) 4(50) 4(50)

Idiopathic 5(12.5) 2(40) 3(60)

Trauma 2(5) 2(100) 0

Congenital disease 3(7.5) 0 3 (100)

Neutrophil 88±224.37 131±305.77 45±31.84 0.196

Lymphocyte 47.05±226.35 82±312 13±16.14 0.598

NLR 6.77±5.55 8.49±6.53 5.05±3.78 0.027

SD: Standard deviation; NLR: Neutrophil-to-lymphocyte ratio.�

Modaenama M, et al. Studying the Relationship Between CSF NLR and Prognosis of Hydrocephalus Patients. Iran J Neurosurg. 2025; 11:E14.

https://irjns.org/


2025, Volume 11, E14

6

Figure 1. ROC curve analysis for the value of predictor variables for mortality in patients with hydrocephalus

Table 2. Multivariate correlation analysis of predictors associated with NLR in hydrocephalus patients treated with external ventricular

Drain

Variables Difference Between 
Areas Standard Error 95% CI Z Statis-

tics
Significance 

Level

Underlying 
disease~NLR 0.0525 0.106 -0.156-0.261 0.493 0.6218

Level of 
consciousness~NLR 0.244 0.0855 0.0761-0.411 2.850 0.0044

Age~NLR 0.0288 0.123 -0.212-0.270 0.234 0.8151

�
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4. Discussion

To the best of the authors’ knowledge, this is the first 
study to investigate the connections between high NLR 
and GSC scores in the CSF of hydrocephalus patients fol‐
lowing EVD. In this study, we discovered that a higher 
NLR combined with GSC score was substantially linked 
with death, implying that neutrophils and lymphocytes 
may play a role in the poor prognosis. In the first step, 
we identified many risk variables for acute symptomatic 
hydrocephalus after EVD. According to our univariate 
analysis, the affected patients had a mean age of 51.6 
years, with 60% being men. The average age and gen‐

der of patients can be important determinants of mor‐
tality. According to the findings, comparing the average 
ages of patients with mortality and surviving patients 
revealed a significant difference (P=0.038), and the av‐
erage age of patients with mortality was higher. At older 
ages, the increase in the probability of mortality in men 
appears to be inversely proportional to the increase 
in the probability of discharge, implying that men die 
more frequently in hospitals [19]. We examined several 
of these cases, which included primary disease, a histo‐
ry of COVID-19 infection, and organ failure. The findings 
revealed that more than 80% of the patients did not 
report a history of organ failure or even the COVID-19 

Figure 2. The effect of NLR on the mortality rate based on age, GCS, and underlying disease in dead patients with hydrocephalus after EVD 

Notes: The data showed that mortality in dead patients with an admission GCS<8 was 90% and was statistically greater than in those with 
a GCS>8. The NLR was significantly different in the three groups by GCS in the coma and semicoma groups compared to the stupor group 
(*P<0.05).

Table 3. Multivariate logistic regression analysis including factors associated with mortality rate in patients with hydrocephalus treated 
with EVD

Variables Significance Level SE OR (95% CI)

Age 0.970 0.06 1.002 (0.89-1.13) 

Level of consciousness 0.005 0.52 0.23 (0.08-0.65)

NLR 0.646 0.14 1.07 (0.8-1.42)

Abbreviations: CI: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; SE: Standard error; OR: Odds ratio.�
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virus. To some extent, these circumstances can mitigate 
the disturbing effect of organ failure on patient mortal‐
ity. Furthermore, there was no significant difference in 
gender between those who died and those who were 
alive. A similar study found that the general connection 
between age and premature death is similar in men and 
women. James et al. examined the relationship between 
the age and gender of people with cerebral hemorrhage 
and concluded that as men and women age, the rate of 
in-hospital death increases slightly more in men than in 
women [20].

We also discovered that the average level of con‐
sciousness in patients who died was lower than in those 
who were alive (P<0.001). The GCS was the initial ob‐
jective scoring index used to evaluate patients’ levels 
of consciousness. According to Teasdale et al. there 
was a link between GCS score measurement and clini‐
cal outcomes, demonstrating a link between a drop in 
GCS score and an increase in mortality [21]. A low GCS 
score is an independent predictor of poor prognosis in 
hemodialysis patients with subarachnoid hemorrhage 
and traumatic intracranial hemorrhage [22-24]. The 
GCS score can independently predict hospital mortality; 

Table 4. GCS scores corresponding to various levels of consciousness in patients with low and high nlrs on mortality rate

Level of Consciousness
Mean±SD 95% CI

Significance Level
GSC Scores Lower Upper

NL
R<

8.
88

Coma (n=1) 3.5±0.57 -5.033 4.833 >0.9999

Semicoma (n=8) 5.66±0.81 -5.671 1.137 0.3297

Stupor (n=1) 8.5±0.70 -11.56 1.359 0.1793

NL
R>

8.
88 Coma (n=3) 3.5±0.57 5.145 15.01 <0.0001

Semicoma (n=7) 5.66±0.81 4.507 11.32 <0.0001

NLR: Neutrophil-to-lymphocyte ratio; GSC: Glasgow coma scale.�

Figure 3. The evaluation of low and high NLR with mortality rate in the dead patients with hydrocephalus after EVD

Notes: The data showed that the level of NLR was high in the CSF of the dead patient treated with an EVD, so that NLR>8.88 was signifi‐
cantly higher than NLR<8.88 (****P<0.0001).
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nonetheless, GCS has limitations as a subjective rating 
tool. For instance, measuring the GCS score in individu‐
als who are sedated, on a ventilator, have jaw and face 
trauma, or are under the influence of illegal substances 
or alcohol is problematic [25].

NLR is a biomarker that indicates the equilibrium of 
the two components of the immune system. It is deter‐
mined as a simple ratio of the count of neutrophils to 
lymphocytes in the circulatory system. This ratio is also 
computed in the CSF. NLR may be a predictor of overall 
population mortality, as well as the impact of inflamma‐
tion and immunology on health [26]. Our findings re‐
vealed that the average NLR in patients who died was 
considerably higher than in survivors (P=0.027). The first 
indication of cerebral hemorrhage is blood flow stagna‐
tion, which can be detected both within and surround‐
ing the hematoma. Following that, the blood-brain 
barrier is disrupted. Endothelial cells, as well as dying 
neurons and glial cells, release a large number of inflam‐
matory molecules [27, 28]. The first inflammatory cells 
to enter the site are neutrophils, followed by the acti‐
vation of lymphocytes as adaptive immune system cells 
[29]. Therefore, a deeper knowledge of the association 
between NLR or other clinical indicators and overall 
mortality in the CSF provides insight into the function 
of inflammation and immunity in disease development 
and prognosis. NLR could be used to track patients 
who have undergone EVD and predict their progno‐
sis and mortality [30]. As a result, we investigated the 
likelihood of using the biomarkers independent of the 
thresholds reported in the study. For this purpose, re‐
gression analysis as well as ROC curves were used. The 
ROC curve contrasts the ability of a true-positive rate 
(sensitivity) and a false-positive rate (specificity) to pre‐
dict a dichotomous result over a range of values. In our 
findings, the levels of age, NLR, underlying disease, and 
level of consciousness were associated with the mortal‐
ity rate and, as continuous factors, indicated a better 
AUC. Several studies have been conducted to evaluate 
the NLR function as a predicted inflammatory biomark‐
er in the mortality rate after EVD [30-32]. Our study was 
the first to investigate the major characteristics linked 
with NLR for death rate in patients with hydrocepha‐
lus. The present findings revealed that the connection 
between NLR and the level of consciousness (coma vs 
stupor group) was much higher in the dead group. A 
retrospective cohort study revealed that ANC, ALC, the 
presence of hydrocephalus, GCS score at admission, and 
hematoma volume all had an independent relationship 
with admission NLR in intracerebral hemorrhage [33]. 
In this regard, logistic regression is used to assess the 

probabilities of an outcome while controlling for certain 
clinical variables. Our multivariable analysis indicated 
links between NLR, age, and level of consciousness with 
the mortality rate. In an adjusted multivariate logistic 
regression model, only the level of consciousness re‐
mained statistically significant after accounting for these 
unique variables. These findings support the concept 
that hydrocephalus is a complex disease. Although a 
causative association cannot be shown in this research, 
some of these parameters appear to be relevant to the 
progression of acute hydrocephalus. The relationship 
between these measures, independent of the exact 
etiopathogenesis, provides clinically relevant details for 
the management of hydrocephalus after EVD. Follow‐
ing that, we discovered that having an NLR>8.88 with 
a GCS score <8 (coma and semicoma) was associated 
with higher mortality and a worse prognosis after EVD 
in hydrophilic patients. Other studies revealed the same 
finding; however, many of them did not show that the 
treatment approach affected the outcome. According to 
one study, individuals who had intracranial aneurysms 
and an increased NLR on admission had a greater in-
hospital mortality rate, although there were inadequate 
statistical measures to control for relevant variables 
[34]. A further investigation discovered that NLR can 
be used as an independent biomarker to predict clinical 
results following aneurysm rupture. However, age was 
not included in the multivariate regression model [35]. 
Menon et al. conducted a similar investigation. In this 
work, the NLR was investigated as a new prognostic pre‐
dictor following intracerebral hemorrhage. Higher NLR 
on admission was independently connected to death 
and 90-day prognosis following intracerebral hemor‐
rhage [36]. Wang et al. discovered a link between NLR 
levels and 30-day mortality by observing that patients 
who died the next day after admission had considerably 
greater NLR than survivors [37]. They suggested 7.35 as 
the best NLR threshold value for distinguishing survivors 
from non-survivors and confirmed their findings in a 
second study, which determined NLR>7.35 to be a cred‐
ible indicator of worse short-term prognosis. Wang et al. 
in another study found that the increasing trend of NLR 
over one week was an additional independent indicator 
of death [38]. According to Gökhan et al. admission NLR 
values in dead subjects with acute cerebrovascular epi‐
sodes were considerably greater than in survivors [39]. 
Furthermore, a cohort revealed that the mean NLR in 
those who worsened was considerably greater, and the 
optimum threshold NLR in the study was 8.2 [36]. Our 
findings also support an association between NLR>8.88 
paired with a GCS score <8 and a poor prognosis of hy‐
drocephalus after EVD. This could be useful in assess‐
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ing the outcomes of hydrophilic individuals treated 
with EVD in clinical settings. However, more research is 
needed to determine whether close monitoring of cer‐
tain subsets of patients with hydrocephalus who have 
higher NLR can result in better outcome measures.

5. Conclusion

Admission NLR is a simple, inexpensive, and accurate 
predictor of outcomes following EVD in hydrocephalus 
patients. A high CSF NLR is related to an increased possi‐
bility of death and an unfavorable outcome. Admission 
NLR>8.88 considerably enhances predicting results after 
EVD when combined with a GSC score <8. More inves‐
tigation is required to determine the precise processes 
by which CSF indicators, in conjunction with NLR, affect 
the prognosis of hydrocephalus patients following EVD.

Limitations

This study faced some limitations that should be ad‐
dressed when interpreting the results. First, because 
this was a retrospective, single-center study, systematic 
bias was unavoidable. Second, this study did not ex‐
amine additional inflammation-related biomarkers like 
C-reactive protein and interleukin-6. As a result, while 
multivariable logistic analysis was used to adjust for the 
confounding parameters, undetected factors may also 
have an impact on our final results. Third, due to the 
restrictions of retrospective data, we were unable to 
investigate the dynamic NLR, which may have resulted 
in inevitable bias. More studies with bigger samples 
may be required to find meaningful effects of dynamic 
changes in the NLR on the outcomes of hydrocephalus 
patients. Serial trends in NLR may also be a stronger pre‐
dictor of outcome than a single independent score on 
admission. Our study demonstrated useful information 
on the predictive efficacy of NLR as a low-cost approach, 
which may lead to additional research in this field.
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