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Background: Patients with intraventricular hemorrhage (IVH) are at a higher risk 
of developing hydrocephalus and often require external ventricular drainage or 
long-term ventriculoperitoneal shunt surgery.

Objective: To investigate whether cerebrospinal fluid drainage in patients with 
IVH due to aneurysmal subarachnoid hemorrhage (aSAH) reduces the incidence 
of chronic hydrocephalus.

Method: A retrospective analysis was conducted on patients with aSAH treated 
at our hospital between January 2020 and December 2022. The first analysis 
compared patients with and without IVH, while the second analysis compared 
IVH patients with and without chronic hydrocephalus. The third analysis 
compared IVH patients who underwent in different drainage methods which is 
lumbar drainage (LD) or external ventricular drainage (EVD). The primary outcome 
measure was the incidence of chronic hydrocephalus.

Result: Of the 296 patients hospitalized with aSAH, 108 (36.5%) had IVH, which 
was associated with a significantly higher incidence of chronic hydrocephalus 
compared to patients without IVH (49.1% vs. 16.5%, p  <  0.001). Multivariate logistic 
regression analysis showed that IVH was independently associated with the 
formation of chronic hydrocephalus (OR: 3.530, 95% CI: 1.958–6.362, p  <  0.001). 
Among the 108 IVH patients, 53 (49.1%) developed chronic hydrocephalus. 
Multivariate logistic regression analysis revealed that the Hunt Hess grade 
at admission (OR: 3.362, 95% CI: 1.146–9.863, p  =  0.027) and postoperative 
cerebrospinal fluid drainage (OR: 0.110, 95% CI: 0.036–0.336, p  <  0.001) were 
independent risk factors for the development of chronic hydrocephalus in IVH 
patients. Among all IVH patients who underwent cerebrospinal fluid drainage, 
45 (75%) received continuous lumbar puncture drainage, and 15 (25%) received 
external ventricular drainage. Univariate analysis did not show a statistically 
significant difference between the two groups in terms of postoperative chronic 
hydrocephalus (p  =  0.283). However, multivariate logistic regression analysis 
suggested that the drainage methods of LD and EVD might be associated with 
the development of chronic hydrocephalus.

Conclusion: The presence of IVH increases the risk of chronic hydrocephalus 
in patients with aSAH, and postoperative cerebrospinal fluid drainage appears to 
reduce this risk. The specific effects of lumbar puncture drainage and ventricular 
drainage on the incidence of chronic hydrocephalus require further investigation.
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Introduction

Aneurysmal subarachnoid hemorrhage (SAH) is a devastating 
disease that causes extensive bleeding into the subarachnoid space in 
a short period, often complicated by the diffusion of blood into the 
ventricular system. Approximately 30%–70% of cases of aneurysmal 
subarachnoid hemorrhage (aSAH) are accompanied by 
intraventricular hemorrhage (IVH). Previous studies have shown a 
close relationship between IVH and the formation of hydrocephalus 
in patients with aSAH (1–3).

Hydrocephalus is a common complication that can occur after an 
aneurysmal subarachnoid hemorrhage (aSAH), which refers to the 
accumulation of excessive cerebrospinal fluid in the ventricular system 
of the brain. The incidence rate of hydrocephalus in patients with 
aSAH varies between 6% and 67% (3–7). The development of 
hydrocephalus after aSAH is categorized into three stages based on the 
time elapsed since the onset of the hemorrhage: acute (0–3 days), 
subacute (4–13 days), and chronic (1–14 days before aSAH) (6, 8). 
While some patients may have self-limiting acute hydrocephalus, 
others may experience significant ventricular dilation and increased 
pressure within the brain, necessitating cerebrospinal fluid drainage 
to alleviate symptoms (9). The exact mechanism by which acute 
hydrocephalus progresses to chronic communicating hydrocephalus 
following subarachnoid hemorrhage is not yet fully understood. It is 
also important to note that not all patients with chronic hydrocephalus 
necessarily experience acute hydrocephalus. Several studies have 
implicated multiple mechanisms in the development of hydrocephalus 
after aSAH, including changes in cerebrospinal fluid dynamics, 
obstruction of arachnoid granules by blood products, and adhesions 
within the ventricular system (10). Numerous factors have been found 
to be  associated with the occurrence of hydrocephalus after 
subarachnoid hemorrhage, including advanced age, hypertension, 
intraventricular hemorrhage, diffuse subarachnoid hemorrhage, 
aneurysms located in the posterior circulation, focal ischemic damage, 
ventricular enlargement upon admission, poor Hunt, Hess, and Fisher 
grading, symptomatic vasospasm, aneurysm rebleeding, and female 
gender (11). Van Gijn et al. reported that the extent of intraventricular 
hemorrhage is correlated with the development of hydrocephalus, 
whereas the location of cerebral hemorrhage and aneurysm rupture is 
not (12). Furthermore, in the absence of intraventricular hemorrhage, 
a higher volume of pool blood, particularly surrounding the brain, 
poses a risk factor for hydrocephalus. In summary, hydrocephalus can 
occur as a complication of aneurysmal subarachnoid hemorrhage. The 
development of hydrocephalus after aSAH involves multiple 
mechanisms, and numerous factors have been associated with its 
occurrence. Further research is required to fully understand the 
pathogenesis and risk factors involved, as well as to develop effective 
preventive and management strategies for hydrocephalus in patients 
with aSAH.

The removal of bloody cerebrospinal fluid from the subarachnoid 
space and cistern is crucial in the treatment of hydrocephalus 

associated with aneurysmal subarachnoid hemorrhage (aSAH). Early 
detection and placement of cerebrospinal fluid drainage devices can 
significantly improve functional outcomes and prevent further 
deterioration of function (13). Currently, the most commonly used 
methods for continuous drainage of bloody cerebrospinal fluid are 
external ventricular drainage (EVD) and lumbar spinal drainage (LD). 
The choice between EVD and LD depends on the clinical condition of 
the patient, with EVD typically preferred for patients with acute 
hydrocephalus or large amounts of intraventricular hemorrhage 
(IVH) (14). However, there is still no definitive standard for 
determining when to use LD or EVD after aSAH, and the optimal 
treatment method remains a subject of controversy and further 
investigation (15, 16). In particular, there is limited research on the 
differences between these two drainage methods in reducing the 
formation of hydrocephalus in patients with both aSAH and 
IVH. Therefore, the aim of this study is to identify the risk factors for 
hydrocephalus formation in aSAH patients with IVH and to compare 
the effects of EVD and LD in reducing the development of 
chronic hydrocephalus.

Methods

Patient identification and selection

We reviewed all patients with endovascular treatment between 
January 2020 to January 2022 in our institution. Inclusion criteria: 
aged 18–80 years; aSAH diagnosed by computed tomography (CT) or 
lumbar puncture in the medical center; aneurysm confirmed as the 
cause of SAH on digital subtraction angiography (DSA), three-
dimensional CT angiography, or magnetic resonance angiography, 
which was the cause of the subarachnoid hemorrhage; endovascular 
therapy was performed. Exclusion criteria: intracranial aneurysm 
rupture caused by trauma and unexplained subarachnoid hemorrhage; 
microsurgical clipping surgery or conservative treatment; patients lost 
to follow-up.

Clinical parameters

The baseline data of patients were recorded, including gender, age, 
smoking history, drinking history, hypertension history, diabetes 
history, coronary heart disease history, aneurysm rupture history, 
Hunt Hess classification, and GCS score at admission; Imaging 
features of aneurysms, such as aneurysm size (maximum diameter) 
and location; Whether there is postoperative cerebrospinal fluid 
drainage and the drainage method (continuous lumbar drainage or 
external ventricular drainage); Postoperative complications such as 
pulmonary infection, intracranial infection, hydrocephalus, and 
delayed cerebral ischemia (DCI). According to the imaging data at the 
time of discharge and the head CT scan followed up for 3 months after 
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discharge, patients with hydrocephalus and those who require 
temporary or permanent intraventricular drainage catheters are 
considered to have chronic hydrocephalus. The interviewer turned a 
blind eye to this situation. DCI is defined as “cerebral infarction 
confirmed by CT or MRI or confirmed by autopsy after excluding 
surgical related infarction.” IVH is defined as Fisher Rating 
IV. Whether to perform cerebrospinal fluid drainage and what 
drainage method to use are all decided by the attending neurosurgeon. 
The interviewer was blinded to the condition.

This study has been approved by the Ethics Committee of The 
Affiliated Zhuzhou Hospital of Xiangya Medical College, Central 
South University.

Outcome assessment

The primary outcome is chronic hydrocephalus. Hydrocephalus 
is defined as excessive cerebrospinal fluid in the ventricular system. 
The diagnosis of hydrocephalus is based on clinical manifestations and 
neuroimaging examinations. Hydrocephalus may manifest as 
headache, nausea, vomiting, coma, and/or gradual slowing of 
knowledge and motor activity, gait ataxia, cognitive impairment, and 
urinary incontinence (17). The diagnostic neuroimaging examination 
of hydrocephalus is calculated based on CT scans, the width of the 
third ventricle, and the value index of the internal media (CMI = B/A, 
where A is the width of the outer layer of the skull and B is the width 
of the lateral ventricles). CMI value higher than 0.25 and a third 
ventricular width greater than 7 millimeters are considered 
pathological (18). The diagnosis of hydrocephalus was confirmed by 
radiology and diagnosed by two experienced surgeons.

Data analysis

Statistical analysis using the SPSS 26.0 software (IBM, Armonk, 
NY). The measurement data conforming to the normal distribution is 
expressed as x  ± s, the measurement data that is not normally 
distributed is expressed as the median and quartile [M (P25, P75)], 
and the comparison between groups is performed by t-test or rank 
sum test. Enumeration data were expressed as the number of cases and 
percentages [n (%)], and comparisons between groups were performed 
using the χ2 test or Fisher’s exact test. Divide patients into three queues 
for analysis. The first analysis compared patients with and without 
IVH, with the formation of chronic hydrocephalus as the dependent 
variable and the parameter p < 0.1  in the baseline data as the 
independent variable. Multivariate logistic regression analysis was 
used to adjust for inter-group differences in patients with or without 
IVH. The second analysis compared IVH patients with or without 
chronic hydrocephalus, with the presence or absence of chronic 
hydrocephalus as the dependent variable and the p < 0.1 parameter in 
the baseline data as the independent variable. Multivariate logistic 
regression analysis was used to analyze the influencing factors of 
chronic hydrocephalus formation in IVH patients. Finally, the third 
analysis compared the differences between groups of IVH patients 
with different cerebrospinal fluid drainage methods, and used 
multivariate logistic regression to analyze the influencing factors of 
chronic hydrocephalus formation in IVH patients with different 

drainage methods. p < 0.05 is defined as statistically significant 
(Figure 1).

Results

Baseline characteristics of the study cohort 
with or without intraventricular 
hemorrhage

A total of 296 hospitalized patients with aSAH were included in 
the study. As shown in Table 1, the incidence of IVH is 36.5% (n = 108). 
All IVH patients (n = 108) have a Fisher score of IV. IVH is associated 
with a higher incidence of hydrocephalus (49.1% vs. 16.5%, p < 0.001). 
There were statistically significant differences between the two groups 
in smoking history (p = 0.041), GCS score at admission (p < 0.001), 
Hunt Hess grade at admission (p = 0.001), postoperative cerebrospinal 
fluid drainage (p = 0.009), pulmonary infection (p < 0.001), and 
hydrocephalus (p < 0.001).

Intraventricular hemorrhage is an 
independent risk factor for the formation 
of chronic hydrocephalus

Multivariate logistic regression analysis was used to adjust for the 
impact of differences between two groups of patients. The covariates 
in the multivariate model include smoking history, GCS score at 
admission, Hunt Hess grade at admission, pulmonary infection, 
intracranial infection, cerebrospinal fluid drainage, secondary 
ischemic stroke, and IVH. In multivariate logistic regression analysis, 
IVH was an independent risk factor for the development of chronic 
hydrocephalus (p < 0.001; Table 2).

Intraventricular hemorrhage and chronic 
hydrocephalus

The study cohort included 108 patients with intraventricular 
hemorrhage, as shown in Table  3: 53 IVH patients had chronic 
hydrocephalus, and factors related to the formation of chronic 
hydrocephalus included GCS score at admission (p = 0.002), Hunt 
Hess grade at admission (p < 0.001), and postoperative cerebrospinal 
fluid drainage (p = 0.013).

Factors influencing the formation of 
hydrocephalus in patients with 
intraventricular hemorrhage

Using logistic regression equations to identify the influencing 
factors of chronic hydrocephalus formation in patients with 
intraventricular hemorrhage, factors with a p value of less than 0.1 
were included in the multivariate logistic regression equation, 
including gender, GCS score at admission, Hunt Hess grade at 
admission, and postoperative cerebrospinal fluid drainage. Hunt Hess 
grading at admission and postoperative cerebrospinal fluid drainage 
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are independent risk factors for the formation of chronic  
hydrocephalus.

IVH patients with lumbar drainage or 
external ventricular drainage

IVH patients who underwent postoperative cerebrospinal fluid 
drainage were compared according to different drainage methods. 
Patients who underwent lumbar drainage and ventricular drainage did 
not show statistical significance in the formation of chronic 
hydrocephalus (p = 0.283).

Different drainage methods and the 
formation of chronic hydrocephalus

Although there was no statistically significant difference in the 
effectiveness of different cerebrospinal fluid drainage methods in 
reducing the formation of chronic hydrocephalus in patients with 
intraventricular hemorrhage during univariate analysis, and there was 
no significant difference in postoperative complications such as 
intracranial infection and DCI. However, when we included possible 
influencing factors and cerebrospinal fluid drainage methods in a 
multivariate logistic regression model, we found significant differences 
in GCS scores (p = 0.022) and the formation of chronic hydrocephalus 
(p = 0.003) between the two groups of patients at admission.

Discussion

Chronic hydrocephalus after aSAH makes patients prone to worse 
neurological outcomes and cognitive impairment (3). The formation 
of hydrocephalus can affect prognosis, however, in current clinical 
practice, the accumulation of blood in the ventricular system is mainly 
used to assess the risk of cerebral vasospasm and DCI, often neglecting 
the risk of hydrocephalus formation. However, multiple studies have 
shown that the amount of blood in the cerebral cistern, ventricle, or 
brain parenchyma after subarachnoid hemorrhage, as well as acute 
hydrocephalus, is associated with the formation of chronic 
hydrocephalus in patients with aSAH (19, 20). Although the 
occurrence of hydrocephalus after aSAH has been well studied and 
some preventive measures have been taken, its potential risk factors 
are still unclear (21–23). Therefore, it is necessary to study the 
relationship between patients with intraventricular hemorrhage and 
the formation of chronic hydrocephalus, as well as how to reduce the 
incidence of chronic hydrocephalus.

Previous studies have shown that IVH is associated with 
hydrocephalus in patients with aSAH (24–26). The first analysis of this 
study found that the presence or absence of IVH at admission had a 
significant impact on the formation of hydrocephalus, with 108 out of 
296 patients experiencing intraventricular hemorrhage (Table 1). The 
incidence of hydrocephalus in patients with intraventricular 
hemorrhage was almost three times higher than in patients without 
intraventricular hemorrhage (49.1% vs. 16.5%, p < 0.001). In contrast, 
patients with IVH have a more severe condition at admission (GCS 

FIGURE 1

Flow diagram.
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score, p < 0.001; Hunt Hess grade, p = 0.001), which may be related to 
some patients experiencing acute hydrocephalus at admission, as IVH 
makes the cerebrospinal fluid circulation more easily blocked and the 
proportion of patients experiencing acute hydrocephalus is higher. 
According to our data, there is a difference in the proportion of 

postoperative cerebrospinal fluid drainage between the two groups of 
patients (55.6% vs. 39.9%, p = 0.009). This is also because the severity 
of the admitted patients’ condition is not consistent. We asked the 
neurosurgery surgeon, whether the patient should use cerebrospinal 
fluid drainage mainly depends on whether the patient has acute 
hydrocephalus, the degree of hydrocephalus, and the level of 
intracranial pressure. In the multivariate logistic regression equation, 
we  adjusted for the impact of inter-group differences on the two 
groups of patients. Based on the results of statistical analysis, 
we believe that IVH is an independent risk factor for the formation of 
hydrocephalus in aSAH patients (OR = 3.530 [1.958–6.362], p < 0.001). 
The research results of Xu Hao et al. (27) also confirm this point.

The second analysis compared the risk factors for chronic 
hydrocephalus in all IVH patients. A total of 53 patients developed 
hydrocephalus. When comparing patients with and without 
hydrocephalus, we  found that postoperative cerebrospinal fluid 
drainage had a significant effect on reducing the occurrence of 
hydrocephalus (p = 0.013). As shown in Table 3, among patients with 
hydrocephalus, 30 patients did not undergo postoperative 
cerebrospinal fluid drainage, while 23 patients underwent 
postoperative cerebrospinal fluid drainage (56.6% vs. 43.4%). Among 
patients without hydrocephalus, only 18 patients did not undergo 
postoperative cerebrospinal fluid drainage, and 37 patients underwent 
postoperative cerebrospinal fluid drainage (32.7% vs67.3%), There is 
a significant difference between the two (p = 0.013). Other factors 
related to the formation of hydrocephalus include GCS score 
(p = 0.002) and Hunt Hess grade (p < 0.001), indicating that the 
severity of the condition at admission is also related to the formation 
of hydrocephalus. From Table 4, it can be seen that HH grading and 
postoperative cerebrospinal fluid drainage an independent influencing 
factors for the formation of hydrocephalus in patients with 
intraventricular hemorrhage. The higher the HH rating at admission, 
the poorer the patient’s state of consciousness. The reasons for poor 
consciousness may be related to many factors, but acute hydrocephalus 
is the one that cannot be  ignored. In this study, postoperative 
cerebrospinal fluid drainage (OR = 0.110 [0.036–0.336], p < 0.001) was 
significantly helpful in reducing the formation of chronic 
hydrocephalus, effectively clearing blood mixed in cerebrospinal fluid 
and blood degradation products, thereby improving patient prognosis. 
Previous research results have also confirmed this, and the safety and 
effectiveness of CSF drainage from the lumbar cistern through lumbar 
drainage or continuous lumbar puncture (LP) have been confirmed 
for patients with mild HH levels at admission (28–30). For low-grade 
aSAH patients presenting with acute hydrocephalus, CSF drainage 
through ventricular drainage (EVD) has been proven to be necessary, 
effective, and safe (28). However, the actual advantages of early lumbar 
puncture cerebrospinal fluid drainage compared to EVD in aSAH 
patients still need to be determined, which hinders its widespread 
application. Based on the results of the second analysis in this study, 
we  believe that for patients with intraventricular hemorrhage, 
regardless of the presence of acute hydrocephalus or increased 
intracranial pressure, cerebrospinal fluid drainage (at least lumbar 
puncture cerebrospinal fluid drainage) should be performed, which 
helps to reduce the risk of chronic hydrocephalus in patients.

The third analysis compared lumbar drainage with extraventricular 
drainage in patients with intraventricular hemorrhage. As shown in 
Table  5, the admission condition of patients receiving external 
ventricular drainage is more severe than that of patients receiving 

TABLE 1  Comparison of demographic, clinical, aneurysm, and treatment 
characteristics between patients with and without intraventricular 
hemorrhage.

IVH

Characteristic YES 
(n  =  108)

NO 
(n  =  188)

P-value

Age, years, mean (SD) 60.9 (10.4) 59.7 (9.2) 0.307

Female, n (%) 72 (66.7) 129 (68.6) 0.729

Smoking history, n (%) 7 (6.5) 27 (14.4) 0.041

History of drinking 

alcohol, n (%)
10 (9.3) 18 (9.6) 0.929

Hypertension, n (%) 69 (63.9) 108 (57.4) 0.277

Heart disease, n (%) 8 (7.4) 21 (11.2) 0.294

Diabetes, n (%) 15 (13.9) 17 (9.0) 0.196

History of aSAH, n (%) 6 (5.6) 10 (5.3) 0.931

GCS score, M (P25, P75) 15 (10,15) 15 (15,15) <0.001

Hunt Hess grade, M (P25, 

P75)
2 (1,3) 2 (1,2) 0.001

Aneurysm location 0.961

 � Anterior circulation, n 

(%)
91 (84.3) 158 (84.0)

 � Posterior circulation, n 

(%)
17 (15.7) 30 (16.0)

Aneurysm size (mm), 

mean (SD)
5.2 (1.7) 5.1 (2.0) 0.724

Aneurysm treatment 

time
0.550

 � <24 (h), n (%) 75 (69.4) 119 (63.3)

 � 24–72 (h), n (%) 26 (24.1) 53 (28.2)

 � >72 (h), n (%) 7 (6.5) 16 (8.5)

External cerebrospinal 

fluid (CSF)
0.009

 � No interventions, n 

(%)
48 (44.4) 113 (60.1)

 � LD or EVD, n (%) 60 (55.6) 75 (39.9)

Pulmonary infection, n 

(%)
51 (47.2) 36 (19.1) <0.001

Intracranial infection, n 

(%)
14 (13.0) 12 (6.4) 0.054

Hydrocephalus, n (%) 53 (49.1) 31 (16.5) <0.001

DCI, n (%) 6 (5.6) 3 (1.6) 0.078

Length of stay, mean (SD) 14.4 (7.3) 16.3 (11.5) 0.129

The value in bold indicates p < 0.1. aSAH, aneurysmal subarachnoid hemorrhage; IVH, 
intraventricular hemorrhage; SD, standard deviation; EVD, external ventricular drainage; 
LD, lumbar drainage; DCI, delayed cerebral ischemia; GCS, Glasgow Coma Scale. Divide 
patients into two groups based on the presence or absence of IVH. Groups were compared 
using the χ2 test, Fisher exact test, or Student t-test.
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lumbar drainage (GCS score, Hunt Hess grade), because the choice of 
drainage method is determined by the attending neurosurgery 
physician, mainly depending on the patient’s intracranial pressure and 
whether there is acute hydrocephalus. For patients with acute 
hydrocephalus before surgery, external ventricular drainage is used, 
which can increase intracranial pressure, However, patients without 
acute hydrocephalus often use lumbar puncture for continuous 
drainage. We  found that in univariate analysis, there was no 
statistically significant difference in the effectiveness of these two 
drainage methods in reducing the formation of chronic hydrocephalus 
in patients with intraventricular hemorrhage, and there was no 
significant difference in postoperative complications such as 
intracranial infection and DCI. However, when we included possible 
influencing factors and cerebrospinal fluid drainage methods in a 
multivariate logistic regression model, we found significant differences 
in GCS scores and the formation of chronic hydrocephalus between 
the two groups of patients at admission. The research results of Adams 
et  al. (31) show that EVD, acute hydrocephalus upon admission, 
meningitis, and age are independent risk factors for the formation of 
hydrocephalus. In our study, the third analysis used a logistic 
regression model to adjust for the effects of smoking, admission GCS 
score and HH grade, and the formation of chronic hydrocephalus. The 
results showed that there was a significant difference between the two 
groups of patients in GCS score and the formation of chronic 
hydrocephalus. We expected the difference in GCS score, as patients 
who used EVD drainage developed acute hydrocephalus before 
surgery. Compared to patients with continuous lumbar drainage, their 
condition at admission is more severe and their condition is worse 
(Table 6). EVD and lumbar puncture drainage were not statistically 
significant in univariate analysis, but when we used logistic regression 
models to control for the effects of other factors, we found significant 
differences in the formation and drainage methods of chronic 
hydrocephalus. In our study, external ventricular drainage was 
superior to continuous lumbar drainage. Among the 15 patients who 
underwent external ventricular drainage, 4 patients developed chronic 
hydrocephalus, and among the 45 patients who underwent lumbar 
puncture drainage, 19 patients developed chronic hydrocephalus 
(26.7% vs. 42.2%). The reason for this situation may be that some 
patients undergoing lumbar puncture drainage already have acute 

hydrocephalus before the surgery, but the imaging manifestations are 
not obvious, which can affect the judgment of neurosurgeons. 
Alternatively, acute hydrocephalus may have occurred during the 
surgery. However, even so, combining our first, second, and third 
analyses, it is necessary to perform postoperative cerebrospinal fluid 
drainage in patients with aSAH who have combined IVH, which can 
significantly reduce the formation of chronic hydrocephalus. The 
method of cerebrospinal fluid drainage still deserves further research. 

TABLE 2  Multivariate logistic regression model adjustment for inter-
group differences in patients with or without intraventricular 
hemorrhage.

Variable OR 95%CI P-value

Smoking history 0.714 0.253–2.013 0.525

GCS score 1.015 0.819–1.257 0.893

Hunt Hess grade 1.715 0.917–3.210 0.092

Pulmonary infection 1.541 0.812–2.926 0.186

External 

cerebrospinal fluid
0.884 0.468–1.671 0.705

Intracranial infection 2.190 0.798–6.006 0.128

DCI 1.326 0.275–6.390 0.725

IVH 3.530 1.958–6.362 <0.001

The values in bold are statistically significant (P < 0.05). IVH, intraventricular hemorrhage; 
DCI, secondary ischemic cerebral infarction; GCS, Glasgow Coma Scale; OR, Odds Ratio; 
CI, confidence interval.

TABLE 3  Comparison of demographic, clinical, aneurysm, and treatment 
characteristics between patients with and without hydrocephalus in 
intraventricular hemorrhage.

Hydrocephalus

Characteristic YES 
(n  =  53)

NO 
(n  =  55)

P-value

Age, years, mean (SD) 60.4 (9.8) 61.4 (11.0) 0.636

Female, n (%) 31 (58.5) 41 (74.5) 0.077

Smoking history, n (%) 3 (5.7) 4 (7.3) 0.734

History of drinking 

alcohol, n (%)
5 (9.4) 5 (9.1) 0.951

Hypertension, n (%) 34 (64.2) 35 (63.6) 0.956

Heart disease, n (%) 3 (5.7) 5 (9.1) 0.716

Diabetes, n (%) 8 (15.1) 7 (12.7) 0.722

History of aSAH, n (%) 3 (5.7) 3 (5.5) 0.963

GCS score, mean (SD) 11.1 (3.5) 13.3 (3.6) 0.002

Hunt Hess grade, mean 

(SD)
2.7 (1.2) 1.8 (1.3) <0.001

Aneurysm location 0.728

 � Anterior circulation, n 

(%)
44 (83.0) 47 (85.5)

 � Posterior circulation, n 

(%)
9 (17.0) 8 (14.5)

Aneurysm size (mm), 

mean (SD)
5.0 (1.8) 5.3 (1.6) 0.876

Aneurysm treatment time 0.276

 � 24 (h), n (%) 33 (62.3) 42 (76.4)

 � 24–72 (h), n (%) 16 (30.2) 10 (18.2)

 � >72 (h), n (%) 4 (7.5) 3 (5.5)

External cerebrospinal 

fluid (CSF)
0.013

 � No interventions, n (%) 30 (56.6) 18 (32.7)

 � LD or EVD, n (%) 23 (43.4) 37 (67.3)

Pulmonary infection, n 

(%)
27 (50.9) 24 (43.6) 0.447

Intracranial infection, n 

(%)
7 (13.2) 7 (12.7) 0.941

DCI, n (%) 4 (7.5) 2 (3.6) 0.433

Length of stay, mean (SD) 17.6 (15.0) 15.0 (6.7) 0.236

The value in bold indicates P < 0.1. aSAH, aneurysmal subarachnoid hemorrhage; IVH, 
intraventricular hemorrhage; SD, standard deviation; EVD, external ventricular drainage; 
LD, lumbar drainage; DCI, delayed cerebral ischemia; GCS, Glasgow Coma Scale. Divide 
patients into two groups based on the presence or absence of chronic hydrocephalus. Groups 
were compared using the c2 test, Fisher exact test, or Student t-test.

https://doi.org/10.3389/fneur.2023.1302622
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wu et al.� 10.3389/fneur.2023.1302622

Frontiers in Neurology 07 frontiersin.org

There are still omissions in determining the drainage method based 
on imaging and clinical manifestations at admission. We hope to have 
a more effective and simple judgment method for neurosurgeons to 

quickly evaluate which cerebrospinal fluid drainage method patients 
should adopt.

Based on the results of these three items, we believe that IVH patients 
should actively undergo cerebrospinal fluid drainage after surgery. The 
selection of both drainage methods should be based on the severity of the 
patient’s condition at admission, combined with the symptoms of 
intracranial hypertension, and whether there is acute hydrocephalus 
formation. For mild patients (Hunt Hess grade I–III) without acute 
hydrocephalus, we recommend lumbar drainage. Although our third 
analysis found no significant difference in the formation of hydrocephalus 
between the two drainage methods in univariate analysis, significant 
differences were still observed in the multivariate logistic regression 
model after adjusting for the effects of other factors. However, external 
ventricular drainage surgery itself causes significant damage to brain 
tissue, carries the risk of puncture tract bleeding, and there is a risk of 
displacement of the drainage tube that requires re-catheterization, which 
undoubtedly increases the risk of intracranial infection (32, 33). For 
critically ill patients (Hunt Hess grade IV–V), we recommend performing 
extracerebral drainage, which can significantly reduce the generation of 
chronic hydrocephalus and quickly drain bloody cerebrospinal fluid to 
relieve intracranial pressure, reduce the occurrence of acute 
hydrocephalus, discharge bloody cerebrospinal fluid, reduce the 
stimulation of blood red protein breakdown products on blood vessels, 
and reduce the occurrence of vasospasm (34). For patients between these 
two situations, we also recommend EVD drainage, which may benefit 
some potential patients.

Limitations

Potential limitations to our retrospective review include those that 
are inherent to all retrospective analyses. Additionally, whether the 
cerebrospinal fluid drainage and which drainage method is adopted is 
determined by the attending neurosurgeon, with no standard regimen 
or dosage. Finally, only 15 patients were administered EVD. This 
limited the statistical power of our study and our ability to study 
associations in additional outcome subanalyses (e.g., infections, 
hemorrhagic complications, and in-hospital mortality).

Conclusion

IVH is an independent risk factor for patients developing chronic 
hydrocephalus. All aSAH patients with IVH should undergo 
cerebrospinal fluid drainage, which can significantly reduce the 
production of postoperative chronic hydrocephalus. For mild patients 
without acute hydrocephalus, continuous lumbar drainage should 

TABLE 4  Multivariable model for factors influencing the formation of 
hydrocephalus in patients with intraventricular hemorrhage.

Variable OR 95%CI P-value

Female 0.415 0.153–1.124 0.084

GCS score 1.122 0.785–1.604 0.527

Hunt Hess grade 3.362 1.146–9.863 0.027

External 

cerebrospinal fluid
0.110 0.036–0.336 <0.001

The values in bold are statistically significant (P < 0.05). GCS, Glasgow Coma Scale; OR, 
Odds Ratio; CI, confidence interval.

TABLE 5  Comparison of baseline data on chronic hydrocephalus in 
patients with different postoperative drainage methods.

Cerebrospinal fluid 
drainage

Characteristic LD 
(n  =  45)

EVD 
(n  =  15)

P-value

Age, years, mean (SD) 63.2 (10.0) 59.6 (9.2) 0.231

Female, n (%) 29 (64.4) 6 (40.0) 0.096

Smoking history, n (%) 1 (2.2) 4 (26.7) 0.012

History of drinking alcohol, 

n (%)
4 (8.9) 3 (20.0) 0.351

Hypertension, n (%) 33 (73.3) 10 (66.7) 0.620

Heart disease, n (%) 3 (6.7) 0 (0) 0.566

Diabetes, n (%) 6 (13.3) 1 (6.7) 0.668

History of aSAH, n (%) 2 (4.4) 0 (0) 0.559

GCS score, mean (SD) 12.3 (3.3) 7.3 (4.4) <0.001

Hunt Hess grade, mean 

(SD)
2.2 (1.2) 3.8 (1.2) <0.001

Aneurysm location 0.400

 � Anterior circulation, n 

(%)
40 (88.9) 12 (80.0)

 � Posterior circulation, n 

(%)
5 (11.1) 3 (20.0)

Aneurysm size (mm), mean 

(SD)
5.5 (1.8) 5.3 (1.5) 0.625

Aneurysm treatment time 0.496

 � 24 (h), n (%) 37 (82.2) 12 (80.0)

 � 24–72 (h), n (%) 5 (11.1) 3 (20.0)

 � >72 (h), n (%) 3 (6.7) 0 (0)

Pulmonary infection, n (%) 22 (48.9) 11 (73.3) 0.137

Intracranial infection, n (%) 10 (22.2) 4 (26.7) 0.724

DCI, n (%) 3 (6.7) 1 (6.7) 0.742

Hydrocephalus 19 (42.2) 4 (26.7) 0.283

Length of stay, mean (SD) 17.4 (13.3) 20.7 (16.4) 0.444

The value in bold indicates p < 0.05. aSAH, aneurysmal subarachnoid hemorrhage; IVH, 
intraventricular hemorrhage; SD, standard deviation; EVD, external ventricular drainage; 
LD, lumbar drainage; DCI, delayed cerebral ischemia; GCS, Glasgow Coma Scale. Divide 
patients into two groups based on the presence or absence of the cerebrospinal fluid drainage 
method. Groups were compared using the χ2 test, Fisher exact test, or Student t-test.

TABLE 6  Multivariate logistic regression model adjustment for inter-
group differences in patients with different methods of cerebrospinal 
fluid drainage.

Variable OR 95%CI P-value

Smoking history 0.608 0.053–7.020 0.690

GCS score 0.484 0.259–0.901 0.022

Hunt Hess grade 0.603 0.133–2.724 0.510

Hydrocephalus 0.010 0.001–0.207 0.003

The values in bold are statistically significant (P < 0.05). GCS, Glasgow Coma Scale; OR, 
Odds Ratio; CI, confidence interval.
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be actively performed, while for severe patients or patients who have 
already developed acute hydrocephalus, external ventricular drainage 
should be actively performed. For patients with conditions ranging 
from mild to severe, we recommend performing ventricular drainage, 
which may benefit some potential patients.
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