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Objective : Hydrocephalus after intracerebral hemorrhage (ICH) is known to be related to poor prognosis and mortality. We 
analyzed predictors of permanent hydrocephalus in the patients with surgically treated supratentorial ICH.
Methods : From 2004 to 2019, a total of 414 patients with surgically treated primary supratentorial ICH were included. We 
retrospectively analyzed age, sex, preexisting hypertension and diabetes, location and volume of ICH, presence and severity of 
intraventricular hemorrhage (IVH), and type of surgery.
Results : Forty patients (9.7%) required shunt surgery. Concomitant IVH was higher in the ‘shunt required’ group (92.5%) than 
in the ‘shunt not required’ group (67.9%) (p=0.001). IVH severity was worse in the ‘shunt required’ group (13.5 vs. 7.5, p=0.008). 
Craniectomy (47.5%) was significantly high in the ‘shunt required’ group. According to multivariable analysis, the presence of an 
IVH was 8.1 times more frequent and craniectomy was 8.6 times more frequent in the ‘shunt required’ group. In the comparison 
between craniotomy and craniectomy group, the presence of an IVH was related with a 3.9 times higher (p=0.033) possibility and 
craniectomies rather than craniotomies with a 7-times higher possibility of shunt surgery (p<0.001). Within the craniectomy group, 
an increase in the craniectomy area by 1 cm2 was correlated with a 3.2% increase in the possibility of shunt surgery (odds ratio, 1.032; 
95% confidence interval, 1.005-1.061; p=0.022).
Conclusion : Presence of IVH, the severity of IVH and decompressive craniectomy were related to the development of shunt 
dependent hydrocephalus in the patients with ICH. The increasing size of craniectomy was related with increasing rate of shunt 
requirement.
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INTRODUCTION

Intracerebral hemorrhages (ICHs) are a common debilitat-

ing type of stroke and accounts for approximately 7% to 20% 

of all stroke cases in western countries5,12,14) and 23% to 30% 

of all stroke cases in Asia12,31). Hydrocephalus occurs in 13–

46% of primary ICH patients23,29). ICH-related hydrocephalus 

correlates with a poor prognosis4,9,22) and is an independent 
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predictor of mortality9). Hydrocephalus after an ICH can be 

developed acutely due to disturbance of normal cerebral spi-

nal fluid (CSF) flow. Excess accumulation of parenchymal or 

ventricular blood accounts for 45% of all hydrocephalus cas-

es37). Permanent hydrocephalus that requires CSF diversion 

accounts for approximately 20% to 30% of all cases after acute 

ventricular drainage36,38). Permanent hydrocephalus is related 

to additional morbidities; external ventricular drainage (EVD) 

is repeated, risks of ventriculitis are increased and ultimately 

shunt surgery is required. Previous studies have reported mul-

tiple predictors of shunt-dependent hydrocephalus, such as 

thalamic location, posterior fossa location, presence of intra-

ventricular hemorrhage (IVH), IVH volume, elevated intra-

cranial pressure (ICP), or old age23,30,36). Surgical factors on de-

velopment of hydrocephalus have been studied mostly in head 

trauma but few in primary ICH11,32). Craniectomy is known to 

be related to hydrocephalus in head traum11). In this report we 

want to focus on the influence of surgical type on develop-

ment of shunt dependent hydrocephalus in the ICH patients.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 

(IRB) of Konkuk University Medical Center as a retrospective 

observational study (IRB No. KUMC 2020-02-007). The re-

quirement for written informed consent was waived by the 

IRB owing to the retrospective nature of this study. In this 

study, we included patients who suffered from a first primary 

supratentorial ICH between the years of 2004 and 2019. Spe-

cifically, we confined the analysis to the subjects who were 

surgically treated and were followed up more than at least 4 

weeks after the initial hematoma surgery. Exclusion criteria 

included patients less than 20 years of age, as well as patients 

with infratentorial lesions, multiple lesions, secondary ICHs 

that developed as a result of vascular malformation, cerebral 

aneurysm, Moyamoya disease, tumors, trauma, thrombolysis-

related hemorrhage, or drug-related hemorrhage.

The probable factors affecting the development of shunt-

dependent hydrocephalus were estimated. Patient factors were 

included, including age, sex, preexisting hypertension, and 

preexisting diabetes. For hemorrhagic factors, we estimated 

the location and volume of ICH and the presence and severity 

of IVH. Surgical factors were recorded according to the type 

of surgical intervention, i.e., craniectomy, craniotomy, EVD, 

ICH catheterization, and shunt only; in whom initial hemato-

ma was conservatively treated but shunt surgery was required 

after resolution of ICH.

The ICH location was divided into two categories. ICHs lo-

cated in the basal ganglia or the thalamus were considered 

“deep”; when they were located in subcortical or cortical areas 

they were considered “lobar.” Volume was calculated using the 

ABC/2 formula on brain computed tomography (CT) scans. 

The severity of IVH was scored according to the modified 

Graeb score24). The score is decided based on how much blood 

is filled within each ventricle; fourth ventricle (maximum 

score 4), third (maximum score 4), right and left lateral ventri-

cles (maximum score 4 for each), right and left occipital horns 

(maximum score 2 for each), and the right and left temporal 

horns (maximum score 2 for each). An additional score of +1 

is given to each compartment if it is expanded beyond normal 

anatomic limits attributable to clot. The maximum possible 

score is 32, in which every compartment is filled with blood 

and expanded. A score of 0 denotes no intraventricular 

blood24). About a surgical type conservative treatment was fa-

vored for ICHs with a volume of less than 20 mL. Catheteriza-

tion and/or EVD was favored when the ICH volume was be-

tween 20 and 40 mL. Open craniotomy or craniectomy was 

performed for cases with larger ICH volumes, i.e., over 40 mL. 

The choice between a craniotomy or craniectomy was typical-

ly decided according to the surgeon’s predilection. In cases of 

repeated surgery, the one with the larger surgical extent was 

assigned as the surgical method. Cases with simultaneous pa-

renchymal catheterization and EVD were categorized as EVD. 

Multiple catheters within a hematoma were counted as one 

catheterization surgery. Shunt surgeries were performed in the 

patients; who showed progressively enlarged ventricles with 

deteriorating or failures in improvement of neurologic state; 

who were not tolerable to gradual reduction of amount of CSF 

drainage. For patients who were treated with craniectomies, 

the size of the craniectomy was approximated using the for-

mula for an ellipse : AB/4, where A is the longest anterior-pos-

terior length as determined on the axial CT cuts, and B is cal-

culated using CT slice thickness and the number of axial cuts 

containing the craniotomy20). 

Statistical methods
Shunt related factors were compared in the ‘shunt required’ 
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group and the ‘shunt not required’ group. To identify the in-

f luence of surgical type on the shut dependency, subgroup 

analysis was done in the patients who had been treated with 

craniotomy or craniectomy. Additional subgroup analysis was 

done in the craniectomy patients. 

R version 3.3.3 (R Foundation for Statistical Computing, 

Vienna, Austria) and the T&F program version 3.0 (YooJin 

BioSoft, Seoul, Korea) were used for all statistical analyses. 

Continuous variables were expressed as mean±standard devi-

ation or median (interquartile ranges) according to the nor-

mality of the variable. Sample numbers and percentages were 

computed for categorical variables. The mean difference be-

tween the shunt and no shunt subgroups, or between the cra-

niotomy and craniectomy patients, were analyzed using Stu-

dent’s t-tests or Mann-Whitney U tests according to the 

normality of the variable. The normality of the variable was es-

timated using Lilliefors’ (Kolmogorov-Smirnov) normality test 

and the Shapiro-Wilk normality test. Chi-squared tests were 

performed to analyze proportions of sample numbers in the 

subgroups of categorical variables. Logistic regression analysis 

was performed to analyze the effects of patients’ baseline fac-

tors, hemorrhage, and surgical factors on the occurrence of 

shunts. To analyze the independent effects of more than two 

risk factors on shunt occurrence, multivariable regression anal-

ysis was performed using a backward stepwise variable elimi-

nation procedure as a best-fit model selection method to mini-

mize the Akaike information criterion. Statistical significance 

was defined with a p-value of <0.05.

Table 1. Baseline characteristics of the variables

Variable Total (n=414) Shunt required (n=40) Shunt not required (n=374) p-value

Age (years) 59.4±13.7 62.6±15.8 59.1±13.4 0.117

Sex 0.533

Male 277 (66.9) 25 (9.0) 252 (91.0)

Female 137 (33.1) 15 (10.9) 122 (89.1)

Hypertension 0.074

Yes 224 (54.1) 27 (12.1) 197 (87.9)

No 190 (45.9) 13 (6.8) 177 (93.2)

Diabetes 0.053

Yes 69 (16.7) 11 (15.9) 58 (84.1)

No 345 (83.3) 29 (8.4) 316 (91.6)

ICH location 0.273

Deep 290 (70.0) 25 (8.6) 265 (91.4)

Lobar 124 (30.0) 15 (12.1) 109 (87.9)

ICH volume (mL) 46.9±34.4 48.2 (21.4–75.6) 39.5 (21.7–63.1) 0.419

IVH 0.001

Yes 291 (70.3) 37 (12.7) 254 (87.3)

No 123 (29.7) 3 (2.4) 120 (97.6)

IVH severity 13.5 (5.3–19) 7.5 (0–16) 0.008

Operation <0.001

Craniectomy 68 (16.4) 19 (27.9) 49 (72.1)

Craniotomy 164 (39.6) 8 (4.9) 156 (95.1)

EVD 65 (15.7) 10 (15.4) 55 (84.6)

Catheterization 114 (27.5) 0 (0.0) 114 (100.0)

Shunt only 3 (0.7) 3 (100.0) 0 (0.0)

Values are presented as number (%), median (interquartile range), or mean±standard deviation. ICH : intracerebral hemorrhage, IVH : intraventricular 
hemorrhage, EVD : external ventricular drainage
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RESULTS

From the year of 2004 to 2019, 2692 patients were admitted 

to our hospital with a supratentorial ICH. Six hundred ninety-

nine patients out of the 2692 were surgically treated. Accord-

ing to the exclusion criteria, we excluded patients with a sec-

ondary ICH (n=101), early death or short-term follow-up 

(n=184). A total of 414 patients were selected as final candi-

dates for this study. Forty patients (9.7%) out of them required 

shunt surgery. 

The mean age of the whole patients was 59.4±13.7 years. De-

mographic data in each group were described in Table 1. Sta-

tistical differences in age and sex were not observed between 

the ‘shunt required’ and ‘shunt not required’ groups. Shunt 

surgery was more frequently associated with patients with 

preexisting hypertension (67.5% vs. 52.7%, p=0.074) and dia-

betes (27.5% vs. 15.5%, p=0.053); however, these differences 

did not reach statistical significance. The location of ICH 

(deep 62.5% vs. lobar 70.9%, p=0.273) and the volume of he-

matoma (48.2 [21.4–75.6] mL vs. 39.5 [21.7–63.1] mL, p=0.419) 

did not show significant difference between the ‘shunt re-

quired’ group and ‘shunt not required’ group. Concomitant 

IVH was more frequently observed in the ‘shunt required’ 

group (92.5%) than in the ‘shunt not required’ group (67.9%) 

(p=0.001). IVH severity was significantly worse in the ‘shunt 

required’ group (13.5 [5.3–19] vs. 7.5 [0–16], p=0.008). Relative 

to surgical method used, ‘shunt required’ group was most fre-

quently associated with craniectomy (47.5%) followed by EVD 

(25.0%), craniotomy (20.0%), and catheterization (0%), while 

‘shunt not required’ group was most frequently associated 

with craniotomy (41.7%) followed by catheterization (30.5%), 

EVD (14.7%), and craniectomy (13.1%) (p<0.001) (Table 1). 

According to multivariable analysis, the presence of an IVH 

and the variation of the surgical method used were meaning-

ful factors. The presence of an IVH was 8.1 times more fre-

quent and craniectomy was 8.6 times more frequent than cra-

niotomy in the ‘shunt required’ group (Table 2).

Influence of craniectomy on shunt surgery
Among the 232 patients treated with craniectomies or cra-

niotomies, 68 had undergone craniectomies, and 164 had un-

dergone craniotomies. No statistical difference was observed 

between the two groups according to age, sex, presence of hy-

pertension, location of ICH, volume of ICH, and presence of 

an IVH. Diabetes was more frequently observed in the crani-

ectomy group (25% vs. 13.4%, p=0.032). IVH severity scores 

were also worse in the craniectomy group (10 [0.7–17.7] vs. 5 

[0–13], p=0.005). As shown in Table 1, significantly more 

Table 2. Result of multivariable binary logistic regression analysis on shunt surgery

Predictor (response=shunt)
Multivariable

p-value
OR (95% CI)

Age 1.007 (0.977–1.038) 0.636

Sex, male vs. female 1.054 (0.487–2.281) 0.893

Hypertension, yes vs. no 1.857 (0.854–4.038) 0.118

Diabetes, yes vs. no 1.263 (0.537–2.972) 0.593

ICH location

Deep vs. lobar 2.234 (0.89–5.605) 0.087

ICH volume 0.988 (0.975–1.002) 0.082

IVH

Yes vs. no 8.149 (1.798–36.921) 0.007

IVH severity 0.994 (0.934–1.058) 0.845

Operation

Craniectomy vs. craniotomy 8.636 (3.343–22.31) <0.001

Others* vs. craniotomy 1.199 (0.413–3.483) 0.739

Control response→shunt not required, case response→shunt required. *ICH catheterization, external ventricular drainage and shunt only. OR : odds 
ratio, CI : confidence interval, ICH : intracerebral hemorrhage, IVH : intraventricular hemorrhage
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shunt surgeries were performed in the craniectomy group 

than in the craniotomy group (27.9% vs. 4.9%, p<0.001) (Ta-

ble 3). According to a multivariable logistic regression analysis 

in the craniectomy or craniotomy operated patients, the pres-

ence of an IVH was correlated with a 3.9 times higher possi-

bility of shunt surgery relative to patients without an IVH 

(p=0.033). Craniectomies were shown to be associated with a 

7-times higher possibility of shunt surgery than craniotomies 

(p<0.001) (Table 3). Within the craniectomy group, craniecto-

mies size, which had a mean of 68.5 cm2, ranging from 17.1 to 

120.1 cm2, was found to be the only factor affecting shunt sur-

gery frequency. Specifically, an increase in the craniectomy 

area by 1 cm2 was correlated with a 3.2% increase in the possi-

bility of shunt surgery (odds ratio, 1.032; 95% confidence in-

terval, 1.005–1.061; p=0.022) (Table 4). Cases of shunt-depen-

dent hydrocephalus after craniotomies or craniectomies were 

illustrated differentially in Fig. 1. DISCUSSION

Understanding the complexities involved in the manage-

ment of parenchymal cerebral hemorrhage remains challeng-

ing, thereby offering many areas for further investigation. 

Table 4. Result logistic regression analysis on shunt in the craniectomy 
group

Predictor (response=shunt) OR (95% CI) p-value

Age 0.992 (0.955–1.032) 0.696

Sex, male vs. female 0.831 (0.275–2.515) 0.743

Hypertension, yes vs. no 1.216 (0.417–3.545) 0.720

Diabetes, yes vs. no 1.101 (0.328–3.697) 0.876

ICH location, lobar vs. deep 1.055 (0.36–3.087) 0.923

ICH volume 1.004 (0.99–1.019) 0.567

IVH, yes vs. no 2.133 (0.537–8.481) 0.282

IVH severity 1.033 (0.966–1.106) 0.342

Size of craniectomy (cm2) 1.032 (1.005–1.061) 0.022

Control response→shunt: no, case response→shunt: yes. OR : odds 
ratio, CI : confidence interval, ICH : intracerebral hemorrhage, IVH : 
intraventricular hemorrhage

Table 3. Distribution of variables between craniotomy and craniectomy

Variable Craniectomy (n=68) Craniotomy (n=164) p-value OR (95% CI)*

Age (years) 58.9±13.7 61.5±13.2 0.179 -

Sex 0.892 -

Male 45 (66.2) 107 (65.2)

Female 23 (33.8) 57 (34.8)

Hypertension 0.917 -

Yes 37 (54.4) 88 (53.7)

Diabetes 0.032 -

Yes 17 (25) 22 (13.4)

ICH location 0.190 -

Deep 40 (58.8) 81 (49.4)

Lobar 28 (41.2) 83 (50.6)

ICH volume (mL) 62.8 (43.7–82.5) 52.7 (35.9–77.8) 0.086 -

IVH 0.073 3.971 (1.118–14.097)

Yes 51 (75.0) 103 (62.8)

IVH severity 10 (0.7–17.7) 5 (0–13) 0.005 -

Shunt <0.001 7.001 (2.854–17.177)

Yes 19 (27.9) 8 (4.9)

Values are presented as number (%) or median (interquartile range). *Result of multivariable binary logistic regression analysis on shunt. Backward 
stepwise procedure used to select appropriate variables for multivariable regression analysis (Akaike information criterion, 144.615). OR : odds ratio, CI : 
confidence interval, ICH : intracerebral hemorrhage, IVH : intraventricular hemorrhage
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Several predictors of ICH-related hydrocephalus have been re-

ported, including low-presenting GCS21), the thalamic location 

of ICH36), elevated ICP4,9,23,36), old age, and hypertension and 

slow CSF circulation19). In our study, the presence of IVH, the 

severity of IVH, decompressive craniectomy, and larger crani-

ectomy showed association with the development of shunt de-

pendent hydrocephalus. 

Intraventricular hemorrhage
IVHs are a well-known risk factor for the development of 

hydrocephalus and are associated with poor prognosis after 

ICH4,8). Intraventricular blood and its breakdown products 

cause inflammation of the ependymal layer and subependy-

mal brain tissue. Blood clots cause inflammation and fibrosis 

of the arachnoid granulations, leading to delayed communi-

cating hydrocephalus. The presence of an IVH occurs in 

about 45% of ICH patients at presentation33). In our study, an 

IVH was noted in 70.3% of patients. This high rate of associa-

tion is likely due to the inclusion of only surgically managed 

patients.

The effective or early removal of an IVH and the restoration 

of CSF circulation has been attempted due to the unfavorable 

inf luence of an IVH on the development of hydrocephalus 

and neurologic prognosis. Some attempts have been reported 

Fig. 1. Illustrative cases of shunt-dependent hydrocephalus in patients with intracerebral hemorrhage (ICH). A : A 50-year-old male presented with right 
putaminal hemorrhage (left column). After a craniectomy, the ICH was removed completely (middle column), and hydrocephalus developed at 2 
months after ICH (right column). B : A 54-year-old male presented with right posterior putaminal hemorrhage (left column). After a craniotomy, the ICH 
was removed completely (middle column), and he was without signs of hydrocephalus at 2 months after ICH (right column). C : A 70-year-old female 
presented with a right frontal cortical hematoma (left column). After a craniectomy, the ICH was removed completely (middle column), and 
hydrocephalus developed at 2 weeks after surgery (right column). D : A 74-year-old female presented with right occipital cortical hemorrhage with 
ventricular extension (left column). With a craniotomy, the ICH and IVH were removed (middle column), and she was without any sign of hydrocephalus 
at 2 months after ICH (right column).

A

C

B

D
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to reduce shunt dependency. Endoscopic surgical evacuation 

of an IVH and ventriculostomy was reported to reduce per-

manent CSF diversion compared to EVD3,7,34,39). Also, early 

lumbar drainage following the removal of third and fourth 

ventricular obstructions after an ICH has shown a reduction 

in the rate of ICH-mediated shunt dependency17,18,28). At our 

institution, endoscopic removal was not available and lumbar 

drainage was not attempted during the acute period of ICH 

development. However, when large ventricular blood clots 

were noted, simultaneous bilateral catheters were usually in-

serted into both frontal horns. Previous studies suggest that 

IVH volume is an important determinant in supratentorial 

ICH outcome30). Endoscopic removal of ventricular blood has 

been shown to reduced mortality39). Additionally, the intra-

ventricular administration of fibrinolytic agents, including 

urokinase, streptokinase, and recombinant tissue-type plas-

minogen activator (rtPA) in IVHs may reduce morbidity and 

mortality by accelerating blood clearance and clot lysis6,13,25,26). 

Removal of blood clots, as well as intracranial pressure relief, 

should be considered as treatments for the management of 

IVHs.

Decompressive craniectomy
A decompressive craniectomy is usually performed to treat 

uncontrollable intracranial hypertension that may be due to a 

variety of causes. The benefits of this procedure are related to 

reductions in ICP, which improve brain oxygenation, cerebral 

perfusion, and compliance. However, decompressive craniec-

tomy can be associated with multiple risks, such as subdural 

effusion with an incidence from 11.2–62%19), syndromes of 

the trephined (incidence of 7–11%)27), herniation of the cortex 

through the bone defect (14.6–51%), seizure (3.4–22%), hy-

drocephalus (7.9–14%), and infection (4.5–15.7%)2,10,15,16,35). 

Many of these complications are thought to be related to a 

disruption of normal pathophysiological changes among ICP, 

CSF circulation and CBF following the removal of a large area 

of the skull.

Hypotheses have been presented regarding the development 

of hydrocephalus or intracranial f luid collection after craniec-

tomy. Assuming that arachnoidal granulations function as 

pressure-dependent one-way valves from the subarachnoid 

space to drain the venous sinuses, Waziri et al.32) hypothesized 

that a disruption of the pulsatile ICP dynamics secondary to 

the cranial defect may result in decreased CSF outf low. A 

“f lattening” of the normally dicrotic ICP waveform after 

hemicraniectomy was observed while monitoring the ICP. 

This flattening was considered a result of the transmission of 

the pressure pulse out of the open cranium32). Akins and Gup-

py1) summarized that the loss of brain pulsatility after decom-

pressive craniectomy causes impaired cerebral blood f low, 

CSF hydrodynamics, loss of pulsatile CSF circulation, and re-

duced glymphatic circulation. These effects lead to an accu-

mulation of cranial f luid within the ventricles, the subarach-

noid or subdural space, and the subgaleal compartments1). 

Our result also demonstrated that choice of craniectomy and 

larger craniectomy size were related to the development of 

shunt dependent hydrocephalus. ICH develops in focal brain 

areas, which means if the ICH were well removed and the in-

creased brain pressure were relieved, additional decompres-

sion via the craniectomy may not be necessary. Overcorrec-

tion of IICP in ICH patients seems to lead an impairments of 

CSF circulation and subsequent shunt dependency which 

could have been avoidable. The increasing size of craniectomy 

was related with increasing rate of shunt requirement in this 

study. This result is supportive that the craniectomy is con-

tributing the development of shunt dependent hydrocephalus.

Limitations of this study include the exclusion of patients 

who died within 4 weeks of surgery. Many of these patients 

were believed to have large volume hematomas that were 

treated by craniectomy. Thus, the results of our study can only 

be applied to survivors of ICHs. 

CONCLUSION

Presence of IVH, the severity of IVH and decompressive 

craniectomy were related to the development of shunt depen-

dent hydrocephalus in the patients with ICH. The increasing 

size of craniectomy was related with increasing rate of shunt 

requirement.
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