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Introduction Intracerebral hemorrhage (ICH) is a serious medical condition that is
frequently complicated by acute hydrocephalus, necessitating emergency cerebro-
spinal fluid (CSF) diversion in a subset of patients, ultimately requiring long-term
treatment via placement of permanent ventricular shunts. The present study aimed
to determine factors associated with the need for permanent ventricular shunt place-
ment in these patients.

Methods A total of 309 consecutive patients who underwent emergent CSF diver-
sion with external ventricular drain (EVD) as a treatment for ICH between July 2009 and
July 2018 were studied retrospectively to assess the factors that might be correlated
with shunt-dependent chronic hydrocephalus. A binary logistic regression model was
designed to identify independent related factors of shunt-dependent hydrocephalus
after ICH.

Results Of 309 patients included in this study, 102 (33.00%) required permanent
ventricular CSF shunting before discharge. In univariate analysis, age,ventriculitis,
ICP elevation >30 mm Hg, ICH evacuation, the Graeb score, days of EVD in place, and
CSF protein levels were significantly associated with the requirement for permanent
CSF diversion (p < 0.05). The age and ICH evacuation were protective variables and the
ventriculoperitoneal (VP) shunt possibility was reduced by 22.6 and 63.5%, respectively.
Conclusion Our results showed that higher Graeb score, ICP elevation >30 mm Hg,
more days of EVDin place, and higher CSF protein levels were associated with permanent
CSF diversion in these patients. Advanced age and ICH evacuation decreased the possi-
bility of VP shunting in our study.These factors may help in predicting which patients
will need permanent CSF diversion and could ultimately lead to improvements in the
management of these patients.
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Introduction

Intracerebral hemorrhage (ICH) is a serious medical condi-
tion accounting for 10 to 30% of all strokes.'? ICH induces
the majority of stroke morbidity and mortality.? Acute
onset hydrocephalus is a major complication of ICH, with
an incidence of approximately 40 to 50%. Hydrocephalus is
an independent predictor of poor clinical outcomes in these
patients.>” In patients with ICH, hydrocephalus mainly devel-
ops as a consequence of the intraventricular extension of the
hematoma, resulting in intraventricular hemorrhage and
impairment of cerebrospinal fluid drainage and reabsorption.®
Extensive IVH leads to acute hydrocephalus that compresses
the rostral brainstem and thalamus causing damage to the
reticular activating system and may reduce cerebral per-
fusion pressure contributing to ischemic injury. Increased
intracranial pressure (ICP) is thought to be fundamental to
these injury processes.>*’ Indeed, patients with consider-
able IVH, defined as a Graeb score > 6, have 24 times the
odds of developing hydrocephalus, compared with patients
who have minimal or no IVH.® Standard treatment of acute
hydrocephalus in patients with ICH is emergency CSF diver-
sion via placement of an external ventricular drain (EVD).?

Despite intraventricular clot resolution, acute CSF flow
obstruction can progress into persistent hydrocephalus and
may require the placement of a VP shunt for permanent CSF
diversion.!

Few studies have been performed about the progression
from acute to chronic hydrocephalus and related factors.
In this study, we sought to investigate early predictors of
long-term shunt dependency in patients with ICH who had

received EVD placement for emergency CSF diversion.

Materials and Methods

We investigated all patients with ICH requiring emergency
cerebrospinal fluid diversion admitted to our center
between July 2009 and July 2018 retrospectively. The study
was approved by the institutional review board of the
Kermanshah University of Medical Sciences.

Exclusion

Patients with ICH secondary to trauma, underlying tumor,
or vascular abnormalities were excluded. Patients with
age less than 18-years-old or more than 90-years-old at
admission, were excluded too.

Demographic, clinical, and laboratory data, including
age, sex, patient admission and discharge status, date
of EVD insertion, number of days with an EVD in place,
location of EVD, maximum ICP at first, third, and fifth days,
and development of ventriculitis, were extracted from the
electronic medical records of all patients. Ventriculitis was
determined as CSF pleocytosis with low CSF glucose, with or
without positive CSF cultures. All CT scans were reviewed by
two experienced neurosurgeons.

ICH volume, ICH location, presence of intraventricular
hemorrhage (IVH), the IVH volume, presence of third ven-
tricular blood, presence of fourth ventricular blood, temporal
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horn diameter, and Evan’s index were assessed according to
the admission brain CT scan of all patients. Evan’s index was
defined as the ratio of the ventricular width of the bilateral
frontal horn to the maximum biparietal diameter." The Graeb
score was calculated from radiographic measurements."
ICH location was classified into sixcategories: cortical,
thalamic, basal ganglia, brainstem, cerebellar, and subcortical
white matter.

Hydrocephalus was categorized as present or absent,
based on temporal horn diameter and Evan’s index. We
quantified the volume of ICH and IVH using the MIPAV
software (version 4.3, National Institutes of Health).

Shunt-dependent hydrocephalus was defined as the
presence of clinical symptoms (including symptoms of
increased intracranial pressure, decreased mental status, gait
disturbance, and/or urinary incontinence) and radiological
evidence of ventriculomegaly with Evan’s index > 0.3,
necessitating the placement of a permanent VP shunt before
hospital discharge.

Statistical Analysis

Patients were dichotomized into two groups: patients with
permanent CSF diversion and those without permanent CSF
diversion. Continuous and discrete variables were presented
as the mean * standard deviation and count with percentage,
respectively. Univariate analyses were performed using
the Wilcoxon rank sum and the chi-square tests. A binary
logistic regression model was constructed with significant
variables from the univariate analyses to identify associated
factors with VP shunt placement. All statistical analyses were
performed using the SPSS software version 20.0 (SPSS Inc.,
Chicago, IL). The p-value < 0.05 was considered statistically

significant.

Results

A total of 309 consecutive patients with spontaneous ICH and
hydrocephalus who underwent emergency cerebrospinal
fluid diversion via EVD were included.

The mean patient age was 65.56 (5.96) years. A total of
186 patients (60.2%) were male. Shunt-dependent hydro-
cephalus occurred in 102 patients (33.0%).

Significant differences were found between two groups on
the basis of age, ICP elevation >30 mm Hg, ICH evacuation,
the Graeb score, days of EVD in place, ventriculitis, and CSF
protein levels (~Tables 1 and 2 ).

For predicting the outcome (need for permanent CSF
diversion), we used binary logistic regression model, wherein
the need for permanent CSF diversion was considered as
dependent variable and others, including age, ventriculitis,
ICH evacuation, the Graeb score, ICP elevation >30 mm Hg,
days of EVD in place, and CSF protein levels, were
independent variables. The model was fit because the
Hosmer-Lemeshow test was not significant (K2 =4.84, df=8,
p=0.774). The model predicts 66.5 to 92.6% of the variance
of the outcome based on Cox and Snell and Nagelkerke R
Square. As shown in =Table 3, all the variables except ven-
triculitis were associated with the need for VP shunting.
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Table 1 Difference between two groups about qualitative variables

Variables VP shunt No VP shunt Statistical test
N (%) N (%)
Sex Male 63 (33.9) 123 (66.1) K2=0.157
Female 9(31.7) 84 (68.3) p=0.692
Ventriculitis No 7(29.8) 205 (70.2) K2 =24.8
Yes 5(88.2) 2(11.8) p<0.001°
Clot in lateral ventricles No 7 (34.3) 90 (65.7) K2 =0.187
Yes 55 (32.0) 117 (68.0) p=0.665
Clot in third ventricle No 59 (31.9) 126 (68.1) K2 =0.26
Yes 3(34.7) 81(65.3) p=0610
Clot in fourth ventricle No 8(28.4) 146 (71.6) K2 =3.69
Yes 4(41.9) 61(58.1) p=0.06
ICP elevation >30 mm Hg | No 7 (60.36) 44 (39.63) K2 =144.67
Yes 35 (17.67) 163 (82.32) p<0.001°
ICH location Cortical 2(25.0) 6 (75.0) K2 (Fisher exact test) = 3.9
Basal ganglia 43(31.9) 92 (68.1) p=0.066
Thalamus 26 (24.3) 81(75.7)
Cerebellar 24(51.06) 23 (48.94)
Subcortical white matter 3(60.0) 2 (40)
Brain stem 4(57.14) 3(42.85)
ICH score 3 35(27.8) 91(72.2) K2 =7.41
4 50 (33.1) 101 (66.9) p=0.061
5 7 (53.1) 15 (46.9)
ICH evacuation No 34 (21.27) 126 (78.73) K2 =3.39
Yes 68 (52.1) 81(47.9) p=0.028°
EVD location Frontal 85 (38.8) 134 (61.2) K2 =5.56
Occipital 7(18.9) 73 (81.1) p=0.061
GCS category <8 68 (37.8) 112 (62.2) K2=3.13
>8 34(26.4) 95 (73.6) p=0.071

Abbreviations: EVD, external ventricular drain; GCS, glasgow coma scale; ICH, intracerebral hemorrhage; ICP, intracranial pressure; VP, ventriculoperitoneal.

aSignificant.

With an increase in the Graeb score, ICP elevation >30 mm
Hg, and days of EVD in place, the possibility of VP shunting
increased 6.091,7.052,and 16.896 times, respectively. The age
and ICH evacuation were protective variables and the possibil-
ity of permanent CSF diversion was reduced by 22.6 and 63.5%,

respectively (=Table 3).

Discussion

In the present study, of 309 patients with spontaneous ICH
who required placement of an EVD due to acute hydroceph-
alus, 102 patients needed permanent VP shunting. We found
age, ICH evacuation, the Graeb score, ICP elevation >30 mm Hg,
days of EVD in place, and CSF protein levels as independent
predictors of shunt-dependent hydrocephalus.

In the study by Zacharia et al, of 210 patients prospec-
tively enrolled in the ICH Outcomes Project, 64 patients
required emergency CSF diversion via placement of an EVD.
Thirteen of these patients underwent permanent ventricular

CSF shunting before discharge. In univariate analysis, only
thalamic hemorrhage (p = 0.008) and elevated ICP (p = 0.033)
were significantly associated with the requirement for
permanent CSF diversion.

Miller et al detected that Glasgow Coma Scale score <9
(p =0.033), abundant blood in the lateral ventricle (p = 0.016),
persistent ICP elevations >20 mm Hg (p =0.017), and thalamic
ICH location (p = 0.009) were associated with VP shunting
inunivariate analysis. Thalamic ICH location (p = 0.025) and
ICP > 25 mm Hg (p = 0.025) were associated with VP shunting
inmultivariate analysis.'

In our study, we found that with an increase in the Graeb
score the possibility of VP shunting increased 6.091 times.

It remains unclear exactly how IVH contributes to the pro-
gression of chronic hydrocephalus although one explanation
is that obstruction of the arachnoid villi by blood product,
a known factor in the evolution of acute hydrocephalus
after IVH, may also contribute to the progression of persistent
hydrocephalus.’
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Table 2 Difference between two groups about quantitative variables

EDEEES Mean (SD) Mean rank Statistical test
Age VP shunt 68.41 (5.36) 184.04 7-8.16
No VP shunt 62.82 (5.35) 96.03 p<0.001°
e VP shunt 8.05 (1.41) 140.13 7-2.12
No VP shunt 8.34 (1.43) 162.33 p=0.071
ICH score VP shunt 3.82(0.69) 169.73 7=2725
No VP shunt 3.63(0.61) 147.74 p=0.068
Graeb score VP shunt 6.61(1.22) 119.91 Z=5.06
No VP shunt 7.33(1.14) 172.29 p<0.001°
Evan’s index VP shunt 0.347 (0.022) 198.09 Z=1.59
No VP shunt 0.313(0.052) 133.77 p=0312
ICH volume VP shunt 30.09 (13.26) 174.15 7Z=1.64
No VP shunt 26.43 (8.86) 145.56 p=0.421
Days of EVD in place VP shunt 8.70(1.45) 251.65 Z=13.65
No VP shunt 5.57 (0.89) 107.37 p<0.001°
ICU stay (D) VP shunt 18.32(2.52) 146.46 zZ=-1.18
No VP shunt 19.63 (6.23) 159.21 p=0.236
Temporal horn diameter VP shunt 5.91(1.10) 164.66 Z=1.39
No VP shunt 5.78 (0.98) 150.24 p=0.165
Baseline CSF protein (mg/dL) VP shunt 65.31(23.34) 171.23 Z=1.47
No VP shunt 59.31(20.18) 163.65 p=0.225
CSF protein on day 5(mg/dL) VP shunt 55.29 (18.98) 196.19 Z=5.75
No VP shunt 33.95(8.11) 134.70 p<0.001°
Baseline CSF erythrocyte count(cell/mL) VP shunt 147273 (18231) 159.81 7=1.65
No VP shunt 132642 (13001) 144.92 p=0.386
CSF erythrocytes on day 5(cell/mL) VP shunt 41123 (11231) 153.21 Z=1.55
No VP shunt 39522 (10021) 142.22 p=0315
Baseline CSF leukocyte count(cell/mL) VP shunt 821(112) 131.77 Z=1.73
No VP shunt 769 (132) 126.65 p =0.446
CSF leukocyte count on day 5(cell/mL) VP shunt 1623 (231) 162.76 7Z=1.33
No VP shunt 1711 (276) 168.99 p=0.516

Abbreviations: CSF, cerebrospinal fluid; EVD, external ventricular drain; GCS, glasgow coma scale; ICH, intracerebral hemorrhage; ICP, intracranial pressure.
2Significant.

Table 3 Final binary logistic regression models

Predictors B Sig. 0Odds ratio Cl 95%

Age -0.256 <0.001 0.774 0.674-0.889
Ventriculitis -2.293 0.293 1.01 0.003-3.55
Graeb score 1.80 0.021 6.091 1.311-28.287
ICH evacuation -1.008 0.012 0.365 0.167-0.800
ICP elevation >30 mm Hg 41.162 0.002 7.052 433138-1.308
Days of EVD in place 2.827 <0.001 16.896 6.008-47.518
CSF protein level on day 5 0.1 0.022 1.105 1.014-1.203
Constant -14.283 0.016 <0.001

Abbreviations: CSF, cerebrospinal fluid; EVD, external ventricular drain; GCS, glasgow coma scale; ICH, intracerebral hemorrhage; ICP, intracranial pressure.
ICP elevation >30 mm Hg was also related to an increased  poor outcome following ICH, controlling ICP via medical and

risk of shunt-dependent hydrocephalus in our study. Although  surgical treatment may not necessarily improve clinical out-
increased ICP is accepted to be an important predictor of comes or reduce the risk for persistent hydrocephalus.?*’
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Ziai et al reported that ICP is not frequently elevated during
monitoring and drainage with an EVD in patients with severe
IVH. However, ICP >30 mm Hg predicts higher short-term
mortality.'®

Our final logistic model supports a relationship between
ICP elevation >30 mm Hg and an increased risk of developing
to shunt-dependent hydrocephalus.

Our results showed that ICH evacuation by surgery
reduced the possibility of VP shunting. Other research
might point out at the role of blood evacuation on short-
ening the days of EVD in place, decreasing blood products
in CSF circulation, and reducing the ICP may be considered
as some explanations for it.>1718

We found that with an increase in age, the possibility of
permanent shunting reduced. One explanation may be the
pathophysiological role of age-related cerebral volume loss
on decreasing elevated ICP and shunt dependency.

We found an association between high CSF protein levels
and risk of permanent shunting in our study. Some studies
suggest that high CSF viscosity can lead to an obstructive
form of hydrocephalus and/or early CSF circulation distur-

bances due to arachnoid villi malfunction.!>151920

Limitations

Our study has several limitations. This is a retrospective
study and some confounding variables may have not been
measured and collected owing to the retrospective nature.
Findings may be less accurate compared with data from a
planned prospective study. Furthermore, the single-center
study could have limited the generalizability of our findings.
A prospective study in the future may be required to evaluate
the actual incidence and predictors of permanent VP shunt-
ing in patients with ICH who might require an emergency
cerebrospinal fluid diversion. However, in comparison with
previous studies, a large sample of patients and the organized
group of multiple variant variables are the factors behind the

strength of our study.

Conclusion

Our results showed that higher Graeb score, ICP elevation
>30 mm Hg, more days of EVD in place, and higher CSF pro-
tein level were associated with permanent CSF diversion in
these patients. Advanced age and ICH evacuation decreased
the possibility of VP shunting in our study.

These factors may help in predicting which patients will
need permanent CSF diversion and could ultimately lead to
improvements in the management of these patients. .

Note
All data are available from the corresponding author upon
reasonable request.
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