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Objectives: Traumatic intracerebellar hematoma (TICH) is a very rare entity
with a high morbidity and mortality rate, and there is no consensus on
its optimal surgical management. In particular, whether and when to place
external ventricle drainage in TICH patients without acute hydrocephalus
pre-operation is still controversial.

Methods: A single-institutional, retrospective analysis of total of 47 TICH
patients with craniectomy hematoma evacuation in a tertiary medical center
from January 2009 to October 2020 was performed. Primary outcomes
were mortality in hospital and neurological function evaluated by GOS at
discharge and 6 months after the ictus. Special attention was paid to the
significance of external ventricular drainage (EVD) in TICH patients without
acute hydrocephalus on admission.

Results: Analysis of the clinical characteristics of the TICH patients revealed
that the odds of use of EVD were seen in patients with IVH, fourth ventricle
compression, and acute hydrocephalus. Placement of EVD at the bedside
can significantly improve the GCS score before craniotomy, as well as the
neurological score at discharge and 6 months. Compared with the only
hematoma evacuation (HE) group, there is a trend that EVD can reduce
hospital mortality and decrease the occurrence of delayed hydrocephalus,
although the difference is not statistically significant. In addition, EVD can
reduce the average NICU stay time, but has no effect on the total length of stay.
Moreover, our data showed that EVD did not increase the risk of associated
bleeding and intracranial infection. Interestingly, in terms of neurological
function at discharge and 6 month after the ictus, even though without
acute hydrocephalus on admission, the TICH patients can still benefit from
EVD insertion.

Conclusion: For TICH patients, perioperative EVD is safe and can significantly
improve neurological prognosis. Especially for patients whose GCS dropped
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by more than 2 points before the operation, EVD can significantly improve
the patient’s GCS score, reduce the risk of herniation, and gain more time for
surgical preparation. Even for TICH patients without acute hydrocephalus on
admission CT scan, EVD placement still has positive clinical significance.

traumatic intracerebellar hematoma, external ventricular drainage, hydrocephalus,
neurological outcomes, Glasgow Outcome Scale

Introduction

Compared with traumatic brain injury, traumatic
intracerebellar hemorrhage (TICH) has only a few small
series of cases reported (1-5). Although TICH is a rare entity,
it is associated with high morbidity and mortality. Compared
with TICH, spontaneous cerebral hemorrhage has a wider
agreement on its management. According to the guidelines for
the management of spontaneous intracerebral hemorrhage,
those patients with spontaneous cerebellar hemorrhage who are
experiencing deterioration in neurological functioning or who
are suffering from brainstem compression or hydrocephalus
due to ventricular obstruction should undergo immediate
surgical removal of the hemorrhage (Class I; Level of Evidence
B). It is not recommended to treat these patients initially with
ventricular drainage rather than surgical evacuation (Class III;
Level of Evidence C) (6). Given the lack of sufficient experience
of individual neurosurgeons or a single medical center in the
management of TICH, there is an urgent need to explore the
optimal treatment strategy for it.

The current surgical methods for TICH mainly include
craniotomy, minimally invasive hematoma aspiration, or
external ventricular drainage (EVD) only (7). The guidelines
on craniocerebral trauma suggest that different surgical plans
should be flexibly adopted based on the amount and location
of the hematoma, combined with the patients consciousness
and general condition (8). There is no consensus on its
optimal surgical management. It remains unclear whether the
preoperative placement of EVD is beneficial for neurological
outcomes in TICH patients.

It is generally believed that if the patient has acute
obstructive hydrocephalus or large ventricular hemorrhage on
admission, pre-operation external ventricular drainage (EVD) is
required (8). However, for patients whose admission CT showed
no acute hydrocephalus, due to the physiological characteristics
of the posterior fossa, the probability of hydrocephalus after
admission was high and can be progressed quickly (9). Once
hydrocephalus has occurred, it is probable that the patient will

Abbreviations: EVD, External ventricular drainage; HE, Hematoma
evacuation; GCS, Glasgow coma scale; GOS, Glasgow Outcome Scale;

TICH, Traumatic intracerebellar hematoma.
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miss the best opportunity to rescue themselves by placing an
EVD. However, if the EVD is placed in advance, it may increase
the risk of infection and supratentorial hemorrhage (10-13).
Therefore, there is still debate about when to place the EVD
on TICH. Therefore, for patients without hydrocephalus on
admission CT scan, the significance and indications of EVD
placement are worth exploring.

The present study retrospectively evaluated 47 TICH
patients surgically managed in a single tertiary medical center
to determine whether the preoperative placement of EVD is
beneficial for neurological outcomes in TICH patients, with
special attention paid to the significance of EVD in TICH
patients without acute hydrocephalus on admission CT scan.

Materials and methods

Study population and data source

This study obtained approval from the Ethics Committee
of our Hospital (TDLL-202206-02) and informed consent
of their legal guardians. A total of 47 consecutive TICH
patients surgically managed in a tertiary care academic hospital
(Tangdu hospital, affiliated with the Air Force Military Medical
University) from January 2009 to October 2021 were enrolled
in the present study. Patients with supratentorial lesions that
require surgery and those with fatal hemorrhages whose
therapy did not aim to treat the condition were excluded
from the present study. Medical and nursing records, including
demographic information, clinical evaluation, imaging, and
procedure notes, were retrospectively reviewed. Discharge
reports from the rehabilitation facility as well as standardized
telephone interviews were used to evaluate the neurological
function at 6 month after the ictus. The consent with ethical
clearance for the study was obtained from the patients’ surrogate.

Treatment groups and EVD insertion

All TICH patients were managed according to the
Chinese Guidelines for Traumatic Surgery (2015 Edition).
A decompressive suboccipital craniectomy on the midline,
or ipsilateral to the hematoma, with the evacuation of the
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hematoma as well as the necrotic hemorrhagic tissue, was
performed in all 47 patients.

According to whether EVD was placed before the operation,
these patients were divided into 2 groups: (1) hematoma
evacuation combined with preoperative EVD placement
(HE4+EVD), and (2) hematoma evacuation only and no
preoperative EVD placement (HE). The decision to place a
pre-operation EVD at the bedside was based on the presumed
benefit to the patients and was up to the discretion of the
attending neurosurgeon after discussion of potential benefits,
risks, and possible complications with the patients” surrogates.
The placement time of preoperative bedside EVD is usually
about 0.5-1h before surgery, and the volume of external
drainage is usually controlled at 20-60ml. All the EVD
was placed into the right frontal horn at the Kocher point
unless there is a fracture on the right frontal bone, in which
case a left EVD was inserted. Gradual EVD weaning was
performed after the patient meets the following conditions:
improved neurological examination, no need to continue
ICP monitoring, and continuous post-operative CT scans
showing that intraventricular blood clearance or obstructive
hydrocephalus has improved.

Study variables and outcomes

The presence of TICH, IVH, fourth ventricle involvement
and occlusive hydrocephalus was established by a CT scan
on admission. The volume of hematoma was calculated
using the ABC/2 method as already described by Kothari
(14). Glasgow Coma Scale (GCS) was applied to evaluate
the level of consciousness pre-EVD, post-EVD, and before
craniectomy. The primary outcomes were in-hospital mortality
and neurological function evaluated by GOS at discharge
and 6 months after the ictus. An GOS >4 was considered
a favorable functional outcome as described previously (1).
The secondary outcomes of interest mainly include the length
of stay in the NICU, the total length of hospital stay, EVD
puncture tract bleeding, intracranial infection, pneumonia, and
delayed hydrocephalus.

Statistical analysis

Statistical analyses were conducted with the SPSS statistics
software package (IBM Corporation, Armonk, New York, USA).
Means with SDs or median with ranges were calculated for
continuous variables and counts with percentages for categorical
variables. Student’s ¢-test was used for continuous data and the
Chi-square test for categorical data to compare the demographic
and clinical characteristics among patients with and without
preoperative EVD. A Wilcoxon rank-sum test was used to
compare continuous data that were not normally distributed and
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TABLE 1 The demographic and clinical characteristics of patients with
traumatic intracerebellar hemorrhage stratified by surgical strategy
(n =47).

Overall HE+ EVD HE  pvalue
Number of patients (%) 47 (100) 29 (61.7) 18 (38.3)
Male (%) 28 (59.6) 17 (58.6) 11(61.1)  >0.99
Age 446 £17.8 434 +183 457 £13.2 0.64
Volume of hemotoma 17.8 £8.1 182+76 174 +£6.9 0.71
Median GCS (range) 7 (3-15) 7 (3-14) 8(3-15) 0.83
Skull fracture (%) 36 (76.6) 23(79.3) 13 (72.2) 0.57
Presence of IVH (%) 17 (36.2) 14 (48.3) 3(16.7) 0.03*
Fourth ventricle 21 (44.7) 17 (58.6) 4(22.2) 0.02*
involvement (%)
Acute hydrocephalus 15 (31.9) 15 (31.9) 0(0) <0.01**
(%)
Hypertension 23 (48.9) 11 (37.9) 12 (66.7) 0.08
Diabetes 16 (34.0) 8 (27.6) 8 (44.4) 0.34
Heavy drinking 27 (57.4) 15 (51.7) 12 (66.7) 0.37
Warfarin 11 (23.4) 7(24.1) 4(22.2) >0.99
Any antiplatelet drug 18 (38.3) 11 (37.9) 7 (38.9) >0.99

HE, hemotoma evacuation; EVD, external ventricle drainage; GCS is defined as the lowest
Glasgow coma scale before EVD insertion; * and **, statistically significant.

fisher exact tests for categorical events whose expected cell count
was <5. P < 0.05 was considered statistically significant.

Results

A total of 47 TICH patients was included in this study by
retrospective screening and reviewing of their medical records,
imaging data, and operative notes. According to whether the
EVD was placed before the operation, these patients were
divided into 2 groups: (1) hematoma evacuation combined with
preoperative EVD placement (HE+EVD), and (2) hematoma
evacuation only and no preoperative EVD placement (HE).

The
summarized in Table I. The average age of the patients
was 44.6 + 17.8 years old, of which 59.6% were male. There was
no statistical significance in age, gender, hematoma volume, and
GCS score between HE4+EVD and HE groups. Post-traumatic
intracerebellar hemorrhages are often associated with skull

demographic and clinical characteristics are

fractures. In this case series, 36 (76.6%) patients presented with
skull fractures, and the difference in distribution between the
2 groups was not statistically significant. Notably, the odds of
use of EVD were seen in patients with IVH (p = 0.03), fourth
ventricle compression (p = 0.02), and acute hydrocephalus
(p < 0.01).

In Table 2, compared with the time of admission, the GCS
scores of the two groups both decreased to a certain extent before
operation. However, placement of EVD at the bedside could
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TABLE 2 Primary outcomes for traumatic intracerebellar hemorrhage managed surgically with or without EVD.

GCS In-hospital mortality (n, %) Favorable GOS>4 (n, %)
Admission  Before EVD  Before surgery Discharge 6 months
HE+EVD(n = 29) 10.0+38 53423 8.6+33 8 (27.6) 15 (51.7) 17 (58.6)
HE (n = 18) 104432 ~ 64425 7 (38.9) 4(222) 5(27.8)
p value ns 0.02* 0.41 0.045* 0.04*

HE, hemotoma evacuation; EVD, external ventricle drainage; GOS, Glasgow Outcome Scale; ns: statistically non-significant. *Statistically significant.

TABLE 3 Secondary outcomes for traumatic intracerebellar
hemorrhage managed surgically with or without EVD.

HE+EVD HE pvalue

Mean length of stay (d)

NICU, survivors 49451 94+63 0.04*

Hospital, survivors 12.4 + 8.1 13.74+7.2 0.66
EVD related hemorrhage (1,%) 0 ~ ns
Intracranial infection (1,%) 5(17.2) 3(16.7) >0.99
Pneumonia (1,%) 16 (55.2) 7 (38.9) 0.37
Delayed hydrocephalus, survivors (1, %) 1(4.8) 2(18.2) 0.27

TABLE 4 Outcomes for EVD in traumatic intracerebellar hemorrhage
without acute hydrocephalus.

EVD non-  pvalue
(n=14) EVD
(n=18)

In-hospital Mortality (n, %) 2(14.3) 7 (38.9) 0.23
Favorable GOS>4 (n, %)

Discharge 10 (71.4) 4(22.2) 0.01*

6 months 11 (78.6) 5(27.8) 0.01*
Delayed hydrocephalus, survivors (1, %) 0 2(182) 0.21

HE, hemotoma evacuation; EVD, external ventricle drainage; *statistically significant.

significantly improve the preoperative GCS score (p = 0.02).
There was a trend that EVD could reduce hospital mortality
(27.6 vs. 38.9%), however, the difference was not statistically
significant. Importantly, compared with the HE group, EVD
significantly improved the neurological outcome at discharge (p
= 0.045) and 6 months (p = 0.04) after ictus.

Table 3 revealed that preoperative EVD could reduce the
average NICU stay time (p = 0.04, 4.9 £ 5.1 vs. 9.4 £ 6.3),
but had no effect on the total length of hospital stay. It
seemed that EVD tended to decrease the occurrence of delayed
hydrocephalus (4.8 vs. 18.2%), although the difference is not
statistically significant. In terms of EVD-related hemorrhage,
intracranial infection and pneumonia, there was no statistical
difference between the two groups.

Furthermore, we extracted the patients without acute
hydrocephalus on admission CT scan for comparison and
divided them into two groups: (1) hematoma evacuation
combined with preoperative EVD placement (EVD) (n = 14),
and (2) hematoma evacuation only and no preoperative EVD
placement (non-EVD) (n = 18) (Table 4). Interestingly, in terms
of neurological function at discharge (p = 0.01) and 6 month
after the ictus (p = 0.01), even though they did not have acute
hydrocephalus on admission CT scan, the TICH patients could
still benefit from EVD insertion. 0 patients in the EVD group
had delayed hydrocephalus, while 2 patients (18.2%) in the non-
EVD group had delayed hydrocephalus. There was no statistical
difference in hospital mortality between the two groups (14.3
vs. 38.9%).
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HE, hemotoma evacuation; EVD, external ventricle drainage; GOS, Glasgow Outcome
Scale. *Statistically significant.

Discussion

In this retrospective study, we examined the impact of
EVD placement before craniectomy on in-hospital mortality
and neurological function for patients with TICH. Our
data revealed that preoperative EVD at the bedside can
significantly improve the preoperative GCS score, ameliorate
the neurological score at discharge and 6 months after the
ictus, and reduce the average NICU stay time, without
increasing the risk of associated bleeding and intracranial
infection. In addition, there is a trend that EVD can reduce
in-hospital mortality and decrease the occurrence of delayed
hydrocephalus. Interestingly, in terms of neurological function
at discharge and 6 month after the ictus, even though without
acute hydrocephalus, the TICH patients can still benefit from
EVD insertion.

The application of EVD in severe craniocerebral trauma,
aneurysmal subarachnoid hemorrhage, and intraventricular
hemorrhage has been reported and has achieved good clinical
results (15-18). Especially for patients whose intracerebral
hematoma broke into the ventricular system, placing EVD can
significantly improve the patient’s prognosis (18, 19). However,
there are few reports on the application of EVD in TICH.

Consistent with previous literature reports, the current
study revealed the odds of use of EVD in TICH patients
with IVH, fourth ventricle compression,
hydrocephalus (20-24). Due to the
position of the cerebellum, it is easy to form acute obstructive

and acute

special anatomical
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hydrocephalus, and the compensation space is narrow,
making the traumatic intracerebellar hemorrhage (TICH)
become extremely dangerous. The patient’s condition can
change rapidly, even before the consciousness and pupil
change, breathing and heartbeat can suddenly stop, giving
no chance of rescue. Therefore, for TICH patients with
admission CT showing IVH, fourth ventricle compression,
and acute hydrocephalus, we prefer to place EVD as soon
as possible before surgery. It is also important to note
that, patients with intracerebellar hemorrhages just like all
other severe TBI patients require intensive management
meant to optimize blood glucose, base excess, mean arterial
Pa0,/FiO,
known as relevant prognostic factors in this patients

pressure, ratio, and serum hemoglobin, all
group (25).

Previous studies showed that EVD use was associated
with a trend toward decreased mortality but a greater
modified Rankin Scale score for functional outcomes in
spontaneous intracerebral hemorrhage (10). Similarly, our
results demonstrated that placement of EVD significantly
improved the neurological score at discharge and 6 months,
regardless of the presence or absence of acute hydrocephalus.
We believe that preoperative placement of EVD can improve
the prognosis mainly in the following aspects: (1) Patients
who need cerebellar hematoma evacuation generally have
different degrees of intracranial hypertension. Preoperative EVD
should be performed first to relieve intracranial hypertension
and then hematoma evacuation. Otherwise, the cerebellum
will become acutely inflated after cutting the dura mater,
which has obvious negative effects on the surgical operation.
(2) If EVD is performed after the hematoma is eliminated,
the morphology of the lateral ventricle changes due to the
outflow of cerebrospinal fluid, which increases the difficulty
of successful puncture. (3) If the postoperative cerebellar
edema is obvious and the hematoma remains, the continuous
drainage by EVD can help patients through the peak period
of edema.

Studies have shown that EVD can increase the risk of
bleeding and infection in patients with traumatic brain
injury. However, the current research has not found that
preoperative EVD can increase the chance of bleeding and
intracranial infection. Furthermore, the results showed a
trend that EVD can decrease the occurrence of delayed
hydrocephalus, which may be due to the continuous
drainage of bloody cerebrospinal fluid by EVD, reducing
subarachnoid adhesions.

Conclusion

For TICH patients, perioperative EVD is safe and can
significantly improve neurological prognosis. Especially for
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patients whose GCS dropped by more than 2 points before
the operation, EVD can significantly improve the patient’s GCS
score, reduce the risk of herniation, and gain more time for
surgical preparation. Even for TICH patients without acute
hydrocephalus on admission CT scan, EVD placement still has
positive clinical significance. However, future studies with larger
sample sizes are warranted to confirm whether perioperative
EVD can reduce in-hospital mortality and the risk of delayed
hydrocephalus in TICH.
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