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Abstract

Background: The treatment of cerebellar hemorrhage (CH) may be different
surgery or conservative according to the hematoma volume, compression of
vital structures or hydrocephalus existence. In the present study, the authors
investigated the risk factors, the indications and the situation of external ven-
tricular drainage (EVD) on the treatment line. Methods: 63 pure cerebellar
hemorrhage patients were enrolled in the study. 36 cases underwent surgery;
the other 27 were received conservative treatment. 15 and 13 cases received
EVD in both groups. Hospital stay and mortality rates were investigated. Re-
sults: 4 cases in the conservative group underwent surgery secondary to
treatment failure. Both of the groups had equal rates of morbidity and mor-
tality. On the other hand, the group that received surgical intervention had
shorter median hospital stay. The EVD does not seem to be life-saving at first
but it gives time for preparing for surgery. Conclusions: We found that CH
was strongly associated with early hydrocephalus and mortality. The early
diagnosis and surgical evacuation of the mass are mandatory and life-saving if
hematoma is larger than 10 ml. The EVD may not being a life-saving instru-
ment but majorly it may be a time earning device if acute hydrocephalus
present.

Keywords
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1. Introduction

Cerebellar hemorrhage (CH) is a sudden life-threating condition that requires
quick diagnosis and fast abolishment of therapeutic approaches. Sir Charles

Balance performed the first successful surgical removal of hematoma in 1906 [1].
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Following his first initiative efforts, the cumulative data on the diagnosis, thera-
peutic approaches and surgery of the cerebellar hemorrhage were increased up
to date with enhanced clinical experience.

After 1970s, a new revolution was initiated on neurologic sciences with the
invention of the computerized tomography (CT). In the CT era, the time of di-
agnosis was shortened and wrong diagnoses such as ischemic events were easily
eradicated. Moreover; with detailed imaging advances via CT scan, new diagnos-
tic parameters arose such as compression of the fourth ventricle, hydrocephalic
changes or hematoma volume in posterior fossa content. These measures facili-
tated the practitioners to decide better on how to treat the patient either surgi-
cally or conservatively.

In the previous literature, there are several studies comparing the outcomes of
conservative and surgical management of CH. In the guidelines for the man-
agement of spontaneous CH, Broderic et al suggested surgical evacuation of
hematoma, if the diameter is more than 3 cm, if there is neurological deteriora-
tion or the patient has brainstem compression and hydrocephalus [2] [3] [4] [5].
A collective database has not been constituted until now; current studies princi-
pally consist of uncontrolled, single institution retrospective case series.

Donaeur et al. also suggested the benefits of surgical management. After anal-
ysis on previous 21 papers published, they conducted the treatment of 33 pa-
tients. They established a management protocol: Group I, small hematoma in
good clinical condition treated conservatively; Group II, cases with hydrocepha-
lus treated with EVD; Group III, large hematoma cases treated surgically. Their
overall mortality rate was 33% and the worst prognosis related to patients with
an additional intra-ventricular hematoma and men aged between 50 - 70 years
with an admission GCS of less than 7 and occluded cisterns [6] [7] [8].

To the author’s opinion, the management of patients in good neurologic con-
dition or deep coma is not more complicated in initial surgery or not surgery
options. However, the condition is getting complicated after 48 hours from the
ictus even in the intensive care unit. The majority of the patients may deteriorate
by time caused by ongoing perilesional edema or compression of vital structures
such as fourth ventricle, basal cisterns and brainstem. The hematoma volume
may also increase with time either via re-bleeding or hyperosmolar effect of clot
formation. All of these conditions may show the importance of surgical inter-
vention.

In the present study the authors attempted to try to identify the surgical indi-
cations in CH and detailed the usage of EVD as a time earning device in the set-

ting of such cases managed both surgical and conservatively.

2. Material and Methods

There are 63 consecutive patients enrolled in the study between January 2012
and May 2018. Cases of secondary hemorrhage resulting from a cerebral aneu-

rysm rupture, brain tumor bleeding, arteriovenous malformations rupture,
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moyamoya disease or hemorrhagic transformation of infarct area were excluded.
All patients had spontaneous pure cerebellar hematoma without structural or
vascular abnormality. All patient and family consents with ethical clearance of
the study were provided.

Patient characteristics and demographic data are demonstrated in Table 1.

At initial work-up the patient’s hematoma volume was calculated into the
program of Infinitt PACS system (Seoul, South Chorea). Patient’s fourth ven-
tricle configuration was graded via a modified Kirollos system [9]. Grade I:
normal size and configuration. Grade II: slightly compressed. Grade III: severely
compressed but still have visibility. Grade IV: totally occluded or absent. The
condition and compression of the basal cisterns were evaluated according to Ja-
cobs Taneda’s criterias [10]. Cisterns were scored by visual inspection using a
three-point scale. 1): normal appearance, 2): compressed, indicated unilateral
narrowing of a cistern (a slit-like appearance), but CSF still is visible, 3): absent.

According to patient’s initial GCS score, hematoma volume and CT-MRI data
an algorithm was used for initial management (Figure 1). Moreover this algo-
rithm was used for patients allocation in groups surgical and conservative.

36 of the patient received emergency posterior fossa decompression with he-
matoma evacuation. Briefly, patients with more than 10 ml hematoma volume
and/or GCS score less than 13 had undergone surgery. Surgery was performed in
prone position under the cranial fixation with Mayfield three-pin head holder.
Extended suboccipital craniectomy with removal of C1 arc was performed. Right
occipital burr-hole was drilled for future CSF diversion. After dural opening,
hematoma removal and bleeding control were performed by microsurgery. Dura
mater was closed watertight. Postoperative early (2 - 3 hours) and late (in 24
hours and day after) CT scans were used for follow-up (Figure 2 and Figure 3).

The other 27 patients were treated in a conservative manner. Bed rest, anal-
gesic therapy and sedation were used for initial conservative management
(Figure 2). Mannitol and diuretics were added to the therapy when it had been
necessary. The 13 cases of the conservative group and 6 cases of the surgery
group received EVD in 3 - 5™ days just after acute hydrocephalus has developed.

4 patients of the 13 who received conservative treatment and EVD placement
were operated for hematoma evacuation 2 - 4 days interval after initial EVD in-

sertion.

Table 1. Patient characteristics and demographic data.

Groups Surgery (n: 36) Conservative (n: 27)
Age (y) 66 17 63+14
Sex (F/M) 15/21 11/16
EVD placement (n/%) 6 (16%) 13 (48%)
Reoperation 1 4
Hosp/ICU Time (day) 22+13/12t6 53+11/41+£9
Mortality 6 (16.6%) 5(18.5%)
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HEMATOMA VOLUME

Less than 10 ml More than 10 ml

4th yentricle and cisterns

Iand Il /C1,C2 Il and V or C3
Hydrocephalus GCS 13-15 GCS <12
Conservative EVD placement Surgery

Figure 1. Protocol scheme for the treatment of cerebellar hematomas according
to their initial clinical status with neuro-radiological workup.

(d) (e)

Figure 2. A 55 years old man admitted to emergency service with hypertensive attack and
severe headache. The initial CT scans show ((a) and (b)) CH with slight 4™ ventricle
compression and hematoma partly drained into the ventricle. T1 (c) and T2 (d) weighted
MRI scans show similar findings. The patient treated conservatively, the CT scan after the
4 weeks show total resolution of CH (e).
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Figure 3. A 34-year-old women presented sudden deterioration to the emergency service.
The initial CT scans ((a) and (b)) show right CH with compression of the 4™ ventricle
with no acute hydrocephalus. T1 weighted MRI scan (c) shows hematoma with severe
edema and ventricle/cistern compression. The patient underwent emergency decompres-
sion and hematoma removal. Postoperative 3" week CT slices ((d) and (e)) show total
disappearance of CH with normal ventricle size.

3. Results

Table 1 and Table 2 summarize the results of the patient data. Table 2 also
shows CT finding of patients on initial admission. Both of the groups had equal
rates of morbidity and mortality. On the other hand, group that received surgical
intervention had shorter median hospital stay. The EVD does not seem to be
life-saving at first but it gives time for preparing for surgery. 3 patients who
could not undergo posterior fossa surgery because of with highly co-morbid

status, benefited from EVD placement.

4. Discussion

Cerebellar hematoma is mostly seen in middle age or older patients with a peak
in fifth decade [11]. Some patients with spontaneous CH are under warfarin
therapy with increased INR ratios plus co-morbid diseases. Most of the patients
on warfarin or ASA therapy both have cardiac and neurological ischemic events
in their background clinical data. Therefore, they need to be under careful titra-
tion of their blood viscosity, platelet and hemoglobin levels prior to surgery.
Moreover, such older age group patients may need elongated postoperative ICU
treatment with long term hospital stay plus much more physical rehabilitation
treatment. Most common cause of spontaneous CH is hypertension via rup-

ture of microaneurysms in small penetrating vessels. Amyloid angiopathy or
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Table 2. CT characteristics and volume correlation in different grades of 4™ ventricle and
cistern compression.

Patient Hematoma .
X Volume (ml) 4. Vent Cistern Hyd.
number Diam (cm)
25 2-3 7.4 +3.1 I 1 -
13 3-4 11.6 +2.3 II 1-2 +
17 4-5 22.1+34 II-1vV 2-3 +
8 5N 3424\ v 2-3 +

hemorrhagic transformation of infarct may also be the other reasons [11].

The management of CH requires early diagnosis of the insult since the pa-
thology is fatal if early surgical intervention is not performed. On the other
hand, patients with CH require detailed preoperative medical evaluation prior to
such an extensive surgery.

Many treatment protocols are suggested for CH although there is no certain
consensus on the definite treatment of choice. Removals of hematoma via sub-
occipital craniotomy, endoscopic evacuation via burr-hole, EVD or conservative
management are the options [12].

After their initial diagnosis and prior to surgery, the determination of the
treatment type is essential due to above-mentioned reasons. On the initial CT,
the diameter and volume of the hematoma, compression of the 4™ ventricle or
brainstem, presence of hydrocephalus are the main points that need to be en-
lightened. Salazar is the first author to show the importance of the hematoma
size [13]. In a study of 15 patients of CH, he showed that size larger than 3
compounds in 11 cases (73%), In large hematoma patients compression of 4™*
ventricle (80%), basal cisterns (60%) and hydrocephalus (53%) are correlated
with increased mortality. Danouer; in his series of 33 patients with CH [3],
showed the increasing morbidity and mortality with obliteration of perimesen-
cephalic cisterns. He also showed that patients with hemorrhage into vermis or
adjacent to 4™ ventricle had significantly worse prognosis. These initial studies
mainly focused on the hematoma size and settlement of hematoma in the post-
erior fossa.

Besides evaluating all prognostic indicators; Kiyoyoshi studied 31 patients
with spontaneous CH who had a low GCS at admission and underwent MRI.
Obliteration of the 4 ventricle and perimesencephalic cistern and the presence
of hydrocephalus in initial tomographic scans and the presence of areas of high
signal intensity in the brainstem in T2 weighted images were shown. He sug-
gested that brainstem damage with high signal intensity was a significant prog-
nostic factor for determining outcomes of poor grade CH [14]. This was the first
study to show brainstem ischemia caused by direct compression by hematoma
or edema formation independent of other factors. Brain stem function may be
evaluated by checking auditory brain stem responses but since urgent interven-

tion is needed, there may be no time for these tests preoperatively [15]. Similar-
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ly, such brainstem ischemia may occur after insertion of EVD only without the
evacuation of CH.

Loons et al. suggested a classification for appearance of quadrigeminal cistern
in a report involving 49cases on the CT scans. According to the classification;
grade I (normal cistern), grade II (compressed cistern), grade III (absent cis-
tern); the size of the hematoma was not relevant to the degree of cisternal com-
pression and the influence of edema and hydrocephalus were more important in
overall mass effect. As a result of the study, patients with grade I had a favorable
outcome, grade II patients good/moderate outcome, especially patients grade II
plus hydrocephalus need urgent evacuation of CH with insertion of the EVD.
Grade III patients had a poor outcome irrespective of all treatment. Mortality
was 50% in grade III; other 50% was vegetative state. In the study, the early sur-
gery had more helpful [16].

In the prospect of the previouscriteria’s such as; hematoma volume, compres-
sion of the 4™ ventricle, basal cisterns and brainstem ischemia and tonsillar her-
niation on initial MRI all have clinical importance on morbidity and mortality.
The patients with smaller hemorrhage, and alert without hydrocephalus can be
followed conservative manner. If the patient had larger hematoma more than 3
cm with tonsillar herniation, hydrocephalus, brainstem compression or basal
cistern occlusion needs surgical evacuation of hematoma. EVD insertion cannot
be replaced with main surgery but it can be a time gaining instrument. However,
all this management needs close monitoring of the patients, if deterioration
happens on the clinical condition of the patient, the urgent CT with rapid track-
ing of the pathology is crucial. Although the similar conclusions were hig-
hlighted by the other studies, if the patients general condition and the hemato-
logical values permit to a major surgery, operation with removal of the mass ef-
fect seems shortens patients hospital stay with low morbidity and mortality. In
the study of Matthew et al operated 75% of 48 CH cases. They showed early
surgical management in the CH patients associated with early presentation of
CT signs of brainstem compression and acute hydrocephalus led to a good out-
come in most patients. The patients initially treated by EVD but more than half
of the patients subsequently required evacuation of the clot, but understandably
some patients failed to reverse the deterioration [17]. This non-reversal condi-
tion may weigh on the craniectomy can be advance to the first line treatment
than EVD such larger hematomas. Hoop et al suggested that level of conscious-
ness is a better prognostic factor than the diameter of hematoma and surgical
decompression is indicated in patients with intact brain stem reflexes and im-
paired consciousness [18].

Kobayashi divided in two parts of their clinical series of 101 cases of CH. They
analyzed first 52 cases as a retrospective manner. After this evaluation, the
second part of 49 cases was managed insights of new surgical criteria according
to Glascow Coma Scale (GCS). Based on these criteria 1, patients with GCS of 14
or 15 and with a hematoma of less than 40 mm in maximum diameter are

treated conservatively. For the patients with GCS of 13 or less on admission or
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with a hematoma measuring 40 mm or more, hematoma evacuation with
de-compressive craniectomy should be treatment of choice; and 3. For the pa-
tients whose brain stem reflexes are entirely lost with flaccid tetraplegia or whose
general condition is poor surgical therapy was not intended [19]. Luparello and
Canevero from Italy also exhibited the importance the GCS, the placement of
hematoma (vermian, paramedian, lateral or hemi cerebellar) and the degree of
quadrigeminal cistern involvement on their reply to the Kobayashi’s study [20].
However Kobayashi’s study is the biggest case series including both prospective
and retrospective parts. Their criteria are also logic and easy to use in all centers
in the world. Moreover, the Glascow Outcome Score may not be predictive for
all CH cases.

Kirollos et al developed and prospectively applied a new treatment protocol
on their 50 patients with CH according to the 4™ ventricle. They graded the ap-
pearance of the 4™ ventricle on CT scans. Grade I is normal size and configura-
tion. Grade II is partially compressed of distorted, shifted to contralateral side.
Grade III is complete obliterated. The degree of fourth ventricle obliteration was
correlated with the size and volume of hematoma and presenting GCS score. In
conclusion, they suggested that for conscious patients with grade III fourth ven-
tricle compression should undergo urgent clot evacuation before deterioration.
Surgical evacuation of the clot may not be required for large hematomas (>3 cm)
if the fourth ventricle is not obliterated at the level of clot. Grade I and grade II
with GCS more than 13 were treated conservatively. Ventricular drainage was
applied only if the patient had developed hydrocephalus or GCS less than 13. 15
of 25 patients (60%) with grade I and II compression did not require surgery
later on [11].

This suggestion may change in observation time in every day, if the patient
has severe brain stem compression or severe peri-hematomal edema formation
after the initial insult. Compression of the fourth ventricle may change with time
and sometimes the severe hydrocephalus may accompany grade II compression
depending on CSF flow dis-regulation.

Based on cumulative data of the previous studies and our series, CH is a
life-threatening condition once it has been diagnosed. Prevalence rate of CH is
increasing in population especially via aging of the people with increased com-
orbid factors. Mortality varies between 25% and 57%. Postoperative outcome is
correlated with preoperative clinical condition [10]. Advances in neuroanesthe-
siology with neurointensive care made it easy to operate such cases in urgent
conditions. To the definitive and short time treatment is only possible with surgic-
al evacuation. If the lesion diameter is more than 3 cm, surgical evacuation of he-
matoma content is the gold standard. EVD is both life-saving and time-gaining
instrument if patients have hydrocephalus but can not be undergone urgent
surgery.
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