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Direct Removal of Fourth Ventricle Hematoma in Massive
Intraventricular Hemorrhage
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Various grading systems and surgical techniques have been developed for the treatment of intraventricular hemorrhage (IVH);
however, little attention has been paid to the fourth ventricle hematoma. Nonetheless, hemorrhagic dilation of the fourth ventricle
may lead to catastrophic consequences for patients with massive IVH. We present two cases of massive IVH accompanied by
massive fourth ventricle hematoma which was successfully removed with combination of suboccipital craniotomy for fourth

ventricle hematoma and intraventricular fibrinolysis for supratentorial hematoma.
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INTRODUCTION

Intraventricular hemorrhage (IVH) is defined as bleeding
into the intracranial ventricular system. It is classified as pri-
mary IVH when the bleeding originates from intraventricular
sources or lesions and secondary IVH when a periventricular
lesion (lesion in the putamen or thalamus, an aneurysm, or a
vascular malformation) bleeds and ruptures into the ventri-

4,10,15
cle

). Regardless of its etiology, IVH is associated with sud-
den neurological deterioration or development of coma owing
to the increased intracranial pressure (ICP), mass effect on the
brain tissue, and blockage of the circulation of the cerebrospi-
nal fluid, leading to acute hydrocephalus™”.

The prognosis of IVH is very poor in the literature, with
morbidity and mortality rates of up to 70% and 80%, respec-

tively. Among those with massive flooding and marked dila-
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tion of the ventricles, the worst outcomes and highest mortali-
ty rates have been observed”. Hence, massive IVH is a
neurosurgical emergency and should be treated with the
prompt removal of intraventricular blood for rapid reversal of
ventricular dilation and normalization of ICP.

Recently, reports on the endoscopic removal of hematomas
have shown better survival rates and prognoses compared
with traditional surgical approaches, such as external ventric-
ular drainage (EVD), EVD with intraventricular fibrinolysis,

. . 1,11,14
and hematoma evacuation by craniotomy

. However, most
studies have focused on supratentorial IVH (lateral horn, oc-
cipital horn, and third ventricle), and little attention has been
given to the presence of blood in the fourth ventricle. Supra-
tentorial IVH is important, but consideration should also be
given to hematomas filling the fourth ventricle due to the sig-

nificant mass effect on the brainstem and surrounding epen-
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dyma.
Herein, we present two cases of massive IVH that were
treated with emergent evacuation of fourth ventricle hemato-

ma following EVD.

CASE REPORT

Case 1

An 18-year-old woman presented in an unconscious state
with a Glasgow coma scale (GCS) rating of 4. The motor re-
sponse to painful stimuli was decerebration, and both pupils
were pinpointed. Computed tomography (CT) scan revealed
massive [VH extending from the lateral ventricle to the fourth
ventricle accompanied by hydrocephalus. The fourth ventricle
was clearly enlarged by the hematoma, and there was a signifi-
cant mass effect on the brainstem and the posterior fossa cis-
terns. (Fig. 1A and B) Bilateral ventricular catheters were
promptly inserted to control the ICP. Subsequent digital sub-

traction angiography revealed a forniceal arteriovenous mal-

formation with an intranidal aneurysm measuring 6 mm in
size. The aneurysm was successfully embolized using Histo-
acryl” (B. Braun, Melsungen, Germany) (Fig. 1C and D). Al-
though the hydrocephalus was somewhat relieved, the patient’
s condition did not improve further. Consequently, we consid-
ered the possibility that there may be significant mass effect in
the brainstem owing to the fourth ventricle hematoma. Im-
mediately after embolization, suboccipital craniotomy and
evacuation of the fourth ventricle hematoma were performed.
After opening the cerebellomedullary cistern, the cerebellom-
edullary fissure was sharply dissected, and the cerebellar ton-
sils were elevated using a retractor. A large amount of the
blood clot filling the fourth ventricle was removed, and care
was taken not to irritate the brainstem (Fig. 2A and B). After
removing the clot, the brainstem and cerebellum became re-
laxed. Postoperative CT scan showed complete removal of the
hematoma with visible posterior fossa cisterns (Fig. 2C and D).
Immediately after surgery, she recovered to the point of local-
izing pain in her upper extremities. For clot lysis in the lateral

and third ventricles, 1 mg of intraventricular tissue plasmino-

Fig. 1. Case 1. A and B : Initial computed tomography scan showed massive intraventricular hemorrhage with a fourth ventricle hematoma compressing
the brainstem. C and D : The intranidal aneurysm was successfully obliterated in the forniceal arteriovenous malformation using Histoacryl® (B. Braun,

Melsungen, Germany). Thick arrow indicates intranidal aneurysm.
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Fig. 2. Case 1. A and B : Removal of fourth ventricle hematoma was performed via midline suboccipital craniotomy. C and D : Postoperative computed
tomography scan revealed complete removal of the fourth ventricle hematoma and slight improvement of the hydrocephalus.
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gen activator (tPA) was administrated into each ventricular
catheter. A total of eight doses of tPA were administered over
the course of 4 consecutive days. The patient was gradually
stabilized and began to follow simple commands. A follow-up

CT scan showed near-total resolution of the IVH, and a ven-

triculoperitoneal shunt was inserted at 3 weeks after the hem-

Fig. 3. Case 1. A: The intraventricular hemorrhage was almost complete-
ly resolved following eight doses of intraventricularly administered tis-
sue plasminogen activator given over 4 consecutive days. B : Normal
ventricle size was maintained by a shunt during follow-up computed to-
mography scan at 18 months after surgery.

; B
Rt. // & ]
,

@ Cranial &

Removal of Fourth Ventricle Hematoma | Kim YS, et al.

orrhage (Fig. 3). Three months after the of rehabilitation, the
patient had moderately severe disability (modified Rankin
Score of 4 points); however, she was still able to communicate

with her family.

Case 2

A 60-year-old woman presented with impaired conscious-
ness. The GCS rating at admission was 8, and she showed
weak bilateral localization upon exposure to painful stimuli.
CT scan revealed a massive IVH with hydrocephalus and dila-
tation of the fourth ventricle (Fig. 4A and B). Emergent bilat-
eral ventriculostomy was performed in order to relieve the hy-
drocephalus. As in the first case, although the hydrocephalus
was improved, the neurological condition remained un-
changed. Likewise, it was thought that there could be signifi-
cant compression of the brainstem by the fourth ventricle he-
matoma. Suboccipital craniotomy and evacuation of the
fourth ventricle hematoma were subsequently performed. The
cerebellomedullary fissure was dissected, and the cerebellar

tonsils were gently elevated with the help of a retractor. We re-
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Fig. 4. Case 2. A and B : An initial computed tomography scan revealed massive intraventricular hemorrhage with a fourth ventricle hematoma com-
pressing the brainstem. Cand D : The fourth ventricle hematoma was removed via midline suboccipital craniotomy.

Fig. 5. Case 2. Aand B : A postoperative computed tomography scan showed complete removal of the fourth ventricle hematoma and improvement of
the hydrocephalus. C and D : The intraventricular hemorrhage was almost completely resolved following six doses of intraventricularly administered tis-
sue plasminogen activator given over 3 consecutive days.
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Fig. 6. Case 2. A and B : The ventricle’s normal size was maintained with-
out a shunt during follow-up computed tomography scan at 12 months
after surgery.

moved a large amount of the blood clot filling the fourth ven-
tricle, taking care not to touch the brainstem in the process
(Fig. 4C and D). After removing the blood clot, relaxation of
the brainstem and cerebellum was observed. A postoperative
CT scan showed that the hematoma had been completely re-
moved and that the hydrocephalus had improved. Immedi-
ately after surgery, the patient recovered to the point of being
able to obey basic commands. We administered 1 mg of intra-
ventricular tPA into each of the ventricular catheters for clot
lysis. Six doses of tPA were administered over a span of three
consecutive days, and a follow-up CT scan revealed that near-
total resolution of the intraventricular blood had been
achieved (Fig. 5). The patient recovered well (modified Rankin
Score of 1) and was discharged without requiring further

shunt surgery (Fig. 6).

DISCUSSION

Irrespective of the etiology, neurosurgeons often face a di-
lemma when confronted with massive IVH. Specifically, their
choices in terms of treatment include EVD, intraventricular
fibrinolysis, endoscopic evacuation, and craniotomy. In any
case, it is clear is that the treatment goals of massive IVH
should be the removal of intraventricular blood, rapid reversal
of ventricular dilatation, and normalization of ICP.

Massive IVH is often accompanied by fourth ventricle he-
matoma. When the fourth ventricle dilates as a result of an in-
traventricular clot, the brainstem can undergo compression. If
persistent, potential outcomes may include a decreased level of
consciousness or death. So, similarly to cerebellar hemor-

rhage, massive fourth ventricular hematoma demands prompt
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decompression when a tight posterior fossa, brainstem com-
pression, or basal cistern compression is observed™'”. Several
widely-accepted grading systems have been used to estimate
the severity of IVH and its prognosis. These include the
Graeb, modified Graeb, and LeRoux grading systems™*'”. The
score of each grading system is a sum of the compartment
scores that are given to the lateral, third, and fourth ventricles.
However, the scores of these grading systems have been found
to be skewed mainly in favor of the lateral ventricles. As previ-
ously stated, attention should also be paid to hematomas of
the fourth ventricle.

With a rising interest in minimally-invasive techniques, en-
doscopic surgery and EVD with intraventricular fibrinolysis
have come to be widely accepted. Compared to EVD alone,
there is growing evidence to support the notion that endo-
scopic surgery and EVD in conjunction with intraventricular
fibrinolysis can yield better results in terms of efficacy and

9,11,14 .
. In particular, endo-

safety in patients with massive [IVH
scopic surgery offers many advantages, including a high evac-
uation rate and low incidences of rebleeding, shunt dependen-
cy, and infection'”. A rigid endoscope is typically used due to
the high quality of view; however, it is limited in its ability to
remove hematomas in the fourth ventricle. Compared with
the rigid endoscope, a flexible endoscope offers higher degrees
of flexibility and accessibility when evacuating hematomas in
the aqueduct and fourth ventricle”. Nonetheless, flexible en-
doscopes have a poorer quality of vision, a limitation that can
cause injury to deep structures. This consideration is particu-
larly pertinent given that the fourth ventricle is the deepest
portion of the ventricular system™”. Moreover, the endoscope
occupies the entire diameter of the cerebral aqueduct, thereby
disturbing irrigation. Excessive irrigation has been found to
cause local hypertension and bradycardia in prior reports’.
Hence, if massive blood exists in the fourth ventricle, a find-
ing that requires prompt decompression, the use of a flexible
endoscope is relatively time-consuming. In fact, brainstem in-
farction has been observed to occur more rapidly than previ-
ously thought, impairing perforator perfusion”. Upon gross
examination, autopsy has previously revealed medullopontine
softening while histology has found multiple pontine micro-
infarcts'”.

In our two cases, we took great care of unchanged neuro-
logical symptoms despite ventricular drainage, which suggests

that the compartmentalization of ICP occurred between the



supratentorial and infratentorial regions. Hence, we decided
to conduct the treatment with a combination of EVD and fi-
brinolysis (for supratentorial clot removal) and hematoma
evacuation with craniotomy (for infratentorial clot removal).
Visible relaxation and pulsation of the posterior fossa was ob-
served following removal of the clot, potentially indicating
that fourth ventricle hematoma could be a major contributor
to decreased levels of consciousness.

Although, it is debatable to conclude with only two cases
that our method is better over the intraventricular fibrinolysis
or other minimally-invasive techniques, we should consider
whether the mass effect on posterior fossa is the main cause of
decreased consciousness in patients with massive fourth ven-
tricular hematoma and surgical evacuation could be an useful

option in these conditions.

CONCLUSION

In the event that the fourth ventricle is enlarged by massive
hematoma and significant mass effect is observed in the pos-
terior fossa, prompt surgical clot removal or decompression
could be beneficial in IVH patients. This is also true of other

posterior fossa hematomas.
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