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INTRODUCTION:  When  severe  intraventricular  hemorrhage  (IVH)  casting  in  moyamoya  disease  (MMD)  is
mentioned,  experts  advocate  not  to evacuate  the IVH  in  acute  phase.  However,  the  devastating  outcomes
derived  from  this  empirical  rule  have  not  been  addressed.  Herein,  we report  two  MMD  cases  undergoing
obliteration  of  ruptured  aneurysm  and  early  complete  aspiration  of severe  IVH  casting,  and  showed  good
outcomes.
PRESENTATION  OF  CASES:  Case  1: A 55-year-old  woman  was  admitted  to  our  hospital.  Her  initial  Glasgow
Coma  Scale  (GCS)  was  4 and  a computerized  tomography  (CT)  scan  showed  severe  IVH.  Cerebral  angiog-
raphy  (CAG)  revealed  MMD  and  an  aneurysm.  Direct surgery  was  performed  for  the  ruptured  aneurysm,
followed  by  endoscopic  complete  aspiration  of  residual  IVH.  The  modified  Rankin  Scale  (mRS)  was 1  at
discharge.

Case 2:  A  44-year-old  woman  was admitted  to  our  hospital.  Her  initial  GCS  was  4  and  the  CT  scan
showed  a severe  IVH.  CAG  revealed  MMD  and  an aneurysm.  Transcatheter  arterial  embolization  was
carried  out  for the aneurysm,  followed  by  endoscopic  complete  aspiration  of  the  residual  IVH.  The  mRS
was 2 at discharge.

DISCUSSION:  Performing  only  external  ventricular  drainage  in  acute  phase  for such  IVH  casting  is generally
preferred  way,  however,  there  are  no  scientific  date  supporting  this  empirical  rule.  Early  surgical  removal
of severe  IVH  casting  is  an  approach  for  severe  IVH  casting  in  MMD.
CONCLUSION:  Early  aspiration  of  severe  IVH  casting  is an  option  for managing  MMD  with  critical  intracra-
nial pressure,  and it has  the  potential  to  prevent  poor  outcomes  in MMD  patients  with  severe  IVH.

© 2020  The  Author(s).  Published  by  Elsevier  Ltd  on behalf  of IJS  Publishing  Group  Ltd.  This  is  an  open
he  CC
access  article  under  t

. Introduction

Moyamoya disease (MMD)  can lead to hemorrhagic stroke
ncluding severe intraventricular hemorrhage (IVH) with devastat-
ng consequences. However, few studies have shown the optimal
iming for IVH removal. There are several cases with MMD  experi-
ncing severe IVH casting due to intraventricular aneurysm (IVA)
upture have been reported [1–11], though little information was

rovided regarding the management for IVH casting. Performing
nly external ventricular drainage (EVD) in acute phase and wait-

ng for lysis of hematoma and patients’ neurological recovery is

Abbreviations: AchA, anterior choroidal artery; CSF, cerebrospinal fluid; CT,
omputerized tomography; EC-IC, extra-cranial and intra-cranial; EVD, exter-
al  ventricular drainage; GCS, Glasgow Coma Scale; ICA, internal carotid artery;

CH, intracerebral hemorrhage; ICP, intracranial pressure; IV-An, intraventricular
neurysm; IVH, intraventricular hemorrhage; MMD,  moyamoya disease; mRS, mod-
fied Rankin Scale; PchA, posterior choroidal artery; STA-MCA, superficial temporal
rtery-middle cerebral artery; VP, ventriculo-peritoneal.
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a generally preferred way  for the reason one could avoid iatro-
genic destruction of parenchymal tissue and collateral circulation
[12], however, there are no scientific date supporting this empirical
rule. Information regarding the timing of the surgical intervention
for severe IVH casting associated with MMD  is appallingly lack-
ing. Herein, we  report two MMD  cases with severe IVH casting due
to IVA rupture who  underwent emergency obliteration of ruptured
aneurysm and early complete endoscopic aspiration of the IVH, and
showed relatively good outcomes at discharge. This work has been
reported in line with the SCARE criteria [13].

2. Case reports

2.1. Case 1

A previously healthy 55-year-old woman experienced the sud-
den onset of headache followed by loss of consciousness. The

patient’s Glasgow Coma Scale (GCS) was 4 on arrival. Her blood
pressure was 160/110 mmHg, heart rate 30 beats per minute. A
computerized tomography (CT) scan showed severe IVH casting,
mainly involving the right lateral ventricle, and CT angiography
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Fig. 1. Initial computerized tomographic images and cerebral angiographic images of case 1.
A:  Computerized tomography (CT) revealed severe intraventricular hemorrhage. B: CT angiography showed a round 5 mm aneurysm in the right inferior horn of the lateral
v
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entricle (white arrow).
: Right carotid cerebral angiography revealed occlusion of the terminal portion of
he  distal portion of the anterior choroidal artery (white arrow). D: Right carotid ce

howed a round 5 mm aneurysm in the right inferior horn of
he lateral ventricle. Bilateral EVD was undertaken immediately
fter arrival, but most of the IVH persisted. Cerebral angiography
CAG) revealed occlusion of the terminal portion of the right inter-
al carotid artery (ICA) with extensive moyamoya vessels, and
emonstrated the characteristic appearance of MMD  as well as
n aneurysm in the distal portion of the anterior choroidal artery
AchA) (Fig. 1). We performed direct surgery via the right middle

emporal gyrus and detached the aneurysm from the parent artery.
fter treating the IVA, we performed endoscopic surgery to remove

he residual IVH in the left lateral ventricle, allowing nearly all of the
VH to be removed (Fig. 2). The patient’s consciousness gradually
ight internal carotid artery with extensive moyamoya vessels, and an aneurysm in
 angiography, lateral view, shows an aneurysm (white arrow).

recovered, reaching GCS 15 in a month, and right superficial tem-
poral artery-middle cerebral artery (STA-MCA) anastomosis was
carried out. The modified Rankin Scale (mRS) was 3 8 weeks after
the onset, with recovery to 1 a year after the onset.

2.2. Case 2

A previously healthy 44-year-old woman experienced the

sudden onset of headache followed by vomiting and loss of con-
sciousness. Her GCS was  4 on arrival. A CT scan showed a cast-type
IVH, mainly involving the right lateral ventricle. CT angiography
revealed an aneurysm in the right body of the lateral ventricle.
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Fig. 2. Operative views and postoperative computerized tomographic images of case 1.
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:  A small corticotomy was made in the right middle temporal gyrus. B: Intraoperat
rrow). C: Computerized tomography (CT) after the direct surgical procedure confi
eriod  after endoscopic removal of the intraventricular hemorrhage.

ilateral EVD was performed immediately after arrival, but most of
he IVH persisted. CAG showed occlusion of the terminal portion
f the right ICA, with extensive moyamoya vessels. The charac-
eristic appearance of MMD  was noted, and an aneurysm in the
osterior choroidal artery (PchA) was revealed, as well as blowout
f contrast agent into the ventricle on the moving image (Fig. 3). We

mmediately performed transcatheter arterial embolization using
istoacryl (n-butyl-2-cyanoacrylate). After treating the IVA, we
erformed endoscopic surgery to eliminate the residual IVH, nearly
ll of which was removed (Fig. 4). Her consciousness gradually
ecovered, reaching GCS 10 in two months, and GCS 15 a year after
racheotomy closure. Right STA-MCA anastomosis was carried out

 year after the onset. The patient’s mRS  was 4 at 8 weeks after the
nset, with recovery to 2 a year after the onset.

. Discussion
Several MMD  cases with severe IVH casting due to IVA
upture have been reported [1–11]. Most had ruptures of a dis-
al AChA or a distal PchA aneurysm, as in our cases. Early
dings revealed an aneurysm in the inferior horn of the right lateral ventricle (white
 removal of the aneurysm. D: CT scan obtained in the immediate post-treatment

reports described conservative treatment for IVA, and tended
to show unfavorable outcomes due to IVA re-rupture [2,3,11].
Most cases reported in recent years received direct or endovas-
cular surgery for the ruptured IVA [1,3,5–10]. Direct surgery
should be considered when a surgical corridor would not
destroy the collateral circulation associated with MMD, with
endovascular surgery otherwise being preferable. If the parent
artery supplies an important collateral route but the preser-
vation of this artery is not possible, simultaneous cerebral
revascularization including EC-IC bypass should be consid-
ered.

The optimal treatment for severe IVH casting in cases with MMD
has not yet been established. Performing only EVD in acute phase
and then observing the lysis of hematoma and patient for neurolog-
ical recovery is a preferred approach still now [1]. This treatment
has the advantages of allowing invasive procedures to be omitted

in patients with unstable disease and avoiding iatrogenic destruc-
tion of parenchymal tissue and collateral circulation. However, the
prognosis of the severe IVH patients in MMD  would only become
evident after the lysis of hematoma in this method.
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Fig. 3. Initial computerized tomographic images and cerebral angiographic images of case 2.
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:  Computerized tomography (CT) showed acute hydrocephalus. B: CT revealed se
he  right body of the lateral ventricle (white arrow). D: Right carotid cerebral angiog
xtensive moyamoya vessels, and an aneurysm in the distal portion of the posterio

Early surgical removal of severe IVH casting is an another
pproach for severe IVH casting in MMD.  This treatment has the
dvantage of avoiding acute-phase critical intracranial pressure
ICP), which may  cause irreversible tissue damage leading to late
hase ischemic complications [14,15]. The patients who  suffered
evere IVH casting shows wide range of prognosis, and how the
VH casting has the harmful effect for specific patients has not
een well presented. A study using a canine model of IVH showed
eriventricular blood infiltration to cause ependymal tissue dis-
uption and cellular desquamation [16], such that early removal

f severe IVH might prevent irreversible ependymal tissue dam-
ge.

Among the reported MMD  cases with severe IVH due to IVA
upture, endoscopic procedures were performed in some case [8],
ast-type intraventricular hemorrhage. C: CT angiography showed an aneurysm in
 revealed occlusion of the terminal portion of the right internal carotid artery with

oidal artery (white arrow).

however, that report focused on the observation and description of
ependymal tissue and did not describe the timing of the removal of
IVH. Information regarding the timing of the surgical intervention
for severe IVH casting associated with MMD  is appallingly lacking.
Performing only external EVD in acute phase for IVH casting is still
generally preferred way, however this approach could ignore the
potential to decrease the critical ICP and irreversible ependymal
tissue damage.

4. Conclusions
Although only two cases, our cases showed relatively good
outcomes despite initially severe neurological status. For a cast-
type IVH remaining after EVD in MMD,  early removal of IVH,
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ig. 4. Postoperative computerized topographic images of case 2.
eft: Computerized tomography (CT) scan obtained immediately after transcatheter
mmediately after endoscopic removal of the intraventricular hemorrhage.

s in our present two cases, may  contribute to better out-
omes.

. Limitations

The major limitation of this case report is its small number of
atients. Another limitation is the short follow-up period. A longer
eriod is needed to assess the validity of our conclusions.
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