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basal ganglia structures and thalamus to the ventricular system, 
most hemorrhages rupture through the ventricular wall into the 
ventricular system, producing IVH. This occurs in almost 55% of 
cases.[2-4] Other possible causes of massive IVH are aneurysmal 
or arteriovenous malformation (AVM) bleed and tumoral bleed.

The prognosis in IVH is influenced by several factors. Several 
studies done previously have shown that ventricular dilatation, 
intraventricular hematoma volume and increased intracranial 
pressure (ICP) are indicators of poor outcome in patients with 
IVH.[2,5,6] Thus, the primary goal of IVH management in the 
acute phase should be early removal of intraventricular blood, 
rapid reversal of ventricular dilatation and normalization of 
ICP. These objectives seem attainable by treating massive or 
poor grade IVH (Graeb score > 6) cases with neuroendoscopy 
rather than by conventional treatment using external 
ventricular drainage (EVD) catheter. In this article, we describe 
four cases of massive IVH, surgical techniques employed and 
review of the literature on IVH and neuroendoscopy.

Case Reports

Case 1
A 41-year-old man, known case of the left atrial AVM presented 
in an unconscious state with Glasgow coma score (GCS) of 4 and 

Background

Intraventricular hemorrhage (IVH) is a common neurosurgical 
emergency usually seen in cases of hypertensive intracerebral 
hemorrhage (ICH) with the extension into the ventricular 
system, termed as secondary IVH. The common locations 
for ICH are the putamen, lenticular nucleus, internal capsule 
and globus pallidus (50% of cases), followed by the thalamus 
(15% of cases). Less common locations in order of decreasing 
frequency are the pons, cerebellum, white matter of cerebrum 
and brainstem.[1,2] Because of the anatomical proximity of the 
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Graeb score of 9 secondary to massive IVH [Figure 1a and b]. 
The motor response was decerebrate, and pupils were 
pinpoint bilaterally. No evidence of persistent hyperthermia 
or arrthymia were noted to suggest severe hypothalamic 
dysfunction. He was operated as an emergency case by using 
a 30° neuroendoscopy. One ampoule of recombinant factor 
VIIa was administered prior to surgery. He achieved a good 
recovery after 1 month of rehabilitation and subsequently 
referred for AVM radiosurgery.

Standard surgical technique
The patient was positioned supine with head fixed in Mayfield 
clamp, bringing the burr hole sites to the highest point. 
Bilateral burr holes were made at the frontal region away 
from the pathological site, and one burr hole was purposely 
made to get an easy access to the floor of the third ventricle. 
Cannulation of the lateral ventricles was initially done using 
an EVD. Both lateral ventricles were cannulated without 
difficulty due to an obvious ventriculomegaly. Neuronavigation 
was not used in this emergency surgery. By keeping at least 
one EVD in situ (change alternately with endoscope), the 
endoscope was introduced according to the trajectory and 
length estimated by the removed-EVD. An obvious marker 
was patched onto the endoscopic shaft commonly at 6 cm 
prior to its insertion. This marker reminds the neurosurgeon 
for not to pass beyond in order to avoid inadvertent injury to 
the deep structures. Endoscopic-inner-cortical view can also 
act as a navigation-guide to the neurosurgeon; whenever, the 
neurosurgeon felt uncertain about the exact location of the 
endoscopic tip, a gentle retraction to the inner cortex was 
done to orientate oneself and to ensure the actual operative 
depth [Figure 1c].

The hematomas were removed by using hand-controlled suction, 
aspirated via the center working channel. Three patterns of 
hemorrhage were commonly encountered; (a) liquefied clots 
which are easily aspirated and replaced with continuous 
infusion of warmed Hartmann’s solution (b) semi-solid clots 
which require gentle shaking of the endoscope to aspirate the 
clots and (c) well-formed solid clots which can be removed by 
simultaneously aspirating the clots to the tip of the endoscope 
while withdrawing the endoscope [Figure 1d]. The other two 
endoscopic channels were used as an inlet and outlet for 
irrigating fluid. The outlet channel was also connected to 
the monitor for ICP monitoring. Further increase in ICP was 
prevented by maintaining the EVD at the opposite burr hole site.

Following clot removal, copious irrigation with warmed Hartman’s 
solution is done for ventricular wash out, and this allows better 
visualization of ventricular anatomy. This subsequently facilitates 
clot removal in the third ventricle. After doing so, the floor of the 
third ventricle can now be clearly defined. In some cases, further 
inspection of the aqueduct inlet can be made by angulating the 
endoscope more posteriorly [Figure 1e and f]. This maneuver can 
be done without difficulty because of marked ventriculomegaly 

present in most cases with massive IVH. Frequently, the aqueduct 
is blocked and endoscopic inspection assists in decision making 
for endoscopic third ventriculostomy (ETV) at the same sitting 
to avoid prolonged-postoperative EVD. In this case, patency of 
aqueduct was observed after gentle suction of the blood clot 
at the surface of aqueduct entry as shown in Figure 1e and f, 
therefore, the ETV was not performed. The EVD was kept until 
day 3 postsurgery to facilitate drainage of residual liquefied 
hematomas and for ICP monitoring. Repeated postsurgery 
computed tomography (CT) brain is shown in Figure 1g and h. 
Serial CT brain of at least 2-3 times after the surgery was normally 
done to detect hydrocephalus. The patient recovered well and 
was discharged home without requiring further shunt surgery. 
He was referred to the neurocognitive outpatient rehabilitation 
unit as massive-IVH induced limbic system injury is common.

Case 2
A 15-year-old boy with pineal region tumor presented acutely 
with GCS 6 secondary to massive IVH. Imaging findings 
revealed presence of a tumor in the pineal region with massive 
IVH [Figure 2a]. Emergency endoscopic surgery was performed 
for clot evacuation, biopsy of the lesion and ETV. The ETV was 
done as pineal region tumors are commonly associated with 
obstruction at aqueduct of Sylvius. The surgical technique 
employed is similar to the one described above with minor 
modification for one of the two burr hole sites. The right frontal 
burr hole was made at lower point than usual, 4 cm above the 
eyebrow and 3 cm away from the midline to allow for a direct 
trajectory to the pineal region for tumoral biopsy. The second 
burr hole on the left side was made at the standard landmark 
for the ETV, 2 cm away from the midline and 1-2 cm in front of 
the coronal suture. The surgery was uneventful; however, few 
hours after surgery, tumoral rebleed occurred, necessitating 
a second endoscopic surgery. Prior to the second surgery, 
one ampoule of recombinant factor VIIa was administered. 
The hemorrhage was evacuated, and the previous ETV site 
was inspected and its stoma was recreated [Figure 2b]. The 
patient recovered well and was independent at 1 month after 
the surgery. Figure 2c depicts his CT brain after the second 
surgery. The histological diagnosis was an intermediate grade 
of pineoblastoma.

Case 3
A 58-year-old gentleman with a history of hypertension for 
5 years, who defaulted treatment for 2 years, was found 
unconscious in the bathroom. His GCS on admission was 7 with 
normal flexion to pain for motor response. CT brain showed 
left basal ganglia ICB with IVH and hydrocephalus [Figure 3a]. 
He underwent standard endoscopic washout and ETV. In 
this and subsequent case, ETV was done as re-establishment 
of normal CSF pathway remained doubtful. In our opinion, 
once the floor of the third ventricle is well visualized, but the 
normal flow of CSF via the aqueduct cannot be ascertained, ETV 
should be performed using blunt technique. This procedure 
may reduce shunt dependency by creating a bypass for CSF 
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flow and preventing obstructive hydrocephalus which may 
arise from a blockage along the aqueduct of Sylvius to the 
foramen of Magendie or Luschka. Postoperatively, he remained 
stable, and GCS improvement in motor response was noted. 
Repeat CT brain showed marked reduction in IVH [Figure 3b]. 
He was weaned off ventilation, and EVD was removed at 
postoperative day 4. He was discharged home well after 
1 month of hospitalization.

Case 4
A 49-year-old female with no previous comorbids, presented 
with intermittent headache for the past 2 months which 
was progressively worsening. She presented acutely with 5 

episodes of vomiting and headache. On arrival, her initial GCS 
was 12, and subsequently dropped to 9. Her blood pressure 
was elevated at 198/100. The CT brain showed presence of 
IVH in bilateral lateral ventricles, third and fourth ventricles 
with hydrocephalus [Figure 4a and b]. She was subjected for 
emergency standard endoscopic washout, clot evacuation 
and ETV. On postoperative day 3, she was weaned off from 
the EVD catheter. Her GCS improved to obeying simple 
commands. Repeat CT brain showed minimal IVH without 
hydrocephalus [Figure 4c]. She was weaned off ventilation 
and management was directed toward the control of blood 
pressure and primary IVH.

Discussion

Intraventricular hemorrhage can be classified into primany or 
secondary. Primary IVH is confined to the ventricular system 
and immediate parenchymal lining of the ependymal cells. 

Figure 2: (a) Pineal region mass with massive intraventricular 
hemorrhage. (b) Endoscopic third ventriculostomy was reperformed 
after the second bleed. (c) Computed tomography brain after the 
second surgery
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Figure 3: (a) Massive intraventriclar hemorrhage. (b) Computed 
tomography brain after endoscopic wash out and endoscopic third 
ventriculostomy
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Figure 1: (a) Massive left lateral and paraventricular hemorrhage secondary to arteriovenous malformation. (b) The hemorrhage extends to 
the third ventricle. (c) The inner cortex is sometimes used to guide the surgeon. (d) Blood clot is removed. (e) Blood clot blocks the aqueduct. 
(f) Gentle suction successfully removed the clot. (g and h) Computed tomography brain after the surgery
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The bleed originates from an intraventricular source or from 
a lesion that is in close proximity with the ventricular system. 
Primary IVH consists of 30% of IVH, and some of the common 
causes are head injury, periventricular AVM and presence of 
coagulopathy. Secondary IVH, on the other hand, originates 
as an ‘extension’ of an intraparenchymal or subarachnoid 
hemorrhage into the ventricular system. These type of bleed 
consists of 70% of IVH.[2] Common causes of secondary IVH 
are hypertensive bleed (especially from the basal ganglia and 
thalamus), bleeding vascular malformations, hemorrhagic 
transformation of ischemic infarct and tumoral bleed.[2]

To grade the severity of IVH, there are two widely accepted 
classifications, Graeb grading and LeRoux grading. In Graeb 
grading of IVH, the score ranges from 4 to 12. The score is a 
product of the addition of the component scores that is given 
to the lateral ventricles, third and fourth ventricles [Table 1].[7] 
As for the LeRoux grading, all the ventricles are scored evenly, 
from 1 to 4 and then each of the component score is added 
to get the final score [Table 1].[8] To grade the severity of 
hydrocephalus, Diringer has formulated a scoring system 
which scores the lateral ventricle, third and fourth ventricles. 
As for the lateral ventricles, it is further scored in three 
different locations (frontal horn, atrium and temporal horn). 
Each of these components is given a score of 0-3, in which 
0 represents normal shape of the ventricle, 1 indicates mild 
hydrocephalus, 2 for moderate and 3 when there is rounding 
of the ventricular wall or presence of sulcal effacement. The 
maximum score for the Diringer grading for hydrocephalus 
is 24 [Table 1].[9]

With regards to prognosis of massive IVH (Graeb > 6), 
the mortality rate is almost 50-75% with conservative 
management.[2,3,10] Many studies done previously showed that 
the volume of IVH, presence of hydrocephalus, patients age and 
admitting GCS score are among the predictors for mortality 
and functional outcome.[5,6,11,12] IVH contributes to morbidity in 

three main ways. First, hemorrhage in the ventricular system 
leads to blockage of ventricular conduits, producing acute 
hydrocephalus. If left untreated, acute hydrocephalus leads 
to elevation of ICP and progression to death. At present, the 
management of IVH with hydrocephalus involves placements 
of one or more EVD for drainage of blood and cerebrospinal 
fluid (CSF) from the ventricular system and normalization of 
ICP with or without intraventricular fibrinolysis.[13,14] However, 
this approach alone may not be sufficient in improving the 
outcomes of patients with IVH. One of the common problems 
encountered is maintaining the patency of the ventricular 
catheters. The catheters are easily blocked by blood clots 
defeating its purpose in draining the IVH and measuring the 
ICP. Even when drainage is successful, frequent administration 
of medication intraventricularly or persistent presence of the 
blood clot increases the duration for drainage, thus increasing 
the risk of ventriculitis; which is estimated to be about 50%, 
in the presence of IVH.[15,16]

Besides raised ICP, direct mass effect from the IVH may 
be another contributing pathophysiologic event that 
determines prognosis independent of ICP elevation. The 
prolonged presence of clots deep within the brain is related to 

Table 1: Intraventricular hemorrhage and its grading’s
A) Graeb score[7] (score ranges from 4 to 12) Score
Lateral ventricles

Trace of blood or mild bleeding 1
Less than half of ventricle filled with blood 2
More than half of ventricle filled with blood 3
Ventricles filled with blood and expanded 4

Third and fourth ventricles (each score separately)

Blood presents, ventricles normal size 1
Ventricles filled with blood and expanded 2

B) LeRoux score[8] (score ranges from 4 to 16) Score
Each ventricle is graded separately, and each of the score is 
then added

Trace of blood 1
Less than half filled with blood 2
More than half filled with blood 3

Ventricles filled with blood and expanded 4

C) Diringer hydrocephalus grading[9] (maximum score 24)
Score 0 1 2 3
Each frontal 
horn of lateral 
ventricle

No Mild Moderate Rounding, increasing 
the radius, decreasing 
ventricular angle, and sulcal 
effacement of the lobe

Each atrium of 
lateral ventricle

No Mild Moderate Rounding and enlargement 
with sulcal effacement of 
the parietooccipital lobe

Each temporal 
horn of lateral 
ventricle

No Mild Moderate Increased width

Third ventricle No Mild Moderate Increased width and 
ballooning of the anterior 
recess

Fourth ventricle No Mild Moderate Ballooning

Figure 4: (a and b) Preoperative images of massive intraventricular 
hemorrhage. (c) Computed tomography brain after the surgery
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ventriculomegaly, brain edema and inflammatory responses. 
EVD does not consistently improve either event, as drainage 
alone does not alter the size of ventricles, brain tissue 
edema, and the inflammation provoked by the presence of 
intraventricular blood, and neither does increase the rate of 
blood clot resolution.[11,17] Furthermore, placement of a drain 
is frequently complicated by infection such as meningitis and 
ventriculitis which also contributes to the formation of new 
hemorrhage. Communicating and obstructive hydrocephalus is 
another common complication of IVH.[18,19] Blood degradation 
products of IVH will flow via CSF pathways to the cisterns 
and arachnoid granulations. Prolonged contact of the blood 
breakdown products with the pathways, cisternal surfaces 
and arachnoid granulations leads to an inflammatory response 
that permanently scars the granulations and pathways and 
may alter the cisterns which leads to delayed development 
of communicating or obstructive hydrocephalus. When this 
condition occurs, treatment involves the placement of a shunt 
for CSF diversion.

To address these issues, additional measures such as 
performing ETV and endoscopic washout for patients with 
IVH prior to the placement of EVD have been studied [Table 2]. 
Many previous studies have highlighted the benefits of 
endoscopic wash out for IVH.[10,18,20-23] In 2009, Oertel et al., 
did a study to define the role of endoscopy and ETV in IVH, 
and found that ETV represents a safe treatment option in 
IVH-related obstructive hydrocephalus yielding similar results 
to an EVD, but less risk of infection and very low subsequent 
shunt placement rate.[18] In a recent study conducted by Chen 
et al., comparing the use of endoscopic washout versus EVD 

for IVH, he concluded that there is a significant difference in 
the length of ICU stay in patients who underwent endoscopic 
washout and EVD (11 ± 5 days) when compared to those 
who only underwent EVD (18 ± 7 days), with P = 0.04. In 
this study, there was also a significant reduction in shunt 
dependency rate between the two groups, P = 0.002.[21] In 
another paper published by Zhang et al., they found that 
patients who underwent endoscopic washout for IVH had 
significantly good recovery at 2 months after hemorrhage 
compared to those patients who underwent EVD.[10] In 2007, 
Yadav and coworkers published their findings in which there 
was a resolution of hydrocephalus in 96% of patients who 
were treated via endoscopic washout.[23] Recently in 2012, 
Basaldella et al. studied 96 patients with IVH and found 
neuroendoscopy reduced the shunting rate by 34%.[20] These 
studies demonstrate the benefits of endoscopic washout in 
managing patients with IVH. Nonetheless, one must be mindful 
of the disadvantages associated with endoscopy and IVH. First, 
endoscopic management is normally incapable of treating 
the source of hemorrhage, requiring further investigation 
and management. Second, the endoscopic procedure itself is 
associated with a limited visual field and depth perception in 
massive IVH and difficulty in securing hemostasis. This was 
highlighted in case 2 where rebleed occurred after the first 
endoscopic surgery. Recombinant factor VIIa may be helpful 
in this scenario as well as in cases with known vascular 
malformation that cause massive IVH as reported in case 1. 
Finally, sudden increase in ICP during endoscopic washout is 
a threat to patients. Our common practice to overcome this 
problem are: (a) 2-burr holes technique with one EVD catheter 
left in situ inside the lateral ventricle to ensure optimal 

Table 2: Literature review on endoscopic management of patients with intraventricular hemorrhage and its 
outcomes
Literature Number of patients Shunt dependency Difference in Graeb 

score comparing before 
and after the surgery

GOS Length of ICU stay

Yadav et al.[22] 25 patients (only 
neuroendoscopy)

1 patient Parameter was not 
studied

GOS at 6 months
5=12 patients
4=3 patients
3=2 patients
2=1 patient
1 (died)=5 patients

Parameter was not 
studied

Zhang et al.[10] 42 patients (22 patients 
in neuroendoscopy and 
20 patients in EVD)

Parameter was not 
studied

>90%=15 patients
<90%=7 patients

GOS at 2 months is better in 
neuroendoscopy group than 
EVD with P<0.05

Parameter was not 
studied

Oertel et al.[18] 34 patients 5.9% (2 patients) Parameter was not 
studied

Clinical improvements 
in 50% (17 patients) and 
radiological improvements in 
64.7% (22 patients)

Parameter was not 
studied

Chen et al. (2011)[21] 48 patients (24 patients 
in neuroendoscopy and 
20 patients in EVD)

47.62% (endoscopy) 
90.48% (EVD) 
P=0.002

Parameter was not 
studied

GOS at 3 months: No different 
between the 2 groups
P=0.54

11±5 days (endoscopy)
18±7 days (EVD)
P=0.04

Basaldella et al.[20] 96 patients (48 patients 
in neuroendoscopy and 
48 patients in EVD)

Neuroendoscopy 
reduces shunting 
rate by 34%

Parameter was not 
studied

GOS at one year showed no 
difference between the two 
studied groups

Parameter was not 
studied

ICU – Intensive care unit; EVD – External ventricular drainage; GOS – Glasgow outcome score
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drainage of excess irrigation fluid and another burr hole for 
surgery (change alternately between EVD and endoscope); 
(b) monitoring the ICP continuously throughout the procedure 
via 2-ways outlet channel; cases with prolonged elevation in 
ICP and altered vital signs should have shorter intervention 
time; (c) since IVH is associated with neuro-inflammation 
which can lead to brain edema and raised ICP, administration 
of steroids for a short duration perioperatively is commonly 
practiced (note: The EVD is normally removed within 3-4 days 
after the surgery to avoid infectious complications). In order 
to perform endoscopic washout as a standard procedure 
for IVH, clinical trials are needed and more importantly, the 
neurosurgeons must be properly trained in neuroendoscopy 
to qualify him or herself managing massive IVH cases.

Conclusions

The management of patients with massive IVH via endoscopic 
washout has various proven benefits such as reduced shunt 
dependency, lesser morbidity and mortality as compared 
to standard EVD. However, disadvantages such as limited 
visual field, difficulty in securing hemostasis and persistent 
increase in ICP may still be present. Therefore, the use of 
neuroendoscopy has to be coupled with skillful surgical 
techniques and thorough knowledge of this procedure.
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