
Surgical Neurology International • 2024 • 15(109) | PB Surgical Neurology International • 2024 • 15(109) | 1

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others 
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2024 Published by Scientific Scholar on behalf of Surgical Neurology International

Original Article

e long-term effect on functional outcome of 
endoscopic brainwashing for intraventricular 
hemorrhage compared to external ventricular drainage 
alone: A retrospective single-center cohort study
Talita Helena Martins Sarti, Marcos Devanir Silva da Costa, Daniel Paz Araujo, Rodrigo Akira Watanabe,  
Samuel Tau Zymberg, Ítalo Capraro Suriano, Sergio Cavalheiro, Feres Chaddad-Neto
Department of Neurology and Neurosurgery, Federal University of São Paulo, São Paulo, Brazil.

E-mail: Talita Helena Martins Sarti - talita.helena.ms@hotmail.com; Marcos Devanir Silva da Costa - marcoscostaneuro@gmail.com;  
Daniel Paz Araujo - danieldearaujopaz@gmail.com; Rodrigo Akira Watanabe - rodrigo.watanabe@unifesp.br; Samuel Tau Zymberg - zymberg@terra.com.br; 
Ítalo Capraro Suriano - suriano.ops@terra.com.br; Sergio Cavalheiro - sergiocavalheironeuro@gmail.com; *Feres Chaddad-Neto - feres.chaddad@unifesp.br

INTRODUCTION

Intraventricular hemorrhage (IVH) is a multifactorial condition. It may be traumatic or, 
more commonly, secondary to systemic arterial hypertension, arteriovenous malformation 

ABSTRACT
Background: Intraventricular hemorrhage (IVH) is a complex condition with both mechanical and chemical 
effects, resulting in mortality rates of 50–80%. Recent reports advocate for neuroendoscopic treatment, 
particularly endoscopic brainwashing (EBW), but long-term functional outcomes remain insufficiently explored. 
is study aims to outline the step-by-step procedure of EBW as applied in our institution, providing results and 
comparing them with those of external ventricular drainage (EVD) alone.

Methods: We performed a retrospective analysis of adult patients with IVH who underwent EBW and patients 
submitted to EVD alone at our institution. All medical records were reviewed to describe clinical and radiological 
characteristics.

Results: Although both groups had similar baseline factors, EBW patients exhibited a larger hemoventricle 
(median Graeb score 25 vs. 23 in EVD, P = 0.03) and a higher prevalence of chronic kidney disease and diabetes. 
Short-term mortality was lower in EBW (52% and 60% at 1 and 6 months) compared to EVD (80% for both), 
though not statistically significant (P = 0.06). At one month, 16% of EBW patients achieved a good outcome 
(Modified Rankin scale < 3) versus none in the EVD group (P = 0.1). In the long term, favorable outcomes were 
observed in 32% of EBW patients and 11% of EVD patients (P = 0.03), with no significant difference in shunt 
dependency.

Conclusion: Comparing EBW and EVD, patients submitted to the former treatment have the highest modified 
Graeb scores and, at a long-term follow-up, have better outcomes, demonstrated by the improvement of the 
patients in the follow-up.
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or aneurysm rupture, coagulopathy, vasculitis, tumor 
hemorrhage, or Moyamoya disease.[5,9,35] It is rarely an 
isolated condition once it is associated with subarachnoid 
hemorrhage, which occurs in 15% of cases and is associated 
with intraparenchymal hematoma in 40% of cases. e 
presence of intraventricular hematoma is a negative predictor 
for outcome in intracerebral hemorrhage (ICH) even when 
analyzed separately. Mortality in this disease ranges from 
50% to 80%.[23,34]

IVH causes an acute increase in intracranial pressure, which 
leads to secondary brain injury. e harmful effect of IVH is 
not purely mechanical, as it has a neurotoxic reaction when 
triggering the inflammatory cascade.[1,11,19] e circadian 
rate of clot dissolution was estimated to be 10.8  days, and 
approximately 13% of patients with IVH evolve with chronic 
hydrocephalus.[26]

e surgical treatment of IVH consists of ventricular drainage 
exclusively, ventricular drainage with fibrinolysis, and 
neuroendoscopy. e sole insertion of ventricular drainage 
is technically easy, does not require many instruments and 
equipment, is widely available, and allows intracranial 
pressure monitoring. However, it does not act on the 
neurotoxic effect of the clot and may obstruct and increase 
the risk of infection. us, the effects of attempting to remove 
IVH with alteplase administered through the external 
ventricular drain were studied. It is a safe method for specific 
conditions, such as low-volume supratentorial hemorrhage, 
stable clot, no severe disability, and no associated cause 
(aneurysm, arteriovenous malformation, and coagulopathy). 
However, this treatment did not substantially improve 
functional outcomes.[24]

In 1985, endoscopic evacuation of IVH was described.[14] 
Since then, many authors have published their case series 
and modifications of the technique. e lack of criteria for 
choosing the procedure, the non-systematized approach to 
the patient, and the wide variety of techniques contributed 
to producing frustrating results.[2,3,16,18,27] However, more 
recent reports have encouraged neurosurgeons to apply the 
method.[13,21,22,28-30,33] Studies comparing neuroendoscopy 
and external ventricular drainage (EVD) plus alteplase 
administration favor the former, which is associated with 
lower mortality rates, less shunting dependency, more 
effective clot removal, and better outcomes.[8]

ere is a lack of information related to the long-term 
functional outcomes of intraventricular endoscopic 
brainwashing (EBW) treatment. us, we intend to describe 
our approach to this condition as well as the surgical 
procedure step by step, serving as a guide to similar centers. 
We also reported our results with the method and compared 
it with the sole implantation of an external ventricular drain 
in patients who presented IVH. In view of the above, we aim 
to describe our approach in patients presenting with IVH 

and to provide a step-by-step guide for neuro EBW for this 
condition. We also reported our clinical and radiological 
results with the procedure and compared them with solely 
EVD.

MATERIALS AND METHODS

We performed a retrospective analysis of adult (age >18 years) 
patients who underwent EBW for IVH and patients who 
underwent EVD alone at the Department of Neurosurgery of 
the University of São Paulo Hospital. At least one member of 
the surgical team was involved in all neuro EBW procedures.

All medical records were reviewed to determine patient 
demography and outcome: sex, age, comorbidities, clinical 
presentation; level of consciousness graded by the Glasgow 
Coma Scale (GCS) before and after surgery; the timing of 
operation; disability graded by the modified Rankin scale 
(mRS) 1 week, one month and six months after surgery; and 
ventricular shunt dependence.

Radiological findings were analyzed through computed 
tomography (CT). e severity of ventricular hemorrhage 
was graded according to the modified Graeb score.[20] e 
ICH score was calculated for each patient.[25] e hemorrhagic 
site was determined by applying the Cerebral Hemorrhage 
Anatomical RaTing inStrument (CHARTS).[15] Angiography 
scans were analyzed to investigate secondary causes of IVH.

e exclusion criteria were patients with any data missing 
from the medical records, patients who underwent 
craniotomy or conservative treatment, and patients 
presenting with IVH resulting from cerebellar and brainstem 
hemorrhage.

Qualitative variables were analyzed by contingency tests 
using Fisher‘s exact test, depending on the sample size and the 
adequacy of the normal distribution for each set of samples. 
e Mann–Whitney test was used to analyze quantitative 
variables if the samples had a distribution pattern that was 
not normal. An α ≤ 0.05 was considered significant. Data 
analysis and graph creation were performed using GraphPad 
Prism 8 for macOS version 8.0.1.

Operation and technical nuances

e same neurosurgical team performed all EBW procedures 
in a standardized manner. We started by evaluating the 
following aspects of the CT scan [Figure 1].

•	 e amount of blood in each of the lateral ventricles: It 
guides the choice of the laterality of the approach

•	 If the blood extends to the third ventricle, It is important 
to enter the third ventricle to remove as much of the clot 
as possible and to perform a third ventriculostomy.

•	 Identification of the coronal suture: It is of most 
importance to identify the coronal suture and to 
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Figure 1: e axial computed tomography scan revealed that both lateral ventricles were inundated; 
however, the clot was more prominent on the left side once the hemorrhage originated at the left head 
of the caudate nucleus. It is also remarkable that the hemorrhage extended to the third ventricle.

calculate its distance from the nasion to proceed to 
trepanation at the Kocher point

•	 Calculate the trajectory: e intraventricular clot distorts 
the ventricular anatomy and prevents the identification 
of the structures. us, an accurate preoperative 
calculation allows for a secure endoscope introduction 
[Figure 2].

We performed neuroendoscopy with a rigid endoscope 
(Decq or Gaab lens 30°). e necessary equipment also 
includes Fogarty catheters 4F and 5F, approximately 12 L of 
warm lactate ringer or saline solution 0.9%, and two suction 
hoses connected separately. e necessary equipment is set 
up as demonstrated in Figure 3.

Each patient was positioned prone with the head flexed 
enough to place the endoscope entry point at the highest 
[Figure 4]. After calculating the trajectory and the points, we 
started the surgery. A parallel to midline frontal skin incision 
was made in the side of the ventricle that exhibited the largest 
amount of blood. We proceeded with a 14 mm burr hole in 
front of the coronal suture and 2.5 cm lateral to the median 
line. e dura mater was coagulated and incised, and the 
brain cortex was also coagulated at this point. It is important 
to keep the surgical field bloodless.

A rigid endoscope was used for all procedures, and the 
cerebral aqueduct and the fourth ventricle could not be 
accessible as with flexible endoscopes.[30]

We cannulated the ventricle with an introducer and sheath 
approximately 3–5 cm in depth (this value varied according 
to the previously calculated trajectory) until the corpus 
callosum was pierced. After entraining the lateral ventricle, 
the endoscope optic was coupled to the sheath. At this point, 
there was no anatomical landmark due to the clots in the 
ventricle [Figure 5a]. After continuous irrigation, we started 
intermittent aspiration with the hose connected directly to 
the working channel. It is important to make sure to touch the 

Figure 2: is example illustrates the simulation of the endoscope 
trajectory and the depth to achieve the third ventricle. is 
measurement is essential to avoid the prominent introduction of 
the endoscope at the beginning of the surgery when there is no 
anatomical clarity of the structures.

clot before aspirating to avoid lesions to the intraventricular 
structures. is step is slow and requires patience [Figures 5b 
and 5c]. e procedure is sufficient when ventricle structures 
are well recognizable [Figure 5d]. e clots that are adherent 
to the ventricle walls or the choroid plexus can be aspirated 
with a Fogarty 5F catheter (with its tip cut). is maneuver 
avoids energetic aspiration and further damage.

At this point, the foramen of Monro should be well identified. 
We advanced the endoscope into the third ventricle, and the 
steps performed at the lateral ventricle were repeated. e 
clots at this ventricle were not as adherent to the walls as in 
the lateral ventricle, and they cleared faster. It is necessary 
to evaluate two main points of obstruction: the foramen of 
Monro and the entrance to the cerebral aqueduct. If needed, 
aspiration with a Fogarty 5F catheter was attempted at these 
tender and dangerous regions. When the floor of the third 
ventricle was adequately visible, we proceeded with the 
third ventriculostomy by perforating the tuber cinereum and 
ballooning with a Fogarty catheter number 4 Fr.
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Figure  3: e endoscope is disposable, as 
demonstrated here. e distal overture received 
continuous saline or lactate irrigation. A hose is 
connected to the proximal overture at the working 
channel, and intermittent aspiration is made during 
large clot cleaning.

If both ventricles were extensively inundated, we repeated 
the procedure on the other side. If not, we performed a 
septostomy to communicate with both lateral ventricles. At 

the end of the surgery, we introduced a ventricular catheter 
working as an external ventricular drain and intracranial 
pressure monitoring. We set the drain up to 10 mmHg.

RESULTS

Forty-seven patients with IVH treated surgically in our 
department between May 2013 and March 2023 were included 
in our study. e patients’ mean age was 55  years (range 
18–79). irty-six patients (80%) presented with GCS < 9.

IVH was due to hypertension in 23  patients (51.1%), 
spontaneous subarachnoid hemorrhage secondary to 
aneurysm rupture in 17  patients (37.7%), and other 
etiologies, such as vasculitis, sinus venous thrombosis, 
and sympathomimetic drug abuse, in 5  patients (11.1%). 
Concerning the anatomical location of hemorrhage, the 
thalamus was most common based on the CHARTS 
instrument. e median mGS was 25.

Twenty-five patients were treated with EBW and 20 with 
EVD. ere were no differences between the EBW and EVD 
groups regarding age, arterial hypertension, heart disease, 
dyslipidemia, sympathomimetic drug abuse, smoking, and 
GCS score. e EBW patients were more likely to have chronic 
kidney disease (20% EBW group vs. 0 EVD group, P = 0.05) 
and diabetes (32% EBW group vs. 5% EVD group, P = 0.03). 
e demographic, clinical, and radiological characteristics of 
the patients from each group are provided in Table 1.

When comparing mGS from the EBW and EVD groups, the 
differences were statistically significant (P = 0.03). e patients 
who had EBW exhibited bulkier hemoventricle, with a median 
mGS of 25. e EVD group had a median mGS of 23.

Regarding the patients who had EBW, the mortality at 1 and 
6  months was 52% and 60%, respectively, while that of the 
patients who underwent EVD surgery was 80% and 80%, 
with no significant difference between the mortality curves. 
ere was a tendency (not statistically significant, P = 0.06) 
to have a lower short-term mortality rate in the EBW group. 
e average hospital stay after the operation was 38.5  days 
in the EBW group and 20.1  days in the EVD group, with 
no significant difference between them. A  good outcome 
was considered when mRS ≤3, and in a short-term follow-
up (1 month), it was achieved by 4 (16%) patients from the 
EBW group and 0 from the EVD group (P = 0.1). In the long-
term follow-up, a good outcome (mRS ≤ 3) was achieved by 
8  (32%) patients from the EBW group and 1  (11%) patient 
from the EVD group (P = 0.03).

Comparing the patients who had EBW and the patients 
who had EVD, there was no significant difference in shunt 
dependency between the groups. Forty-two per cent of the 
patients who underwent EBW became shunt dependent, and 
66% who underwent EVD became shunt dependent as well.

Figure  4: e patient is positioned 
supine. e head is flexed until the 
entry point of the endoscope is the 
highest.
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DISCUSSION

Isolated spontaneous IVH is a rare condition. IVH is usually 
associated with subarachnoid hemorrhage or intracerebral 
hematoma, presenting worse outcomes and an increased 
mortality rate when secondary to those conditions. e 
mortality rate has been reported to be 72% when combined 
with supratentorial ICH and 50–80% when isolated.[5,9,23,35]

Intraventricular hematoma has direct mechanical effects 
by impeding cerebrospinal fluid circulation and is also a 
chemical process that culminates with an inflammatory 
response and neurotoxin release.[11] After an acute and severe 
phase, the patients may progress to hydrocephalus, requiring 
one or more surgical procedures to treat it. us, the primary 
goal when treating IVH is to establish normal intracranial 

Figure 5: (a) e sequences show the initial aspect of the left ventricle soon after ventriculostomy and endoscope introduction. (b and c) 
After constant and patient washing, (d) the structures become more visible until the whitish wall of the ventricle is identified.

Table 1: Comparison between the groups of EBW and EVD.

Variable EBW (n=25) (%) EVD (n=20) (%) P-value

Median age (years) 58 55.5 0.6
Chronic diseases

Arterial hypertension 14 (56) 11 (55) >0.9
Diabetes 8 (32) 1 (11) 0.03
Chronic kidney disease 5 (20) 0 0.05
Heart disease 4 (16) 2 (10) >0.9
Smoking 5 (20) 4 (20) >0.9
Sympaticomimetc drug 1 (4) 0 >0.9

Glasgow coma scale at admission
≤8 20 (80) 16 (80) >0.09
>8 5 (20) 4 (20)

ICH score
≤3 24 (90) 18 (90) 0.5
>3 1 (4) 2 (66.6)

mGS (median) 25 23 0.03
Etiology

Hypertension 14 (56) 9 (45) 0.55
Subarachnoid hemorrhage 8 (32) 9 (45) 0.53

1-month mRS
≤3 4 (16) 0 0.1
>3 21 (84) 20 (100)

6-month mRS
≤3 8 (33) 1 (5) 0.03
>3 17 (68) 19 (95)

Length of hospital stay (median in days) 38.5 20.1 0.3
30-day mortality 13 (52) 16 (80) 0.06
Overall mortality 15 (60) 31 (80) 0.2
Shunt dependence 5 (41.6) 2 (66.6) 0.5
ICH score: Intracerebral hemorrhage score, mGS: Modified Graeb score, mRs: Modified Rankin scale, EBW: Endoscopic brainwashing, EVD: External 
ventricular drainage

a b c d
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pressure by reassuming cerebrospinal fluid circulation and 
removing intraventricular clots.

EVD is a simple and fast procedure that promptly normalizes 
intraventricular pressure; however, it does not affect the 
neurotoxic consequences of IVH. EVD combined with a 
fibrinolytic agent has already been proposed. Although it has 
been shown to be safe, it may be associated with infection 
and rebleeding. Moreover, it did not satisfactorily (at least 
80%) remove the intraventricular clot or improve functional 
outcome (modified Rankin ≤3 scale).[6,12,19,24,26]

Neuroendoscopic procedures for the treatment of IVH are 
not a novelty.[14] e evolution of radiological diagnosis and 
intraoperative techniques increased the efficiency of the 
approach and technical development, respectively. e overall 
mortality rates in our cohort (60% for the EBW group and 
80% for the EVD group) were higher than those reported in 
the literature. We hypothesize that the patients who presented 
to our institution were more severely compromised and had 
more IVH clots. Short-term mortality was lower in the EBW 
groups, but there was no significant difference (P = 0.06). e 
long-term mortality rate was similar in both groups. Longatti 
described short-term and long-term (> six months) as 12% 
and 24%, respectively, for patients who had neuroendoscopic 
aspiration of intraventricular clots.[21,30] Chen et al. found 30-
day and 90-day mortality rates between 12.5% and 20.8% for 
patients who had thalamic hemorrhage with intraventricular 
extension and who had EVD or endoscopic procedures. 
ere was no significant difference.[7] Zhang et al. compared 
two surgical methods for IVH and found that five of 
22  patients died in the neuroendoscopy group, and two of 
20 patients died in the EVD group.[36] Johnson et al. studied 
the insertion of an EVD catheter and endoscopic washout for 
patients with massive IVH. e authors found that the mRS 
at six months of 5 or 6 was 52.2% and 31.2% for each group, 
respectively, with no significant difference.[17] Zhou et al. also 
compared surgical methods for severe thalamic hemorrhage 
with ventricular extension. Furthermore, these same authors 
demonstrated that there was a significant increase in the 
mortality of patients in the EVD group (28.57%) compared 
to the neuroendoscopic group (12.1%).[37]

e EBW group had a modified Graeb score significantly 
higher than the EVD group (median value of 25  vs. 23, 
P = 0.03). is indicates that patients who underwent 
brainwashing surgery had worse IVH than patients who 
underwent EVD. It isn’t easy to compare this result with 
the previous studies reported because they calculated the 
intraventricular inundation by the Graeb score, and we 
reported our results based on the modified Graeb score. We 
encourage new studies to use the mGS, which is more closely 
related to IVH volume and outcome than the Graeb score.[10]

Studies that reported the outcome after neuroendoscopic 
surgery showed a favorable outcome, measured by the 

Glasgow Outcome Scale (GOS).[7,21,30] When comparing 
neuroendoscopic and EVD placement, some studies did not 
show any difference in mRS at six months[36] or GOS at three 
months,[31] despite some demonstrating a tendency of better 
outcome with endoscopic washout.[36] ese studies explain 
that the outcome is determined mainly by the initial level 
of consciousness on arrival at the hospital and the primary 
pathology that caused the IVH.[7,36] In contrast, our study 
demonstrated better long-term functional outcomes (mRS ≤ 
3) in the EBW group (32% vs. 5%, P = 0.03).

When analyzing shunt dependency, our study did not 
find significant differences between the groups. is is 
the opposite of our initial hypothesis because the washout 
technique allows mechanical removal of the clot, and 
other studies have demonstrated a significant reduction in 
permanent shunt. e shunt dependency rates were reduced 
more than 4–5  times in some studies.[4,7,17,30,32,36,37] e EBW 
group demonstrated 41.6% shunt dependency compared to 
66.6% of the EVD group. is difference was not statistically 
significant, as the sample was small.

Our study has some limitations. It was a retrospective and single-
center study. Many patients could not be included due to the lack 
of data in the medical records. In addition, the data collection 
of 45  patients and a heterogeneous sample has significant 
limitations. However, it was the first national experience 
reported in the literature to the best of our knowledge.

CONCLUSION

e present study described our surgical planning 
and technical nuances. Besides some limitations, we 
demonstrated that patients with IVH are severely clinically 
compromised at admission (GCS < 9). Comparing EBW 
and EVD, patients who had the former treatment have the 
highest modified Graeb scores and, at a long-term follow-up, 
have better outcomes, as demonstrated by the improvement 
of the patients in the follow-up.
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