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ABSTRACT

AIM: To compare the efficacy of neuroendoscopic lavage (NEL) and shunt revision (SR) in the treatment of multiple shunt failures in 
children with hydrocephalus.  
MATERIAL and METHODS: The data of 56 pediatric patients who underwent surgeries for the treatment of shunt failure were 
retrospectively reviewed. Patients were divided into two groups, i.e., the simple SR (Group A) and the NEL+SR (Group B) cohorts. 
Demographic characteristics, co-morbidities, surgical interventions, cerebrospinal fluid analyzes, and complications were recorded 
and statistically compared between the groups.
RESULTS: Among the 56 enrolled patients, 51 presented with shunt dysfunction caused by infectious debris or clots at different 
times. Moreover, 28 of these 51 patients (54.9%) were female and 23 (45%) were male. The mean age was 7.3 months. Simple SR 
was performed in 30 cases (Group A), and NEL and simultaneous SR were performed in 21 patients (Group B). The risk of shunt 
dysfunction was significantly lower in Group B (p<0.05).The risk of infection was elevated in Group A; however, this difference was 
not statistically significant (p>0.05).
CONCLUSION: Simultaneous endoscopic lavage and SR was an effective method for the treatment of shunt dysfunction in 
children. It was also superior to simple SR regarding the risk of shunt dysfunction. Additional clinical studies are needed to verify 
this outcome.
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(EVD), ventriculoperitoneal (V/P) shunts, and endoscopic third 
ventriculostomy (ETV) (2,8,13,18,36,46). Currently, ETV, as the 
only alternative to shunt procedure, is becoming increasingly 
important (13,21).

The insertion of shunt systems remains the most common 
surgical procedure in hydrocephalus, with more than 18,000 
new devices implanted each year (3). Nevertheless, shunt 
systems can lead to various complications, such as shunt 
infection, fracture, or disconnection; colon perforation; knot 
formation; and malfunctioning caused by obstructive debris 
(4,7,13). Despite these different treatment methods, shunt 
failure remains high in neurosurgical practice (3,5,19,20,27,33).

█   INTRODUCTION

Hydrocephalus consists in the accumulation of 
excess cerebrospinal fluid (CSF) in the ventricular 
and subarachnoid spaces of the brain, resulting in 

increased intracranial pressure (2). It is a pathophysiological 
process that has been known since the time of Galen and 
Hippocrates, and its treatment remains up-to-date (30). 
CSF diversion is essential when the CSF resorption fails. 
Intraventricular bleeding, infections, and myelomeningocele 
are among the most common causes of hydrocephalus in the 
pediatric age group (2,36). Treatment for this condition consists 
in the surgical diversion of the CSF via either temporary or 
permanent methods, such as external ventricular drainage 
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Among the causes of shunt failure, infection is an important 
factor, as is catheter occlusion, breakage, or cutting (5,9,26). 
Neuroendoscopic lavage (NEL) has been performed in recent 
years to remove intraventricular bleeding products and 
vegetations, especially in posthemorrhagic hydrocephalus 
or hydrocephalus caused by infection (6,11,22,23,46). It is a 
safe and potentially effective procedure for the management 
of posthemorrhagic hydrocephalus (12,36,40).

In this study, the data of 56 patients who had previously 
undergone V/P shunt insertion and had shunt failure were 
retrospectively reviewed. Fifty-one patients with multiple 
frequent shunt failures were included in this study and 
divided into two groups, to evaluate the efficacy of NEL in the 
treatment of multiple and frequent shunt failures.

█   MATERIAL and METHODS
Local ethics committee approval was received for the study 
(14.07.2020/332). Demographic characteristics, co-morbidi-
ties, surgical interventions, CSF analyses, and intraoperative 
and postoperative complications of patients who applied to 
our clinic for the treatment of shunt failure between January 
01, 2017 and December 31, 2021 were retrospectively ana-
lyzed.

Inclusion Criteria

This study had three inclusion criteria:

• Children with a diagnosis of hydrocephalus

• Children who had undergone V/P shunt insertion and 
encountered multiple and frequent shunt failures because 
of infectious particles or posthemorrhagic debris or clots

• Children who had received all of their hydrocephalus 
management at our department

A total of 56 pediatric patients had undergone shunt revision 
(SR) over a 5-year period, 51 of whom had multiple and fre-
quent shunt failures caused by infection or hemorrhage. Pa-
tients with shunt failure secondary to disconnection, fracture, 
or migration were excluded from the study. All surgical proce-
dures were performed by the same surgeon. All patients un-
derwent clinical, radiological, and hemodynamic evaluations 
before surgery. The clinical data of the 51 patients, including 
age, gender, co-morbidities, surgical procedures, postopera-
tive complications, and SR rates, were collected. According 
to the surgical technique, the cases were divided into groups 
A and B: patients who underwent simple SR were placed in 
Group A, and patients who underwent simultaneous NEL and 
SR were placed in Group B. NEL was not performed in pa-
tients who were deemed unstable for this procedure by pedi-
atricians or anesthesiologists; thus, these patients underwent 
simple SR.

In all cases, head circumference measurement, eye fundus 
examination, and brain tomography were performed in the 
preoperative period.

Surgical Procedure

NEL+SR: First, the previous shunt system (old ventricular 

and peritoneal catheters and valve) was removed. Then, a 
2-dimensional endoscope (Karl Storz®, Tuttlingen, Germany) 
was used for neuroendoscopic ventricular lavage. After 
entering the intraventricular area, continuous irrigation was 
started from the irrigation channel of the endoscope using 
Ringer’s Lactate solution heated at body temperature (37°C). 
Concomitantly, fluid escape from the ventricle was ensured. 
In particular, the endoscope was mobilized and irrigation 
was performed to clean the vegetations and clots that were 
attached to the lateral ventricle walls. Irrigation was performed 
through the endoscope irrigation cannula and continued 
until the intraventricular area became clear and ventricular 
landmarks were visible (Figure 1). The third ventricle was 
also entered to remove free-floating clots or debris by 
aspiration. The patency of the aqueduct was also checked. 
Approximately 2000–2500 ml of Ringer’s Lactate solution was 
used for irrigation in each operation. Some particles or clots 
were removed using grasping forceps (Figure 2). Irrigation was 
continued until the blood residues and particles were washed 
out of the ventricular system. No third ventriculostomy or 
septostomy was performed. The cortectomy tract was sealed 
with oxidized cellulose. At the end of irrigation, new shunt 
catheters were inserted and the tip of the ventricular catheter 
was confirmed using an endoscope (Figure 3). The ventricular 
and peritoneal catheters were connected via a new valve 
system and the procedure was terminated. The mean duration 
of each procedure was 65 min.

Simple SR: The failed shunt system (catheters and valve) was 
removed and the new ventricular catheter was inserted into 
the lateral ventricle via classical technique. No endoscopic or 
microscopic method was used for irrigation of the ventricles. 
The new peritoneal catheter was also inserted, the two 
catheters were connected via a new shunt valve system, and 
the procedure was terminated. The mean duration of each 
procedure was 45 min.

All cases were followed-up in the intensive care unit during the 
early postoperative period. Brain tomography was performed 
in the early period to confirm the catheter site and to exclude 
any intracranial hemorrhage. All patients received prophylactic 
antibiotic therapy for 3 days, intra-and postoperatively.

Statistical Analysis

The IBM SPSS Version 25.0 (Armonk, NY: IBM Corp) statistical 
package program was used for data analysis. Numerical 
variables among the patient data are expressed as the mean 
± standard error of the mean (SH) and minimum (lowest)–
maximum (highest) values. Categorical variables are reported 
as the number of patients (n) and percentages (%) with 
descriptive statistics. The relationship between categorical 
data in independent groups was first examined using the 
chi-squared (χ²) test, and Fisher’s exact test was used in the 
analysis in which the chi-squared assumptions were not met. 
Differences at the p<0.05 level were considered statistically 
significant.

█   RESULTS
Shunt failure was detected in 56 patients who initially 
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presented with hydrocephalus and underwent V/P shunt 
insertion, 51 of whom presented with shunt dysfunctions at 
different times. Among these 51 patients, 28 (54.9%) were 
female and 23 (45%) were male. The mean age of the patients 
was 7.3 months (range, 17 days to 11 years) (Table I).

Associated malformations or accompanying lesions were 
detected in 31 patients, including myelomeningocele (n=11), 
encephalocele (n=2), Dandy–Walker malformation (n=6), intra-
cranial mass lesion (n = 2), retinoic acid embryopathy (n=1), 
myelomeningocele with diastematomyelia (n=5), and intra-
cranial hemorrhage (n=4). The distribution of the associated 
lesions or malformations based on the type of procedure is 
shown in Table II.

The most common presenting symptom was a bulging fontanel 
(n=40, 78.4%). In addition, nuchal rigidity, irritability, fever, and 
abdominal tenderness symptoms were also recorded (Table 
I). The most common microorganism present in the CSF 
cultures obtained during the removal of the previous shunt 
was Staphylococcus epidermidis (n=5, 55.5%). In addition, 
S. hemoliticus was observed in one patient, S. aureus in two 
patients, and E. coli in one patient.

Figure 1: A) Endoscopic 
view of the third ventricle 
showing the brown 
infective particles on 
both sides. B) After the 
endoscopic lavage, the 
particles were removed. 
M: mamillary bodies, 
*: Aquaductus Sylvii.

Figure 2: A) Endoscopic 
view of the lateral walls 
in a patient with previous 
shunt failure. The particles 
(*) were attached to the 
walls. B) The particles 
that could not be cleaned 
with lavage were removed 
using endoscopic grasping 
forceps.

Figure 3: Endoscopic view of the tip of the ventricular catheter in 
the lateral ventricle after the endoscopic lavage.
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of shunt infection (p=0.227). However, despite this, the risk 
of developing infection was elevated in the simple SR group 
(Group A).

Postoperative standard prophylactic antibiotic therapy was 
administered in all cases. The patients were called for follow-
up at 1 week, 1 month, 3 months, 6 months, and 1 year after 
surgery.

█   DISCUSSION
NEL is a recent and promising surgical technique for the treat-
ment of posthemorrhagic hydrocephalus. It is unfrequently 
used after shunt failures in pediatric patients with hydroceph-
alus. The potential benefits of NEL in hydrocephalus are that 
it can positively affect CSF circulation by first clearing intra-
ventricular blood or vegetations from the ventricular system 
(36,37,41,42). Second, it can reduce the blood products in 
the CSF and prevent other complications, such as catheter 
obstruction or multi-compartment hydrocephalus (17). Finally, 
cleaning of the blood products from the CSF may promote ce-
rebral development and prevent secondary injury by decreas-
ing inflammation (10,12,14,35–37).

Some studies have used the Drain, Irrigation, and Fibrinolytic 
Therapy procedure during NEL. Although this procedure did 
not reduce the need for a V/P shunt, there was a significant 
increase in the proportion of patients who survived without 
severe cognitive impairment at 2 years and 10 years of follow-
up compared with those who received the standard treatment 
(25,43,44). Kulkarni et al. and Riva-Cambrin et al. reported that 
this technique is less effective in controlling hydrocephalus 
in patients with posthemorrhagic hydrocephalus who were 
younger than 1 year (21,32). Another study reported its 
usefulness for the treatment of hydrocephalus in pediatric 
patients (16). In our study, patients who underwent NEL 
together with standard SR had less shunt dysfunction than 
did the patients who underwent simple SR.

A simple SR procedure was performed in 30 of the cases 
(Group A), whereas NEL and simultaneous SR were performed 
in the remaining 21 patients (Group B). In the late postopera-
tive period, shunt dysfunction developed in 21 of the 30 pa-
tients in Group A; in addition, postoperative shunt infection 
occurred in seven patients. In Group B, shunt dysfunction de-
veloped in eight patients and shunt infection occurred in two 
patients.

In Group A, V/P shunting was performed in 13 patients, 
ventriculoatrial shunting in 1 patient, and EVD in 7 patients, 
followed by V/P shunt revision. In Group B, V/P shunting was 
performed in 6 patients, EVD was performed in 2 patients, and 
then V/P SR was performed.

Based on the surgical technique, the risk of shunt dysfunction 
was found to be statistically low in cases with NEL+SR 
(Group B) (p=0.024). There was no statistically significant 
correlation between the surgical method and the development 

Table I: Demographic Features, Associated Lesions, Symptoms 
of Patients with Multiple Frequent Shunt Failures

Variables n, (%)

Number of Patients 51

Gender

Female 28 (54.9)

Male 23 (45)

Associated Lesion or Malformation 31

Myelomeningocele 11 (35.4)

Encephalocele 2 (6.4)

Dandy-Walker Malformation 6 (19.3)

Intracranial tumor 2 (6.4)

Retinoic acid Embryopathy 1 (3.2)

Myelomeningocele+Diastometamyelia 5 (16.1)

Intracranial hemorrhage 4 (12.9)

Symptoms

Bulging fontanel 40 (78.4)

Nuchal rigidity 10 (19.6)

Irritability 18 (35.2)

Fever 10 (19.6)

Abdominal tenderness 5 (9.8)

Microorganisms

Staf. Epidermidis 5 (55.55)

Staf.  Hemoliticus 1 (11.11)

Staf. Aureus 2 (22.22)

E.coli 1 (11.12)

Table II: The Distribution of Patients Based on the Associated 
Lesion or Malformation and Groups

Associated Lesion or 
Malformation

Group 
A

Group 
B Total

Myelomeningocele 5 6 11

Encephalocele 2 0 2

Dandy-Walker Malformation 2 4 6

Intracranial tumor 0 2 2

Retinoic acid Embryopathy 1 0 1

Myelomeningocele+Diastome-
tamyelia 3 2 5

Intracranial hemorrhage 2 2 4

Total 15 16 31
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█   CONCLUSION
Neuroendoscopic lavage is a method that can be performed 
simultaneously with SR for the treatment of multiple and fre-
quent shunt failures caused by infectious debris or clots. It 
significantly reduces the incidence of further shunt dysfunc-
tions. It facilitates CSF absorption by removing intraventricular 
vegetations and clots, especially in posthemorrhagic or post-
infectious hydrocephalus. Further clinical studies with larger 
populations are needed to evaluate the efficacy and incidence 
of procedure-related complications.
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