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General introduction

General introduction

The focus of this thesis is on endoscopic treatment of hydrocephalic children. 
Classically two types of hydrocephalus can be distinguished, communicating 
and obstructive hydrocephalus.  Hydrocephalus is generally treated by diversion 
of cerebrospinal fluid (CSF) outside the central nervous system into another 
body cavity (abdominal or pleural) or into the circulation (venous system) by 
means of a shunt. Standard general therapy for all indications of hydrocephalus 
is ventriculo-peritoneal shunt (VP-shunt) implantation.1 
In case of obstructive hydrocephalus treatment by endoscopic fenestration 
might be indicated. The most common type of fenestration is endoscopic third 
ventriculostomy (ETV). An ETV restores the CSF circulation via a perforation 
in the third ventricle floor and bypassing the anatomical obstruction by creating 
access to the normal cisternal CSF pathways. Subsequently regular absorption 
of CSF can take place into the venous system. The main advantage of this 
endoscopic treatment modality for obstructive hydrocephalus is restoration of 
normal CSF flow without having to use a shunt device with a higher chance on 
adverse effects.2 
The main question remains whether hydrocephalus is being treated sufficiently 
by means of endoscopy. In order to address this question, we focused our study 
on certain aspects of ETV treatment. First, we analyzed retrospectively the 
efficacy ETV and repeat ETV (re-ETV) in hydrocephalic children by using the 
ETV success score (ETVSS). This might add to delineate further the proper 
indications for ETV and re-ETV. Second, we focused on the acquisition and the 
evaluation of endoscopic skills using a newly developed training model. Both 
aspects might eventually contribute to a better outcome. 
In rightly selected hydrocephalic patients, ETV might be a preferred option. 
Kulkarni et al developed a predictive model for adequately selecting patients, 
the ETV success score (ETVSS).3 In chapter 2 we provide validity evidence for 
the short and long-term predictive adequacy of the ETVSS. It remains unclear 
what the right course of action is in patients with failed initial ETV. In chapter 
3 we retrospectively analysed children who underwent ETV and in some cases 
re-ETV between 1998 and 2015 in six major pediatric neurosurgery centers in 
the Netherlands.4 
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The second part of our thesis covers acquiring and evaluating technical skills 
of the ETV procedure. As neurosurgery residents or other neuroendoscopic 
trainees intend to learn a new procedure there are multiple ways to proceed. The 
classic option is to observe and learn, apprenticeship-based training (Halstedian 
method). This is how most neurosurgeons are trained. Sometimes the training 
program is supplemented by simulation-based training in which the procedure 
is performed on a substitute for a patient. A patient can be simulated by using an 
animal, a human cadaver, a physical simulator (either high-fidelity or low-fidelity 
box trainer) or a virtual reality simulator.5–8 The interest in simulation-based 
education for neurosurgery training has increased recently, and many program 
directors in Europe and the United States of America think it will become part 
of the twenty-first century neurosurgical education.9–11 
In chapter 4 we describe the development of a series of assessment instruments 
for evaluating technical skills of trainees performing an ETV procedure, 
the instruments together are called the Neuro-Endoscopic Ventriculostomy 
Assessment Tool (NEVAT). In chapter 5, we provide validity evidence for the 
NEVAT by reporting on the internal structure, relations of score on NEVAT and 
level of expertise and interrater reliability.
In chapter 6 we describe how we develop a patient specific synthetic brain 
simulator for neuroendoscopy – the SickKids brain simulator. The simulator can 
be used to improve neuroendoscopy skills, specifically for the ETV procedure. In 
chapter 7 the SickKids brain simulator is compared head-to-head with a virtual 
reality (VR) simulator for ETV. 

Hydrocephalus

The incidence of hydrocephalus is roughly one out of 1000 living births.12 The 
natural history of untreated hydrocephalus evolves with devastating effects on 
the brain and high mortality rates.13,14 Hydrocephalus is more than just an 
abnormal accumulation of CSF within the intracranial compartment, it should 
be considered as a complex disorder of the central nervous system as the result 
of abnormal CSF hydrodynamics. The pathogenesis is related to a mismatch 
of CSF production over absorption. Increased production of CSF is of minor 
importance since this is a very rare condition related to choroid plexus tumors. 
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Disturbed absorption of CSF explains most types of hydrocephalus, and a 
subsequent distinction can be made on the site of obstruction.15 In this respect 
communicating hydrocephalus can be considered obstructive hydrocephalus at 
the site of absorption.
In newborns – with cranial sutures not yet solidified – the accumulation of CSF 
results in increased head circumference; in older patients it leads to increase of 
intracranial pressure (the now solid skull does not give way). Hydrocephalic 
children can be classified using different systems.1,15 A distinction can be 
made between communicating and non-communicating hydrocephalus. In 
non-communicating hydrocephalus (also known as obstructive hydrocephalus), 
an intraventricular obstruction prevents the CSF from reaching the arachnoid 
villi where CSF normally is reabsorbed into the venous system. In communicating 
hydrocephalus, the arachnoid villi fail to reabsorb the CSF appropriately or 
there is obstruction in the subarachnoid space. There are newer classifications 
and explanations for the mechanisms that are involved in cerebrospinal fluid 
dynamics.1 Rekate considers all types of hydrocephalus being the result of 
an obstruction; in his model communicating hydrocephalus is due to an 
obstruction at the absorption capacity.15 There have been advantages in the care 
of hydrocephalus over the course of the last decades but success rates have not 
improved much despite better imaging such as magnetic resonance imaging, 
different shunt designs, endoscopic equipment and techniques.16

History

Implantation of a CSF shunt has for many years been the main treatment for 
hydrocephalus and remains standard of care for many hydrocephalic patients.16,17 
The CSF is diverted from the intraventricular cavities to another body cavity, 
often to the peritoneal cavity (ventriculo-peritoneal shunt) but also to other 
cavities such as the pleura of the lungs and the atrium of the heart (respectively 
ventriculo-pleural shunt and ventriculo-atrial shunt). Despite extensive research 
with the goal of finding the ultimate shunt design, no such design was found.18–21 
The development of effective treatment techniques has begun with the Torkildsen 
ventriculo-cisternal shunt around 1920.22 Walter Dandy explored experimental 
treatment with endoscopy and choroid plexus coagulation.23 Around 1950 
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Holter and Pudenz designed their first unidirectional valve type shunts. These 
shunts have become more and more sophisticated, and VP-shunts have evolved 
to the standard treatment of hydrocephalus.18,19

In the 1990’s ventriculoscopy has shown an enormous revival partly due to 
technical improvements. The ETV has become a preferred alternative treatment 
option in case of triventricular hydrocephalus. Although enormous improvements 
in treatment of hydrocephalus has been made, the risk factors of each treatment 
modality have also become clearer.
Shunt implantation creates the risks of infections, haemorrhage and shunt 
dysfunction.24 Endoscopic treatment carries its own small risks of procedural 
morbidity and the long-term risk of recurrent obstruction. In addition, the 
fundamental question of optimal treatment for the brain has become more 
apparent. The type of treatment, the timing and the prevention of adverse effects 
appear to be of major importance in this respect. Fundamental knowledge about 
the CSF hydrodynamics during development of the central nervous system and 
as integral part of the hemodynamics of the blood circulation remains crucial for 
further improvements of neurosurgical handling.
Our study has focused on two major aspects of the endoscopic treatment in 
hydrocephalus patients.
First the definition of proper indications for ETV was further analyzed using the 
ETVSS in a retrospective series. The same predictive score has been evaluated in 
re-ETV cases in a nationwide multicentre study.
Second the acquisition and evaluation of technical endoscopic skills have been 
explored using a newly designed model in combination with an assessment 
instrument.
Optimal performance of a surgical technique may affect the outcome. This in 
combination with variance of patient exposure in number and morphology, 
illustrates the potential benefits of acquisition of skills in a controlled standard 
fashion. Simulation-based education may be ideal for this, as it may help: 
acquiring new skills for residents
maintaining proper performance of standardized procedures for more experienced 
neurosurgeons (life-long learning and maintenance of skills). This safety issue is 
becoming more and more part of standard practice of care.
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Endoscopic third ventriculostomy 

We focus on ETV as treatment for hydrocephalus. After the first introduction 
of neuroendoscopic treatment for hydrocephalus in the 1910’s it soon fell out of 
grace due to high morbidity and mortality, however, with major technological 
advances neuroendoscopy made a comeback in the 1990’s.25,26 Slowly but 
surely intraventricular endoscopy became a cornerstone in the treatment of 
hydrocephalus without any randomized trials to assess superiority of ETV over 
shunt in selected cases.1,27 There has also been an expansion of patients selected 
for ETV, whereas in the beginning only obstructive hydrocephalus qualified 
for the procedure, the indications for ETV now also include communicating 
hydrocephalus (e.g. following infection or intraventricular hemorrhage).1 The 
International Infant Hydrocephalus Study is the first comparing ETV and 
shunt implantation, it is unique in its design as it compares long-term cognitive 
outcome albeit in small subgroup of patients with hydrocephalus due to 
aquaductal stenosis.28–30 
The most important complications of ETV include intracranial hemorrhage 
(e.g. due to basilar artery rupture), damage to neural structures such as thalamus 
or fornix, central nervous system infection, permanent and transient neural 
complications such as memory disorders or gaze palsy, and hormonal disorders 
such as diabetes insipidus or weight gain.31–33 Most complications occur in the first 
period after introducing the procedure to the clinic (indicating a steep mention 
learning curve).32,34–36 Shunt implantation is a technique all neurosurgery residents 
will learn and master during residency, but neuroendoscopic surgery is technically 
more demanding and is performed by more specialized neurosurgeons.37 Still, 
many residents will encounter neuroendoscopic surgery and will perform these 
procedures during residency. For this purpose, simulation-based education could 
prove worthwhile in order to familiarize the resident with the neuroendoscopic 
equipment and procedures. 

Simulation-based education 

The medical history is full of examples of simulation, primarily human cadavers 
have been a prominent educational tool in acquiring anatomical knowledge 
and training new skills. Cadaver models with dynamic filling of the cerebral 
vasculature with colored liquid and clear fluid filling of the arachnoid cisterns 
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have been developed,38 and animals were important for training until this day.39,40 
However, for a multitude of reasons, there has been a movement towards physical 
and virtual reality simulators mimicking pathology in the human body (or parts 
of human body). This started mainly in general surgery but neurosurgery has 
caught up over the last decades and over the course of last few years there has 
been a surge in developments, there is a widespread academic and commercial 
interest in simulation-based education.41 
For neuroendoscopy there are specific problems with human or animal models 
for training procedures. It is necessary to be able to access the ventricular system. 
In a normal situation, most people would have a slender non-dilated ventricle 
system and patients who are selected for neuroendoscopic procedures will have a 
dilated ventricle system allowing an endoscope to penetrate it without doing too 
much damage to the surrounding anatomical structures (e.g. thalamus, fornix). 

Different simulation platforms

For neuroendoscopy there are few reports on physical simulators and virtual reality 
simulators. First we will give an overview of the physical simulators, followed with 
an overview of virtual reality platforms for neuroendoscopy. Until recently, most 
physical models would be rigid and as such lacking realistic haptics.42 There came 
a change with physical simulators such as the Sinus Model Oto-Rhino Neuro 
Trainer (SIMONT) simulator, which has been one of the earlier high fidelity 
synthetic simulators.43,44 Later, the same group presented a pediatric model called 
Anatomical Simulator for Pediatric Neurosurgery (ASPEN).45 In chapter 6 we 
present the SickKids brain simulator.46 In the process of writing this introduction 
there have been more synthetic brain simulators introduced to the field, and with 
the increased accessibility and ease of use of three-dimensional modelling and 
printing technology it is probable that more will follow.47 Newer examples are 
the Realistic Operative Workstation for Educating Neurosurgical Apprentices 
(ROWENA),48,49 a simulator presented by Waran et al.,50 and the BrightMatter™ 
Simulate.51 The development of virtual reality simulators for neuroendoscopy has 
been reviewed extensively before.6,52 The physical and virtual reality simulators 
that have been developed are very sophisticated but laboratory dissection training 
remains to be a cornerstone in neurosurgerical training.53
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Developing simulation-based educational curriculum

The new modes of training are being incorporated into the neurosurgerical 
residency curriculum, for example as boot camp courses. The model-based 
simulation has been developed in the United States of America,54 but also in 
Canada in the form of a rookie camp to ease the transition for medical students 
into the neurosurgery residency program.55 During these courses or specific 
modules with focus on cranial, spine or vascular surgery there was also a need 
for standardized assessment methods.56 Assessment instruments are an important 
part of an educational curriculum, for tracking the learning curve and providing 
standardized feedback. 

Assessment of surgical skill

There is extensive literature on methods of assessment tool development and 
the validation process.57–59 A contemporary approach to validity arguments, 
currently, Kane’s validation framework which is an argument-based approach to 
validation.59,60 Kane’s validity framework sees validity as a series of arguments,61 
but there are some authors who disagree with parts of the framework. For 
example, should implications of the assessment instrument be regarded as part 
of a validity argument? An example of an implication of assessment instruments 
is to use the instrument to evaluate whether or not a neurosurgery resident is 
ready to operate on a real patient in the operating room. Cook et al. think that 
the implications are part of the validity argument.60 But others disagree because 
even though implications do depend on the validity of the test, the validity does 
not depend on the implications.62  To explain: if strong validity evidence has been 
published on an assessment instrument, then the instrument may be used for 
high stakes assessment but on the other hand, the validity of the instrument does 
not depend on its use. 
In general surgery, the need for standardized testing prompted developing objective 
structured assessment of technical skill (OSATS) in the end of the 1990s.63 In 
subsequent years, many other examples followed, validity evidence was gathered 
for various assessment instruments but not for neurosurgical procedures in spite 
of calls for development of such tools.64 Parallel to the increased interested in 
simulation, there has been a boost in enthusiasm for standardisation of evaluation 
of technical competency in neurosurgery. 
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We report our experience with developing and gathering validity evidence for the 
Neuro-Endoscopic Ventriculostomy Assessment Tool (NEVAT).65,66 Sarkiss et al. 
present an adaptation of OSATS and show high interrater reliability.67 Rooney 
et al present  a series of assessment instruments for evaluation of skills in placing 
an external ventricle drain, a procedure specific checklist called Ventriculostomy-
Procedural Assessment Tool (V-PAT) and a modified OSATS.68 Other examples 
of neurosurgical assessment tools – all reported in 2015 – are the Northwestern 
Objective Microanastomosis Assessment Tool (NOMAT),69 and preliminary 
validity evidence of OSATS for five procedures: pediatric neurosurgery,70 specific 
spine simulator,71 anterior cervical discectomy and fusion,72 posterior cervical 
fusion,72 and durotomy repair,72 but thus far, these assessment instruments lack 
validity evidence.
In virtual reality simulation, there are some metrics that are used to assess 
competence, motion tracking is an example of such metric.73,74 We compared a 
VR simulator head-to-head with a physical simulator and found that each have 
their own advantages and disadvantages and selection of a simulation platform 
– either physical or VR – must be based on educational objectives.5 For learning 
anatomy the VR simulator was the preferred choice, and developing technical 
skills and manual dexterity using neuroendoscopic tools may be aided with the 
physical simulator. 
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Abstract

Purpose 

This study aims to provide external validation of the “Endoscopic Third 
Ventriculostomy Success Score (ETVSS)” for both short-term and long-term 
predictive adequacy.

Methods 

Between 1998 and 2007, we collected clinical follow-up data (after 6 and 
36 months) of all 104 hydrocephalic children (<18 years of age) treated by 
endoscopic third ventriculostomy (ETV) in our hospital. Predictive adequacy of 
ETVSS for 6- and 36-month periods was tested by means of an unpaired t test, 
Hosmer–Lemeshow “goodness-of- fit” test, and area under the receiver operating 
characteristic curve.

Results 

Mean follow-up was 73.4 months. For both the short-term (6 months) and 
the long-term (36 months) periods, the mean predicted probability of ETV for 
the patients with successful ETV treatment was significantly higher than in the 
patients with failed ETV treatment. The areas under the curve for the short- and 
long-term periods were, respectively, 0.82 (95 % CI 0.71–0.92) and 0.73 (95 
% CI 0.62–0.84). For patients with moderate ETVSS (50–70), the median age 
at first ETV was significantly higher for patients with successful ETV for both 
short- and long-term periods.

Conclusion

In hydrocephalic children, the ETVSS is a useful tool for prediction of outcome 
after ETV treatment. The ETVSS is more adequate in predicting short-term 
than long-term success. In our population, it is suggested that success rate for 
patients with moderate ETVSS could be improved if more weight is attributed 
to age at first ETV.



33

External validation of the ETVSS

Introduction

Endoscopic third ventriculostomy (ETV) is a commonly used and accepted 
method for treatment of obstructive hydrocephalus.1–3, 5, 11, 21, 22, 24, 27, 28 A major 
advantage of ETV in relation with ventriculoperitoneal shunting (VP shunt) 
is that the first procedure does not leave a foreign body. There is no consensus 
regarding the role of ETV in young pediatric patients.3, 4, 7, 15, 29 Hopefully, the 
International Infant Hydrocephalus Study will provide a more definite answer 
in the future.25 
Meanwhile, the ETV Success Score (ETVSS) may be applied to predict whether 
an ETV is likely to be successful.17 The ETVSS is derived from three variables: 
patient age, etiology of hydrocephalus, and the presence of previous treatment 
with VP shunt. After internal and external validation, the ETVSS has been 
applied in many studies,8, 10, 12, 16–18, 20 revealing a good short-term prediction. 
This study provides external validation of the ETVSS at the 6-month follow-up. 
Ultimately, it is essential that the treatment continues to be successful in the long-
term and therefore we perform an additional test of the long-term (36 months) 
adequacy of the ETVSS. A retrospective cohort study is presented of a series of 
children (n=104) under 18 years of age who all underwent ETV as treatment for 
hydrocephalus at the University Medical Centre Groningen (UMCG). 

Methods

Study design

Between 1998 and 2007, we retrospectively collected all clinical data of children 
who received an ETV at the UMCG (Fig. 1). Ten patients died before the 
6-month follow-up criterion was met; seven patients died of tumor-related causes, 
three patients died of other causes (Walker–Warburg syndrome, congenital 
heart disease, and respiratory failure due to bacterial pneumonia), and none 
died of causes related to hydrocephalus. All ETV procedures were performed in 
accordance with national guidelines, i.e., either by a neurosurgeon or a resident 
under direct supervision of a neurosurgeon. ETV failure was diagnosed by a 
clinician, with additional radiologic information. 
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Data collection

From patient records, we collected data regarding basic patient characteristics, 
etiology of hydrocephalus, age at first ETV treatment, primary ETV, or secondary 
ETV (after previous VP shunt treatment). ETV failure was indirectly determined 
by additional HC requirement or death. Late ETV failure is defined as failure of 
ETV between 6 and 36 months. Re-ETV is defined as a repeated ETV procedure 
after failure of the initial ETV. 
According to Naftel et al., we apply the term “salvage” ETV when the ETV 
decision is based upon multiple shunt failures and/or poor CSF absorption, 
instead of straight ETV criteria.20 We report all ETV treatments fitting “salvage” 
category of both initial ETV and re-ETV treatments. No additional analysis was 
performed on the “salvage” category. 
In all patients, MRI scans were made pre-operatively in order to contribute to 
the definition of the etiology of the hydrocephalus. The following categories 
were identified in concordance with the original paper on ETVSS: aqueductal 
stenosis, post-infectious, myelomeningocele, post-intraventricular hemorrhage, 
tectal tumor, other brain tumor (non-tectal), and other causes.17

For each patient, the ETVSS is subsequently calculated by combining age, 
etiology, and previous shunt score (Table 1). The calculated scores show a range 

Fig. 1 Exclusion
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from 0 to 90 related to predicted success rates after 6 months. For example, for 
a 2-month-old child with an aqueductal stenosis in absence of previous CSF 
shunt treatment, a total score of 50 would be applicable. This score is composed 
of 10 points for age, 30 points for etiology of hydrocephalus, and 10 points 
for “previous shunt.” A patient with ETVSS of 50 is postulated to have a 50 % 
chance of successful ETV treatment for a period of 6 months.

Statistical analysis

We performed data analysis with the statistical package SPSS for Windows 
(version 20). Baseline characteristics are reported as mean with SD or as numbers 
with corresponding percentages. If variables were not normally distributed, 
values are reported as median with interquartile range (IQR). The duration of 
follow-up after surgery was calculated till the date of subsequent hydrocephalus 
treatment or date of death, or was ceased at the last date at which the patient was 
seen at the treating center and known to be well. 
The cohort was stratified based on ETVSS in three different categories: low 
ETVSS (≤40), moderate ETVSS (50–70), and high ETVSS (≥80). Kaplan–
Meier curves indicated the shunt failure-free survival rate for the different strata. 
We calculated the hazard ratios for ETV failure for the different ETVSS strata by 
Cox regression analysis. Differences in mean ETVSS and median age in months 
at ETV treatment between patients with early ETV failure and late ETV failure 
were analyzed by, respectively, the unpaired t test and Mann–Whitney U test. 
We compared differences in median age at ETV treatment between patients with 
successful and failed ETV in the moderate ETVSS group by Mann–Whitney U 
test. Between-group comparisons of nominal or ordinal variables were performed 

Table 1. Calculation of the ETVSS (after Kulkarni et al.17)
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for the moderate ETVSS group by Chisquare and/or by Fisher’s exact test. We 
considered p values <0.05 as statistically significant. 
We determined external validity of the ETVSS model by Kulkarni et al.17 over 
a short-term (6 months) and a long-term (36 months) follow-up period. We 
compared the predicted probability of ETV success between children with 
successful and failed ETV treatment by an unpaired t test. Performance of the 
predictive model was subsequently tested by the Hosmer–Lemeshow “goodness-
of-fit” statistic; a significant p value rejects the null hypothesis that the model fits 
the data well. Model discrimination was quantified by the area under the receiver 
operating characteristic (ROC) curve.

Results

Patient characteristics

Patient characteristics of 104 children are presented in Table 2. The mean 
follow-up period was 73.4 months (SD, 38.7). The first ETV was performed at a 
median age of 67.7 months (IQR, 3.1–117.5). Of all ETV treatments performed 
in the inclusion period, seven patients qualified for the “salvage” category; in 
three of these patients, ETV appeared successful. 

Short-term predictive adequacy (6 months)

Mean ETVSS was 66.2 (SD, 17.0), and actual overall ETV success rate after 6 
months was 70.2 %. The remaining 31 (29.8 %) patients received subsequent 
treatment, consisting of VP shunt implantation or revision (29 children; 93.5 
%), or a repeated ETV (2 children; 6.5 %). 
The mean predicted probability of ETV success was significantly higher in 
children with successful ETV than ETV failure [0.72 (SD, 0.13) vs. 0.52 
(SD, 0.1), with a mean difference of 0.21 (95 % CI 0.15–0.27; p<.001)]. The 
Hosmer–Lemeshow statistic revealed an adequate model fit (p=.10). The area 
under the curve is 0.82 (95 % CI 0.71–0.92).

Long-term predictive adequacy (36 months)

In 84 of 104 (80.8 %) patients, a follow-up period of at least 36 months was 
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available. The mean ETVSS for this group was 66.0 (SD, 16.6). The actual overall 
ETV success rate after 36 months in this group was 48.8 % (n=41). Within 
the extended follow-up period of 36 months, a total of 43 (51.2 %) patients 
underwent subsequent treatment, of which 27 (62.8 %) patients received a VP 
shunt (or revision of a present VP shunt system) and 16 (37.2 %) received a 
re-ETV. Twenty-seven of 43 (62.8 %) patients had early failure. 
The mean predicted probability of ETV success was significantly higher 
in children with successful than failed ETVs [0.73 (SD, 0.14) vs. 0.59 (SD, 
0.17), mean difference of 0.14 (95 % CI 0.071–0.20; p<.001)]. The Hosmer–
Lemeshow revealed an adequate model fit (p=.77), and the area under the curve 
is 0.73 (95 % CI 0.62–0.84). 

Abbreviations: ETV, endoscopic third ventriculostomy; IVH, intraventricular hemorrhage

Table 2. Characteristics of 104 patients
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ETVSS strata

According to Kulkarni et al.22, we characterized ETVSS outcomes as low, 
moderate, and high in 17, 47, and 40 children, respectively. In Tables 3 and 4, 
mean ETVSS and the actual success rate within these ETVSS strata are displayed 
for, respectively, the 6- and 36-month follow-up period. The ETVSS and the 
actual success rate for the different strata for the children under the age of 2 years 
are shown in Table 5. Patient characteristics of the moderate ETVSS group are 
indicated in Table 6. 
Comparing low with high ETVSS reveals a 5.5-fold chance of ETV failure within 
the next 36 months (95 % CI 2.5–12.3; p<.001) for the low ETVSS group. A 
patient with moderate ETVSS reveals a 2.2-fold chance of ETV failure than a 
patient with high ETVSS (95 % CI 1.1–4.6; p=.03).
Secondary ETV

Mean ETVSS for the group with secondary ETV (n=20) was 70 (SD, 9.7), and 
actual overall ETV success rate after 6 months was 75.0 %. After 36 months (n=16), 
mean ETVSS was 68.8 (SD, 10.3), and the success rate dropped to 43.8 %.

Repeated ETV

Eventually, 20 patients required repeated ETV; 18 of 20 patients with minimal 
follow-up of 6 months were eligible for short-term analysis. The interval between 

Table 3: Stratified success in 6 months’ period

Table 4: Stratified success in 36 months’ period
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the first and second surgery was for each patient at least 3 months with a 
median time between first and repeated ETVof 15.8 months (IQR, 9.2–32.0).  
In 14 of 18 (77.8 %) patients, the re-ETV was successful for the 6-month 
follow-up period. The mean ETVSS for these patients was 68.9 (SD, 11.8). 
Sixteen patients with minimal follow-up of 36 months were eligible for long-
term analysis; the mean ETVSS was 67.5 (SD, 11.8). In 10 of 16 (62.5 %) 
patients, the re-ETV treatment was successful in the long-term.

Table 5: Stratified success in 6 months’ period for patients < 2 years

Table 6. characteristics of moderate ETVSS (50 – 70)

Abbreviations: ETV, endoscopic third ventriculostomy; IVH, intra-ventricular hemorrhage
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Late ETV failure

Late ETV failure is defined as failure of ETV between 6 and 36 months. Sixteen 
of 43 (37.2 %) had late ETV failure after a median period of 15.8 months (IQR, 
9.6–26.8). Comparing patients with “late ETV failures” (n=16) vs. “early ETV 
failures” within 6 months (n=31) revealed a significantly higher mean ETVSS in 
the first group [late vs. early ETV failure, 68.8 (SD, 12.6) vs. 51.6 (SD, 16.6), 
respectively; mean difference of 17.1 (95 % CI 7.6–26.7); p=.001]. Median age 
in months at first ETV, 79.1 (IQR, 9.7–132.5) and 2.4 (IQR, 0.4–19.1), p=.002, 
differed significantly between patients with late ETV failure and patients with 
early ETV failure, respectively.

Mortality

As previously stated, ten patients died before the 6-month follow-up criterion 
was met. During follow-up, mortality rate was 11.5 %. Twelve of 104 children 
died, with a mean age 6.7 years (SD, 4.3; min, 1.7; max, 15.2). The underlying 
etiology for hydrocephalus involved: aqueductal stenosis (n=2), non-tectal brain 
tumor (n=7), and other (n=3). Six patients received subsequent hydrocephalus 
treatment prior to death. One patient died of shunt dysfunction. The remaining 
11 patients died independent of hydrocephalus treatment, i.e., by: malignancy 
(n=7), epilepsy (n=1), hemolytic–uremic syndrome after meningitis (n=1), acute 
respiratory distress syndrome after sepsis (n=1), and unknown cause (n=1).

Discussion

In the present study, we provide data regarding the short-term and long-term 
predictive adequacy of the ETVSS. We found significantly higher mean predicted 
probability of ETV success in children with successful than failed ETVs for both 
follow-up periods. Furthermore, the model discrimination, quantified by the 
area under the ROC curve, was found to be adequate. Therefore, short-term and 
long-term analyses reveal that ETVSS is a suitable predictive model.
Kulkarni et al. developed the ETVSS model.17 In their internal validation set, 
the C-statistic (equivalent of the area under the ROC curve) was 0.68. Naftel et 
al. provided the first external validation of the ETVSS for the 6-month period, 
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with a C-statistic of 0.74 (95 % CI 0.65–0.83).20 For the 6- and 36-month 
periods, we found a C-statistic of 0.82 (95 % CI 0.71–0.92) and 0.73 (95 % CI 
0.62–0.84), respectively. 
Durnford et al. performed a retrospective analysis for both 6- and 36-month 
follow-up periods.8 They found an inverse relationship between short- and 
long-term followup. At the 6-month follow-up period, there was no significant 
difference between the mean ETVSS for patients with successful vs. patients 
with failed ETV. In comparison, for the 36-month follow-up period, the mean 
ETVSS differed significantly in favor of the patients with successful ETV. These 
findings suggest a positive selection of ETV patients in the long-term group. In 
contrast to these findings, we report a decreased long-term predictive adequacy. In 
our study, late failures occurred both in patients with high (14 %) and moderate 
(21 %) ETVSS (Kaplan–Meier survival curve, Fig. 2), whereas Durnford et al. 
reported that late ETV failures are predominantly confined to the moderate 
ETVSS category.
In accordance with literature, we observed that a large proportion of patients, 62.8 
%, revealed an early ETV failure.17, 24 However, we also observed a relatively large 
proportion of ETV failures after the first 6-month period (about 40 vs. 20 % by 
Durnford et al.). This relatively large group of patients with late failure in spite of 
high or moderate ETVSS in our series might be explained by selection bias in a 
historical series. It may also be postulated that other factors than the elements of 
the ETVSS may be involved in order to explain late failure after ETV.
Comparison of patient characteristics between the groups with early and late ETV 
failure revealed a significantly younger age and lower ETVSS in the first group. 
In literature, late ETV failure is described with potentially fatal consequences.6, 

9, 19 Kadrian et al. reported that age is the only significant factor to predict long-
term ETV success.14

In 78 %, re-ETV appeared successful after an evaluation period of 6 months. 
This relatively high re-ETV success rate has also been reported in literature11, 13, 

14, 23, 26, 28 and may implicate that re-ETV could be considered before proceeding 
to CSF diversion by means of a VP shunt. 
Especially, analysis of the moderate ETVSS category could elucidate whether 
a patient should be treated by means of ETV or VP shunt. This decision will 
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be based on the personal judgment and preference of the treating surgeon in 
consultation with patient and parents. More in-depth analysis of the moderate 
ETVSS group was performed in order to determine which variables may explain 
the difference in performance of the ETVSS model. The main characteristic 
differing between failure and success of ETV treatment in this category is patient 
age at ETV (Table 6).The median age at first ETV is significantly higher in 
successful ETV for both the short- and long-term follow-up periods. This could 
suggest that the influence by age at which the ETV is performed might be of 
pivotal importance. The success rate for the moderate ETVSS group might be 
improved by attributing more weight to the age factor.
We recognize some limitations to our study. The present study concerns 
a retrospective design with a limited sample size. However, a randomized 
controlled prospective design would probably not apply to ethical standards, 
since individual choices between ETV and VPD treatment options should still 
depend upon the best predicted benefit (ETV success scores) in the first place.
We cannot exclude that multiple considerations before ETV treatment have 
caused a selection bias. Some hydrocephalus patients have a problematic 
treatment course with multiple shunt revisions and difficulty finding correct 
shunting profile. In such patients in whom ETV placement could be regarded 

Fig. 2 Kaplan-Meier survival curves for ETVs in 104 patients stratified by ETVSS
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as a last resort, the major advantage of shunt independence could outweigh the 
limited chance of success. In this specific “salvage” category, risk assessment 
should therefore be interpreted differently.20

For neurosurgeons considering treating hydrocephalus in a pediatric patient by 
means of ETV, the ETVSS provides a useful tool in everyday practice. The total 
score is easy to implement, and the calculated chances of success during the 
first 6 months are sufficiently validated in previously mentioned series. With 
the application of the score, the treatment of hydrocephalus could become more 
uniform and transparent. In addition to predicting chances of successful ETV 
treatment for individual patients, the ETVSS (when consistently used by future 
authors) may contribute to a more reliable comparison of pediatric cohorts of 
hydrocephalic children treated with ETV described in literature.
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Abstract

Background 

After an endoscopic third ventriculostomy (ETV) procedure some patients will 
develop recurrent symptoms of hydrocephalus. The optimal treatment for these 
patients is not clear; either repeat ETV (re-ETV) or cerebrospinal fluid shunt. 

Objective 

To assess the effectiveness of re-ETV relative to initial ETV in pediatric patients 
and validate the ETV success score (ETVSS) for re-ETV.

Methods 

Retrospective data of 624 ETV and 93 re-ETV procedures were collected in six 
neurosurgical centers in the Netherlands (between 1998 and 2015). We used a 
multivariable Cox proportional hazards model to provide an adjusted estimate of 
the hazard-ratio (HR) for re-ETV failure relative to ETV failure. The correlation 
coefficient between ETVSS and chances of re-ETV success was calculated by 
Kendall’s tau. Model discrimination was quantified by the c-statistic. We analyzed 
presence of arachnoid membranes and usage of extra-ventricular drain (EVD) 
postoperatively on success rates of re-ETV. 

Results 

The HR for re-ETV failure relative to ETV failure was 1.14 (95% CI: 0.83-
1.57), P= .44. At six months success rates for both ETV and re-ETV were 68%. 
The ETVSS was significantly related to the chances of re-ETV success, τ= 0.37 
(95% BCa CI: 0.21-0.52), P< .001. The c-statistic was 0.74 (95% CI: 0.64-
0.85). Presence of prepontine arachnoid membranes and usage of an EVD were 
negatively associated with chances of success, respectively odds ratios of 4.0 (95% 
CI: 1.5-10.5) and 9.7 (95% CI: 3.4-27.8). 

Conclusions 

Re-ETV seems to be as safe and effective as initial ETV. The ETVSS adequately 
predicts chances of success of re-ETV. Presence of prepontine arachnoid 
membranes and use of EVD negatively influence chance of success.
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Introduction

Endoscopic third ventriculostomy (ETV) has become the standard treatment 
for obstructive hydrocephalus.1 Its range of indications has extended to 
communicative hydrocephalus as well.1,2 Unfortunately, to this day no treatment 
modality guaranties a permanent solution for hydrocephalus.3 Therefore, when 
primarily treating hydrocephalus, the apparent benefits and disadvantages of ETV 
and shunting have to be weighted and considered.4–11 To facilitate neurosurgeons 
in the process of patient selection for ETV, a predictive model was developed 
which estimates chances of ETV success over a six-month period; the so-called 
ETV success score (ETVSS).12–17 
When a patient is referred for suspicion of recurrent hydrocephalus, the 
neurosurgeon has two treatment options: either perform a repeat-ETV (re-ETV) 
or implant a cerebrospinal fluid shunt. 
In a Dutch external validation study of the ETVSS a 78% success rate was found 
for the group that underwent a re-ETV after an evaluation period of six months.13 
However, the sample size was relatively small with eighteen patients receiving 
re-ETV. This prompted the set-up of the current retrospective multicenter 
study in which data of six university neurosurgical centers in the Netherlands 
were clustered to investigate these findings using a larger sample size. In this 
paper, we aim to report on the observed effectiveness of a re-ETV relative to the 
observed effectiveness of initial ETV and to determine the predictive accuracy 
of the ETVSS in patients undergoing a re-ETV. An additional aim is providing 
an in-depth analysis of re-ETV patients and which factors influence chances of 
success.  

Methods

Study design

Retrospective data was gathered from electronic patient records in six university 
medical centers in the Netherlands, in Amsterdam the Academic Medical Center 
(July 1999 – February 2015) and VU University Medical Center (most between 
August 2010 – October 2014), in Groningen the University Medical Center 
Groningen (April 1998 – November 2014), in Nijmegen the Radboud University 
Medical Center (most between January 2004 – August 2014), in Rotterdam the 
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Erasmus Medical Center, Sophia Children’s Hospital (May 1997 – December 
2014), and in Utrecht the University Medical Center Utrecht (most between 
April 2004 – July 2013), the cooperating centers are united in the DPNSG 
(Dutch Pediatric Neurosurgical Study Group). 
All ETV procedures were performed in accordance with national guidelines, i.e. 
either by a neurosurgeon or a resident under direct supervision of a neurosurgeon. 
ETV failure was defined as any subsequent surgical procedure for CSF diversion, as 
determined by a neurosurgeon, or death related to hydrocephalus management.18

The research protocol was submitted to and approved by an ethics committee. 
Patient consent was not required as we worked with an anonymized retrospective 
dataset and did not use an intervention.

Data collection

All patients who were younger than 18 years at ETV were eligible for inclusion. 
The following patient characteristics were collected: etiology (classified into 
aqueductal stenosis, post-infectious, myelomeningocele, post-intraventricular 
hemorrhage, tectal tumor, non-tectal brain tumor, and other causes), date of 
birth, sex, date initial ETV, date ETV failure (defined as any subsequent surgical 
procedure for cerebrospinal fluid diversion or hydrocephalus related death), date 
re-ETV, date failure re-ETV (using previously mentioned definition), use of 
external ventricular drain (EVD), lumbar punctures (LPs) and/or external lumbar 
drain (ELD) postoperatively, shunt history and last contact at neurosurgery or 
neurology department for follow-up. Patient age was classified as is used for the 
ETVSS score into younger than one month, one month to younger than six 
months, six months to younger than one year, one year to younger than ten years 
and equal to or older than ten years.
The ETVSS for each patient’s re-ETV was calculated using the age, etiology and 
previous shunt score (Table 1).12 The ETVSS works as follows: if a 9 months 
old patient with hydrocephalus due to aqueductal stenosis who was previously 
treated by means of a CSF shunt is selected for an ETV, the chance of ETV 
success over a period of six months is 60% (30 for patient age, 30 for etiology 
and 0 for previous shunt = 60).
The operating reports were investigated for intraoperative findings at the 
re-ETV, these findings were reported in different categories; complete occluded 
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stoma without underlying arachnoid membranes, complete occluded stoma 
with underlying arachnoid membranes, pinpoint stoma without underlying 
arachnoid membranes, pinpoint stoma with underlying arachnoid membranes, 
obstruction due to underlying prepontine arachnoid membranes alone, no 
apparent occlusion. 

Statistical analysis 

We reported categorical patient characteristics using the number and percentage 
observed, continuous normally distributed characteristics using means and 
standard deviations (SD) and continuous non-normally distributed characteristics 
using medians and interquartile ranges (IQR). We examined differences in groups 
of patients using Chi-Square test, Fisher’s exact test for categorical variables, 
odds ratios (OR) were calculated with a 95% confidence interval (CI). We 
used independent two-tailed t-tests and Mann-Whitney U tests for continuous 
normally and not normally distributed variables, respectively. 
The follow-up was calculated from point of entry to the date at which the patient 
was seen at the clinic and known to be well, the date of subsequent treatment or 
date of death, whichever came first. 
Survival curves were calculated using the Kaplan-Meier method. Survival analysis 
covering the time to ETV failure was performed using a Cox proportional 
hazards model. The proportional hazards assumption was checked visually 
with the Kaplan Meier-curves. The variables used for the ETVSS (age of 
patient, etiology and prior shunt) and “ETV vs re-ETV” were entered into a 
multivariable Cox proportional hazards model, because literature supports these 

Table 1. Calculation of the ETVSS

Used with permission from Elsevier; Kulkarni et al. J Pediatr 2009;155:254-9
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as the most important confounders.12 Subsequently the potential confounders 
with the highest P-value were eliminated from the model step by step until the 
fit of the model decreased significantly (based on the -2 log likelihood). The final 
multivariate model was used to provide an adjusted estimate and the 95% CI of 
the hazard ratio (HR) for re-ETV failure relative to ETV failure. 
Successful cases with less than six months follow-up were excluded from testing 
predictive adequacy of the ETVSS as this score predicts chances of ETV success 
over a six-month period. We determined the predictive adequacy of the ETVSS 
by comparing the predicted probability of re-ETV success between patients 
with successful and failed re-ETV treatment by an independent t-test. Model 
discrimination was quantified by the area under the receiver operating characteristic 
curve (hereafter called the c-statistic) with 95% CI and the correlation coefficient 
between ETVSS and chances of re-ETV success was calculated by Kendall’s tau 
with 95% bootstrapped CI based on 1000 replications. We performed the same 
analysis for initial ETV procedure of all patients operated between the previously 
mentioned dates in the cooperating centers. 
We performed all data analysis using IBM SPSS Statistics for Windows, Version 
23.0 (Armonk, NY: IBM Corp) and considered P-values less than .05 as 
statistically significant. 

Results

Demographics 

A total of 624 ETV cases and 93 re-ETV cases were included for analysis, see 
Table 2 for baseline demographics and Figure 1 for flow chart. In five patients 
a third ETV was performed, in three of these no subsequent treatment was 
needed, two received a shunt. Seven patients were excluded from analysis, these 
had a patent ventriculostomy site and no other obstruction was found during 
neuro-endoscopic surgery. Three patients died from hydrocephalus related 
death: two had earlier failure of the ETV after which they received a shunt which 
subsequently failed, they were referred too late and died; the last ex-premature 
patient with neonatal cerebral hemorrhage (resulting in hydrocephalus treated 
with a shunt) was a severely mentally challenged, spastic child with infantile 
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Figure 1. Flow chart for ETV and re-ETV

Table 2. Demographics ETV and re-ETV cases

Abbreviations: ETV, endoscopic third ventriculostomy
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encephalopathy, at the age of 17 he was admitted to the intensive care unit with 
suspected aspiration of blood and obstructed airways, gastroscopy and multiple 
other diagnostics were to no avail, eventually the patient developed bradycardia 
after which a MRI cerebrum showed a trapped fourth ventricle and compression 
of the brainstem, ETV with aquaductstenting proved insufficient and eventually 
the patient died. 
Several techniques were used for the ETV procedure, most used a dumbbell 
shaped balloon for dilating the stoma, others used Thulium laser ablation of the 
third ventricle floor, and some used “black” fiber tip/diode laser combination for 
controlled tissue ablation.19 
The number of ETV and re-ETV patients per institute are listed in the following 
tabulation: 

Institute No. (%) of  ETV patients  re-ETV patients
Erasmus   189 (30.3)  37 (39.8)
UMCG   202 (32.4)  36 (38.7)
Radboud-umc   97 (15.5)  8 (8.6)
UMCU   42 (6.7)  7 (7.5)
AMC    62 (9.9)  3 (3.2)
VUmc    32 (5.1)  2 (2.2)

Median duration in months of follow-up of ETV procedure was 31.4 (IQR = 
1.6 to 49.7) and the median follow-up of the re-ETV procedure was 14.8 (IQR 
= 1.2 to 49.9). 
The median age in years at initial ETV was 4.8 (IQR = 0.5 to 11.6) and the 
mean ETVSS for the initial ETV was 67 (SD = 17). The median age in years at 
re-ETV was 6.1 (IQR = 1.0 to 12.4) and the mean ETVSS for the re-ETV was 
71 (SD = 16). 
The median time in months between ETV and failure was 1.4 (IQR = 0.6 to 9.2), 
the last failure occurred after 11.8 years. The median time in months between 
re-ETV and failure was 1.7 (IQR = 0.5 to 14.7), the last failure occurred after 
8.0 years. 
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See Table 3 for success rates for ETV and re-ETV over time and Figure 2 for 
Kaplan-Meier survival curves. The hazard ratios are shown in Table 4, etiology 
was dropped from this model.

Validity evidence for predictive model 

For the initial ETV procedure: The mean ETVSS for ETV was significantly 
higher for successful cases than for failed cases at six months 72 (SD = 15) versus 

Figure 2. Kaplan-Meier survival curve for ETV and re-ETV  
Log Rank test: P = .58

Table 3. Survival tables for ETV and re-ETV

Abbreviations: CI, confidence interval; ETV, endoscopic third ventriculostomy
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57 (SD = 18), P < .001. The c-statistic for the six-month follow-up was 0.74 
(95% CI: 0.70-0.79). The ETVSS of the initial ETV was significantly related to 
the chances of ETV success, τ = 0.36 (95% BCa CI: 0.29-0.42), P < .001

For the re-ETV procedure: The mean ETVSS for re-ETV was significantly higher 
for successful cases than for failed cases at six months 76 (SD = 13) versus 63 
(SD = 16), P < .001. The c-statistic for the six-month follow-up was 0.74 (95% 
CI: 0.64-0.85). The ETVSS of the re-ETV was significantly related to changes of 
re-ETV success, τ = 0.37 (95% BCa CI: 0.21-0.52), P < .001. 

Succesfully versus unsuccesfully treated re-ETV patients 

For the 93 re-ETV patients, an in-depth analysis was conducted, see Table 5 
for demographics of failed and successful cases. Seven cases had less than six 
months follow-up or died before six months (not hydrocephalus related) and 
were excluded from analysis in this section. Only one patient received additional 
choroid plexus cauterization at re-ETV, two months after the procedure the 
patient received a CSF shunt.
In successfully treated patients, the median age in years at re-ETV was significantly 
higher than in unsuccessfully treated patients, at six months follow-up: 8.2 (IQR 
= 1.8 to 13.5) versus 1.6 (IQR = 0.4 to 8.6), P = .002. 
The median time in months between ETV and re-ETV did not differ significantly 
between successful and unsuccessful cases: 12.1 (IQR = 5.6 to 29.4) versus 7.6 
(IQR = 1.6 to 29.7), P = .17. 

Table 4. Hazard ratios from multivariable Cox proportional hazards model

Abbreviations: CI, confidence interval; ETV, endoscopic third ventriculostomy; HR, hazard ratio
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Table 5. Characteristics of re-ETV success and failure at six months

Abbreviations: ELD, external lumbar drain; ETV, endoscopic third ventriculostomy;
IQR, interquartile range; LP, lumbar drain
Seven cases lost to follow-up or died within six months.
a For etiologies in category ‘other’, see appendix 1.
b Four missing values.
c Four missing values.
d Four missing values.
e Three missing values.



58

CHAPTER 3

Effect of intraoperative findings 

If the ventriculostomy site was closed and this was reopened, the patient had a 
significantly higher chance of success than when no closed ventriculostomy site 
was found during surgery, based on the odds ratio, the odds of success were 3.4 
times higher (95% CI: 1.3-9.1, P = .01). 
When additional subarachnoid membranes are observed during re-ETV surgery, 
the patient had a significantly higher chance to need subsequent hydrocephalus 
treatment within six months, based on the odds ratio, the odds of failure were 
4.0 times higher (95% CI: 1.5-10.5, P = .004).

Effect of postoperative management 

Two patients received an EVD after intra-operative bleeding, one patient had 
multiple thick prepontine arachnoid membranes and the CSF of one patient was 
a bit cloudy (suspected infection). In the remaining cases no specific reasons for 
leaving an EVD was mentioned and as such we considered the EVD as being for 
escape reasons. When an EVD was placed, the patient had a significantly higher 
chance to need subsequent hydrocephalus treatment within six months, based 
on the odds ratio, the odds of failure were 9.7 times higher (95% CI: 3.4-27.8, 
P = .001). We did not discriminate between an open EVD or an escape EVD 
(which remains closed and would only be used if the patient develops clinical 
signs of raised intracranial pressure). 
Administering LPs or ELDs after the re-ETV did not influence chances of success 
at six months, P = .97.

Discussion

The present study observed a seven-year success rate for re-ETV of 44.3% (95% 
CI: 32.5-56.0). One large study from the CURE Children’s Hospital of Uganda 
including 215 pediatric patients reported corresponding findings with a seven-
year success for re-ETV of 51%.20 The population of this group is not necessarily 
equal to the patient-population found in western world (e.g. more post-infectious 
hydrocephalus). The few published studies with 20 to 40 patients have reported 
reasonable good success rates between 63 and 81%.13,21–24 In other reports with 
fewer patients, the success rates range from 0 to 100%.25–35 
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The various authors come with various recommendations. Whereas some 
conclude that re-ETV should be considered in all patients that are referred with 
recurrent symptoms, others mention that re-ETV remains controversial. We 
think it is worthwhile to give ETV another chance in selected patients. Our 
primary motivation for this suggestion is to avoid shunt dependency. Also, the 
chances of ETV success and re-ETV success are similar: the adjusted estimate 
of the hazard ratio for re-ETV failure relative to ETV failure is 1.14 (95% CI: 
0.83-1.57).

Effect of time 

There is a great heterogeneity of patient populations between the abovementioned 
studies (e.g. not all are pediatric population) and it is rare to find a notion of the 
method used to calculate duration of follow-up. 
In literature on re-ETV, there seems to be a trend towards lower success rates in 
younger patients.12 This does not come as a surprise as similar findings have been 
reported for initial ETV procedures.30,36 In the ETVSS proposed by Kulkarni et 
al., 50% of the total score is estimated by age alone.12 
We also found that patients in which re-ETV was successful at six months after 
treatment were significantly older than unsuccessfully treated patients but they 
did not have more time between their initial and re-ETV than unsuccessful 
cases. Other authors suggested that for patients with late failure of their ETV, 
re-ETV seems worthwhile.20,24 Furthermore, as has been extensively reported in 
literature on initial ETV we found that 64% of failures occurred within the first 
six months after re-ETV.29,33,34,37–40 
Another reason for choosing ETV over shunt treatment is the apparent difference 
in concern among parents of hydrocephalic children.41 Although the comfort 
of parents could be a reason to prefer ETV over shunting, it can also make 
parents less cautious (false sense of security) as there is no certainty of cure for 
hydrocephalus and late failure of ETV does occur with potential devastating 
results.28,42–44 In our study, the latest failure occurred twelve years after ETV and 
eight years after re-ETV. 
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Intraoperative findings 

Some intraoperative and preoperative factors have been postulated to have 
predictive effects on ETV outcome (e.g. third ventricle floor thickness, prepontine 
scarring).21,44–49 
A thicker third ventricle floor has been negatively associated with ETV success,50 
unfortunately we could not retrospectively analyze this aspect. 
The presence of cisternal scarring has been negatively associated with success 
of the first ETV.47 We found that presence of subarachnoid membranes and 
younger patient age had a negative effect on chances of success. Similar findings 
were reported before.21,44 
We found a positive effect of observed closure of the ventriculostomy site at 
re-ETV on chances of short-term success. Other authors suggested that if closure 
of the ventriculostomy site by gliosis and scarring is found during the second 
neuroendoscopic procedure a re-ETV should be considered.51–55 

Choroid plexus cauterization

Combination with choroid plexus cauterization might give better results than 
ETV alone as was shown in a cohort from the previously mentioned Uganda 
based authors.56,57 In another study it was shown that even when an ETV could 
not be performed, and the procedure had to be converted into a cerebrospinal 
fluid shunt, the implanted shunt had better chances of success if choroid 
plexus cauterization was performed.58 It may be that ETV with choroid plexus 
cauterization has the most effect in a subset of patients (e.g. myelomeningocele 
patients).59,60 However, the possible favorable influence of choroid plexus 
cauterization in combination with ETV in developed countries is still being 
researched and debated and is beyond the scope of this study.61–67 

Postoperative management 

Usage of EVD (we did not discriminate between open and closed/emergency 
EVD) had a negative effect on chance of re-ETV success. It seems likely that a 
perioperative event made the surgeon to proceed with caution but deterred him 
from converting to an internal shunt (e.g. bleeding during endoscopy or suspect 
infection). Postoperative administering LPs or ELDs did not influence the 
chances of re-ETV success. The retrospective nature of our study is an obstacle 



61

ETV and re-ETV in pediatric patients

in this aspect. It is not clear whether usage of LPs or ELDs postoperatively are 
always well documented. 

Predictive model 

We performed an additional analysis of the ETVSS and found that the score 
adequately predicts chances of success for patients undergoing a re-ETV. 
The ETVSS of successful cases was significantly higher than the ETVSS of 
unsuccessful cases. The c-statistic has a range from 0.5 (no discrimination) to 
1.0 (perfect discrimination).68 As rough guideline, values between 0.7 and 0.9 
indicate moderate accuracy.69,70 The c-statistic for ETVSS for the re-ETV of 0.74 
(95% CI: 0.64-0.85) was comparable to findings in other validation studies 
for initial ETV procedures including one by our group in which we found 
0.82 (95% CI: 0.71-0.92).12,13,15 Kendall’s tau showed a significant correlation 
between ETVSS and chances of both ETV and re-ETV success. That the ETVSS 
predicts chances of re-ETV success as accurately as chances of initial ETV success 
is another argument for the comparability of the two procedures. The ETVSS 
takes few variables into account that have been shown over and over again to 
have an effect on the chances of (short-term) success of ETV, and now we show 
that these same factors can be used to predict chances of re-ETV success. 

Limitations and future 

The results of our study should be interpreted with caution due to limitations of 
the retrospective design. Due to this retrospective nature, we could not focus on 
some aspects that might be of importance. The thickness of the third ventricle 
floor has already been mentioned above. Another is the motive of choosing 
re-ETV over shunt implantation (this is rarely clearly stated in documentation) 
with the possibility of selection bias. The decision-making for treating surgeons 
in selecting cases for re-ETV (or ETV) was beyond our control, surgeons will 
have their own algorithm and will only select patients that they think will benefit 
from an ETV or re-ETV. The relatively small sample of re-ETV cases is also a 
limitation and finally, this study used a Dutch study population and the extent to 
which our results are generalizable to world-wide practice is not certain. 
The description of flow-void on post-operative MRI imaging is missing in our 
analysis. Again, the retrospective design is a limiting factor. It has been postulated 
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that if a patient returns with symptoms of raised intracranial pressure and 
disappearance of the flow-void artefact (whereas it was shown before on MRI) 
a re-ETV should be considered.51 In other cases, shunt implantation may be a 
better option. Within our group the opinions differed on follow-up MRI’s, on 
what time-period patients should remain under routine surveillance and under 
supervision of who this surveillance should take place: neurologist, pediatrician, 
neurosurgeon or general practitioner. 
One of the more notable findings was the diverse pattern of practice when the 
initial ETV failed. We intend to reveal these patterns with a survey study in 
which we target pediatric neurosurgeons who face the difficulties of treating 
pediatric hydrocephalus on a regular basis. 

Conclusion

Re-ETV seems to be as safe and effective as initial ETV.23,71 The factors related 
to success of re-ETV are similar to those related to success of initial ETV (e.g. 
patient age and etiology of hydrocephalus). Other elements that negatively 
influence chances of success are presence of prepontine arachnoid membranes, 
use of EVD after the endoscopic procedure and a short interval between initial 
and re-ETV. The avoidance of lifelong shunt dependency in successful re-ETV 
cases is important, and therefore, we recommend to perform re-ETV in selected 
patients. The ETVSS adequately predicts chances of success and can be used for 
patient selection for re-ETV. 
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Abstract

Purpose 

This study aims to develop and establish the content validity of multiple expert 
rating instruments to assess performance in endoscopic third ventriculostomy 
(ETV), collectively called the Neuro-Endoscopic Ventriculostomy Assessment 
Tool (NEVAT).

Methods 

The important aspects of ETV were identified through a review of current literature, 
ETV videos, and discussion with neurosurgeons, fellows, and residents. Three 
assessment measures were subsequently developed: a procedure-specific checklist 
(CL), a CL of surgical errors, and a global rating scale (GRS). Neurosurgeons 
from various countries, all identified as experts in ETV, were then invited to 
participate in a modified Delphi survey to establish the content validity of these 
instruments. In each Delphi round, experts rated their agreement including each 
procedural step, error, and GRS item in the respective instruments on a 5-point 
Likert scale.

Results 

Seventeen experts agreed to participate in the study and completed all Delphi 
rounds. After item generation, a total of 27 procedural CL items, 26 error CL 
items, and 9 GRS items were posed to Delphi panelists for rating. An additional 
17 procedural CL items, 12 error CL items, and 1 GRS item were added by 
panelists. After three rounds, strong consensus (>80 % agreement) was achieved 
on 35 procedural CL items, 29 error CL items, and 10 GRS items. Moderate 
consensus (50–80 % agreement) was achieved on an additional 7 procedural CL 
items and 1 error CL item. The final procedural and error checklist contained 
42 and 30 items, respectively (divided into setup, exposure, navigation, 
ventriculostomy, and closure). The final GRS contained 10 items.

Conclusions 

We have established the content validity of three ETV assessment measures by 
iterative consensus of an international expert panel. Each measure provides unique 
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assessment information and thus can be used individually or in combination, 
depending on the characteristics of the learner and the purpose of the assessment. 
These instruments must now be evaluated in both the simulated and operative 
settings, to determine their construct validity and reliability. Ultimately, the 
measures contained in the NEVAT may prove suitable for formative assessment 
during ETV training and potentially as summative assessment measures during 
certification.

Introduction

The climate of neurosurgical education has changed in recent decades. The 
increased emphasis on patient safety, technological advances (with the associated 
increase in the complexity of neurosurgical care), and reductions in resident 
duty hours have increased scrutiny on how residents are trained and how their 
competence is assessed.1,2 New educational paradigms have emerged in response 
to these challenges, including a shift toward competency-based training,3 the 
articulation of educational “milestones”,4 and the emergence of simulation as 
an adjunct to clinical neurosurgical training.5,6 Alongside these initiatives, there 
have been calls for objective, valid, and reliable methods to assess competence 
that can be used both in clinical and simulated environments.1,2,6

Traditionally, workplace-based assessments in neurosurgery involve reviews of 
resident procedure logs and unstructured global assessments of competence by 
expert surgeons.7 Although an adequate volume of clinical experience is necessary 
to achieve competency, the number of procedures completed by a resident alone 
does not necessarily reflect their level of skill. Similarly, unstructured observations 
may be unreliable and prone to bias, as they lack standardized procedure-specific 
assessment criteria.8–10 Direct observation of residents’ performance by an expert 
using structured measurement instruments, such as procedure-specific checklists 
(CL) and global rating scales (GRS), may reduce bias and generate more objective, 
valid, and reliable assessments.8,10–14 Such procedure-specific instruments also 
enable educators to highlight specific elements in a resident’s performance that 
require improvement through deliberate practice,15–19 allowing the tool to be 
used both in a formative manner (to accelerate the learning process) and as a 
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summative assessment. As a result, these methods may be more appropriate than 
traditional approaches for assessing neurosurgical skills in the operating room 
(OR) and during simulation training.
In order to adequately address patient safety, procedural assessments must not only 
address psychomotor skills but also surgical errors. This is particularly important 
in neuroendoscopy, given multiple reports suggest many complications in 
endoscopic third ventriculostomy (ETV) are attributable to intraoperative errors 
committed by surgeons who have recently begun performing the technique.20–23 
As there are currently no standardized measures for assessing competence in 
neuroendoscopic surgery,24 the goals of this study were to (1) develop a battery 
of instruments to assess technical skills and intraoperative errors of neurosurgical 
trainees performing ETV, known as the Neuro-Endoscopic Ventriculostomy 
Assessment Tool (NEVAT) and (2) establish the content validity of these 
instruments, to ensure that assessments generated using these instruments 
reflect the skills required to perform an ETV and potential errors that may be 
committed during the procedure.25

Methods

The development and content validation of the NEVAT was achieved using the 
modified Delphi method, through which consensus on the content and structure 
of three assessment instruments was established among an international expert 
panel of neurosurgeons.17, 26, 27 The Delphi method is an iterative, multi-step 
process28,29 that has been extensively applied to the validation of assessment 
instruments for many medical and surgical procedures, including gastrointestinal 
endoscopy,30 ultrasound-guided regional anesthesia,31 lumbar puncture,32 
endoscopic sinus surgery,33 and various general surgery procedures.34,35

Panelist selection

An international panel of neurosurgical educators was convened to participate 
in the Delphi survey. In keeping with current guidelines for sampling in Delphi 
surveys, a purposive, criterion-based sampling technique (rather than a random 
sample) was used to ensure the expertise of the group.28,29,36,37 Specifically, the 
authors generated a list of neurosurgeons who had published on the ETV 
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technique were experienced in performing the procedure or who were involved 
in teaching ETV to residents and fellows. To ensure the representativeness of the 
group, experts from multiple countries practicing in both pediatric and adult 
settings were included. These individuals were identified during the literature 
review conducted by the primary author and based on the recommendations 
of the two senior authors (EWH and JMD), who provided the names and 
contact information (if available) for surgeons that (i) had completed fellowships 
in which ETV was explicitly taught and had subsequently taken on positions 
as neurosurgical consultants in which ETV was routinely part of their clinical 
and teaching responsibilities or (ii) who were part of neurosurgical societies or 
attended neurosurgical conferences in which ETV techniques and research were 
often discussed.
As 15–30 panelists is considered adequate for a Delphi study,38 a total of 35 
surgeons were invited to participate to increase the likelihood that this target 
sample size would be achieved. Invited surgeons received information about 
the study objectives, methods, and anticipated time commitment and explicitly 
asked to only agree to participate if they were able to complete all rounds of 
the Delphi. Those who did not respond received weekly reminder e-mails for 
2 weeks. Surgeons who agreed to participate received an e-mail with a link to 
the first online questionnaire. The identity of panelists was kept confidential 
throughout the study.

Item generation and initial tool development

The primary author conducted a review of the ETV literature to inform the 
development of the initial version of the assessment instruments. Two searches 
of the PubMed database were completed: the first to identify the procedural steps 
and skills required to perform an ETV (search terms: ETV, endoscopic third 
ventriculostomy, ventriculostomy, methods and standards) and the second to 
identify potential errors and complications associated with the procedure (search 
terms: ETV, endoscopic third ventriculostomy, ventriculostomy, postoperative 
complications, adverse effects, complication*). The resulting citations and 
abstracts were screened and full texts of relevant publications (along with their 
reference lists) were reviewed to extract data on ETV procedural steps, surgical 
errors, and technical skills. A selection of assessment measures from other 
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surgical fields were also reviewed.34 From this, a preliminary version of three 
ETV-specific assessment instruments was developed: a CL of procedural steps, 
a CL of surgical errors, and a GRS of technical skills. In keeping with previous 
expert-rating assessments, checklist items were graded on a binary scale (1 = 
done correctly or 0 = done incorrectly) and global rating items were graded on 
a 5-point Likert scale (with explicit verbal anchors associated with ratings of 1, 
3, and 5).39 These preliminary instruments were edited for comprehensiveness, 
clarity, and redundancy by the co-authors, who are experienced in performing 
and teaching ETV and/or have experience in surgical education research and 
assessment.

Survey design and administration

An online questionnaire outlining the preliminary version of the three 
assessment instruments was created using Survey Monkey (SurveyMonkey Inc., 
Palo Alto, CA, USA). Panelists rated their agreement on including each item 
the final assessment instruments on a 5-point Likert scale (1 = strongly disagree, 
2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree). Free-text boxes were 
provided after each item and at the end of each assessment instrument, so 
panelists could provide additional comments.
An a priori decision to conduct a maximum of three survey rounds was made to 
balance the benefit of achieving consensus on all survey items with the risk of 
panelists not responding to all survey rounds. 
In the first round, panelists were asked to rate each item, add items they felt were 
missing, and suggest revisions to the wording or content of individual items as 
necessary. Panelists were also invited to suggest changes to the wording of GRS 
verbal anchors and the rating scales for each instrument. A reminder was sent 
to those who did not respond within 2 weeks of receiving the online link, with 
weekly reminders thereafter until all panelists had responded. 
Prior to round 2, participants received feedback on the results of round 1, 
including their rating, the median group rating, and interquartile range (IQR), 
whether consensus on the item had been reached and an anonymized summary 
of all comments provided by panelists [40]. 
In round 2, participants were asked to consider this feedback and re-rate any items 
for which “strong” consensus had not been obtained (see below for consensus 
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criteria), as well as any items whose wording had been changed or which had 
been added by panelists in the previous round. 
In addition, panelists were explicitly asked to provide a reason if they selected 
a rating more than one point away from the median response.40 Reminders 
were sent in similar fashion to round 1. Once all panelists had completed the 
questionnaire, the results of round 2 were summarized and the process was 
repeated for a third and final round.

Data analysis

All data were analyzed using the Survey Monkey analysis tool and IBM SPSS 
Statistics for Windows, Version 20.0 (Armonk, NY: IBM Corp). Demographic 
characteristics were summarized descriptively and reported as medians and IQRs 
or frequency counts and percentages. After each survey round, the proportion 
of responses in each rating category were compared to against pre-set criteria 
to determine if consensus had been achieved on each item. In keeping with 
prior Delphi studies,31,36 a “strong” consensus threshold was set at >80 % of 
panelists providing a Likert rating >4 (indicating strong positive agreement) or 
<2 (indicating strong negative agreement). A “moderate” consensus threshold 
was also set, defined as 50–80% of panelists providing a Likert rating of >4 or 
<2 (indicating moderate positive and negative agreement, respectively). All items 
reaching moderate or strong positive consensus were included in the NEVAT.

Results

Panelist demographics

Of 35 experts invited to participate in the survey, 19 (54 %) agreed to participate 
and 17 (49 %) completed all survey rounds. Of those who did not participate, 
one expert declined while the remaining 15 did not respond to the invitation. 
The final panel included neurosurgeons from multiple geographic regions with 
extensive experience in performing and teaching ETV in both adult and pediatric 
settings (Table 1).

Initial instrument development

The first and second literature searches resulted in 876 and 848 citations, 
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respectively, from which a selection of relevant articles was reviewed.20,21,39,41–53 
The items in the global rating scale were particularly informed by citations from 
two review papers on observational tools for assessment of procedural skills9,17,39,54 
and by the objective-structured assessment of technical skill (“OSATS”) GRS.39 
The structure of both the CL and GRS instruments (including wording of 
grading scales and verbal anchors) was also based on the instruments described 
by Martin et al.39 After removal of redundant and duplicate items, a total of 27 
procedural steps and 26 surgical errors (each sub-divided into set-up, exposure, 
navigation, ventriculostomy, confirmation of adequate ventriculostomy, and 
closure), as well as 9 GRS domains were included in the preliminary version of 
the instruments (Appendix 1).

Table 1. Panelist demographics

Abbreviations: ETV, endoscopic third ventriculostomy; IQR, interquartile range
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Delphi survey rounds

Over the 3 Delphi rounds, panelists added 15 procedural steps, 4 surgical 
errors, and 1 GRS item to the initial version of the instruments. The authors 
also revised a number of items based on panelists’ comments (see Fig. 1 for 
details of the number of items added, revised, and removed in each round of the 
survey). Panelists’ also suggested that some procedural steps were “optional” and 
dependent on individual surgeon preference (e.g., use of an articulating arm to 
hold the endoscope) or specific patient populations (e.g., dural closure in young 
children). Similarly, some surgical errors were viewed as applicable only when 

Figure 1. Details of three iterative rounds
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specific techniques were used (e.g., failure to establish a track with a smaller 
instrument before advancing the trocar or sheath). By the third round, strong 
consensus (>80 % agreement among panelists) was achieved on 35 procedural 
steps, 29 surgical errors, and all GRS items. Moderate consensus was achieved 
on the remaining 7 procedural steps and 1 surgical error. The final NEVAT 
procedural steps CL, surgical errors CL, and GRS are provided in Tables 2, 3, 
and 4, respectively.

Discussion

The decreased time available for clinical training resulting from duty hour 
restrictions, coupled with the steep learning curve associated with ETV,20,21,49 
emphasizes the need for objective measures to assess changes in trainees’ ETV 
skills over time. The NEVAT was developed specifically for this purpose. To our 
knowledge, it is the first tool of its kind in neuroendoscopy.
Expert-based assessment methods like the NEVAT have many advantages over 
other methods to assess trainees’ performance. For instance, while alternative 
measures (e.g., pressure exerted on neural elements or motion efficiency)55,56 
have been developed for various simulation platforms, these assessments are 
not easily transferred to the clinical setting. Similarly, outcome measures such 
as time to completion,55,57 performance accuracy,58,59 and complications59 are 
important but may be influenced by external factors (such as individual patient 
characteristics).60,61 Furthermore, neither of these approaches provide direct 
assessment of the knowledge and skills of the trainee and are thus less useful as 
formative assessments to guide training. Conversely, the instruments contained 
within the NEVAT provide trainees with feedback on various aspects of the ETV 
procedure. This allows for personalized feedback on elements of the procedure 
that have been mastered and aspects that require further training. As the NEVAT 
instruments are comprehensive, flexible, and relative unintrusive, they may be 
used to assess performances in multiple contexts (including during simulation-
based education and in the OR). In this way, it can also be used to evaluate the 
nature and quality of skills transfer from the simulation environment to the 
operative setting.17



81

Assessment tool development and content validation

Table 2. Final version of NEVAT – procedural steps CL
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Continued table 2. Final version of NEVAT – procedural steps CL



83

Assessment tool development and content validation

Table 3. Final version of NEVAT – surgical errors CL
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Each of the three instruments included in the NEVAT provide specific and unique 
assessment information; thus, each scale can be used on its own or in combination 
with the other measures, depending on the nature of the assessment and the 
available time and human resources. However, given their specific strengths and 
limitations, each measure may be more or less useful depending on the nature of 
the case or characteristics of the trainee being assessed. Specifically, the checklist 
of procedural steps may be particularly helpful as a formative assessment for 
learners in the early stages of training (e.g., junior residents), given its purpose is 
to determine if the trainee knows each procedural step (in sequence) and how to 
perform it correctly. However, this instrument may be less useful among more 
experienced learners who have mastered the steps of ETV, because a ceiling effect 
is likely to be observed.62–64 In this setting, global ratings may be preferable, 
as checklists and GRS scores are highly correlated and global ratings tend to 
be more sensitive to smaller changes in expertise.13,62–65 As the GRS is also the 
shortest of the three instruments, it is ideally suited to situations where there is 
limited time to complete the assessment. A limitation of this tool is that given 
the general nature of the items in the instrument, less detailed feedback will be 
generated for the learner, reducing its utility as a formative assessment for novices 
or intermediate learners. Where additional granularity (i.e., level of detail) is 
important, the checklist of errors may be a useful adjunct, as it can be used to 
screen for common mistakes among participants at all levels. Furthermore, this 

Continued table 3. Final version of NEVAT – surgical errors CL
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instrument may be a useful research tool to identify whether training leads not 
only to improved technical performance but also patient safety.
The use of expert-rating-based assessments is not unique to this study. A number 
of recent reports used similar assessment instruments modified from the OSATS 
tool39 for simulation-based training in microsurgery,66 cranial trauma,67 anterior 
cervical discectomy and fusion,68 and posterior laminectomy and foraminotomy.69 
While the modification of pre-existing instruments is reasonable, it is important 
to evaluate whether the resulting tool can generate valid and reliable assessments 

Table 4. Final version of NEVAT – GRS
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in the context to which it will be applied. Engaging in a comprehensive and 
systematic approach to instrument development that combined modification 
of existing tools with a literature review and expert consensus ensures that the 
resulting instrument adequately represents the domain of interest.30,70

By using the modified Delphi method, the content validity of the three 
instruments in the NEVAT has been established based on consensus among an 
international panel of expert neurosurgical educators. The limited dropout rate 
between each consecutive round may indicate the perceived need and value of 
a validated assessment tool for ETV.26 The geographic diversity of panelists and 
inclusion of both adult and pediatric neurosurgeons improves the generalizability 
of the tool, which reflects clinical practice patterns in most settings where ETV 
is performed globally. Similarly, the anonymous nature of the survey allowed 
panelists to present and modify their opinions without undue social pressure and 
prevented dominant individuals from influencing group opinion.28

However, these factors may also have contributed to the difficulty in obtaining 
strong consensus on all items (especially in the checklist instruments). The 
comments made by panelists suggest that some procedural steps or operative errors 
may not be applicable in all settings, given variations in procedural technique of 
surgeons practicing in different geographic areas or patient populations. While 
a moderate consensus was achieved on all items included in the tool, to ensure 
the flexibility of the instruments without losing potentially important assessment 
information, we modified the grading scale of the checklist instruments to 
include a “not applicable” option.
Additional limitations of the Delphi method is that no universal guidelines 
exist on an “ideal” sample size, method of expert selection, number of survey 
rounds, or threshold for consensus. While our panelist selection and sample size 
were determined based on existing Delphi literature, our approach limited the 
inclusion of panelists not well known to the authors or for whom current contact 
information was not available. In addition, while we chose to limit the survey 
to three rounds and set strong and moderate consensus criteria to balance the 
likelihood of achieving a strong response rate through all three survey rounds, 
this approach may have affected the number and wording of items included 
in the final assessment tools. In particular, our choice to include all items that 
achieved “moderate” consensus, as well as those which may not be applicable 
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to every ETV case lengthened both the procedural steps and procedural errors 
checklist. Future work that compares the psychometric properties’ different 
variations of the NEVAT instruments (e.g., all items vs. only those with strong 
consensus, etc.) may be useful and may lead to instruments that are simpler but 
with similar reliability and sensitivity.
It is important to note that while the current study has generated “content” 
validity evidence for the NEVAT instruments, this is necessary but not sufficient 
to justify their use in evaluating trainees technical skills.71 Other psychometric 
properties must also be evaluated, particularly if it may be used for high-stakes 
assessment or credentialing.71 A number of frameworks exist to guide investigators 
in this regard.72–74 For instance, at minimum, the reliability or internal consistency 
of these assessment tools must also be established.71 Where a “gold standard” 
is available, it is also helpful to evaluate the degree to which the scores of the 
NEVAT instruments align with this gold standard.25 Additional evidence on the 
“construct validity” (the degree to which the assessment measures the underlying 
construct) of the assessment should be determined.25,75 In the surgical education 
literature, a common approach is to use the instrument to assess the performance 
of individuals of different skill level (e.g., residents vs. practicing surgeons) or in 
the same individuals over time,76 to ensure that the tool can distinguish between 
performers of varying expertise.
Ultimately, as contemporary views of validity contend that validation is an 
“argument” based on evidence that supports the use of an assessment tool in a 
given context,71 validity evidence supporting the NEVAT instruments may need 
to be generated among different learner populations (e.g., junior, intermediate, 
and senior residents) and in different educational settings (e.g., simulation vs. 
clinical), depending on how each instrument is ultimately be used. In addition 
to these psychometric properties, the acceptability and feasibility of the tool 
should also be established (e.g., through a survey of experts using the tool), to 
ensure it will be implemented by neurosurgical educators in the long term.75,77 
Our research group is conducting additional studies to generate such evidence to 
support the NEVAT, which may ultimately support its use both as a formative 
tool to guide neuroendoscopic training in the simulation lab and the OR and as 
a summative assessment instrument to be used for the purposes of credentialing.
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Conclusion

We applied a comprehensive, systematic approach to develop and establish the 
content validity of the NEVAT for assessment of procedural skills and operative 
errors in ETV. The three assessment instruments in the tool represent a consensus 
of opinion among an international panel of expert neurosurgical educators 
generated through the Delphi method. These tools must now be evaluated in both 
the simulated and operative settings, to generate additional evidence supporting 
their construct validity, reliability, acceptability, and feasability. Ultimately, these 
tools prove suitable for formative assessment during ETV training and potentially 
as summative assessment measures during certification.
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Abstract

Background 

Growing demand for transparent and standardized methods for evaluating 
surgical competence prompted the construction of the Neuro-Endoscopic 
Ventriculostomy Assessment Tool (NEVAT).

Objective

To provide validity evidence of the NEVAT by reporting on the tool’s internal 
structure and its relationship with surgical expertise during simulation-based 
training.

Methods

The NEVAT was used to assess performance of trainees and faculty at an 
international neuroendoscopy workshop. All participants performed an 
endoscopic third ventriculostomy (ETV) on a synthetic simulator. Participants 
were simultaneously scored by 2 raters using the NEVAT procedural checklist 
and global rating scale (GRS). Evidence of internal structure was collected by 
calculating interrater reliability and internal consistency of raters’ scores. Evidence 
of relationships with other variables was collected by comparing the ETV 
performance of experts, experienced trainees, and novices using Jonckheere’s test 
(evidence of construct validity).

Results

Thirteen experts, 11 experienced trainees, and 10 novices participated. The 
interrater reliability by the intraclass correlation coefficient for the checklist and 
GRS was 0.82 and 0.94, respectively. Internal consistency (Cronbach’s a) for 
the checklist and the GRS was 0.74 and 0.97, respectively. Median scores with 
interquartile range on the checklist and GRS for novices, experienced trainees, 
and experts were 0.69 (0.58-0.86), 0.85 (0.63-0.89), and 0.85 (0.81-0.91) 
and 3.1 (2.5-3.8), 3.7 (2.2-4.3) and 4.6 (4.4-4.9), respectively. Jonckheere’s 
test showed that the median checklist and GRS score increased with performer 
expertise (P = .04 and .002, respectively).
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Conclusion

This study provides validity evidence for the NEVAT to support its use as a 
standardized method of evaluating neuroendoscopic competence during 
simulationbased training.

Introduction

Significant changes in the landscape of surgical education, including resident 
duty hour restrictions, concerns about patient safety, mounting costs of health 
care, and the shift toward competency-based education, are putting significant 
strain on traditional methods of training and assessing residents’ surgical skills. 
These factors, along with the increase in competencybased education, have led 
to growing interest in the use of simulation in postgraduate surgical education.1-5 

Whether simulation is used for training or to evaluate the skills of trainees at 
various points during residency, the need for assessment tools that are valid, 
reliable, and easily implemented has never been greater. 
Contemporary approaches to the development and evaluation of assessment tools 
in health professions education view validity as an argument, whereby evidence is 
collected to support the use of an assessment instrument in a particular setting.6 
A widely cited framework describes 5 different types of evidence that can be used 
to support the validity of scores generated from an assessment tool: content, 
response process, internal structure, relationships with other variables, and 
consequences.7 Depending on the intended use of the instrument (eg, formative 
assessment vs credentialing decision), the level of evidence needed to support 
the tool will change. As such, the process of validation is not considered to be 
a one-time event.6,8,9 For example, if we demonstrate that 1 or more assessment 
scales are “valid” for assessing junior resident performance during simulation-
based training of a given procedure, this does not necessarily translate into 
evidence supporting the use of these tools in the assessment of senior residents in 
the operating room (OR).10

In a previous study by our research group, a series of assessment instruments for 
the endoscopic third ventriculostomy (ETV) procedure were constructed to fulfill 
the need for standardized assessment methods for ventricular neuroendoscopy.11 
Together these are called the Neuro-Endoscopic Ventriculostomy Assessment Tool 
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(NEVAT). We previously generated content validity evidence for the NEVAT 
through a Delphi study of an international panel of expert neuroendoscopists.11 
However, before these tools can be readily implemented in the assessment of 
ETV performance, further validity evidence related to internal structure and to 
relationships with other variables is required. The phrase “relationship to other 
variables” is a form of validity evidence in the framework that we used. It measures 
whether scores from the assessment instrument generate similar results as would 
be predicted from other measures of the underlying construct. In this study, 
it refers to whether the NEVAT scores can differentiate between the expertise 
of performers that would be predicted based on their previous experience with 
ETV (also known as construct validity). 
The purpose of this study is twofold. First, we sought to provide validity evidence 
related to internal structure by examining the interrater reliability and internal 
consistency of scores generated using the NEVAT assessment tools. Second, we 
sought to examine NEVAT’s relationships with other variables by comparing scores 
observed among novices, experienced trainees, and expert surgeons performing 
ETV on a physical simulator. Both of these aims were realized by collecting data 
on the NEVAT during an international neuroendoscopy workshop.

Methods

Workshop and Participants

The study took place during the annual international hands-on workshop on 
cerebral and ventricular neuroendoscopy at the Centre of Biotechnologies, 
Cardarelli Hospital, Naples, Italy (January 2014). All faculty were expert 
neuroendoscopists. The participants were a mix of neurosurgical residents, 
fellows, and consultant neurosurgeons. Preceding the course, participants and 
faculty alike received an invitation letter with information on the goals and 
format of the study. 
Thirty-four participants were included in the study, 13 of whom were faculty and 
21 of whom were trainees. At the outset of the workshop, participants completed 
a demographic survey in which data regarding their status (resident [plus 
postgraduate year], fellow, or consulting neurosurgeons), previous experience 
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with ETV (observed, performed with assistance, and performed independently), 
and previous exposure to simulation-based training. 
The participants were subsequently divided into 3 groups: novices, “experienced 
trainees,” and experts. Novices were defined as assisting in fewer than 5 ETVs 
and performing none independently. The “experienced trainees” were defined 
as assisting in 5 or more ETVs and/or performing at least 1 independently. All 
faculty were regarded as experts.

Study Protocol

After providing informed consent, all participants were given the opportunity 
to perform an ETV procedure on a synthetic phantom, the S.I.M.O.N.T. 
Neurosurgical Endotrainer (Sinus Model Oto-Rhino Neuro Trainer, Pro Delphus 
Co.). Participants were instructed to complete a full ETV procedure as they 
would in the OR; all steps that could not be carried out on the simulator had to 
be mentioned as if they also were physically executed. Standard neuroendoscopic 
instruments were used during the simulation, including a Gaab universal rigid 0° 
endoscope (Karl-Storz, Tuttlingen, Germany), trocar, and grasping and dissecting 
forceps. Irrigation with normal saline solution was also provided. Participants 
were videotaped while performing the ETV in an anonymous manner (ie, by 
only videotaping hands and screen plus operating site, without including the 
face of the participant in the video).

Assessment Tool and Rating Procedure

The NEVAT contains 3 assessment measures: a procedure-specific checklist, a 
checklist of surgical errors, and a global rating scale (GRS).11 Checklist items 
were graded on a binary scale (done correctly vs done incorrectly) and the 
GRS items were graded on a 5-point Likert scale (with explicit verbal anchors 
associated with ratings of 1, 3, and 5). The GRS and procedure-specific checklist 
of the NEVAT were used for scoring all participants consisting of, respectively, 
42 and 10 items (see Appendix, Supplemental Digital Content, http://links.lww.
com/NEU/A820). A number of checklist items could not be completed on the 
simulator (corrected checklist with nonscorable items removed: n = 21, items 
1-7, 9, 10, 20-22, 24-26, 29, 31-33, 36, 39). The participants were requested to 
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talk the rater through the procedure, saying what they did or would do in a real 
OR setting on every consecutive step, thereby potentially allowing the raters to 
score all items, including those that could not be completed on the simulator (see 
Figure 1 for trainees at work).
All 3 faculty raters were practicing pediatric neurosurgeons, each of whom had 
extensive experience with neuroendoscopic surgery and were familiar with the 
steps involved in an ETV procedure. For each trainee, 2 of the 3 faculty raters 
graded each participant’s ETV performance live during the workshop. They 
received oral and written instructions on how to use the NEVAT procedural 
checklist and the GRS. Overall, they were encouraged to score the checklist as the 
participant was performing the procedure and score the GRS directly afterward. 
The final score was expressed as a percentage of items completed correctly on the 
checklist (total points/scored items) and as the mean score for the GRS (average 
of scores across all GRS items).

Statistical Analysis

Differences in scores between novices, experienced trainees, and experts were 
analyzed by Jonckheere’s trend test. If the outcome of Jonckheere’s test was 

Figure 1. Trainees at the workshop performing an endoscopic third ventriculostomy.
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significant, post hoc testing was performed with pairwise Mann-Whitney U tests 
with Dunn-Bonferroni correction. Internal consistency of the checklist and GRS 
were evaluated using Cronbach’s a with the 95% confidence interval (CI) plus 
the mean interitem correlation. The intraclass correlation coefficient (ICC) plus 
the 95% CI was reported as a measure of interrater reliability, based on data from 
the 2 raters who scored performances live during the workshop. 
All data were analyzed using SPSS Statistics for Windows, Version 22.0 (IBM 
Corp, Armonk, New York) and R for Windows, Version 3.1.2 (R Foundation, 
Vienna, Austria) with statistical package “psychometric.”12,13 We considered P 
values ,.05 as statistically significant. Missing data were taken care of by having 
calculations based on the mean total scores of the checklist and GRS. Descriptive 
demographic characteristics were reported as medians and interquartile ranges or 
frequency counts and percentages.

Results

Demographic Data

All faculty were neurosurgical consultants for whom ETV was a routine part of 
their clinical and teaching responsibilities (Table 1). For details on trainees, see 
Table 2. A total of 67 evaluations were completed (34 participants rated by 2 
raters) of 13 faculty, 11 experienced trainees, and 10 novices. One missing GRS 
form (ie, all items of 1 GRS) belonged to a novice.

Internal Structure

High interrater reliability was observed between the 2 live raters, with the ICC 
for the checklist scores being 0.82 (95% CI: 0.63-0.91) and the ICC for the GRS 

Table 1. Demographics of experts (N = 13)

Abbreviation: IQR, interquartile range; ETV, endoscopic third ventriculostomy
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being 0.94 (95% CI: 0.89-0.97). A moderate level of internal consistencywas 
observed for the checklist, with Cronbach’s a = 0.74 (95% CI: 0.60-0.85) and 
mean interitem correlation = 0.066. The GRS had excellent internal consistency, 
with Cronbach’s a = 0.97 (95% CI: 0.95-0.98), with mean interitem correlation 
of 0.78.

Relationships With Other Variables

The Jonckheere’s test revealed a significant trend in the data (J =256, z = 2.04, P 
= .04, r = 0.35), with improving checklist scores observed as participant’s level 
of expertise increased; the trend did not remain when the corrected checklist 
was used with nonscorable items removed (J = 236, z = 1.41, P = .16, r = 0.24). 
Pairwise comparisons with adjusted P values showed no significant differences. 
Jonckheere’s test revealed a significant trend in the data, with the median GRS 
score improving with increased level of expertise (J = 291, z = 3.15, P = .002, r = 
0.54) (Table 3). Pairwise comparisons with adjusted P values showed significant 
differences between novices and experts (P = .01). There was also a trend toward 
significance between experienced trainees and experts (P = .05); however, there 
was no significant difference between novices and experienced trainees (P = 1.0).

Table 2. Demographics of trainees (N = 21)

Abbreviations: IQR, interquartile range; PGY, post-graduate year
a One trainee did not disclose status
b Definition experienced trainee: assisting 5 or more ETVs and/or performing at least one independently
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Discussion 

Simulation and Competency-Based Training

With current resident work-hour restrictions, mounting concerns regarding 
patient safety, and the shift toward competency-based methods of surgical 
training, the role of simulation-based training and assessment in postgraduate 
neurosurgical education is growing.14-17 Simulation provides a low-risk 
environment where trainees can practice and their performance can be assessed 
before they begin performing procedures on real patients.18,19 Although 
simulation has recently been applied in various aspects of neurosurgical 
training (eg, cerebral aneurysm clipping, intracranial tumor resection, pedicle 
screw placement, cervical laminoforaminotomy, and spinal durotomy),1-5,20-30 
applications to neuroendoscopy may be particularly beneficial for improving 
patient safety. In the literature, several authors report a steep learning curve for 
ETV, with most errors occurring in the early stages of a surgeon’s experience with 
the procedure.31-36 However, simulation-based training has been noted to reduce 
surgical errors for other procedures and may demonstrate similar results when 
applied to ETV.37-39 These characteristics make simulation-based neuroendoscopic 
training an important target for simulation-based training assessment within the 
postgraduate neurosurgical curriculum.
To realize the potential of simulation and support the paradigm shift toward 
competency-based neurosurgical education, there is urgent need for standardized, 
procedure-specific methods for assessing surgical competence.17,40 The NEVAT 
was developed specifically for this purpose. In accordance with existing expert-
based methods of assessment, the NEVAT relies on checklists and global ratings 
to evaluate a trainees’ technical skills.41-44 In addition to the content validity 
evidence previously generated by our research group on this tool,11 the current 

Table 3. Median scores on checklists and GRS per group

Abbreviations: GRS, global rating scale; IQR, interquartile-range
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study generates evidence regarding the NEVAT’s relationships with other 
variables (ie, association with level of surgical expertise, in the classic validity 
framework known as construct validity) and internal structure (ie, interrater 
reliability and internal consistency).

Relationships With Other Variables

The validity evidence of the NEVAT with respect to its ability to distinguish 
between individuals at different levels of surgical expertise is demonstrated by the 
differences in scores observed among novices, experienced trainees, and expert 
surgeons performing ETV on a physical simulator. Even with our relatively small 
sample size, the GRS of the NEVAT was able to discriminate between novices 
and experts, and a trend toward significant differences between experienced 
trainees and experts was observed. There was also an overall significant trend 
in the median scores of the 3 groups that suggests that with increased level of 
training, GRS scores of onNEVAT improve, corroborating the relationship 
between NEVAT scores and surgical expertise. Furthermore, the experienced 
trainee cohort demonstrated the largest interquartile range, and their median 
score was closer to the novices than to the experts. As has been reported previously 
with other global rating instruments,45 these results suggest that the GRS of the 
NEVAT captures nuanced elements of surgical performance and as such may be 
particularly useful for assessment of more experienced trainees.
Conversely, on the procedure-specific checklist of the NEVAT, the median score 
of experienced trainees was closer to that of experts than that of novices. This 
finding is not surprising, as such checklists are designed to evaluate a trainee’s 
knowledge of the steps required to complete a procedure rather than nuances 
regarding surgical technique. It is possible that a plateau or ceiling effect among 
experienced trainees and experts was observed, as these individuals had likely 
already mastered the basic steps of ETV. Furthermore, the fact that the median 
checklist score was not close to perfect also highlights that, with experience, a 
surgeon may not always complete a procedure in a standard fashion, but in a 
more fluid manner that reflects variations based on their expert judgment of the 
case at hand. In turn, this supports the argument that procedural checklists are 
most useful for tracking learning among novices in the initial stages of training 
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on a given procedure and is thus particularly useful for low-stakes formative 
assessment in which feedback is the goal.11 To facilitate this, the NEVAT checklist 
is divided into subsections, reflecting different parts of the ETV procedure. 
This allows educators to provide specific feedback and for trainees to focus on 
specific elements of the procedure in which they require further improvement 
(ie, deliberate practice).46 

Internal Structure

Our study also provides validity evidence regarding the internal structure of 
the NEVAT, given that the interrater reliability observed for both the checklist 
(0.82) and GRS (0.94) is comparable to published values for other checklist 
and GRS tools.45 In general, ICC values of ≥0.7 are considered acceptable, with 
values ≥0.9 desired for high-stakes assessment.47 As further validity evidence 
regarding internal structure, a high level of internal consistency of the GRS was 
demonstrated in our study. The observed Cronbach’s a value (0.97) and interitem 
correlation (0.78) exceeded published guidelines for minimum acceptable values, 
which typically range
between 0.7 and 0.9 for Cronbach’s a and 0.15 to 0.5 for interitem correlations.47,48 
However, as a values .0.9 may indicate that there is redundancy among items 
within the GRS,
it is possible that some items of the GRS could be removed without losing much 
information from the assessment.47,49,50 As such, future work that tests shorter (and 
thus potentially more efficient) versions of the NEVAT GRS would be of value. 
Whereas Cronbach’s a of the checklist (0.74) is within acceptable values, the poor 
interitem correlation (0.066) suggests that this value may have been inflated by 
the large number of checklist items.48 One explanation for the poor interitem 
correlation observed in the checklist scores is that raters were given the option to 
mark an item with “not applicable.” In the synthetic simulator that is used for 
this study, it was not possible to perform certain aspects of the ETV procedure 
(eg, making an incision, placing the burr hole, closing the incision). To account 
for this, participants were asked to talk the raters through the procedure while 
they were performing an ETV. If a step of the procedure could not be physically 
performed, the participant would say what action normally would be taken. This 
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may have led to a situation in which some raters scored “not applicable,” whereas 
others scored the item based on a candidate’s description of the step in question. 
Further work to clarify the consistency of checklist ratings during operative cases 
(in which the full checklist can be assessed) may address this issue. 

Limitations and Future Work

There are some limitations to this study. First, the small sample size decreased the 
power in our study to differentiate between performances of novice, experienced, 
and expert participants. 
An additional limitation is the number of items in the checklists and GRS. 
Although reducing the number of items may improve usability and feasibility 
of these tools (thereby improving their uptake in both the clinical and simulated 
setting), such item reduction may come at a cost because the ability to discriminate 
between individuals at different levels of experience might decrease.47 Finally, as 
contemporary validity frameworks view validation as an argument supporting 
the use of an assessment instrument in a specific population for a specific 
purpose,6,10,51 based on the current data, the validity of the NEVAT cannot be 
assumed to extend beyond the simulated setting (ie, to assessment of performance 
in the OR) or to other neuroendoscopic procedures other than ETV. Future work 
to generate validity evidence related to response process (eg, think-aloud protocols 
of expert raters as they complete the assessment to determine what information 
they are using to generate their ratings)7,52,53 will also be useful to ensure that 
scores generated using the NEVAT accurately reflect surgical competence in ETV.
The NEVAT could eventually be used as a standard evaluation method especially 
in the context of competency-based education. There is a need for ongoing 
assessment of trainees’ performance at various stages along the educational 
continuum. Based on the validity evidence generated in this study, the NEVAT 
can now be used for simulation-based assessment of ETV for both novice and 
experienced learners. These tools could also be used to assess the effectiveness 
of different simulation platforms or curricular designed for ETV training. As 
was previously proposed by Hooten et al,28 residents could also be required to 
demonstrate a certain level of competency (ie, achieve certain scores on the 
NEVAT) in a simulation-based setting before performing an ETV on a patient. 
Finally, the NEVAT also has the potential to be useful as an assessment tool for 
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postgraduate credentialing; however, stronger validity evidence (eg, related to 
response process and consequences) will need to be generated to justify its use in 
such high-stakes assessments.

Conclusion

We generated validity evidence for a series of assessment instruments designed 
to evaluate neuroendoscopic competence in the ETV procedure by reporting 
on the internal structure and its relationships with other variables during 
simulation-based training. Additional validation studies need to be conducted 
because the process of validation is not a one-time event. The development and 
evaluation of assessment tools such as theNEVATcan support the paradigm shift 
toward competency-based education by providing a method for standardized 
and transparent evaluation of surgical competence for neuroendoscopy training.
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Abstract 

Object 

Endoscopic third ventriculostomy (ETV) is an effective but technically demanding 
procedure with significant risk. Current simulators, including human cadavers, 
animal models, and virtual reality systems, are expensive, relatively inaccessible, 
and can lack realistic sensory feedback. The purpose of this study was to construct 
a realistic, low-cost, reusable brain simulator for ETV and evaluate its fidelity.

Methods

A brain silicone replica mimicking normal mechanical properties of a 
4-month-old child with hydrocephalus was constructed, encased in the replicated 
skull, and immersed in water. Realistic intraventricular landmarks included the 
choroid plexus, veins, mammillary bodies, infundibular recess, and basilar artery. 
The thinned-out third ventricle floor, which dissects appropriately, is quickly 
replaceable. Standard neuroendoscopic equipment including irrigation is used. 
Bleeding scenarios are also incorporated. A total of 16 neurosurgical trainees 
(Postgraduate Years 1–6) and 9 pe- diatric and adult neurosurgeons tested the 
simulator. All participants filled out pediatric (5-point Likert-type items) to rate 
the simulator for face and content validity.

Results

The simulator is portable, robust, and sets up in minutes. More than 95% of 
participants agreed or strongly agreed that the simulator’s anatomical features, 
tissue properties, and bleeding scenarios were a realistic representation of that 
seen during an ETV. Participants stated that the simulator helped develop the 
required hand-eye coordination and camera skills, and the training exercise was 
valuable.

Conclusions

A low-cost, reusable, silicone-based ETV simulator realistically represents the 
surgical procedure to trainees and neurosurgeons. It can help them develop the 
technical and cognitive skills for ETV including dealing with complications.
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Introduction

The development of high levels of technical competence and excellent decision-
making skills is a key goal of all neurosurgical residency training programs. 
Integral to this development is the exposure of residents to a large and diverse 
number of operative cases.13 However, over the past 10 years, there has been a 
significant decline in operative case volumes during residency.19 Many factors 
have contributed to this trend, including resident work hour restrictions, 
changes in disease management, rapid techno- logical advancement, increased 
subspecialization, demand for more time- and technological practices, and 
increased demand for patient safety.11,19–21 
Because of these challenges, there has been an increased interest in using 
models and simulators for neurosurgical education.21,22,26 An ideal procedure for 
simulation training is endoscopic third ventriculostomy (ETV). Although ETV 
is an effective and widely accepted treatment for obstruc- tive hydrocephalus,9,23,29 
it is technically challenging and carries the risk for serious errors, such as getting 
lost or disoriented and being unfamiliar with or unable to use the equipment, 
and technical complications, such as making an inadequate ventriculostomy 
or causing a basilar artery, hypothalamic, cranial nerve, or forniceal injury.4 

Simulators create a risk-free environment in which residents can learn the basic 
neurosurgical skills that better prepare them for the actual operating room 
experience.21,22,26

Various training models have been used for neurosurgical training, including 
human cadavers, live animals, virtual reality, and synthetic phantoms. These 
models have been used to simulate both open transcranial and minimally invasive 
neurosurgical procedures.1–3,5–8, 10,12,14,15,17,18,24,25,30 Human cadaver and animal 
models provide high fidelity and allow residents to practice entire operations. 
However, they are expensive, difficult to obtain, raise ethical concerns, require 
special facilities and personnel, lack tissue properties that closely resemble living 
human brain tissue, and cannot simulate ventriculo-megaly.1,5,8,10,30 Virtual 
reality platforms are reusable and allow for accurate measurement of resident 
performance but are expensive, are difficult to maintain, lack convinc- ing 
haptic feedback and visualization, and do not allow the use of actual convincing 
instruments.2,3,6,14,15,17,24,25 Synthetic phantom models have shown increasing 
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promise as effective simulators for neurosurgical training.7,12,18 Such models 
are inexpensive, portable, and reusable and allow for the use of actual surgical 
instruments. However, they lack realistic tissue properties, are not patient 
specific, and cannot simulate complex and dynamic operations that require 
critical thinking and decision-making skills and measures to avoid and mitigate 
complications. To address these needs, we have developed and evaluated a 
low-cost, reusable, and patient-specific synthetic simulator that can be used to 
increase familiarity with the camera skills, endoscopic instruments, and hand-eye 
coordination required to successfully perform an ETV.

Methods 

This study was carried out in 2 parts. Part I involved the design and construction 
of a synthetic brain simulator for ETV. Part II involved the evaluation of the 
simulator’s face and content validity based on feedback from neurosurgery 
residents, fellows, and attending staff at the University of Toronto.

Part I: Design and Construction of the ETV Simulator 

Overview of the Simulator’s Features 

Haji et al.17 conducted a needs assessment for simulation training in 
neuroendoscopy and identified the fol- lowing features as the most important 
to simulate: 1) in- strument setup, 2) following of cortical entry/trajectory, 3) 
insertion of the instrument into the ventricles, 4) navigation within the ventricles, 
5) selection of the ventriculostomy site, 6) performing the fenestration, 7) 
confirming ad- equacy of the ventriculostomy, and 8) removing the endoscope 
and inspecting adequacy fornix. All of these features have been incorporated into 
our simulator.

Construction of the ETV Simulator 

The preoperative CT and MRI studies obtained in a 4-month-old child with 
hydrocephalus secondary to a pineal tumor were obtained with permission from 
the parents. All images were de-identified and were stored on the hospital’s secure 
server to maintain patient confidentiality. 
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The preoperative CT and MRI images (DICOM format) were segmented using 
Mimics (Materialise NV), a commercial image-processing software, to produce 
3D surface models of the brain, ventricles, brainstem, pre- pontine cistern, and 
the skull (Fig. 1). Using Magics (Ma- terialise NV), a commercial modeling 
software, the 3D surface models were edited to eliminate imperfections from 
the segmentation process and to generate brain and brainstem molds using the 
principles of negative space. The generated models were split in half along the 
midsagittal plane and were then saved in the stereolithography file format. The 
models were then printed using a Spectrum Z510 3D printer (Z Corp.). 
The printed ventricular system model (lateral and third ventricles) was used to 
create a “negative” silicone mold of the ventricles. This mold was then used to 
produce a clay model of the ventricles that exactly replicated the printed model. 
This was done to ensure easy extraction of the ventricle model once the final 
brain model was completed. The prepontine cistern was created in a similar way 
To create the brain and brainstem, Dragon Skin liquid silicone (Smooth-On, Inc.) 
was used to cast the negative molds. The mechanical properties of the silicone 
were adjusted by adding Slacker (Smooth-On, Inc.), a softener that allows the 
silicone to closely resemble brain tissue. Based on volume, we used a 2:1 mix 
ratio of silicone to Slacker. The clay ventricular and printed prepontine cistern 
models were appropriately positioned within one- half of the brain mold. The 
silicone/Slacker mixture was then poured into the mold and cured for 16 hours. 
The second half of the mold was then filled with the silicone/ Slacker mixture, 
and the first hemisphere was positioned on top so that the 2 hemispheres would 
merge together once the silicone cured. The “brain” was removed from both 

Figure 1. Digital 3D surface molds of the ventricles, brain, and skull generated from the preoperative CT and MRI of 
a 4-month patient with hydrocephalus using image processing and modeling software.
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halves of the mold as a single piece. The clay ventricular model and printed 
prepontine cistern model were then extracted leaving the brain with an open 
ventricular system and prepontine cistern within which the brainstem and basilar 
artery could be placed.
The anterior septal and thalamostriate veins, mammillary bodies, and infundibular 
recess were then added by hand using appropriately colored silicone. The basilar 
artery was created by layering red silicone over a 3D printed model of the 
vessel lumen. The basilar artery was then attached to the anterior surface of the 
brainstem. The choroid plexus was created using red foam and it was positioned 
within the choroid fissure of the lateral ventricles. The layer of silicone within 
the third ventricle floor located between the infundibular recess anteriorly and 
mammillary bodies posteriorly was removed. The floor was then reconstructed 
using wax paper supported on a plastic ring to simulate the thinned-out floor 
of the third ventricle. The dimensions of the floor were based on previously 
reported cadaveric studies.27 This type of floor was easily replaced after each 
ventriculostomy. 
Bleeding scenarios were incorporated within the simulator to train surgeons how 
to manage them appropriately. Silicone tubing was inserted into the choroid 
plexus and at the tip of the basilar artery. Simulated blood (milk with red food 
coloring) was injected from a 10-ml syringe via hid- den tubing by the simulation 
monitor to simulate bleeding from the choroid hidden or a basilar artery injury. 
The final brain model was placed within the 3D print- ed skull model with a 
predrilled right frontal bur hole located 1 cm anterior to the printed coronal 
suture along the mid- pupillary line. The brain and skull were stabilized in a 
custom-made skull holder and placed into a water-filled container.

Part II: Evaluation of the Face and Content Validity of the ETV Simulator

Participants and Data Collection 

Residents (Postgraduate Year [PGY] 1–6), fellows, and staff surgeons were 
recruited from the Division of Neurosurgery at the University of Toronto. 
Each subject was asked to independently perform an ETV on the simulator. 
Standard neuroendoscopic instruments were used, including a MINOP 0° rigid 
endoscope, trocar, and grasping and dissecting forceps (Aesculap, Inc.). Irrigation 
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with normal saline was also provided. Video was captured from the endoscope 
during the procedures and was stored on a personal computer for editing and 
analysis. 
After the procedure, the surgeons answered a questionnaire regarding the realism 
(face validity) and teaching effectiveness (content validity) of the simulator. 
Nine items were included in the questionnaire (Table 1). Items 1–4 evaluated 
the simulator’s face validity, while Items 5–9 evaluated its content validity. 
Participants were asked to rate their level of agreement with each item by means 
of a 5-point Likert scale, according to the following de- scriptions: 1 = strongly 
disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. Participants 
were also asked to provide open-ended comments regarding the simulator’s 
realism and effectiveness as a training tool.

Table 1. Summary of the questionnaire results (n = 25)a

a For item 1, n = 23 and for item 5, n = 24.
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Data Analysis 

Questionnaire data were analyzed using SPSS Statistics for Windows (version 
22, IBM Corp.). The distribu- tion of responses for each questionnaire item was 
calculated. Questionnaire items that were partially or incorrectly completed were 
excluded from the analysis. The average overall rating (Items 1–9), average rating 
of realism (Items 1–4), and average rating of efficacy (Items 5–9) were calculated 
for each participant. Mean values for each rating were calculated for 3 evaluator 
groups differentiated by level of experience (PGY 1–2 = novices, PGY 3–6 = 
senior residents, and fellows and staff = neurosurgeons). A 1-way ANOVA was 
conducted to deter- mine if differences in ratings between evaluator groups were 
statistically significant (p < 0.05).

Results 

We successfully built a low-cost, reusable (and reproducible) silicone-based 
ETV simulator that realistically mimicked the normal mechanical properties 
of a 4-month-old child with hydrocephalus (Video: https://www.youtube.com/
watch?v=C57wr0b9k-E ) .
Realistic intraventricular landmarks including the choroid plexus, veins, 
mammillary bodies, infundibular re- cess, and basilar artery were successfully 
created (Figs. 2 and 3). The thinned-out third ventricle floor dissected 
appropriately and was quickly replaceable. Bleeding scenarios were successfully 
incorporated. Standard neuroendoscopic equipment including irrigation was 
used to per- form the ETV. The simulator could be set up in minutes, was easily 
cleaned, and did not require maintenance or special storage. The production 
costs were $452 for the molds (fixed costs) and $160.50 for each simulator. 
The simulator required 55 hours to build, with 10–15 hours of labor. A limited 
number of models for academic courses can be fabricated on a cost recovery basis 
(contact corresponding author for details).
Twenty-five neurosurgeons in various stages of their career participated in the 
second part of the study: 16 residents (PGY 1 [n = 4], PGY 3 [n = 3], PGY 4 [n 
= 4], PGY 5 [n = 4], and PGY 6 [n = 1]), 5 fellows, and 4 adult and pediatric 
staff neurosurgeons. The median number of ETVs previously performed by this 
group was 10 (interquartile range 0–20). 
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Figure 2. Photographs of the ETV simulator. From top left clockwise: a) Brain, brainstem, ventricle, and prepontine 
cistern molds cast with silicone, b) Anatomical structures of the right lateral ventricle including septum pellucidum, 
foramen of Munro, choroid plexus, anterior septal and thalamostriate veins, d) and e) Replaceable third ventricular 
floor, f) Installed third ventricular floor, g) Brainstem and basilar artery. 

Figure 3. Intraventricular views. Left: Right lateral ventricle. AS = anterior septal vein; CP = choroid plexus; F = 
fornix; FM = foramen of Monro; TS = thalamostriate vein. Right: Third ventricle. IR = infundibular recess; MB = 
mammillary bodies; TC = tuber cinereum.
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Results of the questionnaire are reported in Table 1. Three participants had 
incompletely or incorrectly answered a single item on the questionnaire and 
therefore their responses to these items were omitted from the analysis. More 
than 95% of participants agreed or strongly agreed that the camera view was 
comparable to that seen in a real patient and that performing the ventriculostomy 
in the model felt like it does in reality. Most participants agreed or strongly 
agreed that the mechanical properties of the simulator closely matched live tissue 
properties, and all agreed that the bleeding looked realistic. Furthermore, all 
participants agreed or strongly agreed that the ETV simulator helped develop 
the camera skills and hand-eye coordination needed for ETV and that it was 
a valuable training exercise and would increase resident competency prior to 
performing their first actual ETV. All participants agreed or strongly agreed that 
they would be interested in using the model to train residents. 
There were no statistically significant differences between average overall ratings 
from the 3 evaluator groups (1-way ANOVA, p = 0.19): novices (mean 4.3 ± 
0.3 [± SD]), senior residents (mean 4.6 ± 0.3), and neurosurgeons (mean 4.6 ± 
0.2). Additionally, no statistically significant differences were found between the 
average rating on realism (Items 1–4) and efficacy (Items 5–9) for each of the 3 
groups (p = 0.46 and p = 0.16, respectively).
The provided open-ended comments were consistent with the results of the 
questionnaire; the participants appreciated the ability to use real instruments, 
the realistic tactile feedback especially when passing through the third ventricular 
floor, the realistic appearance of bleeding, and the ability to build teamwork. 
Several suggestions were provided to improve future iterations of the simulator: 
designing complex third ventricular floors (i.e., thick, opaque, bulging, and with 
presence of Liliequist’s membrane) and modifying the intraventricular anatomy 
(reducing the size of the foramen of Monro and the size of the mammillary 
bodies, including the infundibulum, and adjusting the orientation of the veins).

Discussion 

Endoscopic third ventriculostomy is an effective and widely accepted treatment 
for obstructive hydrocephalus but it is technically demanding due to limited 
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depth perception, narrow ranges of motion, limited tool dexterity, and the 
presence of critical surrounding anatomy.4,9,23,29 As a result, it is a challenging 
but essential procedure to learn during residency. To learn, practice, and perfect 
the skills required for ETV, exposure to a large volume of cases is needed. Several 
factors have contributed toward this trend of declining case volumes, including 
work hour limits, changes in disease management, rapidly advancing technology, 
subspecialization, and increased demand for patient safety and cost-efficient 
health care practices.11,20,21 As a result, there has been an increased interest in the 
use of simulation to train residents in a risk-free environment without time or 
resource constraints.22,26 Simulators have been shown to improve real-life surgical 
performance and accelerate learning curves, resulting in improved patient 
outcomes, fewer complications, and decreased operative times.16,28,31

Currently available ETV simulators include virtual reality systems 
(NeuroTouch)3,6,25 and synthetic phantoms (S.I.M.O.N.T. Neurosurgical 
Endotrainer [Sinus Model Oto-Rhino Neuro Trainer, Pro Delphus Co.]).7,12,18 
A key advantage of NeuroTouch is its ability to provide real-time feedback on 
important performance metrics such as tool trajectories, contact forces with 
critical structures, procedure time, and ventriculostomy location.3 However, 
high cost, inaccessibility, the lack of a sufficiently accurate haptic interface, and 
unrealistic dissection of the third ventricular floor are its biggest obstacles.25 The 
S.I.M.O.N.T. synthetic simulator has been shown to be highly realistic and 
improve surgical performance, with a 42% reduction in trainee errors after use of 
the simulator.7 However, a key drawback is that the model is not patient specific 
and therefore it does not allow preoperative rehearsal of actual patient cases. In 
addition, the brain and ventricular system needs to be replaced after each use, 
leading to increased costs. 
To our knowledge, the presented simulator is the first patient-specific synthetic 
simulator developed for neurosurgery. Several key advantages were demonstrated 
during the evaluation process, including its low cost, robustness, quick setup time, 
portability, reusability, and lack of special maintenance or storage requirements. 
Printing the brain and ventricular system of other patients would follow the same 
process, and, with the advancement of 3D printing technology, could potentially 
be automated. Results of the questionnaire established the simulator’s face and 
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content validity. More than 95% of participants agreed that the simulator’s 
anatomical features and tissue properties were realistic representations of those 
experienced during an ETV. All participants agreed that the simulator helped 
develop the hand-eye coordination, instrument handling, and camera skills 
required for ETV; that it was a valuable training exercise; and that it provided 
realistic bleeding scenarios. 
During the evaluation process, some limitations of the simulator became clear. 
First, it was not possible for the participants to plan the ideal location of the skin 
incision and bur hole based on preoperative MRI. Second, participants were 
unable to practice making the skin incision, drill the bur hole, or perform the 
corticotomy. Third, the model was not integrated with image guidance (either 
ultrasound or neuronavigation) to help guide trocar insertion into the ventricle. 
Fourth, participants were not able to use bipolar cautery to achieve hemostasis, 
relying only on irrigation. Fifth, the third ventricle floor was not patient specific. 
For example, certain features such as floor thickness, (downward) bulging of the 
floor, distance between the mammillary bodies and infundibular recess, presence 
of Liliequist’s membrane, and the exact relationship of the basilar artery to the 
floor could not be specifically designed. Sixth, it was not possible to observe 
pulsations of the edges of the ventriculostomy site to ensure the stoma was 
adequate. Seventh, it was not possible to practice closure of the incision. Lastly, 
we were unable to track instrument motions or applied tool-tip forces to evaluate 
surgeon performance. These limitations will be addressed in future iterations of 
the simulator design.
There were some limitations in the design of the evaluation study. First, 
some participants, in particular the PGY 1 residents, had little or no previous 
experience performing an ETV, thereby limiting their ability to accurately 
evaluate the simulator’s realism and teaching effectiveness. Second, the subjective 
and retrospective nature of comparisons between the simulator and real-life 
cases may have introduced recall bias. Lastly, there were a limited number of 
participants, all from the University of Toronto, affecting the generalizability of 
the results.
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Conclusions 

We have successfully created a low-cost, reusable, patient-specific silicone-based 
ETV simulator that has high face and content validity. This simulator may help 
residents to increase their familiarity with the camera skills, instrument handling, 
and hand-eye coordination required to successfully perform an ETV. The 
development of future iterations will focus on integration with image guidance 
systems, incorporation of presurgical planning, design of patient-specific 
intraventricular landmarks, and providing real-time performance feedback. In 
addition, models for other age groups and intraventricular pathologies such as 
tumors or colloid cysts will be developed. Once these models have been fully 
developed, large prospective randomized trials involving novice and expert 
surgeons will be required to evaluate the simulator’s face, content, and construct 
validity. Furthermore, comparisons against other training models such as virtual 
reality simulation will be required.
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Abstract

Background 

The relative educational benefits of virtual reality (VR) and physical simulation 
models for endoscopic third ventriculostomy (ETV) have not been evaluated 
“head to head.” 

Objective 

To compare and identify the relative utility of a physical and VR ETV simulation 
model for use in neurosurgical training. 

Methods 

Twenty-three neurosurgical residents and 3 fellows performed an ETV on both 
a physical and VR simulation model. Trainees rated the models using 5-point 
Likert scales evaluating the domains of anatomy, instrument handling, procedural 
content, and the overall fidelity of the simulation. Paired t tests were performed 
for each do- main’s mean overall score and individual items. 

Results 

The VR model has relative benefits compared with the physical model with 
respect to realistic representation of intraventricular anatomy at the foramen of 
Monro (4.5, standard deviation [SD] = 0.7 vs 4.1, SD = 0.6; P = .04) and the 
third ventricle floor (4.4, SD = 0.6 vs 4.0, SD = 0.9; P = .03), although the 
overall anatomy score was similar (4.2, SD = 0.6 vs 4.0, SD = 0.6; P = .11). 
For overall instrument handling and procedural content, the physical simulator 
outperformed the VR model (3.7, SD = 0.8 vs 4.5; SD = 0.5, P,.001 and 3.9; 
SD = 0.8 vs 4.2, SD = 0.6; P = .02, respectively). Overall task fidelity across the 
2 simulators was not perceived as significantly different. 

Conclusion 

Simulation model selection should be based on educational objectives. Training 
focused on learning anatomy or decision-making for anatomic cues may be 
aided with the VR simulation model. A focus on developing manual dexterity 
and technical skills using endoscopic equipment in the operating room may be 
better learned on the physical simulation model.
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Introduction

Multiple factors have prompted a recent surge in the development of neurosurgical 
simulators, including restricted resident work hours, increased focus on patient 
safety, and rapid technological advancements.1,2 Both physical and virtual 
reality (VR) simulators have been used to teach a variety of neuro-endoscopic 
procedures, in particular, endoscopic third ventriculostomy (ETV).3-7 Similarly, 
tools recently have been developed to assess the surgical performance of trainees 
on these simulators, including standardized objective assessment measures 
specific for ETV.8,9 With these advances there has been a call to incorporate 
neuroendoscopic simulation into the neurosurgical training curriculum.4,10-12 
While this is an important goal, presently there is limited evidence to guide 
neurosurgical educators on how best to incorporate existing simulation modalities 
within postgraduate training to optimize learning outcomes.13-15 For instance, the 
relative educational benefits of virtual and physical simulation models for ETV 
have not been evaluated “head to head.” This is an important line of inquiry as 
the relative cost, durability, and acceptability of these different platforms may 
vary. Further insight on these issues may help to inform neurosurgical educators 
about which platforms are worth investing in, and for what purpose. 
This study compares the perceived utility of physical and VR ETV simulators 
for neurosurgical training during a neuroendoscopy workshop organized by the 
Division of Neurosurgery at the University of Toronto. We set out to address the 
properties of 2 different platforms, a physical synthetic simulator (SickKids brain 
simulator3) and an established VR simulator (NeuroTouch Simulator6,16), and 
provide suggestions on how each could be used within a broader neuroendoscopic 
training curriculum. The evaluation focused on 4 essential domains of the 
simulators: modeling of anatomy, instrument handling, content of the simulated 
task, and overall fidelity.

Methods

Study approval was obtained from the University Health Network Research 
Ethics Board (ID: 10-0195-BE). Participants were recruited and consented to 
participate on a voluntary basis during 2 consecutive hands-on neuroendoscopy 
training courses organized yearly by the Division of Neurosurgery of the 
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University of Toronto at the Surgical Skills Centre in Mount Sinai Hospital 
(May 2, 2014 and May 23, 2015).

Description of Simulators 

For both simulators, there was no simulated skin for incision, and the trainee 
used a pre-drilled burr hole for introducing the endoscope. As such, on both 
platforms the procedure started with the introduction of the endoscope.

Physical ETV Simulation Model 

A patient-specific, silicone-based, reusable ETV simulator based on a 4-month-old 
child with hydrocephalus was used for this study.3 The SickKids brain simulator 
includes intraventricular landmarks such as the choroid plexus, anterior septal 
and thalamostriate veins, mammillary bodies, bodies, infundibular recess, and 
basilar artery (Figure 1). The thinned- out third ventricle floor is replaceable 
quickly. The third ventricle floor does not pulsate. Bleeding scenarios are 
incorporated to simulate injury to the basilar artery and/or choroid plexus. 
Standard neuroendoscopic equipment is used to perform the ETV. The simulator 
can be set up in minutes and does not require maintenance or special storage.

Virtual Reality Simulation Model 

The virtual reality ETV simulator used for this study was developed by the 
National Research Council of Canada, as a part of the NeuroTouch system.6,16 

Figure 1. SickKids brain simulator. The left side shows the view of foramen of Monro, and the right side shows the 
view of third ventricle. Used with permission from Breimer et al (J. Neurosurg Pediatr. 2015;15:82-88).
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NeuroTouch is a general neurosurgical simulator that contains modules for 
ETV, endoscopic endonasal surgery, and microscopic cranial procedures. The 
ETV module includes intraventricular landmarks such as the choroid plexus, 
veins, mammillary bodies, and infundibular recess (Figure 2). Trainees can 
select the location of the burr hole and the insertion trajectory to cannulate the 
lateral ventricle, followed by intraventricular navigation and placement of the 
ventriculostomy in the floor of the third ventricle using modified endoscopic 
instruments designed for the simulator. The third ventricle floor moves 
according to the combined effects of breathing and blood pulsations. A haptic 
system (PHANTOM Omni [Sensable, Wilmington, Massachusetts]) attached 
to the neuro-endoscope provides tactile feedback when contact is made with 
the deformable ventricle walls, using a collision detection algorithm.17 The 
endoscopic views are displayed on a monitor in front of the user, similar to a real 
operating room setting.

Study Design 

The virtual reality and physical ETV simulation models were set up for use, 
and participants were asked to perform the ETV procedure as they would in 
a clinical setting. Although we did not randomize the order of presenting the 
physical vs virtual model, the order of presentation was balanced (with half of 
the participants using the virtual model first, while half used the physical model 
first). Thus, any systematic differences related to the order of presentation of the 
model would have been reduced. Randomization was not practically possible 

Figure 2. NeuroTouch. The left side shows the view of foramen of Monro, and the right side shows the view of 
third ventricle. 
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due to logistical constraints associated with the number of models available 
during the course. Participants were then given a paper-based survey consisting 
of 3 sections: one pertaining to demographic data, the second pertaining to the 
physical simulator, and the final pertaining to the virtual simulator (see Survey, 
Supplemental Digital Content, http://links.lww.com/NEU/A879). They were 
asked to assess 4 domains for each simulation platform: anatomy, instrument 
handling, content of the simulated procedure, and overall task fidelity (realism). 
Within each domain, a series of 3 or 4 questions were presented, and participants 
provided a rating using a 5-point Likert scale (ranging from 1 = strongly disagree 
to 5 = strongly agree). Participants also were asked to provide open-ended 
comments regarding their opinion of each simulator, including which they 
perceived as being superior and why.

Statistical Analysis 

Demographic characteristics were summarized descriptively and reported as 
frequency counts and percentages. Where the distribution of the differences 
between the mean scores on the VR and physical simulators were normally 
distributed, the paired t test was used to evaluate for any significant differences 
in participants’ ratings of the 2 simulators. Mean values for each rating were 
calculated for 3 evaluator groups differentiated by level of experience: junior 
(postgraduate year [PGY] 1-2; n = 7), intermediate (PGY 3-4; n = 12), and 
senior (PGY 5-6 or fellows; n = 7). A one-way analysis of variance was used 
to determine differences in ratings between evaluator groups. The difference in 
overall mean score between the 2 simulators was calculated for each participant 
(physical simulator score minus VR simulator score). We compared the means 
with an unpaired t test to analyze whether prior experience with simulation and 
prior experience with assisting ETV procedures had an effect on the perception 
of the subject. P values. 05 were considered statistically significant. Incomplete 
items on the survey forms were excluded from the data analysis in list-wise 
fashion. Statistical analysis was performed using SPSS Statistics version 18.0 
(IBM Corp., Armonk, New York).
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Results

Demographics 

Twenty-three neurosurgical residents (distributed across PGY1 through 6) 
and 3 neurosurgical fellows completed the study. The participants were from 
neurosurgical programs across Ontario. Demographic information is summarized 
in Table 1. 

Table 1. Study participant demographics

Abbreviations: ETV, endoscopic third ventriculostomy;
PGY, postgraduate year
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Likert Response Data 

Table 2 shows the mean (SD) Likert-scale scores assigned to each domain 
overall and for individual items. Five participants (4 residents and 1 consulting 
neurosurgeon) were excluded from the analysis due to missing data. Overall, 
participants rated the representation of anatomy higher on the VR simulator 
when compared with the physical simulator; however, the difference was not 
statistically significant (4.2, SD = 0.6 vs 4.0, SD = 0.6; P = .11). However, the 
VR simulator showed a statistically significant advantage compared with the 
physical simulator in terms of the realism of the third ventricle floor (4.4, SD = 
0.6 vs 4.0, SD = 0.9; P = .03) and the intraventricular anatomy (4.5, SD = 0.7 
vs 4.1, SD = 0.6; P = .04). 
Conversely, participants rated the instrument handling (3.7, SD = 0.8 vs 4.5, 
SD = 0.5; P = .001) and procedure content (3.9, SD = 0.8 vs 4.2, SD = 0.6; P 
= .02) of the VR simulator lower when compared with the physical simulator. 
These differences were statistically significant. Lastly, mean ratings of overall task 
fidelity for the VR simulator were marginally higher than the physical simulator; 
however, the difference was not statistically significant (3.8, SD = 0.6 vs 4.0, 
SD = 0.5; P = .23). There were no statistically significant differences between 
the 3 evaluator groups in the average ratings for each domain (both composite 
scores and individual items, P = .27). Prior experience with simulation and prior 
experience with assisting ETV procedures did not have a significant effect on 
the participants’ perception of the simulators (P = .44 and P = .60, respectively).

Open-Ended Data

All participants indicated that they would personally use both simulators for 
training. Thirteen participants (50%) stated that the physical model was superior, 
especially for its overall realism, tactile feedback, and use of real instruments. 
Three participants (12%) thought the VR model was superior, especially due 
to its simulation of the anatomy. Five participants (19%) stated that the VR 
simulator was superior for anatomy while the physical simulator was superior 
for instrument handling. Five participants (19%) were undecided about which 
simulator was better.
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Table 2. Comparing a virtual reality and physical model

Abbreviations: VR, virtual reality
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Discussion

Although training in the OR is effective, it also may be inefficient and costly.18,19 
These problems can be addressed by using simulation to improve a resident’s 
surgical skills before they proceed to a real surgical environment in order to 
maximize training safety and minimize risk.20-23 With increasing recognition 
of the limitations of clinical surgical training, there is growing interest in 
simulation-based education in neurosurgery, with several publications in recent 
years describing a variety of simulators, both physical and VR platforms, their 
use in “boot camp” courses, and their proposed implementation in neurosurgical 
curricula.24-29 
However, simulation-based education is an expensive undertaking, and due to 
budget constraints, educators are often faced with the dilemma of having to choose 
between different training platforms (eg, physical or VR simulators). To guide 
decision- making, we compared the perceived educational benefit of a physical 
and VR simulator for ETV. The findings demonstrate that both simulators have 
their own benefits and drawbacks, and that the choice of simulator should be 
tailored to specific learning objectives. In the sections to follow, the advantages, 
disadvantages, and specific characteristics of both platforms are described.

Accessibility 

Both physical and VR simulators for neuroendoscopy are available commercially; 
however, they differ significantly in terms of cost. The NeuroTouch simulator 
can be purchased for approximately $80 000 while the SickKids brain simulator 
costs approximately $6000. In addition to its high upfront cost, VR simulators 
have high maintenance costs. However, VR simulators can be reused many 
times without additional cost of materials. In contrast, the physical simulator 
has minimal maintenance and storage requirements, a long shelf life (2-3 years), 
and a low replacement cost relative to the cost of the VR simulator. The third 
ventricle floor of the physical simulator is replaced after each use, which entails 
an additional albeit minimal cost. Modifications to the VR simulator can be 
made as required; however, this requires the development of new programs, 
which can be expensive and time-consuming. Modifications to the physical 
simulator requires the production of new molds and would therefore necessitate 
the purchase of a new model.
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Feasibility 

While the VR simulator provided a superior third ventricle floor and 
intraventricular anatomy, the physical simulator provided superior instrument 
handling and procedural content. Several factors may have contributed to the 
latter finding. 
First, the use of actual tools with the physical simulator encourages the use of 
bimanual instrumentation in which the trainee uses one hand to control the 
position of the camera/trocar and the other hand the manipulate tissue using a 
tool such as a blunt probe, forceps, or irrigation. Trainees can compare the use of 
different instruments and gain exposure to new equipment and techniques. The 
relative benefits of using actual instruments also was found in a study comparing 
an animal model and VR system for percutaneous renal access.30 Furthermore, 
Madan et al31 found that more than 80% of trainees preferred using an inanimate 
box trainer compared with a VR simulator for laparoscopy training. 
The physical models also may enhance teamwork and communication skills, as 
2 residents can work together (one positioning the camera, the other controlling 
the tools). Second, the physical model incorporates bleeding scenarios from the 
choroid plexus and basilar artery that train the surgeon on hemostasis techniques 
including irrigation and cautery. The NeuroTouch simulator has bleeding 
scenarios in the other modules (eg, tumor resection) which means it should be 
possible to incorporate this in the ETV module (being less messy than in physical 
model, this could be an advantage). 
Third, the physical models are visible on CT and MR and can therefore be used 
with neuronavigation to plan an operation. Different materials can be used to 
construct the brain, which would allow for ultrasound visibility.32 In other VR 
platforms it is a possibility to upload CT data to perform case rehearsal, and for 
ETV, preliminary work on patient-specific simulation scenarios based on MRI 
data has been reported.33,34 
Lastly, the physical models can be adapted easily such that the trainee plans 
the procedure with surface landmarks and navigation, positions and drapes the 
model, makes a scalp incision, drills a burr hole, opens the dura, and closes the 
incision, as has been shown in other physical brain simulators.35,36 As mentioned, 
the above scenarios could be programmed into the VR simulator, but are currently 
not available for the ETV simulation.
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Training and Assessment

For both simulators, a trained preceptor is required to familiarize trainees with 
the instruments and system setup prior to their first use. Both simulators facilitate 
deliberate practice; however, the physical simulator requires a longer setup time 
between each attempt in order to replace the third ventricle floor. 
For real-time evaluation of the trainee, the VR system has the advantage of an 
objective scoring system, which the computer can generate automatically to 
assess the trainee. For the physical simulator, an objective assessment tool such 
as the Neuro- Endoscopic Ventriculostomy Assessment Tool (NEVAT) can be 
used to assess surgical skills in real-time; however, an educator with knowledge 
of the ETV procedure is required. To obviate this limitation, trainees can be 
assessed using a post-procedure video review. However, video-based assessments 
can be cumbersome (difficult to acquire video, trainee less likely to verbalize 
their thought process, etc.) and may limit the amount, type, and timeliness of 
feedback from the instructor. 
With either simulator, the lack of real-time expert feedback may lead to the 
development of poor techniques if there is limited understanding of why certain 
techniques lead to better or worse performance. This is especially problematic for 
junior trainees who have less experience and for the assessment of nontechnical 
skills such as situation awareness, teamwork, and communication.

Limitations and Future Research 

The main limitation of this study is the limited generalizability of the results 
to other physical and VR simulators, including those currently available and in 
development, which may vary in terms of anatomic detail, tactile properties, 
the use of instruments, and procedural content. A second limitation is the 
use of subjective outcome measures rather than an objective evaluation of 
the simulators’ face, content, and construct validity. This limitation may be 
addressed through an assessment tool like NEVAT, which could be used to 
evaluate trainee performance before and after a fixed number of practice sessions 
on each simulator. Differences in the amount and rate of improvement may 
indicate which platform is superior. Similar studies have been conducted for 
laparoscopic suturing,37,38 endoscopic surgery,39 and intra-venous cannulation.40 



141

Comparing VR and physical training model

Other limitations include the small sample size, the inclusion of only residents 
and fellows in the study population, the risk of self-reporting bias, and the use 
of a static measurement (opinions of the simulator may change as experience 
with the simulators increase). It would be interesting to see if differences across 
geographical regions influences perceptions about educational utility of the 
models.

Conclusion

Two neurosurgical simulators for ETV were compared: a physical and a VR 
simulator. Each simulator has relative advantages and disadvantages. Therefore, 
educators may consider using either simulator based on training goals. In their 
present state, the physical simulator is superior for familiarizing trainees with 
neuroendoscopic instruments and techniques, while the VR simulator is superior 
for learning the three-dimensional anatomy of the intraventricular workspace. 
Future studies should compare the impact of each simulator on surgical skill 
acquisition, maintenance, and transfer to the actual surgical environment.
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Summary

We have presented a series of studies on various aspects of ETV. We started with  
patient selection for ETV in chapter 2 where we saw that the ETVSS is a valid 
tool for this purpose.1 In chapter 3 we concluded that for patients in which the 
initial ETV fails, it might be worthwhile to perform a repeat ETV and for patient 
selection the ETVSS could once again be used with additional consideration of 
the findings during the first endoscopic operation.2 

We developed a series of assessment instruments for the assessment of technical 
competence of a surgeon performing an ETV. Together, the series of instruments 
are called the Neuro-Endoscopic Ventriculostomy Assessment Tool (NEVAT). In 
chapter 4 we describe the development and content validation of the NEVAT.6 
A group of international experts on ETV achieved consensus on the content of 
the assessment instrument over the course of three consecutive rounds using the 
modified Delphi method. We followed this up with a study providing validity 
evidence for the NEVAT as was described in chapter 5, we compared the scores of 
three groups with different experience levels and evaluated inter-rater reliability.7 
In chapter 6 we describe the process of developing a synthetic brain simulator 
for tackling the problem of learning the technically demanding ETV procedure, 
the simulator which was well received  by a group of neurosurgical resident and 
fellows and neurosurgeons.4 In chapter 7 we compare the synthetic simulator 
with a virtual reality simulator and saw that both platforms have their advantages 
and disadvantages; whereas the physical simulator may be more appropriate for 
developing familiarity with the steps of the procedure and the neuroendoscopic 
equipment, the virtual reality simulator may be more appropriate for learning 
the ventricular anatomy and landmarks for the procedure.5 
Together, the physical simulator and the NEVAT may prove useful in developing 
and evaluating technical competency before operating on real patients. 
 
Patient selection for ETV

The patient selection for ETV and for repeat ETV remains an issue. Kulkarni 
et al. developed the ETV success score (ETVSS) for initial ETV,8 and external 
validity evidence was provided in chapter 2.1 However, the ETVSS consists of 
three scores which have to be added for a total score, one of the pillars is the 
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etiology and in etiology there is an ‘other’ category; there may be a problem with 
this, as more and more patients get selected for ETV. 
The ETVSS was developed with rather strict indications for ETV, whereas in the 
present, a broader spectrum of etiologies may be considered as candidates for 
ETV (e.g. Arnold–Chiari malformation).9 This may compromise the reliability 
of the ETVSS when used for the ‘other’ category. We did not encounter this, an 
explanation for this may be that we presented a retrospective cohort study for 
which most procedures overlapped the period used for development of ETVSS 
(majority of cases between 1995 and 2006 for Kulkarni et al., and between 1998 
and 2007 for our study). 
 
Patient selection for re-ETV 

For selection of patient for re-ETV, it may be beneficial to also take the 
operative findings of the first operation into account.10 For example, during the 
development phase of an international survey study on practice patterns after 
initial ETV fails (unpublished work) prof. Schroeder mentioned: “If there were 
no prepontine membranes in prior surgery you may expect a different outcome 
than when there are massive arachnoid adhesions after hemorrhage or infection. 
In some cases, prepontine membranes are the cause of ETV failure, after opening 
these the re-ETV will probably be successful.” 
The neurosurgeon can gather extra information from MRI, a re-ETV may 
be favorable if the MRI shows occlusion of the ETV and signs of obstructive 
hydrocephalus (i.e. CSF pathway obstruction within the ventricles or prepontine 
subarachnoid space).11 Siomin et al. identified two groups of patient who will 
likely benefit from re-ETV:12

1. patients with successful initial ETV, the absorption system is likely to be 
functional and as such restoring circulation of CSF might alleviate the symptoms. 
2. patients with unsuccessful initial ETV, but only in case of technically 
suboptimal procedure or if the stomy site might be blocked (e.g. by debris).
 
Choroid plexus cauterization with ETV

The first experience with choroid plexus cauterization (CPC) was described 
by Dandy, but the initial results were poor.13 In the following decades there 
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was sparse interest in the procedure. Some surgeons reported on their series 
of patients treated with choroid plexus cauterization but it did not become 
the standard of care. The comeback of the procedure was achieved through  
Benjamin Warfs’ efforts in Africa.14,15 He treated hydrocephalic infants under 1 
year of age with either ETV alone or combined ETV with CPC and found that 
ETV-CPC was more successful than ETV alone. 
More recently, results of ETV-CPC treatment of hydrocephalic children in 
United States of America were published which show comparable results as 
were reported in the African series by Warf.16 Furthermore, the results of the 
Hydrocephalus Research Group show that ETV-CPC is a safe procedure in 
selected patients.17 
However, not everybody is as enthusiastic about the introduction of ETV-CPC, 
even though some positive results have been reported in Africa, they have not 
sufficiently been validated in a Western world patient population.18 Another 
issue is that the CPC part of the procedure is executed using a flexible endoscope 
which is a technically demanding tool and is presently not being taught in most 
neurosurgery programs although this is an issue relatively easily overcome.19 

Even though a subset of patients fare well with ETV-CPC, still approximately 
half of the youngest children (younger than 6 months) will need subsequent 
treatment whereas series using a shunt show that about 65% of these patients are 
successful.20  

 
Follow-up after surgery

There is no consensus on follow-up after ETV, for example on the duration of 
the monitoring period after treatment, or on the need to use medical imaging 
modalities after treatment (and if so, which modalities?).21 There are differing 
opinions on this topic, some propose that dedicated MRI sequences should be 
performed after every ETV before discharge to verify patency of the stoma and 
to have adequate imaging of the outline of the ventricles,22 others write that 
follow-up MRI’s should be performed over the course of years in a select group 
of patients because it is shown that even after 8 years an ETV can occlude and 
late rapid deterioration could occur.23 Presence of a flow-void on MRI imaging 
seems to correlate with clinical success.24 During writing process of the Dutch 
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experience with ETV and repeat ETV it became clear that some surgeons 
believe that if a flow-void is shown on MRI, follow-up MRI’s are not necessary 
and further follow-up appointments can be scheduled at the neurologist or a 
pediatrician. Essential information concerning follow-up should be provided 
to the patients and caregivers, they should know that symptoms of increased 
intracranial pressure may recur, e.g. due to occlusion of stomy opening. In that 
case they should be advised to contact their physician.
Unfortunately, definite outcome parameters to differentiate successful from 
unsuccessful cases are lacking. In comparison with patients with VP-shunts, the 
change in size of the ventricles appears to be much subtler in ETV patient.24,25 The 
decision for intracranial pressure measurement by means of a lumbar puncture, 
might be influenced by the uncertainty about the patency of the ventriculostomy 
(may be due to inadequate fenestration, or additional arachnoid membranes). 
Finally, it remains very difficult to evaluate the sufficiency of improvement of 
CSF circulation in ETV patients; are these patient optimally treated or are 
they being undertreated by ETV? This matter can only be judged in long-term 
outcome measurements which are currently lacking, although the International 
Infant Hydrocephalus Study does focus on this domain but the definite results 
are still pending.26 
Furthermore, some patients may be better left without subsequent treatment, 
differentiation between (slowly) progressive and compensated hydrocephalus 
seems possible.27 This is a major problem in the treatment of hydrocephalus, 
since arrested hydrocephalus might be a suboptimal result of long lasting slowly 
progressive hydrocephalus. If these patients were treated earlier, they might have 
ended with a better performance. The question remains what would have been 
the optimal outcome of treated hydrocephalus in an individual case?
Additional cost may be another side-effect of diagnostics: financial cost due to 
use of facilities (e.g. MRI machine, hospital bed) and medical manpower (e.g. 
neurosurgeon, radiologist, anesthesiologist, nurses), but also psychosocial cost as 
there may be stress about outcome, the child may have to miss school, parents 
may have to take time off work, also, the patient and/or parents are kept in their 
patient role, which might affect their lives.
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Pathophysiology 

Understanding of pathophysiology of hydrocephalus is still marginal and more 
basic research is needed on this subject in order to find clarity and possibly 
other treatment options for this disease. Thus far there are multiple models in 
existence for explaining the mechanisms of hydrocephalus but none seem to 
explain the phenomenon completely.28 For example, it has been postulated that 
hydrocephalus is a disorder of macromolecular clearance, rather than a disorder 
of circulation.29 This theory suggests that excess of macromolecules in the CSF 
result in an osmotic gradient which attracts more fluid into the ventricles and 
results in hydrocephalus. The macromolecules may normally be cleared from 
the CSF via paravascular or lymphatic pathways. Recently, a lymphatic system 
has been discovered in the central nervous system,30 but the details of lymphatic 
drainage in the central nervous system remain unclear.31 
Also, the role of cilia and of arachnoid granulations in hydrocephalus is obscure. 
During fetal development, the ventricular lining differentiates into ependymal 
cells which are ciliated.32 It may be postulated that in an immature brain the 
cilia are not fully developed, which in turn may negatively affect CSF flow and 
thus may increase changes of ETV failure in young infants. The involvement 
of ciliary dysfunction (e.g. due to primary ciliary dyskinesia) in some forms of 
hydrocephalus has recently been picked up,33–35 although the idea of an association 
between ciliary motility dysfunction and hydrocephalus is not new.36,37

In adults, the arachnoid granulations play an important role in the absorption of 
CSF from subarachnoidal space into the circulation but in the youngest category 
of patients these arachnoid granulations are not fully formed and alternative 
pathways of CSF absorptions may play an important role.38,39 Examples of 
alternative routes of CSF reuptake routes are transependymal intraparenchymal 
CSF pathway and absorption via interstitial and perivascular space, and perineural 
lymphatic channels.40 
The lack of development of arachnoid granulations in infant may contribute to 
high ETV failure rate in young children, although in non-hydrocephalic children 
the alternative routes are clearly sufficient to prevent accumulation of CSF which 
makes unripe arachnoid granulations a less plausible candidate for causing ETV 
failure. 
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One hypothesis is that the combination of unripe arachnoid granulations and 
incomplete intraventricular cilia-system in an already fragile CSF equilibrium 
in a vulnerable infant makes the alternative pathways insufficient in some 
patients and thus contribute to the failure rates. As Drake said it: “Perhaps the 
fundamental lesson from the last 30 years is that hydrocephalus, which appears 
to be an alluringly simple problem of CSF accumulation, is anything but.”28

Hydrocephalus may be a result of a variety of causes at a certain moment of time 
in development. This requires a thorough analysis of every single patient, and the 
definition of an appropriate treatment algorithm. Every endoscopic procedure 
provides a better understanding of the nature of the hydrocephalus in this particular 
patient. Evaluation of the procedure is crucial to judge whether the treatment was 
sufficient and to better understand the nature of the hydrocephalus itself. 
 
Simulation-based education

If one is able to define a clear definition of a standardized technique together 
with a list of consecutive required steps of performance concerning the ETV, 
one might be more certain that the ETV has been executed appropriately. This 
is an essential aspect in outcome analysis and it contributes to clear definition of 
indications for ETV treatment. 
Simulation-based education provides unique tools for acquiring skills in a 
standardized fashion which makes it very suitable for ETV. The essential elements 
of the procedure can be defined by a group of experienced neurosurgeons. This 
adds complete values to this learning tool. A second aspect is a suitable training 
model for optimizing eye-hand coordination required for any endoscopic 
procedure.
Before deciding to develop a new simulator (same applies to developing new 
assessment instruments),41 it is necessary to first conduct a systematic literature 
review of existing simulators (especially simulators that simulate the intended 
procedure). One can get ideas for what is missing in existing simulators, how to 
manufacture the simulator, etc. This may prevent much additional work. Also 
before setting out to develop a new simulator, it is necessary to first conduct a 
needs assessment study to evaluate what educators and trainees think is most 
crucial to incorporate into a simulator.42

The development of the different brain simulators, virtual reality and physical 
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models alike, is good and helpful. In chapter 7 we compared the Neurotouch 
simulator (virtual reality) with the SickKids brain simulator (physical). It did 
not come as a surprise to find that both platforms have their own advantages 
and disadvantages. For mastering the equipment, the physical model was more 
suitable (as real neuroendoscopic instruments were used) and for learning 
intraventricular anatomy, the Neurotouch system was more appropriate. 
Although we only compared one option of the virtual reality group and one of 
the physical simulator group, the results and conclusions may still be applicable 
to others as the general features over the various virtual reality and physical 
simulators will not differ all too much. The key function of physical simulator is 
to familiarize oneself with the equipment and the steps of the procedure. 
 
Virtual reality simulation

There is much work to be done to improve virtual reality simulators for 
neurosurgical procedures. Significant improvements are necessary on haptic 
feedback and also on graphics and use of instruments that look realistic (to make 
the experience as close as possible to the OR experience). The prime objective 
of simulation-based education is to get trainees further on their learning curve, 
i.e. to achieve reasonable technical competence before operating on real patients. 
There are other goals and purposes, such as training co-operation in an operating 
room setting between the members of the operating team (e.g. surgeon, resident, 
anesthesiologist, nurses and assistants). 
 
Patient-specific simulation

There is some interest in case rehearsal by means of patient specific simulation 
modules. This seems like a great idea, and might even be helpful for surgeons in 
choosing approach and technique. The rehearsal of specific cases can also give a 
false sense of security because it is impossible to predict and mimic all features of 
the patient exactly. An example on intracranial aneurysm simulation by Rothstein 
and Selman illustrates this:43 It is not realistic to expect a one-to-one copy of the 
patient even if it was possible to upload patient specific data into a simulation 
platform (which will be possible eventually). On the most basic level, imaging of 
aneurysms, and actual aneurysm anatomy can differ and to predict what would 
happen to the aneurysm (e.g. deformations or bursting) if one applies pressure 



156

Chapter 8

is very hard. At best, you could design an algorithm to create a virtual aneurysm 
with physical properties of the aneurysm wall strength based on characteristics of 
averages, if that data is available, or would be gathered. In the words of Rothstein 
and Selman: “Aneurysms of the same size, configuration, and location can have 
different susceptibilities of rupture during a procedure.” Nevertheless, simulation, 
even the patient-specific aneurysm simulators that have been developed are still 
useful for things like planning trajectory and choosing the optimal clip.44

 
Fidelity of simulator

In simulators, there are basically two things that seem to matter: physical 
resemblance (how the simulator appears) and functional task alignment (what 
the simulator does).45 Although intuitively physical resemblance would appear 
to be of great importance, research shows that simulators with low physical 
resemblance still can be highly effective training tools.45,46 Simulators which are 
not as realistic (i.e. low physical resemblance) can often be produced for less 
money (easier to create and replace). As long as the functional task alignment 
is adequate (i.e. the simulator does what it is supposed to do). For each task, 
different properties may be needed. For example, to train stitching, a simple 
rubber band may be sufficient. For team training in complex trauma situations, 
a dynamic simulator (with different scenarios) with high physical resemblance 
may be more appropriate. 
 
Evaluation of technical competency

A trainee could train on a VR simulator and get real-time monitoring via the 
simulator but ideally there is a proctor present when a resident is training a new 
skill on a simulator. Giving a resident opportunity to practice on his/her own 
advantages and disadvantages: it would save time for the consulting surgeons 
and would reduce fear of failure and thus reluctance to try but on the other 
hand there is a danger of developing wrong techniques in the absence of an 
expert teacher when using these real-time feedback or self-scoring systems. Dr. 
G.M. Fried observed that in absence of a proctor sometimes his residents learn 
bad habits that give them good scores: “It is a little like a video game; they learn 
shortcuts. These shortcuts can reinforce bad habits.”47 
The ETV procedure is well suited for standardization, in chapter 4 we constructed 
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the NEVAT with the help of a group of international experts on ETV. The expert 
derived list of consecutive steps of the procedure can be used to acquire skills of 
this procedure in a very standardized and complete fashion. In the analysis of 
treatment failure, the cause of failure may be a technically procedural failure. It 
may be hypothesized that some of the technical failures could be preventable, if 
all steps that the experts deemed essential to the procedure are taught. This has 
not been proved. A standardized approach as can be created in a simulation-based 
environment cannot be offered to the same extent in patient-related acquisition 
of skills. Patients require individualized treatment and there are frequent 
exceptions to rules. We realize that all possible scenarios cannot be captured 
in standardized lists or procedure-specific assessment instruments. In addition 
to this, standardized forms of evaluation cannot replace constructive comments 
during an operation or one-to-one feedback on operating skills.48 

The way medical education for postgraduate residency rotations is structured 
presently (by time units such as weeks or months) may be an outdated way 
of achieving acquisition of skill. In a health care environment in which the 
education of residents is often secondary priority after patient care and financial 
incentives it may be appropriate to make some changes to how things are done.49 
In all disciplines of medicine we should strive to achieve expert-performance and 
neurosurgery is no exemption. One factor that may help with achieving this goal 
is focusing on mastery learning during residency.  
 
Simulation-based curriculum

It may be beneficial to incorporate this kind of simulation-based education into 
the neurosurgery curriculum. Mastery learning can be applied to accomplish 
this. There are at least seven complementary features to mastery learning: 
 
1 baseline testing; 
2 clear learning objectives, sequenced as units ordered by increasing difficulty;
3 engagement in educational activities (e.g. deliberate skills practice, data 
interpretation, reading) that are focused on reaching the objectives;
4 the establishment of a minimum passing standard (e.g. test score, checklist 
score) for each educational unit;
5 formative testing to gauge unit completion at a preset minimum passing 
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mastery standard;
6 advancement to the next educational unit given measured achievement at or 
above the mastery standard, or
7 continued practice or study on an educational unit until the mastery standard 
is reached.50

 
If simulation-based education is incorporated into the curriculum it would be 
important to evaluate its impact on the program.51,52 The role of simulation-based 
education is not clear yet, potentially it will be beneficial but cost-benefit analysis 
must be used as guidance before broadening the scope of its use. Furthermore, 
even though simulation-based education provides an excellent means of acquiring 
and training technical skills, it cannot replace the actual operating room as the 
core of the neurosurgical training program. 
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Clinical research

One of the main limitations in the care of hydrocephalus, is the lack of prospective 
randomized trials.1 One of the problems in setting up a randomized controlled 
trial is the process randomization; parents prefer endoscopic treatment in most 
cases. 
There are few prospective studies that have randomized patients, e.g. the 
shunt-design trial or the international infant hydrocephalus study.2,3 In a small 
prospective study comparing neuroendoscopic treatment of hydrocephalus with 
CSF shunt treatment shows better outcome for neuroendoscopic treatment, but 
the study’s design is poor.4 However, there is a larger study currently in progress 
on this same subject: the International Infant Hydrocephalus Study comparing 
cerebrospinal fluid diversion shunt with ETV in hydrocephalic children with 
aquaductal stenosis.3,5,6 
We have shown that for patients with failure of initial ETV the ETVSS can 
be used for patient selection. The ETVSS may be further improved for patient 
selection of re-ETV by taking findings of previous endoscopic operation into 
account (severe adhesions may reduce chance of success of re-ETV). This could 
be assessed in a prospective study. 
We suggest for researchers contemplating conducting a prospective study on 
re-ETV to take the prior operative findings and the operative findings at surgery 
into account. It may be helpful to categorize the stoma closure patterns into: 1) 
ventriculostoma closed by scarring or gliosis; 2) ventriculostoma clearly narrower 
than at the end of the first ETV; 3) ventriculostoma patent, but with newly 
formed arachnoid membranes (not found during the first ETV) below the floor of 
the third ventricle in the basal cisterns.7 Patients with closure of ventriculostoma 
with gliosis or scar tissue may have lower chances of re-ETV success than patients 
with narrowing (or closure) of ventriculostoma by translucent membranes.8 
The MR imaging findings, and decision analysis following these findings 
is a subject of interest as well: what to do with specific patients such as an 
asymptomatic patient with a true disappearance of previously present flow-void 
(flow void reverting to no flow-void) and the ventricles increase in size, and what 
if the ventricles do not increase in size? 
This is an interesting field of research as it is still not certain which treatment 
modality is superior (shunt or ETV); an intuitive next step would be to compare 
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success rates of different treatments after the initial ETV fails, treat one group 
with re-ETV and the other group with a CSF shunt.
We encountered wide varying practice on how neurosurgeons treated patients 
in which initial ETV failed in chapter 3, this prompted a survey study with 
international pediatric neurosurgeons as target population (International Society 
for Pediatric Neurosurgery) in which we intent to reveal the practice patterns, 
and subsequently to review the existing literature, and make suggestions for 
practice guidelines based on current data. 
Another important focus is age of the patient, as it seems that the majority of 
cases with secondary obstruction of the stoma are younger than 2 years.9,10 What 
pathophysiological concepts explain this phenomenon? 
The impact of pressure profile of a CSF shunt on cognitive development might be 
interesting; assess neurocognitive functioning and quality of life of low-pressure 
profile versus medium-pressure profile in the youngest category of hydrocephalic 
children. The outcome should then be assessed using reliable and validated 
outcome measures such as the Hydrocephalus Outcome Questionnaire.11 
 
Simulation-based education

In chapter   8 we compare the opinion of residents and fellows on a physical 
simulator and a VR simulator. As a follow-up study we propose to compare 
training efficacy between simulators. It is necessary to conduct a study in which 
participants get trained on either simulator and evaluate the technical competence 
of trainees, and thus evaluate the efficacy of the simulators. 
We intent to start field-testing of the NEVAT, using it for evaluating residents, 
fellows and neurosurgeons in the operating room. Ideally conducting an 
additional study videotaping participants and have two raters evaluate each 
participant (inter-rater reliability), twice by the same rater on two separate 
occasions (test-retest reliability). An addition could be to evaluate the NEVAT 
scores of participants over multiple procedures on a simulator to see if we can 
track a learning curve; when does the participant reach a plateau? What is the 
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plateau, and should all trainees reach this prior to commencing to operating on 
real patients? 
In the future simulation-based education might be incorporated into the Dutch 
neurosurgery curriculum. It may be a wise start to make an inventory of opinions 
of stakeholders (e.g. program directors, residents and consulting neurosurgeons) 
on organizing bootcamps for Dutch neurosurgery residents. It would be good to 
centralize courses (or bootcamps) to increase number of participants, making it 
more feasible and have more impact. 
Before starting to use standardized assessment instruments such as the NEVAT we 
should assess the feasibility of incorporating standardized evaluation of skills in the 
curriculum; are the stakeholders (i.e. program leaders, consulting neurosurgeons 
and residents) willing to use such assessment measures? Standardized objective 
assessment instruments such as the NEVAT or OSATS may be used as a basis for 
individualized feedback after operation to improve performance: which aspects 
are well developed, and which aspects could be focus for further training? This is 
not intended to replace constructive feedback during operations but to enhance 
one-on-one feedback regarding operative skills and to help measure performance 
over time.12 If such standardized evaluations will get incorporated, the effect of it 
should be analyzed after a period of using to assess what stakeholders think of it. 
Another next step in simulation-based education would be to create physical 
simulators for other procedures. Again, preferably first conduct a needs assessment 
to give an idea of what is important to simulate. We have created prototypes for 
simulation-based training of endoscopic colloid cyst removal and for choroid 
plexus coagulation, at this stage used for local courses at University of Toronto 
only. Performance assessments similar to the NEVAT can be developed and 
validated for these procedures to facilitate that, in the future, these procedures 
may be incorporated into a curriculum. 
 
 



168

CHAPTER 9

References

1. Vinchon M, Rekate H, Kulkarni A V. Pediatric hydrocephalus outcomes: a review. Fluids Barriers CNS. 
2012;9(1):18. doi:10.1186/2045-8118-9-18.

2. Kestle J, Drake J, Milner R, et al. Long-term follow-up data from the shunt design trial. Pediatr 
Neurosurg. 2000;33(5):230–236. doi:10.1159/000055960.

3. Kulkarni A V., Sgouros S, Constantini S. International Infant Hydrocephalus Study: initial results of a 
prospective, multicenter comparison of endoscopic third ventriculostomy (ETV) and shunt for infant 
hydrocephalus. Child’s Nerv Syst. 2016;32(6):1039–1048. doi:10.1007/s00381-016-3095-1.

4. Kamikawa S, Inui A, Kobayashi N, et al. Endoscopic treatment of hydrocephalus in children: a 
controlled study using newly developed Yamadori-type ventriculoscopes. Minim Invasive Neurosurg. 
2001;44(1):25–30. doi:10.1055/s-2001-13587.

5. Sgouros S, Kulkharni A V, Constantini S. The International Infant Hydrocephalus Study: concept and 
rational. Childs Nerv Syst. 2006;22(4):338–45. doi:10.1007/s00381-005-1253-y.

6. Kahle KT, Kulkarni A V, Limbrick DD, Warf BC. Hydrocephalus in children. Lancet. 2015;55(11):502–
507. doi:10.1016/S0140-6736(15)60694-8.

7. Wagner W, Koch D. Mechanisms of failure after endoscopic third ventriculostomy in young infants. 
J Neurosurg. 2005;103(1 Suppl):43–49. doi:10.3171/ped.2005.103.1.0043.

8. Etus V, Karabagli H, Geyik M, Celakil U, Gokbel A. Success of Repeat ETV Procedure According to 
Ventriculostoma Reclosure Pattern in Children. In: 43rd Annual Meeting of International Society 
for Pediatric Neurosurgery.; 2015.

9. Sacko O, Boetto S, Lauwers-Cances V, Dupuy M, Roux F-E. Endoscopic third ventriculostomy: outcome 
analysis in 368 procedures. J Neurosurg Pediatr. 2010;5(1):68–74. doi:10.3171/2009.8.PEDS08108.

10. Javadpour M, Mallucci C, Brodbelt A, Golash A, May P. The impact of endoscopic third ventriculostomy 
on the management of newly diagnosed hydrocephalus in infants. Pediatr Neurosurg. 2001;35:131–
135. doi:10.1159/000050406.

11. Kulkarni A V., Shams I, Cochrane DD, McNeely PD. Quality of life after endoscopic third ventriculostomy 
and cerebrospinal fluid shunting: an adjusted multivariable analysis in a large cohort. J Neurosurg 
Pediatr. 2010;6:11–16. doi:10.3171/2010.3.PEDS09358.

12. Kestle JRW. Editorial: Measuring resident operative skills. J Neurosurg Pediatr. 2015:1–2. 
doi:10.3171/2015.2.PEDS1542.



169

Future directions





Chapter 10

Conclusions



172

CHAPTER 10



173

Conclusions

Conclusions 

This thesis covered multiple aspects of patient selection for endoscopic third 
ventriculostomy (ETV) and training and assessment of ETV procedure. We 
found that in selected patients, an ETV can relieve a patient from hydrocephalus. 
The ETV success score (ETVSS) is a tool that can be used for patient selection 
for ETV and we have provided external validity evidence for the reliability and 
predictive accuracy of this score. Even though many rightly selected patients 
can benefit from an ETV, some patient will develop recurrent symptoms of 
hydrocephalus. In these patients the ETV has failed. The failure of ETV can occur 
via various mechanisms (e.g. closure of stomy site or formation of subarachnoid 
membranes). Once again, in rightly selected patients, after failure of an ETV, 
some patients can be helped with a repeat ETV (re-ETV). We found similar 
success rates for initial ETV and re-ETV procedures. 
The ETV procedure is technically demanding, endoscopic instruments is used 
and the neurosurgeons uses different hand-eye coordination skills than are 
required for open procedures. We have created a realistic, low-cost, silicone-
based ETV simulator to teach neurosurgical trainees. This brain simulator may 
help increase familiarity with the camera skills, endoscopic instruments, and 
hand-eye coordination required to successfully perform an ETV. In a head-
to-head comparison of a physical simulator with a virtual reality simulator we 
found that the two simulators each have their own advantages and disadvantages. 
The physical simulator can best be used for familiarizing the trainee with 
neuroendoscopic instruments and focus on developing manual dexterity and 
technical skills. The VR simulator can best be used for learning anatomy and 
decision-making for anatomical cues. 
We additionally developed a series of ETV assessment instruments; the Neuro-
Endoscopic Ventriculostomy Assessment Tool (NEVAT). Initially we created 
content for the NEVAT, together with a group of international experts on ETV 
and we subsequently provided validity evidence for the NEVAT. For validity 
evidence on internal structure we calculated interrater reliability and internal 
consistency of raters’ scores. Evidence of relationships with other variables was 
collected by comparing the ETV performance of experts, experienced trainees, 
and novices. Our results support the use of the NEVAT as a standardized method 
for evaluating neuroendoscopic competence in a simulation-based setting.
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Appendix 1. Nederlandse samenvatting

We hebben een zestal studies gepresenteerd waarin verschillende aspecten van 
derde ventriculocisternostomie (3VC) werden belicht. Deze procedure houdt 
in dat een operateur middels endoscopische benadering een perforatie creëert 
in de bodem van de derde ventrikel in het brein. 3VC is een effectieve maar 
technisch complexe procedure met significante risico’s. Daarom is het belangrijk 
dat de juiste patiënten worden geselecteerd voor behandeling en dat de chirurg 
de techniek goed in de vingers heeft. De focus van ons onderzoek ligt op deze 
twee punten. 
In hoofdstuk 2 hebben we het in Toronto ontwikkelde score systeem geanalyseerd 
waarmee een voorspelling kan worden gedaan van de slagingskans van 3VC over 
een periode van zes maanden – de endoscopic third ventriculostomy success score 
(ETVSS). We hebben de ETVSS op een Nederlandse patiëntengroep toegepast 
en gevalideerd en aangetoond dat deze betrouwbaar de kans van slagen van 
de 3VC voorspelt. De ETVSS kan dus goed worden gebruikt voor patiënten 
selectie, hierbij is een patiënt met een hoge score een geschikte kandidaat voor 
3VC. Bij sommige patiënten komen de klachten van hydrocephalus weer terug, 
in hoofdstuk 3 vonden we dat bij deze groep wederom de ETVSS kan worden 
toegepast voor het voorspellen van succeskans. Hierbij zijn enkele kanttekeningen, 
namelijk dat de slagingskans negatief wordt beïnvloed door aanwezigheid van 
subarachnoidale membranen in de pre-pontiene ruimte (geobserveerd tijdens de 
tweede 3VC) en eveneens dat de slagingskans negatief wordt beïnvloed door het 
postoperatief gebruik van een externe ventrikel drain. 
In hoofdstuk 4, hebben we een gestandaardiseerd beoordelingsinstrument 
ontwikkeld voor het evalueren van techniek van chirurgen die een 3VC procedure 
uitvoeren. Dit instrument bestaat uit een drietal checklists die samen of los van 
elkaar kunnen worden gebruikt: één is een procedure-specifieke checklist waarin 
de verschillende stappen van 3VC zijn opgenomen en kunnen worden gescoord, 
de tweede checklist bestaat uit de mogelijke fouten die kunnen worden gemaakt 
en de derde is een global rating scale waarmee meer algemene items zoals flow 
van operatie of samenwerking met assistenten kunnen worden gescoord. Samen 
heten deze lijsten de Neuro-Endoscopic Ventriculostomy Assessment Tool (NEVAT). 
In hoofdstuk 5 beschrijven we de validatie van de NEVAT in simulatie-setting. 
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Hierbij hebben we onder andere vergeleken in hoeverre de scores van twee 
beoordeelaars overeenkwamen als zij één iemand beoordeelden met de NEVAT. 
De lijsten blijken in de simulatie-setting te kunnen worden gebruikt om 
beginners, van participanten met geringe ervaring en experts te onderscheiden. 
De endoscopische behandeling vereist andere hand-oog coördinatie dan open 
chirurgie. Het leren van 3VC vergt dan ook oefening. Om een risico-vrije 
trainingsomgeving te creëren hebben we met 3d-printtechtniek een herbruikbaar 
siliconen namaakbrein gemaakt. De ontwikkeling van dit namaakbrein is 
beschreven in hoofdstuk 6. In hoofdstuk 7 vergeleken we het synthetische  
namaakbrein met een virtual reality namaakbrein. Hier werd gevonden dat 
beide systemen hun eigen voordelen en nadelen hebben: waar het synthetische 
model beter kan worden gebruikt voor het leren omgaan met de apparatuur en 
oefenen van hand-oog coördinatie bij endoscopie kan het virtual reality model 
beter worden gebruikt voor het eigen maken van intra-ventriculaire anatomie en 
anatomische herkenningspunten. 
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Appendix 2. Lay Summary & samenvatting voor leken

Lay Summary

One of the treatment options for hydrocephalus is using an endoscope to 
puncture the floor of the third ventricle in the brain. This procedure is called 
an endoscopic third ventriculostomy (ETV). It is an effective but technically 
demanding procedure with significant risks. It is important to select the right 
patient for this procedure and that the surgeon masters the technique. The focus 
of this thesis is on these two issues. 
For patient selection, we tested a score system with which chances of ETV 
success can be predicted, the ETV success score (ETVSS). A patient with a high 
score is a good candidate. We analyzed the predictive accuracy of the ETVSS in 
a Dutch cohort and found that the score predicts success reliably. However, some 
patients develop recurrent symptoms of hydrocephalus; additional treatment is 
needed. We found that for these patients, again, the ETVSS accurately predicts 
the chance of success.
The endoscopic technique requires different hand-eye coordination skills than 
open procedures and mastering ETV requires training. A pilot needs to train 
extended periods in a flight-simulator before getting responsibility over an 
airplane. Why is this not the same for a surgeon? To facilitate this and to create 
a risk-free training environment we used 3d-printtechnology to create a silicon 
replica of a brain. We also developed a standardized assessment instrument to 
evaluate the surgeons’ skills and technique. Maybe in the future, neurosurgeons 
will be required to score well on such an assessment instrument before getting 
the responsibility over an actual patient. 

Samenvatting voor Leken

De behandeling van hydrocephalus (waterhoofd) is chirurgisch. Een van de 
behandelingsopties is middels een kijkoperatie (endoscopie) een gaatje te 
maken in de bodem van derde hersenkamer. Deze procedure heet een derde 
ventriculocisternostomie (3VC). Het is een effectieve maar technisch complexe 
procedure met significante risico’s. Het is belangrijk dat de juiste patiënten 
worden geselecteerd voor behandeling en dat de chirurg de techniek goed onder 
controle heeft. De focus van ons onderzoek ligt op deze twee punten. 
Voor patiënten selectie hebben we een score systeem getest waarmee de kans van 
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slagen van de 3VC kan worden voorspeld, de endoscopic third ventriculostomy 
success score (ETVSS). Een patiënt met een hoge score is een geschikte kandidaat. 
We hebben de ETVSS op een Nederlandse patiëntengroep toegepast en vonden 
dat de test de slagingskans vrij nauwkeurig voorspelt. Bij sommige patiënten 
komen de klachten van hydrocephalus weer terug, bij deze groep kan wederom 
de ETVSS worden toegepast voor voorspellen van succeskans. 
De endoscopische behandeling vergt andere hand-oog coördinatie dan open 
chirurgie. Het leren van 3VC vergt dan ook oefening. Een piloot oefent eerst in 
een simulator alvorens verantwoordelijkheid te krijgen over een vliegtuig. Waarom 
geldt hetzelfde niet voor een chirurg? Om deze mogelijkheid te faciliteren en een 
risico-vrije trainingsomgeving te creëren hebben we met 3d-printtechtniek een 
siliconen namaakbrein gemaakt. Daarnaast hebben we een gestandaardiseerde 
toets voor evalueren van techniek ontwikkeld. Misschien dat in de toekomst 
wordt verwacht dat een neurochirurg-in-opleiding eerst goed scoort op een 
soortgelijke toets alvorens de verantwoordelijkheid te krijgen over een patiënt. 
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First Checklist: Procedural Steps 
A. Set-up of Endoscope and instruments  
1. The camera was oriented to ensure the view was in the upright position before commencing the procedure  
2. The camera was focused prior to commencing the procedure 
3. The irrigation system was checked to ensure appropriate function 
4. The appropriate irrigation solution was used (e.g. isotonic saline at body temperature) 
5. Supportive equipment (e.g. articulating arm) was set up appropriately at the beginning of the procedure  
6. The endoscopic instruments were checked to ensure appropriate function (e.g. instruments go down easily, 
full closure of alligator forceps, functioning monopolar cautery, etc.) 
7. The endoscope was checked to ensure appropriate function (e.g. checked for rounded edges of scope, smooth 
walls of sheath, etc.) 
B. Exposure  
8. The image guidance was appropriately set-up and used to plan the cortical entry point, target and trajectory to 
reach the Foramen of Monro and floor of the 3rd ventricle (optional) 
9. The position and size of the skin incision and burrhole were appropriate for the individual patient (i.e. at or 
anterior to the coronal suture and lateral to the midline) 
10. The trajectory used to access the lateral ventricle was appropriate 
11. The ventricle was tapped with a smaller brain needle before passing the larger sheath/trocar (optional) 
12. The sheath/trocar was advanced into the ipsilateral frontal horn to an appropriate depth in the ventricle 
13. Orientation and position in the ipsilateral frontal horn was confirmed using anatomical landmarks  
14. Hemostasis was appropriately maintained throughout the procedure  
C. Navigation 
15. The endoscope was maintained in the selected trajectory  
16. The endoscope was navigated through Foramen of Monro into 3rd ventricle 
17. The anatomy of the third ventricular floor was correctly identified  
18. An appropriate ventriculostomy site was selected  
D. Ventriculostomy  
19. An initial perforation at the ventriculostomy site was made using an accepted method (e.g. blunt perforation, 
etc.) 
20. The ventriculostomy was widened to ensure patency using an accepted method (e.g. forceps or Fogarty 
balloon dilation) 
E. Confirmation of adequate ventriculostomy 
21. The adequacy of the ventriculostomy was assessed by visualizing bidirectional movement of 3rd ventricular 
floor  
22. The endoscope was advanced to the ventriculostomy to visualize the pre-pontine cistern and confirm that no 
additional membranes were blocking CSF flow 
23. If Lillequist membranes were present, they were perforated using an appropriate technique  
F. Closure 
24. The ventricle was refilled with irrigation solution to remove air  
25. Upon removing the endoscope, the fornix was inspected to ensure no significant damage during procedure 
26. The burrhole was appropriately covered (e.g. with cap, gelfoam, acrylic, bone dust etc.) 
27. The skin was closed in water tight fashion  

 
Second Checklist: Procedural Pitfalls 

A. Improper set-up  

1. Rotated camera 
2. Unfocussed image 
3. Image blurred by lens: debris / function 
4. Wrong temperature or osmolality of irrigation solution 
5. Inappropriate checking or set-up of endoscopic instruments or supports (e.g. poorly functioning alligator 
forceps, improper set-up of the articulating arm) 
B. Improper entry / trajectory 

Appendix 3. Three initial lists for online survey
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6. Malposition of cortical entry (too far anterior/posterior or lateral/medial), resulting in abnormal orientation 
upon entry into ventricle 
7. Endoscope inserted at improper trajectory (too far anterior/posterior or lateral/medial), resulting in an inability 
to advance into the lateral or 3rd ventricle without damaging adjacent neural structures 
C. Poor exposure 
8. Inability to insert endoscopic apparatus due to small skin exposure or inadequate hemostasis 
9. Difficulty accessing cortical surface or ensuring adequate trajectory of trocar/sheath due to inadequate bony 
exposure 
10. Unnecessary neural damage due to advancing trocar/sheath without establishing a track with a smaller 
instrument 
11. Endoscope inserted to an inappropriate depth (e.g. too shallow or too deep) 
12. Failure to establish orientation and position in lateral ventricle 
D. Traction injuries, failure to identify anatomy 
13. Tearing of ependymal vessels due to excessive endoscope movement 
14. Damage to vascular structures (septal/thalamostriate veins, choroid plexus) as endoscope advanced through 
FOM (resulting in excessive bleeding or requiring cautery) 
15. Excessive traction on fornix upon advancement into 3rd ventricle 
16. Failure to appropriately identify anatomy of 3rd ventricular floor, resulting in inappropriate selection of 
ventriculostomy site 
17. Obstruction of irrigation outflow causing raised ICP 
E. Technically inadequate ventriculostomy 
18. Failure to fenestrate the 3rd ventricular floor 
19. Inadequate size of fenestration 
20. Inappropriate placement of fenestration 
21. Technically unsafe fenestration, e.g. excessive movement, rough handling of tissues, or failure to abort 
procedure when appropriate to do so 
F. Failure to recognize technically inadequate fenestration 
22. Did not recognize or attempt to correct lack of bidirectional flow 
22. Did not check for membranes or other obstructions to CSF flow into pre-pontine cistern 
23. Failed to open membranes of Lilequist if present 
G. Improper closure 
24. Collapse of ventricles after release of too much CSF 
25. Traction injury to fornix upon removal of endoscope 
26. CSF leak due to inadequate closure of burrhole or skin incision 

 
Third list: Global Rating Scale 

Item and Anchors 
1. Preparation for the procedure  
(Rating Anchors: 1 = Did not organize or set-up equipment well; had to stop procedure frequently to prepare or 
fix equipment; 3 = Equipment generally organized; occasionally had to stop and prepare or fix equipment; 5 = All 
equipment neatly organized, prepared and ready for use) 
2. Respect for tissue  
(Rating Anchors: 1 = Frequently used unnecessary force on tissue or caused damage; 3 = Careful handling of 
tissue but occasionally caused inadvertent damage; 5 = Consistently handled tissues appropriately with minimal 
damage) 
3. Time and motion  
(Rating Anchors: 1 = Many unnecessary moves; 3 = Efficient time and motion, but some unnecessary moves; 5 = 
Clear economy of hand movement and maximum efficiency) 
4. Instrument handling  
(Rating Anchors: 1 = Repeatedly makes tentative or awkward moves with instruments; 3 = Competent use of 
instruments but occasionally appeared stiff or awkward; 5 = Fluid movements with instruments and no stiffness or 
awkwardness) 
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5. Knowledge of instruments  
(Rating Anchors: 1 = Frequently asked for wrong instrument or used inappropriate instrument; 3 = Knew names 
of most instruments and used appropriate instrument; 5 = Obviously familiar with instruments and their names) 
6. Flow of operation  
(Rating Anchors: 1 = Frequently stopped operating and seemed unsure of next step in the procedure; 3 = 
Demonstrated some forward planning with reasonable progression of procedure; 5 = Obviously planned course of 
operation with effortless flow from one step to the next) 
7.  Use of assistants  
(Rating Anchors: 1 = Consistently used assistants poorly or failed to use assistants; 3 = Appropriate use of 
assistants most of the time; 5 = Strategically used assistants to the best advantage at all times) 
8. Knowledge of specific procedure  
(Rating Anchors: 1 = Deficient knowledge. Required specific instruction at most steps of operation; 3 = Knew all 
important steps of operation; 5 = Demonstrated familiarity with all steps of the operation) 
9. Overall performance  
(Rating Anchors: 1 = Very poor; 3 = Competent; 5 = Clearly superior) 
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Year of residency:______ Date:______ 

 Please rate the following:     Strongly       Strongly 
        Disagree Disagree Neutral  Agree   Agree 

The camera view is comparable to what you would see in a  1  2  3  4  5 
real surgical scene  

Performing the ventriculostomy on the floor of the 3rd   1  2  3  4  5 
ventricle of the model feels like it does in real reality   

The simulator matches actual tissue properties closely  1  2  3  4  5 

The bleeding looks realistic      1  2  3  4  5 

This model helps to develop camera skills needed for ETV 1  2  3  4  5 

This model helps to develop hand-eye coordination  1  2  3  4  5 
needed for ETV       

The ventriculostomy task is a valuable training exercise  1  2  3  4  5 

Use of this model will increase resident competency when 1  2  3  4  5 
used to train residents prior to their first ETV 

I would be interested in using this model to train residents 1  2  3  4  5 

 

Comments (what you liked/disliked, suggestions for improvement, etc):  

.................................................................................................................................................. 

.................................................................................................................................................. 
 

Appendix 4. Feedback on brain simulator
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Appendix 5. Simulator assessment - VR v physical

 1 

Simulator Assessment (NeuroTouch): 
1. Please rate the following aspects of the virtual ETV simulator you just tried in terms of 

its realism compared to an ETV performed on a live patient in an operating room: 

1 = strongly disagree;  2 = disagree;  3 = neither agree nor disagree;  4 = agree;  5 = strongly agree 

Anatomy 1 2 3 4 5 
The surface anatomy was realistic and appropriately detailed for 
choosing an entry point/trajectory to insert the endoscope 

     

The intra-ventricular anatomy was realistic and had the appropriate 
detail required for navigation to the third ventricular floor 

     

The anatomy of the 3rd ventricular floor (landmarks to guide perforation 
point, visualization of the cistern, etc.) were realistic and had the 
appropriate detail required to select and perform the ventriculostomy 

     

 
Comments regarding anatomy: 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 
 

Instrument Handling 1 2 3 4 5 
The handling of the endoscope was realistic      
The handling of the endoscopic tool was realistic      
The haptic (tactile) feedback from the simulator was realistic      
The response of the tissue to manipulation by the 
endoscope/endoscopic tool was realistic 

     

 
Comments regarding instrument handling: 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 
 

Content of Procedure  1 2 3 4 5 
The steps required to complete the task were representative of the 
steps required to complete the real procedure 

     

The skills required to complete the task were representative of the 
skills required to complete the real procedure 

     

This task was technically challenging for me      
 
Comments regarding procedural steps and skills: 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 
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 2 

Overall Task Fidelity (Realism)  1 2 3 4 5 
The simulation suspended disbelief      
The simulator environment is realistic of the real-life 
situation (e.g. look and feel of the endoscope and tool 
handles, position of the patient head, position of the rest of 
the equipment, look and feel compared to a real OR, etc.) 

     

Real life factors, situations and variables were built into the 
simulation scenario 

     

 
Overall comments (please also indicate what can be done to improve the simulator as a 
tool for teaching ETV technical skills): 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 

 

Virtual simulator overall assessment: 
2. Would you use this simulator for your personal training, or the training of 

residents/fellows in your program, on ETV?  
 
Yes No 
 

a. If no, please explain what would need to be changed in order for you to use this tool: 
___________________________________________________________________________________________________
___________________________________________________________________________________________________ 
 

b. What alternate scenarios (e.g. variations in anatomy, complications, or additional 
endoscopic procedures) would you like to see included in the simulator? 
___________________________________________________________________________________________________
___________________________________________________________________________________________________ 
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 3 

Simulator Assessment (Physical Model): 
3. Please rate the following aspects of the physical ETV simulator you just tried in terms 

of its realism compared to an ETV performed on a live patient in an operating room: 

1 = strongly disagree;  2 = disagree;  3 = neither agree nor disagree;  4 = agree;  5 = strongly agree  

Anatomy 1 2 3 4 5 
The surface anatomy was realistic and appropriately detailed for 
choosing an entry point/trajectory to insert the endoscope 

     

The intra-ventricular anatomy was realistic and had the appropriate 
detail required for navigation to the third ventricular floor 

     

The anatomy of the 3rd ventricular floor (landmarks to guide perforation 
point, visualization of the cistern, etc.) were realistic and had the 
appropriate detail required to select and perform the ventriculostomy 

     

 
Comments regarding anatomy: 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 
 

Instrument Handling 1 2 3 4 5 
The handling of the endoscope was realistic      
The handling of the endoscopic tool was realistic      
The haptic (tactile) feedback from the simulator was realistic      
The response of the tissue to manipulation by the 
endoscope/endoscopic tool was realistic 

     

 
Comments regarding instrument handling: 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 
 

Content of Procedure  1 2 3 4 5 
The steps required to complete the task were representative of the 
steps required to complete the real procedure 

     

The skills required to complete the task were representative of the 
skills required to complete the real procedure 

     

This task was technically challenging for me      
 
Comments regarding procedural steps and skills: 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 
 



188

CHAPTER 11

 4 

Overall Task Fidelity (Realism)  1 2 3 4 5 
The simulation suspended disbelief      
The simulator environment is realistic of the real-life 
situation (e.g. look and feel of the endoscope and tool 
handles, position of the patient head, position of the rest of 
the equipment, look and feel compared to a real OR, etc.) 

     

Real life factors, situations and variables were built into the 
simulation scenario 

     

 
Overall comments (please also indicate what can be done to improve the simulator as a 
tool for teaching ETV technical skills): 

________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________
________________________________________________________________________________________________________________ 

 

Physical simulator overall assessment: 
4. Would you use this simulator for your personal training, or the training of 

residents/fellows in your program, on ETV?  
 
Yes No 
 

a. If no, please explain what would need to be changed in order for you to use this tool: 
___________________________________________________________________________________________________
___________________________________________________________________________________________________ 
 

b. What alternate scenarios (e.g. variations in anatomy, complications, or additional 
endoscopic procedures) would you like to see included in the simulator? 
___________________________________________________________________________________________________
___________________________________________________________________________________________________ 

 

Physical vs. Virtual Simulation: 
5. Which of the two simulations that you tried today do you feel is a better training tool? 

Please explain your answer.  
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
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Appendix 6. Curriculum vitae

Personalia
Surname   Breimer
Christian name  Gerben Eise 
Address   Lamonggracht 10, 1019 RE Amsterdam
Phone    06 13753070     
E-mail   gerbenbreimer@gmail.com
Date of birth and -place 10 February 1988, Wageningen
Marital status  Single  
Nationality  Dutch

Education

University of Groningen   Medicine (Master’s degree 2014)
   Attended general studies modules Philosophy (2007-2008) 
Pre-university education  Pantarijn, Wageningen, VWO 6, degree 2006
   Profile: Physics and Health (addition Economy) 

Professional experience in Medicine 

Neurosurgery resident, Universitair Medisch Centrum Groningen, May – 
December, 2014 

Internship at Department of Pathology, Netherlands Cancer Institute – Antoni 
van Leeuwenhoek, Amsterdam, January – February, 2015

Resident Clinical Pathology, Academisch Medisch Centrum, Amsterdam, July, 
2015 – present 

PhD student, 2012 – 2017. As a medical student I started doing research on 
several aspects of hydrocephalus in a pediatric population in the period 2010-
2014, this resulted in five published papers, one revised resubmitted manuscript, 
and two draft manuscript. The first paper was on low-pressure valves in a 
shunt for diversion of cerebrospinal fluid from ventricle to the abdomen. The 
second one was on a predictive model for estimating chances of treatment 
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success of endoscopic third ventriculostomy (ETV), a treatment modality for 
hydrocephalus. 
In the final year of medical school I went to Canada to conduct research in 
the Hospital for Sick Children in Toronto. Here I developed a synthetic brain 
simulator for ETV (paper 3). The simulator is now in use for neuroendoscopy 
training of the neurosurgery residents at the University of Toronto Neurosurgery 
department. Simultaneously, I developed the Neuro-Endoscopic Ventriculostomy 
Assessment Tool (NEVAT) (paper 4). This is a series of assessment tools to assess 
performance of neurosurgical trainees doing the ETV procedure. The NEVAT 
was subsequently validated during an international hands-on workshop on 
cerebral and ventricular neuroendoscopy in Naples, Italy (January 2014) (paper 
5). In 2014 and 2015 I gathered data during neuroendoscopy courses organized 
at the surgical skills lab at Mount Sinai Hospital in Toronto, for a comparison 
study between a virtual reality and physical neuroendoscopy simulator (submitted 
manuscript 6). In 2015 I started working on an retrospective nationwide cohort 
study in which the effectivity of repeated endoscopic third ventriculostomy is 
evaluated (draft manuscript 7). After this we set out to reveal practice patterns 
after initial ETV fails (draft manuscript 8)

Other professional experience

Trainer youth teams field hockey 2004 – 2006 (learned to motivate people to 
participate and enhance skills)
Voluntary work Humanitas ‘buddy project’ 2009 – 2010 (learned how to provide 
structure to study and reduce loneliness) 
Medisch Spectrum Twente Benefietcommissie, 2012 (we raised 25.000 Euro for 
a new cargo van for ‘de Huifkar-Meerik’, a school for students with learning 
disabilities to facilitate the gardening project)   

Courses and workshops 

International hands-on workshop on cerebral and ventricular neuroendoscopy
Tropical medicine course 
Statistics SPSS (certificate) 
Field hockey referee (certificate)
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Oral presentations
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European Society for Pediatric Neurosurgery Congress, May 2016, Paris, France 
(“Validity evidence for the neuro-endoscopic ventriculostomy assessment tool 
(NEVAT)”)
European Society for Pediatric Neurosurgery Congress, May 2016, Paris, France 
(“Repeat endoscopic third ventriculostomy in pediatric patients: the Dutch 
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