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OBJECTIVE Endoscopic third ventriculostomy (ETV) is now established as a viable treatment option for a subgroup of
children with hydrocephalus. Here, the authors report prospective, multicenter results from the Hydrocephalus Clinical
Research Network (HCRN) to provide the most accurate determination of morbidity, complication incidence, and efficacy
of ETV in children and to determine if intraoperative predictors of ETV success add substantially to preoperative predic-
tors.

METHODS All children undergoing a first ETV (without choroid plexus cauterization) at 1 of 7 HCRN centers up to June
2013 were included in the study and followed up for a minimum of 18 months. Data, including detailed intraoperative
data, were prospectively collected as part of the HCRN'’s Core Data Project and included details of patient characteris-
tics, ETV failure (need for repeat hydrocephalus surgery), and, in a subset of patients, postoperative complications up to
the time of discharge.

RESULTS Three hundred thirty-six eligible children underwent initial ETV, 18.8% of whom had undergone shunt place-
ment prior to the ETV. The median age at ETV was 6.9 years (IQR 1.7-12.6), with 15.2% of the study cohort younger
than 12 months of age. The most common etiologies were aqueductal stenosis (24.8%) and midbrain or tectal lesions
(21.2%). Visible forniceal injury (16.6%) was more common than previously reported, whereas severe bleeding (1.8%),
thalamic contusion (1.8%), venous injury (1.5%), hypothalamic contusion (1.5%), and major arterial injury (0.3%) were
rare. The most common postoperative complications were CSF leak (4.4%), hyponatremia (3.9%), and pseudomeningo-
cele (3.9%). New neurological deficit occurred in 1.5% cases, with 0.5% being permanent.

One hundred forty-one patients had documented failure of their ETV requiring repeat hydrocephalus surgery during
follow-up, 117 of them during the first 6 months postprocedure. Kaplan-Meier rates of 30-day, 90-day, 6-month, 1-year,
and 2-year failure-free survival were 73.7%, 66.7%, 64.8%, 61.7%, and 57.8%, respectively. According to multivariate
modeling, the preoperative ETV Success Score (ETVSS) was associated with ETV success (p < 0.001), as was the
intraoperative ability to visualize a “naked” basilar artery (p = 0.023).

CONCLUSIONS The authors’ documented experience represents the most detailed account of ETV results in North
America and provides the most accurate picture to date of ETV success and complications, based on contemporane-
ously collected prospective data. Serious complications with ETV are low. In addition to the ETVSS, visualization of a
naked basilar artery is predictive of ETV success.
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established as an effective treatment for many chil-

dren with hydrocephalus. Small and large case se-
ries on the procedure are well documented in the medical
literature, but a paucity of multicenter prospective data re-
mains.>? This absence of data has limited our ability to de-
finitively answer important questions about ETV compli-
cations and efficacy. Especially lacking are accurate data
regarding intraoperative events and the impact such events
may have on ETV success. While the ETV Success Score
(ETVSS)® has helped surgeons predict the success of the
procedure based on preoperative factors, the identification
of important intraoperative factors may further help sur-
geons in decision making and perhaps provide insight into
the essential technical elements of an optimal ETV.

The Hydrocephalus Clinical Research Network
(HCRN), a multicenter North American research collab-
orative, began in 2007, as part of its core data registry,
a prospective study of ETV in children. This involved
real-time, contemporaneous collection of data, including
intraoperative details. In the current study, we present our
first analysis of these data, aiming to answer 2 specific
questions about ETV. First, what is the current morbidity,
complication incidence, and efficacy of ETV in children
treated at tertiary care centers in North America? Second,
what are the predictors of successful ETV, and specifi-
cally, do intraoperative factors add substantially to estab-
lished preoperative predictors?'> Our report specifically
excludes children who underwent choroid plexus cauter-
ization (CPC) in addition to ETV.

Methods

Population

All patients were 19 years old or younger with symptom-
atic hydrocephalus and were treated by pediatric neurosur-
geons at specialized centers. During the period of patient ac-
crual for this study, the patients were treated at 1 of 7 HCRN
centers: Children’s Hospital of Alabama, Birmingham, Ala-
bama; Primary Children’s Hospital, Salt Lake City, Utah;
Seattle Children’s Hospital, Washington; Children’s Hospi-
tal of Pittsburgh, Pennsylvania; St. Louis Children’s Hos-
pital, Missouri; Texas Children’s Hospital, Houston, Texas;
Hospital for Sick Children, Toronto, Canada (see Appendix
for further details regarding the HCRN). Data for all pa-
tients undergoing ETV were prospectively collected by the
treating surgeons and trained, dedicated research coordina-
tors at each center. For this analysis, procedures in which
CPC was performed in addition to ETV were excluded.
Data accrual began as early as 2008 at some centers, with
a staggered start at other centers. All procedures performed
up to June 2013 were included in our analysis to allow for at
least 18 months of accurate follow-up to December 31,2014.
Data were stored centrally and securely at the Data Coordi-
nating Center in Salt Lake City, Utah. Standardized audits
of data accuracy are performed regularly to ensure data ac-
curacy and timeliness. All data were anonymized, and data
collection adhered to local research ethics protocols.

Specific baseline data collected included patient age;
etiology of hydrocephalus (defined as aqueductal steno-
sis, brain tumor [supratentorial, infratentorial, or mid-
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brain], CSF infection, head injury, intraventricular hemor-
rhage [associated with prematurity or other spontaneous
causes], myelomeningocele, encephalocele, posterior fossa
cyst [for example, Dandy-Walker syndrome and variants],
other intracranial cyst [for example, arachnoid cyst, poren-
cephalic cyst], communicating congenital hydrocephalus,
other congenital disorder [for example, schizencephaly,
holoprosencephaly], and craniosynostosis); and previous
hydrocephalus treatment.

Specific intraoperative data included duration of sur-
gery; type(s) of endoscope used; degree of intraoperative
bleeding (defined as none, mild [did not obstruct view
totally], moderate [view totally obstructed but cleared
within 2-3 minutes], or severe [took more than 5 minutes
to return to a clear working condition]), degree of forni-
ceal injury visualized (defined as follows: could not be as-
sessed; no visible injury with fornix pristine; small, punc-
tate contusions or subpial hemorrhage(s) but ependyma
intact; large confluent contusions or subpial hemorrhage
but ependyma intact; small breach of ependyma overly-
ing the fornix; or frank tear of the fornix), major arterial
injury, venous injury, thalamic contusion, hypothalamic
contusion, and whether concurrent biopsy was performed.

Details of the creation of the third ventricle floor fenes-
tration included whether fenestration of the third ventricle
was abandoned; method of floor penetration and dilation;
whether the third ventricle floor ballooned up after fenes-
tration; whether any residual prepontine membranes were
left unopened; if the scope could be guided through the
ostomy; if a “naked” basilar artery could be visualized
(that is, no residual membranes obstructing the view of the
basilar artery); and the surgeon’s intraoperative estimate
of the diameter of the ostomy.

Endoscopic third ventriculostomy failure was defined
as the need for repeat hydrocephalus surgery, as deter-
mined by the treating surgeon, with either repeat ETV or
CSF shunt placement, or as death related to hydrocephalus
management.

The ETVSS was calculated for each patient.> This
score uses the patient’s age, etiology of hydrocephalus,
and presence of a previous shunt to provide an estimated
chance of ETV success at 6 months, ranging from 0%
to 90%. The ETVSS has been independently validated
in multiple studies across North America, Europe or the
United Kingdom, and elsewhere.!?>7816.18:24 [n some cases,
a definitive etiology for the hydrocephalus could not be
identified. Although the ETVSS does include an etiology
category for “other,” for our analysis, we did not calculate
an ETVSS for patients without a clearly defined etiology.

Data on early postoperative complications (up to the
time of discharge from the hospital) were collected from
early 2011 onwards and so were available on only a sub-
set of the cohort. These data included new neurological
deficit, seizure, brain hemorrhage, CSF leak, meningitis,
pseudomeningocele, wound infection, and various medi-
cal complications (for example, hyponatremia, pneumo-
nia, urinary tract infection, thromboembolic disorder, car-
diac complications, and so forth).

Statistical Analysis
Survival curves were calculated using the Kaplan-Mei-
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er method for time to first ETV failure. We then tested
the following variables to determine predictors of ETV
success: the ETVSS (which accounts for the prognostic
effects of age, etiology, and previous shunt), concurrent
biopsy performed (yes vs no); degree of intraoperative
bleeding (moderate to severe bleeding vs other); whether
the third ventricle floor ballooned up after fenestration
(yes vs no); whether any residual prepontine membranes
were left unopened (yes vs no); if the scope could be guid-
ed through the ostomy (yes vs no); if a naked basilar artery
could be visualized (yes vs no); and an estimate of the
diameter of the ostomy (in mm). We conducted 2 types of
regression analyses to determine whether these variables
were significant predictors of ETV success.

First, we performed survival analysis for time to ETV
failure, beginning with appropriate univariate survival
analysis (log-rank test for binary factors, Cox regression for
continuous factors). The proportional-hazards assumption
was confirmed for variables as required. Variables that were
significant at p < 0.15 were entered into a multivariate Cox
regression model. Second, we repeated the univariate and
multivariate analyses described above but instead used sur-
vival up to 6 months as the outcome. All analyses were per-
formed with SAS statistical software (SAS Institute Inc.).

Results

The characteristics of the 336 ETV patients are listed
in Table 1. The median age at ETV was 6.9 years (IQR
1.7-12.6). The most common etiologies were aqueductal
stenosis, midbrain tumor or lesion, and posterior fossa tu-
mor. Intraoperative details are presented in Table 2. The
median duration of surgery was 1.1 hours (range 0.3-6
hours). The median estimated diameter of the created os-
tomy was 5.0 mm (range 1.0-10.0 mm).

Severe intraoperative injuries were rare (Table 2), but
some degree of visible forniceal injury was relatively com-
mon (53 cases [16.6%)]). Details of the third ventricle floor
fenestration are shown in Table 3. Ommaya reservoirs were
used in 27 (8.7%) of 311 cases with available information.

Information on postoperative complications was avail-
able in a subset of 204 patients (Table 4). The most com-
mon complications were CSF leak, hyponatremia, and
pseudomeningocele.

During follow-up, 141 patients had documented failure
of their ETV requiring repeat hydrocephalus surgery. Ka-
plan-Meier rates of 30-day, 90-day, 6-month, 1-year, and
2-year failure-free survival were 73.7%, 66.7%, 64.8%,
61.7%, and 57.8%, respectively. Figure 1 shows the Ka-
plan-Meier survival curve for time to first ETV failure.

The ETVSS was determined for 334 patients, as an ac-
curate etiology of hydrocephalus could not be defined in 2
patients. Among these 334 patients, the observed 6-month
Kaplan-Meier success rate of 64.5% was 10% less than the
average ETVSS of 74.8%, which represents the predicted
6-month ETV success rate based on baseline patient prog-
nostic factors.

In univariate survival analyses, the following 2 vari-
ables had associations with ETV success with a p < 0.15:
ETVSS (p < 0.001, Cox regression) and ability to view a
naked basilar artery (p = 0.013, log-rank test). When these

Endoscopic third ventriculostomy

TABLE 1. Summary of characteristics in 336 patients who
underwent ETV

Variable No. of Cases (%)
Previous shunt 63 (18.8%)
Age atETV
<1 mo 8 (2.4%)
1to <6 mos 22 (6.5%)
6 to <12 mos 21(6.2%)
110 <10 yrs 164 (48.8%)
210 yrs 121 (36.0%)
Etiology of hydrocephalus*
Aqueductal stenosis 83 (24.8%)
Midbrain tumor/lesion 71(21.2%)
Posterior fossa tumor 48 (14.4%)
Other intracranial cyst 21 (6.3%)
Post-IVH 20 (6.0%)
Supratentorial tumor 18 (5.4%)
Posterior fossa cyst 9 (2.7%)
Communicating congenital 12 (3.6%)
Myelomeningocele 10 (3.0%)
CSF infection 6 (1.8%)
Craniosynostosis 6 (1.8%)
Other congenital 1(0.3%)
Head injury 3 (0.9%)
Spontaneous ICH/IVH/SAH 4 (1.2%)
Other etiology 22 (6.6%)
ETVSS*
10 1(0.3%)
20 1(0.3%)
30 3 (0.9%)
40 9 (2.7%)
50 20 (6.0%)
60 24 (7.2%)
70 78 (23.4%)
80 123 (36.8%)
90 75 (22.4%)

ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage; SAH =
subarachnoid hemorrhage.
* Data available in 334 patients.

2 variables were entered into a multivariate Cox regression
analysis, both remained significant. For ETVSS, the esti-
mated relative risk of failure decreased by 21% for a patient
with a score 10 points higher than another (HR 0.79,95% CI
0.70-0.89, p < 0.001), while the estimated risk of failure was
one-half for a patient in whom a naked basilar artery was vi-
sualized versus not (HR 0.50,95% C10.28—0.91, p =0.023).

The results were very similar when using survival anal-
ysis to determine predictors of ETV success at 6 months.
In univariate analyses, the following had associations with
p <0.15: ETVSS (p < 0.001), ability to view a naked basi-
lar artery (p = 0.022), and estimated size of the ostomy (p
= 0.049). Kaplan-Meier 6-month success rates for these
factors are shown in Table 5. When all 3 variables were
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TABLE 2. Operative details in patients who underwent ETV

TABLE 3. Details of fenestration of the third ventricle floor

Variable No. of Cases (%) Variable No. of Cases (%)
Type of endoscope used* Fenestration of 3rd ventricle abandoned 25 (7.4%)

Flexible 36 (10.8%) Method of initial floor penetration*

Rigid 296 (89.2%) Monopolar cautery w/o cauterization 39 (12.6%)
Concurrent biopsy performed 47 (14.0%) Monopolar cautery w/ cauterization 1(0.3%)
Degree of intraop bleeding Bipolar cautery 18 (5.8%)

None 198 (58.9%) Stylet 167 (54.0%)

Mild (did not obstruct view totally) 118 (35.1%) Closed forceps 77 (24.9%)

Moderate (view totally obstructed but cleared w/ 14 (4.2%) Scissors 4 (1.3%)

in 2-3 mins) Endoscope 3(1.0%)

Severe (took >5 mins to return to clear working 6 (1.8%) 3rd ventricle floor ballooned up after fenestrationt 247 (80.2%)

condition) Residual prepontine membranes left unopenedt 63 (20.4%)
Degree of forniceal injuryt Scope guided through ostomy 280 (90.3%)
No visible injury w/ fornix pristine 267 (83.4%) Naked BA visualized* 290 (93.8%)

Small, punctate contusions or subpial
hemorrhage(s) but ependyma intact

41 (12.8%)

Large confluent contusions or subpial hemor- 1(0.3%)
rhage but ependyma intact
Small breach of ependyma overlying fornix 9 (2.8%)
Frank tear of fornix 2(0.6%)
Major arterial injury 1(0.3%)
Venous injury 5 (1.5%)
Thalamic contusion 6 (1.8%)
Hypothalamic contusion 5 (1.5%)

* Data were missing in 4 cases.
1 Data were missing in 3 cases, and forniceal injury could not be assessed in
13 cases.

entered into a multivariate Cox regression analysis, only
ETVSS (HR for 10-point increase 0.79, 95% CI 0.69—0.90,
p < 0.001) and ability to view a naked basilar artery (HR
0.49,95% C10.26-0.95, p = 0.035) remained significant.

Discussion

The results of this study represent the largest prospec-
tive multicenter experience with ETV in North America to
date. We have shown that serious complications from ETV
are low when the procedure is performed at centers with
experienced practitioners (< 2% incidence of new neuro-
logical deficit or meningitis) and that the ETVSS is the
strongest predictor of ETV success. We also found that vi-
sualization of a naked basilar artery was independently as-
sociated with ETV success. The unique major strengths of
this study compared with studies reported in the literature
include the detailed, prospective, contemporaneous collec-
tion of intraoperative data, the relatively large sample size,
and the involvement of multiple centers. These strengths in-
crease both the internal and external validity of our results.

Recently, Bouras and Sgouros reviewed the literature to
estimate ETV complications based on published case se-
ries.? They included data from 2985 ETVs from 34 series,
which represents a wide range of practice settings contrib-
uting to their summary estimates. In distinction, our series
was limited to select North American academic centers.
However, the vigilance of complication reporting and com-
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BA = basilar artery.

* Data missing for 27 cases.
t Data missing for 28 cases.
1 Data missing for 26 cases.

plication definitions varied widely among the 34 series they
included, whereas we had contemporaneously collected
intraoperative data on individual patients and standard a
priori definitions of complications. Therefore, our results
may provide a more accurate assessment of the true inci-
dence of ETV complications, although the applicability of
our results to other practice settings may be more limited.
Compared with the results of Bouras and Sgouros, our find-
ings indicated higher rates of intraoperative bleeding (6.0%
moderate or severe bleeding compared with 3.7% “consid-
erable intraoperative bleeding”?), but the rate of major arte-
rial injury was similar (0.3% compared with 0.2%). This re-
sult is probably attributable to our ability to more carefully
document less severe intraoperative bleeding episodes. It
also explains why our data demonstrate much higher rates
of forniceal (16.6%), hypothalamic (1.5%), and thalamic
(1.8%) injury than did the data of Bouras and Sgouros, who
reported a combined incidence of only 0.24%. The relatively
high rate of forniceal injury, in particular, is a novel finding
of our study. Although virtually all such injuries resulted in

TABLE 4. Postoperative complications in 204 patients

Complication No. of Cases (%)

CSF leak 9 (4.4%)
Hyponatremia 8 (3.9%)
Pseudomeningocele 8 (3.9%)
Seizure 4(2.0%)
Meningitis 3(1.5%)
New neurological deficit 3(1.5%)

Temporary 2 (1.0%)

Permanent 1(0.5%)
IVH 1(0.5%)
Wound infection 1(0.5%)
Urinary tract infection 1(0.5%)
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FIG. 1. Survival curve showing time to first ETV failure.

no obvious postoperative deficit, we cannot exclude the pos-
sibility that these injuries may adversely, albeit subtly, affect
cognitive function. This matter should be a focus of further
work. With respect to clinically relevant postoperative com-
plications, our incidence of meningitis (1.5%) was similar to
that in the Bouras and Sgouros study (1.8%), but we noted
a higher incidence of CSF leak (4.4% vs 1.6%) and a lower
incidence of permanent neurological deficit (0.5% vs 1.4%).

Predicting ETV success is important in helping to select
appropriate candidates for the procedure and to counsel

TABLE 5. Success of ETV based on ETVSS and intraoperative
factors

No. of Cases 6-Mo Kaplan-
(% available ~ Meier Success
Variable cases) Rate (%)
ETVSS (n=334)
<40 14 (4.2%) 21.4%
50-70 122 (36.5%) 52.2%
280 198 (59.3%) 75.9%
Able to view naked BA (n = 309)
No 19 (6.1%) 47.4%
Yes 290 (93.9%) 71.7%
Estimated size of 3rd ventricle
floor ostomy (n = 305)
<4 mm 39 (12.8%) 68.9%
4 to <6 mm 148 (48.5%) 65.1%
6 to <8 mm 84 (27.5%) 70.9%
28 mm 34 (11.1%) 85.2%

n = number of patients.

families about the merits of ETV relative to shunting.'>'4
The ETVSS has been shown to predict, with reasonable ac-
curacy, the chances of ETV success using only preoperative
data (patient age, etiology of hydrocephalus, and history of
a previous shunt)® and has been independently validated in
many settings around the world.!*378.16.18.24 Qther means of
predicting ETV success have also been postulated, includ-
ing preoperative predictors,' radiological predictors,® and
intraoperative predictors.” We found, on univariate analysis
only, that a larger ostomy size and the presence of a naked
basilar artery were predictive of 6-month ETV success.
On multivariate analyses, however, only the ETVSS and
a naked basilar artery remained as significant predictors.
We note that Kombogiorgas and Sgouros did not find any
intraoperative predictors of ETV success in a small sample
of 33 patients in whom operative videos were reviewed.'
Despite this, however, it is possible that some other intraop-
erative predictors exist beyond visualization of the naked
basilar artery (especially since the trend shown in Table 5
for ostomy size is compelling), but the limitations of our
study obscured our ability to detect them. For example, we
did not establish the degree of interobserver reliability in
our intraoperative variables, for example, a surgeon’s es-
timate of ostomy size, the presence of residual prepontine
membranes, or ballooning of the third ventricle floor. All
of these are fairly subjective, and any lack of reliability in
measuring these variables would attenuate the true rela-
tionship that may exist with ETV success. Moreover, we
did not include as one of our variables the presence of pul-
sations at the third ventricle floor after ETV completion, as
had been suggested by Greenfield et al.? Instead, we tried to
capture the concept of this variable, that is, the assessment
of flow through the ostomy, by looking for any ballooning
of the third ventricle floor after ostomy creation. Another
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limitation is the relative lack of heterogeneity in some of
our intraoperative variables. For example, in fewer than
10% of patients a scope could not be guided through the
ostomy. In only about 20% were there residual prepontine
membranes or a third ventricle floor that did not balloon
up after ostomy creation. The relatively low incidence of
these events is probably attributable to selecting patients
with anatomy most favorable for ETV combined with the
experience of the surgeons involved, all of whom are full-
time pediatric neurosurgeons at fellowship training centers.
Regardless, it can be difficult to identify, for variables with
such little heterogeneity, a true association with outcome.

An added feature of our data is that they provide a snap-
shot of the current state of how ETV is used in North Amer-
ica. Specifically, a review of patient characteristics reveals
that the majority of patients chosen for ETV were gener-
ally expected to have a reasonably high chance of success,
with little evidence of extending traditional indications. For
example, infants under 1 year of age accounted for only
15.2% of the sample, and the ETVSS was = 70 in 83% of
the patients. These figures portray a relatively conservative
approach in the use of ETV. While this approach represents
an accurate picture of the current practice pattern for ETV
in North America, it does not include the impact that the
addition of CPC may bring.*!723:26.2728 The addition of CPC
could expand the patient base for ETV to include more in-
fants (with lower ETVSS), but its role in North America
needs further study. In the HCRN, we are currently enroll-
ing infants in a prospective study of ETV+CPC to better
define the indications for this procedure.

We recognize important limitations to our study in addi-
tion to those already mentioned. For example, patient selec-
tion and the determination of ETV failure and complica-
tions were decided entirely by the treating surgeon, without
independent adjudication. The failure of ETV is often hard
to define since ventricle size is known to remain large even
in seemingly successful cases.’>*'2? Although the impact
of persistently enlarged ventricles on long-term outcome is
still a point of debate,'!'* the tolerance for larger ventricles
does result in different standards for declaring treatment
failure compared with shunt failure. Treating surgeons may
also have a natural tendency to under-report complications.
We tried to mitigate this factor by ensuring that trained
research coordinators who were independent of the clini-
cal team captured the data on complications. Regardless,
independent review of outcomes would have strengthened
our results. Another issue with our study is the limited
sample size. Although we performed a rather large series, a
further substantial increase in sample size would have en-
sured more accurate estimates of complications, especially
those that are rare. We, therefore, acknowledge that further
prospective data collection is necessary, and this will be
continued by the HCRN.

Conclusions

Our reported experience represents the most detailed
account of results of ETV in North America and provides
the most accurate picture to date of ETV success and com-
plications. Serious complications are uncommon. In addi-
tion to the ETVSS, visualization of a naked basilar artery
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was predictive of ETV success. Further prospective work
is needed to address some of the limitations of our study
and will be performed by the HCRN.

Appendix
Hydrocephalus Clinical Research Network Members

The HCRN currently consists of the following clinical centers
and investigators: Primary Children’s Hospital, University of Utah
(J. Kestle); Children’s Hospital of Alabama, University of Alabama
at Birmingham (J. Oakes, C. Rozzelle); Hospital for Sick Children,
University of Toronto (J. Drake, A. Kulkarni); Texas Children’s
Hospital, Baylor College of Medicine (T. Luerssen, W. White-
head); Seattle Children’s Hospital, University of Washington (S.
Browd, T. Simon); Children’s Hospital of Pittsburgh, University of
Pittsburgh (M. Tamber); St. Louis Children’s Hospital, Washington
University in St. Louis (D. Limbrick); Monroe Carell Jr. Children’s
Hospital at Vanderbilt, Vanderbilt University Medical Center (J.
Wellons, R. Naftel, C. Shannon); British Columbia Children’s
Hospital, University of British Columbia (D. Cochrane); HCRN
Data Coordinating Center, Department of Pediatrics, University of
Utah (R. Holubkov, J. Riva-Cambrin).
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