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Abstract

Objective—Endoscopic third ventriculostomy (ETV) is an option for treatment of
hydrocephalus, including for patients who have a history of previous treatment with CSF shunt
insertion (CSF shunt). The purpose of this study was to report the success of postshunt ETV by
using data from a multicenter, prospective registry.

Methods—~Prospectively collected data in the Hydrocephalus Clinical Research Network
(HCRN) Core Data Project (i.e., HCRN Registry) were reviewed. Children who underwent ETV
between 2008 and 2019 and had a history of previous treatment with a CSF shunt were included.
A Kaplan-Meier survival curve was created for the primary outcome: time from postshunt ETV to
subsequent CSF shunt placement or revision. Univariable Cox proportional hazards models were
created to evaluate for an association between clinical and demographic variables and subsequent
shunt surgery. Postshunt ETV complications were also identified and categorized.

Results—A total of 203 children were included: 57% male, 43% female; 74% White, 23%
Black, and 4% other race. The most common hydrocephalus etiologies were postintraventricular
hemorrhage secondary to prematurity (56, 28%) and aqueductal stenosis (42, 21%). The ETV
Success Score ranged from 10 to 80. The median patient age was 4.1 years. The overall success
of postshunt ETV at 6 months was 41%. Only the surgeon’s report of a clear view of the basilar
artery was associated with a lower likelihood of postshunt ETV failure (HR 0.43, 95% CI 0.23—
0.82, p = 0.009). None of the following variables were associated with postshunt ETV success:
age at the time of postshunt ETV, etiology of hydrocephalus, sex, race, ventricle size, number
of previous shunt operations, ETV performed at time of shunt infection, and use of external
ventricular drainage. Overall complications were reported in 22% of patients, with CSF leak
(8.6%) the most common complication.

Conclusions—Postshunt ETV was successful in treating hydrocephalus, without subsequent
need for a CSF shunt, in 41% of patients, with a clear view of the basilar artery the only
variable significantly associated with success. Complications occurred in 22% of patients. ETV
is an option for treatment of hydrocephalus in children who have previously undergone shunt
placement, but with a lower than expected likelihood of success.

In Brief

Researchers from the Hydrocephalus Clinical Research Network (HCRN) queried the HCRN core
data set for children who had undergone endoscopic third ventriculostomy (ETV) after previously
undergoing shunt placement. The overall success rate of ETV in patients who previously received
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a shunt was 41%. The only variable to show significant association with ETV success was a
surgeon’s report of a clear view of the basilar artery. The observed rate of success was lower than
predicted by the ETV Success Score.

Keywords

ventriculoperitoneal shunt; endoscopic third ventriculostomy; ETV revision; Hydrocephalus
Clinical Research Network

Methods

CeresrosPINAL fluid shunting remains the most common treatment for pediatric
hydrocephalus. Endoscopic third ventriculostomy (ETV) is an alternative to CSF shunting
that is potentially favorable due to the lack of implanted hardware. Most previous studies of
ETV have focused on its role as an initial treatment for hydrocephalus and on comparing
ETV to CSF shunting. However, there are some children who have previously been treated
with a CSF shunt who may be candidates for ETV. This clinical scenario—ETV performed
in children with a history of CSF shunting—has not been as rigorously studied as primary
ETV and is the focus of this study.

The ETV Success Score (ETVSS) is the most widely used scale to estimate the likelihood

of ETV success for a given patient. Although the age of the patient is the most important
component of the ETVSS, history of previous treatment with a shunt is also included in

the model. According to the ETVSS, previous shunting reduces the likelihood of ETV
success by approximately 10%.1:2 There have been numerous previous studies of ETV in
children with a history of a CSF shunt (postshunt ETV), reporting success rates from 50% to
80%.3-18 Two review articles also covered this topic, one of which reported ETV success by
meta-analysis in 68% of 519 pooled patients.1%:20 However, nearly all of these reports were
single-center retrospective reviews, the largest of which included 88 patients. Most previous
studies included fewer than 50 patients. The primary purpose of this study was to report the
effectiveness of ETV in children who had previously been treated with a CSF shunt at one of
the institutions in the multicenter Hydrocephalus Clinical Research Network (HCRN).

Because children with a history of a CSF shunt may have smaller ventricles than patients
whose hydrocephalus has not been treated, endoscopic treatments like ETV may be more
challenging. Thus, the risk of complication may be higher with postshunt ETV than with
primary ETV. A secondary aim of this study was to evaluate the safety of postshunt

ETV. Finally, we examined common clinical and demographic factors for association with
postshunt ETV success.

Study Design

This study included all children with a history of treatment with a CSF shunt who underwent
ETV between April 2008 and December 2019 at one of 13 HCRN centers (Children’s
Hospital of Alabama, Birmingham, AL; Primary Children’s Hospital, Salt Lake City, UT;
Seattle Children’s Hospital, Seattle, WA; Children’s Hospital of Pittsburgh, PA; St. Louis
Children’s Hospital, St. Louis, MO; Texas Children’s Hospital, Houston, TX; SickKids
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Hospital, Toronto, Canada; Monroe Carell Jr. Children’s Hospital at Vanderbilt, Nashville,
TN; British Columbia Children’s Hospital, VVancouver, BC; Alberta Children’s Hospital,
Calgary, AB; Children’s Hospital of Los Angeles, CA; Children’s Hospital Colorado,
Aurora, CO; and Nationwide Children’s Hospital, Columbus, OH). Data were collected
prospectively into the observational HCRN Core Data Project (i.e., HCRN Registry),
tracking all hydrocephalus surgeries at each HCRN center from date of joining the HCRN
to the present. Informed consent is not required at most centers, allowing for comprehensive
enrollment and construction of a representative sample. IRB approval was obtained from
each clinical site as well as the data-coordinating center.2!

The HCRN Registry database was reviewed for all patients who had placement of a shunt
as the first permanent treatment of hydrocephalus. Among these children, those who had
a subsequent ETV procedure while younger than 17 years within the specified time frame
were identified. Children who had a record of a CSF shunt on the same day as ETV were
excluded, presuming that these represented attempted but unsuccessful ETV or ETV with
immediate failure.

The primary analysis was an estimate of the time to CSF shunt surgery (placement or
revision) after a postshunt ETV. Time to shunt surgery was defined as placement of a
subsequent CSF shunt following the ETV or revision of CSF shunt. Shunt surgery was
selected as the primary outcome, rather than ETV failure, because the goal for most
postshunt ETV procedures is to render the patient shunt-free. In addition, postprocedural
(during the hospital stay) complications after a postshunt ETV were identified and defined
as follows: any new neurological deficit; CSF leak (defined as any episode of CSF

leak, regardless of treatment); wound infection; diabetes insipidus; or other complications
(hyponatremia, urinary tract infection, sepsis, intracranial fluid collection, meningitis,
seizure, pseudomeningocele, hemorrhage). Finally, the ETVSS was calculated for each
patient.

Statistical Analysis

Patient characteristics and postprocedural complications are presented as counts and
percentages for categorical variables and as the median, first quartile, and third quartile

for continuous variables. A Kaplan-Meier curve of time to shunt surgery was created for

the primary analysis. Patients were censored at the time of most recent follow-up, relocation
away from HCRN-participating sites, or death.

After verifying that a proportional hazards assumption was plausible, univariable Cox
proportional hazards models were created to evaluate for association between clinical and
demographic variables and time to shunt surgery after a postshunt ETV. Candidate predictors
included the following: corrected age at postshunt ETV procedure; sex; race; etiology

of hydrocephalus (e.g., post—intraventricular hemorrhage [IVH] secondary to prematurity,
myelomeningocele, aqueductal stenosis, and other etiology); frontal/occipital horn ratio
(FOR); performance of a septostomy; choroid plexus cauterization (CPC); presence of
bleeding during the procedure (mild = not totally obstructing the view; moderate = view
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totally obstructed, but clearing within 2—-3 minutes; severe = more than 5 minutes required
to return to clear working conditions); method of dilation of the ETV site; characterization
of the view of the basilar artery (BA); and whether the postshunt ETV was performed at
the time of shunt infection. The p values were reported based on a 2-sided alternative and
are considered significant where p < 0.05. A multivariable Cox proportional hazard model
was created including age at the time of postshunt ETV, etiology of hydrocephalus, and
any variable with p < 0.1 on the univariable analysis. Patients with missing data were only
excluded from analyses involving the missing data point. Results are reported as hazard
ratios and 95% confidence intervals. All analyses were conducted using SAS 9.4 (SAS
Institute).

A total of 203 patients were included in the study cohort. Figure 1 shows the composition

of the study cohort from the broader HCRN Registry. There were 115 (57%) male and

88 (43%) female children. The majority of children were White (121, 74%), with Black

and other race constituting 23% and 4%, respectively. Primary medical insurance coverage
was mixed between private (38%); public (Medicare, Medicaid, Canadian provincial health
insurance) (43%); and military (18%). The most common hydrocephalus etiologies were
post-IVH secondary to prematurity, myelomeningocele, and aqueductal stenosis. ETVSS
ranged from 10 to 80, with 65% of patients having an ETVSS of 60 or 70. Across the entire
sample, the mean ETVSS was 60.1 (SD 15.5). Details of the makeup of the study sample are
shown in Table 1.

The median age at the time of postshunt ETV was 4.1 years (interquartile range [IQR] 1.0-
10.2). The median FOHR was 0.48 (IQR 0.42-0.58). In 50 cases (25%) postshunt ETV was
performed in the setting of a shunt infection. CPC was not performed during most postshunt
ETV procedures (106, 67%). Bleeding during the procedure occurred in 86 (42%), most
often classified as mild (75 mild bleeding events, 37% of the total sample). Many different
methods were used for dilation of the ETV, including forceps, balloons, and the endoscope.
Details are shown in Table 2. A clear view of the BA after performance of ETV was reported
in 170 cases (93%). After surgery, the median length of stay was 5 days (IQR 2.0-10.0).
External ventricular drains (EVDs) were used in 107 cases (58%).

Figure 2 shows the Kaplan-Meier survival plot for shunt surgery after a postshunt ETV. The
overall success rate at 6 months was 41% (83 patients). Univariable Cox proportional hazard
analysis of factors associated with time to shunt surgery is shown in Table 3. A surgeon’s
report of a clear view of the BA in the prepontine cistern was associated with lower HR for
shunt surgery (HR 0.43, 95% CI 0.23-0.82, p = 0.009). In addition, severe bleeding during
the procedure was associated with higher HR compared to no bleeding (HR 4.83, 95% ClI
1.17-19.96). A multivariable model, including age, hydrocephalus etiology, clear view of
the BA, and bleeding during the procedure showed only a clear BA view (HR 0.45, 95%

Cl 0.23-0.86, p = 0.016) to be significantly associated with remaining shunt free after a
postshunt ETV (Table 4). Older age was very nearly significant (HR 0.96, 95% CI 0.92-1.0,
p = 0.05).
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There was a subset of 76 patients in whom their entire shunt history from initial insertion

to postshunt ETV, including all intervening shunt revisions, was available in the HCRN
Registry. Within this subset, the median number of shunt revisions prior to ETV was 1 (IQR
0-2). A Cox regression model determined that there was no association between the number
of previous shunt revisions and time to shunt after a postshunt ETV (HR 0.97, 95% ClI
0.82-1.15, p = 0.695).

Immediate postprocedural complications were reported in 38 of 175 cases for which data
were available (22%). Table 5 contains details about complications.

Discussion

In this study, we have examined children with shunted hydrocephalus who underwent ETV.
Although several previous studies have investigated this question, the present sample is the
largest single study and represents prospectively collected data from multiple centers. We
found an overall success rate for ETV in previously shunt-treated patients of 41% at 6
months. This success rate is lower than most reports from the literature. The median age in
the present study was 4.1 years (IQR 1.0-10.2). In much of the published literature, patients
included in studies of ETV are older, and it is well established that older age is associated
with higher likelihood of ETV success. For example, in a systematic review of 15 studies,
including 519 patients, the ETV success rate was 68.2%, but the mean age of included
patients was 9.8 years.19 In addition, the ETVSS for the present sample predicts likelihood
of ETV success to be 60%, higher than the 41% observed. This suggests that the ETVSS
may overestimate the likelihood of ETV success in children with an existing CSF shunt.

Of all variables examined, only the presence of a clear view of the BA was associated

with a lower hazard ratio for ETV failure. A clear view of the BA is an indication that
there is minimal arachnoid scarring present in the prepontine cistern. In earlier HCRN
studies, this variable showed significant association with ETV success in a sample of
children undergoing first-time ETV without CPC, but no significant association when CPC
was included.?2:23 Other studies have also reported on the importance of minimal cisternal
scarring.24 This variable is somewnhat subject to the judgement of the operating surgeon.
While there is no specific study of “clear view of BA,” the assessment of scarring in the
prepontine cistern has been shown to have moderate agreement in an interrater reliability
study.2® Our present findings reinforce the importance of an open, unscarred cistern for ETV
success, as judged by a clear view of the BA. In addition, based on these results, a surgeon
could decide to proceed with immediate shunt placement if a scarred or closed cistern is
encountered at the time of postshunt ETV.

Other variables, such as age and hydrocephalus etiology, did not show significant association
with success of postshunt ETV. Some previous studies have shown a significant effect of
age,> whereas others have shown no significant effect of age on outcome.1118 Similarly, the
etiology of hydrocephalus has had a significant effect on outcome in some studies, 17 but
not in others.11 One possible explanation for the lack of significance in the present study

is the lack of variation in the sample for these two components of the ETVSS. Most of

the included patients were between 1 and 10 years of age. All of these patients would be
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assigned the same age score using the ETVSS.! Similarly, the etiology of hydrocephalus for
63% of patients in the current study was either post-1VH, myelomeningocele, or aqueductal
stenosis. Using the ETVSS, these would be assigned a very similar etiology score. Thus,
although there is a wide range of pediatric patients represented in this sample, it represents a
narrower range of ETV success likelihood.

Previous studies have also shown an association between a history of multiple shunt
revisions and lower likelihood of success of postshunt ETV.13:15.16 Our analysis of this

risk factor was limited to a subset of the overall sample: those patients for whom the details
of all previous shunt surgeries were known. However, in that subset we saw no association
between number of shunt revisions and postshunt ETV success. Therefore, postshunt ETV
might be considered as a treatment option regardless of the number of previous shunt
surgeries.

Examination of the survival curve for postshunt ETV shows that nearly all ETV failures
occur within the first 6 months, and many occur within the first month. Existing literature
demonstrates a similar pattern. Among studies that report time to postshunt ETV failure, 6
state that 95% or more of the failures occur within 1 month.4:5:8.9.11.26 The preponderance of
failures early after ETV suggests that cautious optimism might be appropriate for physicians
and patients if a postshunt ETV continues to show signs of success after 6 months.

Complications have been reported to occur after a postshunt ETV in 0%-30% of
cases.3412.13 The complication rate in the present study was 22%, most commonly CSF
leaks. Wound infection, diabetes insipidus, and neurological deficit were rare. A systematic
review of reports of complications after ETV shows an overall complication rate of 8.5%.27
The observed complication rate of this series is higher. This may be related to the presence
of smaller ventricles when performing an ETV in a patient who has a CSF shunt, although
new neurological deficit or diabetes insipidus (the complications that might be more likely in
a patient with small ventricles) were rare (2.3% and 0%, respectively). In addition, previous
studies comparing neuroendoscopy in patients with small ventricles to those with large
ventricles showed no additional risk with smaller ventricles.28 Another possibility is that
the reporting of complications is robust in this prospective sample. For example, any small
amount of hemorrhage or subcutaneous fluid on postoperative imaging studies would be
considered a hemorrhage or a minor pseudomeningocele. The most common complication
was a CSF leak (8.6%). Post hoc analysis of endoscope type revealed equal CSF leak rates
using flexible versus rigid endoscopes. Given the low rate of success overall, this is likely
to be a common way for postshunt ETV to show failure: persistent elevation of intracranial
pressure would lead to increased risk of CSF leak. Surgeons should be aware of the risk of
these complications when deciding whether to offer postshunt ETV.

This study is based on data from a registry of patients treated surgically for hydrocephalus.
The analysis was performed retrospectively. However, all data were collected prospectively,
with established protocols for data fidelity, validation, and quality control. The registry

includes only centers in North America, so generalization of these data to other parts of the
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world may not be appropriate. Surgeons selected patients for postshunt ETV based on their
own, nonstandardized clinical criteria. This represents a potential source of selection bias.

Shunt surgery was used as the primary outcome for this analysis, rather than any
hydrocephalus treatment. Therefore, in a patient who had a postshunt ETV followed by
atemporary EVD or a redo ETV, that would not be counted as a failed ETV. This was
intentional given that the goal for most postshunt ETV procedures is to render the patient
shunt-free. We performed the analysis again (data not shown) with ETV failure (defined

as any hydrocephalus procedure) as the outcome, and there were no differences in any
parameter from the analyses shown here. Of note, 7 patients had redo ETV as treatment for
presumed failure of the postshunt ETV. Of these 7 redo procedures, 4 were successful, with
no record of additional treatment. The other 3 patients later had shunt placement.

Some data points were missing for some patients, and these individuals were excluded

only from the involved analyses. This could be a source of bias if the missing data were

not random. No effort was made to control for this. However, the amount of missing data

in the variables that were significant in our model was small, and therefore we estimate

that the risk of this bias is small. This analysis considers children who underwent ETV

and ETV+CPC together, even though ETV+CPC is usually only performed in very young
children. The primary analysis (Table 3) showed no significant effect of including CPC. We
constructed post hoc Kaplan-Meier survival curves to assess for a difference between ETV
and ETV+CPC, and these show no difference in the rate of shunt surgery depending on CPC
(Fig. 3). Finally, we found no relationship between EVD use and ETV success. However,
no information was available about how the drain was used (clamped, open, duration of
use, etc.). It is possible that with more granular detail, a relationship might be uncovered.
Similarly, different types of infections (different organisms) might have led to different
failure rates even though no overall effect of infection was observed.

Conclusions

The 6-month success of ETV in children who had previously been treated with shunts

was 41%. A clear surgical view of the BA in the prepontine cistern was associated with

a higher likelihood of postshunt ETV success. Success observed in this study was lower
than predicted by the ETVSS. Complications occurred in more than 20% of patients, which
was higher than published series of ETV, indicating that postshunt ETV may be more
challenging than ETV as initial treatment for hydrocephalus.
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TABLE 1.

Characteristics of patients who received postshunt ETV

Overall, n =203
Male 115 (56.7%)
Race
White 121 (73.8%)
Black or African American 37 (22.6%)
Other 6 (3.7%)

Gestational age at birth in wks, median (IQR) 7

36.0 (28.0-39.0)

Primary insurance classification?

Public—Medicaid, Medicare

87 (43.3%)

Private

77 (38.3%)

Other—i.e., military

37 (18.4%)

Etiology of hydrocephalus

Post-1VH secondary to prematurity

56 (27.6%)

Myelomeningocele

30 (14.8%)

Aqueductal stenosis

42 (20.7%)

Other etiology 75 (36.9%)
ETVSS

10 4(2.0%)

20 2 (1.0%)

30 11 (5.4%)
40 21 (10.3%)
50 11 (5.4%)
60 59 (29.1%)
70 73 (36.0%)
80 22 (10.8%)

Average ETVSS

60.1

*
Missing in 39 patients.
o o .
Missing in 42 patients.

17tMissing in 2 patients.
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TABLE 2.
Postshunt ETV procedure summary
Overall,
n =203
Age at time of ETV in yrs, median (IQR) 4.1(1.0-10.2)

FOR, median (IQR) *

0.48 (0.42-0.58)

Septostomy performed 1 23 (17.3%)
CPC done?
None 106 (67.1%)
Unilat— partial 7 (4.4%)
Unilat— complete 4 (2.5%)
Bilat— partial 13 (8.2%)
Bilat— complete 28 (17.7%)
Bleeding during procedure
None 117 (57.6%)
Mild 75 (36.9%)
Moderate 9 (4.4%)
Severe 2 (1.0%)
Dilation method¥
Forceps 28 (15.6%)
Fogarty catheter 51 (28.3%)
Neuroballoon 46 (25.6%)
Spreader 8 (4.4%)
Endoscope 32 (17.8%)
Multiple 15 (8.3%)

BA clear view”

170 (92.9%)

EVD placement during ETV procedure ** 107 (57.5%)
Length of stay after ETV in days, median (IQR)77 | 5.0 (2.0-10.0)
ETV was part of a shunt infection treatment 50 (24.6%)

*

Missing in 31 patients.
fMissing in 70 patients.
Eo .

Missing in 45 patients.
& o )

Missing in 23 patients.
”M‘ Lo .

issing in 20 patients.
Ak

Missing in 17 patients.

7‘7‘Missing in 4 patients.
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TABLE 3.

Univariable associations with time to shunt surgery in postshunt ETV revisions

[Au: Deleted head for consistency w/ Table 4]

HR (95% CI) p Value
Age at time of PSETV in yrs 0.98 (0.94-1.01) 0.184
Sex 0.383
Female Reference
Male 0.85 (0.60, 1.22)
Race 0.221
White Reference
Black or African American 0.63(0.37, 1.07)
Other 1.04 (0.38, 2.86)
Etiology of hydrocephalus 0.840
Post-1VH secondary to prematurity Reference
Myelomeningocele 0.98 (0.56, 1.73)
Aqueductal stenosis 0.81 (0.48, 1.36)
Other etiology 0.87 (0.56, 1.36)
FOR 0.96 (0.83, 1.11) 0.617
Septostomy performed 1.34(0.76, 2.36) 0.313
CPC done 0.811
No Reference
Yes 1.05 (0.68, 1.62)
Bleeding during procedure 0.098
None Reference
Mild 1.32 (0.91, 1.91)
Moderate 1.07 (0.43, 2.65)
Severe 4.83 (1.17, 19.96)
Dilation method 0.984
Forceps 1.13(0.57,2.27)
Fogarty catheter 1.20 (0.66, 2.20)
Neuroballoon 1.09 (0.58, 2.03)
Spreader 1.39 (0.51, 3.78)
Endoscope Reference
Multiple 1.23 (0.56, 2.70)
BA clear view 0.43(0.23,0.82) 0.009
ETV was part of a shunt infection treatment approach | 1.04 (0.69, 1.54) 0.864
Gestational age at birth, wks 1.00 (0.96, 1.03) 0.813
Primary insurance classification 0.927

Public—Medicaid, Medicare

Reference

Private

1.07 (0.72, 1.59)
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[Au: Deleted head for consistency w/ Table 4]

HR (95% ClI) p Value
Other—i.e., military 1.08 (0.65, 1.80)
EVD placement during PSETV procedure 0.140
No Reference
Yes 1.34(0.91, 1.98)

PSETV = postshunt ETV.
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Multivariable
HR (95% Cl) | pValue
Age at time of PSETV, in yrs 0.96 (0.92-1.00) 0.050
Etiology of hydrocephalus 0.937
Post-1VH secondary to prematurity Reference
Myelomeningocele 0.85 (0.44, 1.62)
Aqueductal stenosis 0.85 (0.49, 1.49)
Other etiology 0.89 (0.54, 1.46)
BA clear view 0.45 (0.23, 0.86) 0.016
Bleeding during procedure 0.123
No Reference
Yes 1.36 (0.92, 2.01)
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TABLE 5.

Complications after PSETV procedure

Postprocedural Complications,

n=175

New neurological deficit 4 (2.3%)
CSF leak 15 (8.6%)
Wound infection 2 (1.1%)
Diabetes insipidus 0 (0%)
Hyponatremia 3 (1.7%)
Urinary tract infection 3(1.7%)
Sepsis 3 (1.7%)
Intracranial fluid collection 3(1.7%)
Overdrainage/underdrainage Sxs | 3 (1.7%)
Documented bacterial meningitis | 3 (1.9%)
Seizure 6 (3.4%)
Pseudomeningocele

Minor 7 (4.0%)

Major 1 (0.6%)
Postop hemorrhage

IVH 3 (1.7%)

ICH 1 (0.6%)

EDH 0 (0%)

SDH 0 (0%)

EDH = epidural hemorrhage; ICH = intracerebral hemorrhage; SDH = subdural hemorrhage; Sxs = symptoms.

Total of 57 complications in 38 patients.
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