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Structured Abstract

Objective—Primary treatment of hydrocephalus with endoscopic third ventriculostomy and
choroid plexus cauterization (ETV+CPC) is well described in the neurosurgical literature,
reporting a wide range of success and complication rates. The purpose of this study is to describe
the safety and efficacy of ETV revision after initial ETV+CPC failure.

Methods—~Prospectively collected data in the Hydrocephalus Clinical Research Network
(HCRN) Core Data Project (Registry) were reviewed. Children who underwent ETV+CPC as
initial treatment for hydrocephalus between 2013 and 2019, and in whom the initial ETV+CPC
was completed (not abandoned) were included. Log-rank survival analysis was used to compare
time to failure (any other surgical treatment for hydrocephalus or death related to hydrocephalus)
of the initial ETV+CPC procedure versus the ETV revision (the primary analysis), using random
effect modeling to account for subjects being included in both the initial and revision groups.
Secondary analyses compared ETV revision to shunt placement after failure of initial ETV+CPC
using log-rank test, and shunt failure after ETV+CPC versus after ETV revision. Cox regression
was used to identify predictors of failure among children treated with ETV revision.

Results—We identified 521 ETV+CPC procedures meeting our inclusion criteria. Ninety-one
children underwent ETV revision after ETV+CPC failure. ETV revision had lower one-year
success compared to initial ETV+CPC (29.5% versus 45%, p<0.001). ETV revision after initial
ETV+CPC failure had a lower success rate (29.5% versus 77.8%, p<0.001) compared to shunting.
Shunt survival after the initial ETV+CPC failure was not significantly different than shunt survival
after ETV revision failure (p=0.963). Complication rates were similar for all surgeries examined
(initial ETV+CPC, ETV revision, VPS after ETV+CPC, and VPS after ETV revision). Only young
age was found to be predictive of ETV revision failure (p=0.02).

Conclusions—ETYV revision has a significantly lower one-year success rate compared to initial
ETV+CPC and compared to VVPS after ETV+CPC. Complication rates are similar for all studied
procedures. Younger age, but not time since initial ETV+CPC, is a risk factor for ETV revision
failure.

Keywords

Hydrocephalus; Endoscopic Third Ventriculostomy and Choroid Plexus Cauterization; ETV
Revision; Hydrocephalus Clinical Research Network
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Introduction

Methods

Endoscopic Third Ventriculostomy with Choroid Plexus Cauterization (ETV+CPC) has
shown promising results as a primary treatment for hydrocephalus in infants in East
Africa.12 Subsequent investigation of ETV+CPC in North America by the Hydrocephalus
Clinical Research Network (HCRN) and other investigators reported varying success rates
that were somewhat lower than earlier reports from Africa.3 In 2018, the HCRN reported an
initial ETV+CPC success rate of 36%.4 More recently, the HCRN reported a success rate
of 45% at 18 months, perhaps attributable to more rigorous patient selection, including
evaluation of prepontine adhesions on MRI.%> Some children who fail initial ETV or
ETV+CPC may be amenable to treatment with ETV revision, that is reopening of a closed
ETV site. There are a few published reports of ETV revision 6-13. However, these are almost
exclusively in patients who underwent ETV alone, not ETV+CPC. Therefore, most of the
patients included in these series are older children or young adults, and as such, have a
higher likelihood of ETV success.}4 Only one previous study has focused on ETV revision
after ETV+CPC.8 This study assessed both ETV and ETV+CPC patients together, thus
complicating any conclusions about ETV after ETVV+CPC. Furthermore, it was performed
in an East African setting where hydrocephalus etiology is most commonly post-infectious,
thus limiting its applicability to the North American population. Investigation of outcomes
in this “ETV revision after failed ETV+CPC” patient population would help surgeons
provide more accurate pre-operative counseling about procedural risks and the potential for
continuing hydrocephalus treatment without implanted hardware.

The purpose of this analysis was to compare ETV revision to initial ETV+CPC in both
failure and complication rates. We hypothesized that ETV revision would have a higher
failure rate (lower success) than initial ETV+CPC. In addition, we compared failure rates
and complications of ETV revision to ventriculoperitoneal shunt (VPS) placement in
children who had previously undergone ETVV+CPC. Finally, we aimed to identify variables
associated with successful ETV revision following initial ETV+CPC.

Study Design

The study population includes children with new-onset hydrocephalus who underwent
ETV+CPC surgery between May 2013 and December 2019 (ETV+CPC was first offered

at HCRN sites in 2013). Children underwent an ETV+CPC procedure 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, WA; Children’s Hospital of
Pittsburgh, PA; St. Louis Children’s Hospital, MO; Texas Children’s Hospital, Houston, TX;
Sick Kids Hospital, Toronto, Canada; Monroe Carrell Jr. Children’s Hospital, Nashville,
TN; British Columbia Children’s Hospital, Vancouver, BC; Alberta Children’s Hospital,
Calgary, AB; Children’s Hospital of Los Angeles, Los Angeles, CA; Children’s Hospital
Colorado, Aurora, CO; Nationwide Children’s Hospital, Columbus, OH). Data were
collected prospectively into an observational HCRN registry, which tracks all hydrocephalus
surgeries at each HCRN center from date of joining HCRN to present. Most centers did

not require informed consent for Registry inclusion, which allowed for comprehensive
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Outcomes

enrollment and construction of a representative sample. IRB approval was obtained from
each clinical site as well as data coordinating center 1°.

The HCRN Registry database was reviewed for all patients who had undergone ETV+CPC
in the period specified. Children were included if their first treatment for hydrocephalus was
ETV+CPC. Children for whom ETV was planned, but was not completed, were excluded
(e.g. if ETV was found to be impossible during the initial attempt, and a shunt was placed
instead of completing ETV+CPC, the child was excluded).

Three separate groups were then identified for analysis: 1) children in whom initial
ETV+CPC was successful, and no further treatment for hydrocephalus was required;

2) children whose ETV+CPC failed and went on to have ETV revision as their next
hydrocephalus-related surgery; and 3) children whose ETV+CPC failed and then had a VPS
placed as their next hydrocephalus surgery.

The primary analysis is a comparison of the time to failure between initial ETV+CPC

and ETV revision following a failed ETV+CPC. ETV+CPC and ETV revision failure was
defined as a composite outcome of need for a subsequent shunt placement, another ETV
revision, or death due to hydrocephalus. Additional survival analyses were performed to
compare ETV revision versus VPS placement as treatment after failure of initial ETV+CPC.
Finally, we identified post-procedural (during the hospital stay) and short-term (within 6
months of surgery) complications after ETV revision. Complications were categorized as
any new neurological deficit, CSF leak (defined as any episode of CSF leak, regardless of
treatment), wound infection, diabetes insipidus and other complications (venous thrombosis,
hyponatremia, urinary tract infection, sepsis, pneumonia, cardiac arrest, pressure ulcer,
intracranial fluid collection, meningitis, seizure, pseudomeningocele, hemorrhage).

Statistical Methods

Patient characteristics, and post-procedural and short-term complications are presented as
counts and percentages for categorical variables, and median, first, and third quartiles for
continuous variables. Associations between patient characteristics for initial ETV+CPC and
ETV revision were assessed using Fisher’s exact test for categorical variables and the
Wilcoxon rank-sum test for continuous variables.

Kaplan-Meier curves of time to failure were created for both the primary and secondary
analyses. First, initial ETV+CPC was compared to ETV revision. Second, among children
who had ETV+CPC failure, those who had ETV revision were compared to those treated
with VPS. Finally, survival of VPS placed after ETV revision was compared to survival of
VPS after ETV+CPC (with no intervening ETV revision). Log-rank test of significance was
used to compare survival/failure curves. Subjects were censored at the time of relocation out
of HCRN-participating sites or death not related to hydrocephalus.

A Cox regression model with a random effect for subject was created to determine if there
was a significant difference in time to failure between initial ETV+CPC procedures and
ETV revisions following failed initial ETV+CPC. The random effect for subject component
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Results

of the model was included to account for the fact that a subject can be in both the initial
ETV+CPC and ETV revision group. Procedure type was the only covariate besides the
random effect. Poisson regression with robust error estimates was used to compare rates for
each individual complication between initial ETV+CPC procedures and ETV revisions. A
compound symmetry covariance structure was used to account for the correlation between
outcomes from subjects that were in both cohorts.

To analyze factors associated with failure of ETV revision, a Cox regression model was
created. Candidate predictors included corrected age at revision procedure, sex, etiology of
hydrocephalus (post-IVH secondary to prematurity, myelomeningocele, aqueductal stenasis,
and other etiology), frontal occipital horn ratio, presence of bleeding during the procedure,
method of dilation of the ETV site, and time after initial ETV+CPC. All variables associated
with time to failure of ETV revision (p-value < 0.10) in a univariable analysis with no

more than 10% missing values were included as candidate predictors in a multivariable Cox
regression model. A bi-directional stepwise selection procedure with a criterion of p < 0.15
was used to determine which candidate predictors were included in the final model. The
proportional hazard assumption was determined plausible on all final candidate predictors.
Corrected age and etiology were forced into the multivariable model because they are well
established as predictors of ETV+CPC failure.4516

P-values were reported based on a 2-sided alternative and are considered significant when
p<0.05. All analyses were conducted using SAS 9.4 (SAS Institute; Cary, NC).

The final cohort of children undergoing initial ETV+CPC procedures included 521 patients
(Figure 1). Of these, 234 were successful, requiring no further hydrocephalus treatment at
time of most recent follow up in the HCRN registry. Of the 287 children whose initial
ETV+CPC failed, 91 had ETV revision as their next treatment, and 196 had VPS placement.
Median follow up from initial ETV+CPC procedure was 4.5 years (IQR 2.7-6.2). Most
ETV revisions (79 of 91, 87%) were performed by the surgeon who performed the original
ETV+CPC.

Comparison of Initial ETV+CPC to ETV Revision

The median age at ETV revision was 3.8 months (IQR 2.1-7.7); 53.8% were boys;

78.6% were white, non-Hispanic. The most common etiology of hydrocephalus was
myelomeningocele (34.1%), followed by post-hemorrhagic hydrocephalus associated with
prematurity (22.0%) and aqueductal stenosis (20.9%). (Table 1). There was not a significant
difference between the ETV revision group and the initial ETVV+CPC group for any of
these variables except age (median age 2.1 versus 3.8 months, p<0.001). Frontal-occipital
ratio (FOHR) at repeat ETV was larger than at initial ETV+CPC (0.63 vs. 0.59, p<0.001).
Bilateral complete CPC was performed in 76.8% of initial ETVV+CPC. There was no
difference in the number or severity of bleeding events during the operations. Balloon
catheter dilation was more likely to be used in ETV revision (30.6% vs. 17.9%, p=0.035).
There was no difference in the rate of complications between ETV+CPC and ETV revision
(Table 2).
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The overall success rate one year after ETV+CPC was 45% (228 of 508). Among the 91
children who underwent ETV revision, 29.5% were successful one year after surgery (26
of 88; 3 did not have 1-year follow up). Kaplan-Meier survival curve with Cox regression
model showed a significant difference in survival between these two surgeries (p<0.001)
(Figure 2).

Cox regression model of factors associated with time to failure of ETV revision showed only
one significant association: older age at the time of the procedure was associated with lower
risk of failure (HR 0.94, 95% CI 0.89-0.99, p=0.02 in multivariable model). Compared to
IVH-related hydrocephalus, all other etiologies had lower hazard ratio for failure, but these
did not reach statistical significance. In addition, the time from the initial ETV+CPC to ETV
revision (survival time of ETV+CPC) showed no correlation with ETV revision failure (HR
0.64, 95% CI 0.33-1.25, p=0.19). Results from the Cox model are shown in Table 3.

Comparison of ETV Revision to VPS after ETV+CPC failure

One hundred ninety-six patients underwent shunt placement at the time of failure of their
ETV+CPC; 77.8% of children with VPS had no further hydrocephalus surgery during the
first year after shunt insertion, compared to 29.5% of the ETV revision patients. Figure 3
shows the Kaplan-Meier survival curves comparing ETV revision to VP shunt placement
after initial ETV+CPC failure. VP shunt placement had a higher success rate than an
ETV revision based on the log-rank test (p<0.001). There was no difference in the rate of
complications between ETV revision and VPS placement in the setting of hydrocephalus
treatment after ETV+CPC failure (Table 4).

Comparison of VPS placed after ETV Revision to VPS after ETV+CPC with no ETV Revision

Fifty-nine children had VVPS placement after ETV revision. Compared to 196 who had VPS
placement after initial ETVV+CPC failure, this cohort showed no difference in survival of the
VPS (p=0.963) (Figure 4).

Discussion

The purpose of this study is to examine the success of ETV revision after initial ETV+CPC
failure in young children. ETV revision is successful in 29.5% of patients, a significantly
lower success rate than initial ETV+CPC. However, given that all children who underwent
ETV revision had already failed ETV+CPC, it might be expected that the likelihood of
success would be low. No patient had a new neurologic deficit, wound infection, or new
diabetes insipidus after ETV revision. The frequency of complications is similar to initial
ETV+CPC. These data help inform the decision to offer ETV revision in the setting of
failed ETV+CPC, considering the balance of the risk of complication with the likelihood of
SuCcess.

When comparing children undergoing initial ETV+CPC to those with ETV revision, we
see a significant difference in age, as expected: children undergoing ETV revision are older
than those who undergo initial ETVV+CPC. We also observe a difference in ventricle size, as
measured by FOHR. At the time of ETV revision, children had larger median FOHR than
at initial ETV. This finding may also be expected since ventricles could continue to enlarge

J Neurosurg Pediatr. Author manuscript; available in PMC 2023 October 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Arynchyna-Smith et al. Page 7

Limitations

after unsuccessful ETV+CPC. Indeed, patients may be selected for ETV revision in part
because their ventricles continued to enlarge.

Compared to the only previous dedicated study of ETV revision after ETV+CPC, we report
a lower success rate (29.5% versus approximately 60%).5 However, in the prior study, 56%
of 215 included children had post-infectious hydrocephalus (PIH), and children with PIH
were noted to have higher likelihood of successful ETV revision. Marano et a/. also showed
that longer time to failure of the initial ETV correlated with higher likelihood of ETV
revision success, a relationship that was not significant in the present analysis. The only
variable to show significant association with ETV revision success in Cox PH modelling was
age at the time of procedure. The hazard ratio (HR) of 0.94 (95% CI 0.89-0.99) indicates

a lower hazard for failure with each month of increasing age. It is well established that
younger age is the most important risk factor for ETV failure.

The question faced by clinicians is what treatment to offer a child whose initial ETV+CPC
has failed. The most pertinent data to inform this decision is the comparison between ETV
revision and VVPS insertion. Among children with initial ETV+CPC failure, we compared
those who had shunt placement as the next treatment to those who underwent redo ETV.
There is a significantly higher success rate of shunting at all time points, with only 20%
of shunts placed in this circumstance failing within three years. This rate of shunt failure
is lower than what has been published in most large series (median survival of initial

VP shunt 2-3 years)1’19, Previous series examining shunt survival have not shown any
difference between shunts placed as primary treatment compared to those placed after
failed ETV+CPC 20. We also showed complication rates for ETV revision similar to VVPS
placement in this scenario.

With a success rate for ETV revision at 1 year of only 29.5%, most children who underwent
ETV revision subsequently had VVPS placement. Our comparison of VVPS after ETV+CPC to
VPS after ETV revision showed similar failure rates. In summary, when faced with a patient
who has failed ETV+CPC, ETV revision carries a 29.5% chance of success within the first
year, a similar complication profile to other hydrocephalus surgeries, and no change to the
performance of a subsequent VVPS.

The ETV Success Score (ETVSS) is a commonly used instrument to estimate the likelihood
of ETV success. However, it has not previously been applied to ETV revision. ETVSS

is determined by three factors, age, hydrocephalus etiology, and history of shunt. When
considering an ETV revision compared to an initial ETV, the only one of these factors

that may have changed is age. Older age would lead to higher ETVSS, indicating higher
likelihood of ETV success. However, as shown here, we observe significantly lower success
among ETV revision when compared to initial ETV. In conclusion, use of ETVSS for
estimation of success of ETV revision is not likely to be helpful.

These analyses are based on registry data, and therefore limited to the information collected
in the registry. However, the HCRN registry is a prospective cohort with processes in
place such as centralized training, surgeon first-hand involvement in data collection, data
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validation through quality control and queries to ensure accuracy and validity of data.
Selection bias may be present in this sample, as surgeons have different thresholds for
offering ETV+CPC or ETV revision procedure. This sample only represents Northern
America and results may not generalize to other regions of the world.

Conclusions

ETV revision has a low one-year success rate (29.5%) and complication rates comparable
to those of initial ETV+CPC and VPS. Older age was the only risk factor that showed
significant association with ETV revision success: older age correlating with higher
likelihood of success. Importantly, time between initial ETV+CPC and ETV revision
showed no relationship to successful ETV revision. Finally, we observed no difference in
VPS survival comparing shunts placed after ETV+CPC to those placed after ETV revision.
These data can inform decision making and counseling of parents at the time of ETV+CPC
failure.
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Figure 1:
Participant flow diagram
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Survival curve for initial ETV+CPC vs ETV revision
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Survival curve for VPS after failed ETV revision compared to VVPS after failed initial
ETV+CPC
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TABLE 1.
Patient characteristics
P-value for
Shunt placement comparison of
ETV revision following following initial initial
Initial ETV+CPC initial ETV+CPC ETV+CPC ETV+CPC vs
(n=521) (n=91) (n =196) ETV revision
Corrected age at procedure (months) 2.1[0.4,5.8] 3.8[2.1,7.7] 3.5[1.3,6.4] <.001L
Male 304 (58.3%) 49 (53.8%) 128 (65.3%) 0.4242
Race ¥ 055372
White 369 (77.5%) 66 (78.6%) 131 (73.6%)
Black or African American 89 (18.7%) 17 (20.2%) 42 (23.6%)
Other 18 (3.8%) 1 (1.2%) 5 (2.8%)
Etiology of hydrocephalus 0.47772
Post-1VVH secondary to prematurity 98 (18.8%) 20 (22.0%) 56 (28.6%)
Myelomeningocele 158 (30.3%) 31 (34.1%) 36 (18.4%)
Aqueductal stenosis 104 (20.0%) 19 (20.9%) 38 (19.4%)
Other etiology 161 (30.9%) 21 (23.1%) 66 (33.7%)
Post-Infectious 8 1 4
Spontaneous ICH/IVH/SAH 28 5 14
Posterior fossa tumor 4 0 1
Supratentorial tumor 3 0 1
Midbrain tumor/lesion 2 0 0
Post-head injury 4 1 1
Encephalocele 9 0 4
Posterior fossa cyst 33 5 13
Other intracranial cyst 6 0 3
Communicating congenital hydrocephalus 34 3 15
Other congenital 11 3 4
Craniosynostosis 6 0 3
Other 13 3 3
Frontal occipital horn ratio 4 0.59 (0.53, 0.67) 0.63 (0.58, 0.69) 0.66 [0.57, 0.72] <001
Bleeding during procedure 0.111%2
None 288 (55.3%) 61 (67.0%)
Mild 206 (39.5%) 25 (27.5%)
Moderate 16 (3.1%) 4 (4.4%)
Severe 11 (2.1%) 1(1.1%)
Dilation method © 0.0357
Forceps 7 (1.3%) 2 (2.4%)
Fogarty 64 (12.3%) 4 (4.7%)
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P-value for
Shunt placement comparison of
ETV revision following following initial initial

Initial ETV+CPC initial ETV+CPC ETV+CPC ETV+CPC vs

(n=521) (n=91) (n =196) ETV revision
Neuroballoon 93 (17.9%) 26 (30.6%)

Spreader 1(0.2%) 0 (0.0%)

Endoscope 301 (57.9%) 44 (51.8%)
Multiple 54 (10.4%) 9 (10.6%)

'ZWiIcoxon rank-sum test with unpooled variance estimated comparing initial ETV+CPC and ETV revision following initial ETV+CPC.
Fisher’s exact test comparing inital ETV+CPC and ETV revision following initial ETV+CPC.

3 . . .
Missing on 45 patients.
Missing on 3 patient at initial ETV+CPC and 9 patients at shunt placement following initial ETV+CPC.

5Missing on 6 patients at ETV revision following initial ETV+CPC.
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Post-procedural and short-term complications associated with initial ETV+CPC and ETV revision following

initial ETV+CPC

Post-procedural (during hospital stay)

Short-term (within 6 months of surgery)

ETV Revision following initial

ETV Revision following initial

Initial ETV+CPC ETV+CPC Initial ETV+CPC ETV+CPC
(n=521) (n=091) (n=301) (n=38)
New neurologic 5 (1.0%) 0 (0%) 0 (0%) 0 (0%)
deficit
CSF leak 8 (1.5%) 2 (2.2%) 3(1.0%) 0 (0%)
Wound infection 1(0.2%) 0 (0%) 1(0.3%) 0 (0%)
Diabetes insipidus 2 (0.4%) 0 (0%) 0 (0%) 0 (0%)
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Univariable and multivariable associations with time to failure in ETV revisions following initial ETV+CPC

Univariable

Multivariable

Hazard ratio (95% CI)

p-value Hazard ratio (95% CI)  p-value

Corrected age at procedure (months) 0.94 (0.89,0.99) 0.019 0.94 (0.89, 0.99) 0.02
Sex 0.257
Female Reference
Male 1.32 (0.82, 2.15)
Race
White Reference
Black or African American 1.34 (0.75, 2.40)
Other 3.04 (0.41, 22.51)
Etiology of hydrocephalus 0.232 0.3

Post-1VVH secondary to prematurity

Reference

Myelomeningocele

0.60 (0.32, 1.13)

0.54 (0.28, 1.04)

Adqueductal stenosis

0.91 (0.45, 1.83)

0.77 (0.38, 1.56)

Other etiology

055 (0.27, 1.13)

0.64 (0.31, 1.33)

Frontal occipital horn ratio (HR is for an increase of 0.1) 1.10 (0.81, 1.50) 0.522
Bleeding during procedure 0.154
None Reference
Mild 1.35 (0.80, 2.29)
Moderate 2.51(0.88, 7.16)
Severe 4.49 (0.60, 33.75)
Dilation method
Forceps 0.57 (0.08, 4.19)
Fogarty 1.05 (0.32, 3.44)
Neuroballoon 0.75(0.42, 1.34)
Endoscope Reference
Multiple 0.72 (0.32, 1.63)
Initial ETV+CPC time to event (years) 0.64 (0.33, 1.25) 0.188

Corrected age at revision procedure (clinical suspicion) and etiology of hydrocephalus (clinical suspicion) were entered as candidate predictors into

the multivariable model.

HR=Hazard ratio
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TABLE 4.

Post-procedural and short-term complications associated with shunt placement and ETV revision following
initial ETV+CPC

Post-procedural (during hospital stay) Short-term (within 6 months of surgery)
Shunt placement
following initial ETV Revision following Shunt placement following ETV Revision following
ETV+CPC initial ETV+CPC initial ETV+CPC initial ETV+CPC
(n =196) (n=91) (n=136) (n=38)
New neurologic 1 (0.5%) 0 (0%) 0 (0%) 0 (0%)
deficit
CSF leak 4 (2.0%) 2 (2.2%) 0 (0%) 0 (0%)
Wound infection 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Diabetes 0 (0%) 0 (0%) 0 (0%) 0 (0%)
insipidus
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