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Abstract

Objective—Persistent hydrocephalus following posterior fossa brain tumor (PFBT) resection is a
common cause of morbidity in pediatric brain tumor patients, for which the optimal treatment is
debated. The purpose of this study was to compare treatment outcomes between VPS and ETV in
patients with persistent hydrocephalus following surgical resection of a PFBT.

Methods—A post-hoc analysis was performed of the Hydrocephalus Clinical Research Network
(HCRN) prospective observational study evaluating VPS and ETV for pediatric patients. Children
who experienced hydrocephalus secondary to PFBT from 2008 to 2021 were included. Primary
outcomes were VPS/ETV treatment failure and time-to-failure (TTF).

Results—Among 241 patients, the VPS (183) and ETV (58) groups were similar in age, extent
of tumor resection, and preoperative ETV Success Score. There was no difference in overall
treatment failure between VPS and ETV (33.9% vs 31.0%, p = 0.751). However, mean TTF was
shorter for ETV than VPS (0.45 years vs 1.30 years, p = 0.001). While major complication profiles
were similar, compared to VPS, ETV patients had relatively higher incidence of minor CSF leak
(10.3% vs. 1.1%, p = 0.003) and pseudomeningocele (12.1% vs 3.3%, p = 0.02). No ETV failures
were identified beyond 3 years, while shunt failures occurred beyond 5 years. Shunt infections
occurred in 5.5% of the VPS cohort.

Conclusions—ETYV and VPS offer similar overall success rates for PFBT-related postoperative
hydrocephalus. ETV failure occurs earlier, while susceptibility to VVPS failure persists beyond 5
years. Tumor histology and grade may be considered when selecting the optimal means of CSF
diversion.

Keywords

Posterior fossa tumor; Hydrocephalus; Ventriculoperitoneal shunt; Endoscopic third
ventriculostomy
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Introduction

Methods

Pediatric posterior fossa brain tumors (PFBT) present commonly with hydrocephalus [1, 2].
In approximately 30% of such patients the hydrocephalus persists following tumor resection,
requiring permanent cerebrospinal fluid (CSF) diversion [3-8]. While ventriculoperitoneal
shunt (VPS) placement is frequently utilized for PFBT-related hydrocephalus, endoscopic
third ventriculostomy (ETV) offers the advantage of avoiding shunt-related complications,
particularly in those patients with limited survival prognosis [5, 6, 9-13]. However, there is
limited data to guide the surgeon’s selection of VVPS versus ETV as the optimal treatment
modality in these patients [1, 2]. To date, there exists no single study larger than 100 patients
comparing the failure rates between ETV and VPS in pediatric patients with PFBT [1]. Also
lacking are multicenter studies and those controlling for known risk factors of post-resection
hydrocephalus such as tumor location in the midline, subtotal resection of tumor, and

CSF infections[1]. A recent study also found tumor consistency, tumor metastasis, and
postoperative ventricular blood on CT to be risk factors of post-resection hydrocephalus
[14].

In a recent systematic review and time-to-failure (TTF) analyses of 408 PFBT patients
across 12 published studies, there was no significant difference in cumulative failure rates
between VPS (29%) and ETV (21%) [1]. The largest included study (N = 91) reported 11%
ETV failure rate at a median TTF of 13 days, relative to 13% VPS at a median TTF of 440
days [11]. However, most of the ETVs were performed prior fo PFBT resection, and the
VPS patients represented less than 20% of the study cohort [11]. A retrospective analysis of
53 patients described a 6% ETV failure rate with a median TTF of 10 months, and a 38%
V/PS failure rate at a 6-month median TTF [15]. Among 6 other studies of 173 patients,

the reported failure rates were highly variable, with ETV failure rates ranging from 12 to
35% (median TTF: 27-94 days) and the VPS failure rate from 22 to 50% (median TTF:
7-244 days) [16-21]. Conclusions from the systematic review, as well as recent literature
are limited by the inherent shortcomings of studies with non-uniform inclusion criteria,
heterogeneous cohorts, and variable follow-up data [1, 22]. As such, to date, there is limited
evidence to guide surgical treatment selection between ETV and VPS in this population.

The objective of this study was to compare the occurrence of and time to failure

between ETV and VPS in children with persistent hydrocephalus following PFBT resection.
Additionally, we examined relative morbidity and healthcare utilization metrics between the
two cohorts.

Patient population

This was a post-hoc analysis of a multicenter prospective observational study of children
who underwent a VPS placement or ETV for treatment of persistent hydrocephalus
following PFBT resection at 13 participating Hydrocephalus Clinical Research Network
(HCRN) centers between 2008 and 2021. Prospectively collected data were obtained
from the HCRN Core Data Project (Registry). Study data was managed using REDCap
electronic data capture tools hosted at University of Utah [23]. To address the study’s
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specific aims, relevant clinical variables not already captured prospectively in the HCRN
registry were retrospectively retrieved from individual patient records from each site’s
institutional electronic medical records. Both the prospective and retrospective data

were aggregated for analyses. The participating HCRN centers were Alberta Children’s
Hospital, University of Calgary; BC Children’s Hospital, University of British Columbia;
Children’s Hospital Colorado, University of Colorado; Children’s Hospital of Pittsburgh
of UPMC, University of Pittsburgh; Children’s of Alabama, University of Alabama; Johns
Hopkins Hospital, Johns Hopkins University; Monroe Carell Jr. Children’s Hospital at
Vanderbilt, Vanderbilt University Medical Center; Nationwide Children’s Hospital, Ohio
State University; Primary Children’s Hospital, University of Utah; Seattle Children’s
Hospital, University of Washington; The Hospital for Sick Children, University of Toronto;
St. Louis Children’s Hospital, Washington University; and Texas Children’s Hospital,
Baylor School of Medicine.

Inclusion criteria and exclusion criteria

Pediatric patients (age < 17.5 years old at the time of surgery) having undergone resective
management (biopsy not included) of PFBT and who received a first time permanent CSF
diversion procedure (VPS or ETV) for the treatment of PFBT-related hydrocephalus with a
minimum of 6 months follow-up from the index CSF diversion procedure were included.
Patients were excluded if (1) VPS placement or ETV was performed prior to resection

of the PFBT, or (2) tumor was located in the primary pineal region, or (3) presence of
disseminated neoplastic disease or metastatic lesion(s) in the third or lateral ventricle and
leptomeninges at the time of CSF diversion, or (4) loculated intraventricular compartments,
or (5) presence of diffuse leptomeningeal tumor burden. Perioperative external ventricular
drain (EVD) placement was not an exclusion criterion.

Study definitions

A PFBT was defined as pathology-confirmed neoplasm primarily located within the
posterior fossa, including the cerebellar hemispheres, cerebellar vermis, and fourth ventricle,
but excluding the pineal region, aqueduct, or posterior third ventricle. Surgical resection
included operative interventions performed with the goal of tumor resection (total or partial).
Extent of tumor resection, determined by results of the immediate post-operative MRI were
categorized: gross total resection (GTR; no radiographic evidence of residual disease);

near total resection (NTR, < 1.5 cm? disease remaining following resection); subtotal
resection (STR, residual tumor measuring greater than 1.5 cm3). Persistent hydrocephalus
was determined by need for a permanent CSF diversion procedure (VPS or ETV) following
PFBT resection. Postoperative CSF leak was defined as one or two episodes of CSF egress
from the surgical wound that stops spontaneously, or with simple maneuver, adjustment

of drain level, tightening of cerclage stitch, or simple sutures (minor) or persistent CSF
drainage, that requires return to operating room for re-suturing/repair of wound, reinsertion
of CSF drain, or CSF diversion procedure (major). A pseudomeningocele was defined

as a clinically or radiographically evident subdermal CSF collection resulting in some
discomfort, or easily palpable, or some threat to wound integrity but responds to simple
aspiration and/or wrapping (minor) or significant discomfort, obvious skin deformation,

J Neurooncol. Author manuscript; available in PMC 2024 July 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dewan et al.

Page 5

significant threat to wound integrity requiring repeated aspiration and/or wrapping, or
additional surgical procedure, i.e. CSF diversion or re-closure of wound (major).

Outcome measures

The primary outcomes were hydrocephalus treatment failure and TTF. Treatment failure
was defined as the need for subsequent surgery for CSF diversion or death due to
hydrocephalus in the absence of tumor progression. TTF was recorded as the duration
between the date of index VVPS or ETV to the date of first subsequent CSF diversion,

or to the date of death, if death was determined to result from hydrocephalus.

Secondary outcomes included postoperative complications, including wound infection,
wound dehiscence, intracranial hemorrhages (including epidural hematoma, subdural
hematoma, and intracerebral hematoma), CSF-culture proven meningitis, CSF leak and
pseudomeningocele; number of CSF-diverting surgeries performed within 5 years of initial
CSF-diversion; number of hospital admissions for neurosurgery following CSF-diverting
procedure within 5 years of index VPS or ETV; and number of CT or MR scans obtained
within 5 years following index VPS or ETV.

Data analysis

Results

Descriptive statistics including means, standard deviations, and ranges for continuous
variables, as well as percentages and frequencies for categorical variables were reported.
Wilcoxon rank sum tests were utilized for the comparison of continuous variables and
Fisher’s exact tests for categorical variables, to compare the VPS and ETV groups. CSF
diversion failure-free survival analyses were performed with the Kaplan—-Meier method for
each group and compared using the log-rank test. All analyses were conducted using SAS
9.4 (SAS Institute).

As of January 2021, across the 13 participating HCRN sites, 241 patients who underwent
CSF diversion for persistent hydrocephalus following PFBT resection met study criteria.
183 (76%) patients received a VPS and 58 (24%) underwent ETV (Fig. 1). The median
follow-up time was 6.8 (4.1, 10.5) years.

Baseline characteristics

There were no differences between the VPS and ETV groups in the following baseline
characteristics: age at treatment (5.6 vs 5.5 years, p = 0.80), largest tumor dimension (4.4
vs 4.6 cm, p = 0.314), relative tumor location within the posterior fossa, extent of resection,
Glasgow Coma Scale at time of presentation, ethnicity, race, sex, and complex chronic
conditions (Table 1). However, the VVPS group, relative to the ETV group, had a greater
proportion of patients with high-grade tumors (59% vs 31%, p < 0.001) (Table 1). In terms
of CSF diversion features, there were no significant differences in baseline ETV success
score (p = 0.8) and whether a perioperative EVD was inserted (81% vs 71%, p = 0.10) at
the time of PFBT surgery. The median time interval from PFBT surgery to CSF diverting
procedure was not significantly different between the VPS and ETV groups (0.5 months vs
0.6 months, p = 0.623). Controlling for tumor grade, the median time interval from PFBT
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surgery to CSF diverting procedure did not reach statistical significance between the two
groups (p = 0.231). The VPS group had a smaller fronto-occipital horn ratio (0.41 vs 0.48, p
< 0.001) (Table 2).

Failure rates, Time-to-failure (TTF) and resource utilization

There was no difference in overall treatment failure between VPS and ETV (33.9% vs
31.0%, p = 0.751). The mean TTF was shorter for ETV than for VPS (0.45 years vs 1.30
years, p = 0.001) (Table 3). No ETV failures were observed after 3 years, while VPS failures
continued to occur up to 6 years after the initial surgery, albeit at a lower rate compared to
the first three years following shunt placement (Fig. 2).

Postoperative complications and resource utilization

Postoperative complications were similar between ETV and VVPS, with two exceptions.
Relative to VPS, the ETV group experienced a higher rate of minor CSF leak

(10% vs 1%, p = 0.003) and pseudomeningocele (12% vs 3%, p = 0.017). There

were no significant differences in other reported complications including hyponatremia,
hygroma, new neurologic deficits, seizures, wound infection or systemic infection or
postoperative hemorrhage. There were no reports of ascites, bowel perforation, brain infarct,
cardiopulmonary issues, diabetes insipidus, endocrinological disturbances in either group
(Online Resource 1). Shunt infections occurred in 10 (5.5%) patients in the VPS cohort. The
mean number of hospital readmissions and number of CSF-diverting procedures after index
CSF-diversion were similar between both cohorts (p = 0.185 and p = 0.671, respectively),
however the mean number of subsequent CT and MR scans performed following index CSF
-diversion was higher following VPS than ETV (17 + 10.8 vs 14 £+ 9.4, p = 0.025) (Table 3).

Discussion

A common cause of morbidity in the pediatric population is hydrocephalus related to

PFBT [1-8, 24]. While a majority of PFBT-related hydrocephalus resolves following tumor
resection, up to a third of patients require permanent CSF diversion [3-6, 8]. The historical
mainstay treatment of hydrocephalus in children has been placement of a VVPS, albeit with
reportedly high failure rates [25]. More recently, ETV has been popularized as an alternative
to VVPS, given its advantage of avoiding lifelong shunt-related complications and dependence
[25-27]. In this study, we demonstrate that both ETV and VPS are effective means of CSF
diversion with favorable safety profiles in patients with persistent hydrocephalus following
PFBT resection. Aggregated over time, the cumulative failure rate between ETV and VPS

is similar in this cohort (31% vs 34%). Indeed, by 6-months following index surgery, the
failure rate is statistically equivalent between the two procedures. However, ETV failures
occur earlier—most within the first 6-months, while VVPS failures occur in a more protracted
fashion, with the risk of failure extending beyond 5 years of initial shunt placement.

The current WHO pediatric tumor grading system concatenates tumor histology and
molecular features to assign a grade (1 through 4), which is further dichotomized into
low-grade (grades 1 or 2) and high-grade (grades 3 or 4) [28]. Tumor grade not only informs
disease severity, but it also aids with prognostication and guides the need for adjuvant
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chemotherapy and/or radiotherapy [28]. After PFBT resection, a majority of patients with
low-grade tumors undergo serial radiologic surveillance alone, while those with high-grade
tumors require additional postoperative adjuvant therapy [29, 30]. A critical determinant
of the efficacy of adjuvant therapy in high-grade PFBTSs is the timing of initiation of

the treatment following tumor resection [29, 31-33]. Early initiation helps to both reduce
time for tumor regrowth and maximize the potential recurrence and survival benefit of the
adjuvant therapy [29, 34, 35]. Conversely, delayed initiation, especially for longer than 6
months is an independent predictor of worse outcomes [29, 31-35]. Indeed, recent clinical
trials such as the Children’s Oncology Group ACNS0332 trial and the St Jude’s SIMB12
trial, which assessed treatment outcomes of PFBT mandated starting therapy within 31 and
36 days of tumor resection, respectively [34, 35]. In this study, while the overall treatment
failure or relative risk of treatment failure were equivalent between VPS and ETV beyond 6
months, most ETV failures occurred within the first 6 months of surgery, posing a risk for
interfering with adjuvant therapy for high-grade PFBT patients. Accordingly, tumor grade
(suspected or confirmed) may reasonably be considered when choosing VPS vs ETV for
CSF diversion in post-resection hydrocephalus. It may be prudent to favor VPS in patients
with high-grade lesions who (a) need expedited and uninterrupted adjuvant therapy, and
(b) are less likely than their low-grade counterparts to survive long enough to experience
delayed shunt malfunction. In this cohort, there were no ETV failures after 3 years, but VPS
failures continued to occur beyond 5 years after the initial surgery. Therefore, in patients
with low-grade PFBT ETV may be the preferred modality, thereby avoiding shunt-related
complications and dependence which persist life-long.

Interestingly, approximately two-thirds of the patients in this study who underwent ETV
had low-grade tumors and a similar proportion who had placement of VVPS had high-

grade tumors, which may reflect a practice pattern possibly attributed to what surgeons
already suspect about failure times between the two procedures based on non-tumor-related-
hydrocephalus data. Indeed, the majority of the recent ETV data show that over 90% of
failures occur within the first 6 months of surgery, and shunt failures have been known to
occur in a delayed fashion, but the risk of failure persists across the lifespan of the patient.
While avoidance of a shunt may seem optimal in PFBT patients, the shorter TTF of ETV
may make VPS a better option in patients with high-grade lesions requiring post-resection
therapy.

Beyond tumor grade, it remains unclear if any other baseline patient or tumor characteristics
are informative for selecting VPS vs ETV in PFBT patients who develop persistent
hydrocephalus following tumor resection [7, 10, 24, 28, 36, 37]. The largest systematic
review to date comparing patients who underwent VPS or ETV in PFBT patients
demonstrated no intergroup differences in age, sex, cerebral metastases, extent of resection,
tumor grade, and tumor histology [1]. In the current cohort, while we also did not find

any between-group differences in age, sex, tumor size, relative posterior fossa tumor
location, extent of resection, and ETV Success Scores [27], we did find differences

in tumor grade and histology. In addition, we found that preoperative ventricular size
(hydrocephalus severity) was statistically different between the VPS and ETV groups,
wherein patients treated with VVPS had relatively smaller ventricles than those treated with
ETV. Future studies rigorously testing additional baseline characteristics—including clinical
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and radiographic factors not examined here—may help elucidate pre-operative variables
which can predict differential success between the two procedures.

Independent of oncologic treatment and follow-up, the long-term management of
hydrocephalus represents an additional burden for patients, their families, and the healthcare
ecosystem [38]. We identified no differences between VPS and ETV in the mean number of
hospital readmissions and number of CSF-diverting procedures after index CSF-diversion.
However, the mean number of subsequent CT and MR scans performed following the index
VPS was significantly higher than following ETV. It remains unclear the proportion of those
images that yielded any clinical interventions. While future studies are required to elucidate
the cost-effectiveness of ETV vs VPS in PFBT patients, it does appear from this data that
cost may also be taken into consideration when deciding between VVPS and ETV, especially
in regions with limited resource and barriers to healthcare access.

The findings of this study must be interpreted in the context of several limitations. This

was a post-hoc analysis of multi-institutional data. Surgeon bias may have influenced which
operation was offered to patients at any given center. The presence or degree of bias could
not be accounted for in this analysis. We did not find any difference in ETV Success Score
between VVPS and ETV patients. However, there may exist radiographic factors present on
pre-CSF-diversion studies which influenced ETV success—or surgeon-derived perception of
likelihood of success—which were not measured. A dedicated radiomics study may help
determine which patients are most likely to benefit from either procedure.

In conclusion, both ETV and VPS are safe and effective treatments for PFBT-related
postoperative hydrocephalus, with similar overall success rates. Future studies may help
elucidate which procedure is best suited to individual patients based upon preoperative
clinical and radiographic variables.
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Patients in the HCRN Registry as of January 1, 2021
N=9792

Patients <17.5 years of age at time of ETV or VPS with an
etiology of posterior Hssa brain tumor
N = 476 (5%)

Did not undergo resection management of PFBT
N =161 (34%)
*Posterior Hssa tumor not warranting resective management (e.g.
DIPG, diffise leptomeningeal glioneuronal tumor, disseminated

J low grade glioma)

Undergone resection management of PFBT
N = 315 (66%)

/ Ineligible: N = 74 (23%) \

*Primary pineal region tumor: 9 (12%)

*Diffise leptomeningeal tumor burden at the time of primary
CSF-diversion: 44 (59%)

*Metastic tumor within the third or lateral ventricles at the time
of primary CSF-diversion: 20 (27%)

*Patients having undergone ETV or VPS placement prior to
PFBT resection: 21 (28%)

*Patients having hydrocephalus with loculated CSF

@paﬂmems: 6 (8%) J

Included in analysis cohort
N = 241 (77%)

Fig. 1.
CONSORT diagram (screening population)
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Table 1

Subject demographics and tumor characteristics

Initial Permanent CSF-diversion procedure  P-value

Shunt (N = 183) ETV (N =58)
Age at time of procedure (years) 5.6 [2.5,9.9] 5.5[2.3,11.1] 0.8014
Ethnicity 0.7280
Not Hispanic or Latino 125 (68.3%) 43 (74.1%)
Hispanic or Latino 22 (12.0%) 5 (8.6%)
Unknown or Not reported 36 (19.7%) 10 (17.2%)
Race Collapsed 1.0000
White 114 (62.3%) 38 (65.5%)
Black or African American 15 (8.2%) 5 (8.6%)
Other 12 (6.6%) 4 (6.9%)
Unknown 42 (23.0%) 11 (19.0%)
Sex 0.7590
Male 108 (59.0%) 36 (62.1%)
Female 75 (41.0%) 22 (37.9%)
Complex chronic conditions 0.061¢
0 142 (77.6%) 52 (89.7%)
1 35 (19.1%) 5 (8.6%)
22 6 (3.3%) 1(1.7%)
Tumor size ™ 4.4[36,5.3] 46[37,5.3] 03142
Tumor location 05140
Cerebellar-midline 37 (20.2%) 17 (29.3%)
Cerebellar-hemispheric 30 (16.4%) 11 (19.0%)
Brainstem 22 (12.0%) 5 (8.6%)
Fourth ventricle 83 (45.4%) 21 (36.2%)
Other 8 (4.4%) 3 (5.2%)
Unknown 3(1.6%) 1(1.7%)
Histology 0.0052
Medulloblastoma/ATRT 82 (44.8%) 15 (25.9%)
Ependymoma 27 (14.8%) 6 (10.3%)
Pilocytic astrocytoma 49 (26.8%) 33 (56.9%)
Glioma-other (not pilocytic astrocytoma and not ganglioglioma) 8 (4.4%) 1(1.7%)
Glioneuronal tumor (includes ganglioglioma) 4 (2.2%) 0 (0.0%)
Meningioma/vestibular schwannoma 1(0.5%) 0 (0.0%)
Hemangioblastoma 0 (0.0%) 1(1.7%)
Choroid plexus tumor 2 (1.1%) 1(1.7%)
Dermoid/epidermoid 3 (1.6%) 0 (0.0%)
Other 6 (3.3%) 1 (1.7%)
Unknown 1(0.5%) 0 (0.0%)
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Initial Permanent CSF-diversion procedure  P-value
Shunt (N = 183) ETV (N =58)
Grade <.0010
High (WHO 3 or 4) 107 (58.5%) 18 (31.0%)
Low (WHO 1 or 2) 70 (38.3%) 37 (63.8%)
Unknown 6 (3.3%) 3 (5.2%)
Extent of tumor resection 0.4810
Gross total resection (GTR) 103 (56.3%) 30 (51.7%)
Near total resection (NTR) 36 (19.7%) 10 (17.2%)
Subtotal resection (STR) 34 (18.6%) 15 (25.9%)
Unknown 10 (5.5%) 3 (5.2%)
GCS at tumor presentation® 15.0 [15.0, 15.0] 15.0 [15.0, 15.0] 0.3674

a\NiIcoxon rank-sum test
b

Fisher’s exact test
cCochran-Armitage trend test
a .. . .

Missing on 44 subjects
e . . .

Missing on 90 subjects

*
Maximal axial dimension (cm)
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