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Ventricular catheter entry site and not catheter tip
location predicts shunt survival: a secondary analysis of 3
large pediatric hydrocephalus studies
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OBJECTIVE Accurate placement of ventricular catheters may result in prolonged shunt survival, but the best target for
the hole-bearing segment of the catheter has not been rigorously defined. The goal of the study was to define a target
within the ventricle with the lowest risk of shunt failure.

METHODS Five catheter placement variables (ventricular catheter tip location, ventricular catheter tip environment, re-
lationship to choroid plexus, catheter tip holes within ventricle, and crosses midline) were defined, assessed for interob-
server agreement, and evaluated for their effect on shunt survival in univariate and multivariate analyses. De-identified
subjects from the Shunt Design Trial, the Endoscopic Shunt Insertion Trial, and a Hydrocephalus Clinical Research
Network study on ultrasound-guided catheter placement were combined (n = 858 subjects, all first-time shunt insertions,
all patients < 18 years old). The first postoperative brain imaging study was used to determine ventricular catheter place-
ment for each of the catheter placement variables.

RESULTS Ventricular catheter tip location, environment, catheter tip holes within the ventricle, and crosses midline all
achieved sufficient interobserver agreement (k > 0.60). In the univariate survival analysis, however, only ventricular cath-
eter tip location was useful in distinguishing a target within the ventricle with a survival advantage (frontal horn; log-rank,
p = 0.0015). None of the other catheter placement variables yielded a significant survival advantage unless they were
compared with catheter tips completely not in the ventricle. Cox regression analysis was performed, examining ventricu-
lar catheter tip location with age, etiology, surgeon, decade of surgery, and catheter entry site (anterior vs posterior).
Only age (p < 0.001) and entry site (p = 0.005) were associated with shunt survival; ventricular catheter tip location was
not (p = 0.37). Anterior entry site lowered the risk of shunt failure compared with posterior entry site by approximately
one-third (HR 0.65, 95% Cl 0.51-0.83).

CONCLUSIONS This analysis failed to identify an ideal target within the ventricle for the ventricular catheter tip. Unex-
pectedly, the choice of an anterior versus posterior catheter entry site was more important in determining shunt survival

ABBREVIATIONS ESIT = Endoscopic Shunt Insertion Trial; HCRN = Hydrocephalus Clinical Research Network; IVH = intraventricular hemorrhage; SDT = Shunt Design
Trial.
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than the location of the ventricular catheter tip within the ventricle. Entry site may represent a modifiable risk factor for
shunt failure, but, due to inherent limitations in study design and previous clinical research on entry site, a randomized
controlled trial is necessary before treatment recommendations can be made.

http://thejns.org/doi/abs/10.3171/2016.8.PEDS16229

KEY WORDS hydrocephalus; pediatric; CSF shunts; shunt entry site; ventricular catheter

ventricles for the hole-bearing segment of the ven-

tricular catheter has been mentioned in the litera-
ture for many years.>? There is clinical evidence suggest-
ing that ventricular catheter tips in certain locations (e.g.,
the frontal horn, the occipital horn, away from the choroid
plexus) have longer survival than catheters in other loca-
tions.>*!® However, these targets have never been rigor-
ously defined and validated, and uncertainty exists over
where the best target is located.

In the present study, we attempt to rigorously define
targets for CSF ventricular catheter tips, evaluate their ef-
fect on shunt survival, and define the best target based on
time to shunt failure. To do this, we performed a second-
ary analysis of 3 previous pediatric hydrocephalus stud-
ies. We hypothesized that catheter placement in the fron-
tal horn away from the choroid plexus and surrounded by
CSF would be an independent predictor of longer shunt
survival.

Methods

The institutional review board at Baylor College of
Medicine approved this study. De-identified data from the
Shunt Design Trial (SDT),* the Endoscopic Shunt Inser-
tion Trial (ESIT),’ and a study on ventricular catheter in-
sertion with and without ultrasound by the Hydrocephalus
Clinical Research Network (HCRN)"' were combined. All
3 studies, which collectively recruited patients between
1993 and 2010, used similar eligibility criteria (e.g., all
first-time ventriculoperitoneal shunt insertions and all
subjects < 18 years old) and the same definition for shunt
failure. Shunt failure was divided into 4 categories: ob-
struction, overdrainage, loculations, and infection. Each
category was objectively defined based on clinical symp-
toms, signs, radiographic findings, and ancillary test re-
sults; if a subject met criteria for any of the 4 categories,
shunt failure was said to have occurred.

T HE concept that there is an ideal location within the

Defining Ventricular Catheter Placement

Variables that describe the placement of ventricular
catheter tips were obtained from the literature and were
created by consensus agreement among the HCRN inves-
tigators. Explicit definitions for these placement variables
were developed in collaboration with a pediatric neuro-
radiologist and are listed below. The catheter tip, or the
hole-bearing segment of the catheter, was defined as the
most proximal 2 cm.

Ventricular catheter tip location'! was determined by
one of the following 8 compartments: frontal horn, tri-
gone, body, temporal horn, third ventricle, fourth ventricle,
cistern, or brain. If the catheter tip penetrated the epen-
dyma or pia (= 3 mm) and was in the brain or cistern, the
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catheter was scored as such, regardless of the depth of tis-
sue or cistern penetration. If the catheter tip was entirely
intraventricular but crossed the boundary between 2 com-
partments, the compartment with the majority of the cath-
eter tip was selected. The boundary between the frontal
horn and body was defined as a coronal plane through the
foramen of Monro and the anterior border of the thalamus;
likewise, the border between the body and trigone was a
coronal plane at the posterior border of the thalamus.

Ventricular catheter tip environment'® was defined by
one of the following 4 environments: tip surrounded com-
pletely by CSF, tip touching the ventricular wall, tip pen-
etrating the ventricular wall (= 3 mm, but < 2 cm), and tip
completely not in the ventricle (= 2 cm of the proximal tip
in the brain/cistern).

Relationship to choroid plexus’® was divided into cath-
eter tips touching the choroid plexus, tips not touching the
choroid plexus, and tips completely not in the ventricle (=
2 cm of the proximal tip in the brain/cistern).

Catheter tip holes within the ventricle were divided
into 4 categories: all catheter tip holes within the ventricle,
catheter too long (i.e., holes closest to tip not in the ven-
tricle), catheter too short (i.e., holes farthest from tip not
in the ventricle), and catheter not in the ventricle (i.e., all
holes in the brain/cistern).

Crosses midline was divided into 3 categories: the ma-
jority of the catheter tip does not cross midline, the major-
ity of the catheter tip does cross midline, and catheter is
not in the ventricle (= 2 cm of proximal tip in the brain/
cistern).

Reliability Testing of Catheter Placement Variables

To assess reliability of the placement variables, 2 inde-
pendent observers (a neuroradiologist and a neurosurgeon)
reviewed the 121 imaging studies from the HCRN study
on ventricular catheter insertion and determined the cath-
eter tip position for each variable. Interobserver agreement
was measured using the Kappa statistic.

Defining the Best Target for Catheter Placement Based on
Time to Shunt Failure

The catheter placement variables with adequate in-
terobserver agreement (K > 0.60) were then collected for
all subjects using the first postoperative image. Shunt
survival curves were generated for each placement vari-
able and were compared to determine the best targets.
Placement variables showing a statistically significant
survival advantage were evaluated in a multivariate Cox
proportional hazard regression model with other vari-
ables known or suspected to affect shunt survival (age [< 1
month, 1 month to < 6 months, 6 months to < 12 months,
12 months to 10 years; > 10 years], surgeon, etiology of
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FIG. 1. Bar charts showing the number of subjects treated from each center (left) and surgeon (right). Figure is available in color

online only.

hydrocephalus [aqueductal stenosis, brain tumor, intraven-
tricular hemorrhage (IVH) of prematurity, myelomenin-
gocele, head injury, CSF infection, 2 etiologies indicated,
other, unknown], decade of shunt insertion [1990s, 2000s],
and catheter entry site [anterior, posterior]).

Data Analysis

Descriptive statistics were used to report baseline
characteristics of the cohort. The degree of interobserver
agreement was assessed using the kappa statistic for di-
chotomous or unordered categorical factors. A K score of
> 0.60 was selected as the lower limit for sufficient re-
liability.® The sample size for determining interobserver
agreement was based on the number of variables being
evaluated, with a goal of at least 10 subjects per variable
analyzed.

Reliable placement variables were evaluated for asso-
ciation with shunt failure in univariate models. Survival
curves were calculated using the Kaplan-Meier method.
For the survival analysis, date of shunt failure, or date that
the patient was last known to be alive with a patent shunt
was used. The log-rank test was used to make an overall
comparison of survival distributions, and then pairwise
comparisons were made between variable subcatego-
ries to define the best placement based on shunt survival
curves (e.g., for the variable ventricular catheter tip loca-
tion, a pairwise comparison was made between the frontal
horn and body placements, and then another comparison
between the frontal horn and trigone). Univariate analysis
was also performed to assess the effect of age, etiology,
decade of shunt insertion, and catheter entry site on shunt
survival within the cohort. Surgeon was included as a ran-
dom effect in the survival model to account for possible
clustering within patients treated by the same surgeon.
While p values are reported for the significance of this
effect, the final models account for this clustering regard-
less of significance. Model results without controlling for
surgeon were very similar to those reported.

Factors were selected for entry into a multivariable Cox
model if they were found to be significant (p < 0.05) or
nearly significant (p < 0.10) on univariate analysis. Cox
regression was used to determine which variables were
independently associated with shunt survival. Adequacy
of the proportional hazards assumption was tested by
modeling association between predictors in the model and
survival time; an assessment of this association was non-
significant (p = 0.88) in the final reported model.

Results
Baseline Characteristics

The combined cohort from the 3 studies contained 858
subjects. In total, 22 centers and 60 surgeons contributed
subjects (Fig. 1). The center with the most subjects com-
prised 13.6% of the data set (mean number of subjects/
center 39, SD 394, median 14, minimum 5, maximum
117). The surgeon with the most subjects made up 8.2%
of the data set (mean number of subjects/surgeon 14.3, SD
14.9, median 9, minimum 1, maximum 70). Baseline char-
acteristics of the combined cohort are shown in Table 1.
Overall, the population is a heterogeneous sample from
large American (15), Canadian (3), and European (4) cen-
ters. There were 655 reviewable postoperative images for
analysis. Thirteen subjects were lost to follow-up within 1
year of surgery; otherwise, all subjects were monitored for
at least 1 year or until they met criteria for shunt failure.

Determining Interobserver Agreement for Catheter
Placement Variables

Interobserver agreement results are shown in Table 2.
Variables with sufficient agreement (k > 0.6) were ventric-
ular catheter tip location, ventricular catheter tip environ-
ment, catheter tip holes within the ventricle, and crosses
midline. Poor interobserver agreement was seen for rela-
tionship to the choroid plexus, and therefore this variable
was excluded from further analysis.
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TABLE 1. Baseline characteristics

SDT ESIT HCRN Ultrasound Combined Cohort
Variable (n=344) (n=393) Study (n =121) (n=858)
Dates of enroliment 1993-1995 1996-1999 2009-2010 1993-2010
Mean age + SD, yrs 1.54 £3.30 1.70 £ 3.68 111+ 2.46 1.55+3.38
Categorical age
<1 mo 107 (31.1%) 132 (33.6%) 41 (33.9%) 280 (32.6%)
1 to <6 mos 127 (36.9%) 120 (30.5%) 44 (36.4%) 291 (33.9%)
6 to <12 mos 32(9.3%) 50 (12.7%) 13 (10.7%) 95 (11.1%)
1to <10 mos 60 (17.4%) 66 (16.8%) 20 (16.5%) 146 (17.0%)
210 yrs 18 (5.2%) 25 (6.4%) 3 (2.5%) 46 (5.4%)
Female sex 153 (44.5%) 178 (45.3%) 44 (36.4%) 375 (43.7%)
Etiology
Aqueductal stenosis 24 (7.0%) 29 (7.4%) 8 (6.6%) 61 (7.1%)
Brain tumor 31(9.0%) 19 (4.8%) 13 (10.7%) 63 (7.3%)
IVH of prematurity 83 (24.1%) 82 (20.9%) 41 (33.9%) 206 (24.0%)
Myelomeningocele 73 (21.2%) 108 (27.5%) 33 (27.3%) 214 (24.9%)
Head injury 5 (1.5%) 13 (3.3%) 1(0.8%) 19 (2.2%)
CSF infection 18 (5.2%) 16 (4.1%) 2 (1.7%) 36 (4.2%)
2 indicated 30 (8.7%) 17 (4.3%) 0 47 (5.5%)
Other 39 (11.3%) 27 (6.9%) 23 (19.0%) 89 (10.4%)
Unknown 38 (11.0%) 82 (20.9%) 0 120 (14.0%)
Missing data 3(0.9%) 0 0 3 (0.3%)
Entry site
Anterior 54 (15.7%) 170 (43.3%) 75 (62.0%) 299 (34.8%)
Posterior 290 (84.3%) 216 (55.0%) 46 (38.0%) 552 (64.3%)
Missing data 0 7 (1.8%) 0 7(0.8%)
No. of surgeons 29 34 17 60
No. of centers 12 16 4 22
Postop images
Available & adequate 256 (74.4%) 282 (71.8%) 117 (96.7%) 655 (76.3%)
No image 53 (15.4%) 83 (21.1%) 2 (1.7%) 138 (16.1%)
Inadequate to determine catheter position 35 (10.2%) 28 (71%) 2 (1.7%) 65 (7.6%)
Postop day of scan
Mean + SD 115 + 120 118 £ 133 3274 101 £ 123
Median 91 90 1 83
Mode 90 1 1 1
Range 0-1091 0-958 0-367 0-1091

Defining the Best Target for Catheter Tip Placement Based
on Time to Shunt Failure

The catheter tip placement variables with sufficient
interobserver agreement were then collected for the en-
tire cohort by a single observer, blinded to outcome, us-
ing the first postoperative scan. Kaplan-Meier survival
curves were generated for each variable. These results are
shown in Fig. 2. The first variable, ventricular catheter
tip location (Fig. 2A), showed a significant difference in
survival among locations with frontal horn showing the
best survival (overall comparison; log-rank, p = 0.0015).
When pairwise comparisons were made between curves,
frontal horn catheters showed a significant survival advan-
tage compared with catheters in the body of the lateral

160 J Neurosurg Pediatr Volume 19 « February 2017

ventricle and catheters in the brain (log-rank, p < 0.05).
There was not a significant difference in survival between
catheters in the frontal horn and catheters in the trigone
(log-rank, p = 0.17). Catheters in the cistern (n = 5), third
ventricle (n = 9), and temporal horn (n = 6) were removed
from the analysis due to low numbers (< 10).

In the overall comparison for the second placement
variable, ventricular catheter tip environment (Fig. 2B), the
differences in shunt survival approached statistical signifi-
cance (overall comparison; log-rank, p = 0.058). However,
when pairwise comparisons were made between groups,
there was no significant difference in survival among
catheters surrounded by CSF, touching ventricular walls,
or penetrating ventricular walls. The only significant dif-



TABLE 2. Interobserver agreement for catheter position
variables*

Variable Kappa 95% ClI
Ventricular catheter tip location 0.72 0.62-0.83
Ventricular catheter tip environment 0.81 0.70-0.91
Relationship to choroid plexus 0.56 0.40-0.71
Holes in ventricle 0.74 0.55-0.93
Crosses midline 0.92 0.83-1.00

Boldface type indicates sufficient agreement (> 0.60).
* Two independent observers.

ference between groups occurred in the comparison of
catheters touching ventricular wall and not in the ventricle
(log-rank, p = 0.015). Because this variable failed to yield
a significant difference between possible desirable targets
within the ventricle and only showed that a subset of cath-
eters in the ventricle survive longer than catheters in the
brain, it was excluded from further analysis.

Catheter tip holes within the ventricle (Fig. 2C) showed
a significant difference in the overall comparison among
its 4 strata (log-rank, p = 0.031), but in the pairwise com-
parisons between groups, significant differences in surviv-
al were only seen when a comparison was made to cath-
eters not in ventricle. There was no significant difference
in survival in pairwise comparisons between all holes in
ventricle, catheter too long (some of the holes closest to the
tip in the brain), and catheter too short (some of the holes
farthest from the tip in the brain). The analysis of this vari-
able was also not successful in defining an intraventricular
target for the catheter, and thus it was also excluded from
further analysis.

The univariate analysis for catheters crossing midline
(Fig. 2D) showed no significant difference in shunt sur-
vival in the overall comparison of its 3 strata (log-rank,
p = 0.142). Pairwise comparisons showed no significant
differences in survival between catheters that cross mid-
line and catheters that do not cross midline. This variable,
therefore, was also excluded from any additional analysis.

Other variables with known or possible effects on shunt
survival (i.e., age, etiology, surgeon, decade of surgery,
and entry site) were independently analyzed to measure
their effect on shunt survival in this cohort. Age (log-rank,
p < 0.001), etiology (log-rank, p = 0.068), and entry site
(log-rank, p < 0.001) all had a significant or near-signif-
icant effect on shunt survival and were included in the
multivariate analysis to examine association with shunt
survival. The effect of entry site on survival was greater
than expected; the survival curves for entry site are shown
in Fig. 3.

To complete the planned analysis, a Cox regression
model was performed with the variables ventricular cath-
eter tip location, age, etiology, decade of surgery, and entry
site. Within-surgeon clustering of outcomes was modeled
using a random effect in all models. The results of the ini-
tial model and final model are shown in Table 3. When all
variables were adjusted for, ventricular catheter tip loca-
tion had no significant effect on shunt survival. Entry site,
however, did show a significant effect on survival after
adjusting for the effects of age, etiology, and surgeon. As

Ventricular catheter target study

ventricular catheter tip location and decade of surgery did
not exhibit trends (p > 0.10) for association with outcome
in a stepwise multivariable model, these factors were not
included in the final model. The final model suggests that
entry site is a significant factor in determining shunt sur-
vival and ventricular catheter tip location is not. Anterior
entry site lowered the risk of shunt failure by approximate-
ly one-third compared with posterior entry (HR 0.648,
95% CI 0.505-0.831).

Post Hoc Analyses

Because these results challenged our initial hypothesis
(that catheters in the frontal horn away from the choroid
plexus and surrounded by CSF have the longest sur-
vival regardless of entry site), we performed additional,
unplanned analyses to better characterize the effect and
understand the results. Table 4 compares baseline charac-
teristics between anterior and posterior entry sites. There
are significant differences between the 2 groups for age,
decade of shunt insertion, and surgeon experience. The
posterior group contains a higher percentage of younger
subjects, a lower percentage of subjects treated recently
(2009-2010), and a lower percentage of surgeons con-
tributing 10 or more subjects to the data set (a surrogate
variable for experience). All of these imbalances favor the
anterior entry site group. The multivariate proportional
hazard regression model takes these into account and at-
tempts to adjust for these differences.

We investigated the possibility that entry site acts as a
confounder on the relationship between ventricular cath-
eter tip location and shunt survival. To act as a confounder,
a variable must be associated with both the risk factor of
interest (ventricular catheter tip location) and the outcome
(time to shunt failure), it must be distributed unequally
among the groups being compared, and it cannot be an
intermediary step in the causal pathway from exposure of
interest to outcome.” All of these conditions are met. First,
we have shown that entry site selection is associated with
the outcome time to shunt failure (Fig. 3). We can also
show that there is an association between choice of entry
site and ventricular catheter tip location; these associations
are shown in Table 5 under the subheading “Column %.”
For example, catheters placed from an anterior approach
have a much higher likelihood of placement in the fron-
tal horn than catheters from a posterior approach (75.6%
vs 23.7%). It is also true that posterior entry catheters are
more likely to be in the trigone than anterior entry catheters
(26.7% vs 0.4%). Second, Table 5 also confirms that there
is an unequal distribution of entry sites among the ventric-
ular catheter tip locations being compared in this cohort
(see Table 5, “Row %”). For example, most catheters in the
frontal horn are from an anterior entry site rather than a
posterior entry site (67.5% vs 32.5%, respectively). Finally,
entry site selection is modifiable; it is a choice made by the
surgeon. It cannot be considered an intermediary step in
the causal pathway from shunt insertion to shunt failure.

Contrary to our hypothesis, the results suggest that
catheters in the frontal horn from an anterior entry site
survive longer than catheters in the frontal horn from a
posterior entry site. For clarity, a comparison of shunt sur-
vival curves for these 2 situations was performed and is
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FIG. 2. Kaplan-Meier shunt survival curves with pairwise comparison tables for between curve comparisons. Crosses on curves
depict censored subject. Log-rank tests for significance for the overall comparison of survival distributions were as follows: ventric-
ular catheter tip location, log-rank %? = 15.434, p = 0.0015 (A); ventricular catheter tip environment, log-rank %2 = 7.486, p = 0.058
(B); catheter tip holes within ventricle, log-rank 2 = 8.875, p = 0.031 (C); crosses midline: log-rank %? = 3.902, p = 0.142 (D). Tables
below shunt survival curves show log-rank chi-square test result and p values when 2 curves are compared with each other.

shown in Fig. 4; all catheter tips in this figure are in the
frontal horn. The analysis shows a significant difference
between the 2 entry sites with anterior entry site catheters
surviving longer (log-rank, p = 0.035).

Finally, we compared the subtypes of shunt failure (i.e.,
obstruction, overdrainage, loculation, and infection) be-
tween the 2 entry sites in Table 6. The difference in shunt
survival appears to be due to a significant difference in the
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FIG. 3. Kaplan-Meier shunt survival curves for entry site. Log-rank %2 = 16.145, p < 0.001.

TABLE 3. Results of Cox proportional hazard model analysis

Preliminary Model (n = 652)

Final Model (n = 848)

Variable Adjusted HR (95% ClI) p Value Adjusted HR (95% ClI) p Value

Anterior entry site 0.674 (0.471-0.963) 0.025 0.648 (0.505-0.831) 0.005
Age 0.002 <0.001

<t mo Referent Referent Referent Referent

1 to <6 mos 0.511(0.343-0.761) 0.001 0.497 (0.368-0.670) <0.001

6 to <12 mos 0.448 (0.265-0.758) 0.003 0.409 (0.267-0.625) <0.001

1t0<10yrs 0.435 (0.257-0.734) 0.002 0.409 (0.268-0.624) <0.001

>10 yrs 0.628 (0.318-1.240) 0.181 0.499 (0.278-0.895) 0.02
Etiology 0.011 0.16

Aqueductal stenosis Referent Referent Referent Referent

Myelomeningocele 0.928 (0.529-1.628) 0.80 0.958 (0.611-1.503) 0.85

IVH of prematurity 1.132 (0.654-1.960) 0.66 1.287 (0.821-2.019) 0.27

Brain tumor 1.608 (0.769-3.364) 0.21 1.323 (0.691-2.534) 0.40

CSF infection 2.752 (1.358-5.575) 0.005 1.952 (1.064-3.584) 0.03

Head injury 1.256 (0.470-3.356) 0.65 1.213 (0.482-3.053) 0.68

2 indicated 1.094 (0.513-2.331) 0.82 1.299 (0.717-2.353) 0.39

Other 0.676 (0.355-1.288) 0.23 0.789 (0.460-1.353) 0.39

Unknown 0.924 (0.493-1.731) 0.81 1.202 (0.732-1.975) 0.47
Surgeon (as random effect)* 0.032 0.26*
Recent surgery (2009-2010) 1.127 (0.705-1.800) 0.48 Removed from model
Ventricular catheter tip location 0.37 Removed from model

Frontal horn Referent Referent

Trigone 1.227 (0.782-1.925) 0.37

Body 1.287 (0.904-1.834) 0.16

3rd ventricle 1.274 (0.391-4.148) 0.69

Temporal horn 1.343 (0.393-4.588) 0.64

Cistern 2.058(0.466-9.099) 0.34

Brain 1.745 (1.095-2.779) 0.02

* Surgeon was kept in the model as a random effect to control for within-surgeon clustering.
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TABLE 4. Baseline characteristics by entry site

Variable Anterior Entry Site Posterior Entry Site Significance
No. of subjects 299 552
Mean age £ SD, yrs 1.76 £+ 3.64 144 +3.25 0.011*
Categorical age 0.02t
<t mo 88 (29.4%) 189 (34.2%)
1 to <6 mos 96 (32.1%) 193 (35.0%)
6 to <12 mos 36 (12.0%) 59 (10.7%)
1to <10 yrs 60 (20.1%) 84 (15.2%)
210 yrs 19 (6.4%) 27 (4.9%)
Female sex 132 (44.1%) 238 (43.1%) 0.77
Etiology 0.48
Aqueductal stenosis 17 (5.7%) 44 (8.0%)
Brain tumor 24 (8.0%) 39 (71%)
IVH of prematurity 65 (21.7%) 138 (25.0%)
Myelomeningocele 73 (24.4%) 140 (25.4%)
Head injury 9 (3.0%) 10 (1.8%)
CSF infection 11 (3.7%) 25 (4.5%)
2 indicated 15 (5.0%) 32 (5.8%)
Other 32 (10.7%) 56 (10.1%)
Unknown 52 (17.4%) 66 (12.0%)
Missing data 1(0.3%) 2 (0.4%)
Period of shunt insertion <0.001
1993-1998 224 (74.9%) 506 (91.7%)
2009-2010 75 (25.1%) 46 (8.3%)
Surgeons (n = 60)
No. in group 37 52
No. w/ 210 cases 26 24
Patients treated by surgeon performing =10 cases (%) 90.3 779 <0.001

* Wilcoxon.
t Ordered chi-square.

rate of shunt obstruction between anterior and posterior
shunts. The rate of infection, overdrainage, and failure due
to loculations were similar between the 2 entry sites.

Discussion

This secondary analysis of 3 previous pediatric hydro-
cephalus studies was undertaken to determine the best
target within the ventricle for the ventricular catheter tip
when placing a first-time shunt; however, the study failed
to identify a specific target. The analysis of the various
catheter positions simply suggests that the most impor-
tant factor for the catheter tip is that some portion of the
tip is within the ventricle. Not surprisingly, if none of the
catheter tip is in the ventricle, the outcome is poor. How-
ever, somewhat surprisingly, it does not seem to matter if
a portion of the catheter tip is within the body, trigone, or
frontal horn of the lateral ventricle; touches the wall; pen-
etrates the ventricular wall; or crosses midline. Regard-
ing the target, we can only conclude that shunts survive
longer when some or all of the catheter tip is within the
ventricle compared with when all of the catheter tip is not
in ventricle (there were not enough cases of catheters in
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the temporal horn or third ventricle to be included in the
analysis, so conclusions about catheters in these locations
cannot be made).

The analysis, however, does indicate that the choice of
entry site has a much more significant effect on determin-
ing shunt survival than the placement of the catheter tip.
Stated another way, where the catheter enters the brain on
its way to the ventricle is more important than where the
catheter ends up within the ventricle. This does not mean
that the target is not important (e.g., a catheter tip embed-
ded in the brain from any entry site will fail), but it does
suggest that the orientation of the catheter within the ven-
tricle may play a significant role in reducing the rate of
catheter obstruction. Catheters from an anterior approach
enter the frontal horn or body of the ventricle through the
roof and hang down into the ventricle like a chandelier; this
may lead to less contact with the ventricular walls, floor,
and choroid plexus and result in less obstruction and lon-
ger survival times. Catheters that enter the ventricle from
a posterior approach come in through the walls of the ven-
tricle and may be more likely to rest on the ventricular floor
or choroid plexus, and this may result in earlier obstruction.
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The timing of the postoperative scans in this study was

not uniform, and this can affect the relationship of the
catheter tip to various structures, especially as the ven-
p Value tricles decrease in size or the brain grows. For example,

“surrounded by CSF” can become “touching ventricular
wall” depending on the timing of the scan. “All holes in
ventricle” can become “catheter too short” as the head
grows. There is no reliable way to correct for this in the

analysis.
These analyses are not the results of a randomized trial.
None of the 3 studies used to create this cohort dictated

the choice of catheter entry site. Surgeons chose the entry
site in each subject based on factors that we cannot deter-
mine from the data set. This decision was made based on

surgeon preference and was perhaps influenced by patient
factors. It is very possible that an unknown confounder
or confounders are responsible for the results seen in this

analysis.

Our findings also only pertain to first-time shunt inser-
tions, and may not apply to shunt revision surgery.

We also should interpret the results of this study with

caution because most of the cases in the data set are from
the 1990s, and the recent HCRN Registry data does suggest
that shunt survival is better now than it was in the 1990s.°

Finally, the subjects in the data set from the SDT and
ESIT have been analyzed many times in multiple ways,

TABLE 5. Association between ventricular catheter tip location Study Limitations
and entry site*
Ventricular
Catheter Tip Anterior Entry  Posterior Entry
Location (n=258) (n=397)
Frontal horn 195 94
Row % 67.5% 32.5%
Column % 75.6% 23.7%
Body 37 143
Row % 20.6% 79.4%
Column % 14.3% 36.0%
Trigone 1 106
Row % 0.9% 99.1%
Column % 0.4% 26.7%
Temporal horn 0 6
Row % 100% <0.001t
Column % 1.5%
3rd ventricle 7 2
Row % 77.8% 22.2%
Column % 2.7% 0.5%
Cistern 1 4
Row % 20.0% 80.0%
Column % 0.4% 1.0%
Brain 17 42
Row % 28.8% 71.2%
Column % 6.6% 10.6%

making it possible that the results produced here are due

* Distributions shown in this table explain the confounding relationship

between the 2 variables.

1 Fisher’s exact test using 100,000 Monte Carlo simulations.

Survival Probability

to chance alone.

Previous Work Related to Entry Site

Previous work looking at the effect of entry site on
shunt survival comes from the late 1980s and early 1990s.
In a retrospective analysis of 114 patients, Albright et al.

107
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FIG. 4. Kaplan-Meier shunt survival curves for entry site with all catheter tips in the frontal horn. Log-rank 2 = 4.4450, p = 0.035.
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TABLE 6. Comparison of entry site by cause of shunt failure

Anterior Entry  Posterior Entry p

Outcome (n=299) (n=552) Value
Obstruction 18.7% 33.0% <0.001
Overdrainage 2.7% 3.4% 0.54
Loculation 2.3% 0.9% 0.125*
Infection 10.0% 9.2% 0.7
Never met criteria for shunt 66.2% 53.4%

failure during follow-up

* Fisher's exact test.

found that anterior shunts lower the risk of shunt failure
by approximately one-third.! These results were controver-
sial at the time and quickly led to a randomized controlled
trial by Bierbrauer et al.? The trial analyzed 121 pediatric
patients randomized between anterior and posterior entry
site and concluded that posterior entry sites were no worse
than anterior entry sites. Shunt survival curves comparing
the 2 groups did show a statistically significant improve-
ment in survival for posterior shunts. The study protocol,
however, may have allowed bias to significantly affect
the study results. In particular, subjects were randomized
based on the month of the year, so surgeons were aware of
the treatment assignment prior to entering a subject into
the trial; this can be a significant source of bias and is
not true randomization. No steps were taken to minimize
bias in the assessment of the primary outcome (criteria for
shunt failure were not defined, and failure was determined
by the operating surgeon). The methods for determining
sample size and data analysis were not reported. Entry site
locations were not specifically defined.

Additional Study Is Necessary

This analysis suggests that anterior entry site selection
is a significant modifiable risk factor for shunt failure for
patients receiving their first shunt. However, like all stud-
ies with this design, these results are best used to gener-
ate hypotheses and to support and plan more definitive
prospective interventional studies. Based on this study, a
randomized controlled trial has been planned and is cur-
rently recruiting patients within the HCRN (The CSF
Shunt Entry Site Trial, clinicaltrials.gov: NCT02425761).
A well-designed randomized controlled trial limits the ef-
fect of confounders and bias; it is the best methodology
for comparing 2 treatments. The results of such a trial are
necessary before treatment recommendations can be made
regarding the best shunt entry site.

Conclusions

Using a large cohort of pediatric patients undergoing
first-time shunt insertion, we failed to identify an ideal
target within the ventricle for the shunt catheter tip. Un-
expectedly, we found that entry site selection has a greater
effect on shunt survival than ventricular catheter tip place-
ment. Entry site may represent a modifiable risk factor for
shunt failure, but more rigorous study is needed before a
practice change can be recommended.
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