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TABLE 3. Association between variables and the outcome of
time to proximal shunt failure: multivariate Cox proportional
hazards regression analysis

TABLE 5. Association between variables and the outcome of time
to simultaneous proximal and distal shunt failure: multivariate
Cox proportional hazards regression analysis

Variable Adjusted HR LCI ucCl Variable Adjusted HR LCI ucCl
Shunt type (CV vs Uni-Shunt) 1.77 0.92 3.40 Shunt type (CV vs Uni-Shunt) 0.21 0.05 0.81
Hydrocephalus etiology Hydrocephalus etiology
IVH Reference — — IVH Reference — —
Myelomeningocele 1.29 0.32 515 Myelomeningocele 0.41 0.04 3.55
Aqueductal stenosis 0.78 0.23 2.60 Aqueductal stenosis 0.16 0.01 1.39
Tumor 4.89 1.1 21.55 Tumor NA NA NA
Prematurity-no IVH 2.96 0.28 31.06 Prematurity-no IVH NA NA NA
Congenital 147 0.54 2.55 Congenital 0.73 0.06 8.06
Postinfectious 1.40 0.40 4.84 Postinfectious 1.40 0.40 4.84
TBI 0.75 0.09 6.05 TBI NA NA NA
Use of endoscope 218 0.86 5.50 Use of endoscope 1.59 013 19.10
Entry point (parietal vs frontal) 1.84 0.67 5.03 Entry point (parietal vs frontal) 1.56 0.19 12.63
Cardiac CCC 113 0.54 2.36 Cardiac CCC 0.35 0.07 1.61
Age Age
0-1mo Reference — — 0-1mo Reference — —
1-12 mos 0.64 0.32 1.27 1-12 mos 0.65 0.22 1.87
>12 mos 0.41 0.12 1.35 >12 mos 0.57 0.06 4.85

LCI = lower confidence interval; TBI = traumatic brain injury; UCI = upper
confidence interval.
Boldface type indicates statistical significance.

TABLE 4. Association between variables and the outcome
of time to distal shunt failure: multivariate Cox proportional
hazards regression analysis

Variable Adjusted HR LCI ucCl
Shunt type (CV vs Uni-Shunt) 0.63 0.25 1.55
Hydrocephalus etiology
IVH Reference — —
Myelomeningocele 0.83 0.17 410
Aqueductal stenosis 0.60 0.19 1.87
Tumor 018 0.01 1.74
Prematurity-no IVH NA NA NA
Congenital 0.15 0.04 0.53
Postinfectious 0.67 0.08 5.34
TBI NA NA NA
Use of endoscope NA NA NA
Entry point (parietal vs frontal) 1.06 0.31 3.58
Cardiac CCC 1.07 0.40 2.84
Age
0-1mo Reference — —
1-12 mos 1.32 0.53 3.33
>12 mos 5.62 1.86  17.01

Boldface type indicates statistical significance.

At our institution, the vast majority of DSV shunts are
placed by 2 of the 5 surgeons in our practice, and shunt
placements occurred exclusively at one of the two pediat-
ric neurosurgery centers in our practice. The differences
seen between the two shunt groups likely reflect a varia-
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Boldface type indicates statistical significance.

tion in practice pattern or the types of pathologies seen
at each of the two centers, though in general all types of
pathologies are seen at both centers. Surgeon preference
was the sole determinant for what type of shunt was placed
in each patient. Two of the surgeons utilize DSV shunts
nearly exclusively, but they are more likely to place an-
other valve type in older patients, which is one possible
reason that there was a significant difference between the
groups in the patients older than 10 years.

The possible advantages of a DSV shunt include its
fewer components and therefore fewer things to assemble
at the time of operation, which would theoretically reduce
operating times. There are fewer connection points; there-
fore, disconnection may be less likely. The tapping reser-
voir on these shunts tends to have a slightly lower profile
than even the “low-profile” valves on the market, which
is desirable, particularly in infants. Lastly, in the case of
an isolated distal occlusion, the belly can be opened, the
distal catheter removed, and the slit valve cleared of de-
bris. It is typical to find a proteinaceous “plug” occluding
the closed-ended catheter tip. When this is removed, in the
majority of cases brisk flow is restored and the distal cath-
eter can simply be reinserted without the need to expose or
manipulate any other portion of the shunt system. In this
common scenario, it is our practice to prep out all inci-
sions, and then a tap of the reservoir is performed sterilely.
If there is proximal flow, the abdominal incision is opened
first and the tip of the distal catheter is examined.

Summary of Past Studies
Other studies have yielded findings similar to ours.

Table 6 presents a summary of studies evaluating the mal-
function of shunts with DSVs. In 1994 Hahn compared



TABLE 6. Summary of studies evaluating malfunction of shunts with DSVs
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Authors & Year
Sainte-Rose et al., Hahn, Cozzens & Chandler, Virella et al.,
Variable 1991-1992 1994 1997 2002 Present Study
No. of patients 1719 155 166 (372 operations) 141 232
% DSV 56.2% 100% NR 28.4% 49.5%
Total failure rate  30% at 1yr, 70% at 10 yrs  30.3% at 2 yrs NR 31% (DSV), 30% (Delta) 54% (DSV), 50% (CV)
Proportion of 56.1% 96.3% 83% NR (either group) 84% (DSV), 72% (CV)
failures due to
obstruction
% proximal 30.2% 33.1% 771% 61.3% (DSV), 80% (Delta) 27.4% (DSV), 53.4% (CV)
failures
% distal failures 13.6% 42.6% 12.1% 25.8% (DSV), 5% (Delta) 33.9% (DSV), 13.8% (CV)
% proximal+distal 8%" 14.7% 10% NR (DSV), 5% (Delta) ~ 22.6% (DSV), 5.2% (CV)
failures
Direct compari-  Yes, but location of failure  All patients had ~ No; there is a comparison  Yes, but p value datanot ~ Yes
son of DSV & according to group NR; DSV shunts; group but comparisons given on differences
other valve? only survival curves no comparison  are indirect & difficult to in failure location, only
showing differences group interpret total failure
btwn groups given
Summary of rel-  Parallel survival curves  Study only offers ~ Study examined 168 Total failure rate equal 0S not different btwn
evant findings but reduced OS failure data for revision surgeries of btwn 2 groups; vast DSV & CV shunts;
of shunts w/ DSVs 155 patients w/ 166 patients; 140 cases majority of failures in more proximal failures
compared to proxi- “‘double DSVs”;  due to obstruction—85 Delta valve group were in CV shunts; more dis-
mal nonslit valves; distal obstruc- (60.7%) of those were proximal w/ very few tal & combined failures
distal malfunction tions much in patients w/ DSVs; 31 distal malfunctions; in DSV shunts

more likely w/ closed-
ended distal cath-
eters w/ slits than w/
open-ended catheters

more common
than proximal

cases of distal obstruc-
tion, all of which had
DSVs; comparison of
proportions of location

more distal malfunc-
tions in DSV group, but
p value not provided

of failure not provided

NR = not reported; OS = overall survival.

* Eight percent reported as “undefined obstruction,” but unclear how much of this included a double obstruction of proximal and distal catheters.

the failure trends of two different types of DSV shunts but
did not have a comparison group without DSVs.® The most
common location of obstruction in his study was distal,
comprising 42.6% of all failures. Obstruction was proxi-
mal in 33.1% and both proximal and distal in 14.7%. This
pattern of failure is similar to the pattern seen in our DSV
group. Otherwise, Hahn’s study focuses more on the is-
sue of overdrainage and so-called slit ventricle syndrome
(SVS) than on the issue of the location of shunt occlusion.

Sainte-Rose et al. conducted a very thorough retro-
spective analysis of 1719 patients with various types of
shunts and an average 12-year follow-up.” The failure rate
was 81% over 12 years. The patient cohort consisted of 2
groups, one with DSVs (56%) and the other with proxi-
mal nonslit valves. These authors found that 56% of all
failures were attributable to catheter obstruction at some
location. The other causes included pseudocysts, catheter
fractures, disconnections, overdrainage, and skin erosion.
Of the failures caused by obstruction, 30.2% were proxi-
mal, 13.6% distal, and 8% ‘“undefined.” Unfortunately, the
authors do not break this latter category down by location
of obstruction based on valve types, but they do present
shunt survival data suggesting that distal failure was more

likely with a DSV. Their data also suggested that the over-
all failure rate was higher with DSVs. These differences
in shunt survival reached statistical significance. Our co-
hort differed substantially in that 84% and 72% of shunt
failures were attributable to obstruction in the DSV and
CV groups, respectively. Sainte-Rose and colleagues had
significantly more failures due to shunt disconnection and
catheter fracture. The reason for this finding is not clear,
but it could be explained by improvements in the catheter
and shunt design.

Although it was not the primary focus of their study, Coz-
zens and Chandler addressed this issue indirectly in 1997.2
They reviewed 140 cases of shunt revision due to obstruc-
tion, which included 85 cases in which a DSV was involved.
The overall rates of proximal, distal, and proximal+distal
shunt failure were 77.1%, 12.1%, and 10%, respectively;
however, they do not report these rates as a function of the
shunt valve design. The authors state that there was some
form of DSV in 100% of the cases in which the distal end of
the shunt was involved. They also report that among those
cases without a DSV, no distal occlusions were found. What
we do not know is what proportion of cases with DSVs had
proximal obstructions or what proportion of total obstruc-
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tions were attributable to each group of patients. Therefore,
complete conclusions cannot be made about the patterns of
failure as a function of valve type.

Virella et al. examined DSV shunts in 2002, and al-
though the primary objective of their study was to evalu-
ate the incidence of overdrainage, they also compared the
failure rates and patterns of 101 patients with DVS shunts
to those of 40 patients with Delta valves, finding no dif-
ference in overall failure between the groups.® First-time
failure rates were 31% for the DSV group and 30% for the
Delta valve group, which was consistent with our findings
of no overall difference in failure rate. In the DSV group,
61% of first-time failures were proximal and 26% were dis-
tal. In the Delta valve group, they only report the pattern of
failure overall, which included first and second failures in
the same patients, for which the proximal failure rate was
80% and the distal rate was 5%. Again, here the compari-
sons are indirect, and the numbers are relatively small be-
tween the groups, making it difficult to draw conclusions.

A prospective randomized trial demonstrated no dif-
ference in failure rates between the most commonly used
shunt valves;> however, DSVs were not included in that
study, so we believed the question deserved exploration.
As the failure rates of these two categories of valves, DSVs
and CVs, are not statistically different, we can conclude
that they are equally effective and durable in achieving the
primary goal of CSF diversion for the same period of time.
Nonetheless, the difference in catheter occlusion site does
have potential implications in terms of surgical morbid-
ity. Shunt revision surgery carries risks that are associated
with the site of obstruction. For proximal revisions, risks
include intracerebral and intraventricular hemorrhage,
catheter misplacement, or catheter loss, just to name a few.
In the case of distal revision, there are times when it can
be difficult to guide the catheter back down the same tract
and a new laparotomy is required, and other times laparos-
copy and the assistance of a general surgeon are needed.
And in the case of proximal and distal occlusion, both
ends of the shunt must be manipulated, operating times
are longer, and there are two incisions, logically increasing
the inherent risk of infection.

Conclusions

Our study shows that the overall survival of shunts with
DSVs and other valve types is no different but that the way
in which these two types of shunts fail is different. No
recommendations can be made about which type of valve
should be used. In fact, according to our results, they per-
form equally well at the single most important objective,
that is, CSF diversion for as long as possible. The differ-
ence in failure patterns, however, may have implications
in terms of the risk associated with shunt revision surgery
since different maneuvers are required for proximal versus
distal revisions. Most importantly, in cases in which both
the proximal and distal catheters need to be manipulated,
both incisions must be opened, requiring longer operating
times and risking higher blood loss. Further investigation
with larger studies is needed to evaluate these relationships.
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