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Abstract

Purpose To review the use of different valve types in infants with hydrocephalus, in doing so, determining whether an
optimal valve choice exists for this patient cohort.

Methods We conducted (1) a literature review for all studies describing valve types used (programmable vs. non-programmable,
valve size, pressure) in infants (<2 years) with hydrocephalus, (2) a review of data from the pivotal BASICS trial for infant
patients and (3) a separate, institutional cohort study from Alder Hey Children’s Hospital NHS Foundation Trust. The primary
outcome was any revision not due to infection.

Results The search identified 19 studies that were included in the review. Most did not identify a superior valve choice
between programmable and non-programmable, small compared to ultra-small, and differential pressure compared to flow-
regulating valves. Five studies investigated a single-valve type without a comparator group. The BASICS data identified 391
infants, with no statistically significant difference between gravitational and programmable subgroups. The institutional data
from our tertiary referral centre did not reveal any significant difference in failure rate between valve subtypes.

Conclusion Our review highlights the challenges of valve selection in infant hydrocephalus, reiterating that the concept of an
optimal valve choice in this group remains a controversial one. While the infant-hydrocephalic population is at high risk of valve
failure, heterogeneity and a lack of direct comparison between valves in the literature limit our ability to draw meaningful con-
clusions. Data that does exist suggests at present that there is no difference in non-infective failure rate are increasing in number,
with the British valve subtypes in infant hydrocephalus, supported by both the randomised trial and institutional data in this study.
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Ventriculoperitoneal (VP) shunts are the mainstay of treat-
ment for hydrocephalus, especially in neonates and infants.
Infant hydrocephalus incidence is between 1 and 32 per
10,000 births. Aetiology varies and often impacts clinical
outcome [1]. Shunt failure and subsequent revisions con-
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stitute a significant part of the paediatric neurosurgeon’s
workload, resulting in both financial cost [2, 3] and repeat
patient exposure to the risks associated with surgery [4].
Reducing the likelihood of shunt failure is therefore crucial,
and a number of influential variables have been identified.

Younger age is a significant determinant of shunt failure,
with neonates and infants experiencing significantly higher
rates of shunt complications, shunt failure and therefore
revisions, compared to older children [4]. Within the infant
population, it is therefore critical to optimise all other inde-
pendent variables to mitigate risk of failure.
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Randomised trials examining various aspects of shunt
systems are increasing in number, with the British Antibiotic
and Silver Impregnated Catheters for ventriculoperitoneal
Shunts (BASICS) multi-centre randomised controlled trial
[5] highlighting the superiority of antibiotic-impregnated
shunts and, more recently, the CSF Shunt Entry Site Trial
(ENTRY): examining the role of catheter position in deter-
mining shunt survival [6]. Kestle et al. reviewed the number
of prospective multi-centre studies in paediatric hydroceph-
alus and identified only two that assessed the efficacy of
different kinds of valves and their performance, leading to
the conclusion that ‘valves are all the same’ [7]. However,
since these trials [8, 9] were published in 1998 and 1999, the
valve market has grown exponentially. Fixed, programmable,
anti-siphon devices, flow regulation: for every obstacle that
accompanies CSF diversion, a valve mechanism has been
designed to tackle it. This breadth of variety has, however,
resulted in very little rigorous comparison at a randomised
control level, particularly in infant populations.

The adage established in the 1990s that ‘valves are all
the same’ has arguably been replaced with ‘stick with what
works’, with surgeon preference and experience now featur-
ing heavily in system selection [10]. De novo shunt inser-
tions typically have some of the most variable outcomes in
failure rates and valve survival. This is largely due to the
number of factors that are known to impact time to shunt
failure: aetiology, age, infection, surgeon experience and
shunt system all contribute to the likelihood of success [4].

While failure rate is typically the primary outcome in
shunt comparison, it remains to be seen whether it is the
only useful outcome measure. The cognitive impact of
hydrocephalus is well recognised, particularly in the infant
population; however, very little comparison has been per-
formed between long-term follow-up of patient cognition in
different valve groups. Alternative outcome measures, such
as ventricular size and head circumference, are also under-
investigated [11, 12].

Given that many de novo shunts are inserted in the infant
population, ensuring the optimal valve is selected at this
point of insertion is critical in minimising failure rates. This
study seeks to describe the trends in de novo valve selection
for the infant hydrocephalus population, as well as ascertain
whether any single-valve system is superior to others in this
population.

Methods

We conducted three separate analyses as part of this review.
Firstly, we carried out a literature review for all stud-
ies describing valve types used (programmable vs. non-
programmable, valve size, pressure) in infants (<2 years)
with hydrocephalus, including both comparative and
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non-comparative studies. Second, we carried out a post hoc
analysis of data from the pivotal BASICS trial for infant
patients only. Third, we examined a separate, institutional
cohort from Alder Hey Children’s Hospital NHS Foundation
Trust of all valves used for infant hydrocephalus patients
from February 2010 to September 2018.

Literature review

A literature search was conducted of the PubMed registry on
the 12th of February 2021, of all articles published between
1995 and 2020, with the search terms ‘hydrocephalus’,
‘infant’, ‘neonate’ and ‘valve’. Suitable articles for inclu-
sion were those that included manuscripts that reviewed or
assessed the efficacy of VP shunts in neonates and infants,
including both comparative and non-comparative studies of
valve types. All articles were screened by two independ-
ent reviewers (BJH and CSG). If disagreements occurred
over selection, senior authors were selected for clarification
(BP and CM). Randomised and non-randomised studies
were included. If articles reported mixed data sets contain-
ing results of both infants and children under the age of 18,
studies with a median age of <2 years old or with at least an
80% majority infant cohort were included.

Data collection

Retrospective analysis of derived data sets from the BASICS
trial, full details of methodology for which are as previously
published [5]. Relevant data sets were collated from pro-
spectively generated databases on the basis of anonymised
unique patient trial IDs.

Study participants

One thousand six hundred five patients receiving de novo
VP shunt insertion were recruited to the BASICS trial
between June 2013 and October 2017 and randomised to
receive either plain silicon, silver-impregnated or antibiotic-
impregnated shunt catheters. Patients of any age and of all
hydrocephalus aetiologies were eligible for inclusion. From
this data set, 391 patients <2 years are included in the analy-
sis presented.

Valve grouping
For pragmatic analysis, the following schemes were

devised to classify the wide variety of valves implanted in
the BASICS trial. Valves with an integrated gravitational
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unit (programmable and non-programmable) produced by
Miethke were classified as gravitational, and all other valve
types were classified as non-gravitational. In addition, valves
were dichotomised as being either programmable or non-
programmable on the basis of whether they have a feature
to adjust the valve opening pressure. Combining these 2
schemes resulted in 4 valve combinations: non-gravitational
non-programmable (NGNP), non-gravitational program-
mable (NGP), gravitational non-programmable (GNP) and
gravitational programmable (GP).

Outcomes

Participants in the BASICS trial were followed up to a maxi-
mum of 24 months (median 22 months). Shunt revision for
any cause and reason for revision were secondary endpoints.
The outcome of interest in this analysis was valve revision
rate. This was defined as any revision not due to infection
as recorded within the BASICS final analysis. This defini-
tion encompasses all non-infective failures including, but
not limited to, mechanical obstruction and functional fail-
ure (both under and over-drainage). Due to a focus on valve
design, failures due to infection were excluded from formal
statistical analysis.

Statistical analysis

Data management and statistical analysis were performed in
R Studio with R version 4.02.

Time to revision is illustrated using Kaplan—-Meier
curves. Comparison of dichotomous variables is presented
descriptively and compared with a chi-square test. Time to
revision analysis is illustrated using Kaplan—Meier survival
curves based on Cox proportional hazards models adjusting
for covariates of interest. Statistical significance threshold
was set at p <0.05. Data was assumed to be missing at ran-
dom and therefore no imputation was carried out. No adjust-
ment for multiplicity has been performed, rather, inferences
are drawn from the statistical significance of the results
reported.

Alder Hey institutional data

Clinical notes of all patients receiving de novo Miethke
fixed pressure (paediGAV) valves at Alder Hey Children’s
Hospital NHS Foundation Trust between February 2010
and September 2018 were collected. Miethke proGAV®2.0
programmable valves were not used in the Trust until a later
date, therefore notes of all patients receiving de novo pro-
GAV2.0® valves from January 2014 to September 2018

were also collected. Data was collected according to the fol-
lowing headings: (i) patient demographic, (ii) symptomatol-
ogy (pre and postoperatively), (iii) indication for shunt/valve
insertion, (iv) frequency of surgical intervention, (v) fre-
quency of valve setting alteration and (vi) ventricular linear
metrics. Over-drainage was defined according to a combina-
tion of ventricular morphology, symptomatic presentation
of the patient and, if performed, ICP monitor values. The
rationale for selecting appropriate replacement valves in the
cases where revision was necessary was decided on a case by
case basis. Gravitational unit for proGAV2.0® choice was
made according to Miethke guidance: 20-cm H,O for those
under 5 years of age and 25-cm H,O for over 5 years. Any
cases in which available data regarding shunt pressures at the
time of insertion was not available were excluded.

Patients > 2 years of age at the time of initial shunt inser-
tion were excluded from further analysis. Shunt system
failure was defined as ‘requiring revision or surgical re-
intervention not due to infection’. A subgroup of patients
was also analysed, wherein those experiencing failure within
3 months of initial insertion were excluded, accounting for
immediate surgical or inpatient complications as confound-
ing factors in failure rate. Only shunt revisions secondary
to mechanical failure were included; those resulting from
infection, CSF leak or catheter failure were excluded.

For all programmable valve patients, preoperative and
postoperative imaging was assessed to determine changes
in ventricular linear metrics. T2-weighted MRI scans were
used to measure frontal and occipital horn ratio (FOHR)
and frontal and occipital horn width ratio (FOHWR). In
the absence of T2-weighted MRI, CT scans were used. All
measurements were taken at the level of the intraventricular
foramen of Monro, as identified on axial images. The FOHR
was defined as the mean value of the frontal and occipital
horn width divided by twice the widest biparietal diameter
(BPD) [13, 14]. FOHWR was then defined as the average of
the maximum width of the individual frontal and occipital
horns, divided by twice the widest BPD [15]. The closest
available scans prior to and following shunt insertion/revi-
sion were used to assess any changes. Ventricular metric
data was not available for non-programmable valves used
at this centre.

The latest versions of Microsoft Excel and SPSS statis-
tical software were used for data collection and statistical
analysis, respectively.

Results
Literature review

The search terms returned 173 results, with 19 articles
included after title and abstract screening (Supplementary
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Table 1). Three randomised control trials comparing valve
types were identified [8, 9, 11]. All other studies were multi-
centre prospective, or single-centre prospective or retro-
spective studies. Ten included infants specifically (less than
2 years old), and seven studies included infants alongside
older children. In almost all of these studies, infants consti-
tuted greater than 80% of the study cohort [11, 12], or the
median age was under 1 year of age [8, 16—19].

Valve comparison in the literature

Programmable vs. fixed valve (including gravitational units)
comparison

Investigation of the efficacy and safety of programmable
valves was the most prevalent aim of the studies identified.
Five studies examined only a single model of programmable
valve, without comparing to any other mechanisms or manu-
facturers; the conclusions across the articles being that pro-
grammable valves are indeed safe and efficacious. Another
study compared two programmable valves, this time from
the same manufacturer (Sophy/Polaris), finding them equally
efficacious and without any significant discrepancies [20].

One study of only infants identified no difference between
shunt survival for adjustable (Miethke proGAV) compared
to fixed valves (Orbis-Sigma) (p =0.18) but reported that
the adjustable valve cohort was more likely to suffer from
over-drainage [21]. Another study of 50 infants failed to
identify a difference in shunt survival between differential
pressure compared to flow-regulating valves (p =0.72) but
conversely identified a lower incidence of over-drainage in
flow-regulating valves [22]. There was no difference in failure
rates between programmable and pressure-controlled valves
in a large study of 253 patients (p=0.11) [17]; however, this
was a mixed paediatric cohort, with the median age at shunt
insertion being 30 days old. Another large study of a mixed
paediatric population did not identify a significant differ-
ence in shunt failure rates of programmable and fixed shunts
(hazard ratio (HR) 0.8 (programmable), 95% CI 0.6-1.1).
In this study, the mean age at insertion was 131 weeks, with
56% of the study population under 6 months of age [16]. A
further multi-centre retrospective study of only neonates did
not identify a difference in shunt complications among fixed
pressure, anti-siphon, flow control and adjustable valves (no
p-value stated) [23].

Several studies did compare programmable and non-
programmable valves, including the two premillennial RCTs
that both confirmed that there is no significant difference
in either safety or efficacy between these valve types. More
recently, Riva-Cambrin et al. compared non-programmable
and programmable valves according to mechanism but also
by manufacturer, once again confirming the notion that neither
is superior with similar failure rates.
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Low-pressure vs. medium/high-pressure valve comparison

A randomised control trial of 40 patients with mainly
infant hydrocephalus patients identified no difference
in complications and incidence of redo shunt surgery in
the low- and medium-pressure groups (p=0.5614) [11].
Although hypothesised that low-pressure valves facili-
tate more CSF drainage, with increased predisposition to
proximal occlusion, this was not supported by the study.
While Robinson et al. identified more complications and
higher revision rates in low-pressure valves [12], Breimer
et al. found that low-pressure valves were a safe choice in
infants [24].

Differential pressure or fixed/program vs. flow-regulating
valve comparison

Several studies considered the use of flow-regulating
valves in the infant population. These were compared to
fixed differential pressure valves [22] and programmable
valves [21]; though neither study identified a survival dif-
ference, both did identify reduced rates of over-drainage
with the use of the flow-regulating valves. Beuariat et al.,
on the other hand, did identify a significant difference in
shunt survival, with differential pressure valves having sig-
nificantly poorer survival than the flow-regulating valves
(HR 1.77,95% CI 1.19-2.64) [19].

Size of valve (ultra-small vs. standard) comparison

Valve size has previously been linked to performance and
was noted in this review. Kahilogullari et al. identified
that early complication rates were lower in ultra-small
valves but did not identify any difference according to
valve mechanism [23]. Reed et al. did not, however, find
any difference in comparing ultra-small to standard valves,
with similar 12-month survival rates [25].

BASICS trial data

Four hundred forty-six patients <2 years of age were identi-
fied in the BASICS database who had undergone de novo
VP shunt insertions during the trial period. Thirteen patients
had missing data relating to valve type or follow-up and were
therefore excluded from further study, thus a total popula-
tion of 433 patients was available. The overall proportion of
valve types inserted was as follows: n=256 (59.1%) non-
gravitational and n=177 (40.9%) gravitational, n=374
(86.4%) non-programmable and n=59 (13.6%) programma-
ble. Within these, 228 (52.7%) valves were NGNP, 28 (6.5%)
were NGP, 146 (33.7%) were GNP and 31 (7.2%) were GP.
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Table 1 Number and proportion of non-infected VP shunt revisions
by valve feature (gravitational/non-gravitational) and valve subtype

Valve type Total n (%) Mechanical failure  X? p value
failure n (%)

All valves 391 128 (32.7)

Valve feature

Non-gravitational 236 (60.4) 72 (30.5) 1.099 0.294

Gravitational 155 (39.6) 56 (36.1)

Non-programmable 337 (86.2) 112 (33.2) 0.135 0.713

Programmable 54 (13.8) 16 (29.6)

Valve subtype

NGNP 211 (54.0) 65 (30.8) 1.843  0.606

NGP 25 (6.4) 7 (28.0)

GNP 126 (32.2) 47 (37.3)

GP 29 (7.4) 9 (31.0)

One hundred seventy of 433 (39.3%) patients required
revision of VP shunt for any reason within 2 years. Forty-
two (9.7%) failures were due to infection and are excluded
from the formal statistical analyses presented in Table 1.

In the 391 patients eligible for formal analyses, there
were more mechanical failures in gravitational valves
(n=156/155, 36.1%) compared with non-gravitational
models (n=72/236, 30.5%). There were more mechanical
failures in non-programmable valves (n=112/337, 33.2%)
compared with programmable models (n=16/54, 29.6%).
None of these differences achieved significance on chi-
square test for independence (Table 1). VP shunt survival
trends are demonstrated in Kaplan—Meier curves (Figs. 1, 2
and 3). The survival curves for covariates are seen to cross
suggesting non-proportional hazards, precluding further
calculation of hazard ratios and tests for significance.

Institutional alder hey data

Two hundred eight patients under the age of 2 at initial shunt
insertion were identified, of which 7 valves were unidentifi-
able. Of the remaining valves, 28 went on to have revision
secondary to infection, 27 were due to catheter failure, 1 due
to distal disconnection, 2 due to CSF leaks, 1 due to CSF
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Fig. 1 Kaplan—Meier survival estimates for non-gravitational vs. gravitational valves implanted in the BASICS trial
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Fig.2 Kaplan—Meier survival estimates for non-programmable vs. programmable valves implanted in the BASICS trial

resorption failure and 1 cause unknown. Thus, 141 patients
were included for analysis.

All valves analysed in this cohort, both programmable
and non-programmable, had gravitational components
and were therefore either NPG or PG. One hundred thir-
teen of 141 (80.1%) valves were non-programmable and
28 (19.9%) were programmable. All non-programmable
valves were Miethke paediGAV® fixed differential pres-
sure valves of varying pressures: n=12 (8.5%) 4/24, n="7
(5.0%) 9/24 and n=94 (66.7%) 9/29. All programmable
valves (n=28) in this set were proGAV2.0® valves, with
20-cm H,O-gravitational units. Those receiving non-
programmable valves were slightly younger (mean age
113 days) on insertion of their de novo valves compared to
the programmable valve population (mean age 161 days),
though this was not significant (p =0.1).
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Overall, 34 of 141 (24.1%) required revision of their de
novo shunt system: 28 of 113 (24.7%) non-programmable
and 6 of 28 programmable (21.4%). Two-year survival for
non-programmable valves in the overall cohort was 75.0%,
compared to 71.5% in programmable valves (p =0.95)
(Fig. 4). Eighteen of 141 (12.8%) required shunt revi-
sion within 3 months of insertion: 16 of 18 (88.9%) non-
programmable valves and 2 of 18 (11.1%) programmable
valves.

Of the 123 patients whose shunts survived beyond
3 months, the valve subgroups were as follows: n=10 (8.1%)
4/24, n=6 (4.9%) 9/24, n=81 (65.9%) 9/29 and n=26
(21.1%) proGAV2.0®. Sixteen of the 123 (13.0%) patients
that had shunt systems survive beyond 3 months eventually
required revision, 12 of 97 (12.4%) non-programmable and
4 of 26 (15.4%) programmable. Two-year survival rate when
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Fig.3 Kaplan—Meier survival estimates for the various valve types (NGNP/NGP/GNP/GP) implanted in the BASICS trial

excluding those that failed within 3 months of insertion was
87.6% for non-programmable valves and 77.4% in program-
mable valves (p=0.2) (Fig. 5).

Across the entire cohort of valve insertions, a significant
decrease was seen in both mean FOHR and FOHWR. The
mean decrease in FOHR was 0.014 (95% CI 0.006-0.023,
p=0.002), while the mean decrease in FOHWR was 0.037
(95% CI 0.005-0.069, p=0.024).

Discussion

Ventriculoperitoneal shunting and the use of differen-
tial pressure valves to facilitate this remain the backbone
of modern CSF diversion. While there has been an expo-
nential growth in the availability and variability of valve

designs, there has been very little in the way of thorough
comparison between them. Hydrocephalus is a heterogenous
clinical entity, and the most complex challenges are often
encountered in some of the youngest patients. The literature
review here identified a number of papers that aim to com-
pare valves according to mechanism, focusing particularly
on infant cohorts.

The literature is predominantly composed of single-centre
validation of single-type valves, all demonstrating similar fail-
ure and complication rates. The majority of studies could not
identify a difference in shunt failure or complication rates for
each valve type, but results may be hidden by reduced study
power. One of the earliest RCTs to compare valve subtypes did
not demonstrate a difference in failure rates between standard
differential valves and externally programmable valves [8].
A systematic review that included non-programmable and
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Fig.4 Kaplan—Meier survival estimates for non-programmable vs. programmable valves implanted in the Institutional Alder Hey cohort

programmable valves almost two decades later concluded that
a superior valve choice in paediatric patients could still not
be identified [26]. While many studies use mechanical fail-
ure as their primary outcome measure, it remains to be seen
whether this is the most useful metric. Cognitive outcomes
and quality of life have also been used, notably by the DRIFT
trial in intraventricular haemorrhage and, more recently, by
the International Infant Hydrocephalus Study (ITHS) [27]. By
using tools such as the Health Utilities Index (HUI) Mark 2
and Denver II Developmental Screening Tool (DDST), ITHS
provides an important schematic for future study designs, ena-
bling a more comprehensive approach when comparing valve
subtypes. Moreover, establishing 3 and 5-year outcomes as
their a priori goal provides robust long-term follow-up data
and should be encouraged in future studies.

Some studies [11, 12, 27], IIHS included, report ventricu-
lar metrics as outcome measures for comparing interven-
tions, though the relationship between ventricular metrics
and cognitive outcomes is unclear [28]. Evidence suggests
that ventricular metrics are not necessarily associated with
valve type or revision rate [11, 12], and while our data dem-
onstrated an immediate reduction in ventricular size, we are
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unable to comment on the relevance of ventricular metrics
at a later follow-up.

Unfortunately, time to first failure is especially challeng-
ing to investigate in a controlled manner due to the dynamic
and multi-factorial processes that exist at de novo shunt
insertion. Aetiology of hydrocephalus, infection and surgi-
cal experience are all confounding factors when it comes to
orchestrating such a study [8].

Determining the current trends in chosen valve mecha-
nism for the infant population is challenging (Supplementary
Table 1), as many of these retrospective studies only com-
ment on either one or a handful of valves, which may not
necessarily reflect that centre’s typical practice. In both the
BASICS dataset and our own data, we identified a predomi-
nantly non-programmable cohort (80.0-86.4%).

Programmable valves have been reported to have an
11.1% risk of mechanical failure rate, ranging from 10.0 to
59.0% in the literature for this cohort; in comparison to non-
programmable which have been reported as close to zero
previously [29]. Mechanical failure rates in programmable
valves were similar between BASICS and our own data, at
29.6% and 24.0%, respectively.
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VP Shunt survival: 90 days excluded
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Fig.5 Kaplan—Meier survival estimates for non-programmable vs. programmable valves implanted in the Institutional Alder Hey cohort (with

shunts surviving <90 days excluded)

The comparable survival rates between programmable
and non-programmable valves across all data here raise the
question as to why the former, often more costly, program-
mable valves should be opted for. This study focuses on
de novo shunt systems, inserted into patients with newly
diagnosed hydrocephalus, in which CSF over-drainage, for
which programmable valves were designed, is not neces-
sarily prevalent. Whether then this suggests better patient
selection criteria for programmable valves is required, and
that they may be better placed in the ‘valve revision’ set-
ting in those where over-drainage is present, requires further
investigation.

Our data is limited in its comparative ability given that all
valves examined in our data set feature gravity-assist devices and
therefore may not represent the community at large. While there
was no significant difference (p=0.95) in survival between valve
subtypes, numerically there are notable differences between both
curves comparing gravitational and non-gravitational valves.
Whether these trends would eventually become of significance
with greater follow-up warrants further investigation.

The multi-faceted nature of hydrocephalus makes rig-
orous investigation challenging, and the study lacks a

number of insights which would also benefit from further
study. While programmable valves are seen as a poten-
tial solution to CSF over-drainage, relatively little is still
understood about the related ‘slit-ventricle’ syndrome
and the impact of valve choice on this. Subtle changes
to ventricular morphology are likely to have the great-
est long-term impact in the infant population, and while
many studies, our own included, investigate the efficacy
of valves in managing acute hydrocephalus, their impact
in preventing developmental and neurocognitive deficits
is severely under-explored.

Conclusion

Our data is comparable to the BASICS data and most of
the literature in terms of reflecting the main choice in the
UK for infant hydrocephalus is a fixed pressure valve. This
attitude is presumably reflective of a lack of evidence for
superiority of the more expensive programmable valves
in preventing mechanical shunt failure. Despite the appar-
ent wealth of data analysing various valve types, there is
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a lack of direct, objective comparison between them and
the choice of appropriate outcome metrics. The paucity of
rigorous comparison between valve subtypes in the infant
population, as evidenced by the literature review performed
in this study, is a failing on behalf of the global neurosurgi-
cal community and requires correction through the use of
high-powered multi-centre trials. In view of the fact that
the first shunt in such a vulnerable population is likely to be
one of the most important decisions that a paediatric neuro-
surgeon would make, it is regrettable that a lack of evidence
still pervades in aiding this decision.

In reality, new study methods need to be proposed: chang-
ing the emphasis from mechanical revision events as the
only outcome metric. Future studies will need to be designed
primarily studying outcome measures that would reflect
likely cognitive outcome to help choose the right valve.
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