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Abstract

Background: The consensus on most reliable supplemental test to predict the shunt
responsiveness in patients with idiopathic normal pressure hydrocephalus (iNPH) is
lacking. The aim of this study is to discuss the utility of external lumbar drain (ELD)
in evaluation of shunt responsiveness for iINPH patients.

Methods: A retrospective review of 66 patients with INPH was conducted. All patients
underwent 4-day ELD trial. ELD-positive patients were offered ventriculoperitoneal
shunt (VPS) surgery. The primary outcome evaluation parameters were gait and
mini mental status examination (MMSE) assessment. The family and patient
perception of improvement was accounted for in the outcome evaluation.

Results: There were 38 male and 28 female with mean age of 74 years (range
45-88 years). ELD trial was positive in 86% (57/66) of patients. No major
complications were encountered with the ELD trial. A total of 60 patients (57
ELD-positive, 3 ELD-negative) underwent VPS insertion. The negative ELD
trial (P = 0.006) was associated with poor outcomes following shunt insertion. The
positive ELD trial predicted shunt responsiveness in 96% patients (P < 0.0001,
OR = 96.2, Cl = 11.6-795.3). A receiver operating characteristic (ROC) curve
analysis revealed that the ELD trial is reasonably accurate in differentiating shunt
responder from non-responder in iINPH patients (area under curve = 0.8 + 0.14,
P =0.02, Cl = 0.52-1.0). The mean follow-up period was 12-months (range 0.3-
3 years). The significant overall improvement after VPS was seen in 92% (55/60).

The improvement was sustained in 76% of patients at mean 3-year follow-up. The Access this article

online
number of comorbid conditions (P =0.034, OR =4.15, Cl = 1.2-9.04), and a history Website: '
of cerebrovascular accident (CVA) (P = 0.035, OR = 4.4, Cl = 1.9-14.6) were the wwwsurgicalneurologyint.com
predictors of poor outcome following shunt surgery. DOI:
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Conclusion: The positive ELD test predicted shunt responsiveness in 96% of
patients. With adequate technique, maximal results with minimal complications
can be anticipated. The number of comorbidities, history of CVA and negative ELD
test were significantly associated with poor shunt outcomes.
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INTRODUCTION

Since the seminal description of classical symptom triad by
Hakim and Adams; gait disturbance, urinary incontinence,
and cognitive impairment, the definition of normal
pressure hydrocephalus (NPH) has evolved.!"”! Idiopathic
normal pressure hydrocephalus (INPH) is defined as
the presence of any one or more of the triad symptoms
associated with normal cerebrospinal  fluid (CSF)
pressure  (60-240  mm  H,0) and computerized
tomography (CT) scan evidence of ventriculomegaly.
The incidence of iNPH is reported to be between 0.18
and 2.2 cases per 1,000,000 individuals; affecting most
frequently the elderly between sixth and seventh decade of
life." CSF diversion procedures including shunt surgery
and endoscopic third ventriculostomy provide an effective
means of treatment. Ventriculoperitoneal shunting (VPS)
is by far the most commonly employed CSI' diversion
procedure. Appropriate patient selection and prediction
of the shunt responsive patients is paramount; given the
high rate (30-40%) of post-VPS surgery complications,
including shunt obstruction, infection, seizures, subdural
hematoma, and less commonly intraparenchymal or
intraventricular  hemorrhage. Despite a number of
studies, the expert consensus on most reliable predictors
of favorable outcome after shunt surgery is still
lacking.[71216182024305544%] The commonly used prognostic
tools to select the patients for shunt surgery are the
radionucleotide  cisternography,  high  volume  tap
test (T'T), CSF outflow resistance determination, external
lumbar drain (ELD) trial, and long-term recording of ICP
to identify B wave activity.’!! The current neurosurgical
literature ~ supports  ELD.  However, complications
associated with ELD technique, lower negative predictive
value (NPV) and high-cost reported in the literature
has pacified the widespread application of ELD. At out
institution, ELD was used as the sole supplemental test
for prediction of shunt outcomes. The present study
was conducted to discuss evolution of our experience in
sclecting optimal supplemental tests for prediction of
shunt responsiveness. We aim to discuss our technique of
ELD trial and to analyze if ELD is optimal supplemental
test for prediction of shunt responsiveness. In addition, we
aim to discuss our outcomes following VPS and analyze
the clinical parameters that might affect the shunt
ICSPONSIVEncss.

MATERIALS AND METHODS

A retrospective  review of medical records  for
108 patients presenting with NPII to our institution
between August 2000 and July 2011 was conducted.
The institutional review board approved the study. The
inclusion criteria for study were: (1) Presence of any
one of the symptom triad; gait disturbance, urinary
incontinence, and cognitive impairment (2) normal CSF
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pressure (60-240 mm H,O) (3) radiographic evidence
of ventriculomegaly (Evan’s index > 0.3); and (4) No
antecedent disorder that can be causally related to the
secondary NPH.

The ELD trial was the supplemental test
employed in all patients with clinical diagnosis of iNPH.
Other supplemental tests, including radionuceliotide
cisternography, and high volume lumbar CSF TT were
employed in the patients presenting early in the series.

ELD trial

Following initial examination, a lumbar puncture was
performed employing sterile technique and a lumbar
catheter was inserted. After demonstration of adequate
drainage, the catheter was connected to an external CSF
collection system and secured in place at the mattress
level of patients’ bed. The ELD bag utilized in the
trial was equipped with a control valve that allowed the
drainage of CSF at 10 ml/h; which could be readjusted
as needed. Nursing staff was trained to adjust the valve
as necessary in order to obtain an average drainage of
10 ml of CSF per hour. If the amount of 10 ml/h was
not reached, the level of drainage system was lowered
to obtain drainage of 10 ml/h. This was required in
11% of the patients (7/66). This technique provided
better control over the drainage. For assessment of ELD
response, baseline videographic gait assessment, balance,
muscle strength, fluency of speech, general behavior, and
mini mental status examination (MMSE) were compiled
on the day of admission. The gait assessment was
performed by a physical therapist (PT) or occupational
therapist (OT), a neurosurgeon, and a nurse practitioner.
The assessment was based on balance and number of
steps required to traverse a specified distance, valuated
by timed 10-15 meter trial. The inputs on the balance,
stance, and stride length were video recorded and noted
on the patient’s chart. No sophisticated grading of these
parameters was employed. The assessment of patients,
as on the day of admission, was repeated subsequently
for 3 days and the final assessment was conducted
on Day 4 following removal of the lumbar drain. The
findings were recorded in the patient’s chart. Patients
were then discharged with instruction to follow up in
the neurosurgery clinic 1-2 weeks later. The patient
was considered positive on ELD trial if there was an
increase of two or more points on the MMSE from the
baseline to final exam or improvement in gait, changes in
manner of sitting and standing up, balance and fluency
of speech, which was assessed based on the videotape
assessment and PT/OT documentation. The outcomes
were evaluated after the 4-day ELD trial and the patients
with positive ELD trial were then offered surgical
treatment [Figure 2].

main

VPS surgery
VPS insertion was carried out by posterior parictal
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approach. The programmable valve with antisiphon
technology (Medtronic Strata, MN, USA) was installed
in 31/60 patients shunted between March 2005 and
February 2009. The valve was programmed to initial
settings of 1.5, which corresponds to the opening pressure
of 85-105 mmH,O. Codman valve (Codman, Johnson
and Johnson, MA, USA), set to an initial value of 120
mml,O, was installed in 13 patients before March 2005
and the new Codman programmable valve with initial
pressure set to 200 mmIH,O was installed in 16 patients
after Iebruary 2009. Patients were discharged following
shunt insertion and the follow-up was adjusted according
to the symptomatology and need to modify the valve
settings.

Follow-up and outcome assessment after VPS
The outcomes after VPS insertion were evaluated at
each follow-up visit based on the clinical and functional
assessment. The primary clinical criteria were gait
improvement and cognitive evaluation. The functional
outcome was assessed based on the patient and family
perception of improvement in daily activity. Patients
and families were interviewed regarding the degree of
independence in terms of daily activities, improvement
in overall general behavior, improvement in cognition,
urinary control, changes in the dependence on assisted
devices or person for movement, changes in balance and
increase in the stride length. Follow up was conducted
initially at I month after valve pressure modification. Later
on, changes in valve pressure were made every 2-3 months
until the maximal response is reached and was sustained
during subsequent visits. Prior to each office visit the
patients received head CT scan to look for changes in
the ventricular size, transependymal CSF resorption and
rule out any subdural collections [Figure 1]. The clinical
parameters that might predict the outcomes after VPS
insertion were analyzed.

Statistical analysis
All descriptive statistics calculated for categorical variable
are reported as percentages and continuous variable

Figure I: (a) Subdural hygroma on right measuring 1.8 cm in
greatest thickness and on the left measuring 9 mm in greatest
thickness. Regression of these hygromas was achieved by
readjustment of the opening pressure of valve to a higher level
(b) Enlarged ventricles with right lateral ventricle slightly larger
than left, ventriculoperitoneal shunt in place in the medial aspect
of the left lateral ventricle
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as medians. Fisher exact test was used for testing
association between two categorical variables. Mann-
Whitney test was used for examining differences in
continuous measures with deviation from the normality,
and for the ordinal measures (MMSE scores) between
the independent groups. Repeated measure analysis
using Friedman’s test was performed to test for change
in the MMSE scores and steps/meter recorded during
the ELD trial and for the final outcome evaluation.
Logistic regression analysis was performed to examine
the association of the outcome (improvement with
VPS insertion) with the predictors, adjusting for age
and gender of patients. Hosmer-Lemeshow statistic was
used to assess the fit of the models. A receiver operating
characteristic (ROC) curve was used to evaluate the
prognostic performance of ELD trial as supplemental test
for shunt responsiveness. All hypotheses were tested at
0.05 level of significance and the analysis was performed
using the SPSS version 20 (IBM, Chicago, Inc).

RESULTS

Sixty-six patients met inclusion criteria for the study.
There were 38 male and 28 female patients, with mean
age of 74 years (range 45-88 years). Table 1 demonstrates
characteristics of the patients in the study. The mean
duration of symptoms in this cohort of patients was
27.8 months (range 5-108 months). Abnormality in gait

Table 1: Characteristics of the patients in the study
cohort

Patient Total ELD ELD Pvalue
characteristics number positive  negative
Number (Total) 66 57 9
Male 38 (58%) 31 7 0.28
Female 28 (42%) 26 2 -
Age (years)? 74 (45-88) 74 70 0.04*
Duration of 27 (5-108) 27 26 0.8
disease (months)?
Clinical presentation
Triad 42 (64%) 38 4 0.19
Gait + Dementia 12 (18%) 12 0 0.12
Gait + Ul 9 (14%) 6 3 0.06
Gait 3 (<5%) 2 1 0.3
Comorbid conditions 49 45 4 0.028*
Hypertension 45 (68%) 42 3 0.016*
Heart condition® 24 (36%) 21 3 0.84
Stroke/Transient 21 (32%) 17 4 0.916
ischemic attack
Parkinson’s 21 (32%) 18 3 0.9
Disease
Diabetes 18 (27%) 15 3 0.6
Hypothyroidism 18 (27%) 14 4 0.21

*Data presented as median (range). *Includes myocardial infarction, angina, aortic
stenosis, and atrial fibrillation.
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was the most common initial symptom (47%), however,
at presentation, 64% of patients displayed the complete
triad. Comorbidities were frequently present in this
population, 18% had four or more comorbidities. The
most frequent comorbidity was hypertension (68%),
followed by other cardiac morbidities (36%), stroke or
transient ischemic attack (TIA) (32%).

ELD trial

A total of 66 patients underwent ELD trial; 86% (57/66)
of the patients were ELD positive. The mean age
at presentation (P = 0.04), presence or absence of
any comorbidity (P = 0.028), and positive history of
hypertension (P = 0.016) was significantly different
between ELD positive and negative patients [Table 1].
The baseline median MMSE score for patients undergoing
ELD trial was 235 (range, 12-30). A significant
improvement in the cognitive function of patients was
observed, with the median MMSE score increasing to 27
on Day 4. Repeated measures analysis [Figure 2] indicated
a significant difference in the MMSE scores (x* = 15.74,
P = 0.001). The gait assessment recorded as the median
number of steps per meter covered was 3.7 (range, 1.7-
8.1); number of steps per meter decreased during the
course of ELD trial, but this improvement in gait did not
reach the statistical significance (> = 6.67, P = 0.083).
Improvement in balance was noted in 60% of patients.
ELD positive patients were offered the surgical treatment
with VPS insertion. ELD negative patients (9/66) were
not offered surgery; however, 3 patients opted for VPS
insertion regardless of the results of ELD trial. Figure 3
demonstrated the ROC curve for prognostic accuracy of
ELD for shunt responsiveness. The ROC curve analysis
revealed that the ELD trial is reasonably accurate in

differentiating shunt responder from nonresponder in
INPH patients (area under curve = 0.8 = 0.14, P = 0.02,
CI = 0.52-1.0).
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Figure 2: Mean Rank analysis of the MMSE and Steps/meter for the
4-day ELD trial.Values plotted on Y-axis are mean ranks of MMSE
scores and Steps/meter for the 4-day ELD trial. P value obtained
from Friedman’s test for repeated measure analysis
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No major complications were encountered with the ELD
trial, however, 6/66 (10%) patients developed transient
nerve root irritation. Catheter withdrawal of 5-10 mm
followed by pain medication resolved the symptoms in all
patients, and improvement in gait was noted on the third
day of trial. One patient became agitated and confused
subsequently removing the drain prematurely; however,
the trial was completed successfully 2 months later.
Another patient became disoriented after administration
of the antihistamine confounding the precise trial
findings; however, after careful evaluation the patient
demonstrated definite improvement and was ultimately
shunted.

Other supplemental tests

The patients managed during carlier years in the
series (22/660) underwent radionuclide cisternogram as the
supplemental test. Findings indicated type Il activity (no
ventricular activity with delayed migration) in 2 (9%);
type Illa (transient ventricular activity with clearance
by usual migration) in 10 (45%); type IlIb (transient
ventricular activity without normal clearance) in 3 (14%);

Table 2: Characteristics of patients having a poor
outcome following VPS Insertion

A B C D E Pvalue?
Age 71 74 76 66 75 NS
Gender M M M M M NS
NPH duration 36 19 19 30 62 NS
Presenting symptom Triad Triad Triad Triad G,D NS
# Comorbid conditions 5 5 4 3 3 0.003
h/o CVD 1 1 1 1 0 0.021
MMSE score (baseline) 25 25 22 22 21 NS
Steps/meter 65 48 38 44 46 NS
ELD - - - + + 0.006

“Significant compared to patients with a positive VPS outcome (n=55). NS: Not
significant, M: Male, G: Gait disturbance, D: Dementia, CVA: cerebrovascular disorder,
MMSE: Mini-mental status examination, ELD: External lumbar drain.

ROC Curve

Sensitivity

0.0 0.2 0?4 0‘.6 0.8 1.0
1 - Specificity

Figure 3:A ROC curve analyses of prognostic accuracy of ELD for
shunt responsiveness in terms of sensitivity and specificity
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and type IV activity (persistent ventricular activity
without adequate clearance) in 7 (32%) patients. Those
patients in categories III-IV were considered to have
findings consistent with NPH. None of these patterns
were significantly associated with outcome following VPS
insertion.

High-volume CSF TT was employed ecarlier in the
series and a total of 64% (42/66) patients underwent
high volume TT. Symptomatic improvement was found
in 97% (39/42) of patients. Gait was the most common
domain to demonstrate improvement. The positive T'T
was not significantly associated with shunt outcomes;
however, all the patients with poor outcomes had positive

TT [Table 2].

VPS

VPS insertion was carried out in all 57 ELD trial positive
and 3 ELD negative patients. With older valve, the
overdrainage complications were encountered  with
setting at 1.5 (valve allowed setting from 0.5 to 2.5) and
120 mm IL0 (the first generation Codman valve). To
prevent complications including subdural hygroma and
hematoma, and to have a unified start the initial opening
pressure was set to 200 mmH,O with the newer valve.

Table 3: Various techniques of ELD reported in the literature
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This allowed for adjustment to lower or higher valve
scttings based on the CT scan findings, videographic
gait assessment, MMSE, general behavior of the patient,
urinary control, and the patient and family perception
of improvement. At the follow-up visit if the evaluation
by clinical team, patient and family revealed a decline in
functional status, the valve pressure was adjusted such
that the maximum alleviation of symptoms could be
obtained, at the same time minimizing the incidence
of subdural fluid collections and other low pressure side
effects. For instance, if a patient demonstrated decline
in gait and/or cognition at valve setting of 200 mmI1L0,
the opening pressure of the valve was modified to 180
mmlHL,O and, in subsequent follow-up visits, the valve
pressure was further lowered as needed. Although, with
this methodology, more outpatient visits are anticipated,
we found this as the safest measure that reduced the
incidence of subdural hygromas to negligible. This was
particularly seen in those patients who underwent VPS
between 2009 and 2011, with the newer programmable
Codman valves.

The over-drainage complication including subdural
hygroma was present in 17% (10/60), which was treated by

Author Patients ELD technique Drainage ml/day Complications
Di Lauro et al. 8 Flow control extension set at 40 cm H20 130/200 ml/day for NA
19864 as the average lumbar CSF pressure for 5 days
patients that could walk or stand up and
was kept 20 -30 cm below the level of
lumbar catheter at night
Haan and Thomeer 22 Leidse dobber external CSF drainage 300ml/day Root irritation-3/22 (13%)
1989’ system, with the dropper placed at the Infection-2/22 (9%)
shoulder height with the patient in upright Drain removal-4/22 (18%)
position and at the level of tragus in supine
Chen, Huang et al. 15 Controlled resistance continuous lumbar 15-18 ml/hour, No
19943 drain connected to IV infusion set with a approximately 360-
volume bad control and the drainage rate 432 ml/day

adjusted by a roller clamp.

Walchenbach, 38 Galvanized lumbar catheter attached to a
Geiger et al. 20027 closed external drainage system.
Panagiotopoulos, 22 Medium pressure valve system simulating
Konstantinou et al. the CSF outflow through the VP shunt was
2005 used
Governale, Fein 233 Initial PT evaluation was after the placement
et al. 2008° of drain.
Drain was opened at the level of tragus with
patient at 30 degrees, the drain was raised
or lowered to achieve desired drainage rate.
Present study 66 Patient evaluation followed by ELD insertion,

the ELD bag equipped with the control valve
and the drainage was adjusted at 10ml
which needs to be readjusted by nursing
staff. Advantages — no risk of over-drainage
complications.

100-150 ml/day for
4 days

330+/- 82 ml/day
for 5 days

5-10ml/hour noted

every 2 hours upto
5 days

10ml/hour for 4 days

Bacterial meningitis-5.2%
Shunt displacement-13%

No major complication

Local infection-0.8%
Nerve root irritation-2.6%
Severe headache-1.7%,
Meningitis-0.8%

Subdural collections-1.3%
SAH-0.4%

Nerve Root

Irritation-6/66 (9%) which
was dealt with the pulling
of catheter for 5-10mm
followed by analgesics
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Table 4: The results of supplemental test and shunt
responsiveness

Shunt ELD-Positive = ELD-positive+  ELD-negative+
response TT-positive TT-positive
Shunt 55 (96.4%) 34 (87.1%) 0
responders

Shunt 2(3.5%) 5(12.8%) 3 (100%)
non-responders

Total 57* 39 3*

Total 60 patients underwent VPS

valve pressure adjustment. One patient (1.7%) patient had
a subdural hematoma that required surgical intervention.
Fifteen percent (9/60) patients with shunt obstruction (3)
and subdural fluid collection (6) underwent revision
surgery to change the shunt configuration. The patients
who underwent VPS between 2009 and 2011 with new
programmable Codman valve had lower incidence of
subdural fluid collections (5%, 3/60). No cases of subdural
hygroma requiring surgical intervention were encountered
in the later group. No other major complications such
as intraventricular or intraparenchymal hemorrhage or
meningitis were encountered. The outcomes did not
significantly differ between patients with or without
over-drainage symptoms following shunt insertion.

Follow-up and outcome

The primary outcomes were assessed over a mean follow
up of 12 months (0.3-3 years). The overall improvement
in  outcome after VPS insertion was evident in
55/60 (92%) patients and these were identified as shunt
responders. The rate of improvement in patients with
ELD trial positive and undergoing shunt surgery was
96% (55/57) [Table 4] (P < 0.0001, OR =96.2, CI = 11.6-
795.3). The characteristics of nonresponders are presented
in Table 2. There was no significant difference in the
age, gender, duration of disease, or presenting symptoms
between the shunt responder group and nonresponders.
The negative ELD trial was significantly associated
with poor outcome following shunting (P = 0.000).
The number of comorbidities present was significantly
higher in shunt nonresponders (P = 0.002). Of the
individual comorbidities, only the history of CVA was
significantly associated with a poor outcome following
shunting (P = 0.021). In this study, CVA was defined
as those patients with a clinical history of symptomatic
stroke or TIA. In separate logistic regression analysis
models adjusted for age, gender, and disease duration, the
number of comorbid conditions (P = 0.034, OR = 4.15,
Cl = 12904), and a history of cerebrovascular
accidents (CVA) (P = 0.035, OR = 4.4, CI = 1.9-14.6)

were the predictors of poor outcome.

Long-term  follow-up (>3 years) was available in
29/60 (48%) patients. The improvement was sustained in
76% (22/29) of the patients. Fifty-nine percent (17/29) of
the patients improved substantially compared with their
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last follow-up; 21% (6/29) patients had improvement
in both gait and MMSE (two points or more) and
38% (11/29) had gait improvement but no change in
MMSE. In one patient, the overall improvement after
VPS was maintained for 9 years. Forty-one percent (12/29)
demonstrated no further improvement in symptoms at
mean 3 year follow-up compared with the last post-VPS
follow-up. Five patients (5/29;17%) demonstrated no
change in gait and MMSE while 7/29 (24%) patients
showed no change in gait but there was two points or
more decline in MMSE compared with the last follow up.
However, it was still higher than the preshunt MMSE.

DISCUSSION

Supplemental tests

Various supplemental tests have been employed to
increase the predictive accuracy for shunt responsiveness
to greater than 90%.\1-5,7»12,]4-]7,19,20,24,31,37,39,44,4;] The
predictive value of the cisternogram is reported to be
identical to the combined clinical and CT criteria and
is of little prognostic value.’**#! In the present study,
radionucleotide cisternography was initially performed
for all patients diagnosed with INPH. However, based
on our experience and mounting evidence in literature
concerning its predictability, this test was excluded
from our institutional protocol. For those patients who
underwent this test, the results of cisternography did not
correlate with the outcomes following VPS surgery.

Another test used routinely for diagnosing iNPII is high
volume CSF TT or Miller-Fisher test. The high volume
TT is often adopted with the caveat that candidates
for shunt surgery should not be excluded solely based
on negative T, because of its low sensitivity (26-
61%).11422244%5] Several alternative and adjunctive tests
including brain magnetic resonance imaging (MRI) to
predict the CSF TT, CSF pressure of = 15 cmlIl 0,1
CSF lumbar infusion test (3, 9-10, 16, 21), CSF flow
rates measured by phase contrast MRL” CSF aqueductal
stroke volumel®”! and ELDI2M243%] have been employed
to overcome the low sensitivity of high volume CSF
TT. The positive predictive value (PPV) of CSF TT
is reported in the range of 73-100%; the PPV of T'T in
present study was 87% as compared with that of 96%
for the ELD trial [Table 4]. Three patients in our study
had negative T'I, however, these patients were never
referred to the neurosurgical service for evaluation with
ELD. We do not favor the use of high volume CSF
TT for predicting shunt responsiveness, as a single high
volume TT might give a false negative result. However,
repeated lumbar puncture would increase sensitivity of
TT. Repeated procedures might enhance the chances
of infection and disabling pain from repeat lumbar
punctures. Consequently, a temporary lumbar drain has
been used in lieu of repeated lumbar punctures as the
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diagnostic and prognostic tool.>121+2+341 Conventionally,
ELD has been used in combination with T'T to predict
the shunt responsiveness." T'T is used as the primary
supplemental test and patients with negative T'T are
then offered ELD trial. We favor performing only ELD
trial in all the patients with symptomatic iNPH.!"#! The
cost effectiveness of the ELD trial has been reported as a
concern for adopting ELD as the first line supplemental
test.>®! However, given the potential morbidity and
mortality of the shunt surgery and reported high
predictive value of ELD favors the reliance on ELD trial.
The sensitivity of ELD in identifying shunt responsive
patients for NPH has been reported ranging from 50%
to 100%, specificity from 80% to 100%, PPV from 80%
to 90% and NPV from 36% to 90%, with overall accuracy
of 62%.*1 The sensitivity, specificity, NPV, and PPV
ELD in present study was 100%, 60%, 100%, and 96%,
respectively. The lower specificity can be explained by
the fact that 6/9 patients with ELD-negative did not
undergo VPS, which otherwise would have changed the
test probabilities [Table 4]. The ROC curve analysis
demonstrated reasonable prognostic accuracy of ELD
for shunt responsiveness in iNPH patients [Figure 3].
As yet, the positive ELD test is a reliable criterion for
preoperative selection of shunt responsiveness in probable
INPII patients; however, in case of negative ELD trial
further investigation with additional supplemental tests
might be beneficial. 212!

One of the major setbacks of ELD is the high rate of
complications reported in the literature. An overall
rate of complication reported in the early literature
was as high as 40%. The recent study reports the rate
of major complications (meningitis, retained catheter,
intracranial subdural collections, and traumatic pattern
subarachnoid hemorrhage) ranging from 0% to 5% and
that of minor complications (local infection, headaches
substantial enough to warrant drain removal, and nerve
root irritation) ranging from 5.2% to 13%.>*! The only
complication encountered in our study was transient nerve
root irritation, which subsided after the ELD catheter
was withdrawn by 5-10 mm. This declining complication
rates, compared with past studies, might be attributive
to the evolving techniques for performing the ELD
trial. Table 3 presents various techniques reported in the
literature. Our technique of titrating the CSI* drainage at
the rate of 10 ml/h, allowed controlled drainage bringing
the post-ELD over-drainage complications including
subdural collections and headache to zero.

Outcomes after VPS

The INPH guidelines have reported favorable
outcome rates ranging from 30% to 96% after VPS
surgery.’! In present study, the rate of improvement
in patients undergoing VPS insertion was 92%. The
number of comorbidities, history of CVA, and negative
ELD were significantly associated with poor outcome.
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Various other studies have reported that clinical factors
including age, severity of dementia, disease duration,
number, and type of comorbidities influence and predict
the outcome following shunt surgery.?# ! The rate
of sustained overall improvement for 3-7 years after
the shunt surgery has been reported in the range of 26-
91%.%" The domain most responsive to shunt surgery
reported in the literature is gait ataxia (80-88%) followed
by cognitive impairment (30-65%), and the lowest rate
of improvement is met with urinary incontinence (30-
56%).127 71853081 We  observed sustained improvement
in gait, MMSE, bladder control, and daily activities in
76% of the patients. The domain that deteriorated most
was MMSE, whereas gait improved substantially in all
the patients at mean 3 years follow-up. Similar trend of
decline in improvement on long-term follow-up (>1 year)
has been reported previously.*182273638 This  decline
in clinical improvement at long-term can be attributed
to shunt dysfunction, progression of disease, or other
comorbidities."*! The shunt dysfunction necessitates
revision surgery, the rate of which is reported equal to
53%, with indications of revision being shunt obstruction,
infection, and change of shunt configuration.™ In the
present study, 15% of patients required revision surgery,
primarily to change the valve configuration, in patients
who were very sensitive to small pressure changes and
required tight control of pressure. The reinstalled valve
allowed a wide range of adjustment in the pressure
changes. The technique of selecting an optimum initial
pressure and adjustment during follow-up, based on
the CT scan findings of low-pressure changes as well
as amelioration or deterioration of the symptoms, has
demonstrated decrease in the incidences of subdural
fluid collections in our practice. Small subdural collection
after shunt insertion has been reported in up to 30%
of patients, but 10-15% have symptomatic collection
requiring surgery.’* In our study, the rate of subdural fluid
collection was 17%. This was controlled by adjustment of
the valve pressure until the maximal response was reached
and the response was sustained during subsequent visits.
The rate of subdural fluid collections varies depending
on the type of valve used. The programmable valves
have demonstrated beneficial effect in lowering the
incidence of chronic subdural fluid collection. Recent
studies have demonstrated that the use of gravitational
valve is associated with better pressure control than the
programmable valve.?!]

Finally, the ideal cost-effective supplementary test to
predict the shunt responsiveness in patients with iNPH
is still evolving. The present study provides preliminary
results and demonstrates that ELD trial is the optimal
supplemental test with high sensitivity, NPV, and PPV.
However, the results of this study should be interpreted
with caution due to retrospective study design with a
relatively smaller number of patients. Further randomized
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prospective  study with large sample size, where the
patients undergoes a VPS regardless of ELD results are
necessary to confirm the findings of this study and fully
address the accuracy of ELD as the sole supplemental
test for shunt responsiveness.

CONCLUSIONS

The overall outcome following VPS mainly depends on
the selection of patients for CSF diversion surgery. The
positive ELD trial predicted shunt responsiveness in 96%
patients. The overall rate of improvement in patients
undergoing VPS insertion was 92%. The number of
comorbidities, history of CVA and negative ELD were
significantly associated with poor outcome. The overall
improvements were sustained in 76% of patients at
mean 3 years follow-up. The ELD trial demonstrated
reasonable  prognostic accuracy for prediction of
shunt-responsiveness in iNPI patients. In addition,
low to negligible complications encountered in patients
undergoing ELD trial is encouraging. However, further
prospective randomized clinical trials are required to
assess with certainty the predictive value of ELD.
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