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Abstract

Background To compare the prognostic value of pulse ampli-
tude on intracranial pressure (ICP) monitoring and dispropor-
tionately enlarged subarachnoid space hydrocephalus (DESH)
on magnetic resonance imaging (MRI) for predicting surgical
benefit after shunt placement in idiopathic normal pressure
hydrocephalus (iNPH).

Method Patients with suspected iNPH were prospectively re-
cruited from a single centre. All patients received preoperative
MRI and ICP monitoring. Patients were classified as shunt
responders if they had an improvement of one point or more
on the NPH score at 1 year post-surgery. The sensitivity, spec-
ificity, Youden index, and positive and negative predictive
values of the two diagnostic methods were calculated.
Results Sixty-four of 89 patients clinically improved at 1 year
post-surgery and were classed as shunt responders. Positive
DESH findings had a sensitivity of 79.4 % and specificity of
80.8 % for predicting shunt responders. Fifty-five of 89 pa-
tients had positive DESH findings: 50 of these responded to
VP shunt, giving a positive and negative predictive value of
90.9 % and 61.8 %, respectively. Fifty-seven of 89 patients
had high ICP pulse amplitude. High ICP pulse amplitude had
a sensitivity of 84.4 %, specificity of 88 %, positive predictive
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value of 94.7 % and negative predictive value of 61.8 % for
predicting shunt responders.

Conclusions Both positive DESH findings and high ICP
pulse amplitude support the diagnosis of iNPH and provide
additional diagnostic value for predicting shunt-responsive
patients; however, high ICP amplitude was more accurate than
positive DESH findings, although it is an invasive test.

Keywords Normal pressure hydrocephalus - Diagnosis -
Pulse amplitude ICP - Disproportionately enlarged
subarachnoid space

Introduction

Idiopathic normal pressure hydrocephalus (iNPH) is a neurolog-
ical degenerative disease that is a common cause of neurological
impairment in older people. It manifests as progressive subcorti-
cal dementia, gait disorders and bladder or bowel incontinence,
and is characterised by enlarged ventricular size in the absence of
elevated opening pressure of the cerebrospinal fluid (CSF) mea-
sured by lumbar puncture [14]. Surgical diversion of the CSF is
the only procedure available to treat the symptoms of iNPH [21],
and some patients, especially those in the advanced stages of the
disease, experience dementia despite surgical treatment.

There is significant variation in the clinical presentation,
severity and progression of iNPH, and it is sometimes com-
plicated to differentiate iNPH from other neurodegenerative
disorders, especially subcortical arteriosclerotic encephalopa-
thy and Alzheimer’s disease [4, 11]. As a consequence, diag-
nosis is often challenging, and identifying patients who could
benefit from surgery is sometimes difficult. However, it is
important to make an accurate and early diagnosis of iNPH
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because the symptoms can be improved with surgical treat-
ment, but are less responsive to surgery in the advanced stages
of the disease [28].

For more than 40 years, the ventricular shunt, particularly
into the peritoneal cavity, has been the surgical treatment of
choice for iNPH. However, ventricular shunts have a number
of potential complications with serious consequences.
Technical advances in the design of the valves have not sub-
stantially changed surgical outcomes, and the risks of surgery
remain high [3, 21]. There is a need for a tool that will predict
the outcome of surgical treatment in patients with significant
comorbidities.

Supplemental tests can improve the accuracy of predicting a
response to surgical treatment. Nevertheless, there is no expert
consensus as to which supplemental test is optimal, and some of
these procedures, such as the hydrodynamic test and intracranial
pressure (ICP) monitoring, are invasive. The SHINPHONI
study [12], a multi-centre prospective study in Japan, found that
disproportionately expanded Sylvian fissures alongside with
tight high convexity and medial subarachnoid spaces in MRI,
also known as disproportionately enlarged subarachnoid space
hydrocephalus (DESH), was useful for the diagnosis of iNPH
and, therefore, could predict the efficacy of treatment. The
Guidelines for Management of Idiopathic Normal Pressure
Hydrocephalus [23] published by the Japanese Society of
Normal Pressure Hydrocephalus focused on the diagnostic im-
portance of DESH diagnosed from coronal MRI.

Other studies have highlighted the importance of ICP pulse
amplitude in the diagnosis of the iNPH [5-9]. For example,
Eide [7] reported that the ICP pulse amplitude predicted pos-
itive and negative responses to shunting. Despite this, the
relative efficacy of and correlation between MRI DESH find-
ings and ICP pulse amplitude is not known. The aim of this
study was to compare the efficacy of MRI DESH findings and
ICP pulse amplitude at predicting the success of shunt surgery.

Methods

This was a prospective study involving the long-term follow-
up of 89 consecutive patients (42 men and 47 women) with
possible iNPH treated at University Hospital Germans Trias i
Pujol (Barcelona) over a period of 46 months between
February 2010 and December 2013. Inclusion criteria were
as follows: age between 60 and 85 years, one or more symp-
toms of the clinical triad (gait disturbance, dementia and uri-
nary incontinence), enlarged cerebral ventricles (Evans index
>0.3), presence of B waves in more than 10 % of the ICP
monitoring, absence of other diseases that could explain clin-
ical symptoms, no obvious preceding diseases that may cause
ventricular dilatation, and written informed consent given by
the patient or patient’s representatives. Local institutional re-
view board (IRB) approved the study.
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ICP was monitored through a Codman® Microsensor™ ICP
Transducer (Johnson & Johnson Medical, Raynham, MA,
USA). The ICP monitoring was done from the evening of day
1 until the morning of day 2. For each patient we used the
overnight ICP recording from 11 p.m. to 7 a.m., when the patient
was supine in bed. Complications during ICP sensor implanta-
tion were registered. Both static and pulsatile ICP were analysed.
ICP pulsatility was determined as an average of all overnight
waveforms. According to previous studies [7, 24], ICP pulse
amplitude >4 mmHg on ICP monitoring was considered high,
and ICP pulse amplitude <4 mmHg was considered low. Clinical
evaluation of gait, cognition, and incontinence was done pre- and
1 year post-surgery using the Normal Pressure Hydrocephalus
score [25] (Table 1). Surgery consists of the implantation of a
ventriculo-peritonial shunt. We placed a Codman Hakim pro-
grammable valve (Codman & Shurtleff; Medos, Le Locle,
Switzerland). The opening pressure settings were selected on
the basis of the results of the mean ICP (averaged overall ICP
monitoring). The median opening pressure at shunt 11 cm H,0
(range, 3-20 cm H,0). Shunt responders were defined as patients
with an improvement of one point or more on the NPH score at
1 year post-surgery.

All patients received a baseline magnetic resonance imag-
ing (MRI) examination performed using an MX8000 IDT
scanner (Philips Healthcare, Best, The Netherlands). MRI
studies were carried out between 2 to 45 days before surgery.
DESH positive was defined by disproportionate enlargement
of the inferior subarachnoid spaces with tight high-convexity
subarachnoid spaces in a coronal spin-echo T1-weighted im-
age perpendicular to the anterior commissure. Two indepen-
dent observers (one neurosurgeon (RGA) trained in assessing
MRI findings of iNPH, and one experienced neuroradiologist
(SD)) blinded to NPH score and ICP monitoring, established
the presence of positive DESH findings.

Statistical analysis was carried out using SPSS software
(SPSS for Mac, version 22.0; SPSS, Chicago, IL, USA).
Numeric variables are expressed as median and interquartile
range or mean and standard deviation, and categorical variables
are expressed as number (percentage). A chi-squared test or
Student’s #test was used to compare the diagnostic test results
(low vs high ICP pulse amplitude, and DESH positive vs DESH
negative) between responders and non-responders. A p value less
than 0.05 were considered statistically significant. We evaluated
the inter-reader agreements between the two reviewers by using
Cohen’s kappa coefficient (k) statistical analysis.

Sensitivity, specificity, the Youden index, positive predictive
values and negative predictive values, and the likelihood ratio of
a positive test and negative test were determined for both diag-
nostic methods (ICP pulse amplitude and DESH). A positive
likelihood ratio >10 and a negative likelihood ratio <0.1 was
taken as reflecting a very useful test. Table 2 shows the interpre-
tation of results on the basis of likelihood ratios. Cohen’s kappa
coefficient (k) was used also to determine the consistency of
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Table 1 Normal pressure
hydrocephalus (NPH) score

Score

Gait evaluation

Patient is bedridden or not able to ambulate
Ambulation is possible with help
Independent walking is possible but unstable or the patient falls

Abnormal but stable gait
Normal gait

Cognitive function
Patient is vegetative

Severe dementia

Important memory problems with more or less severe behaviour disturbances
Memory problems reported by patient or family
Cognitive disturbances are only found by specific tests

Sphincter disturbance

Urinary and faecal incontinence

Continuous urinary incontinence

Sporadic urinary incontinence
Urinary urgency

No objective or subjective sphincter dysfunction

(O T NV I S I (O Y S

L R S

Total NPH score = gait evaluation score + cognitive function score + sphincter disturbance score (Sahuquillo et al.

(21D

agreement between two diagnostic tests in predicting surgical
results (shunt responder and shunt non-responder). The level of
consistency was classified as very mild (k, 0-0.2), mild (k, 0.2—
0.4), moderate (k, 0.4-0.6), good (k, 0.6-0.8), or almost perfect
(k, 0.8-1.0). All procedures were performed as part of routine
clinical care, and data were anonymised.

Results

There were 118 consecutive patients treated for possible iNPH
in the study period. Twenty-nine (24.6 %) were excluded from
the study because they did not meet the inclusion criteria: age
>85 years, n=5; age <60 years, n=1; preceding diseases
possibly causing ventricular dilatation, n =23 (n = 16 previous
subarachnoid haemorrhage, n =5 previous tumour, and n =2
other). Thus, the final series consisted of 89 participants (42
men and 47 women) with a mean + standard deviation age of
72.5+6.6 years. Table 3 summarises the demographic data
and baseline clinical features of these patients. ICP catheter

complications occurred in one patient (1.1 %). Wound infec-
tion occurred in one patient without clinical consequences.

One year after shunting, 64 patients (71.9 %) showed clin-
ical improvement according to the NPH score. Gait improved
in 62 (96.6 %) patients, sphincter control improved in 50
(78.7 %) and dementia improved in 48 (75.3 %). These 64
patients were classified as shunt responders, and the remain-
ing 25 patients (28.1 %) were classified as shunt non-re-
sponders. Both groups have comparable CRF.

Fifty-six (62.9 %) patients were classified as DESH posi-
tive, and 33 (37.1 %) were classified as DESH negative. Both
groups had comparable cardiovascular risk factors. There was
a statistically significant difference between the proportion of
DESH-positive patients among shunt responders (51 of 64,
79.7 %) and non-responders (5 of 25, 20.0 %; p<0.001,
chi-squared test) (Table 4). Similarly, there was a statistically
significant difference between the proportion of patients with
high ICP pulse amplitude (>4 mmHg) among shunt re-
sponders (54 of 64, 84.4 %) and non-responders (3 of 25,
12 %; p <0.001, chi-squared test).

Table 2 Interpreting likelihood

ratios Positive likelihood ratio

Negative likelihood ratio Shift in probability or usefulness

>10

5-10
2-49
1-1.9

<0.1 Large/very useful test

0.1-0.2 Moderate/often useful test
0.21-0.5 Small/sometimes useful test
0.51-1.0 Very small/rarely useful test
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Table 3  Baseline demographic data and clinical features of patients
(n=89)

Age (years) 72.5+6.6

Sex
Male 42 (47.2 %)
Female 47 (52.8 %)

CVRF 36 %

NPH score 12 (11-13)
NPH gait evaluation score 4 (34)
NPH cognitive function score 4 (44)
NPH sphincter disturbance score 4 (3-4)

mRS 2 (1-2)

Dates are median =+ standard deviation, median (interquartile range), or n
(percentage)

DESH had a sensitivity of 79.7 %, specificity of 80.0 %,
Youden index of 0.60, positive predictive value of 91.07 %
and negative predictive value of 60.6 % for discriminating
shunt responders from shunt non-responders. ICP pulse am-
plitude had a sensitivity of 84.4 %, specificity of 88.0 %,
Youden index of 0.72, positive predictive value of 94.7 %
and negative predictive value of 68.8 %. Table 5 illustrates
overall response accuracy of the two supplementary diagnos-
tic tests. DESH had a positive likelihood ratio of 3.98 and a
negative likelihood ratio of 0.25, and ICP pulse amplitude had
a positive likelihood ratio of 7.0 and negative likelihood ratio
of 0.18. Consistency of agreement of two supplementary di-
agnostic tests was mild (k, 0.20), and inter-reader agreement
between the two reviewers in the evaluation of the presence of
DESH was good (k, 0.64-0.85).

Discussion

Despite improving knowledge regarding iNPH, surgical out-
comes have not significantly improved, and the rate of shunt

complications remains high [3, 21]. Expert clinical evalua-
tions performed in specialised centres can achieve up to
90 % accuracy in identifying shunt-responsive patients with
iNPH [4]; however, diagnosis of iNPH in general practice is
much less successful. Sensitivity and specificity of the classic
triad in a reported series is 54 % and 84 % respectively [28].

Currently, there are no standard diagnostic criteria for
iNPH [2, 4, 30]. Clinical practice guidelines recommend that
iNPH diagnosis be based on evidence from the clinical histo-
ry, the physical examination and image studies [20]. Some
additional tests may help iNPH diagnosis, including neuro-
psychological tests, urodynamic studies, gait analysis and
functional imaging evaluations, among others [1, 10, 19].
These tests may increase the diagnostic accuracy in some
cases when the symptoms are subtle, although some, such as
hydrodynamic tests and ICP monitoring, are invasive proce-
dures. The sensitivity of iNPH diagnosis is low [19], due to
the variability that exists in the clinical onset and the progres-
sion of the disease. Specificity is also low due to other com-
mon disorders, such as cerebrovascular diseases, Alzheimer’s
disease, Parkinson’s disease and Lewy body dementia[11, 15,
16], with symptoms very similar to those of iNPH, specifical-
ly, spinal degenerative disorders and urological problems. It is
important to make an accurate and early diagnosis of iNPH
because the symptoms can be improved with surgical treat-
ment. Some authors have reported that symptoms such as
ataxia, dementia and incontinence in the advanced stages of
the disease tend to respond worse to the treatment than mild
symptoms [28].

Many authors [4, 18, 19, 21, 26, 29, 30] have highlighted
the need for a diagnostic tool that will help to make a predic-
tion of the outcome after surgical treatment of patients with
significant comorbidities. The present study compared the re-
sults of two complementary diagnostic tools, one invasive
(ICP pulse amplitude) and one non-invasive (MRI), between
iNPH patients who responded to CSF shunt surgery and those
who did not.

Table 4 Results of diagnostic

tests in shunt responders and non- ~ Responders (1= 64) Non-responders (1 =25) p value
responders
MRI
DESH positive (n =56) 91.1 % 8.9 % <0.001*
DESH negative (n =33) 394 % 60.6 % <0.001*
ICP
Mean ICP (mmHg) 3.88+1.96 361+1.69 0.542°
ICP pulse amplitude >4 mmHg (n=157) 94.7 % 53 % 0.001*
ICP pulse amplitude <4 mmHg (n =32) 313 % 68.8 % 0.001%

Dates are percentage or median + standard deviation

MRI magnetic resonance image, /CP intracranial pressure

# Chi-squared test
® Student’s r-test
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Table 5 Diagnostic accuracy of

MRI (DESH positive vs DESH DESH positive High ICP amplitude
negative) and ICP pulse (>4 mmHg)
amplitude (high vs low)

Sensitivity 79.7 % 84.4 %

Specificity 80 % 88 %

Youden index 0.60 0.72

Positive predictive value 91.1 % 94.7 %

Negative predictive value 60.6 % 68.8 %

Positive likelihood ratio 3.98 7

Negative likelihood ratio 0.25 0.18

Sensitivity = number of true positives / (number of true positives + number of false negatives) x 100 %

Specificity = number of true negatives / (number of true negatives + number of false positives) x 100 %

Youden index = (sensitivity + specificity) — 1

Positive predictive value = number of true positives / (number of true positives + number of false positives) x

100 %

Negative predictive value = number of true negatives / (number of true negatives + number of false negatives) x

100 %

Negative likelihood ratio = 1 — sensitivity / specificity

Positive likelihood ratio = sensitivity / 1 — specificity

Recently, a DESH finding has been validated as a useful
feature in the diagnosis of iNPH, and has been included in
the clinical guidelines of the Japanese Society of Normal
Pressure Hydrocephalus [23]. This characteristic, which
was reported by Kitagaki et al. [17], might be a non-
invasive biomarker for predicting shunt surgery results.

ICP pulsatility was correlated with clinical improvement
after shunt surgery [5-9], and may also be a biomarker for
shunt surgery results, but this test is invasive and can cause
complications [8]. In our study, the rate of complications
related to the implantation and monitoring of ICP was low.
Although some studies reported potentially serious compli-
cations, such as bleeding (1.1 %), epidural haematoma
(0.47 %), contusion (0.47 %) and intraparenchymal
haematoma (0.15 %) [2], the majority reported few com-
plications that are generally mild in nature and include
technical complications such as a dislocation of the fixa-
tion screw, disconnection of the transducer, breakage of the
fibreoptic cable, probe defects and monitor-related infec-
tions [9].

In this study, we demonstrate that a high ICP pulse ampli-
tude (>4 mmHg) determined by ICP monitoring was more
sensitive (84.4 % vs 79.7 %) and more specific (88.0 % vs
80.0 %) than a positive DESH finding for predicting shunt
response in symptomatic patients. Moreover Youden index
values were higher for high ICP amplitude than for positive
DESH findings. On the basis that the Youden index captures
the performance of a diagnostic test, we suggest that ICP
amplitude may be more useful than DESH findings.
Nevertheless, the positive predictive values indicated that both
diagnostic tests were highly accurate at predicting shunt re-
sponse (91.1 % and 94.7 % for high ICP amplitude and

positive DESH, respectively). This means that improvement
after surgery can be anticipated in approximately nine of ten
symptomatic patients with positive DESH findings or high
ICP amplitude.

Eide and Brean [8] reported comparable findings, with
clinical improvement in 103 (79 %) of the 130 surgically
treated patients, and a sensitivity of 98 %, specificity of
70 % and a PPV of 93 % for mean ICP amplitude
>4 mmHg. DESH findings in a previous report also agree with
our results, with a high positive predictive value (80 %) [12],
indicating that MRI-based diagnosis is useful for diagnosis of
iNPH. Accordingly, we theorise that the two diagnostic
methods can be considered with equal weighting when a test
is positive in symptomatic patients. However, negative predic-
tive values were low, 68.8 % and 60.6 %, and neither test
achieved good accuracy. Therefore, a negative result on the
two tests may not exclude the possibility that the patient will
improve with surgery. These rates differed somewhat to those
made by Eide and Brean [8], who reported a high NPV (91 %)
for high ICP pulse amplitude in 130 surgically treated patients.
The positive and negative predictive values of an external
lumbar drainage test (draining 10 ml of CSF per hour for a
period of 72 h) were 87 % and 36 %, respectively [19, 20, 30],
and agree with our results reached with both diagnostic tests
(high ICP amplitude and positive DESH). However, the lum-
bar drainage test has an increased risk of complications in
comparison to other tests, such as overdrainage and bacterial
meningitis. Complications with this test occurred in approxi-
mately 5 % of cases [20, 30]. Another supplemental test, ce-
rebrospinal pulse pressure amplitude determined during a
lumbar infusion test was reported to achieve a sensitivity of
88 % for predicting shunt response with a specificity of 60 %
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and a positive predictive value and negative predictive value
of 89 % and 60 %, respectively [8]. These values are lower
than those found for high ICP pulse amplitude in this study.
This discrepancy may be because the ICP pulse amplitude was
evaluated at different anatomical sites. One may speculate that
this variation is due to a difference in the compliance in the
different compartments, as reported by Eide and Brean [8];
however, this assumption remains to be confirmed.

It has been postulated that positive DESH findings may be
caused by defective CSF absorption as a result of suprasylvian
subarachnoidal block. Patients with iNPH have a greater vol-
ume of CSF within the ventricular system than patients with
Alzheimer’s disease or vascular dementia, and have narrower
subarachnoid spaces of the upper and medial convexity [13,
17, 22]. We hypothesise that positive DESH findings in MRI
as a result of blocked suprasylvian CSF subarachnoidal flow
may be an indirect measure of a decrease in brain compliance,
i.e. pressure-volume reserve capacity, and may be inversely
correlated with ICP pulse amplitude. Although not document-
ed in the literature, compartmentalisation of pulse amplitude is
possible. The blockage of the suprasylvian CSF subarachnoid
space may produce a compartmentalised gradient of pressure
in this space. That issue may alter the compensatory reserve
and the CSF pressure reactivity, subsequently impairing the
brain compliance. In this situation the brain elastance behaves
in a linear manner and the variations of intracranial volume
correlate well with changes in ICP wave amplitude. Saehle
and Eide [27] reported an association between ventricular vol-
ume measures and pulsatile and static ICP scores in non-
communicating hydrocephalus. However, there are no studies
that support this hypothesis in communicating hydrocephalus,
and we found that the agreement between DESH findings and
high ICP amplitude was very mild (k, <0.2). It is likely that the
two tests measure different but related aspects of iNPH and
provide complementary information, but are not directly
associated.

Finally, our study has several limitations. First, this was a
single-centre study, and the patient sample was too small to
draw any definite conclusions. Second, the classification of
DESH from MRI was subjective, although having two asses-
sors minimised the effects of this on results and, third, the
supposition (association between ICP pulse and DESH find-
ings) was very simplistic in a disease whose pathophysiology
is not completely understood.

Conclusions

Despite the fact that the agreement between DESH findings
and ICP amplitude was mild, and despite the superiority of
ICP pulse amplitude over DESH findings for predicting shunt
effectiveness, given the non-invasive nature and high sensitiv-
ity and specificity of DESH findings, DESH may be useful as
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a first test for identifying iNPH patients who will respond to a
shunt. However, when there are no identifying DESH find-
ings, an invasive test such as an ICP monitoring or a hydro-
dynamic test is likely to provide valuable additional informa-
tion, and seems to be indicated regarding the effectiveness of a
shunt.
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Comment

Despite technical and knowledge improving, the surgical outcomes and
the clinical indication to shunting for iNPH have not improved in the last
decades. After the well-known multi-center prospective study
SHINPHONI of 2010, the neurosurgical community is aware that dispro-
portionately expanded Sylvian fissures alongside with tight high convex-
ity and medial subarachnoid spaces in MRI - also known as dispropor-
tionately enlarged subarachnoid space hydrocephalus (DESH) -is very
useful for the diagnosis of iNPH, and therefore could predict the efficacy
of treatment.

In this manuscript, the Authors report a prospective study involving
long-term follow-up of 89 patients with iNPH over a mean period of
46 months in order to compare the prognostic value of DESH and pulse
amplitude ICP. One year after shunting 71,9 % of patients had a clinical
improvement and could be classified as shunt responders. 62,9 were
DESH positive. DESH had a sensitivity and specifity of around 80 %,
with a positive predict value of 91 % and negative predictive value of
60 % for discriminating shunt responders. If associated with ICP ampli-
tude the accuracy of predicting shunt responses reaches globally the >
90 %.

A very intriguing issue is the theory, that positive DESH findings may
be caused by defective CSF absorption as a result of suprasylvian sub-
arachnoidal block. This question is worthy to be clarified by appropriate
research.

The topic is of neurosurgical relevance, and the study well conducted.
Overall, the data are convincing that DESH may be useful as a first test for
identifying iNPH patients who will respond to a shunt.
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