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Abstract

Introduction: Idiopathic normal pressure hydrocephalus (iNPH) is known to be a treatable cause of
disability and morbidity in elderly patients such as gait abnormality, cognitive decline, and urinary impairment.
There are two types of iINPH, disproportionately enlargement subarachnoid space hydrocephalus (DESH) and
non-DESH. This study aimed to compare, two-years outcome of treatment in both DESH and non-DESH.

Methods: We conducted a retrospective cohort study of iNPH patients who received surgical treatment
between September 2014 and November 201 6. Demographic data and baseline clinical were collected. The
patient was classified into DESH and non-DESH iNPH groups. Outcomes after treatment such as idiopathic
normal pressure hydrocephalus grading scale (iNPHGS), modified Rankin scale (mRS), bulbar symptoms,
psychiatric symptoms, and adverse outcomes were analyzed during immediate post-operation, first visit, 4-6
months, 1 year, and 2 years after surgery. The positive outcome was defined as improvement in iINPHGS
or mRS at such time.

Results: Patients with iNPH (n =106) were classified as DESH iNPH (n=72) and non-DESH (n =
34). There was a favorable improvement in both groups during the first visit (73.5% in non-DESH and
88.9% in DESH, p = 0.044), 4-6 months (72.7% in non-DESH and 79.4% in DESH group, p = 0.452),
1 year (65.9% in non-DESH group and 79.7% in DESH, p = 0.141) and 2 years (66.7% in non-DESH
and 59.6% in DESH group, p = 0.54). There was no difference in outcome according to the type of surgery
either ventriculoperitoneal (VP) or lumboperitoneal (LP) shunt at any time.

Conclusion: All patients with a diagnosis of iNPH should receive surgical treatment with or without
DESH findings on radiographic imaging. There was a favorable positive outcome with minor shunt-related
complications until at least 2 years after surgery. There were no differences between any shunting surgery
at any time (either VP or LP shunt).

Keywords; idiopathic normal pressure hydrocephalus (iNPH), disproportionately enlargement of
subarachnoid space with hydrocephalus (DESH), idiopathic normal pressure hydrocephalus grading scale
(iNPHGS), modified Rankin scale (mRS), bulbar symptoms, psychiatric symptoms
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Introduction

Nowadays, there were an increase in the elderly
population in Thailand. In 2019, there were reported
of 11 million elderly in Thailand accounting for 16%
of the |oopulation.1 According to an elderly person with
dementia, some reported the prevalence of normal
pressure hydrocephalus was about 0.9% of patients
with dementia in the Geriatrics clinic.? Many experts
proposed that idiopathic normal pressure hydro-
cephalus (iNPH) is one of the neurodegenerative
diseases. Accordingly, the diagnosis of normal pres-
sure hydrocephalus is increasing with advanced age.
Patients with normal pressure hydrocephalus (NPH)

had a clinical triad of Hakim defined as gait abnormal-

ity, cognitive impairment, and/or urinary disturbance
with diagnostic brain imaging of brain demonstrated
dilation of the ventricle (Evans’ index’ more than 0.3)
according to NPH guidelines from American-European
guideline®, American Academy of Neurology Guideline®
and Japanese iNPH guideline®(JG). When clinical
imaging of the patient was confirmed without other
defined causes of hydrocephalus, hence the diagnosis
of possible iINPH could be established. The spinal tap
test also assured the diagnosis of probable iNPH.’
According to American-European Guidelines (AEG)
and Japanese Guideline (JG), there was some differ-
ence in the diagnosis of probable and possible iNPH.?

In AEG®, diagnosis of probable iNPH are symptoms
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of gait/balance disturbance with at least one of two
clinical symptoms i.e. a) cognitive impairment and b.)
Urinary incontinence/urgency and including with ICP
< 20 cmH,0 and brain imaging of ventriculomegaly
(Evans’ index > 0.3) with at least one of these fea-
tures i.e. a) Narrow callosal angle b) Enlargement of
the temporal horns c) Periventricular signal changes.
In contrast to JG6, diagnosis of possible iNPH with
MRI support are any two of three symptoms in the
clinical triad i.e. Gait disturbance, cognitive impair-
ment and urinary incontinence and brain imaging of
ventriculomegaly (Evan’s index > 0.3) with a feature
of narrowing of the sulci over the high convexity and/
or Disproportionately enlarged subarachnoid space
hydrocephalus (DESH). The diagnosis of definite iNPH
was confirmed when the patient clinical improved after
shunt surgery’ composed of ventriculoperitoneal (VP)
shunt, ventriculoatrial (VA) shunt, ventriculopleural
shunt and lumboperitoneal (LP) shunt.'® In addi-
tion to the Hakim triad, some patients suffered from
other serious symptoms such as microaspiration”,
choking, hoarseness'?, mood disorders, depression
or sleep disturbance (neuropsychiatric symptoms)13
which can worsen patient condition into bed bound.
If patients with probable iNPH left untreated, some'*
reported 5 years mortality rate as high as 87.5%. On
imaging study, there was some feature which specific
to idiopathic normal pressure hydrocephalus (iNPH),
defined as Disproportional Enlargement of Subarach-
noid space Hydrocephalus; DESH'®, according to
Japanese guideline "% which reported of a positive
outcome in those patients with DESH appearance on

imaging.'” In the patient with no DESH appearance

on imaging, defined as non-DESH or DESH-negative
iNPH found to have a positive outcome after treat-

ment.'""®

Therefore, the objectives of this study were
to examine whether there was a valuable outcome
in the treatment of the patient with non-DESH iNPH
group and to find out 2-years outcome after treat-

ment in those groups.

Methods

Study design

The authors conducted a retrospective single-
center cohort study of cerebrospinal fluid shunt (CSF)
surgery for patients with iNPH in Siriraj hospital. All
patients received either VP shunt or LP shunt sur-
gery from September 2014 to November 2016 (26
months duration). Participants were grouped into
DESH iNPH and non-DESH which were classified by
neurosurgeons’ perspective and neuroradiologists as
shown in Figure 1. The primary measurement was the
favorable outcome 1 year after surgery, which was
either improvement of more than 1 point of the idio-
pathic Normal Pressure Hydrocephalus Grading Scale
(iNPHGS)'*"® or a modified Rankin Scale (mRS). The
secondary measurements were favorable outcomes at
the first visit (1-2 weeks), 4-6 months, and 2 years
after surgery, which was defined above, improvement
in neuropsychiatric (which include sleep disturbance)
symptoms and bulbar symptoms (deﬁned as either
microaspiration, hoarseness of voice, choking, or
speechless) at 4-6 months, 1 year and 2 years,
respectively. The study protocol was approved by

Siriraj Institutional Review Board.
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Figure 1 Imaging of DESH showing hydrocephalus with enlargement of subarachnoid space and tight vertex and narrowing

of callosal angle and non-DESH iNPH showing hydrocephalus without sign of DESH (i.e. no tight vertex, mild

dilate of subarachnoid space with no narrowing of callosal angle)

Study populations

All participants were patients with a diagno-
sis of suspected iNPH in Siriraj hospital between
September 2014 and November 201 6 who received
CSF shunt surgery. The following inclusion criteria
were 1) patient age > 60 years; 2) clinical triad
of iNPH (abnormal gait, cognitive impairment, and
urinary impairment) which is defined as iNPHGS;
3) Radiographic images of hydrocephalus, which
defined as Evans’ index > 0.3. Exclusion criteria were
normal pressure hydrocephalus due to other defined
causes and patients with no radiologic images docu-

mented from medical records.

Procedure and Outcome measurement

All patients who met all the above criteria were
collected for statistical analysis. Participants were
classified into two groups depending on radiographic
appearance, based on neuroradiologists’ and neu-
rosurgeons’ perspectives, comprised of DESH iNPH

and non-DESH iNPH. All participants received

surgery either VP shunt or LP shunt. For VP shunt,
the implanted valves were either Codman Hakim®
programmable valve with Siphonguard®, Medtronic
programmable Strata II® or Medtronic fixed pressure
valve®. Medtronic programmable NSC® valve, the only
programmable LP shunt available in our institution,
was used for LP shunt. The CSF shunt surgery was
performed between September 2014 and November
2016 in our institution.

Preoperative data of participants were collected
including patient characteristics (age and gender),
comorbidities, preoperative iNPHGS'®, mRS, neu-
ropsychiatric symptoms which are defined as any
symptoms of mood disorders, depression, aggres-
siveness or sleep disturbance, and bulbar symptoms
which defined as any symptoms of microaspiration,
chocking or hoarseness of voice. The primary outcome
measurement was the improvement of iNPHGS and/
or mRS 1 year after surgery. Secondary outcomes
were improvement of iINPHGS and/or mRS at 4-6

months, 1 year, and 2 years; improvement of neuro-
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psychiatric and bulbar symptoms at 4-6 months, 1
year, and 2 years after surgery. Other outcomes were
also collected; including adverse events at the first
visit (usually 2-4 weeks), 4-6 months, 1 year, and
2 years after surgery (deﬁned as medical complica-
tions and shunt-related Complications). The positive
response to surgery was defined as an improvement
of 1 or more points in either INPHGS or mRS at any

evaluation point of the visit.

Statistical analysis

The categorical independent variables were
presented as number or percentage, mean £SD, or
median (minimum, maximum) were carried out as
appropriate distribution of data.

The association for univariate analysis, the
categorical independent variables with DESH/non-
DESH was assessed by the Chi-square test, and the
significance of the continuous variable was assessed
with a 2-sample independent t-test or Mann Whithey
U test. A p-value of less than 0.05 was statistically
significant. Statistical data were analyzed using SPSS

version 18.

Results

Between September 2014 and November 2016
(26 months period), all data of diagnosed normal
pressure hydrocephalus patients who received surgi-
cal treatment in Siriraj hospital were collected. One
hundred thirty-five patients who underwent cerebro-
spinal fluid (CSF) shunt surgery were recorded in our
institution. Anyway, twenty-four patients were re-
classified as secondary NPH (sNPH) after intensely

reviewing the complete data and 5 patients had no

adequate record and/or imaging data. Accordingly,
29 out of 135 patients were excluded from this
study, and 106 patients met the criteria of this
study. Seventy-two out of 106 patients (67.9%)
were classified as DESH iNPH whereas 34 out of
106 patients (32.1%) were non-DESH iNPH by
definition. The ratio of DESH and non-DESH iNPH
was 2:1 approximately. The CSF shunt surgery was
performed using programmable ventriculoperitoneal
(VP) shunt and programmable lumboperitoneal (LP)
shunt depending on the neurosurgeon’s prefer-
ence. Codman® valve with or without Siphonguard or
Medtronics Stata II® valve system was chosen for VP
shunt in 62 patients (65.72% ) but Medtronics NSC®
valve which has had only one LP valve available in
our institution was made in 44 patients (34.28%).
The follow-up clinical and imaging data were reviewed
at the first visit (usually 2-4 weeks), 4-6 months
visit, 1 year, and finally 2 years visit. At 4-6 months
follow-up period, 5 out of 106 patients (5.3%) lost
to follow-up remained 92 patients. Nine out of 92
patients (8.28 %) were lost at 1 year follow-up
period (VP shunt = 60, LP shunt =32). Finally, 17
out of 92 patients lost to follow up and 75 out of
106 patients (79.5%) remained in this study (VP
shunt = 48, LP shunt = 27) at 2 years follow-up
period. All number of patients was demonstrated in

Figure 2.

Characteristics and clinical of patients at baseline

All demographic and underlying condition char-
acteristics of patients are summarized in Table 1.
Approximately two-thirds (67.9 %) of patients in

this study were classified as DESH iNPH while around
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one-third (32.1% ) of patients were non-DESH iNPH.
There was no statistical difference in age between
DESH (77.8 £7.5 years old) and non-DESH iNPH
(78.8 + 7.6 years old). Concerning gender, there
was no statistical difference (p = 0.358) between
DESH and non-DESH iNPH groups. According to the
underlying diseases of the patients, we identified the
comorbidity factors composed of cerebrovascular dis-
ease (CVA), Parkinson’s disease (PD), Alzheimer’s
disease (AD)/dementia, benign prostatic hypertrophy
(BPH), diabetes mellitus (DM), hypertension (HT),
dyslipidemia (DLP), atrial fibrillation (AF), chronic
kidney disease (CKD), ischemic heart disease (IHD)
and others chronic diseases (e.g., hypothyroid, os-
teoarthritis, cirrhosis). Interestingly, there were only
three conditions, PD, AD, and ischemic heart dis-
eases, which seemed to be different between DESH
and non-DESH groups but not statistically significant.
Twenty-seven out of 106 patients (25.47%) had
a history of Parkinson’s disease. Concomitant with
Parkinson’s disease, 12 out of 34 patients (35.4%),
presented in the non-DESH group while 15 out of
72 patients (20.8%) presented in the DESH iNPH
group (p 0.111). For Alzheimer’s disease, it seemed
much more often in the non-DESH iNPH (23.5%)
than DESH iNPH (9.7%) group but not statistically
significant (p = 0.057). Lastly, a history of ischemic
heart disease was frequently seen at 23.5% in non-
DESH iNPH compared with 11.1% but not statistically
significant (p 0.096) as well.

The mean baseline of clinical data of iINPH pa-
tients included the total and different three domains
of iINPHGS, mRS, presented bulbar symptoms, and

neuropsychiatric symptoms were demonstrated in

Table 2. In comparison to the clinical characteristics
of iINPH patients, there were no clinical statistically
significant between DESH and non-DESH iNPH. The
mean baseline total INPHGS was 8.70 + 1.98 in both
iNPH groups as well as other domains of iINPHGS with
a mean baseline gait score of 3.05 + 0.72, mean
baseline cognitive score of 2.81 + 0.82, and mean
baseline urinary score 2.82 + 0.83. The quality of
life determined by mean + SD of the modified Rankin
scale (MRS) was 3.77 * 0.94. Interestingly, 79
out of 106 patients (74.5% ) had bulbar symptoms
which had a history of choking, hoarseness of voice,
and microaspiration and 77 out of 106 patients
(72.64%) had neuropsychiatric symptoms i.e. mood
disorders, depression, aggressiveness or sleep dis-
turbance but no difference between two groups of

patients (p = 0.294 and p = 0.889, respectively).

Clinical outcomes after CSF shunt surgery
Adverse outcomes

The adverse events were defined into two groups:
medical complications (e.g. hyponatremia, delirium,
seizure, pneumonia, UTls, sepsis, dizziness, psy-
chotic symptoms) and shunt-related complications
(i.e. shunt over-drainage with or without intracranial
hemorrhage, shunt under drainage or malfunction,
shunt malposition). There was 16.39% in overall
adverse events which separated into 10.59% of
medical complications and 5.8% in shunt-related
complications. Most of the complications occurred
after 4-6 months as shown in Figure 3 Adverse
events after CSF shunting comparing non-DESH iNPH
and DESH iNPH. According to shunt-related compli-

cations, there were no differences in both groups at
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any time (Figure 3 Adverse events after CSF shunting

comparing non-DESH iNPH and DESH iNPH. Details

of the patient’s shunt-related complications were

described in detail (Table 3).

All Patients diagnosed with iINPH, n=135

Participants with met all criteria, n = 106

Identified cause of hydrocephalus, n = 24

No record of radiographic images, n = 5

/\

n=72

Patients with DESH iNPH

Patients with non-DESH iNPH

n=234

Shunting surgery:
VPS, n=62; LPS, n=44

A

n=72

Early postoperative (first visit)

Early postoperative (first visit)

n=234

A

Loss follow-up, Total n=5

A

n =68

4-6 months after surgery

4-6 months after surgery

n =33

Loss follow-up, Total n=9

n =60

1 year after surgery

A

y

1 year after surgery

n =32

Loss follow-up, Total n=17

A

n =48

2 years after surgery

2 years after surgery

n=27

Figure 2 Flowchart showing number of patients from initial baseline to last outcome (2 years after surgery)
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Table 1 Demographic data of study population
Parameter Total No. of pts Non-DESH iNPH DESH iNPH p—Value
Number of patients 106 34 72
Age (years) 78.817.6 77.8£7.5 0.518
Gender: Male (%) 65 23 (67.6) 42 (58.3) 0.358
Female (%) 41 11 (32.4) 30 (41.7)
Underlying conditions (%)
- Cerebrovascular disease 26 7 (20.6) 19 (26.4) 0.517
- Parkinson’s syndrome 27 12 (35.6) 15 (20.8) 0.111
- Alzheimer ‘s disease/Dementia 15 8 (23.5) 7 (9.7) 0.057
- Benign prostatic hypertrophy 19 7 (20.6) 12 (16.7) 0.623
- Diabetes Mellitus 34 9 (26.5) 25 (34.7) 0.396
- Hypertension 73 22 (64.7) 51 (70.8) 0.525
- Dyslipidemia 30 9 (26.5) 21 (29.2) 0.774
- Atrial fibrillation 5 2 (5.9) 3(4.2) 0.655
- Chronic kidney disease 13 2 (5.9) 11 (15.3) 0.169
- Ischemic heart disease 16 8 (23.5) 8(11.1) 0.096
Others (e.g. Hypothyroid, Osteoarthritis, 22

cirrhosis)

Table 2 Clinical characteristics (iNPHGS, mRS, bulbar symptoms, and psychiatric symptoms) of the study population
comparing DESH iNPH group and non-DESH iNPH

Pre-preoperative status

iINPHGS, mean + SD

- Gait score

- Cognitive score

- Urinary score

mRS, mean + SD

No. of patients with bulbar symptoms (no)
No. of patients with neuropsychiatric

symptoms (no)

Total
(n=106)
8.70 + 1.98
3.05+0.72
2.81+0.82
2.82 +0.83
3.77 £ 0.94
79
77

Non-DESH iNPH

(n=34)

8.65 + 1.98
2.88+0.76
2.82+0.79
2.91+0.75
3.74 + 0.86
26
25

DESH iNPH
(n=72)
8.72+ 2.0
3.13+0.69
2.81+0.83
2.78 £ 0.86
3.79 + 0.97
53
52

p—-Value

0.686

0.597
0.294
0.889

Outcome at the first visit

Clinical outcome at the first visit, usually 2-4
weeks after surgery, was described as a subjective
improvement by patients, relatives, or clinicians. There

was a higher improvement in DESH iNPH (88.9% ) than

non-DESHiNPH (73.5%, p = 0.04) as shown in Tabe 4.

ing non-DESH iNPH and DESH iNPH).

Meanwhile, adverse outcomes (including shunt-
related complications) least occurred during this time

(Figure 3 Adverse events after CSF shunting compar-
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Figure 3 Adverse events after CSF shunting comparing non-DESH iNPH and DESH iNPH

Results at 4-6 months after surgery

At 4 to 6 months after shunt surgery, the total
number of patients was 101 out of 106. the mean
+ SD of iINPHGS of 7.10 + 2.78 which decreased
than the mean = SD of iNPHGS of 8.70 % 1.98 in
the preoperative period but had no statistic significant
(p 0.850) between DESH and non-DESH iNPH as
well as the other domain of iINPHGS which has had
better than preoperative period. The quality of life
of DESH and non-DESH iNPH was slightly improved
with a mean + SD of mRS (3.24 + 1.13) compared

to preoperative mRS (3.77 £ 0. 94 ).

Moreover, 50 out of 87 patients (57.47%) had
improvement in bulbar symptoms which had a history
of choking and microaspiration, and 4 3 out of 84 pa-
tients (51.19% ) had improvement in neuropsychia-
tric symptoms but no difference between DESH
and non-DESH iNPH patients (Table 5). Mean-
while, a higher incidence of adverse events oc-
curred during 4-6 months (11.88%) with more
frequent in non-DESH group (21.2%) com-
pared to DESH group (7.4%) at 4-6 months
(p = 0.043).
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Table 4 Overall improvement after CSF shunting comparing non-DESH iNPH and DESH iNPH

Result

Result at first visit (no. of patients)

No. of improvement

Total no. of pts

106

Non-DESH iNPH DESH iNPH p-Value
34 72
25 (73.5%) 64 (88.9%) 0.044

Table 5 Clinical outcome of iNPH patients at 4-6 months follow-up period comparing non-DESH iNPH and DESH iNPH

groups
Parameter Total no. Non-DESH iNPH DESH iNPH p-Value
(n=101) (n=33) (n=68)
iINPHGS, mean £SD 7.10+2.78 7.06 272 7.11 £2.84 0.850
- No. of patients with positive outcome (%) 77.22% 72.7% 79.4% 0.452
mRS, mean = SD 3.24+1.13 3.18 £ 1.04 3.26 +1.18 0.651
- No. of patients with positive outcome (%) 51.48% 48.5% 52.9% 0.674
Improvement in bulbar symptoms (%) 57.47% 48.1% 61.7% 0.270
Improvement in neuropsychiatric symptoms (%) 51.19% 53.6% 50% 0.204

Results at 1 year after surgery

At this time, the total number of patients dur-
ing this period was 92 (out of 106) patients. The
improvement of both groups of iNPH patients seems
to be stable at 1 year follow-up period as compared
to the 4-6 month follow-up period (Table 6). The
total number of patients with positive outcome dur-
ing this period was 73.91%. There was slightly more
improvement in the DESH group (79.7%) than in
the non-DESH group (65.6%) but not statistically

significant (p = 0.141). According to adverse events,
there was a decrease in events during this time

compared to the 4-6 months period.

Results at 2 years after surgery

At this time, the total number of patients during
this period was 75 out of 106 patients. The clinical
of iNPH patients have slightly deteriorated at 2 years
after surgery. Seventy-five out of 106 preoperative

patients (70.75%) had continued this study with

Table 6 Clinical outcome of iNPH patients at 1 year follow-up period comparing non-DESH iNPH and DESH iNPH

Parameter

iNPHGS, mean +SD

- No. of patients with positive outcome (%)

mRS, mean * SD

- No. of patients with positive outcome (%)
Improvement in bulbar symptoms (%)

Improvement in neuropsychiatric symptoms (%)

Total no. Non-DESH iNPH DESH iNPH p-Value
(n=92) (n=32) (n=60)
6.83 £ 3.23 7.42 £ 2.69 6.54 = 3.45 0.392
73.91% 65.6% 79.7% 0.141
3.32+1.16 3.28+1.14 3.34+£1.18 0.640
45% 43.8% 47.5% 0.735
53.5% 52.2% 54.2% 0.956
45.7% 53.8% 40.0% 0.338




Thai Journal of Neurological Surgery
Vol. 2 No. 1 January - March 2024

17

mean £ SD of INPHGS of 6.88 + 3.51 and mean = SD
of mRS of 3.52 £ 1.20. The percentage of patients
who improved in bulbar symptoms and neuropsychi-

atric symptoms seems to decrease at this 2-year

follow-up period (39.6% and 38.4%respectively) as
shown in Table 7. There was an increase in adverse

events during this time (compared to the 1 year).

Table 7 Clinical outcome of iNPH patients at 2 years follow-up period comparing non-DESH iNPH and DESH iNPH

Parameter Total no. Non-DESH iNPH DESH iNPH p-Value
(n=75) (n=27) (n=48)
iINPHGS, mean +SD 6.88 + 3.51 7.32 £ 2.64 6.68 + 3.84 0.930
- No. of patients with positive outcome (%) 65.3% 66.7% 59.6% 0.540
mRS, mean £ SD 3.52 £ 1.20 3.37 £ 1.07 3.60 £ 1.27 0.215
- No. of patients with positive outcome (%) 40.0% 37% 38.5% 0.902
Improvement in bulbar symptoms (%) 39.6% 41.2% 39% 0.850
Improvement in neuropsychiatric symptoms (%) 38.4% 50.0% 33.3% 0.440

According to the number of patients and iINPHGS
improvement, there was more improvement in DESH
iNPH group at 4-6 months (79.4% vs 72.7% in
non-DESH) and 1 year (79.7% vs 65.6% in non-
DESH) but reverse in 2 years (59.6% in DESH vs
66.7% in non-DESH) without statistic significant

(Figure 2). According to mRS, there was a decline

iNPHGS

100
=
S g0 —_—
S —_—
2 60 =
o non-DESH
Q 40
= ——DESH
5 20
2 0 total
©
e 4-6 month 1year 2 year Time
g
[
o

number of improvements (%) over time according to iINPHGS

in the number of patients improved in both groups at
4-6 months, 1 year, and 2 years (52.9%, 47.5%,
and 38.5% in the DESH group and 48.5%, 43.8%,
and 37% in non-DESH group, respeotively) with more
improvement in DESH group (Figure 4A and B) but

with no statistically significant.

B mRS
o
| =
()
605
3
505 \ non-DESH
5 \
40% ——DESH
30
& total
203

;_;
o
percen

o

4-6 month 1year 2 year Time

number of improvements (%) over time according to INPHGS

Figure 4 A: Showing the number of improvements (%) over time according to iNPHGS

B: Showing the number of improvements (%) over time according to mRS
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Comparison of results between VP shunt and LP

shunt surgery (a positive outcome of iNPHGS)

Concerning types of shunt surgery, the clinical
improvement of VP shunt and LP shunt was highest
at the first visit and decreased at the following 4-6
months visit, 1-year visit until the 2 years follow-up
period. There were no differences in overall outcomes
over time of both types of surgery (VP shunt vs LP
shunt) as described in Figure 5. Subgroup analysis
showed more improvement in the DESH group with
VP shunt surgery at the first visit (92.5% vs 72.7%
in non-DESH, p = 0.034) and 1 year after surgery
(84.8% vs 60% in non-DESH, p = 0.042).

Prediction factors with a positive outcome of
iNPHGS

All comorbidities (underlying conditions) were
analyzed according to postoperative INPHGS improve -
ment. The comorbidity which had a positive predictive
value of shunt outcome was no history of Alzheimer’s
disease or dementia, no history of diabetes mellitus,
and no previous ischemic heart disease as shown
in Table 8. The iINPH patients without Alzheimer’s
disease had significant positive outcomes 88.9%,
89.9%, and 92% at 4-6 months, 1 -year visits, and
2 years, respectively. The patient without underly-
ing DM (78.8%; p = 0.035) and without previous
ischemic heart disease had positive outcomes at a

1year follow-up period (89.9%; p = 0.025)

mmmm Non-DESH iNPH, no. (%) DESH iNPH, no. (%) —@—Total No. of positive outcome, no. (%) @ P-Value
100.00% 1
90.00% () 0.9
80.00% 0.8
70.00% ® 0.7
60.00% 0.6
. 50.00% 0.5
g 40.00% 0.4
§ 30.00% 0.3
e 20.00% 0.2
o
s 10.00% 0.1
2 0.00% 0
z VP LP VP LP VP LP VP LP
E shunt = shunt = shunt = shunt = shunt = shunt shunt  shunt
& Positive Positive Positive
g Improvement outcome of outcome of outcome of
° at First visit iNPHGS at 4-6 iNPHGS at 1 iNPHGS at 2
months year years
mmmm Non-DESH iNPH, no. (%) 72.70% 75% 66.70% 83.30% 60.00% @ 75.00% 75.00% @ 54.50%
DESH iNPH, no. (%) 92.50% 84.40% 82.10% 75.90% 84.80% 73.10% 58.60% 60.90%
—@— Total No. of iti t :
oterio.o pos('o/“)'e OUtcome, NO- ' g5 50% | 81.80% | 76.70%  78.00% 75.50% 73.70% 64.40% 58.80%
0
@® P-Value 0.034 0.473 0.179 0.599 0.042 0.9 0.272 0.726

Figure 5 Comparative outcome of iNPH patients treated with VP shunt and LP shunt in non-DESH and DESH iNPH
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Table 8 Prediction factors with a positive outcome of iNPHGS composed of Alzheimer’s disease/ dementia, DM and ischemic

heart disease.

Positive outcome P-Value
at 4-6 months

Underlying conditions

(%)
Without a history of 88.9 0.071
Alzheimer’s disease/Dementia
Without a history of 72.8 0.135
Diabetes Mellitus
Without a history of Ischemic 86.4 0.646

heart disease

Positive outcome P-Value Positive outcome P-Value

at 1 year at 2 years
(%) (%)
89.9 0.025 92 0.054
76.8 0.035 76.0 0.131
89.9 0.025 86.0 0.933

Comparison between baseline iNPHGS with a
positive outcome at 4-6 months and 1 year after
surgery

The baseline clinical (iNPHGS) of the patient
was analyzed to predict outcomes after surgery.

There was a significant improvement in the number

iNPHS_pre-operative

T T
improve not improve

4 months

of patients with baseline INPHGS scores between 7
and 9 at 4-6 months follow-up period and one year
after surgery (Figure 6). Showing pre-operative iNPHGS
compared to shunt responsive and non-responsive group

at 4 months and 12 months follow up period

124

=]
1

iNPHS pre-operative
@
i

T T
improve not improve

12 months

Figure 6 Showing pre-operative INPHGS compared to shunt responsive and non-responsive group at 4 months and 12

months follow up period

Discussion
This study was a retrospective study to compare the
outcome of surgical treatment of either VP shunt and LP
shunt in iINPH patients who were classified into two groups:
DESH iNPH and non-DESH group. According to the grouping

of patients, there might be some conflict in the diagno-

sis of DESH due to lacking a good measurement tool to
differentiate both groups. Some proposed measurement
scoring called “DESH score”'®'® to evaluate the DESH
pattern includes five domains of the score (from 0-2): 1.)
Evan’s index 2.) Dilatation of Sylvian fissures 3.) tightness

high convexity 4.) acute callosal angle and 5.) focal sulcal
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dilation which is higher in total score show to have a high
positive predictive value for improvement. This study has
not applied this tool because of the inadequate quality of
brain imaging in the medical record, as a result of brain
MRI performed in some iNPH patients. According to preop-
erative baseline status, there was no statistical difference
in patient characteristics at baseline between DESH iNPH
and non-DESH iNPH group, except for Parkinson’s disease
and Alzheimer’s disease. There were higher proportions of
those diseases in the non-DESH group because the non-
DESH group has not met the criteria for the diagnosis of
DESH pattern upon imaging except for ventricular dilation.
Clinical normal pressure hydrocephalus was also similar in
Parkinson’s and Alzheimer’s disease, thereupon no finding
of DESH upon imaging was hardly distinguishing between
iNPH and other neurodegenerative diseases. In the previ-
ous study, Danielle et al.?°, reported 89% of NPH patients
co-existed with Alzheimer’s disease on autopsy. Jonathan
et al.?’, reported 19% of NPH patients with concomitant
Alzheimer’s pathology based on brain biopsy at shunting
time. Neill®® reported about 30% of patients with NPH
could have coexisting AD pathology. However, there was
no difference in the patient’s clinical at baseline between
the two groups.

According to the number of patients, there was a
decreased number of patients during the follow-up pe-
riod (Figure 2). We suspected that some patients might
lose follow-up, and some might have comorbidity and/
or decreased over time due to most of the patients being
elderly patients and some having serious comorbid which
could affect patient status. As shown in adverse outcomes
after surgery (Figure 3), there was an increase in adverse
outcomes over time as high as 30.6% at 2 years follow-up

(overall complications ). As Alberto® reported over 40% of

patients experienced at least one post-VPS complication.
This study found a low incidence (5.8%) of shunt-related
complications (as described in Table 3). There was a limi-
tation of this study due to respective chart reviews and not
mentioning the reasons for the patient loss in the medical
record.

This study applied iNPHGS'® for the measure of out-
come and mRS for assessing functional status. According
to iINPHGS, there were three domains with a score of 0-4
including a) cognitive impairment, b) gait disturbance and
c) urinary disturbance. For the gait score, it seemed similar
to mRS such as a score of 4 in iINPHGS defined as walking
not possible that might equal to mRS score of 5. We found
no statistical difference in baseline iNPHGS and mRS in
both groups (Table 2). The mean iNPHGS of all patients
was 8.70 + 1.98 with a mean gait score of 3.05 + 0.72
which means that the average of patients walked without
any support. For mRS, the mean score was 3.77 = 0.94
which means that the average of patients had moderate to
severe disability and require help. We also collected bulbar
and neuropsychiatric symptoms but there was limited data
due to incomplete medical records.

According to outcomes after surgery, there was
an overall improvement in both two groups with a
better outcome in DESH iNPH group at the first visit
(88.9% vs. 73.5%, p = 0.04) and 1 year (79.7%
vs. 65.6%, p = 0.14 with anothergroup) but no sta-
tistic difference at 4-6 month (72.7% vs. 79.4, p =
0.45) and 2 years after surgery (66.7% vs 59.6%, p
= 0.54). Compared with the previous study, Ishikawa
etal."’, reported a high improvement of 73.5% in the
DESH group compared to 63.6% in the non-DESH
group at early visits after discharge. Craven et al."®,

reported 77% of the DESH positive group vs 75%
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DESH negative group had a response to shunt surgery
during a one-year postoperative period. Our study
demonstrated in the non-DESH group also had a fair
outcome at any time after surgery. The hypothesis is
a diagnosis of DESH on imaging still lacked criteria or
cut-off points to diagnosis and operator dependent.
Patients with the non-DESH group still had clinical
normal pressure hydrocephalus, the treatment with
shunting might improve CSF circulation®* and clinical
NPH. According to a long-term outcome study, there
was one meta-analysis®® showed controversy in out-
comes after shunt surgery. Some reported long-term
outcomes after 36 months and showed sustained

improvement between 40-7 3%°%%°

. As in our study,
the improvement of shunt surgery at 24 months was
65.3% similar to those studies.

In our study, we found no overall difference in the
outcome of any type of shunting surgery at the first
visit (85.5% of VPS vs 81.8% of LPS), 4-6 months
(76.7% of VPS vs 78% of LPS), 1 year (75.5%
of VPS vs 73.7% of LPS) and 2 years (64.4% of
VPS vs 58.8% of LPS). Miyajima'® reported a 75%
improvement in iNPHGS in the LP shunt group in 1
year which was comparable to 77% in the VP shunt
group. Giordan®® also reported a 75% improvement
in patients after shunting. In subgroup analysis, we
found that VP shunt surgery had a better outcome in
the DESH group at the first visit (92.5% vs 72.7%
in non-DESH, p = 0.03), 4-6 months (82.1% vs
66.7% in non-DESH, p=0.17) and 1 year (84.8%
vs 60% in non-DESH, p = 0.04). According to
Ishikawa'’, the study found high improvement in the
DESH group, as mentioned above.

According to the patient condition at baseline,

we found that patients with no history of Alzheimer’s
disease, DM, and ischemic heart disease had better
positive outcomes, especially 1 year after surgery. We
found high improvement of INPHGS at 1 year 89.9%
in the non-Alzheimer group (p = 0.025), 76.8%
in the non-DM group (p = 0.035), and 89.9% in
the non-ischemic heart group (p = 0.025). Hudson
reported 15.7-17.8% of patients with iNPH had Co-
morbidity of diabetes mellitus and might have unfa-
vorable outcomes after surgery. Okko®® also reported
that increased risk of death in patients with DM type
2. For patients without Alzheimer’s, there was a better
outcome at any time after surgery. Pomeneraniec®’
found that NPH patients with concomitant Alzheimer’s
disease had lower improvement (18.2%) after sur-
gery. We hypothesized that NPH with AD might have
a progression of Alzheimer’s disease that could make
the patient’s condition worsen.

In our study, we found patients with preoperative
iINPHGS scores of 7-9 had better positive outcomes
than others. We also found patients with preopera-
tive INPHGS scores of 9-11 had poorer outcomes,
especially at 4-6 months and 1 year after surgery.
It might be because the patient with high iINPHGS at
baseline had poor functional status with many under-
lying conditions. That might affect the improvement of
a score. Most of the patients with high INPHGS were
bed-bound patients at baseline with some having
stiffness of joint, surgery might not improve functional
outcome but improve minor clinical statuses such as
consciousness or bulbar symptoms.

The study’s limitations arose from the retrospective
nature of the chart review and a significant percentage of

patients who were lost to follow-up, which could impact
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the surgical outcomes. A further prospective study should
be provided in the future with more long-term outcomes

and study in the cost-effectiveness of surgery.

Conclusions

All patients with a diagnosis of iINPH should
receive surgical treatment with or without DESH find-
ings on radiographic imaging. There was a favorable
positive outcome with minor shunt-related complica-
tions until at least 2 years after surgery. There were
no differences between any shunting surgery at any

time (either VP or LP shunt).
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