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Abstract

Introduction Idiopathic normal pressure hydrocephalus (iNPH) is a disease that comes with a great impact on the patient’s
life. The only treatment for iNPH, which is a progressive disease, is shunt surgery. It is previously indicated that early inter-
vention might be of importance for the outcome.

Aim To investigate if a longer waiting time for surgery, negatively influences the clinical outcome.

Methods Eligible for this study were all iNPH patients (n=3007) registered in the Swedish Hydrocephalus Quality Registry
(SHQR) during 1% of January 2004—12™ of June 2019. Waiting time, defined as time between the decision to accept a patient
for surgery and shunt surgery, was divided into the intervals <3, 3.1-5.9 and > 6 months. Clinical outcome was assessed
3 and 12 months after surgery using the modified iNPH scale, the Timed Up and Go (TUG) test and the mini mental state
examination (MMSE).

Results Three months after surgery, 57% of the patients with <3 months waiting time showed an improvement in modified
iNPH scale (> 5 points) whereas 52% and 46% of patients with 3.1-5.9 and > 6 months waiting time respectively improved
(p=0.0115). At 12 months of follow-up, the corresponding numbers were 61%, 52% and 51% respectively (p=0.0536).
Conclusions This population-based study showed that in patients with iNPH, shunt surgery should be performed within
3 months of decision to surgery, to attain the best outcome.
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Introduction

First described by Hakim and Adams in 1965, idiopathic
normal pressure hydrocephalus (iNPH) is the most common
form of hydrocephalus in adults, afflicting 1-4% of those
over 65 years of age [1, 6, 8,9, 17]. The brain disorder iNPH
with its insidious onset and gradual progression has an aver-
age onset at 70 years of age [20]. Symptoms, sometimes
denoted Hakim’s triad, comprise gait and balance impair-
ment, dementia, and urinary incontinence [6, 14]; however,
a formal definition does not exist. The disease is effectively
treated with a cerebrospinal fluid shunt [2, 10].

The Swedish Hydrocephalus Quality Registry (SHQR)
started in 2004 and contains standardized data on clini-
cal features, surgical procedures, and follow-up (at 3 and
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12 months) of all patients, 18 years or older, operated for
hydrocephalus in Sweden [16].

At present, six of the seven neurosurgical units in Swe-
den (Gothenburg, Linkoping, Orebro, Stockholm, Umea,
and Uppsala) prospectively include operated patients with
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a close to 100% coverage. Stockholm joined in 2013 and
stands for a part of the non-included patients together with
Lund which in 2017 dropped out from the register. Total
coverage of the operated iNPH patients in Sweden is esti-
mated to be 80% [16].

Since iNPH is a progressive disease where clinical
symptoms are known to worsen over time, it is reasonable
to assume that early treatment has the potential to preserve
functionality and lead to a better postoperative outcome.
The progressive nature of the disease would mean that
waiting time for shunt surgery should be kept at a mini-
mum. A previous study comparing 69 patients who waited
less than 3 months (median 0.2 month) for shunt surgery
with 33 patients who waited longer than 6 months (median
13.2 months) showed that early surgery provides the great-
est potential for postoperative improvement, concluding that
intervention should be performed soon after diagnosis [2].
The influence of waiting time for shunt surgery on outcome
has not been reported in larger studies.

Aim

The aim was on a population-basis using data from SHQR,
to investigate if a longer time between the decision to accept
the patient for shunt surgery and the surgical procedure, i.e.
prolonged waiting time for surgery, negatively influences the
clinical outcome in patients with iNPH.

Material and methods
Patients

All patients diagnosed with iNPH according to international
guidelines [14], operated and registered in the SHQR during
1M ofJ anuary 2004—12™ of June 2019, when data for this
study were extracted, were included. Waiting time, defined
as the time between decision to accept a patient for surgery
and the surgical procedure, was divided into the intervals
short (<3 months), intermediate (3.1-5.9) and long (> 6)
months. Waiting times 3 years or longer were considered to
be outliers and were excluded from analyses.

The iNPH scale

The iNPH scale was introduced by Hellstrom et al. in order
to evaluate severity and outcome in iNPH patients [7]. It
covers the four most important symtoms; gait, balance, con-
tinence and neuropsychology, whereas gait is given twice,
given in a formula possible to revice according to how many
of the variables are accessable.
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Outcome assessment

As the SHQR did not until recently contain data about the
10 m walk test or neuropsychology test results, a modified (m)
version of the iNPH scale introduced by Hellstrom et al. [7]
was calculated. The miNPH scale has previously been intro-
duced in a study of outcome based on data from the SHQR
[16]. In accordance with the original iNPH scale, each ordinal
scale score for gait, balance, and incontinence in the SHQR
was converted into a continous domain score ranging from
0 (most severe state) to 100 (performance of age-matched
healthy population) (Table 1) and transformed to an miNPH
scale score according to Eq. (1) where gait performance is
weighed twice, resulting in the same range for the miNPH
scale score.

2 X Gait + Balance + Incontinence
7 (1)

MiNPH scale scores were only calculated if all domains
(gait, balance and incontinence) were reported in the registry.
A significant improvement in the miNPH scale was defined as
an increment of > 5 points [7]. In addition, results on the Timed
Up and Go (TUG) test [11] and the Mini Mental State Exami-
nation (MMSE) [5] were also used for analysis of outcome.

Validation of the data in the SHQR

The SHQR was manually cross-checked for conformity with
medical records and high patient coverage by audits between
centres during the first years of start-up as well as during
2017-2018. Dedicated personnel at each centre are assigned
the task of registering all hydrocephalus patients operated on
in a structured way, ensuring high quality of included data. The
concentration of all surgeries to a few centres also allows for
high consistency in registrations and patient coverage rates.

Statistics

Data are presented as means with standard deviation or medi-
ans with range and interquartile range (IQR) as appropriate.
Differences between groups were analysed using the Wilcoxon
rank sum test, Wilcoxon signed rank test, and the chi-squared
test, as indicated. P-values are given with four decimals. Statis-
tical analyses were performed with JMP (version 14.1.0, SAS
Institute Inc, Cary, North Carolina, USA).

Ethics approval

The study was approved by the Swedish Ethical Review
Authority (Dnr 2019-02,542).
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Table 1 Rating scales and other clinical tests assessed and their associated gradings

Balance impairment

Stands independently >30s on
either lower extremity alone

Stands independently <30s on
either lower extremity alone (83)

Stands independently >30s with
the feet together (at the heels)

Stands independently <30s with
the feet together (50)

Stands independently >30s with
the feet apart (one-foot length)
Stands independently <30s with
the feet apart (17)

Unable to stand without
assistance (0)

Urgency and incontinence

Normal (100)

Urgency without incontinence (80)

Infrequent incontinence without
napkin (60)

Frequent incontinence with
napkin (40)

Bladder incontinence (20)

Bladder and bowel incontinence

(V]

Indwelling urinary catheter (0)

The time that a person takes to rise from a chair, walk three meters, turn around, walk back to the chair,

The number of steps that a person takes to rise from a chair, walk three meters, turn around, walk back to

. Grading . .
miNPH scale Gait impairment
. " (ordinal)
variables
(miNPH domain grading
points) 1 Normal (100)
(100)
2 Slight disturbance of
tandem walk and turning
(86)
3 ‘Wide-based gait with
sway,
without foot correction
4 (1) 67)
Tendency to fall,
5 with foot correction (57)
6 Walking with cane (43)
33)
Bi-manual support
7 needed (29)
Aided (14
8 a4)
Wheelchair bound (0)
Quantity
12 1
TUG (seconds) m and sit down.
seconds
Quantity
12 :
TUG (steps) In steps the chair, and sit down.
MMSE! No cognitive impairment: 30-24
0-30 Mild cognitive impairment: 23-18

Severe cognitive impairment: 17-0

Abbreviations: miNPH scale, modified idiopathic normal pressure hydrocephalus scale; TUG, Timed Up and Go test; MMSE, mini mental state

examination

Results

Data on 3075 NPH patients were extracted from SHQR of
which 3007 were accepted and included in the study. The
reasons for exclusion are presented in Fig. 1. The analysis
included 1814 (60.3%) men with a mean age of 74.3 (SD
6.6) years and 1193 (39.7%) women with a mean age of
74.2 (SD 7.1) years. Table 2 shows the distribution of age,
sex and miNPH between the three waiting time groups.
Number of patients having data on all three domains in
the miNPH scale preoperatively as well as at 3 months of
follow-up were 1279 (39.4% women), and at 12 months of
follow-up 762 (41.9% women).

The mean waiting time for surgery was 4.0 months (SD
3.5, median 3.4, IQR 1.6-5.6, range 0—36 months, n=3007)
with no difference between sexes (Table 2). In total, 45%
had received surgery within 3 months from decision, and
a fifth (21%) had a long waiting time (> 6 months). The
median waiting time in the groups that received surgery
within short, intermediate and long waiting time were 1.4
(IQR 0.5-2.2,n=1343),4.3 IQR 3.6-5.1,n=1025) and 7.7
(IQR 6.8-9.7, n=639) months respectively. There was no
difference between sexes for either of the groups (p-values
0.7966, 0.8408 and 0.8465 respectively, Wilcoxon rank sum
test). Men performed slightly better preoperatively on the
miNPH scale (p <0.0001) and in the TUG test (p <0.0001
and p=0.0169), but not in MMSE (Table 2).
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Fig. 1 Flowchart showing inclu-
sion and exclusion of patients in
the study

Other operation
technique than shunt

surgery
n=11

|

Exclusion due to

L » —

Included
patients
n=3007

Men
n=1814

Figure 2 illustrates the change in miNPH scale at 6 and
12 months of follow-up, stratified for waiting time. Median
improvement in those with short waiting time was more than
5 miNPH scale points at both 3 and 12 months of follow-
up. Compared to this group, a lesser improvement was seen
in those operated after a long waiting time at both 3 and
12 months of follow-up.

In Table 3 where pre- and postoperative findings for the
whole cohort are presented, improvement in all parameters
were found.

Table 4 illustrates the effect of waiting time on the out-
come at 3 and 12 months of follow-up. All patients improved
in regard to the miNPH scale at both follow-up points,
though the improvement at both times was less pronounced
among those who had a long waiting time as compared with
those operated within 3 months (short waiting time) of deci-
sion. The same result was seen for TUG. In the same group
of patients, there was no significant difference in outcome
for those with waiting time in the interval of 3.1-5.9 months,
compared with those with a short waiting time.

Overall improvement defined as an increase in miNPH
scale of >5 was found in 53% of the study population at

@ Springer

Wrong diagnosis
n=38

Long waiting time

n=1

Women
n=1193

3 months of follow-up whereas an 55% improvement rate
was seen at 12 months of follow-up.

Figure 3 illustrates the outcome defined as an improve-
ment in the miNPH scale of > 5 points, as defined by Hell-
strom [7]. At 3 months of follow-up, a higher frequency
of improvement is seen among those operated with a short
waiting time (<3 months) as compared with those operated
with a long waiting time (> 6 months) (p=0.0115). A simi-
lar result was seen at 12 months of follow-up (p=0.0536).

Discussion

This study shows that a longer waiting time for shunt surgery
for patients with iNPH negatively influences the outcome.
Patients who had a long waiting time (> 6 months) for sur-
gery showed less pronounced improvement in all clinical
measures at both 3 and 12 months of follow-up compared to
patients with a short (<3 months) waiting time. This finding
was further reinforced by the finding of the same differences
in the proportions of improved (>5 miNPH points) patients,
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Table 2 Patients included in the study

Short

811

532

74.5 (70-78)
74.7 (69.6-79.0)
62.3 (46.2-73.8)

Intermediate
623

402

76.7 (70.6-78.79
74.7 (70.1-78.7)
62.3 (47-72.3)

Long

380

259

76.3 (71.3-80.2)
75.3 (70.8-78.9)
61.0 (46-72.3)

Waiting time
Sex (n) Men
Women
Age (median (IQR)) Men
Women
Preoperative miNPH  Men
(median (IQR))
Women

Preoperative values

Waiting time (months), n=3007
miNPH scale, n=2411

TUG (seconds), n=1525

TUG (steps), n=1480

MMSE, n=2472

55.3 (55:2-69.4)

Men

Median, IQR; range
3.4,1.6-5.5; 0-36
62.3,46.3-72.3; 0-96
19.0, 14.0-26.0; 0-232
23.0, 18.0-31.0; 0-350

25.0, 21.0-28.0; 0-30

57.3 (41-69.8)

Women

3.5, 1.6-5.7; 0-29
55.3, 38.3-69.0; 0-100
21.0, 15.0-31.3; 0-297
25.0, 19.0-34.0; 0-114

25.0, 22.0-28.0; 0-30

55.3 (37.8-55.3)

0.8664 y2-test

<0.0001 y>-test
0.5903 y2-test
0.4624 (Wilcoxon

rank sum test)
0.3404 (Wilcoxon

rank sum test)

P-value

Wilcoxon rank
sum test
0.7373

<0.0001
<0.0001

0.0169

0.7661

Abbreviations: miNPH scale, modified idiopathic normal pressure hydrocephalus scale; TUG, Timed Up and Go test; MMSE, mini mental state

examination

in relation to waiting time. Therefore, shunt surgery should
probably be performed as soon as possible.

Our finding that time negatively influences the outcome if
the waiting time is divided in <3 months versus > 6 months
was also seen in all other analysed outcome measures, which
showed less improvement in the > 6 month-group, at both
3- and 12-month follow-up. The same tendency was seen
in the intermediate waiting time group; that earlier surgery
gives a better outcome. There was no difference in sex, age
or preoperative miNPH scale score between the waiting time
groups, ensuring that the differences seen in clinical out-
come was not due to these factors. Comparing data analysed
as improved and non-improved defined as an increase in
miNPH scale of > 5, we saw the same result which further
strengthens our conclusion.

Even if clinical improvement was seen regardless of
when in time surgery was effectuated, our results support
the notion that it is not ethically defendable to postpone the
treatment, i.e. surgery, knowing that the outcome improves
the earlier it is conducted.

To our knowledge, only one study, including few patients,
by Andrén and co-workers has addressed the same ques-
tion as ours [2]. Our population-based findings based on the
registered patients operated for iNPH in Sweden confirm
the findings by Andrén et al. They showed a decrease of the
total score on the iNPH scale with > 5 points for those with
a prolonged waiting time to surgery, in 55% of the patients.
Our study showed the same tendencies which further are
seen at the follow-up post operatively at 3 and 12 months.

Our findings could well be expected since iNPH is a pro-
gressive disease, proposed causing irreversible brain damage
if not treated promptly [2, 3, 18]. One should assume that a
longer waiting time for surgery gives the disease more time
for progression i.e. the longer the patient has to wait, the
more advanced will the symptoms be at the time of surgery.
Thus, impairing the prognosis. This same reasonable conclu-
sion on waiting time and prognosis can be drawn for many
other conditions e.g. bariatric surgery on obesitas, elective
surgical lumbar discectomy and pain and surgery on onco-
logical diseases [4, 12, 19].
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Fig.2 The postoperative change
in miNPH scale scores after sur-
gery in relation to waiting time.
P-values given using Wilcoxon

compared to preoperatively

Post-operative change in miNPH scale 3 months postoperatively
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Overall, irrespective of the waiting time, the patients
seem to benefit from surgery confirming that shunt surgery
is an effective treatment for iNPH as is known from many
reports [7, 10, 13, 15].

When analysing the preoperative parameters, it is clear
that women seem to come to diagnose with a more devel-
oped disease. The difference is most obvious when look-
ing at the miNPH scale and not as great in TUG (seconds

@ Springer

( 3.1-5.9 months) ( 26 months)

and steps) and MMSE. We also found that 20% more men
than women had had shunt surgery. This is an interesting
finding since most authors report that the frequency of
iNPH is even with both sexes [1, 20]. Women do though
improve from shunt surgery as much as men and show the
same negative influence of waiting time [10]. To eluci-
date the reasons for these differences between the sexes, a
future study must be performed. It is compelling to discuss
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Table 3 Postoperative outcome at 3 and 12 months for gait and balance impairment, incontinence, TUG (in both seconds and number of steps)
and MMSE, paired comparisons with Wilcoxon Signed Rank Test

Preoperative 3 months postoperative 12 months postoperative

Median miNPH score; IQR; Range (number, median difference, p value)

Gait 57;29-71; 0-100 57; 29-71; 0-100 (1569, 71; 29-86; 0-100 (970, +7.

impairment (2765) +6, <0.0001) <0.0001)

Balance 67; 33-67; 0-100; 67; 50-83; 0-100 (2009, 67; 50-83; 0-100 (905, +5,

impairment (2531) +7,<0.001) <0.0001)

Incontinence 60; 40-80; 0-100 80; 40-100; 0-100 (1988, 80; 40-100; 0-100 (856, +6,
(2637) +9, <0.0001) <0.0001)
Median; IQR; Range, (number, mean difference, p value)

TUG (seconds) 19; 14-28; 0-297 15; 11-21; 0-256 (1146, -6, 16; 12-24; 0-410; (416, -5,
(1525) <0.0001) <0.0001)

TUG (steps) 24; 19-32; 0-350 19; 15-26; 0-166 (1124, -6, 21; 16-29; 0-106 (408, -5,
(1480) <0.0001) <0.0001)

MMSE 25; 21-28; 0-30 26; 23-28; 1-30 (1862, 26; 23-28; 0-30 (833, +0.8,
(2472) +0.8, <0.0001) <0.0001)

Table 4 Postoperative change at 3 and 12 months of follow-up for
the miNPH scale, TUG and MMSE in relation to preoperative values
and waiting time. P-values relate to comparisons between outcome

for patients with<3 and >6 months waiting time using the Wilcoxon
Rank Sum Test. Highlighted are p-values <0.05

‘Waiting time

miNPH scale Total
Men
‘Women
TUG (seconds) Total
Men
‘Women
TUG (steps) Total
Men
‘Women
MMSE Total
Men

‘Women

Median (IQR), n
60.3 (42.0-72.3), 2411
62.3 (46.3-72.3), 1442
55.3(38.3-69.0), 969
19.0 (14.0-28.0), 1525
19.0 (14.0-26.0), 911
21.0 (15.0-31.3), 614
24.0 (19.0-32.0), 1480
23.0(18.-31.0), 885
25.0 (19.0-34.0), 595
25.0 (21.0-28.0), 2472
25.0 (21.0-28.0), 1491

25.0 (22.0-28.0), 981

<3 months
Median (IQR), n

7.0 (-2.5-17.5), 497
6.8 (-2.1-16.3), 302
8.3 (-3.5-19.0), 195
4.0 (0.6-9.0), 428
3.5 (1.0-8.0), 258
4.7(0.0-11.3), 170
4.0 (1.0-9.0), 418
4.0 (1.0-8.0), 252
4.0 (0.0-10.0), 166
-1.0 (-3.0-1), 747
-1.0 (-3.0-1.0), 458

-1.0 (-3.0-1.0), 289

>6 months
Median (IQR), n
p value

4.0 (4.3-14.4), 297
0.0152

1.9 (-4.3-14.0), 178
0.0215

5.0 (-5.0-18.5), 119
0.2831

3.0 (:0.6-7.1), 248
0.0246

4.0 (0.0-7.6), 142
0.2924

2.8 (-1.3-7.7), 106
0.0300

3.0 (-1.0-8.0), 244
0.0108

3.0 (-1.0-9.0), 141
0.1315

3.0 (-2.0-7.0), 103
0.0410

-1.0 (-2.0-1.0), 419
0.0121

0.0 (-2.0-1.0), 246
0.0144

-1.0 (-2.5-1.0), 173
0.2804

<3 months
Median (IQR), n

7.5 (-0.9-20.0), 217
7.5 (-2.2-20.4), 126
7.0 (0.0-17.5), 91
5.0 (2.0-9.8), 101
4.0 (1.59.0), 59
52(2.8-14.3), 42
5.0 (2.0-10.0), 97
5.0 (1.5-9.0), 57
6.0 (2.3-12.5), 40
-1.0 (-3.0-0.0), 243
-1.0 (-4.0-0.0),147

2.0 (-3.0-0.0), 96

>6 months
Median (IQR), n
p value

5.0 (-4.0-14.5), 251
0.0288

3.8 (-4.1-14.7), 146
0.0009

5.0 (-2.5-15.5), 105
0.0471

3.0 (-1.8-8.0), 152
0.0195

2.1 (-2.0-7.0), 88
0.0944

3.7 (-1.0-10.0), 64
0.0867

2.0 (-2.3-8.0), 150
0.0031

2.5 (-1.0-7.8), 88
0.0576

2.0 (-3.0-8.3), 62
0.0262

0.0 (-2.0-2.0), 265
<0.0001

0.0 (-2.0-2.0), 152
0.0016

0.0 (-2.0-2.0), 113
0.0086
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a

Waiting time versus improvement in miNPH score at 3 months
Time between decision and surgery

60% Short Intermediate Long
57%
9
525 SLEC
50% o
48% 46%
43%
40%
30%
20%
10%
0% I
No Improvement Improved No Impi it Imp d  No Impi t Improved

b

Waiting time versus improvement in miNPH score at 12 months
Time between decision and surgery
Intermediate

Short Long

70%

60%
325 51%
. %
50% 48% 49%
40%
30%
20%
10%
0%

No improvement Improved Noimprovement Improved Noimprovement Improved

p=0.0536

Fig.3 Percent improved and non-improved, defined as an increase in miNPH scale of > 5. P-values are given using chi-squared test

whether women generally seek medical attention at a later
stage of disease than men do. If that is the case, more
equal healthcare and shortening the access to care, might
increase improvement for iNPH.

Interestingly, though a smaller improvement in out-
come can be seen if the intervention is offered later than
3 months after taking the decision to operate, the outcome
at 12-month follow-up shows a further improvement in
most parameters analysed, than at the 3-month follow-up.
Thus, the ultimate outcome is achieved if intervention is
offered within 3 months. We noted that the improvement is
not only sustained over time but has a tendency to increase
at least during the first post-operative year.

The overall proportion of improved patients irrespec-
tively of waiting time reported here was 53% and 55% at
3 and 12 months respectively, which is lower than what is
reported in many single-centre studies including the Euro-
pean multicentre study [10] but similar to what is earlier
reported from the SHQR [16]. This could be due to less
sensitivity of the ordinal scales included in the miNPH
scale but also to a more unselected and heterogeneous
study sample.

In Sweden, there is a national agreement on a so called
“health care guaranty” which means that the patients should
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be guaranteed to receive the accurate type of health care
within 3 months. For iNPH patients, this study shows the
importance of fulfilling this time limit and performing shunt
surgery within 3 months, to obtain an optimal clinical result.

A strength of this study is that the SHQR is population
based and has been sustained over time, enabling important
analyses on a large, unselected patient material. One limita-
tion, though, is that the registry does not include all iNPH
patients operated on in Sweden, i.e. about 20% are missing.
Most likely, this did not affect the outcome of the study since
in periods, some surgical centres have not been reporting any
data, i.e. all patient data from a specific centre is missing
over a certain time. The reporting centres have thus either
reported all their patients operated or none, and so no selec-
tion bias has been introduced in the reported patients. From
this, it follows that patients in the SHQR are likely to con-
stitute a good representation of the Swedish iNPH popula-
tion. In SHQR, the TUG test was first registered in 2010;
as a result, the number of patients evaluated with this test
was lower than those assessed with MMSE or the ordinal
test that are part of the miNPH scale. Likewise, the number
of patients that could be assessed 12 months after surgery
was fewer than at 3-month follow-up due to lack of routine
clinical 12-month follow-up at some centres.
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Conclusion

Our population-based study on patients with iNPH shows
that shunt surgery should be performed within 3 months of
decision to surgery, to attain the best clinical outcome. It
also shows that with increasing waiting time, the outcome
is less favourable. It is therefore of importance to keep the
waiting time as short as possible in order to optimise treat-
ment effects.
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