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A B S T R A C T

Objective: Idiopathic normal-pressure hydrocephalus (iNPH) is characterized by symptoms of dementia, urinary
incontinence, and gait disturbance; however, gait disturbance tends to persist after shunt surgery. Gait distur-
bance and urinary dysfunction are also major symptoms of lumbar spinal stenosis (LSS). Currently, the epide-
miology of the complications of LSS in iNPH is unclear. Here, we evaluated the coexistence rate of LSS in iNPH
cases.
Methods: This was a retrospective case–control study. Between 2011 and 2017, 224 patients with a median age of
78 years, including 119 males, were diagnosed with iNPH and underwent lumboperitoneal shunts or ven-
triculoperitoneal shunts. LSS was diagnosed with magnetic resonance imaging by two spine surgeons. Age, sex,
body mass index (BMI), Timed Up and Go (TUG) test, Mini Mental State Examination (MMSE) score, and urinary
dysfunction were examined. We compared the changes in these variables in the group of patients with iNPH
without LSS versus those with both iNPH and LSS.
Results: Seventy-three iNPH patients (32.6%) with LSS had significantly higher age and BMI. The existence of LSS
did not alter the postoperative improvement rates of MMSE and urinary dysfunction; however, TUG improvement
was significantly impaired in the LSS-positive group.
Conclusions: LSS affects improvements in gait disturbance of iNPH patients after shunt operation. Because our
results revealed that one-third of iNPH patients were associated with LSS, gait disturbance observed in iNPH
patients should be considered a potential complication of LSS.
1. Introduction

Idiopathic normal-pressure hydrocephalus (iNPH) is characterized by
three clinical symptoms, gait disturbance, dementia, and urinary incon-
tinence,1–3 with ventricular dilation and normal cerebrospinal fluid
pressure.4 The disturbance of cerebral spinal fluid absorption often re-
quires a ventriculoperitoneal or lumboperitoneal shunt operation.5,6
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However, some patients with iNPH show poor improvement in gait
disturbance after a shunt operation.7 Lumbar spinal stenosis (LSS) causes
symptoms similar to those observed in iNPH, including intermittent
claudication and bladder and/or rectal dysfunction.8,9 Numbers of pa-
tients with iNPH or LSS are increasing in countries with an aging society,
such as Japan.5,10–14 Diabetes mellitus (DM) is associated with iNPH
cases15,16 and is also a risk factor for LSS.17 Type 2 DM is the result of
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interactions between environmental factors and a strong hereditary
component.18 Moreover, deleterious mutations in several genes
contribute to LSS etiology.19 This evidence suggests a common genetic
background between iNPH and LSS, which causes a syndrome consisting
of gait disturbance and urinary dysfunction. iNPH and LSS occur more
frequently in the elderly,5,11 so there may be a complication. Therefore,
the cause of the gait disorders should be differentially diagnosed before
shunt surgery. Because the coexistence rate of LSS in patients with iNPH
is currently unclear, we investigated the prevalence of LSS in patients
with iNPH, and hypothesized that postoperative outcomes for patients
with iNPH with LSS would be inferior to those without LSS.

2. Material and methods

2.1. Ethical statement

The study was conducted according to the guidelines of the Decla-
ration of Helsinki, was approved by the Ethics Committee on Clinical
Research at the Japanese Red Cross Kagoshima Hospital (approval no.
2018-9-1), and followed the STROBE guidelines.

2.2. Participants

We retrospectively studied the records of patients who underwent
magnetic resonance imaging (MRI) of the lumbar spine prior to surgery
for iNPH. The following inclusion criteria were used: 1) patients over 60
years old; 2) patients with one or more of the three signs of gait distur-
bance, cognitive impairment, and dysuria5,20; 3) ventriculomegaly with
an Evans’ index>0.3 and high-convexity and medial subarachnoid space
tightness on coronal MR images21; and 4) normal cerebrospinal fluid
content and pressure. The following exclusion criteria were used: an
absence of prior illness or injury (such as head injury, subarachnoid
hemorrhage, or meningitis).22

2.3. Demographic data

Between 2011 and 2017, 224 consecutive patients aged over 60
years, including 119 males, were diagnosed with iNPH and underwent
lumboperitoneal shunts (LPS) or ventriculoperitoneal shunts in the Jap-
anese Red Cross Kagoshima Hospital. Patient demographic and clinical
characteristics before and after surgery, including age, sex, body mass
index (BMI), rates of patients with gait disturbance, dementia, urinary
incontinence, and dural sac cross-sectional area (DSCSA) were collected
from their medical records. Gait disturbance was evaluated by clinical
examination by a neurosurgery specialist, history of walking difficulty,
and the Timed Up and Go (TUG) test.21,23 A neurosurgeon filmed the
TUG test to check for improvements in leg opening, stride length, and
forward leaning posture, as well as the number of steps and walking
seconds 7 days before the tap. Surgery was performed on the improved
group. Dementia was evaluated using the Mini Mental State Examination
(MMSE); patients with an MMSE score lower than 24 were defined as
having dementia.24 Urinary dysfunction was defined as the presence of
urinary incontinence or nocturia based on the iNPH grading scale.25

Improvements in symptoms were evaluated at the first outpatient visit
after discharge from the hospital (at 1 month postoperatively) and were
defined as a faster time in the TUG test, higher MMSE score, and
improvement in patient satisfaction with urination compared with pre-
operative values.

2.4. Definitions of iNPH and LSS

All patients with a clinical diagnosis of iNPH underwent a lumbar tap
to obtain a definitive diagnosis. A neurosurgeon checked the improve-
ment in gait disturbance after draining the cerebrospinal fluid. iNPH was
diagnosed according to the diagnostic criteria of the iNPH guidelines.5

Patients were diagnosed with LSS when the most narrowed part of the
2

DSCSA was less than 75 mm2 calculated on MRI,20,26–29 which was
analyzed using a Magnetom Avanto 1.5T instrument (Siemens Healthi-
neers, Erlangen, Germany). The MRI assessments were performed by two
spine specialists, including one spine surgeon who was an instructor
accredited by the Japanese Society for Spine Surgery and Related
Research.

2.5. Shunt operation

A neurosurgeon performed the shunt operations to treat iNPH.
Although VPS is currently the major surgical procedure for iNPH, ther-
apeutic interventions with LPS were also reported to be effective.22

Furthermore, the efficacy and safety of adjustable LPS were comparable
with VPS for the treatment of patients with iNPH. In this study, we
mainly selected the LPS procedure for iNPH patients without LSS because
it is less invasive and avoids damage to the brain, despite the relatively
high shunt failure rate.7,22 We mainly performed VPS in cases of spinal
canal stenosis cephalad to L2/3 on MRI images or when a patient
requested that particular procedure.

2.6. Statistics

The data were examined using Wilcoxon's test and Fisher's exact test.
Pearson's correlation coefficient analysis was performed to assess corre-
lations between variables. Multivariable stepwise binomial logistic
regression analyses were performed to correlate demographic data. p-
values less than 0.05 were considered statistically significant. Statistical
analyses were performed using JMP software (version 15: SAS Institute,
Cary, NC, USA).

3. Results

3.1. Patient characteristics and factors inversely correlated with the
DSCSA and TUG values

Overall, 224 patients suffering from iNPH were included in this study
(Fig. 1). The median height of the patients was 1.54 m. Overall, 13 of the
224 patients (5.8%) were current smokers and 59 of the 224 patients
(26.3%) had a history of smoking.

Seventy-three patients (32.6%) had LSS (iNPH-LSS group) and the
DSCSA of the remaining 151 cases (67.4%) was within the normal range
(iNPH group). The demographic and preoperative clinical characteristics
of the iNPH and iNPH-LSS groups are shown in Table 1. The iNPH-LSS
group had significantly higher BMI scores than the iNPH group,
whereas no difference was observed for age, sex, TUG scores, MMSE
score, and the degree of urinary dysfunction. In the iNPH group, 140 of
151 patients (92.7%) had an LP shunt, and in the iNPH with LSS group,
45 of 73 (61.6%) patients had an LP shunt. Pearson's correlation coeffi-
cient analysis showed four inverse correlations: DSCSA vs age (r ¼
�0.18), DSCSA vs BMI (r ¼ �0.18), preoperative TUG time vs BMI (r ¼
�0.18), and preoperative TUG time vs preoperative MMSE score (r ¼
�0.41) (Table 2).

3.2. Improvements in gait disturbance, dementia, and urinary dysfunction
after surgery for iNPH

The improvement rate in gait disturbance was significantly decreased
by approximately 10% in the iNPH-LSS group compared with the iNPH
group (p < 0.01), whereas there were no evident changes in the
improvement rates of dementia and urinary dysfunction (Table 3).
Table 4 shows the TUG and MMSE values in the iNPH and iNPH-LSS
groups before and after the shunt operations. Both groups showed sub-
stantial improvements in the TUG time and MMSE score postoperatively.
However, the value of TUG steps was significantly improved in the iNPH
group, but not in the iNPH-LSS group. TUG improvement was inferior in
the iNPH-LSS group compared with the iNPH group (Supplementary



Fig. 1. Flowchart of the study. We examined the records of 266 patients who underwent lumbar spine magnetic resonance imaging before surgery for iNPH between
April 2011 and March 2017. The TUG, MMSE, and presence of urinary incontinence were evaluated preoperatively in 237 patients and postoperatively in 224 patients.
iNPH: idiopathic normal-pressure hydrocephalus; TUG: Timed Up and Go test; MMSE: Mini Mental State Examination.

Table 1
Preoperative patient characteristics in the iNPH and iNPH-LSS groups.

Total (n ¼
224)

iNPH group
(n ¼ 151)

iNPH-LSS
group (n ¼
73)

p

Age (years) 78.0
(74.0–82.8)

78.0
(73.0–82.0)

79.0
(75.5–83.5)

0.12

Sex (male) (n) 119 77 42 0.39
BMI (kg/m2) 22.5

(20.1–25.4)
22.0
(19.9–24.6)

23.5
(20.4–26.1)

0.01

TUG (sec) 23.0
(17.0–38.0)

24.0
(18.0–44.0)

21.5
(16.0–32.3)

0.09

TUG (steps) 28.0
(21.3–38.0)

28.0
(22.0–39.0)

25.0
(20.0–36.0)

0.06

MMSE (points) 22.0
(17.0–25.0)

22.0
(17.0–25.0)

21.0
(16.0–24.0)

0.25

Urinary
dysfunction (n)

201 133 68 0.35

Lumboperitoneal
shunt (n)

185 140 45 <0.0001

Data are presented as the median (25% quartile–75% quartile) or the number of
patients (n).
Data were analyzed using the Wilcoxon test and Fisher's exact test.
BMI: body mass index; iNPH group: patients with idiopathic normal-pressure
hydrocephalus; iNPH-LSS group: patients with idiopathic normal-pressure hy-
drocephalus and concomitant lumbar spinal stenosis; MMSE: Mini Mental State
Examination score; TUG: Timed Up and Go test.

Table 2
Analysis of the correlations between variables.

Variables Correlation coefficient

DSCSA

Age (years) �0.18**
BMI (kg/m2) �0.18**
Preoperative TUG (sec) 0.10
Preoperative MMSE (points) 0.10

Variables Correlation coefficient

Preoperative TUG (sec)

Age (years) 0.21**
BMI (kg/m2) �0.18**
DSCSA (mm2) 0.10
Preoperative MMSE (points) �0.41**

**p < 0.01.
Data were analyzed using Pearson's correlation analysis.
BMI: body mass index; DSCSA: dural sac cross-sectional area; MMSE: Mini
Mental State Examination score; TUG: Timed Up and Go test.
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Table 1). Multivariate logistic regression analysis indicated LSS was a
factor that inhibited gait improvement after shunt surgery for iNPH
(Table 5). Indeed, one patient in the iNPH-LSS group underwent lumbar
decompression surgery following shunt surgery. Conversely, four pa-
tients in the iNPH group underwent shunt surgery following the initial
lumbar decompression surgery. Therefore, 4 of 224 patients underwent
3

spinal surgery before shunting, and 1 underwent spinal surgery after
shunting.

4. Discussion

4.1. Comorbidity of LSS in iNPH is relatively high

To the best of our knowledge, this is the first epidemiological inves-
tigation of complications of LSS in iNPH patients. Gait disturbance in
iNPH is characterized by a wobbly gait, especially when changing di-
rection.2,5 However, gait disturbance in LSS is characterized by a gait
with a forward-bent posture.8 With regard to urinary dysfunction, iNPH



Table 3
Postoperative improvement rates in symptoms in the iNPH and iNPH-LSS groups.

iNPH group (n ¼
151)

iNPH-LSS group (n
¼ 73)

p

Improvement in gait
disturbance (n)

90.1% (n ¼ 136) 80.8% (n ¼ 59) 0.01

Improvement in dementia (n) 58.9% (n ¼ 89) 63.0% (n ¼ 46) 0.66
Improvement in urinary
dysfunction (n)

68.2% (n ¼ 103) 69.9% (n ¼ 51) 0.86

Data were analyzed using Fisher's exact test.
iNPH group: patients with idiopathic normal-pressure hydrocephalus; iNPH-LSS
group: patients with idiopathic normal-pressure hydrocephalus and concomitant
lumbar spinal stenosis.

Table 5
Risk factors for gait improvement after shunt surgery for iNPH.

Variables Odds ratio p

Age 0.98 (0.91–1.06) 0.65
BMI (kg/m2) 1.03 (0.91–1.16) 0.66
Male 1.15 (0.40–3.32) 0.63
Lumbar spinal stenosis 0.24 (0.09–0.65) 0.01
Smoking history 1.19 (0.32–4.41) 0.80

Patients were diagnosed with lumbar spinal stenosis when the most narrowed
part of the DSCSA was less than 75 mm2 calculated on MRI.
BMI: body mass index; DSCSA: dural sac cross-sectional area; iNPH: idiopathic
normal-pressure hydrocephalus.
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is characterized by the urge for urinary incontinence associated with an
overactive bladder,30 whereas LSS is characterized by dysuria and uri-
nary retention.31 Although it is possible to distinguish between iNPH and
LSS by a detailed diagnosis of the patient's condition when symptoms are
present, patients with iNPH may show LSS on imaging without
symptoms.

We found that the lumbar spinal canal was narrow in 32.6% of iNPH
patients. This is striking because previous studies reported the prevalence
of LSS was 6% in 850 lumbar myelograms32 or 13.1% in 17,744 pa-
tients.33 We speculate the reason for the increased prevalence of LSS in
our iNPH patients was that the individual risks of LSS and iNPH were
reported to be significantly higher in older adults comparedwith younger
individuals.34 Our participants with iNPH had a relatively advanced
mean age. In addition, obesity affects pain related to spinal stenosis and is
associated with abnormal mechanical forces, in addition to the presence
of chronic circulating inflammatory chemicals from active adipose tis-
sue.35 Indeed, our iNPH patients with LSS had a high BMI. In addition, we
found that smaller DSCSA correlated with older age and higher BMI.
Therefore, our findings suggest that older age and higher BMI are useful
predictors of LSS in patients with iNPH. Finally, iNPH and LSS might
share a common genetic background. Importantly, a previous study
showed that people with familial iNPH were more likely to have spinal
stenosis than non-iNPH relatives, although this did not reach statistical
significance.15
4.2. Patients with iNPH with LSS on imaging have poorer gait improvement
after shunt surgery than those without LSS

In the present study, we used the TUG test as an index of gait ability
and used theMMSE as an index of dementia. The TUG test andMMSE had
a relatively strong negative correlation (Table 2). General cognitive
function was reported to affect the physical performance of patients with
mild cognitive impairment.36 The TUG test is a sensitive and specific
index of the risk of falling.37 Previous studies reported that patients with
LSS had a mean raw TUG test time of 10.2 s before surgery,38 whereas
patients with iNPH had a median TUG test time of 15.2 (11.7–21.0)
seconds.21 In our study, the median TUG test time was 23.0 (17.0–38.0)
seconds and these were patients with relatively severe symptoms.
Table 4
TUG and MMSE values in the iNPH and iNPH-LSS groups before and after shunt ope

iNPH group

Preoperative Postoperative p

TUG (steps) 28.0 (22.0–39.0) 22.0 (18.0–30.0) <0.0
TUG (sec) 24.0 (18.0–44.0) 18.0 (14.0–26.5) <0.0
MMSE 22.0 (17.0–25.0) 24.0 (20.0–28.0) <0.0

Data are presented as the median (25% quartile–75% quartile) and were analyzed us
iNPH group: patients with idiopathic normal-pressure hydrocephalus; iNPH-LSS gr
lumbar spinal stenosis; MMSE: Mini Mental State Examination score; TUG: Timed Up

4

This study demonstrated that the rate of improvement in gait
disturbance was significantly lower in the iNPH-LSS group compared
with the iNPH group. This result suggested that the reason for some
patients not showing an improvement in gait disturbance after shunt
surgery for iNPH might be related to the complication of LSS, and vice
versa.

It was previously reported that the DSCSA did not significantly
correlate with the incidence of neurogenic bladder.39 In our study, there
was no statistically significant difference in the improvement rate of
urinary dysfunction after shunt operation between the iNPH-LSS and
iNPH groups. This may be because we diagnosed LSS by DSCSA.

4.3. Limitations

There were five limitations in our study. First, this was a retrospective
single-center study; thus, selection bias may have occurred. Therefore,
we should perform a multicenter study to confirm our findings. Second,
patients were diagnosed with LSS alone by evaluating medical records,
on the basis of the most narrowed part of the DSCSA being narrower than
75 mm2 on MRI. We could not evaluate more detailed comprehensive
physical examination findings of LSS, such as the presence of numbness
and pain of the lower extremities. Third, there were differences in the
shunt operation techniques. Therefore, we cannot exclude the possibility
that differences in the two surgical techniques among iNPH patients with
or without LSS were responsible for the different outcomes in improved
gait disturbance. Fourth, we cannot exclude the influence of vascular
claudication because we did not measure the ankle brachial index.
Finally, although the involvement of cervical stenosis and dispropor-
tionately enlarged subarachnoid space hydrocephalus (DESH) have been
reported,40 we cannot exclude the influence of cervicothoracic stenosis in
the present study.

5. Conclusions

Higher BMI was associated with LSS in patients with iNPH. Impor-
tantly, iNPH patients showed a significantly high prevalence (32.6%) of
LSS compared with the reported general LSS prevalence and the rate of
gait disturbance improvement was lower in iNPH patients with LSS.
Therefore, when examining patients with iNPH, we should consider the
concomitant presence of LSS.
rations.

iNPH-LSS group

Preoperative Postoperative p

01 25.0 (20.0–36.0) 25.0 (20.0–38.5) 0.13
01 21.5 (16.0–32.3) 18.0 (13.5–28.0) 0.047
01 21.0 (16.0–24.0) 24.0 (18.5–28.0) <0.001

ing the paired t-test.
oup: patients with idiopathic normal-pressure hydrocephalus and concomitant
and Go test.
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