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ABSTRACT

Background: Patients with idiopathic normal pressure hydrocephalus (iNPH) may be more prone to all fracture
types due to falls. Vertebral compression fractures (VCFs) are a global burden that temporarily or permanently
affects millions of elderly people. This study aimed to investigate the prevalence of iNPH in patients with VCFs.

Methods: We retrospectively reviewed 128 patients aged 60-102 years who underwent balloon kyphoplasty (BKP)
for VCFs between November 1, 2017, and March 31, 2020. We also assessed the presence of the iNPH triad (i.e., gait
disturbance, cognitive impairment, and urinary incontinence). Patients with Evans’ index (EI) >0.3 and the iNPH triad
were defined as having possible iNPH, those with clinical improvement after a cerebrospinal fluid tap test were defined as
having probable iNPH, and those with clinical improvement after a shunt surgery were defined as having definite iNPH.

Results: Of the 128 patients, seven were excluded due to a history of intracranial disease that could cause
ventricular enlargement or gait disturbance. Another 70 patients who did not undergo head computed tomography
or magnetic resonance imaging one year before or after BKP were excluded from the study. Finally, 51 patients with
a mean age of 78.9 years were enrolled. The mean EI value of these 51 patients was 0.28, with 18 patients showing
EI >0.3. Moreover, 18 had possible iNPH, one had probable iNPH, and one had definite iNPH.

Conclusion: Screening for iNPH in elderly patients with VCFs can allow early diagnosis of iNPH and benefit
them more from surgical treatment.

Keywords: Balloon kyphoplasty, Disproportionately enlarged subarachnoid space hydrocephalus, Idiopathic
normal pressure hydrocephalus, Prevalence of idiopathic normal pressure hydrocephalus, Risk factor, Shunt,
Vertebral compression fracture

INTRODUCTION

Idiopathic normal pressure hydrocephalus (iNPH) is a progressive syndrome of unknown
cause characterized by the iNPH triad (i.e., gait disturbance, cognitive impairment, and
urinary incontinence) in the elderly, ventricular enlargement on neurological imaging, normal
cerebrospinal fluid (CSF) pressure, and improvement with shunt surgery.” Previous studies have
reported that fall rates before iNPH diagnosis range from 56% to 82%.1'*** In addition, 7.7% of
hip fracture patients have been reported to have possible iINPH.!'" Therefore, patients with iNPH
may be susceptible to all fracture types due to falls.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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The prevalence of vertebral compression fractures (VCFs)
in people aged 70 and >80 years has been reported to be
26.3% and 41.5%, respectively, in men and 27.1% and
53.0%, respectively, in women."! VCFs are a global burden
that temporarily or permanently affects millions of elderly
people, and balloon kyphoplasty (BKP) is a widely accepted
minimally invasive surgical technique for the treatment of
osteoporotic VCFs.F! Although a case report on the presence
of iNPH in patients with VCFs has been published "*! to the
best of our knowledge, no previous study has reported the
prevalence of iNPH in elderly patients before the diagnosis
of VCFs.

We hypothesized that patients with VCFs may include those
with iNPH and predicted that early detection and treatment
may help prevent fractures due to falls. This study aimed to
investigate the prevalence of iNPH in patients with VCFs.

MATERIALS AND METHODS
Patient

We retrospectively reviewed a consecutive series of
128 patients aged 60-102 years who presented to Imariarita
Kyoritsu Hospital in Arita, Japan, and underwent BKP for
VCFs over 29 months between November 1, 2017, and March
31, 2020.

Patients who did not undergo head computed tomography
(CT) or magnetic resonance imaging (MRI) 1 year before or
after BKP were excluded from the study.

Patients younger than 60 years were excluded because
iNPH is rare in individuals in their 40s and 50s, although
international guidelines define the onset of this disease to
be after 40 years of age. Patients with a history of ventricular
enlargement, such as cerebral contusion and subarachnoid
hemorrhage, were excluded from the study. Moreover,
patients with a history of neurological diseases, such as
Parkinson’s disease and hemiplegia due to stroke, which can
cause gait disturbance, were excluded from the study. Those
with progressive symptoms of Alzheimer’s disease, Lewy
body dementia, or frontotemporal dementia were included
in the study to avoid underdiagnosis of iINPH because disease
entities may be indistinguishable.

Patients’ electronic medical records were retrospectively
reviewed.

Radiological assessments

In this study, we used Evans’ index (EI) and disproportionately
enlarged subarachnoid space hydrocephalus (DESH) to
evaluate imaging findings characteristic of iNPH. We defined
cases with significant DESH findings or those with DESH
findings and EI >0.3 as possible iNPH cases.
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Definition of iNPH

According to the Clinical Guidelines for iNPH, 3™ edition,”
they who met the following five criteria defined as having
possible iNPH: (1) individuals who developed symptoms in
their 60s or later; (2) those with all elements of the clinical
triad of iINPH (i.e., gait disturbance, cognitive impairment,
and urinary incontinence), all assessed by history and physical
examination; (3) those with ventricular dilatation (EI > 0.3);
(4) those in whom the aforementioned clinical symptoms
could not be completely explained by other neurological or
non-neurological diseases; and (5) those without obvious
previous diseases that could cause ventricular dilatation,
including subarachnoid hemorrhage, meningitis, head injury,
congenital hydrocephalus, and aqueductal stenosis.

Patients who showed clinical improvement after a CSF tap test
were defined as having probable iNPH. For the CSF tap test,
30 mL CSF was removed. Patients with abnormal CSF analysis
results, such as protein >50 mg/dL, cell count >3 cells/mL, or
CSF pressure >20 cm H,O, were excluded.

The following items were assessed after the tap test: (1) Timed
Up and Go Test (TUG), which assesses the number of
seconds required for the individual to stand up from a chair,
walk 3 m at their usual pace past a safety cone on the floor,
turn around, walk back to the chair, and sit back down again
with their back against the chair. (2) We defined the following
improvements as a positive result of the tap test: (a) an
improvement of >11% in the TUG test, (b) an improvement
of 23 points in the Mini-Mental State Examination (MMSE),
or (¢) an improvement of 21 point in urinary incontinence
on the iNPH Grading Scale (iNPH GS).

Patients with probable INPH who showed clinical improvement
after shunt surgery (shunt responders) were diagnosed with
definite iNPH.

A lumboperitoneal shunt was used as the first-line treatment,
while a ventriculoperitoneal shunt was selected for patients
with severe lumbar spinal deformity or spinal canal stenosis.

Patients who showed an improvement of 211% on the TUG
test, 23 points on the MMSE, or >1 point on the iNPH GS
1 month after surgery, were considered shunt responders.

RESULTS

Of the 128 patients who presented and underwent BKP, seven
were excluded because they had a history of intracranial
disease that could cause ventricular enlargement or gait
disturbance, such as brain tumors, cerebral contusions,
hemiplegia due to stroke, and Parkinson’s disease. Moreover,
another 70 patients who did not undergo a head CT or MRI
scans were excluded from the study. Finally, 51 patients who
underwent head CT or MRI 1 year before or after BKP were
included in the study.
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The mean age of the patients included in this study was
78.9 years. Of the 51 patients, 17 (33.3%) were male and
34 (66.7%) were female. The mean EI value was 0.28, with
18 patients (35.3%) showing EI >0.3. Five of the 18 patients
(27.8%) had DESH.

Of the 51 patients who underwent BKP, 18 (35.3%) were
diagnosed with possible iNPH after presenting with the
clinical triad (i.e., gait disturbance, cognitive impairment,
and urinary incontinence). Of the 18 patients with
possible iNPH, two (3.9% of all 51 patients under study)
underwent a CSF tap test. One of the two patients (2.0% of
all 51 patients under study) who underwent a tap test was
diagnosed with probable iNPH with clinical improvement
of 211% in the TUG score, >3 points in the MMSE, or >1
point in urinary incontinence on the iNPH GS. Among
the patients with probable iNPH who underwent shunt
surgery, one (2.0% of all 51 patients under study) was
diagnosed with definite iNPH one month after shunt
surgery with an improvement of >1% in the TUG score, 3
points in the MMSE, and 1 point in the iNPH GS. Figure 1
shows a flowchart of the process used to identify possible,
probable, and definite iNPH.

DISCUSSION

This is the first retrospective study to investigate the
prevalence of iNPH in patients with VCFs. In this study,
the mean EI value of the 51 patients with VCFs under study
was 0.28, with 18 patients (35.3%) showing EI >0.3. Iseki
et al. revealed that among elderly subjects aged 61-72 years
in Japan, 6.46% had EI >0.3.1! Jaraj et al. reported that EI
in the general elderly population ranged from 0.11 to 0.46
for individuals aged >70 years, of whom 20.6% had mean
EI values >0.3."7 Missori et al. measured the EI value of
consecutive individuals aged 45-101 years presenting to
the emergency department. They reported that 19.3% had
an EI >0.3, and the risk of having an EI >0.3 increased by
7.8% per year of age, suggesting that the EI value has an
increasing trend with age.!® Although an exact comparison is
impossible, this discrepancy suggests that patients with VCF
in this age group have higher EI values than those presenting
to the emergency department for other reasons.

Gait disturbance is the most common initial clinical symptom
of iNPH, and 82.6% of patients with iNPH had a history
of falls within six months before shunt surgery,"!! making

Patients undergoing BKP for VCFs and head CT or MRI 1 year before or after BKP

n=51
Pa'tiel'lts with any of tl}te' t‘:lipical Friad of Other Excluded
D ey o P, n=33(64.7%)
Possible iNPH
n=18(35.3%)
No tap test Excluded
n=16(31.4%)
Tap test
n=2(3.9%)
ymptoms improve i EXCIuded
SR n=1(2.0%)
Probable iNPH
n=1(2.0%)
N
Shunt surgery
n=1(2.0%)
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Definite iNPH
n=1(2.0%)

Figure 1: Flowchart of the process used to identify possible idiopathic normal pressure
hydrocephalus (iNPH), probable iNPH, and definite iNPH in 51 patients who underwent balloon
kyphoplasty (BKP) for vertebral compression fractures (VCFs) and head computed tomography or
magnetic resonance imaging one year before or after BKP. Of the 51 patients, 18 (35.3%) had possible
iNPH (meeting the following two criteria: Evans’ index >0.3 and any of the three clinical features of
iNPH: Gait disturbance, cognitive impairment, and urinary incontinence). Of the 18 patients with
possible iNPH, two (3.9%) underwent a cerebrospinal fluid tap test, and one (2.0%) showed clinical
improvement. Shunt surgery was performed in one patient (2.0%), and one (2.0%) showed clinical

improvement.
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falls the hallmark symptom of iNPH. The prevalence of
possible iNPH has been reported to be 1.4%-3.7% in the
general population aged 265 years.>'* In addition, Oike
et al. reported that 18.7% of patients aged 60-89 years
who presented after a fall had possible iNPH, 12.3% had
probable iNPH, and 10.6% had definite iNPH.["”! Natori
et al. reported that 7.7% of patients with hip fractures
had possible iNPH, suggesting an association between
hip fractures and iNPH-related falls.'” This study found
that of the 51 patients with VCFs over the age of 60 years,
18 (35.3%) had possible iNPH, one (2.0%) had probable
iNPH, and one (2.0%) had definite iNPH. The prevalence
of probable or definite iNPH is difficult to evaluate
precisely due to the invasive nature of the diagnostic
procedures — the CSF tap test and shunt surgery.? The
symptoms of iNPH have been reported to be reversible
with earlier diagnosis and treatment.!! Therefore, we
believe that screening elderly patients with VCF due to falls
is important for medical history suggestive of iNPH, such
as gait disturbance, dementia, and urinary incontinence.
Early diagnosis and treatment of iNPH in such patients
may prevent further fractures.

This study has several limitations. Because this study involved
patients with VCFs who underwent BKP, the results of this
study theoretically cannot be applied to all patients with
VCFs. In addition, due to the retrospective nature of this
study, 57.9% of the 121 patients with VCFs who underwent
BKP were not evaluated using CT or MRI. Therefore, our
sample may not accurately represent the population of
patients with VCFs, and iNPH may have affected some
patients who were not screened. Finally, this was a single-
center study. This finding must be replicated with additional
cases from multiple institutions.

CONCLUSION

The prevalence of possible iNPH was 35.3% in patients who
underwent BKP for VCFs. This study also suggests that
screening for iNPH in elderly patients with VCFs can allow
early diagnosis of iNPH, who may benefit more from surgical
treatment.
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