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A B S T R A C T

Objective: To investigate whether the efficacy of the lumbar–peritoneal (LP) shunt is sustainable, we measured
the outcomes of patients with idiopathic NPH (iNPH) preoperatively and postoperatively.
Patients and methods: We retrospective reviewed records of 58 patients with iNPH from 2013 to 2015. Exclusion
of 7 patients expired, 1 patient shunt infection, and 8 patients was loss of follow-up. In the remaining 42 patients,
the mood, talking response, movement, attention, recalling memory, and mini-mental state examination
(MMSE), representing patient outcomes, were measured. All of whom were follow-up for 3 years.
Results: Mood (1.91 ± 0.30), talking response (1.98 ± 0.15), movement (1.71 ± 0.51), attention
(1.95 ± 0.22), and recalling memory (1.86 ± 0.35) were significantly improved after surgery (1 week;p <
0.0001). However, the indicators significantly declined after 3 years (mood: 0.31± 0.52, talking response:
0.50±0.59, movement: 0.17± 0.38, attention: 0.40±0.59, recalling memory: 0.21±0.42). The MMSE was
also significantly improved after 3 months of surgery (17.9 5±2.80 vs. 25.02± 3.36; p < 0.0001). However,
it declined after 3 years (17.83±3.66; p = 0.83).
Conclusion: The iNPH is considered potentially reversible. Our data supported that the LP shunt was efficient in
the short term. However, the neurological degeneration was still progressive.

1. Introduction

Idiopathic normal pressure hydrocephalus (iNPH) is a reversible
neurological disorder often seen in elderly populations. It is char-
acterized by ventriculomegaly and major triad symptoms of gait dis-
turbance, cognitive decline, and urinary incontinence [1–4]. The pa-
thophysiology underlying iNPH has not been fully elucidated [5].
According to epidemiology surveys, the estimated prevalence and in-
cidence of iNPH range from 10.2 to 21.9 and 1.08–5.5 individuals per
100,000 persons, respectively [6–9]. Such discrepancy among these
epidemiological studies may result from the general age-related
symptoms in elderly people that tend to not be recognized as symptoms
of iNPH precisely [10].

Both ventriculoperitoneal (VP) and lumbar–peritoneal (LP) shunt
implantations are efficient for alleviating the symptoms of iNPH with
no evident differences in treatment outcomes between interventions
[10]. Despite the association of LP shunt with high risk of surgical
complications and frequent revisions [11,12], it can be recommended

for the treatment of iNPH because of minimal invasiveness and non-
lethal complications [13,14].

To date, the usefulness and complications of VP shunt for the
treatment of iNPH patients have been established even in long-term
studies in Western countries [15–18]. However, few studies have in-
vestigated the efficacy of LP shunt for the short-term treatment of iNPH
[10,11,13,14]. No study has investigated its long-term effects. The long-
term outcomes of LP shunt in iNPH patients remain to be determined.
Therefore, we conducted a retrospective review of iNPH patients who
received LP shunt followed for 3 years and assessed indicators of out-
come to examine the improvements in iNPH patients.

2. Patients and methods

2.1. Patient demographics and procedures

From 2013–2015, 58 patients who were diagnosed with iNPH based
on international consensus guidelines [3] and planned for LP shunt
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surgery were included in this study. All patients had ventricular en-
largement (Evan’s ratio> 0.3), presenting one or more major triad
symptoms, and received tap test for evaluation of shunt implantation.
Seven patients expired (three had cardiac problems, two suffered from
pneumonia, and two had a stroke), one patient were shunt infection and
eight patients were lost to follow-up and excluded in this study. In the
remaining 42 patients, the mood, talking response, movement, atten-
tion, recalling memory, and MMSE, representing patient outcomes,
were measured. The male iNPH patients comprised 40.5 % (17 of 42) of
the population. The mean age was 79.05 ± 6.55 years (male:
78.59 ± 5.79 years; female: 79.36 ± 7.12 years). The outcome
follow-up duration was 3 years. The retrospective review without pa-
tient consent was performed at the Chung Shan Medical University
Hospital after approval was obtained from the local institutional review
board (CS18205).

2.2. Valve adjustment

The pressure of the LP shunt system was set to its highest level of 2.5
initially. After operation, we check the function, if no improvement in
the patient’s clinical symptoms were observed, we lowered the pressure
setting by 1 step (0.5 level). While patients return and with clinical
outcomes exacerbation, we lowered the pressure setting by 0.5 level
until the level of 1. Every setting is with careful consideration of the
patient’s safety range. The pressure was setting back immediately if a
symptomatic subdural hematoma related to overdrainage was found.

2.3. Clinical evaluation

Dr. Jung-Tung Liu successfully completed LP shunt (“Medtronic” PS
Medical Strata NSC Lumboperitoneal Valve and Shunt System 44420,
Cremona Drive, Goleta, CA 93117, U.S.A.) surgery in all patients with
symptoms of typical iNPH, including gait disturbance with or without
cognition decline or urinary incontinence, which were progressive

during the time. The MMSE was measured preoperatively and post-
operatively (3, 6, 12, 18, 24, 30, and 36 months) [19]. The patients and
their families were also interviewed regarding observed cognitive and
gait changes at home after interventions and, in particular, functional
impairment resulting from dementia. The questionnaire for the re-
covery rate was divided into five domains, including mood, talking
response, movement, attention, and recalling memory. The recovery
rate of iNPH was scored as follows: improved; 2 points, better; 1 point,
maintained; 0 points, and worse; -1 point. All recovery outcomes were
collected and assessed at 1 day, 1 week, 1 month, 3 months, 6 months,
12 months, 18 months, 24 months, 30 months, and 36 months.

2.4. Statistical analysis

Data plotting and statistics were processed using the GraphPad
Prism software for Mac OS X. Values represent the mean ± SD. The
mood, talking response, movement, attention, recalling memory, and
MMSE were evaluated using the paired Student’s t-test. Significance
was set at *p<0.05, **p<0.01, ***p<0.001.

3. Results

All 58 patients were diagnosed with iNPH and received LP shunt
implantation initially. However, seven patients expired (three had
cardiac problems, two suffered from pneumonia, and two had a stroke),
one patient shunt infection and eight patients were lost to follow-up.
The remaining 42 patients were enrolled, and the mood, talking re-
sponse, movement, attention, recalling memory, and MMSE, re-
presenting patient outcomes, were measured. The outcome follow-up
duration was 3 years. Mood (1.91 ± 0.30), talking response
(1.98 ± 0.15), movement (1.71 ± 0.51), attention (1.95 ± 0.22),
and recalling memory (1.86 ± 0.35) were significantly improved 1
week after surgery (Figs. 1 and 2; p < 0.0001), suggesting that the
recovery rates were efficient immediately. However, the recovery

Fig. 1. (A) Mood, (B) talking response, (C) movement, (D) attention, and (E) recalling memory were measured pre- and postoperatively (3, 6, 12, 18, 24, 30, and 36
months).
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outcomes declined over time. The indicators significantly declined after
3 years (mood: 0.31±0.52, talking response: 0.50±0.59, movement:
0.17±0.38, attention: 0.40±0.59, recalling memory: 0.21± 0.42).
Moreover, the MMSE (17.95±2.80 vs. 25.02± 3.36) significantly
improved after 3 months of surgery (Fig. 2; p < 0.0001). However, it
also declined over time. The significant decline (17.83±3.66) was
observed after 3 years compared with the pre-operation (Fig. 2; p=
0.83), indicating that the recovery outcomes of LP shunt for the treat-
ment of iNPH were not sustainable. The neurological degeneration was
still progressive. Therefore, combining shunt interventions may be
beneficial for sustaining their efficacy. Moreover, randomized con-
trolled trials must be performed to determine the efficacy.

4. Discussions

To our knowledge, the length of response to LP shunt surgery is
limited in duration. Only a few studies have reported the efficacy of LP
shunt for the treatment of iNPH in short-term follow-up examination
[10,11,13,14]. In the present study, we demonstrated the benefit of LP
shunt for the treatment of iNPH. The recovery outcomes significantly
improved immediately after 1 week. However, the recovery outcomes,
including MMSE, declined over time. The outcomes deteriorated near
pre-operation levels after 3 years, indicating that the recovery outcomes
of LP shunt for the treatment of iNPH were not sustainable. Consistent
with VP shunt surgery studies, a high percentage of patients (96 %)
subjectively perceived improvements at the short-term follow-up ex-
amination; however, at long-term follow-up, only 57 % reported im-
provements [20]. Despite receiving shunt surgery, 80 % of iNPH pa-
tients had cognitive decline, and 46 % had clinical dementia.

Common complications affect the efficacy of the LP shunt include
shunt infection; malfunction (including dislocation, disconnection, mi-
gration, and obstruction); Arnold–Chiari I malformation (ACM); sub-
dural hematoma due to overdrainage; CSF leakage; and radicular pain
[21–23]. Therefore, to avoid the higher occurred rate of complications
(40.2 %), including three majors of shunt malfunction, infection, sub-
dural hematoma due to overdrainage [24], we performed LP shunt
implantation by using two-stage procedure [25]. The report indicated
significant decline the rate of shunt revision (1% vs. 13.5 %; p=0.001)
in LP shunt group compared to VP shunt group. However, the decline
the rate of shunt malfunction (0% vs. 7.3 %; N/A), and infection (1.0 %
vs. 5.7 %; p=0.061) was not considered significant different. Although
the subdural hematoma was lower than Tracy et al. proposed (27.5 %)
[24]. The occurred rate of subdural hematoma was not different

significantly between two groups in the previous study [25].
Based on clinical experience, the poor prognosis of iNPH patients

with shunts is associated with longstanding symptoms and old age at
the time of shunt implantation [16]. This progressive cognitive im-
pairment is related to coexisting degenerative brain disease [26].
Moreover, frontal lobe executive functions deteriorate early in iNPH
patients, and irreversible pathological changes in the frontostriatal
pathways may develop [6,27]. To differentiate iNPH and Alzheimer’s
disease (AD) in the workup preceding shunt placement, cerebrospinal
fluid (CSF) levels of Ab42, total tau, and HPtau may serve as bio-
markers. However, despite differentiating iNPH from AD by using CSF
biopsy, AD-related neuropathological changes such as Aβ deposits,
neurofibrillary tangles, and reduced CSF Aβ42 may be observed in
iNPH patients. Therefore, the assessment of neurotoxic proteins can be
considered in future studies.

Aβ levels should be analyzed in the circulating CSF as a small frontal
brain biopsy sample may reflect only a limited brain region that may
not be representative of the global tissue levels of Aβ. Carbon 11-la-
beled Pittsburgh compound B ([11C]PiB) PET and its analog fluorine-18
[18F]flutemetamol PET may quantify insoluble fibril Aβ deposits in vivo
[28–30]. In iNPH patients, [11C]PiB and [18F]flutemetamol uptake
seems to be correlated with immunohistochemical Aβ aggregates
[31,32]. However, PET cannot estimate soluble Aβ species in brain
tissues.

The relation between neurotoxic proteins in brain biopsy samples
and CSF in response to shunt surgery has been previously documented
and confirmed [33–35]. In the present study, the diversion of CSF by
shunt surgery for the treatment of iNPH is effective. However, the
symptoms are still progressive. Therefore, we think combining shunt
interventions may be beneficial for sustaining their efficacy.

The study has a number of limitations. First, the cohort is small. The
findings have to be confirmed in a larger cohort. Second, this is a ret-
rospective study. Randomized controlled trials should be performed in
the future. Third, the poor long-term outcomes possibly related to the
upregulation of valve adjustment with uncovered overdrainage has to
be validated. Finally, future studies should examine the levels of neu-
rotoxic proteins in CSF and brain tissues to determine the progression of
AD-related diseases in long-term follow-up.

5. Conclusion

The iNPH is considered potentially reversible. Our data supported
that the LP shunt was efficient in the short term. The neurological de-
generation was still progressive.
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