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The aim of this retrospective study was to evaluate the short and medium-term results of modern
shunt therapy in patients surgically treated between January 2012 and May 2016 in our neurosurgical
department. The most common shunt configurations used for NPH are ventriculoperitoneal (VP) and
ventriculoatrial (VA) shunts. In this study, the short and medium-term results of modern shunt
therapy were evaluated. We retrospectively studied outcome in NPH patients in whom VPSs were
implanted. The clinical criterion for NPH included gait disturbance, incontinence, and dementia
combined with ventriculomegaly demonstrated on computerized tomography or magnetic resonance
imaging studies. At follow-up examinations, clinical symptoms were recorded according to the mRS.
In our series 34 patients significantly improved in all symptoms after insertion of a VP shunt (81%).
The main symptom which improved was gait disturbance (81%), followed by urinary incontinence
(76%) and cognitive decline (62%). The overall rate of morbidity was 22%. The rate of mortality
was 0. At discharge almost all the patients had a mRS of 1 or 2. Only one patient had a mRS of 3.
Ventriculoperitoneal shunt (VPS) implantation is the current standard treatment for patients with
NPH. After shunt surgery, most of the patients with NPH showed improvement in their neurological

manifestations, they became more independent, and had a better quality of life.
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INTRODUCTION

NPH was first described by Hakim and Adams
in 1965' as a neurological syndrome characterized
by the clinical triad of cognitive decline, gait
disturbance and urinary incontinence. Enlarged
ventricles due to a communicating hydrocephalus
with minimal or no cortical atrophy is the main
radiological finding and is associated with normal
CSF pressure’. The cognitive decline can evolve
into true dementia and can be misdiagnosed as
Alzheimer disease or other neurodegenerative
disease. Psychiatric manifestations were noted in
88% of patients. Apathy and anxiety were
frequently noted in 70% and 25% of patients
respectively, =~ whereas  delusion,  emotional
instability, depressive state or impatience was
observed in 10% of patients. Bipolar disorder,
aggressively, obsessive compulsive disorder,
psychosis including paranoia and hallucinations and
disturbance of impulse control were observed. On
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neurological examination, bradykinesia, hypo-
kinesia, paratonic rigidity, glabellar reflex, snout
reflex and palmomental reflex were exhibited at a
high frequency. The patients affected by iNPH are
mostly older than 60 years.

The cerebral imaging (CT or MRI scan) is
mandatory for the diagnosis. NPH is classified into
secondary NPH (sNPH) of known etiology such as
subarachnoid hemorrhage and meningitis and
idiopathic NPH (iNPH) such as unknown etiology".
Surgical diversion of cerebrospinal fluid (CSF) is
recommended for normal-pressure hydrocephalus
patients®. The most common shunt configurations
used for INPH are ventriculoperitoneal (VP) and
ventriculoatrial (VA) shunts. Endoscopic third
ventriculostomy may play a role in the treatment of
selected iNPH patients.

MATERIALS AND METHODS

We report a series of 42 patients, operated on by
the main author and team in the Clinical
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Department of Neurosurgery, the National Institute
of Neurology and Neurovascular Diseases between
January 2012 and May 2016.

Medical information was retrospectively
reviewed. We recorded and analyzed each patient’s
medical history, the signs and symptoms at
admission, a detailed neurological exam, patient—
related factors as well as lesion related-factors, pre
and postoperative neuroimaging evaluation (CT
scan, MRI and angio MRI), details regarding
surgery, clinical  outcomes,  postoperative
complications and prognosis. The age ranged from
27 to 80 years with a median of 65 years. This
group comprised 24 women and 18 men (men to
female ratio: 1.0:1.33). There were 16 patients who
had a known etiology (38%)-sNPH (1 aqueductal
stenosis, 2 meningitis and 1 Alzheimer disease and
12 subarachnoid hemorrhage) and 26 patients with
idiopathic NPH (iNPH).

For any individual patient, an assessment has
been made with respect to risk-to-benefit ratio. In
selection of patients various factors that must be
considered include the following. What is the
probability of improvement with a shunt and how
much improvement will occur? If improvement
occurs, how long will it last? What is the natural
history if conservative management is chosen?
What is the probability of neurological deterioration
as a result of the shunt?

Lumbar puncture was a valuable test in 14
patients. Usually 30 cc of CSF was removed during
a spinal tap and pre- and post-procedure assessing
of walking was compared and tests for cognitive
function were also conducted.

Outcome measures

All the patients underwent a thorough
neurological exam both pre- and postoperative until
discharge. Neurological follow-up was assessed
according to the modified Rankin Scale (mRS). The
outcome in NPH is strictly related to some factors
such patient general condition, magnitude of
symptoms at the time of diagnosis.

Surgical techniques: 40 patients in this series
were treated by implantation of a ventriculo-
peritoneal shunt (VPS) using gravitational valve and
2 patients benefit from ventriculoatrial shunt. The
most frequent used were medium or low-medium
pressure valves.

RESULTS

Classically, the first symptom that improves
after surgery is urinary incontinence, followed by
incomplete recovery of dementia and gait problems.

In our series 34 patients significantly improved
in all symptoms after insertion of a VP shunt (81%).
The main symptom which improved was gait
disturbance  (81%), followed by urinary
incontinence (76%) and cognitive decline (62%).

The rate of morbidity was 19% (8 patients).
Serious adverse events (a 82 years old patient had a
myocardial infarction and another had a
bronchopneumonia) were found in 4.72% and were
not directly related to surgery. Less serious adverse
events (subdural hygroma and orthostatic headache
were found in 8 patients (19%). The rate of
mortality was 0. At discharge almost all the patients
had a mRS of 1 or 2. Only one patient had a mRS
of 3.

Case 1

A 47 years old woman presented to our
department with depressive state, gait disturbance,
bradykinesia, hypokinesia, paratonic rigidity and
emotional  instability. MRI  scan  showed
ventriculomegaly (Fig. 2. sagittal TI1-weighted
images) and periventricular lucency (Fig. 1 — axial
T2 weighted MRI images; and Fig. 3 — coronar
Flair-weighted images). Postoperative CT scan
revealed markedly decreasing in ventricular sizes
(Fig. 4). The symptomatology markedly improved
postoperative and the patient was discharged with a
mRS of 1.

Fig. 1. Preshunt axial T2-weighted magnetic resonance images
of a patient with true normal-pressure hydrocephalus. Severe
periventricular hyperintensity is seen on the preshunt images.
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which was clipped. 4 weeks postoperative her
neurological state worsened because of NPH
(Fig. 5). Positive response to ELP predicted
improvement after CSF diversion Insertion of a VP
shunt improved her neurological state correlated
with decreasing in ventricles sizes (Fig. 6).

Fig. 2. Preoperative saggital weighted MRI images
showing increased ventriculomegaly.

Fig. 3. Preoperative coronal Flair weighted images
demonstrates marked enlargement of the ventricles and
periventricular lucency.

Fig. 5. CT scan showing NPH in a patient previously operated
for a ruptured right ACM aneurysm.

Fig. 4. Postoperative CT scan shows the ventricular catheter
positioned in the frontal right horn and ventricular system Fig. 6. Postperative CT scan revealed slightly decreasing
markedly decreased in sizes. in ventricles sizes, artifact by vascular clip positionated

in the right sylvian fissure.

Case 2
Case 3

A 75 years old female was admitted in a
comatose state with subarachnoid hemorrhage
secondary to an ruptured right ACM aneurysm

A 27 years old man was admitted with gait
disturbances, disturbed speech output, cognitive
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decline, slowing of thought, inattentiveness, and
apathy. The MRI scan showed ventriculomegaly
(Fig. 7 — saggital T1-weighted images) and bright
areas associated with a marked prolongation of both
Tl and T2 in the periventricular white matter
especially in the occipital horns (Fig.8) and
periventricular lucency (Fig. 9). The NPH syndrome
disappeared after ventriculoperitoneal shunting
(Fig. 10).

Fig. 8. (continued) MRI scan- bright areas associated
with a marked prolongation of T2 in the periventricular white
matter especially in the occipital horns.
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IOMEL, DI

Fig. 9. Preoperative Coronal Flair weighted images
demonstrates marked enlargement of the ventricles
Fig. 7. Preoperative saggital weighted MRI images showing and periventricular lucency.

increased ventriculomegaly.

Fig. 10. Postoperative CT scan. The ventricles sizes
decreased after ventriculoperitoneal shunting.
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Case 4

A 76 years old female known with a long history
of gait disturbances, urinary incontinence and
progressive cognitive deterioration presented in our
department for diagnosis. CT scan revealed
enlarged ventricles with periventricular hypodensity
(Fig. 11.) which decreased in sizes after VP
shunting (Fig. 12). The patient was discharged in a
mRS of 1.

Fig. 12. Postoperative CT scan.

Case 5

A 78 years old female presented with Hakim
triad and iINPH.MRI scan revealed bright areas
associated with a marked prolongation of both T1
and T2 in the periventricular white matter
(Figs. 13 and 14). Postshunting images are shown in
the Fig. 15.

Fig. 14. Coronar T2 weighted images.
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Fig. 15. Postoperative CT scan.

DISCUSSIONS

NPH is a neurological syndrome characterized
by the clinical triad of cognitive decline, gait
disturbance and urinary incontinence. NPH
develops in elderly patients with the mean age of
onset of 75 years and patients aged in their 40 s and
50 s are very uncommon. Its symptoms usually
progress slowly. The prevalence of iNPH was
estimated to be 21,9/100,000 population”’.

Different pathological changes were noticed in
the brains of iNPH patients: 1) thickening and
fibrosis of the leptomeninges and arachnoid
membrane; 2) inflammation of the arachnoid
granulations; 3) ventricular ependymal disruptions;
4) subependymal gliosis; 5) multiple minor infarcts;
6) pathological changes of Alzheimer’s disease’.

Some evidence suggested that a genetic factor
may be involved in the etiology or pathogenesis of

the NPH. The pathologic gene is transferred via
asymptomatic daughter to the grandson, which is
suggested of possible X-liked recessive model of
inheritance APOE4, which is associated with the
presence and severity of dementia in AD patients,
has been shown to be involved in the pathogenesis
of NPH'. It is also possible that a copy number
variation in a certain region of the genome may be a
genetic risk factor for iNPH. Studying the genetics
of neurological disease provides a powerful tool for
understanding the pathology behind these disorders
and helps us to identify new targets for treatment®.

NPH is classified into secondary NPH (sNPH) of
known etiology such as subarachnoid hemorrhage
and meningitis and idiopathic NPH (iNPH) such as
unknown etiology’. Studying the genetics of
neurological disease provides a powerful tool for
understanding the pathology and helps us to identify
new targets for treatment'""'>. By availability of the
human genome and introduction of high-technology
gene detection methods, the rate of discovery of
novel genes directly influencing or changing the
risk of neurological diseases has increased over the
past years'>'*,

The NPH can be highlighted using a range of
methods including imaging studies, clinical exams,
lumbar  puncture  and  neuropsychological
assessment'’. The CT scan will show a moderate to
severe dilated cerebral ventricles with a peri-
ventricular lucency as a result of transependymal
resobtion. On the MRI studies of the brain, the
classical appearance is a low signal in T1 and high
signal in T2 surrounding the dilated ventricles.

NPH is best classified into probable, possible,
and unlikely categories and can be difficult to
diagnose accurately. Misdiagnosis and delayed
recognition are two important causes of poor
treatment outcome in INPH"”.

The surgical path to prevent further neuronal
population loss is shunning the CSF out of the
ventricles into a natural cavity. The most common
site used for shunting the ventricles is peritoneal
cavity.

The early complications associated with
shunting are: myocardial infarction, acute
intracerebral hemorrhage which is the primary-
procedure related risk'®. Delayed morbidity from a
CSF shunt may arise from infection, seizures, shunt
obstruction, subdural fluid collection, overdrainage
headaches, and shunt underdrainage'’. The
incidence rate for infection seems to be low
(3-6%)'®. Postoperative seizure incidences ranges
from 3 to 11%. The rate of shunt revision is 21% at
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5 years”. Additional complications caused by
shunting may include hearing loss, tinnitus,
oculomotor palsies, and headache®. In our series
34 patients significantly improved in all symptoms
after insertion of a VP shunt (81%). The main
symptom which improved was gait disturbance
(81%), followed by urinary incontinence (76%) and
cognitive decline (62%).

The rate of morbidity was 19% (8 patients).
Serious adverse events (a 82 years old patient had a
myocardial infarction and another had a
bronchopneumonia) were found in 4.72% and were
not directly related to surgery. Less serious adverse
events (subdural hygroma and orthostatic headache
were found in 8 patients (19%). The rate of
mortality was 0. At discharge almost all the patients
had a mRS of 1 or 2. Only one patient had a mRS of 3.

CONCLUSIONS

Ventriculoperitoneal shunt (VPS) implantation is
the current standard treatment for patients with
NPH. After shunt surgery, most of the patients with
NPH showed improvement in their neurological
manifestations, they became more independent, and
had a better quality of life.
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