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Abstract

Background: The pathogenesis of iINPH is inadequately known. Small vessel disease seems to play an important
role but the link to a disturbed CSF dynamic is not described. The familial presentation of idiopathic normal pressure
hydrocephalus is extremely rare. Nonetheless, the last years the disclosure of familial occurrence seems to be of interest.
The increasing reports on familial iNPH indicate a potential genetic component. Except from iNPH and secondary NPH
a third form of NPH, familial NPH, is being widely recognized.

Case Presentation: We report iNPH in two adult identical twins.

Conclusion: Our case in addition with results from other manuscripts reinforces the suspicion of familial NPH.

Key words: Identical twins; Idiopathic normal pressure hydrocepha-
lus; Familial NPH

Abbreviations: NPH: Normal Pressure Hydrocephalus; CSF: Cere-
brospinal Fluid; HC: Hydrocephalus; iNPH: Idiopathic Normal Pres-
sure Hydrocephalus; sSNPH: Secondary Normal Pressure Hydrocepha-
lus; MMSE: Mini Mental State Examination; NCSE: Neurobehavioral
Cognitive Status Examination; MRI: Magnetic Resonance Imaging;
Rout: Resistance to Outflow; kPa: Kilopascal; NFp: Neurofilament Pro-
tein; AD: Alzheimer’s Disease; FTD: Frontotemporal Dementia; FLTD:
Frontotemporal Lobar Degeneration; APOE: Apolipoprotein E; fNPH:
Familial Normal Pressure Hydrocephalus.

Introduction

Normal pressure hydrocephalus (NPH) is a clinical syndrome with
symptoms of gait unsteadiness, urinary disturbance, and cognition
impairment in the context of ventriculomegaly out of proportion of
cerebral atrophy and normal cerebrospinal fluid (CSF) pressure [1,2].
Hydrocephalus (HC) is divided into non-communicating HC and
communicating HC. Communicating HC can be further divided,
to idiopathic Normal Pressure Hydrocephalus (iNPH) [3], where no
known cause can be found, as opposed to secondary NPH (sNPH)
where a known cause lies behind such as a subarachnoid hemorrhage,
bacterial meningitis, head trauma or intracranial surgery. The causes
and pathophysiological mechanisms are still poorly understood [4].
Comorbidity is an important factor in the prognosis and post-operative
outcome of shunt surgery for iNPH [5]. Cardiovascular risk factors and
subsequent vascular disease may contribute to the development of
iNPH [6-8]. INPH is considered sporadic but there are data of familial
clusters of iNPH suggesting at least some kind of genetic influence or
propensity for developing iNPH [9,10]. The first adult familial NPH
case was reported in 1984 by Portonoy, et al. [11] and recently by
Cusimano, et al. [12], Takahashi, et al. [13], Mc Girr and Cusimano [14]
and Liouta, et al. [15]. Familial cases of congenital hydrocephalus have
often been reported and may result from distinct monogenic disorders
or may be multifactorial determined [16]. We report iNPH in two adult
identical twins.

Case Presentations
Casel

A 73-year-old woman with chronic obstructive pulmonary disease,
without any other significant medical problems. Her relatives had
noticed personality changing in the last few years. At the age of 71
she developed gait disturbance. She felt initially that she was unsteady

and after a while she began to walk with a cane. Walking difficulties
were accentuated and she became more dependent on a cane or
walker in a period of one year. She also experienced worse memory
and daytime fatigue and she also described frequent urination than
before. Neurological examination assessment showed gait disturbance
and cognitive impairment, Mini Mental State Examination (MMSE)
26/30. Neurobehavioral Cognitive Status Examination (NCSE)
revealed mild impairment of design capacity. On Magnetic Resonance
Imaging (MRI) of the brain there was an enlargement of the ventricles
(Evans” index: 0.38, third ventricle, measuring approximately 13 mm)
with a narrowing of the subarachnoid space and cortical sulci at the
high convexity of the cerebrum (Figure 1) which is consistent with the
reported features of MRI in iNPH [17,18]. Lumbar CSF-pressure was 90
mmH,0 and the CSF was acellular with normal amounts of glucose and
protein. CSF-neurodegenerative markers were normal, with Tau at 180
ng/L, beta-Amyloid at 580 ng/L, Fosfo-Tau at 26 ng/L and NFp at 570
ng/L. Infusion test showed a start pressure of 9 kPa and resistance to CSF
outflow (Rout) at 8.7 kPa. There was a marked, transient improvement
in gait for several hours after a spinal tap-test and a ventriculoperitoneal
shunt was placed. There was an initial improvement 3 month after
surgery. At the age of 77 died from malign melanoma with metastases
in the lungs.

Case Il

A 75-year-old woman, with a medical history of surgery for atoxic
multinodular struma, mild mitral valve insufficiency and a previous
heart infarction referred to the neurology department because of
unsteady and staggering gait for two years. She also described cognitive
decline and a urination urgency but not incontinence. Brain MRI
showed an enlargement of the ventricles (Evans index :0.38, third
ventricle, measuring approximately 12 mm) with a narrowing of the
subarachnoid space and cortical sulci at the high convexity of the
cerebrum which is consistent with the reported features of MRI in
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iNPH (Figure 1). Neurological examination showed gait disturbance performed. There was an improvement 3 month after surgery but at
and cognitive impairment (MMSE 27/30). The patient was diagnosed ~ the 12-months post-operative control she was worse at the motor tests
as having iNPH and a ventriculoperitoneal shunt operation was and further results indicated a shunt dysfunction why she subsequently

Figure 1: MRI showed an enlargement of the ventricles (Evans’ index: 0.38, third ventricle, measuring approximately 13 mm) with a narrowing of the subarachnoid
space and cortical sulci at the high convexity of the cerebrum.
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underwent a shunt revision with good results. At the age of 82 she had
an ischemic stroke with a left sided hemiparesis and dysarthria.

Discussion

A thorough explanation of the pathogenesis of iNPH is yet to be
presented but some clues are known. Small vessel disease is a risk factor
and seems to play an important role but the link to a disturbed CSF-
dynamics is not described [8]. As in many diseases there may be several
different pathways in the pathogenesis and it is likely that iNPH in the
future can be divided in different kind of NPH. The most common
neuropathologies in patients with iNPH are vascular and AD-related
changes [19]. Amyloid plaque has been reported in brain biopsies from
patients with iNPH and proposed as a significant feature of the pathology.
In iNPH patients the rate of amyloid deposition is higher than in
cognitively normal elderly subjects, but no differences in the probability
of the apoE4 carriers observed [20]. Presence of apolipoprotein E &4
(APOE ¢4) allele is associated with increased risk of AD. The APOE
distribution did not differ significantly between the iNPH patients and
control population [21]. Besides small vascular disease Alzheimer’s
disease (AD) coexists frequently [5]. Frontotemporal dementia (FTD)
has been also listed as a comorbidity in iNPH [22].

AD and FTD has a clear genetic component in their pathogenesis.
In literature it is described a patient with C9ORF72 expansion-
associated behavioural variant frontotemporal dementia with gait
disturbance and ventriculomegaly whose gait score increased after a
ventriculoperitoneal shunt insertion [23]. Prevalence of the COORF72
expansion in Finnish NPH-register reported as greater than expected.
Hence, there may also be a possible connection between FTLD and
iNPH. This raises the question of an unknown genetic factor which
can activate the mechanism for the development of the disturbed CSF-
dynamics in iNPH.

A further indication of a genetic background in iNPH raises through
a Japanese study where a genome-wide screening for copy number
loss of the SFMBTI gene was performed in patients with iNPH and
asymptomatic ventriculomegaly, where a segmental copy number loss
of the SFMBTI gene was found [24]. A segmental copy number loss
in intron 2 of the gene in the SFMBTI gene in patients with shunt-
responsive definite iNPH was more frequent than in healthy elderly
and PD patients [10]. However, in another study, among Finnish iNPH
patients, the copy number loss within intron 2 of SFMBTI1 was less
prevalent [25,10]. The prevalence of the copy number in the SEMBTI
gene was determined to be 11% in Finnish iNPH-patients and 21% in
Norwegian iNPH patients compared to 37% in Finnish controls [26].

The identical twins experienced the classic symptoms of iNPH at
approximately the same age. The radiological examinations were typical
for iNPH and they had no abnormality of CSF and no known cause
of secondary NPH, thus they fulfilled the currently accepted clinical
and laboratory criteria for the diagnosis of idiopathic normal pressure
hydrocephalus also becoming markedly improved after institution of
the ventriculoperitoneal shunt. Both patients had normal results for
neurodegenerative markers for dementia, Alzheimer’s disease and
frontal lobe atrophy. Unfortunately, one of the twins has passed away
and we have therefore not the possibility to see if they carry the same
ApoE genotype and SFMBT1 gene. The increasing reports on familial
iNPH indicate a potential genetic component. Except from iNPH and
sNPH a third form of NPH, familial NPH (f{NPH) is being widely
recognized. Our case reinforces the suspicion of fNPH.

Conclusion

Although a genetic predisposition for iNPH is proposed further
studies are needed to approve the heritability of iNPH. This is of high
importance, as the number of familial NPH cases has increased over
recent years. It is important to make DNA analysis in future familial
cases of iNPH.
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