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Abstract
In trisomy 9 mosaicism, plexus hypertrophy has been described as a phenotypical feature and cause of hydrocephalus. We report
on a 15-month-old child with hydrocephalus and trisomy 9 mosaicism primarily diagnosed in amniocentesis. After implantation
of a ventriculoperitoneal shunt and subsequent revision, he presented with an exhaustion of peritoneal absorption leading to
massive ascites. The implantation of a peritoneal drainage offered the unique opportunity to monitor cerebrospinal fluid (CSF)
production indirectly via abdominal CSF drainage. In an individual trial, we performed endoscopic choroid plexus cauterization
to reduce cerebrospinal fluid production, which failed to reduce excessive CSF production. In a second procedure, a
ventriculoatrial shunt was implanted and succeeded to treat persistent hydrocephalus.
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Introduction

Trisomy 9mostly leads to death in early fetal stages. However,
affected individuals with genetic mosaicism can develop a
variety of phenotypical manifestations. In a variety of cases
of choroid plexus hypertrophy, genetic mutations of chromo-
some 9p have been described [1, 6]. Due to excessive cere-
brospinal fluid (CSF) production, hydrocephalus is common
a n d p r im a r i l y t r e a t e d v i a imp l a n t a t i o n o f a
ventriculoperitoneal shunt (VPS). Besides infection, disloca-
tion or valve dysfunction exhaustion of peritoneal CSF resorp-
tion is a well-known feature [4]. The amount of secreted CSF
can exceed 2 L per day. Therefore, patients undergo optional
treatment patterns, such as conversion to ventriculoatrial
shunting (VAS). Choroid plexus coagulation (CPC) has also

been discussed before for malresorptive or hypersecretory hy-
drocephalus (HCP) [2–4]. Due to varying success rates, it
remains controversial [5]. Here, we report a case of a 15-
month-old boy treated with CPC, after VPS failed several
months after implantation. Finally, due to insufficient decrease
of CSF production after CPC, a VAS was implanted with
satisfying results.

Case presentation

The 15-month-old child was diagnosed before with
macrocephaly and retardation as phenotypic expression of a
trisomy 9mosaicism. A hydrocephalic configuration had been
found and the suspected CSF overproduction had been treated
with a VPS 9months prior at another facility (Burr Hole, OSV
II-valve, Integra LifeSciences, NJ, USA). Persistent
percentile-crossing head growth, sun-down phenomenon and
irritability, and persistent ventricular enlargement in MRI
prompted a valve replacement with a programmable valve
(Miethke proGAV 2.0, Miethke, Potsdam, Germany), which
was performed 2 days prior to re-admission. Valve dysfunc-
tion or more likely excess of the OSV-II draining capacity is a
possible reason for insufficient CSF drainage. Re-admission
then occurred due to abdominal distension and poor general
health. Clinical examination revealed 77.0-cm body length
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(percentile 3.3), 8.57 kg weight (percentile 2.4), head perim-
eter 52.0 cm (percentile 99.8), retained head veins, a taut fron-
tal fontanelle, no distortion of pupil movement, and no dawn
phenomenon. Ultrasound of head and abdomen demonstrated
a stable intracranial status without progressive ventricle size
but massive ascites (Fig. 1c). A peritoneal drainage was im-
planted to remove intra-abdominal fluid in assumption of a
gastro-intestinal origin of the ascites. Drained volumes are
depicted in Fig. 2. A cranial MRI (Fig. 1a, b) confirmed a

stable hydrocephalus with enlargement of internal and exter-
nal CSF spaces as well as a hypertrophy of choroid plexus. It
was postulated that the excessive CSF hypersecretion caused
the pronounced ascites. To avoid another invasive procedure,
a pharmaceutical therapy with acetazolamide was started as an
individual treatment trial, which lead to an immediate de-
crease in abdominal CSF drainage (Fig. 2). Due to metabolic
acidosis and increasing base excess in blood gas analysis, this
treatment had to be abandoned. After laboratory tests

Fig. 1 Left: T2 weighed pre-operative cranial magnetic resonance imag-
ing in axial (a) and sagittal (b) orientation; middle: abdominal ultrasound
before intervention presenting massive ascites (c) and follow-up exami-
nation 5 weeks after ventriculoatrial shunting (d); right: volumetric

analysis (via segmentation) of choroid plexus before (e) and after (f)
choroid plexus coagulation. (A) = ascites, (L) = liver. The volume of
the choroid plexus decreased about 20%
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Fig. 2 Peritoneal drainage of CSF
in ml/day. CSF production was
reduced after acetazolamide
administration as well as after
CPC, but completely recovered
2 days after. VPA shunt
implantation could normalize
peritoneal CSF drainage
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confirmed the suggested ascites being CSF, CPC was sug-
gested as individual treatment trial after parents’ consent.
CPC was performed via bi-occipital burr holes using a rigid
endoscope (Little Lotta, Karl Storz GmbH, Tuttlingen,
Germany) (Fig. 3). Here, the massively enlarged, hypertro-
phic, and hyperperfused choroid plexus was reduced in vol-
ume from 15.5 to 12.5 ml (20% reduction, Fig. 1e, f). It is to
state that the coagulation was performed superficially to dis-
rupt CSF production in the ependyma. Post-operatively, peri-
toneal catheter volumes decreased rapidly from 1.2 l per day
to 400 ml per day. During the following 3 days, pre-CPC
drainage volumes were reached again so that shunt conversion
to VAS was indicated and finally performed 13 days after
admission to our department. As presented in Fig. 2, external
peritoneal drainage was sufficiently reduced and the peritone-
al catheter could be removed completely 2 days after VAS
implantation. The subsequent clinical course was uneventful
and the child could be released the twelfth day after second
surgery. Follow-up examinations revealed no newly acquired
neurological deficits and regular VAS function without new
signs of ascites (Fig. 1d).

Conclusion

Trisomy 9 mosaicism is a rare but well-known condition.
Choroid plexus hypertrophy with associated hypersecretory
hydrocephalus can be a clinical feature in these patients. In
this specific constellation of hydrocephalus, neither pharma-
cological treatment with acetazolamide as well as endoscopic
CPC nor VPS has been a sufficient treatment option. A

primary VA shunt treatment seems to be the treatment of
choice for future cases.
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Fig. 3 Intraoperative images of
CPC. a Overview after
introducing the endoscope with
lobulated, greatly enlarged
plexus. b Plexus after bipolar
coagulation
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