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Abstract
A previously unrecognised complication of
aspirating ventricular reservoirs is described.
Four infants developed fresh bleeding into the
cerebrospinal fluid after reservoir taps; ultra-
sound confirmed intraventricular blood clot in
one case. The technique for aspirating the
reservoir may have an important bearing on
the incidence of this complication.

The use of ventricular reservoirs in the manage-
ment of the newborn infant with posthaemor-
rhagic hydrocephalus was first described in
1980.1 It has since been shown to be an effective
method for 'buying time'. It allows time to
stabilise the infant, prevents multiple lumbar
punctures and ventricular taps, allows more
aggressive management of raised intracranial
pressure, and enables clearance from the cere-
brospinal fluid (CSF) of blood and protein
before insertion of a ventriculoperitoneal shunt.
In addition, the incidence of shunt infection is
significantly reduced when reservoirs are used
initially with later shunting as compared with
early primary insertion of a shunt.2 We review
our experience of 10 cases who had reservoirs
inserted over a three year period and describe a
previously unrecognised complication-late
intraventricular haemorrhage.

Patients and methods
Between January 1988 and December 1990, 10
infants had reservoirs inserted at the Leeds
General Infirmary for posthaemorrhagic hydro-
cephalus. Eight of the infants were ventilated
for hyaline membrane disease and all suffered at
least a grade II intraventricular haemorrhage in
the first week of life. This was followed by
progressive ventricular dilatation. Indications
for inserting a reservoir were an occipitofrontal

Details of CSF removal

Gaskill et al3 Leonhardt Leeds General
et at' Infirmary

Median (range) volume removed (ml) at each tap * (5-15) 6 (1-15) 11 (1-36)
Median (range) tap frequency/day 2 (up to 3) 2 (1-4) 1 (0-5-3)
Needle gauge used 27 25-27 23

*Median not stated.

head circumference which was larger than the
97th centile, difficulty with lumbar punctures
and/or symptoms of raised intracranial pressure.
The reservoir was inserted in the parieto-
occipital region with the tip lying in the
occipital horns of the lateral ventricles and the
dome lying subcutaneously.

Subsequently, the reservoir was tapped suf-
ficiently often to control excessive head growth
or symptoms of raised intracranial pressure
(most commonly apnoea and or bradycardia).
The CSF was removed through a 23 gauge
butterfly needle usually by free drainage.
Occasionally gentle suction was applied by a
syringe when CSF flow was sluggish. All
patients had regular cranial ultrasouiid examin-
ations and the CSF sent for microscopy and
culture. Shunt insertion was performed when
the CSF became clear of red blood cells and the
protein concentration was less than 2 g/l.

Results
The median (range) weight of the infants
treated with a reservoir was 1100 g (675-3560
g). The gestation ranged from 23 to 41 weeks.
The reservoirs were inserted at 6 to 68 days
postnatal age (median 27 days).
There were no reservoir infections. Two

infants became hyponatraemic, probably due to
CSF removal as their serum sodium was normal
before this removal; this was corrected with
sodium supplements in the feeds. No infant
became hypoalbuminaemic. One reservoir
became blocked and required revision: no
specific cause was identified but infection was
excluded.

There were four cases of late intraventricular
haemorrhage after reservoir insertion. These
episodes occurred at 13, 17, 24, and 33 days
after insertion. The CSF had become clear just
before these bleeds. Fresh blood suddenly
appeared in the CSF and red cell counts rose to
between 103/1 and 105/1. In one case a new blood
clot was seen on cranial ultrasound scan at the
time of the haemorrhage. This bleed occurred
into a porencephalic cyst on the opposite side to
the reservoir (fig). Clotting studies at the time
of the haemorrhage were normal.
The method and amount of cerebrospinal

fluid removed is compared in the table with
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Coronal ultrasound scans showing (A) large right sided porencephalic cyst and dilated
ventricles before the haemorrhage and (B) echodensity (arrowed) associated with haemorrhage
in the region ofthe porencephalic cyst.

previous series of Gaskill et al3 and Leonhard et
al.4 In those who had a late haemorrhage, the
method of removing the CSF was analysed in
more detail. There was no significant change in
the volume and frequency of taps just before the
haemorrhage. Those who had a haemorrhage
had a similar volume and frequency of taps as
those who did not. In the one case where an
ultrasound scan confirmed the bleed, suction
was used to remove CSF just before the bleed.
There were no symptoms in any of the

patients at the time of the haemorrhage, but
there was a delay in insertion of the ventriculo-
peritoneal shunt in those who suffered a hae-
morrhage (median age of insertion 80 days)
compared with those who did not (median 20
days).

Discussion
Late haemorrhage as a complication during
reservoir management of posthaemorrhagic
hydrocephalus has not previously been reported.
Although not associated with any symptoms,

the four affected patients had a delay in
conversion of the reservoirs to ventriculoperi-
toneal shunts. The possibility of such a com-
plication was highlighted in a commentry by
Bannister on the paper by Leonhardt et al.4 She
emphasised that the removal of CSF via a
reservoir is not physiological because it does not
allow a smooth transition of intracranial pres-
sure. Significant pressure differentials may be
produced in the brain leading to rupture of
friable blood vessels. The method of removing
the CSF will have an important influence on the
magnitude of these pressure differentials.

In comparison with Leonhardt et al and
Gaskill et al (table), we removed on average
more CSF less frequently with a larger gauge
needle and, on occasion, with the application of
gentle suction. These factors may be important
and possibly explain our observation of second-
ary intraventricular haemorrhage. In order to
minimise the pressure shifts within the brain,
we recommend more frequent taps (at least
daily), removing smaller volumes (<10 ml) and
using smaller gauge needles (25 G, 27 G). The
CSF should be allowed to drip out and not
aspirated at any stage, no matter how slow the
drainage. Alternative methods of CSF removal
include temporary or continuous drainage. The
latter entails a high risk of secondary infection
and makes nursing of the infant difficult.
Temporary drainage may offer a more physio-
logical alternative to tapping without increasing
the risk of infection.
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