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Abstract

Objective: Aim of the study is to evaluate the efficacy of
ommaya reservoir in all types of pediatric hydrocephalus
and at the same time its safety for repeated aspirations or
long term retention of reservoir in the body.

Method: Between 2019-2021, n=33 consecutive cases of
reservoir implantation were taken into study irrespective of
etiology of hydrocephalus. These were mostly placed along
with endoscopic third ventriculostomy and some were
placed as an intermediary procedure to combat shunt
complications in emaciated infants. Cerebrospinal fluid
aspiration was done in case of failed endoscopic third
ventriculostomy and frequency of aspiration was depended
upon the production of cerebrospinal fluid. Acetazolamide
was routinely administered in each patient to reduce the
frequency of aspiration. Most of the patient required
ventriculoperitoneal shunt while they had sufficient body
weight and few required no surgery.

Results: Average age at presentation was 76.88 days. All the
neonates and infants had less weight in terms of their age.
42.4% babies needed aspiration 2 times per week. Among
all cases, 9.1% developed reservoir complications.
Complications were not related to number and volume of
aspiration or duration of reservoir in body. 2 patients had
died after one year of reservoir implantation due to
unrelated diseases. Out of the 31 survivors, 3 patients did
not need any further aspiration and 19 patients needed
ventriculoperitoneal shunt, but reservoir was kept in situ for
future emergency. Rest of them is waiting for definitive
shunt procedure. Other findings include low socioeconomic
group was more prone to low birth weight and they carried
the burden of congenital hydrocephalus and
meningomyelocele. Most affected babies had their prenatal
period in arsenic affected areas in Bangladesh. Overall folic
acid supplementation was started after the formation of
neural tube irrespective of socioeconomic status.

Conclusion: Ommaya reservoir placement along with
endoscopic third ventriculostomy plays a vital role in
delaying shunt in endoscopic third ventriculostomy failure.
It is a ‘time buying’ procedure until baby has sufficient

© Copyright iMedPub | This article is available from: https://pediatric-infectious-disease.imedpub.com/

weight for successful shunt surgery. It has been found very
effective intermediary intervention for managing shunt
infection and it also helps revival of a channel in shunt
obstruction.

Keywords: Ommaya reservoir; Repeated and prolonged CSF
aspiration

Abbreviation: CSF: Cerebro Spinal Fluid; ETV: Endoscopic
Third Ventriculostomy; V-P Shunt: Ventriculo Peritoneal
Shunt; EVD: External Ventricular Drain; OFC: Occipito
Frontal Circumference; ACTH: Adrenocorticotropic
Hormone; ICP: Intracranial Pressure; PHH: Post Hemorrhagic
Hydrocephalus; CNS: Central Nervous System; IVT: Intra
Ventricular Therapy

Introduction

Hydrocephalus is the distension of the brain ventricle due to
inadequate passage of CSF from its site of production within the
cerebral ventricles to its site of absorption into the systemic
circulation or disturbance of CSF absorption and rarely excess
secretion [1,2]. CSF is constantly made by CNS, which carries
nutrients, washes away debris and acts as a cushion for CNS.
After its production from choroid plexus (80%) and ependymal
lining, CSF flows through ventricular pathway and absorbed into
sub arachnoid space prior to getting absorbed in blood through
arachnoid granulations [3]. Hydrocephalus results as a
congenital blockage to the pathway or due to post inflammatory
adhesion of sub arachnoid space or destruction of arachnoid
granulations. There are other varieties of acquired
hydrocephalus. The incidence of hydrocephalus in the new born
varies from 0.2-0.5 per 1000 birth and almost half of this
children born prematurely [4,5]. The commonest cause of
hydrocephalus is obstructive hydrocephalus due to aqueduct
stenosis and for communicating or non-obstructive
hydrocephalus includes post infective and post hemorrhagic
hydrocephalus with an incidence of 0.9 to 1.5 per 1000 births
[6,7]. Most often used definitive permanent treatment option
for hydrocephalus is shunt that enables drainage of CSF in the
other body cavity commonest being the ventriculo peritoneal
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shunt. But unfortunately a great number of children failed to
tolerate shunt system in the body due to poor physical
condition. As majority of the babies are pre mature and
underweight, they are highly prone to skin dehiscence and skin
infection [8]. Shunt infection rate varies from 10% to 22% and
approximately 90% of the infections usually occur one month
after surgery [9]. Different studies have already revealed in their
studies that premature birth was independently associated with
VP shunt infection due to poorly developed immune system,
immaturity of the skin and the probable high density bacteria on
the skin of premature infants [10-15]. Also inability to CSF
absorption distally in the peritoneum may contribute to shunt
failure in this population, so temporary drainage of CSF is often
necessary. Other methods of treatment that have been
performing in many medical centers all over the world include
lumber puncture or trans fontanelle ventricular puncture.
The subcutaneous ommaya reservoir was initially used in
1960 for intraventricular application of medication in adults.
However, since 1980 it has been used for evacuation of the
cerebrospinal fluid in prematurely born children with PHH
[16,17]. This procedure is relatively simple and allows
controlled CSF aspiration transcutaneously by monitoring clinical
condition of the baby until baby gets fit enough for definitive
10-14 shunt procedure. This reservoir has advantages over
repeated lumber punctures and repeated transcortical
ventricular puncture. The major complications with reservoir
include subcutaneous CSF leakage, cutaneous inflammation, skin
necrosis and  ventriculitis  [18]. Endoscopic third
ventriculostomy along with Ommaya reservoir is a well
known alternative to VP shunt in treatment of obstructive
hydrocephalus in aqueductal stenosis [19]. It also plays crucial
role in delaying shunt in malnourished babies.

In our study, we retrospectively evaluated outcome of
34 hydrocephalus  babies of various etiology with
ommaya reservoir. Most of them were placed along with ETV
and rest as an intermediate procedure in managing shunt
infection. We studied the durability, early and Ilate
complications of ommaya reservoir insertion. We also assessed
the consequence of high volume and long-time aspiration of CSF.

From 2016, we were working on the factors responsible for
shunt infection in developing countries. In our setting we found
shunt infection most commonly occurs in the first year of life
and it is the most common complication occurring within 30
days of implantation [20]. The intelligence based medicine also
clearly concluded pre maturity, number of shunt revisions and
low birth weight have strong role on shunt infection [21].

Bangladesh is a developing country and we are progressing
slowly but steadily in health sector. Babies often have low birth
weight and have got less subcutaneous body fat. This flowchart
was developed to delay shunt in any low body weight or
emaciated babies. Ommaya reservoir had its unique way to
resolve this problem (Figures 1 and 2).

In our institution we are carrying our treatment
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Figure 1: Hydrocephalus treatment.

Children with
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Figure 2: Pediatric hydrocephalus treatment.

This is the flow chart we follow to treat pediatric
hydrocephalus.

After going through the flow chart, one can comprehend the
role of Ommaya reservoir in delaying shunt. In this article, we
are weighing the cost and benefit of reservoir implantation. The
major complications of reservoir implantation are subcutaneous
CSF leak, skin sloughing, obstruction and meningitis [22]. The
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first two occur as a consequence of delaying aspiration, omitting
acetazolamide, keeping the baby flat after surgery. Incision over
the reservoir and failing to create sufficient subcutaneous
pocket fall into territory of poor surgical technique. Meningitis is
due to lack of asepsis and prevalent in pre tem, low birth weight
category. In this study we evaluated Ommaya reservoir related
complication as we are using it in diverse procedure like with
ETV and shunt infection.

Aims of the study

e To ascertain the role of ETV+reservoir implantation as a time
buying procedure in premature, low body weight and
complicated cases.

¢ To find out the reservoir related complications.

e To see the result of long time aspiration or high volume
aspiration of CSF and its relationship with complications.

Objectives of the study

¢ To see the predominant type of hydrocephalus affecting the
patient group.

e To see the gestational period of starting folic acid
supplementation irrespective of type of hydrocephalus.

® To observe the geographical role of congenital and spine bifida
group.

¢ To determine the socio economic background of the patients.

Materials and Methods

It is a retrospective, cross sectional study regarding indication,
placement, utility and complication of Ommaya reservoir in
pediatric hydrocephalus irrespective of its etiology. In this study
we took 33 successive cases of reservoir implantation. Ommaya
reservoir was placed routinely with ETV, as it acts as a channel
for CSF aspiration in case of ETV failure. Most of the patients fell
into these criteria. Babies usually present with low body weight,
their sub cutaneous fat is poorly developed. In event of ETV
failure, we don’t go for immediate VP Shunt. We aspirate CSF at
least twice or thrice weekly (depending on formation) in
outdoor basis and we routinely prescribe acetazolamide to
decrease the production of CSF.

Ommaya reservoir is routinely used to delay shunt insertion in
emaciated infants with shunt infection. They are treated by
removal of infected tube followed by EVD. They get both
parenteral antibiotic and sometimes in intra ventricular route via

Table 1: According to mode of presentation.
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EVD. When CSF is culture negative we put Ommaya reservoir
and discharge them with advice of regular CSF aspiration. We
don’t advocate shunt surgery until and unless baby gains
sufficient weight. Babies treated with this method showed no
infection.

Sometimes we go for re do reservoir placement due to
reservoir infection. This always have an intermediary procedure
of external ventricular drain.

After definitive surgery like VP shunt, we don’t remove the
reservoir till there is complication. It acts as a gateway in the
event of acute shunt obstruction and also it can help in plotting
intracranial pressure in suspicious case of under working shunt.

Chosen site of ommaya reservoir implantation is
Kocher’s point, but in neonates we usually choose a bony area
over right frontal horn so reservoir has a bony support to
prevent it from sinking. Adequate subcutaneous tunneling
must be done to accommodate CSF while pressure rises.
Incision should be away from reservoir and never be over
it. Catheter length is maintained exactly the same
measurement of cranial end of shunt. We usually tap the
catheter, after palpating fontanelle for fullness with help of
25 G butterfly needle maintaining all aseptic precaution and
approximately 10-15 ml/kg CSF is aspirated per tap [23,24].
The frequency of tapping were considered to be adequate if
increase in head circumference is less than 1 cm/week,
normal tension of the fontanelle and normal position of the
cranial sutures. Following CSF aspiration all cases were
administered vancomycin 15 to 20 mg as IVT. In all patients’
normal increase in OFC, decrease of OFC who had enlarged head,
normal tension of fontanelle and normal position of suture were
achieved. The following complications were kept in mind
regarding doing it. Those were infection of reservoir (positive
CSF culture), breakdown of overlying skin, intra ventricular
hemorrhage and obstruction of the catheter, newly found
seizure attack [25]. Data analysis was done by statistical
software SPSS version [26].

Results

During the study period, n=33 consecutive cases of reservoir
implantation were taken into the study irrespective of etiology of
hydrocephalus (Table 1).

Mode of presentation Number Percentage
Infantile hydrocephalus 28 84.84%
Ventriculitis following reservoir infection 3 9%
Ventriculitis following shunt infection 2 6.06%
28 patients presented with infantile hydrocephalus. All of referred to our institution from Government medical
them underwent ETV along with reservoir implantation. institutions. The foreign body was immediately removed

3 patients presented with ventriculitis following reservoir
implantation and another 2 with infected V-P shunt. Those were

© Copyright iMedPub
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After correction of infection we implanted a new reservoir in
another site (Figure 3).

Simple Bar Count of Type of Hydrocephalus

Count

Postinfective 21.2%
Type of Hydrocephalus

Congenital Posthaemorragic €.1%

Infantile 52.5% +

MM 18.2%

Figure 3: Simple bar count type of Hydrocephalus.

Among the types of hydrocephalus, congenital and
meningomyelocele group was predominant. Most of the
mothers (91.7%) of congenital and MM group had folic acid after
2 months of pregnancy i.e. after formation of neural tube.

Low socioeconomic status significantly associated with low
body weight at presentation (p=0.007). Besides most of the
congenital and MM group (48.48%) belonged to low
socioeconomic group (Figure 4).
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Pie Chart Count of Mother's residence during pregnancy period
Mother's
residence
uring
pregnancy
period

M Dhaka

M Khulna

M Sylhet

B Chittagong
Rajshahi

M Barisal
Rangpur

B Mymensingh

Figure 4: Pie chart count of mother’s residence during
pregnancy period.

Vast majority of the affected babies mother had their
periconceptional period in arsenic belt and area of rapid
industrialization in Bangladesh (Table 2).

Table 2: Details of the three patients having reservoir complications in our institution.

Age at reservoir| Average volume| CSF aspiration | First First Subsequent Re intervention
placement aspirated per week complication complication complication
(days) with reservoir days after
reservoir
placement
90 40 cc 3 times Subcutaneous 25 days No EVD
F
leak f/by skin f/V-P shunt
sloughed
out
35 15cc 3 times Ventriculitis 5 days No EVD
f/Ommaya
replacement
337 80 cc 3 times Cutaneous 210 No EVD
inflammation+
Ventriculitis days flOmmaya
replacement

Majority of the patients (42.4%) had CSF aspiration two times
weekly with an average volume of 20-50 ml per aspiration
(54.5%). Following CSF aspiration all cases were administered
vancomycin 15 to 20 mg as IVT.

No intraoperative complications had occurred among all the
cases. Later complications had occurred in 3 babies (9.1%). Table
2 showing details of the 3 patients with complications. One was
a preterm, 900 gm infant suffered with Pseudomonas related

Table 3: Primary surgery done in BMCH.

ventriculitis who initially had PHH. Wound dehiscence occurred
in one case that developed ETV failure and presented late. Next
baby was a case of bilateral shunt infection with torch positive
with features of emaciation. He developed late reservoir
complication as a result of cushing syndrome. He had been
treated with ACTH for intractable convulsion (Table 3).

ETV+Ommaya reservoir implantation

23 (69.7%)

Ommaya reservoir implantation

5 (15.15%)

EVD (External Ventricular Drain)

5 (15.15%)

This article is available from: https://pediatric-infectious-disease.imedpub.com/
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ETV along with reservoir implantation was done in 69.7% of
patients. Few cases (15.15%) only Ommaya reservoir
implantation was done as babies were not fit for general
anesthesia and rest (15.15%) had EVD as primary surgery as they
presented with ventriculitis following infected VP shunt or
reservoir implantation done elsewhere.

2 babies had died 1 year after reservoir implantation due to
unrelated disease. Out of the 31 survivors, 3 patients did not
need any further aspiration and 19 patients needed v-p shunt,
but reservoir was kept in situ for future emergency. Rest of them
is waiting for definitive VP shunt procedure.

36.4% babies have reservoir in their body for more than 1
year with or without VP shunt. There was no definitive
relationship between duration of reservoir in body and reservoir
complication. No surviving patient was lost at follow up.

Discussion

In our practice, we observed VP Shunt infection mostly occurs
in premature, infants less than 6 months and low birth weight
babies with thin skin. So, we follow the system to delay shunt
and we advocate ETV+reservoir implantation is the treatment of
choice in any infants with hydrocephalus. In this study we didn’t
include the post tumoral hydrocephalus group as most of them
were referred to other hospital and contacts were lost. But we
found the palliative role of ommaya reservoir where the tumor
was inoperable and repeated shunt blockage due to high protein
content of CSF.

Treatment of pre term and low birth weight hydrocephalic
infant is a major challenge. Though we do ETV, there is
possibility of ETV failure at very early and late cases. Moreover,
the baby may be in remote place in the event of failure. If a
reservoir was placed in the ETV port it could be managed.

In case of premature infants with hydrocephalus,
Ventriculoperitonal Shunt (VPS) is the final treatment of choice
for CSF diversion. However, some patients need temporary
bypass of the normal CSF pathways while awaiting improvement
of liquor characteristics, abdominal status, or local or systemic
infections. Ommaya reservoir plays the most crucial role in
delaying shunt.

Ramin Eshkandari and his team worked with kaolin induced
animal model of hydrocephalus concluded tapping of reservoir
in neonatal hydrocephalus based on neurological deficit. This
procedure does not halt progressive ventricular enlargement
and there is definite correlation between neurological deficit
and ventricular enlargement [26].

Though this study did not have this component of study but
there is space for future study regarding neuro development of
these babies.

Romergryko, et al. demonstrated continuous ICP monitoring is
able to identify larger number of shunt malfunction [27]. In our
institution we use chhabra shunt as it got a very good tolerance,

© Copyright iMedPub

2022

ISSN 2573-0282 Vol.7 No.9:32

inexpensive. So here ommaya reservoir remains as a golden
gate which can provide ICP monitoring in future malfunction.

N. Bruinisma and team carried out a retrospective study
regarding subcutaneous ventricular catheter reservoir and
ventricle peritoneal drain related infections. They concluded
prematurity, extreme low birth weight is more prone to infection
[28]. In our study, one pre term with extreme low birth weight
neonate had cerebral catheter related ventriculitis, which was
treated successfully.

A Leonhardt and team wused ventricular reservoir for
treatment of post hemorrhagic hydrocephalus. They found there
was no serious complication except skin breakdown [29].

We usually don’t advocate shunt in those neonates in event of
ETV failure until they are 4 months and gain the ideal weight for
this age. Placement of Ommaya Reservoir gives us ample time to
gain weight and delaying shunt.

Sarah J Gaskill, et al. included 38 preterm babies of NICU with
severe respiratory distress syndrome having PHH. They found
reservoir implantation is a logical and benign solution to this
difficult problem. The majority of the reservoirs were left in place
for 1-2 months. There was no reservoir infection [30].

In our study, we included hydrocephalus of all etiology except
the post tumoral and post head injury type. There were only 2
cases of PHH, among them one baby had ventriculitis by
Pseudomonas. She was treated by EVD. Parenteral and
intraventricular colomycin was administered for 14 days
subsequently. At that time she weighted only 900 gm and 29
weeks of gestation. She had VP shunt (Y type) at the age of 4
months and caught up all developmental milestones till date.

Bangladesh is a third world country and our hospital is
working for the poorest. We use chhabra medium pressure
shunt which seems to be very effective. We do ETV+reservoir
implantation as the first surgery in any neonatal hydrocephalus.
If ETV fails after short time, CSF is regularly aspirated till they
achieve sufficient weight to comply with shunt. We found 2 cases
of very late ETV failure nearly after 8 years and both lost their
eyesight. Idea of implantation of Ommaya reservoir arose from
it. It can be very effective in diagnosing sub optimally working
ETV. Miljan Milhajlovic and team had a paper on
treatment modalities of post hemorrhagic hydrocephalus in
prematurely born children and found predictors of poor
outcome of ommaya reservoir implantation are low birth
weight, low apgar score, presence of extended assisted
ventilation in extended period, peripheral asphyxia and cardio
respiratory arrest [31]. As N. Bruinisma and colleague concluded
we maintained strict skin preparation by chlorhexidine and
prophylactic intra thecal vancomycin (15-20 mg) after each
tapping. Children who develop hydrocephalus secondary to
intraventricular hemorrhage are more susceptible to develop
shunt infections as they have congenital immune deficiency.
That’s why early shunt placement for post hemorrhagic
hydrocephalus is mostly ineffective and associated with an
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increased risk of infection. In a study with 19 premature infants
who had post hemorrhagic HCP and had undergone early VP
shunt, revealed a shunt infection rate of approximately 21%.
Temporary measures, such as extra ventricular drainage or
ventricular tapping, may be undertaken until the patient
tolerance increases [32]. Mc Girt, et al. reported there was a
fourfold increase in risk of shunt infection those who had
previous shunt infection and Kestle, et al. observed a 30% rate of
infection recurrence [33,34]. Sciubba, et al. reported that V-P
shunt placement in premature neonates was associated with
approximately five-fold increase in the risk of shunt infections. A
retrospective review by Vinchon, et al. on the occurrence of
shunt infections in premature neonates evoked the proposed
recommendation that ventricular taps and external ventricular
drainage in these children are effective until they become fit for
the definitive VP shunt procedure [35,36]. Maitrey, et al. found a
definitive relationship between arsenic and folate deficiency
leading to neural tube defects [37]. On our limited study, most of
the mothers of spine bifida and congenital hydrocephalus group
spend their initial part of pregnancy in arsenic zone of
Bangladesh. Moreover, those parents were from where rapid
urbanization was going on and environmental air had high lead
content. Talip Karacor, et al. showed lead level was statistically
high in the neural tube defect group. It calls for further study in
Bangladesh to see if environmental lead has any effect on
genesis of the disease process. Here, external ventricular
drainage was given in cases of infected shunts in emaciated
babies. In those cases after removal of EVD, Ommaya reservoir
was placed for regular tapping till they achieve sufficient weight.

Conclusion

Ommaya reservoir is extremely effective in delaying shunt ins
ertion. Its complication rate is low and got various usages. CSF
aspiration through ommaya reservoir is easy and this method
has got very good prospective in low birth weight and emaciated
cases of hydrocephalus.
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