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Abstract

Hydrocephalus is a condition resulting from disorder in absorption and circulation of the
cerebrospinal fluid (CSF). It leads to a progressive ventricular dilatation and need of
ventriculoperitoneal shunt (\VP) placement.

The aim of our study was to present our experience with infants with hydrocephalus,
ventriculoperitoneal shunt placement, and early postoperative follow-up. A retrospective study was
conducted comprising infants with hydrocephalus born between January 2019-January 2022 with
ventriculoperitoneal shunt placement performed at the University Clinic for Neurosurgery in Skopje,
Macedonia.

Demographic and clinical characteristics, complications and the need for ventriculoperitoneal
shunt were documented. Of twenty-three infants with hydrocephalus, 14 (60.8%) were preterm infants
(median birth weight 2120 g; mean gestational age 33.1 weeks), 9 (39.1%) were term infants (mean
birth weight 3600 g; mean gestational age 38.4 weeks).

The etiology of hydrocephalus was: congenital hydrocephalus in 5 infants (21.7%), prematurity
in 6 infants (26.08%), spina bifida in 2 infants (8.7%), systemic infection in 4 infants (17.3%), and
intraventricular hemorrhage in 6 infants (26.08%).

Ventriculoperitoneal shunt was placed in all 23 infants, at the mean age of 33.5 (30-43) days.
Postoperative complications as a result of ventriculoperitoneal shunt placement were: ventriculitis
manifested in 3 preterm (13%) infants, of which 2 (8.6%) died; five term infants (21.7%) had
postoperative seizures, of which 2 infants (8.6%) died. Nineteen infants (82.6%) were discharged and
transferred to the neonatology department. Ventriculoperitoneal shunt placement is a treatment of
choice for infants with hydrocephalus, although postoperative complications in preterm infants increase
the percentage of morbidity and mortality.
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Introduction

Hydrocephalus is a clinical condition defined as abnormal build up, flow, and absorption of
cerebrospinal fluid (CSF). According to the International Hydrocephalus Working Group,
hydrocephalus is an active distension of the ventricular system of the brain resulting from inadequate
passage of CSF from its point of production within the cerebral ventricles to its point of absorption into
the systemic circulation [1, 2].

Infantile hydrocephalus prevalence is between 1 and 32 per 10,000 births [3] .

There is no difference between genders; generally both genders are equally affected.

In normal condition, CSF flows through the ventricles and spinal cord and is reabsorbed into
the bloodstream. The infant body produces enough CSF each day and absorbs the same
amount. However, when flow or absorption of CSF is disturbed as a result of the fluid buildup in the
brain tissue, the intracranial pressure is increased [4], causing a hydrodynamic CSF disorder, brain
damage and in some cases death.

Several conditions such as prematurity, congenital hydrocephalus, spina bifida, intraventricular
hemorrhage, infection are risk factors associated with hydrocephalus and require ventriculoperitoneal
shunt (VPS) placement [5].
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Ventriculoperitoneal shunting is a common surgical procedure for treatment of hydrocephalus.
A shunt is a tube, with a valve, which starts in the ventricular system and and ends in the peritoneum
[6, 7].

The goal of VP shunting is to reduce intracranial pressure in the brain.

There are several clinical outcomes of hydrocephalus: surgical complications - shunt failure,
intracranial bleeding, postoperative infections, neurological and cognitive disorders, epilepsy,
inadequate school adaptation and social communications [8, 9].

The aim of our study was to present our experience with operated infants with hydrocephalus,
and early postoperative follow-up.

Materials and methods

A retrospective study was conducted comprising infants with hydrocephalus in a period
between January 2019 and May 2022 at the University Children’s Hospital in Skopje, N. Macedonia.
All infants were operated on at the University Clinic for Neurosurgery in Skopje and transferred in the
Neonatal intensive care unit at the University Children’s Hospital. Patient information like age, gender,
term of birth (premature or term infants), cause of hydrocephalus, and postoperative complications
(malfunction - obstruction, infection - ventriculitis, seizures), were monitored for one month.

The results obtained are presented in tables and figures. Informed consent of parents was
obtained for all infants included in the study.

Results
During the period between January 2019 and May 2022 we followed-up 23 operated infants
with VP placement; (11) boys and (12) girls.

Table 1. Total number and gender of operated patients

gender number percent (%)
boys 11 47.8
girls 12 52.2
total 23 100

Of a total of 23 operated infants, 14 (60.8%) were preterm (median birth weight 2120 g; mean
gestational age 33.1 weeks), 9 (39,1%) were term infants (mean birth weight 3600 g; mean gestational
age 38.4 weeks).

Table 2. Term of birth and gestational age

Birth number mean gestational age mean birth weight
date (week) (gr)

preterm 14 33.1 (28-36) 2120

term 9 38.4 (38-40) 3600

The average age was 30 to 43 days. The mean age of operated patients was 33.5 days.

Table 3. Mean age of operated patients

age days mean age in
days

male 30-39 34.2

female 33-43 31.9

Etiologically, there were several conditions leading to hydrocephalus: congenital
hydrocephalus, prematurity, spina bifida, systemic infection and intraventricular hemorrhage.
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Table 4. Etiology of hydrocephalus

indication number percent
(%)

congenital hydrocephalus 5 21.7

prematurity 6 26.08

spina bifida 2 8.7

systemic infection 4 17.3

intraventricular 6 26.08
hemorrhage

total 23 100

Ventriculoperitoneal shunt was placed in all 23 infants with a mean age of 33.5 (30-43) days.
Postoperative complications involving ventriculitis and seizures occurred between 10-30 days.
Ventriculitis was manifested in 3 preterm (13%) infants, 2 of them (8.6%) died, and seizures occurred
in 5 term infants (21.7%), of which 2 (8.6%) died. Seizures were evident in early follow-up in the first
48 hours postoperatively. Nineteen infants (82.6%) were discharged and transferred to the
neonatology department.

Table 5. Shunt-associated postoperative complications

Shunt-associated term of birth - number of
postoperative complications number mortality
ventriculitis 3 preterm 2
seizures 5 term 2
Discussion

Hydrocephalus is a condition of the disturbance of cerebrospinal fluid flow or absorption,
followed by increase of fluid volume in the central nervous system. In the diagnosis of hydrocephalus,
history and physical examination are very important.

The presence of meningomyelocele, head circumference at birth, growth head according to the
age, tight fontanel and separated sutures are clinical signs for establishing the diagnosis. However, "the
gold standard" for diagnosis of hydrocephalus is the use of screening diagnostic methods
(transfontanellar ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI) [10,
11]. Transfontanellar ultrasound is preferred particularly in prenatal period and premature infants.
Various surgical treatments [12,13,14] have been suggested for treatment of hydrocephalus (endoscopic
third ventriculostomy, ventriculosubgaleal shunts and VP shunt placement).

Although a few studies [15,16] show male gender predilection, we did not confirm that in our
study; there were almost the same number and percentage of male and female operated infants.

According to term of birth and gestational age, most of the operated infants were preterm 14
(60.8%; mean gestational age 33.1 weeks), vs 9 (39.1%; mean gestational age 38.4 weeks) term infants.

Several studies [17, 18, 19, 20] have confirmed the most common etiology that causes
hydrocephalus — prematurity, below 30 weeks gestational age, followed by systemic infectious and
congenital hydrocephalus. In our study, the most common etiology for hydrocephalus were prematurity
and intraventricular hemorrhage (26.08%), followed by congenital hydrocephalus (21.7%), systemic
infection (17.3%) and spina bifida (8.7%).
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Infants treated with ventriculoperitoneal shunt placement are at risk of shunt dysfunction and
shunt infection. Shunt malfunction appears to be more dangerous, with more acute and rapid clinical
deterioration of reduction in brain compliance. Additionally, temporary increase of intracranial pressure
has been correlated with progressive psychological deterioration and worsening of general condition
[21].

In a multicentre clinical study (Woo Py et al.) have shown a significant relation between
etiology of hydrocephalus and shunt-associated postoperative complications [22].

In our study we also confirmed relation between etiology of hydrocephalus and postoperative
complications. Ventriculitis occurred in 3 preterm (13%) infants, and newly developed seizures
occurred in 5 term infants (21.7%). Immediately after verification of postoperative complications,
adequate medical treatment was started; intravenous application of antibiotics and medical drugs for
seizures. Electroencephalogram (EEG) changes were seen including focal specific paroxysmal
discharges as a result of cortical injury in the process of shunt placement [23].

Prognosis and intellectual outcomes of operated infants mostly depend on preoperative general
condition and efficacy of surgical treatment. The poorest outcomes are associated with congenital
malformations responsible for a low survival rate and poor mental developmental despite adequate
treatment. Better results are observed in intraventricular hemorrhage, epilepsy and hypothalamus-
hypophyseal dysfunction [24].

According to several clinical studies [25, 26] the survival rate of operated infants with
hydrocephalus is around 90%; half of the untreated cases have been reported to die in the first three
years. The mortality rate in our study was 17.3% vs 38.7% in a retrospective single-center study
conducted by Matthias et al. [27]. Our clinical outcomes are much favorable than those presented by
others, however, we have had a small number of patients. Larger studies are needed as well as
investigation of postoperative follow-up conditions and clinical outcomes after ventriculoperitoneal
shunt placement.

References

1. Isik U, Ozek MM. Clinical findings of children with hydrocephalus. Pediatric Hydrocephalus.
2018;1-19.

2. Tully HM, Dobyns WB. Infantile hydrocephalus: a review of epidemiology, classification and
causes. Eur J Med Genet. 2014;57(8):359-368.

3. Munch TN, Rostgaard K, Rasmussen ML, Wohlfahrt J, Juhler M, Melbye M. Familial
aggregation of congenital hydrocephalus in a nationwide cohort. Brain. 2012;135(Pt 8):2409-
2415.

4. Rekate HL. The definition and classification of hydrocephalus: a personal recommendation to
stimulate debate. Cerebrospinal Fluid Res. 2008;5:2.

5. Aykanat O. The Analysis of Syrian Refugee Patients Treated With the Diagnose of
Hydrocephalus: The Study of 28 Cases. Kafkas J Med Sci. 2017; 7: 67-70.

6. Bondurant CP, Jimenez DF: Epidemiology of cerebrospinal fluid shunting Pediatr Neurosurg.
1995, 23:254- 259.

7. Pan P. Outcome analysis of ventriculoperitoneal shunt surgery in pediatric hydrocephalus. J
Pediatr Neurosci. 2018;13(2):176-181.

8. Reddy GK, Bollam P, Caldito G. Long-term outcomes of ventriculoperitoneal shunt surgery in
patients with hydrocephalus. World Neurosurg. 2014; 81(2):404-410.

9. Reddy GK, Bollam P, Caldito G.Ventriculoperitoneal shunt surgery and the risk of shunt
infection in patients with hydrocephalus: long-term single institution experience. World
Neurosurg. 2012; 78:155-163.

10. Dincer A, Ozek MM. Radiologic evaluation of pediatric hydrocephalus. Childs Nerv Syst 2011,
27:1543-62.

11. Bilginer B, Cataltepe O. Hydrocephalus: Classification, pathophysiology and treatment. Korfali
E, Zileli M. Basic Neurosurgery, Ankara: Tr. Neurosurg Ass. 2010; 1899-910.

12. Eid S, Iwanaga J, Oskouian RJ, et al. Ventriculosubgaleal shunting-a comprehensive review
and over two-decade surgical experience. Child's Nervous System. 2018; 1-4.

67



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Mandzukovska H et al.; Hydrocephalus with ventriculoperitoneal shunts in infants: our experiences...

Kulkarni AV, Riva-Cambrin J, Rozzelle CJ, et al. Endoscopic third ventriculostomy and
choroid plexus cauterization in infant hydrocephalus: a prospective study by the Hydrocephalus
Clinical Research Network. Journal of Neurosurgery: Pediatrics. 2018; 21: 214-23.

Fountain DM, Chari A, Allen D, et al. Comparison of the use of ventricular access devices and
ventriculosubgaleal shunts in posthaemorrhagic hydrocephalus: systematic review and meta-
analysis. Child's Nervous System. 2016; 32: 259-267.

G. Kesava Reddy, Papireddy Bollam, Gloria Caldito. Ventriculoperitoneal Shunt Surgery and
the Risk of Shunt Infection in Patients with Hydrocephalus: Long-Term Single Institution
Experience; World Neurosurgery. 2012; 78:155-163.

Kingsly EN, Kanumba ES, Lemeri L, Shabbhay Z.Outcome of ventriculo-peritoneal shunts
inserted at the parieto-occipital area: a one-year experience at muhimbili orthopaedic institute,
Dar es Salaam. Inter J Neurosurg. 2012; 1:117-121.

Braga MHV, Carvalho GTCD, Branddo RACS, Lima FBFD, Costa BS. Early shunt
complications in 46 children with hydrocephalus. Arq Neuropsiquiatr. 2009; 67:273-277.
Davis SE, Levy ML, McComb JG, Masri-Lavine L. Does age or other factors influence the
incidence of ventriculoperitoneal shunt infections?. Pediatr. Neurosurg.1999; 30:253-257.

Lee JK, Seok JY, Lee JH, et al.Incidence and risk factors of ventriculoperitoneal shunt
infections in children: a study of 333 consecutive shunts in 6 years. J Korean Med Sci. 2012;
27:1563-1568.

Merkler AE, Ch'ang J, Parker WE, Murthy SB, Kamel H: The rate of complications after
ventriculoperitoneal shunt surgery. World Neurosurg. 2017; 98:654-658.

Czosnyka M, Czosnhyka ZH, Whitfield PC.Cerebrospinal fluid dynamics. In: Cinalli C, Maixner
WJ, Sainte-Rose C.Pediatric hydrocephalus. Springer, Milan, 2004; 47-63.

Woo PY, Wong HT, Pu JK, et al.Primary ventriculoperitoneal shunting outcomes: a multicentre
clinical audit for shunt infection and its risk factors. Hong Kong Med. J. 2016; 22:410-419.
Ghritlaharey RK, Budhwani KS, Shrivastava DK, Srivastava J.Ventriculoperitoneal shunt
complications needing shunt revision in children: a review of 5 years of experience with 48
revisions. Afr. J. Paediatr. Surg. 2012; 9:32-39.

Giuseppe Cinalli, Pietro Spennato, Anna Nastro, Ferdinando Aliberti, Vincenzo Trischitta,
Claudio Ruggiero, Giuseppe Mirone, Emilio Cianciull. Hydrocephalus in aqueductal stenosis.
Childs. Nerv. Syst. 2011; 27:1621-1642.

Aykanat O.The Analysis of Syrian Refugee Patients Treated With the Diagnose of
Hydrocephalus: The Study of 28 Cases. Kafkas. J. Med. Sci. 2017; 7: 67-70.

Preuss M, Kutscher A, Wachowiak R, et al. Adult long-term outcome of patients after
congenital hydrocephalus shunt therapy. Childs. Nerv. Syst. 2015; 31: 49-56.

Matthias Gmeiner, Helga Wagner, Christoph Zacherl Petra Polanski, Christian Auer, Willem
J R van Ouwerkerk, Kurt Holl, Long-term mortality rates in pediatric hydrocephalus-a
retrospective single-center study. Childs. Nerv. Syst. 2017; 33(1):101-1009.

68


https://www.alliedacademies.org/scientific-journals/neurosurgery-13449.html
https://www.sciencedirect.com/science/article/abs/pii/S1878875011013088?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1878875011013088?via%3Dihub#!
https://pubmed.ncbi.nlm.nih.gov/?term=Gmeiner+M&cauthor_id=27766469
https://pubmed.ncbi.nlm.nih.gov/?term=Zacherl+C&cauthor_id=27766469
https://pubmed.ncbi.nlm.nih.gov/?term=Polanski+P&cauthor_id=27766469
https://pubmed.ncbi.nlm.nih.gov/?term=Auer+C&cauthor_id=27766469
https://pubmed.ncbi.nlm.nih.gov/?term=van+Ouwerkerk+WJ&cauthor_id=27766469
https://pubmed.ncbi.nlm.nih.gov/?term=van+Ouwerkerk+WJ&cauthor_id=27766469
https://pubmed.ncbi.nlm.nih.gov/?term=Holl+K&cauthor_id=27766469

