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Neonatal hydrocephalusis a neurological condition characterized by abnormal accumulation of
cerebrospinal fluid (CSF)in the ventricular system of the brain, leading to increased intracranial
pressure. Objective: To determine the etiology and early postoperative outcomes in neonatal
hydrocephalus. Methods: This prospective observational study was conducted at the Pediatric
Neurosurgery Department of the Children's Hospital and the Institute of Child Health, Multan,
Pakistan, from September 2023 to March 2025. A total of 120 newborns aged 0-28 days, who
were diagnosed with hydrocephalus on clinical and radiological grounds and subsequently
underwent surgical intervention, were analyzed. Postoperative complications and their
association with demographic and clinical characteristics were assessed up to 30 days. Data
were analyzed using IBM-SPSS Statistics, version 26.0. P<0.05 was taken as significant.
Results: Among 120 neonates, the mean age at presentation was 14.28 + 7.53 days, gestational
age 36.61 + 1.93 weeks, and birth weight 2508.89 + 375.78 grams. Preterm birth and low birth
weight were seen in 64.2% and 52.5% neonates, respectively. Common etiologies included
congenital (30.0%) and intraventricular hemorrhage (28.3%). Early postoperative
complications occurred in 15.8%, with significantly longer hospital stays (9.21 + 3.44 vs. 6.54 +
1.78 days, p<0.001). Prematurity (p=0.022), low birth weight (p=0.044), maternal infection
(p=0.009), congenital anomalies (p=0.033), intraventricular hemorrhage (p=0.045), and post-
infectious hydrocephalus (p=0.033) were significantly associated with complications.
Conclusions: In neonates with hydrocephalus undergoing surgical management,
intraventricular hemorrhage, post-infectious etiologies, prematurity, low birth weight, and
abnormal antenatal history were significantly associated with early postoperative
complications.

INTRODUCTION

Neonatal hydrocephalus is a neurological condition
characterized by abnormal accumulation of cerebrospinal
fluid (CSF)in the ventricular system of the brain, leading to
increased intracranial pressure [1]. It may be congenital or
acquired and poses significant risks to
neurodevelopmental outcomes in infants [2]. The
incidence of congenital hydrocephalusranges between 0.5
and 1 per 1,000 live births worldwide [3]. Neonatal
hydrocephalus contributes significantly to
neurodevelopmental impairment and mortality,
particularly in settings with limited access to neurosurgical

services. In low- and middle-income countries, post-
infectious hydrocephalus accounts for a substantial
proportion of cases[4]. The causes are diverse, including
intraventricular hemorrhage (particularly in preterm
infants), congenital anomalies such as aqueductal
stenosis, infections like meningitis, and neoplasms [5, 6].
Early diagnosis and an appropriate surgical intervention
are crucial in neonatal hydrocephalus for optimizing
outcomes and minimizing long-term disabilities. The
standard treatment involves CSF diversion techniques,
most commonly ventriculoperitoneal (VP) shunting [7].
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While shunt placement can alleviate symptoms and
prevent further damage, complications such as infection,
obstruction, or the need for revisionare notuncommon[8].
Early postoperative outcomes are variable and influenced
by factors including etiology, timing of intervention, and
perioperative care [9]. Shunt-related complications can
occur in 30-50% of cases within the first year of surgery
[10].

Despite advancements in neuroimaging and surgical
techniques, neonatal hydrocephalus remainsa challenging
condition with variable outcomes. Thereisa pressing need
tounderstand the local etiological profile better, preferred
surgical interventions, and early postoperative results to
improve clinical protocols. By analyzing the causes,
treatment approaches, and short-term surgical outcomes
in neonates diagnosed with hydrocephalus, the findings
would not only fill the knowledge gap but also help
clinicians develop early intervention strategies, anticipate
complications, and tailor postoperative care plans to
achieve better patient outcomes. Therefore, the study
aimed to determine the etiology and early postoperative
outcomes in neonates diagnosed with hydrocephalus at a
tertiary care center.

METHODS

This prospective observational study was conducted at the
Department of Pediatric Neurosurgery of the Children's
Hospital and the Institute of Child Health, Multan, Pakistan,
from September 2023 to March 2025, after obtaining prior
approval from the institutional ethical committee (letter
number: ERC/78/23; dated 16th August 2023). A sample
size of 120 was calculated usingthe WHO online sample size
calculator based on the post-procedure infection rate of
27.6%, with 95% confidence level and 8% margin of error
[11]. The inclusion criteria were neonates of any gender,
aged 0-28 days, who were diagnosed with hydrocephalus
on clinical and radiological grounds and subsequently
underwent surgical intervention. Exclusion criteria were
neonates with gestational age below 32 weeks, birth
weight below 1000 grams, multiple congenital anomalies
incompatible with life, previously operated hydrocephalus,
or those who expired before surgery. Hydrocephalus was
labeled based on clinical assessment, which included an
abnormally enlarging head circumference, bulging anterior
fontanelle, irritability, vomiting, and downward gaze (sun
setting sign), along with confirmatory findings on
neuroimaging (cranial ultrasound, CT scan, or MRI)
demonstrating dilatation of the cerebral ventricles[12]. A
non-probability consecutive sampling technique was used
to recruit eligible participants. Data were collected on a
structured proforma after obtaining informed written
consent from the parents or legal guardians. Detailed
demographic data, including age at presentation, gender,
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mode of delivery, birth weight, gestational age, and
antenatal history, were recorded. Etiological classification
was done based on clinical history and radiological
findings. Congenital aqueductal stenosis, intraventricular
hemorrhage (IVH), neural tube defects (e.g.,
myelomeningocele), and post-infectious causes (e.qg.,
ventriculitis or meningitis) were the main categories, along
with other structural anomalies. The treatment plan, type
of surgical procedure performed (most commonly
ventriculoperitoneal shunting), duration of surgery, and
any intraoperative complications were noted.
Postoperative follow-up was done for up to 30 days to
assess early outcomes. Early postoperative outcomes
included shunt malfunction (defined as clinical or
radiological evidence of persistent or recurrent
hydrocephalus due to obstruction, or displacement of the
shunt), shunt infection (defined as fever, signs of
meningitis, positive CSF culture, or signs of wound
infection), and mortality (death occurring within 30 days of
surgeryregardless of cause).

The statistical analysis was carried out using “IBM-SPSS
Statistics” version 26.0. The normality of the data was
checked by applying the Shapiro-Wilk test. The
quantitative variables, whichincluded age, gestational age,
duration of surgery, and birth weight, were expressed as
mean and standard deviation (SD) or median and inter-
quartile range (IQR). The qualitative data, comprising
gender, mode of delivery, etiological classification, type of
surgical procedure performed, intra-operative
complications, and early postoperative outcomes (shunt
malfunction, shunt infection, and mortality), were
presented as frequency and percentage. The chi-square
test was applied, considering a p-value of 0.05 for
significance.

RESULTS

In a total of 120 neonates with hydrocephalus undergoing
surgical interventions, the mean + SD age at presentation,
gestational age, and birth weight were 14.28 + 7.53 days,
36.61 £ 1.93 weeks, and 2508.89 + 375.78 grams,
respectively. There were 74 (61.7%) males, and 77 (64.2%)
were born preterm. Low birth weight (<2500 g) was
observed in 63 (52.5%) neonates. The most common
presenting features were enlarged head in 19 neonates
(15.8%), poor feeding in 18 (15.0%), lethargy in 18 (15.0%),
seizures in 16 (13.3%), irritability in 15 (12.5%), sun setting
eyes in 12 (10.0%), bulging fontanelle in 11 (9.2%), and
vomiting in 11(9.2%). Etiologically, congenital aqueductal
stenosis accounted for 30.0% of cases, followed by
intraventricular hemorrhage (28.3%), post-infectious
causes (19.2%), Dandy-Walker malformation (10.0%),
myelomeningocele (5.8%), and other structural anomalies
(6.7%). Table-1is showing demographical, clinical, and
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diagnostic characteristics of neonates.

Table 1: Demographical, clinical, and diagnostic characteristics
of neonates(n=120)

Characteristics Frequency (%)
Male 74(61.7%)
Gender

Female 46(38.3%)

Age at <7 25(20.8%)
Presentation (Days) 8-28 95(79.2%)
Gestational Age Preterm 77(64.2%)
Term 43(35.8%)

Low Birth Weight 62(51.7%)

61(50.8%

Maternal Age (Years) <50 ( )
>30 59(49.2%)

Assisted 15(12.5%)

Mode of Delivery Cesarean 48(40.0%)
Vaginal 57(47.5%)
) Hospital 109(90.8%)

Place of Birth

Home 11(9.2%)

Normal 50(41.7%)

Antenatal History Matern.al Infection 28(23.3%)
Congenital Anomaly 23(19.2%)

Polyhdramnions 19(15.8%)

Congenital 36(30.0%)

Dandy-Walker 12(10.0%)

Etiology Intraventricular Hemorrhage 34(28.3%)
Myelomeningocele 7(5.8%)

Post-Infectious 23(19.2%)

Other 8(6.7%)

The mean duration of hospitalization was 6.97+2.33 days,
ranging between 2-16 days. Early postoperative
complications were observed in 19 neonates (15.8%)

(Figure1).
8
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Figure 1: Post-operative complications(n=19)

The mean duration of postoperative hospitalization was
significantly longer among neonates with complications
than among those without complications (9.21 + 3.44 vs.
6.54 + 1.78 days, p<0.001). Readmission due to
complications was noted in 6 cases (5.0%). No mortality
was reportedduringthe study period(Figure 2).
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Figure 2: Duration of Hospitalization Among Neonates with and
Without Post-Operative Complications(n=120)

Prematurity (78.9% vs. 50.5%; p=0.022) and low birth
weight (73.7% vs. 48.5%; p=0.044) were significantly
associated with postoperative complications. Abnormal
antenatal history, including maternal infection (p=0.009),
and presence of congenital anomalies (p=0.033) also
showed significant associations. In terms of etiologies,
intraventricular hemorrhage (p=0.045)and post-infectious
hydrocephalus (p=0.033) were significantly more frequent
inneonateswith complications(Table 2).

]
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Table 2: Association of Post-Operative Complications with
Demographicand Clinical Characteristics of Neonates(n=120)

Post-Operative
Complications

Characteristics
Yes(n=19) No (n=101)

Male 9(47.4%) |65(64.4%)
Gender 0.162
Female 10(52.6%) | 36(35.6%)
Age at <7 6(31.6%) | 19(18.8%) 0.209
Presentation (Days) 8-28 13(68.4%) [ 82(81.2%) |
Gestational Preterm 15(78.9%) | 51(50.5%)

0.022
Age Term 4(211%) [50(49.5%)

Low Birth Weight 14(73.7%) [ 49(48.5%) | 0.044

Maternal <30 11(57.9%) |50(49.5%)
Age (Years) o o 10-502
g >30 8(42.1%) [51(50.5%)
Assisted 3(15.8%) | 12(11.9%)
of Dolieary Cesarean 8(42.1%) |40(39.6%)|0.836
Vaginal 8(42.1%) |49(48.5%)
Place of Hospital 17(89.5%) | 92(91.1%) 0.803
Birth Home 2(10.5%) | 9(8.9%)
b | Maternal Infection 8 16 0.009
norma -
Antenatal History Congenital Anomaly 7 16 0.033
Polyhdramnions 4 15 0.497
Congenital 2 34 0.070
Dandy-Walker - 12 0.113
Intraventricular
Etiology Hemorrhage S 25 0.045
Myelomeningocele 1 6 0.908
Post-Infectious 7 16 0.033
Other - 8 0.204
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Endoscopic Third
Ventriculostomy

1(5.3%) | 5(5.0%)

External
Ventricular Drain

Ventriculoperitoneal o o
Shunt 14(73.7%) | 82(81.2%)

Surgical

Procedure 4(21.0%) [14(13.9%) [ 0.716

DISCUSSION

In the present neonatal hydrocephalus cohort, the
predominance of preterm births (64.2%) and low birth
weight (52.5%) corresponds closely with Mandzukovska et
al. who found 60.8% of hydrocephalic neonates to be
preterm, and a birth weight of 2120 grams [13]. The higher
frequency of IVH underscores the pathophysiological
vulnerability of preterm infants to germinal matrix
hemorrhage, a known precursor of post-hemorrhagic
hydrocephalus. In this study, IVH was significantly
associated with postoperative complications (p=0.045), a
finding echoed in the cost-analysis study by Mancha et al.
where 40% of infants undergoing neurosurgical
procedureshadIVH, andinfection ratesreached 11% within
30 days of surgery [14]. Congenital aqueductal stenosis,
representing 30.0% of cases in the current analysis,
remains one of the most commonly encountered causes of
obstructive hydrocephalus in neonates. This is consistent
with the descriptive study conducted by Deshmukh and
Yadav who identified aqueductal stenosis as the leading
congenital cause [15]. Congenital hydrocephalus was not
significantly associated with early postoperative
complications (p=0.070), possibly due to the absence of
inflammatory debris and better anatomical delineation,
facilitating more effective shunt function. Post-infectious
hydrocephalus was significantly associated with early
complications (p=0.033), including shunt infection and
malfunction. This aligns with findings from a local study by
Bakhsh who documented a 14 % shunt infection rate and a
10% failure rate in infants with post-meningitic
hydrocephalus [16]. The higher risk in this subgroup is
biologically plausible given the altered CSF characteristics,
inflammation-mediated adhesions, and higher rates of
colonization during shunt placement. Mottolese et al.
observed a 90.9% complication rate in children with
abnormal CSF findings at the time of shunt insertion,
reinforcing the idea that infected or proteinaceous CSF
predisposes to mechanical and infective shunt failure [17].
Early and appropriate preoperative management of
infection may be pivotal in mitigating adverse outcomes in
this high-risk population. The overall postoperative
complication rate of 15.8% in this study is relatively lower
than rates observed in several retrospective and
prospective studies. Kumar et al. reported a 32.0% overall
complication rate, with shunt malfunction (29.2%) and
infection (4.4%) being the most common [18]. The
comparatively lower complication rate in the current study
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may be attributed to strict exclusion criteria, which omitted
neonates with birth weight below 1000 g and those with
multiple anomaliesincompatible withlife. Rigorous aseptic
surgical protocols and specialized pediatric neurosurgical
care may have contributed to improved short-term
outcomes. No early mortality was recorded during the 30-
day follow-up period in the present study. This contrasts
with the findings of Lodha et al. who reported a 17.5%
mortality rate, predominantly in infants younger than 3
months following endoscopic third ventriculostomy (ETV)
[19]. The zero mortality in this study reflects both the
inclusion of only hemodynamically stable neonates and the
efficacy of perioperative management. The possibility of
delayed complications beyond 30 days, such as shunt
dependency or neurodevelopmental deficits, remains a
concern and was not captured in the current follow-up
window. In terms of procedure type, ventriculoperitoneal
shunting was performedin 80.0% of cases, consistent with
its continued designation as the standard of care for
neonatal hydrocephalus. Although not significantly
associated with early complications in this study (p=0.716),
VP shunts inherently carry a long-term risk of mechanical
failure and infection. Ji et al. have shown that both ETV and
VPS can result in cognitive improvement, although VPS
yielded more significant gains in infants [20]. Sharafat et
al. found a 57.1% success rate of ETV in infants under one
year, with low rates of complications [21]. The present
study reaffirms that ETV remains underutilized in
neonates, largely due to anatomical and physiological
limitations, and its effectiveness remains lower in children
under 3-6 months of age, as supported by Kim et al. and
Lodha et al [19, 22]. This study also found that the mean
duration of hospitalization was significantly prolonged
among neonates with complications (9.21 + 3.44 days vs.
6.54 + 1.78 days, p<0.001). This observation corroborates
the findings of Mancha et al. who reported that
postoperative infections extended NICU stay by
approximately 10.6%, thereby increasing overall
healthcare costs [14]. This reinforces the clinical and
economic imperative to prevent shunt-related
complications in the neonatal population. The importance
of antenatal history, particularly maternal infection and
polyhydramnios, is underscored in the current data, where
maternal infection demonstrated a statistically significant
association with complications (p=0.009). This parallels
findings from Abebe et al. who emphasized antenatal
infections as akey risk factor for congenital hydrocephalus
[2]. While polyhydramnios was not significantly associated
with complications in this study (p=0.497), it remains an
important antenatal marker and has been linked to neural
tube defects such as myelomeningocele in previous
literature, like Venkataramana and Mukundan who found
that even children with spina bifida can achieve favorable
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developmental outcomes post-shunting if managed early
[23]. The presence of seizures(21.1%)and CSF leaks(15.8%)
among those with postoperative complications
corresponds to the complication spectrum reported in
similar populations. The present study contributes
valuable data from a low-to-middle-income country (LMIC)
context, whereresource limitations, late presentation, and
inconsistent antenatal care frequently influence surgical
outcomes. This setting makes the relatively low
complication and mortality rates particularly noteworthy
and offers a benchmark for similar tertiary centers in the
region. The findings in this study carry important clinical
implications. The identification of prematurity, low birth
weight, and specific etiologies (post-infectious and IVH) as
predictors of early complicationsunderscores the need for
risk-stratified perioperative planning. Antenatal screening
for infections and structural anomalies should be
reinforced, particularly in settings with limited resources.
The studyalsoreaffirmsthat while VP shuntingremainsthe
primary intervention, attention to patient selection, early
diagnosis, and meticulous surgical technique can
substantially reduce complication rates. Incorporating
protocols for preoperative CSF drainage in high-risk
neonates may furtherreduce morbidity[17,24].

Several limitations of this study must also be
acknowledged as well. The follow-up period was limited to
30 days, precluding assessment of long-term
complications, such as shunt dependency,
neurodevelopmental delay, or cognitive impairment. The
exclusion of neonates with birth weight <1000 grams or
gestational age <32 weeks may have introduced selection
bias, limiting the generalizability of the findings to
extremely low birth weight and extremely premature
infants. While this study relied on structured clinical and
radiologic criteria for hydrocephalus classification,
volumetric imaging tools such as FOHR or Evan's Index
were not routinely employed, which could enhance risk
stratificationand guide intervention decisions.

CONCLUSIONS

In neonates with hydrocephalus undergoing surgical
management, intraventricular hemorrhage, post-
infectious etiologies, prematurity, low birth weight, and
abnormal antenatal history were significantly associated
with early postoperative complications. The use of
ventriculoperitoneal shunts remained the predominant
surgical modality, with a relatively lower complication rate
and no reported mortality within 30 days. These findings
highlight the prognostic relevance of birth and etiological
characteristics in predicting early outcomes and
underscore the need for targeted perioperative strategies
to improve the care and outcomes of neonates with
hydrocephalus, particularly in resource-constrained
settings.
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