
Abstract 

Introduction 

 Intraventricular hemorrhage is one of the most common complications occurring in 

premature neonates. It often leads to irreversible brain injury, development of post-

hemorrhagic hydrocephalus (PHH) and consequential disability. Hydrocephalus is not a 

disease, but a pathological condition resulting from excessive accumulation of CSF in 

cerebral ventricles and leading to their dilation. Non-treated and progressing hydrocephalus 

leads to increased intracranial pressure, deterioration of the patient's general condition and 

death. In the group of premature neonates, the mean frequency of grade 3 and 4 

intraventricular hemorrhages (IVH) is 10% (range: 2–25%). The ratio does not demonstrate a 

tendency to decrease, which results from increased survival of premature babies. It is 

estimated that PHH will develop in 8–38% of children with IVH. 

Surgical treatment consists in decompression of the ventricular system by puncture of 

lateral ventricles, lumbar puncture, or implantation of a ventriculoperitoneal shunt (VPS). The 

decision to use a VPS is not always obvious. In some cases, spontaneous remissions of PHH 

are observed following a series of decompressing punctures. Unfortunately, majority of 

children will require a permanent VPS. Currently there is no defined management procedure 

for neonates with PHH.  

 

Objective  

This study is aimed at assessment of outcomes of surgical treatment of children with PHH in 

the University Teaching Hospital in Lublin, Poland.  

 

Materials and methods 

389 neonates and infants in whom IVH was diagnosed were hospitalized in the University 

Teaching Hospital (USD) in Lublin between 2003 and 2017. PHH requiring surgical 

treatment developed in 62 patients (16%). There were 26 boys and 36 girls in the study group. 

58 children (94%) were premature, that is <38 hbd, and 4 children (6%) were neonates born 

on term, that is ≥38 hbd. Gestational age of neonates was 25–40 hbd (mean 28 hbd, SD ±4.3 

hbd, median 27 hbd). Birth weight of children with PHH ranged between 600 and 3340 g 

(mean. 1446 g, SD ±650 g , median 1200 g). In 5 cases (8%) PHH developed to grades 1 and 

2, and in 57 cases (92%) to grades 3 and 4. 32% patients were born with birth asphyxia. PHH 

was diagnosed based on clinical manifestations and transfontanellar ultrasound imaging done 



between the 6th and 71st day of life (mean 28, SD 14, median 27). Based on medical files, 

demographic data and presence of complications during the surgical treatment were analyzed. 

Qualification for a particular treatment method was based on: 

a) child's general condition, 

b) medical history and physical examination, 

c) results of imaging and laboratory tests. 

Patients were divided into three groups, depending on the primary management method: 

a) Group I (N = 24). The first transfontanellar puncture revealed presence of bloody or 

brown-red CSF, as assessed macroscopically. CSF was taken for general testing and for 

aerobic and anaerobic culture. Considering abnormal CSF and/or CSF infection, EVD 

implantation under general anesthesia was the primary management method. Following 

normalization of CSF parameters and with negative results of cultures, VPS was implanted. 

b) Group II (N = 13) CSF examined during the first transfontanellar puncture was colorless 

or yellow, but increased levels of protein and cytosis were found in laboratory tests, with 

sterile CSF culture. Normalized CSF parameters were achieved following a series of 

transfontanellar punctures 3–5 (1 puncture daily). The child was qualified for VPS 

implantation. 

c) Group III (N = 25) Collected CSF was normal, both on macroscopic inspection and in 

laboratory tests and microbiological cultures. VPS was implanted on the following day under 

general anesthesia. 

Outcomes were assessed based on: 

a) clinical symptoms, 

b) time of correct VPS operation, 

c) images confirming presence of IVH, 

d) results of laboratory tests and microbiological cultures, 

e) early and delayed complications in children with PHH, 

f) complications in children with congenital hydrocephalus. 

 

 

Patients with PHH were compared to those with congenital hydrocephalus in terms of 

demographic data, outcomes and complications of surgical treatment, and presence of 

additional congenital defects. 

 



Results 

Body weight at birth (p = 0.6) and gestational age (p = 0.7) of patients had no influence on the 

choice of the primary surgical treatment. Similarly, neither birth asphyxia (p > 0.05) nor grade 

of intraventricular hemorrhage (p = 0.65) decided on the choice of the primary treatment.  The 

choice of the applied therapeutic method was affected by the level of protein (p = 0.0003), 

cytosis (p = 0.0008), color (p = 0.0007) and clarity (p = 0.0008) of CSF.  

VPS operation time was 11–3226 days (mean 457 ±522 days, median 307 days). It was 

examined which factors influenced the time of correct operation of VPS.  

VPS useful life depended on: 

a) body weight at birth (log – rank p = 0.03), and was longer in the group of children born 

with the body weight of >1500 g (mean 749 ±754 days, median 365 days). 

b) gestational age (log-rank p = 0.00436), and was longer in the group of children born at >27 

hbd (mean 545 ±702 hbd, median 306 hbd). 

c) the grade of intraventricular hemorrhage (log rank p = 0.025). Useful life of VPS was 

longer in the group of patients with IVH grades 1-3, and it was 1068 ±1056 days, median 488 

days. 

d) number of previous pregnancies (log rank p = 0.01). VPS had a statistically longer useful 

life in the group of children born from the 1st pregnancy. 

e) presence of one or more congenital defects (log rank p = 0.01). VPS demonstrated a longer 

operation time in patients with no congenital defects.  

 

All patients with PHH (N = 62) finally required VPS implantation. 3 patients (5%) died 

because of reasons independent from the VPS function. Complications resulted in 31 (50%) 

revision surgeries of primarily implanted VPS (N = 62). Observed complications were: 

obstruction of the valve system (N = 13), bacterial infection (N = 9), VPS system 

disconnection (N = 4), dislocation of the ventricular drain from the lateral ventricle (N = 3), 

overdraining syndrome (N = 2).  

Past CSF infection (p = 0.04275) statistically significantly reduced time of operation of a 

newly installed VPS, despite sterilization of CSF. 

The question of factors determining whether VPS in patients with PHH were revised once or 

repeatedly was also analyzed. (>1). In 17 patients (27%) VPS was revised once, and in 14 

patients (23%) there were 2–5 revisions.  

Repeated revision risk factors were: 

a) body weight at birth ≤1500 g (p = 0.002),  



b) gestational age ≤27 hbd (p = 0.02), 

c) grade 4 of intraventricular hemorrhage (p = 0.02), 

d) presence of one or more congenital defects (p = 0.02), 

e) VPS implantation in the parietal-temporal area (p = 0.01). 

 

Patients with PHH were compared to those with congenital hydrocephalus. Body weight at 

birth of patients with PHH was statistically significantly lower than of patients with 

congenital hydrocephalus (p <0.0001). Patients with PHH were born at statistically 

significantly younger gestational age compared to those with congenital hydrocephalus (p 

<0.0001). Condition of children with PHH was statistically significantly scored higher in the 

Apgar score, both in the 1st and the 5th minute of life (p <0.0001, p = 0.02, respectively). 

Patients with PHH statistically significantly more frequently were born in birth asphyxia (p = 

0.03) and with congenital defects (p <0.0001).  

Results of surgical treatment of patients with PHH were compared to results of treatment of 

patients with congenital hydrocephalus. Among PHH patients, complications of VPS 

implantation occurred statistically significantly more often compared to the incidence of 

complications observed in patients with congenital hydrocephalus (p = 0.04). VPS infections 

developed statistically significantly more commonly in PHH patients (p = 0.0074). In PHH 

patients a VPS operated for statistically significantly shorter time compare to those with 

congenital hydrocephalus (p = 0.03). 

  

Conclusions 

 

1) Choice of the primary management method for PHH patients depends on quantitative and 

qualitative properties of CSF. 

 

2) Risk factors accounting for reduced time of correct operation of VPS in PHH patients are: 

body weight at birth ≤1500 g, gestational age ≤27 hbd, grade 4 IVH, number of pregnancies 

>1, and presence of congenital defects. 

 

3) Majority of shunt implantation complications in PHH patients occurs within 12 months 

post-operatively. Obstruction and infection of VPS i the most common complication of 

surgical treatment of PHH. Past CSF infection accounts for reduced useful life of VPS. Risk 

factors of repeated VPS revisions in PHH patients are: body weight at birth ≤1500 g, 



gestational age ≤27 hbd, grade 4 IVH, Presence of congenital defects, and VPS implantation 

to the temporal-parietal area.  

 

4) Time of correct VPS operation is shorter in PHH patients compared to those with 

congenital hydrocephalus. Surgical treatment of patients with PHH is burdened with a higher 

incidence of complications. Infections of the valve system occur more commonly in PHH 

patients compared to those with congenital hydrocephalus.  

 

 

 

 

 

 

 


