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ABSTRACT

AIM: To analyze the demographic and clinical data of preterm or low birth weight newborns with periventricular hemorrhage.   
MATERIAL and METHODS: This retrospective study analyzed patients admitted to the neonatal intensive care unit of a Bahcesehir 
University School of Medicine-Affiliated Hospital due to preterm birth or low birth weight between June 1, 2012, and April 30, 2021. 
Categorical values were evaluated by Pearson chi-square or Fisher’s exact test. The Mann-Whitney U test compared continuous 
values between the groups. Logistic regression was used to evaluate the factors that affected permanent cerebrospinal fluid (CSF) 
diversion.
RESULTS: The study finally evaluated 180 newborns. Ninety-one newborns (50.5%) had grade I, 18 (10%) had grade II, 22 (12.2%) 
had grade III, and 49 (27.2%) had grade IV hemorrhage. One hundred and forty-nine patients (82.8%) were delivered by cesarean 
section, and 31 (17.2%) were delivered vaginally. All patients with low-grade hemorrhage who needed temporary CSF diversion 
eventually required permanent CSF diversion. For high-grade hemorrhage, 15 (grade III, 1; grade IV, 14) of 51 (29.4%) patients with 
ventricular access device (VAD) insertion required permanent CSF diversion. Fifteen (grade III, 6; grade IV, 9) of these 51 (29.4%) 
patients did not need permanent CSF diversion; thus, their VADs were removed.
CONCLUSION: The permanent CSF diversion rate was significantly higher in the high-grade hemorrhage group, which had 
significantly lower weight and gestational age at birth. Moreover, only weight at VAD insertion had minimal effect on the need for 
permanent CSF diversion.
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█   INTRODUCTION

Periventricular hemorrhage can occur in the fragile 
germinal matrix of preterm and low birth weight newborns 
(13) and can be complicated by hemorrhagic infarctions 

and posthemorrhagic ventricular dilatation (PHVD) (14,21,22). 
A devastating long-term complication of intraventricular 
hemorrhage (IVH) is posthemorrhagic hydrocephalus, which 
affects 30% of preterm or low birth weight infants and requires 
lifelong treatment (5). 

https://orcid.org/0000-0002-5842-5891
https://orcid.org/0000-0001-6296-8381
https://orcid.org/0000-0003-4018-1179
https://orcid.org/0000-0002-3503-8186
https://orcid.org/0000-0002-6929-7135
https://orcid.org/0000-0002-1823-8530
https://orcid.org/0000-0002-4721-0502
https://orcid.org/0000-0002-6198-7748
https://orcid.org/0000-0002-3881-5913


284 284 | Turk Neurosurg 34(2):283-288, 2024

Demirci Otluoglu G. et al: Intraventricular Hemorrhage

The parameters we assessed regarding their effect on IVH 
severity and need for a permanent VP shunt included sex of 
the newborns, birth routes, maternal age, gestational week, 
birth weight, weight at VAD insertion, CSF parameters at VAD 
insertion, postnatal age and weight at VAD insertion, CSF 
parameters at VP shunt insertion, and weight at VP shunt 
insertion. 

Statement of Ethics

This study protocol was reviewed and approved by Bahcesehir 
University School of Medicine Clinical Research Ethics Board. 
Approval number: 2021-12/04. The study was conducted 
ethically in accordance with the World Medical Association 
Declaration of Helsinki. We obtained written informed consent 
from the legal guardians of all patients. 

Statistical Analysis

The patient data were analyzed with SPSS for Windows 23.0 
(IBM Corp., Armonk, NY). Categorical data are presented as 
frequency and percentage, and continuous descriptive data 
are presented as median and range. Categorical values were 
evaluated with the Pearson chi-square or Fisher’s exact test, 
whereas the Mann-Whitney U test compared continuous data. 
Logistic regression was used to evaluate the factors affecting 
the need for permanent CSF diversion. P<0.05 was considered 
statistically significant, and p<0.001 was considered highly 
significant. 

█   RESULTS
There were 180 newborns (69 females [38.3%] and 111 males 
[61.7%]) in the final evaluation. Ninety-one (50.5%) had grade 
I, 18 (10%) had grade II, 22 (12.2%) had grade III, and 49 
(27.2%) had grade IV hemorrhage. One hundred and forty-
nine patients (82.8%) were delivered by cesarean section, and 
31 (17.2%) were delivered vaginally. No significant difference 
was found between the severity of hemorrhage and delivery 
routes (p=0.243). 

The median maternal age was 30 (range: 15–44) years. Four 
subgroups based on age (<20; 20–30; 30–40; >40) were 
defined, and there was no significant between hemorrhage 
grade and maternal age (p=0.853). 

The median gestational age at birth was 28 weeks (range: 
24–42) when all patient data were considered. The median 
gestational age at birth was 30 weeks (range: 24–42) for 
grade I, 27 weeks (range:24–38) for grade II, 28 weeks (range: 
24–35) for grade III, and 27 weeks (range: 24–38) for grade 
IV hemorrhage; the differences were statistically significant 
(p<0.001). 

The median birth weight was 1140 g (range: 435–4100). The 
median birth weight was 1280 g (range: 435–4100) for grade 
I, 1055 g (range: 540–2540) for grade II, 1030 g (range: 620–
2700) for grade III, and 980 g (range: 540–3290) for grade 
IV hemorrhage; the differences were statistically significant 
(p=0.005). 

Sixty-four patients (35.6%) had PHVD at IVH diagnosis 
or during the follow-up period as follows: 3.3% of grade I, 

IVH severity is characterized by the Papile grading scale, 
ranging from I to IV (14). Despite the decline in IVH incidence 
and related mortality over the last decades (11,18), higher 
degrees of hemorrhage (grade III and IV) are more commonly 
related to neurodevelopmental delay and cerebral palsy (1, 3). 

This article analyzes the demographic and clinical data of 
preterm or low birth weight newborns treated in a university 
hospital. 

█   MATERIAL and METHODS
This retrospective study included all patients admitted to the 
neonatal intensive care unit of Bahcesehir University School of 
Medicine–Goztepe Medical Park Hospital due to preterm birth 
or low birth weight between June 1, 2012, and April 30, 2021. 
These patients were initially assessed. Specific International 
Classification of Diseases (ICD-10) codes were defined, 
including I62 (Other and unspecified nontraumatic intracranial 
hemorrhage), P52 (Intracranial nontraumatic hemorrhage of 
the newborn), and G91 (Hydrocephalus). All patients with 
these codes were further analyzed. Patients with underlying 
pathologies other than IVH with the G91 or I62 code were 
excluded from the study. 

The study recruited 3938 patients at the end of the first 
database search. Of these patients, 207 constituted the 
target patient population, but 27 were excluded due to 
hydrocephalus unrelated to IVH. Thus, the final evaluation 
included 180 newborns who fulfilled the previously mentioned 
criteria. 

The follow-up protocol for preterm newborns in our institute is 
as follows. Transcranial ultrasonography (USG) is performed 
routinely on postnatal days 1, 7, 15, and 30 during the first 
month. Cranial computed tomography (CT) is routinely per-
formed for grade III and IV hemorrhage to evaluate the accom-
panying ventricular dilatation and parenchymal pathologies. 
For grade I and II hemorrhages, cranial CT is performed if the 
transcranial USG is not conclusive for evaluating the accom-
panying ventricular dilatation and parenchymal pathology. In 
the newborns’ clinical follow-up, if any undefined condition 
becomes evident (new-onset seizure, increased head cir-
cumference exceeding normal limits, unexplained increase in 
C-reactive protein (CRP) levels, and unexplained hemoglobin 
decline), additional transcranial USG is performed besides the 
routine follow-up. Cerebrospinal fluid (CSF) is diverted tem-
porarily by inserting a ventricular access device (VAD) with a 
reservoir under general anesthesia. The need of CSF drainage 
is defined according to the patient’s daily evaluation (head cir-
cumference and fontanel status). The CSF amount drained is 
20 mL/kg/day. When the newborn exceeds 2500 g in weight, 
with a persistent need for CSF drainage but without infection, 
permanent CSF diversion (ventriculoperitoneal [VP] shunt in-
sertion) is performed. 

During the follow-up, if the newborn does not need CSF 
drainage for more than seven days, control CT scans are 
performed (at least five days apart). According to the CT scans, 
if the Evan index (8) is stable, the patient can be discharged 
with the VAD in situ or removed. In our clinic, we decide with 
the parents when to remove the VAD. 
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11.1% of grade II, 72.7% of grade III, and 87.8% of the grade 
IV hemorrhage group had or developed PHVD, with significant 
between-group differences (p<0.001) (Table I). 

Fifty-three patients (29.4%) underwent temporary CSF 
diversion during the follow-up period; 1.1% of grade I, 5.5% 
of grade II, 50% of grade III, and 81.6% of the grade IV 
hemorrhage group, with significant between-group differences 
(p<0.001). 

The median weight of those who required CSF diversion on 
the day of the surgery, was 1260 g (range: 830–3010); 1530 
g for grade I, 1460 g (range: 840–1580) for grade II, 1250 g 
(range: 895–1900) for grade III, and 1270 g (range: 830–3010) 
for grade IV hemorrhage. There was no significant difference 
between the groups (p=0.876). 

The median age at temporary CSF diversion was 19 days 
(range: 3–142); 35 days for grade I (only one patient), 25 days 
(range: 20–71) for grade II, 14 days (range: 11–34) for grade 
III, and 19 days (range: 3–142) for grade IV hemorrhage. There 
was no significant difference between the groups (p=0.391). 

The median age at permanent CSF diversion was 77 days 
(range: 30–225), 138 for grade I, 116 for grade II, 43 for grade 
III, and 77 days (range: 30–225) for grade IV hemorrhage 
(Table II). 

All patients with low-grade hemorrhage (grade I and grade 
II) who needed temporary CSF diversion eventually required 
permanent CSF diversion. For high-grade hemorrhage (grade 
III and grade IV), 15 (grade III, 1; grade IV, 14) of the 51 patients 
(29.4%) with VAD insertion required permanent CSF diversion. 
Fifteen patients (grade III, 6; grade IV, 9) of these 51 (29.4%) 
patients did not need permanent CSF diversion surgery; thus, 
their VADs were removed (Figure 1). 

█   DISCUSSION
According to the gestational age at birth, preterm birth is 
from 20–37 weeks (10), and extremely preterm births have a 
gestational age of <28 weeks. Regarding birth weight, very 
low birth weight is defined as <1500 g, and extremely low birth 
weight (ELBW) is <1000 g (7). Recent data show that preterm 
birth constitutes nearly 11% of all live births (2). Mortality also 

Figure 1: Summary of patient data and interventions.
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Table II: Summary of All Interventions and Related Parameters

Total 
(n=180)

Grade I 
(n=91)

Grade II 
(n=18)

Grade III 
(n=22)

Grade IV 
(n=49)

p-value
n (%)/Median 

(Min-Max)
n (%)/Median 

(Min-Max)
n (%)/Median 

(Min-Max)
n (%)/Median 

(Min-Max)
n (%)/Median 

(Min-Max)
VAD insertion 53 (29.4) 1 (1.1) 1 (5.5) 11 (50) 40 (81.6)  <0.001

Weight at VAD insertion, g 1260 
(830–3010)

1530 
(1530–1530)

1460 
(840–1580)

1250 
(895–1900)

1270 
(830–3010) 0.876

Age at VAD insertion, days 19 (3–142) 35 (35–35) 25 (20–71) 14 (11–34) 19 (3–142) 0.236

CSF protein at VAD insertion 266.5 (28–2909) 155 (155–155) 401 (279–531) 177 (97–365) 300 (28–2909) 0.095

CSF glucose at VAD insertion 18 (5–85) 14 (14–14) 33 (30–85) 16 (5–28) 18 (5–60) 0.059

Age at VAD removal, days 60 (24–225) 62 (62–62) 60 (50–116) 48 (30–79) 62 (24–225) 0.445

Permanent CSF diversion 17 1 1 1 14 <0.001
Age at VP shunt insertion, days 77 (30–225) 138 (138–138) 116 (116–116) 43 (43–43) 77 (30–225) 0.391

Weight at VP shunt insertion, gr 2670 
(2120–4178)

4178 
(4178–4178)

2680 
(2680–2680)

2895 
(2895–2895)

2520 
(2120–3700) 0.380

CSF protein at VP shunt insertion, 
mg/dL 192.5 (88–503) 367 (367–367) 308 (308–308) 172 (172–172) 190 (88–503) 0.410

CSF glucose at VP shunt insertion, 
mg/dL 27 (5–48) 14 (14–14) 42 (42–42) 16 (16–16) 27(5–48)

VAD: Ventricular access device, CSF: Cerebrospinal fluid, VP: Ventriculoperitoneal.

Table I: Characteristics of the Patients

Characteristics (n=180)
Total (n=180) Grade I (n=91) Grade II (n=18) Grade III (n=22) Grade IV (n=49)

p-valuen (%) / Median 
(range)

n (%) / Median 
(range)

n (%) / Median 
(range)

n (%) / Median 
(range)

n (%) / Median 
(range)

Sex      0.778

Male 111 (61.7) 54 (59.3) 13 (72.2) 14 (63.6) 30 (61.2)  

Female 69 (38.3) 37 (40.7) 5 (27.8) 8 (36.4) 19 (38.8)  

Birth route      0.243

C/S 149 (82.8) 76 (83.5) 12 (66.7) 18 (81.8) 43 (87.8)  

NSV 31 (17.2) 15 (16.5) 6 (33.3) 4 (18.2) 6 (12.2)  

Maternal age, years 30 (15–44) 30 (15–38) 29 (19–44) 30.5 (15–39) 30 (19–44) 0.853

<20 9 (5.0) 3 (3.3) 1 (5.69 2 (9.1) 3 (6.1) 0.383

20–30 87 (48.3) 45 (49.5) 10 (55.6) 9 (40.9) 23 (46.9)  

30–40 80 (44.4) 43 (47.3) 6 (33.3) 11 (50.0) 20 (40.8)  

> 40 4 (2.2) 0 (0) 1 (5.6) 0 (0) 3 (6.1)  

Gestational age, weeks 28 (24–38) 30 (24–38) 27 (24–38) 28 (24–35) 27(24–38) <0.001

Birth weight, g 1140 
(435–3560)

1280 
(435–3560)

1055 
(540–2540)

1030 
(620–2700)

980
 (540–3290) 0.005

Post-hemorrhagic ventricular 
dilatation 64 (35.6) 3 (3.3) 2 (11.1) 16 (72.7) 43 (87.8) <0.001

Exitus 42 (23.3) 14 (15.4) 7 (38.9) 9 (40.9) 12 (24.5)  <0.001
C/S: Cesarean section, NSV: Normal spontaneous vaginal.
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insertion. None of these factors had a significant effect on the 
need for permanent CSF diversion need in our study (Table II). 

When assessing factors (weight at VAD insertion, age at VAD 
insertion, CSF protein, and glucose levels) influencing the 
need for permanent CSF diversion via multivariate analysis, 
only weight at VAD insertion had a significant effect, with a 
hazard ratio of 1.002 (p=0.028) (Table III). 

█   CONCLUSION
This study showed that the need for permanent CSF 
diversion was significantly higher in newborns with high-
grade hemorrhage, who had a significantly lower weight 
and gestational age at birth. Regarding factors affecting 
permanent CSF diversion, only weight at VAD insertion was 
significant. Further multicenter studies are needed to develop 
better treatment protocols and clarify the factors that affect 
the need for permanent CSF diversion. 
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