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Abstract 

Background: Intraventricular hemorrhage (IVH) is a common complication in premature infants, and it is associated with a high 
risk of neurodevelopmental impairment and mortality. Objective: To estimate the incidence of IVH in preterm neonates and the 
associated factors that increase it. Methods: This is a prospective cohort study that included 89 preterm newborns admitted to the 
neonatal intensive care unit (NICU) in Ramadi Maternity and Children Teaching Hospital from December 2024 to June 2025. IVH 
was diagnosed by ultrasonography on day 3 and day 7 of the delivery and admission to the NICU. Results: 89 neonates revealed 
different grades of IVH in 15(16.9%). There are significant associations between IVH and neonate male sex (p=0.021), lowest 
gestational age (p=0.045), low birthweight (p=0.015), need for positive pressure (p=0.042), and the use of Continuous Positive 
Airway Pressure (CPAP) and surfactant (p=0.031). There is a significant association between sepsis and the incidence of IVH 
(p<0.001) and preterm infants who developed hypoglycemia (p=0.005). Preterm infants were found to have a murmur due to 
patent ductus arteriosus (p=0.02). Conclusions: The incidence of IVH in preterm neonates at Ramadi, Iraq, was 16.9%. Neonatal 
factors were male sex, decreased gestational age, low birth weight, the need for positive pressure for resuscitation, the need for 
CPAP and surfactant, having sepsis, hypoglycemia, and having a murmur due to patent ductus arteriosus. Regarding maternal 
factors: premature rupture of membrane and multiparity. 
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 معدل الحدوث والعوامل المرتبطة بالنزیف داخل البطین لدى الأطفال الخدج في مستشفى الرمادي التعلیمي، الرمادي/العراق
 الخلاصة

النمائیالخلفیة : تقدیر  الھدفة والوفیات.  : یعُد النزف داخل البطینات الدماغیة من المضاعفات الشائعة لدى حدیثي الولادة الخدجّ، ویرتبط بارتفاع خطر الإعاقة العصبیة 
احتمالیة حدوثھ المرتبطة بزیادة  العوامل  الخدجّ وتحدید  الولادة  لدى حدیثي  النزف داخل البطینات الدماغیة  أترابیة الطرائق  .معدل حدوث  الدراسة كدراسة  أجُریت ھذه   :

للنسائیة والأ التعلیمي  العنایة المركزة لحدیثي الولادة في مستشفى الرمادي  الفترة من كانون الأول مستقبلیة وشملت حدیثي الولادة الخدجّ المقبولین في وحدة  طفال خلال 
خدیجاً. تم تشخیص النزف داخل البطینات الدماغیة باستخدام التصویر بالأمواج فوق الصوتیة في الیومین الثالث والسابع   89. بلغ حجم العینة  2025إلى حزیران    2024

الولادة لدى  النتائج  .بعد  الدماغیة  البطینات  النزف داخل  (  15: أظھرت الدراسة حدوث  النزف وكل من  16.9خدیجاً  %). وُجدت علاقة ذات دلالة إحصائیة بین حدوث 
الذكر الحمل (P=0.021) جنس  انخفاض عمر   ، (P=0.045)الموالید انخفاض وزن   ، (P=0.015)الإنعاش أثناء  الإیجابي  الضغط  إلى  والحاجة   ، (P=0.042)   .  كما

المستمر الھوائي الإیجابي  الضغط  النزف بالحاجة إلى جھاز  الإنتان(P=0.031) والسورفاكتانت ارتبط حدوث  ،  (P=0.005) ، ونقص سكر الدم(P<0.001) ، ووجود 
السالكة الشریانیة  القناة  بقاء  قلبي بسبب  لغط  الولادات.   (P=0.02) ووجود  المبكر وتعدد  الأغشیة  تمزق  فشملت  الأمومیة  العوامل  معدل حدوث  الاستنتاجات  .أما  بلغ   :

الرمادي/العراق   في  الخدجّ  لدى  الدماغیة  البطینات  داخل  الولادة، 16.9النزف  انخفاض وزن  الحملي،  العمر  انخفاض  الذكر،  بھ جنس  المرتبطة  العوامل  %. وتضمنت 
استخدام الإیجابي،  بالضغط  الإنعاش  إلى  المستمر  الحاجة  الإیجابي  الھوائي  إلى   الضغط  السالكة، إضافة  الشریانیة  القناة  الدم، وبقاء  الإنتان، نقص سكر  والسورفاكتانت، 

 .تمزق الأغشیة المبكر وتعدد الولادات لدى الأمھات 
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INTRODUCTION 

One kind of bleeding that happens in the brain's 
ventricular system, which produces and circulates 
cerebrospinal fluid (CSF), is called intraventricular 
hemorrhage (IVH). Premature babies frequently 
experience this problem, particularly if they are 
delivered before 32 weeks of gestation, and it is 
linked to a significant risk of neurodevelopmental 
damage and death [1]. There are four levels of IVH 
severity based on how much bleeding can be seen on 

head ultrasonography or brain imaging tests [2]. 
Through the years, there has been a decline in the 
overall incidence of IVH. It is still a significant 
contributor to morbidity in premature babies. 
Contrary to 14% of infants weighing 751-1,000 g and 
24% of infants ≤750 g, the risk is negatively 
correlated with gestational age and birth weight; 7% 
of children weighing 1,001-1,500 g had severe IVH 
(grade III or IV) [3]. There are several known risk 
factors that raise the possibility that a newborn will 
have IVH. These risk factors fall into three categories: 
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neonatal, fetal, and maternal [4]. Fetal IVH risk may 
rise in cases of distress during labor and delivery [5]. 
Premature birth and low birth weight are two neonatal 
risk factors for IVH. The greatest risk for IVH occurs 
in infants born before 32 weeks of gestation or 
weighing less than 1500 grams at delivery. This 
phenomenon occurs because the cerebral blood 
vessels of premature newborns are more fragile and 
still developing [5]. Furthermore, the presence of an 
umbilical arterial catheter, mechanical ventilation, and 
respiratory distress syndrome increases the risk of 
IVH. These elements may cause variations in cerebral 
blood flow and blood pressure, which may raise the 
risk of IVH. Another risk factor for IVH is neonatal 
sepsis, which can lead to inflammation and damage to 
blood vessel integrity [6]. Additional risk factors for 
IVH include the use of anticoagulant drugs like 
aspirin, which can raise the risk of bleeding, and the 
existence of patent ductus arteriosus, which can cause 
alterations in blood flow and pressure inside the brain 
[7]. Depending on the extent of the bleeding and the 
existence of related comorbidities, IVH might show 
different clinical presentations. While severe IVH can 
cause symptoms such as bradycardia, apnea, seizures, 
and altered mental status, mild IVH may not cause 
any symptoms at all [2,5]. Intraventricular 
hemorrhage (IVH) is usually diagnosed using 
neuroimaging methods such as cranial computed 
tomography (CT) scans or head ultrasonography. 
Depending on the infant's age and the extent of the 
bleeding, several IVH diagnostic techniques may be 
used [8]. Head ultrasonography is the main diagnostic 
method used to identify IVH in premature newborns. 
Head ultrasonography can be done at the patient's 
bedside and is non-invasive and sedation-free. High-
risk infants may receive serial head ultrasounds to 
monitor the onset or progression of IVH [9]. A cranial 
CT scan can be utilized to confirm the diagnosis in 
full-term infants or infants with suspected severe IVH. 
When head ultrasonography is unsatisfactory or the 
diagnosis is unclear, a CT scan may be beneficial 
since it is more sensitive in identifying IVH than head 
ultrasonography [10]. This study aims to assess the 
incidence of IVH in preterm newborns with its 
associated risk factors. 

METHODS 

Study design and settings  

This study was designed as a prospective cohort study 
that included preterm newborns who had been 
admitted to the neonatal intensive care unit (NICU) in 
Ramadi Teaching Hospital for Maternity and Children 
in the period between December 2024 and June 2025. 

Inclusion criteria 

Preterm neonates are admitted from resuscitation 
rooms in hospitals, and neonates who are referred 
from private hospitals in Ramadi city within a few 
hours of delivery and preterm neonates who are 
referred from other hospitals within the first two days 

of their lives, and resuscitation notes are written on 
referral paper. 

Exclusion criteria 

Preterm neonates with major congenital anomalies, 
preterm neonates with a family history of bleeding 
tendency, preterm neonates who have died before day 
3 or on day 3 before the ultrasound has been done for 
them, preterm neonates whose family refused to 
participate in the study, and preterm neonates 
delivered by normal vaginal delivery at home or by 
midwives. 

Data collection and outcome measurements 

The data was collected from NICU files of the 
patients as well as the interviews with their family 
members, using a preformed questionnaire developed 
by the researcher and then refined and amended by 
the supervisor. The dependent variable was the 
presence or absence of intraventricular hemorrhage, 
which was diagnosed by ultrasonography on day 3 
and day 7 of the delivery and admission to the NICU. 
The independent variables were mainly those related 
to neonatal risk factors, which included the following 
variables: Gestational age of the preterm at birth. GA 
was assessed using the New Ballard assessment and 
divided into 4 groups [11]. Birth weight at delivery 
Neonates were weighed using Seca™ electronic 
scales and divided into 4 groups [12]. The number of 
fetuses, whether they were single or multiple, and the 
mode of delivery, indicating if it was a normal vaginal 
delivery or a cesarean section, were recorded. The 
registrar doctor in the resuscitation room helps the 
researcher to identify the number of neonates who 
need active resuscitation, like positive pressure 
(Ambu bag), inotropic drugs, or intubation at birth. 
Vitamin K is available for administration in Ramadi 
hospitals and in the NU for those born elsewhere who 
did not receive it. The parameters in the NICU include 
the need for O₂, surfactant, CPAP, or the need for O₂, 
surfactant, CPAP, or mechanical ventilator. Clinical 
signs and symptoms of neonatal sepsis Neonates 
frequently exhibit modest, nonspecific signs and 
symptoms. Initial symptoms frequently include 
tachypnea, poor eating, lethargy, and temperature 
instability [3]. All the above were confirmed by high 
C-reactive protein and positive blood culture. In 
addition, a blood glucose test was done periodically 
by the nurse in the NICU using glucometers to detect 
neonates with hypoglycemia (blood glucose 
concentration <47 mg/dL) [13]. The neonates who 
had murmurs were further sent for echocardiographic 
study in the echo department in our hospital to detect 
cardiovascular pathology. The maternal risk factors 
also had been studied. Maternal age, parity, and 
whether they had gestational hypertension or not. 
Antenatal visits and the mother's use of any steroids 
were also considered. The history of maternal urinary 
tract infection, leaking liquor, or premature rupture of 
the membranes is also significant. 
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Ethical considerations 

The study protocol was approved by the local research 
ethics committee of the NICU department at Ramadi 
Teaching Hospital for Maternity and Children, and 
verbal consent was provided by the neonates' parents. 
The protocol was also approved by the Research 
Ethics Committee of the pediatrics department at the 
Iraqi Board of Medical Specialties. 

Statistical analysis 

The data was gathered using a paper-based 
questionnaire, then entered and double-checked using 
Microsoft Excel 2016, and then transferred and 
analyzed using the Statistical Packages for Social 
Sciences (SPSS v.26). The categorical data were 
presented by frequencies and percentages, and 
Pearson’s chi-square or Fisher's exact test was used to 
test their association. The age of the mothers was 
represented by mean ± standard deviation and 
compared using Student’s t-test. The alpha level of 
significance was 0.05. 

RESULTS 

The total number of preterm neonates admitted to the 
NCU in Ramadi Teaching Hospital for maternity and 
children over a period of seven months was 276; 187 
were excluded, so the current study included 89 
neonates who had been investigated for 
intraventricular hemorrhage (IVH), and the ultrasound 
on the 3rd and then on the 7th day revealed different 
grades of IVH in 15 (16.9%) of the investigated 
neonates (Figure 1). This study shows a significant 
association between neonatal sex and IVH incidence 
(p= 0.021). Intraventricular hemorrhage was 
significantly associated with the gestational age of the 
included neonates (p= 0.045). Low birth weight and 

IVH were significantly associated (p= 0.015), and 
there was a significant association between the need 
for positive pressure and the incidence of IVH (p= 
0.042). 

 
Figure 1: Incidence of Intraventricular hemorrhage among samples 
of newborns. 

In the neonatal care unit, neonates needed the use of 
CPAP and surfactants, which significantly exceeded 
(p= 0.031) the number of neonates who did not need 
CPAP. A significant association between sepsis 
indicators (high C-RP and positive blood culture) and 
the incidence of IVH (p< 0.001). The neonates who 
developed hypoglycemia, this condition is found to be 
significantly associated with the incidence of IVH (p= 
0.005). Neonates in this study found to have a 
murmur due to PDA was also significantly associated 
with the development of IVH (p= 0.02). Other factors 
like number of births, mode of delivery, and the need 
for using drugs in neonatal care units did not have a 
significant association with the occurrence of IVH. 
Almost all neonates needed oxygen, and only one 
case needed to be intubated; he died after the 
progression of IVH (Table 1). 

Table 1: Neonatal risk factors of Intra-ventricular hemorrhage occurrence 

Variables 
Intra-ventricular hemorrhage 

p-value* Positive 
(n=15) 

Negative 
(n=74) 

Total 
(n=89) 

Sex Male 12(25.5) 35(74.5) 47(52.8) 0.021 Female 3(7.1) 39(92.9) 42(47.2) 
Gestational age (weeks) 28 – <30 8(36.4) 14(63.6) 22(24.7) 

0.045 30 –< 32 3(12) 22(88) 25(28.1) 
32 –< 34 3(8.8) 31(91.2) 34(38.2) 
34 –< 36 1(12.5) 7(87.5) 8(9) 

Birth weight 1 -< 1.5 kg 12(29.3) 29(70.7) 41(46.1) 
0.015 1.5 -< 2 kg 2(6.3) 30(93.8) 32(36) 

2+ kg 1(6.3) 15(93.8) 16(18) 
Number of newborns Single 9(16.7) 45(83.3) 54(60.7) 0.953 Multiple 6(17.1) 29(82.9) 35(39.3) 
Mode of delivery Normal vaginal delivery 6(21.4) 22(78.6) 28(31.5) 0.435 Cesarean section 9(14.8) 52(85.2) 61(68.5) 
Positive pressure Yes 11(25) 33(75) 44(49.4) 0.042 No 4(8.9) 41(91.1) 45(50.6) 
Drug Yes 4(36.4) 7(63.6) 11(12.4) 0.065 No 11(14.1) 67(85.9) 78(87.6) 
Surfactant and CPAP Yes 10(27) 27(73) 37(41.6) 0.031 No 5(9.6) 47(90.4) 52(58.4) 
CR-Protein & Blood culture Positive 10(47.6) 11(52.4) 21(23.6) 0.001 Negative 5(7.4) 63(92.6) 68 (76.4) 
Hypoglycemia Yes 7(38.9) 11(61.1) 18(20.2) 0.005 No 8(11.3) 63(88.7) 71(79.8) 
Murmur Yes 4(44.4) 5(55.6) 9(10.1) 0.02 No 11(13.8) 69(86.3) 80(89.9) 
Values are presented as frequency and percentage. * Pearson’s Chi-square test. 
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For maternal risk factors. Premature rupture of the 
membranes had a highly significant impact (p< 0.001) 
on the incidence of IVH among the neonates, where 8 
(44.4%) of 18 neonates for mothers with PROM had 
IVH compared to 7 (9.9%) of 71 neonates for mothers 
who did not have PROM. The analysis also found that 
IVH developed in 12 (30%) of 40 neonates for 

multiparous women compared to 2 (9.1%) of 
primiparous mothers and 1 (3.7%) of grand 
multiparous mothers (p= 0.01). Maternal urinary tract 
infection, antenatal steroid usage, and gestational 
hypertension did not associate with IVH in their 
neonates (Table 2).  

Table 2: Distribution of the preterm neonates according to Intra-ventricular hemorrhage occurrence and their maternal factors 

Variables 
Intra-ventricular hemorrhage 

p-value* Positive 
(n=15) 

Negative 
(n=74) 

Total 
(n=89) 

Urinary tract infection Yes 3(17.6) 14(82.4) 17(19.1) 0.923 No 12(16.7) 60(83.3) 72(80.9) 
PROM Yes 8(44.4) 10(55.6) 18(20.2) 0.001 No 7(9.9) 64(90.1) 71(79.8) 
Antenatal steroid use Yes 8(13.6) 51(86.4) 59(66.3) 0.244 No 7(23.3) 23(76.7) 30(33.7) 
Gestational hypertension Normal 12(18.5) 53(81.5) 65(73) 

0.771 Controlled 2(14.3) 12(85.7) 14(15.7) 
Uncontrolled 1(10) 9(90) 10(11.2) 

Parity Primipara 2(9.1) 20(90.9) 22(24.7) 
0.01 Multipara 12(30) 28(70) 40(44.9) 

Grand multipara 1(3.7) 26(96.3) 27(30.3) 
Values are presented as frequency and percentage. * Pearson’s Chi-square test. 

The distribution of IVH grades in the 15 neonates 
according to their gestational age is illustrated in 
Figure 2.  

 
Figure 2: Grades of Intraventricular hemorrhage according to 
gestational age of the preterm neonates. 

Ultrasound was used to detect IVH grades on the third 
day of admission, where 4 cases were found to have 
grade 1, grades 2 and 4 were found in one case each, 
and no case had grade 3. On the 7th day, the neonates 
were reassessed, and the ultrasound revealed that 2 
additional cases were classified as grade 1, 3 
additional cases were classified as grade 2, and a 
similar number of cases were found to have developed 
grade 3. In addition to that, one case was added to 
grade 4 (Table 3). IVH was detected in 6 cases (40%) 
out of 15 in the first 3 days, 9 cases (60%) in the first 
3 days, and 9 cases (60%) out of 15 between D3 and 
D7. 

Table 3: Intraventricular hemorrhage grades according to the time 
of ultrasound 

IVH grades Ultrasound 
(day-3) 

Ultrasound 
(day-7) Total 

I 4 2 6 
II 1 3 4 
III 0 3 3 
IV 1 1 2 
 

DISCUSSION 

The current study found IVH in 15 out of 89 (16.9%) 
preterm neonates at Al-Ramadi Maternity and 
Children Teaching Hospital, Iraq. In comparison with 
other studies, IVH incidence in premature infants born 
across studies, a study by Mohammed et al. of 
outcomes of preterm neonates in Elwiya Pediatric 
Teaching Hospital in Baghdad, Iraq, revealed that out 
of 350 preterm neonates, 97 had IVH (27.7%) [14]. 
The lower result of IVH in this study in comparison 
with Mohammed et al. may be due to more adequate 
antenatal and neonatal care, in addition to different 
study designs (case-control by Mohammed et al., 
while this study is a cohort study). While in Saudi 
Arabia, Abolfotouh et al. reported a range of 13% to 
27% [15]. Regarding neonatal factors, a significant 
association between neonate sex and IVH was found 
in the present study, as IVH was more in males 
compared to females. This was in parallel with a study 
by Abolfotouh et al. in Saudi Arabia that showed IVH 
was more in male neonates [15]. In China, Huang et 
al. reported that male sex was a risk factor for IVH in 
neonates [16]. Intraventricular hemorrhage was 
significantly associated with the gestational age of the 
included neonates in this study, with a higher 
percentage of IVH as gestational age decreased. 
Mohammed et al. reported that IVH was more in 
preterm neonates [14]; similar results to the present 
study were also reported by Çizmeci et al. in Turkey 
[17] and Wang et al. in China [18], showing that the 
IVH percentage was higher as gestational age 
decreased in neonates because premature infants have 
fragile blood vessels in the germinal matrix that are 
prone to rupture. Low birth weight and IVH were 
significantly associated in the current study with a 
higher percentage of IVH in preterm neonates of less 
than 1.5 kg compared to those with heavier weights; 
similar results were reported in previous studies in the 
UAE by El-Atawi et al. [19] and in China by Zhao et 
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al. [20]. In the present study, a significant association 
between the need for positive pressure for 
resuscitation and the incidence of IVH was reported; a 
higher percentage of IVH was found in those who 
needed positive pressure for resuscitation. This was in 
line with a study by Tsao et al. [21] and the study of 
Marzban et al. [22]. In the neonatal care unit, there is 
a significant association between IVH and the need 
for CPAP and surfactant. Neonates who needed the 
use of CPAP and surfactants were more likely to have 
IVH compared to neonates who did not need CPAP 
and surfactants. Similar results were reported in 
studies by Tsao et al. [21], Marzban et al. [22], and 
Helwich et al. [23]. In the current study, a significant 
association was reported between sepsis indicators 
(high CRP and positive blood culture) and the 
incidence of IVH. This association may be explained 
by the fact that infection and sepsis may cause 
abnormal fluctuations of blood pressure, resulting in 
unstable cerebral blood pressure, which leads to an 
increase in the risk of IVH; however, in Kuwait, 
Kartam et al. reported that the risk for IVH was 
similar for all neonates irrespective of their sepsis 
indicators [24]. The main distinction between the 
current study and the study of Kartam et al. is that 
neonates included are of higher risk categories with 
gestational age less than 32 weeks, whereas the 
current study included all preterm neonates. Other 
studies agreed with the current study and reported a 
significant association between sepsis and IVH, 
including that reported in the Kapoor et al. study [25]. 
Hypoglycemia is found to be significantly associated 
with the incidence of IVH in the present study. This 
finding was in parallel with that reported by Çizmeci 
et al. [17], De Angelis et al. [26], and Jagła et al. [27]. 
A murmur due to PDA was also significantly 
associated with the development of IVH, due to 
fluctuations in cerebral blood flow and pressure. 
Numerous studies have shown an association between 
PDA and many of the complications of 
prematurity, including IVH [28,29]. Regarding 
maternal factors, premature rupture of the membranes 
(PROM) is associated with increased incidence of 
IVH in neonates; this might be attributed to the fact 
that inflammation or infection of the mothers 
increases inflammatory cytokines and elevation in 
leukocyte count in the blood of their babies. These 
cytokines impaired the autoregulation of cerebral 
vasculature or interfered with the integrity of 
endothelial cells. These findings were in line with a 
previous study reported by Kartam et al. [24]. This 
study found a significant association between 
maternal parity and IVH, with neonates of 
multiparous women experiencing a higher incidence 
of IVH. Similar findings were reported in a previous 
study by Pekcevik et al. [30]. The present study did 
not find a significant association between antenatal 
steroids and the incidence of IVH. A previous study 
by Al-Mouqdad et al. in Saudi Arabia reported an 
association between antenatal use of steroids and 
decreased risk of IVH [31]. These results may be 
explained by the fact that antenatal steroids do not 
play a major role in preventing mild IVH (they are 

more effective in severe IVH), and the most common 
type of IVH observed in the current study was grade 1 
IVH; additionally, there were differences in the 
sample included and the study design. Wei et al. 
showed that after stratified analysis there was no 
significant association between IVH and antenatal use 
of steroids in infants > 30 weeks of gestational age 
[32]. Using ultrasound for grading of IVH on day 3 
and day 7 showed that grade 1 was the most 
encountered in 40% (6 cases of grade 1 out of 15 of 
IVH on day 7 by ultrasound); grade II was found in 4 
out of 15 (27%), grade III was found in 3 out of 15 
(20%), and grade IV was found in 2 out of 15 (13%) 
on day 7. Chevallier et al. reported that the most 
frequent IVH grade was grade 1, with percentages of 
17%, 12.1%, 3.3%, and 3.8% for grades I, II, and IV, 
respectively [33]. 

Study Limitations 

This study had several limitations that must be 
acknowledged. First, the study was conducted in a 
single tertiary care center in Ramadi city, which may 
limit the generalizability of the findings to other 
hospitals or regions in Iraq. Second, the sample size 
was relatively small, particularly the number of 
preterm neonates who developed IVH, which may 
have affected the statistical power of detecting some 
associations. Third, only short-term outcomes during 
the first week of life were evaluated, while long-term 
neurodevelopmental outcomes of the affected 
neonates were not assessed. Fourth, cranial 
ultrasonography was performed only on day 3 and day 
7; therefore, some very early or late cases of IVH 
might have been missed. In addition, the study 
depended mainly on clinical records and parental 
interviews for some maternal and neonatal variables, 
which may have introduced information bias. Finally, 
some potentially important risk factors such as 
detailed ventilatory parameters, coagulation profiles, 
and maternal socioeconomic factors were not 
assessed. 

Conclusion 

The incidence of IVH in preterm neonates was 16.9%, 
and the most common grade of IVH was grade 1. 
Male sex, decreased gestational age, low birth weight, 
being preterm and needing positive pressure for 
resuscitation, who needed CPAP and surfactants, 
having sepsis indicators, hypoglycemia, and having a 
murmur due to PDA were neonatal risk factors for 
IVH. PROM and multiparity were maternal risk 
factors for IVH. 
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