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Objective : Owing to advances in critical care treatment, the overall survival rate of preterm infants born at a gestational age 
(GA) <32 weeks has consistently improved. However, the incidence of severe intraventricular hemorrhage (IVH) has persisted, and 
there are few reports on in-hospital morbidity and mortality. Therefore, the aim of the present study was to investigate trends 
surrounding in-hospital morbidity and mortality of preterm infants with severe IVH over a 14-year period.
Methods : This single-center retrospective study included 620 infants born at a GA <32 weeks, admitted between January 2007 
and December 2020. After applying exclusion criteria, 596 patients were included in this study. Infants were grouped based on the 
most severe IVH grade documented on brain ultrasonography during their admission, with grades 3 and 4 defined as severe. We 
compared in-hospital mortality and clinical outcomes of preterm infants with severe IVH for two time periods : 2007–2013 (phase I) 
and 2014–2020 (phase II). Baseline characteristics of infants who died and survived during hospitalization were analyzed.
Results : A total of 54 infants (9.0%) were diagnosed with severe IVH over a 14-year period; overall in-hospital mortality rate was 
29.6%. Late in-hospital mortality rate (>7 days after birth) for infants with severe IVH significantly improved over time, decreasing 
from 39.1% in phase I to 14.3% in phase II (p=0.043). A history of hypotension treated with vasoactive medication within 1 
week after birth (adjusted odds ratio, 7.39; p=0.025) was found to be an independent risk factor for mortality. When comparing 
major morbidities of surviving infants, those in phase II were significantly more likely to have undergone surgery for necrotizing 
enterocolitis (NEC) (29.2% vs. 0.0%; p=0.027). Additionally, rates of late-onset sepsis (45.8% vs. 14.3%; p=0.049) and central nervous 
system infection (25.0% vs. 0.0%; p=0.049) were significantly higher in phase II survivors than in phase I survivors. 
Conclusion : In-hospital mortality in preterm infants with severe IVH decreased over the last decade, whereas major neonatal 
morbidities increased, particularly surgical NEC and sepsis. This study suggests the importance of multidisciplinary specialized 
medical and surgical neonatal intensive care in preterm infants with severe IVH.
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INTRODUCTION 

Intraventricular hemorrhage (IVH) is a major complication 

of premature birth25). The incidence of IVH is higher in in-

fants born at an early gestational age (GA) and is especially 

high in infants born at a GA <32 weeks26). In a recent Korean 

national report on IVH in very low birth weight (VLBW) in-

fants, the incidence rate of severe IVH (defined as grades 3 

and 4 by the Papile grading system) was 10.3%, which, despite 

the overall decline in IVH, persisted because of the consis-

tently increasing survival rate1).

IVH grading is traditionally based on the Papile grading 

system and ranges from mildest (grade I) to most severe 

(grade IV)20). In mild IVH (grades I and II), long-term neuro-

developmental outcomes of infants born at an extremely early 

GA are unknown, but severe IVH (grades III and IV) is highly 

associated with cognitive disabilities such as cerebral palsy 

and intellectual deficits22).

IVH typically occurs within the first 3 days after birth and 

can progress rapidly in early life (within 1 week of birth)9,27). 

Until discharge, treatment for this patient population is com-

plex due to the presence of multisystem co-morbidities requir-

ing multiple subspecialists. Additionally, patient prognosis is 

affected by many factors including GA, birth weight, post-

hemorrhagic hydrocephalus (PHH), and complications typi-

cally associated with prematurity5). Advances in neonatal care 

decreased incidence of neonatal morbidities in preterm in-

fants; however, significant morbidities remain a concern in 

infants with severe IVH. Currently, there are limited studies 

on in-hospital mortality and co-morbidities in preterm in-

fants with severe IVH.

The present study aimed to investigate trends in in-hospital 

morbidity and mortality of preterm infants with severe IVH 

at a single center over a 14-year period. We also explored risk 

factors contributing to mortality in preterm infants with se-

vere IVH. 

MATERIALS AND METHODS 

The protocol for the present study was approved by the In-

stitutional Review Board of Korea University Ansan Hospital 

(2021AS0281).

The present study was a single-center retrospective study 

using data from preterm infants born at <32 weeks GA and 

admitted to the neonatal intensive care unit (NICU) of the 

Korea University Ansan Hospital from January 2007 to De-

cember 2020. Infants with fetal hydrops (n=3), biliary atresia 

(n=1), major heart defects (n=3), or brain anomalies (n=2) 

were excluded as confounding risk factors for mortality. Addi-

tionally, 15 infants were excluded because there were no re-

cords of brain ultrasonography (BUS) results. After applying 

the exclusion criteria, 596 patients were included in this study.

BUS
Ultrasound examinations were performed by a pediatric ra-

diologist. The Papile grading system was used to assess and 

grade IVH as follows : grade 1, hemorrhage restricted to the 

periventricular germinal matrix regions or germinal matrix; 

grade 2, IVH without ventricular dilatation; grade 3, hemor-

rhage extending into dilated ventricles; and grade 4, hemor-

rhage within the ventricular system and parenchyma. Infants 

were grouped according to the highest grade documented on 

the BUS performed during hospitalization in the NICU; those 

categorized as grade 3 or 4 were defined as severe IVH. 

Clinical data
Birth and neonatal clinical characteristics were document-

ed, including GA and birth weight at delivery, sex, mode of 

delivery, 1-minute Apgar score, 5-minute Apgar score, need 

for resuscitation in the delivery room, use of antenatal ste-

roids, use of vasoactive medications, red blood cell or platelet 

transfusions, and premature membrane rupture. Laboratory 

results included the initial capillary blood gas from arterial 

blood samples and the initial hemoglobin and platelet levels 

from venous blood samples, measured after birth. The follow-

ing clinical outcomes were also documented : surfactant use 

in infants with respiratory distress syndrome, patent ductus 

arteriosus treatment with intravenous ibuprofen or surgical li-

gation, necrotizing enterocolitis (NEC) with radiologic evi-

dence of pneumatosis intestinalis and its associated treatment, 

bronchopulmonary dysplasia (BPD; defined as the require-

ment for supplemental oxygen with a fraction of inspired oxy-

gen >0.21 for 28 days of life), the use of steroids to treat BPD, 

retinopathy of prematurity and its associated treatment, early 

onset sepsis (<72 hours after birth) proven by blood cultures, 

late-onset sepsis, central nervous system (CNS) infection, 

periventricular leukomalacia diagnosed by BUS or brain mag-
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netic resonance imaging, PHH with external ventricular 

drainage (EVD), and/or a shunt operation prior to discharge. 

Mild BPD was defined as breathing room air, moderate BPD 

was defined as having an FiO2 <0.30, and severe BPD was de-

fined as having an FiO2 ≥0.30 or positive pressure ventilation 

at 36 weeks post-menstrual age. 

We compared the incidence rate of in-hospital mortality in 

preterm infants with severe IVH during two time periods : 

2007–2013 (phase I) and 2014–2020 (phase II). Baseline char-

acteristics of infants who died during hospitalization and 

those who survived NICU hospitalization were analyzed, and 

risk factors for mortality were identified. We then compared 

the clinical outcomes of the survivors from each time period. 

Statistical analysis
Continuous variables were analyzed using either the t-test 

or the Mann-Whitney U test for normal or skewed distribu-

tions, respectively. Proportions were evaluated using chi-

square and Fisher’s exact tests, and statistical significance was 

set at p<0.05. Univariate and multivariate logistic regression 

analyses were performed to identify risk factors for in-hospital 

mortality; results are reported as odds ratios (ORs) and 95% 

confidence intervals (CIs). Data are presented as mean±stan-

dard deviation, median and range, or rate. 

RESULTS 

For preterm infants born at <32 weeks GA during phases I 

and II, there was no statistically significant difference in GA 

(29.2±2.2 weeks vs. 29.0±2.3 weeks, respectively; p=0.327)  

or birth weight (1304±394 g vs. 1286±383 g, respectively; 

p=0.574). The overall incidence of IVH was 21.5% (128 of 596 

infants), while severe IVH occurred in 9.0% (54 of 596) of in-

fants over the 14-year period (Fig. 1). The incidence rate of se-

vere IVH changed from 8.1% (24 of 297) in phase I to 10.0% 

(30 of 299) in phase II, although this difference was not statis-

tically significant (p=0.476). The overall in-hospital mortality 

rate of infants with severe IVH during the 14-year period was 

29.6% (16 of 54). The overall mortality rate decreased from 

41.7% (10 of 24) in phase I to 20.0% (6 of 30) in phase II 

(p=0.083), despite earlier GA of infants included in phase II 

Table 1. Clinical characteristics and mortality of preterm infants with severe IVH during two time periods, 2007–2013 (phase I) and 2014–2020 (phase II)

Phase I (n=24) Phase II (n=30) p-value

Gestational age (weeks) 27.4±2.1 26.3±2.3 0.051

Birth weight (g) 1048±303 907±289 0.086

Male 13 (54.2) 17 (56.7) 0.854

Birth weight <10th percentile for age 1 (4.2) 1 (3.3) 1.000

Cesarean section 16 (66.7) 24 (80.0) 0.267

Multiple births 5 (20.8) 7 (23.3) 0.826

Perinatal steroid administration 16 (66.7) 23 (76.7) 0.415

Outborn 3 (12.5) 0 (0.0) 0.082

IVH 3/4 8/16 9/21 1.000

In-hospital mortality 10 (41.7) 6 (20.0) 0.083

Late mortality 9/23 (39.1) 4/28 (14.3) 0.043

Values are presented as mean±standard deviation or number (%). IVH : intraventricular hemorrhage

Fig. 1. Flow chart of the study population. IVH : intraventricular hemorrhage.
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(n=468)

Grade 1-2 IVH 
(n=74)

Severe IVH
(grade 3-4) 

(n=54)

24 were excluded
   9 major congenital anomalies
   15 not examined and died

Preterm infants <32 weeks' gestation
Admitted between January 2007 and december 2020  
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(27.4±2.1 weeks vs. 26.3±2.3 weeks, respectively; p=0.051) (Ta-

ble 1). Notably, the late (>7 days after birth) in-hospital mor-

tality rate significantly improved from 39.1% in phase I to 

14.3% in phase II (p=0.043) (Fig. 2), and the mortality rate of 

grade 4 IVH infants was higher than that of grade 3 infants 

(37.8% and 11.8%, respectively).

In-hospital death was significantly associated with early GA 

(p=0.026), lower birth weight (p=0.034), number of red blood 

cell transfusions (p=0.021), and a history of hypotension with 

the use of vasoactive medications within a week of birth 

(p=0.014) (Table 2). In the multivariate logistic regression anal-

ysis, after adjusting for variables, hypotension with the use of 

inotropes within a week (adjusted OR, 7.39; 95% CI, 1.29–

42.25; p=0.025) was found to be an independent risk factor for 

mortality, while a later GA (adjusted OR, 0.94; 95% CI, 0.89–

0.99; p=0.026) was found to be a protective factor (Table 3).

Fig. 2. Trend of in-hospital mortality in infants with severe intraventricular 
hemorrhage over a 14-year period; late in-hospital mortality rates 
signi�cantly improved from 39.1% in phase I to 14.3% in phase II (p=0.043).
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Table 2. Associated clinical factors of severe IVH infants with in-hospital death and survival

Death (n=16) Survivors (n=38) p-value

Gestational age (weeks) 25.7±2.1 27.2±2.2 0.026

Birth weight (g) 837±242 1026±308 0.034

Male 10 (62.5) 20 (52.6) 0.505

Birth weight <10th percentile for age 0 (0.0) 2 (5.3) 1.000

Cesarean section 10 (62.5) 30 (78.9) 0.308

Multiple births 1 (6.3) 11 (28.9) 0.084

Perinatal steroid administration 12 (75.0) 27 (71.1) 1.000

Not receiving antenatal care 1 (6.3) 2 (5.3) 1.000

Outborn 2 (12.5) 1 (2.6) 0.206

Cardiac compression at delivery room 5 (31.3) 6 (15.8) 0.270

Apgar score

1 minute 3 (1–4) 3 (2–5) 0.449

5 minutes 6 (4–7) 6 (4–7) 0.774

Initial hemoglobin (g/dL) 14.2 (12.3–15.1) 14.6 (13.4–16.1) 0.057

Initial platelet count (×103/μL) 210 (120–261) 216 (151–250) 0.233

Thrombocytopenia 6 (37.5) 9 (23.7) 0.333

pH on initial blood gas 7.13 (7.09–7.23) 7.21 (7.08–7.28) 0.191

CO2 on initial blood gas 61.4 (48.5–71.8) 50.0 (41.9–67.3) 0.088

Count of RBC transfusions within a week of birth 2 (1–4) 1 (0–2) 0.021

Count of platelet transfusions within a week of birth 0 (0–2) 0 (0–1) 0.411

Any use of vasoactive medication with hypotension within a week of birth 13 (81.3) 17 (44.7) 0.014

Use of surfactant 16 (100.0) 37 (97.4) 1.000

Early onset sepsis 3 (18.8) 1 (2.6) 0.073

Values are presented as mean±standard deviation, median (range), or number (%). IVH : intraventricular hemorrhage, RBC : red blood cell
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Table 4 shows a comparison of clinical characteristics and 

outcomes of surviving infants for each phase of the study. 

Survivors in phase II were younger than those in phase I (28.1

±1.9 weeks vs. 26.7±2.2 weeks, respectively; p=0.054), as well 

as smaller (1126±321 g vs. 967±291 g, respectively; p=0.126) 

without statistical significance. The use of inotropes within a 

week was less frequent in phase II than in phase I survivors 

(78.6% vs. 25.0%, respectively; p=0.001), while phase II survi-

vors with severe IVH were more likely to undergo surgery for 

NEC than those in phase I (0.0% vs. 29.2%, respectively; 

Table 3. Multiple logistic analysis of death in preterm infants with severe IVH

Clinical characteristic Unadjusted OR (95% CI) Adjusted OR p-value

Gestational age 0.96 (0.92–0.99) 0.94 (0.89–0.99) 0.026

Any use of vasoactive medication with hypotension within a week of 
birth

5.35 (1.31–21.9) 7.39 (1.29–42.25) 0.025

Initial hemoglobin 0.79 (0.61–1.02) 0.77 (0.56–1.05) 0.093

Early onset sepsis 8.54 (0.82–89.51) 13.05 (0.67–255.41) 0.090

IVH : intraventricular hemorrhage, CI : confidence interval, OR : odds ratio

Table 4. Comparison of the clinical characteristics and outcomes of surviving infants, based on study phase

Phase I (n=14) Phase II (n=24) p-value

Clinical characteristics 

Gestational age (weeks) 28.1±1.9 26.7±2.2 0.054

Birth weight (g) 1126±321 967±291 0.126

Male 8 (57.1) 12 (50.0) 0.671

Birth weight <10th percentile for age 1 (7.1) 1 (4.2) 0.607

Cesarean section 11 (78.6) 19 (79.2) 0.635

Perinatal steroid administration 9 (64.3) 18 (75.0) 0.366

Clinical Outcomes

Any use of vasoactive medication with hypotension within a week of 
birth

11 (78.6) 6 (25.0) 0.001

Use of surfactant 13 (92.9) 24 (100.0) 0.368

Patent ductus arteriosus 10 (71.4) 16 (66.7) 0.528

Necrotizing enterocolitis 2 (14.3) 10 (41.7) 0.080

Surgical necrotizing enterocolitis 0 (0.0) 7 (29.2) 0.027

Treated retinopathy of prematurity 1 (7.1) 5 (20.8) 0.264

Receiving mechanical ventilator >4 weeks of age 3 (21.4) 10 (41.7) 0.181

Severe bronchopulmonary dysplasia 4 (28.6) 14 (58.3) 0.076

Periventricualr leukomalacia 4 (25.0) 10 (36.4) 0.390

Early onset sepsis 1 (7.1) 0 (0.0) 0.368

Late onset sepsis 2 (14.3) 13 (45.8) 0.049

CNS infection 0 (0.0) 6 (25.0) 0.049

Seizure 3 (21.4) 9 (37.5) 0.256

Hospital days (days) 88 (72–102) 123 (92–157) 0.002

Surgical management for PHH 5 (35.7) 8 (33.3) 0.577

Values are presented as mean±standard deviation, median (range), or number (%). CNS : central nervous system, PHH : post-hemorrhagic 
hydrocephalus
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p=0.027). The rate of late-onset sepsis was significantly higher 

in phase II survivors than in phase I survivors (14.3% vs. 

45.8%, respectively; p=0.049), as was the case for CNS infec-

tions (0.0% vs. 25.0%, respectively; p=0.049). Median hospi-

talization duration was longer in the phase II group than in 

the phase I group (p=0.02), although there was no difference 

in the frequency of surgical treatment for PHH between phas-

es I and II (35.7% vs. 33.3%, respectively; p=0.577). Except for 

one infant who underwent EVD in phase II, all cases of surgi-

cal treatment during hospitalization survived and were dis-

charged. 

DISCUSSION 

In the present study, 21.5% of infants born at <32 weeks GA 

had IVH. The incidence rate of severe IVH was 9.0%, al-

though the in-hospital mortality rate of infants with severe 

IVH was 29.6%. The Korean Neonatal Network reported a 

similar incidence rate, with severe IVH documented in 10.3% 

of VLBW infants1,15). Prior studies on mortality in infants with 

severe IVH reported rates of 30–60%, which is directly corre-

lated with degree of severity and varies substantially between 

geographic regions4,11,14,18). At our institution, 87.5% of infants 

with severe IVH who died had grade 4 IVH, and mortality 

rates of infants with grade 3 and 4 IVH were 11.8% and 37.8%, 

respectively.

Mortality rate of infants with severe IVH decreased over a 

14-year period, particularly the mortality rate after surviving 

for at least 1 week, which decreased by 21.7% in phase II 

(2013–2020) compared with that in phase I (2007–2013). 

Short- and long-term outcomes of VLBW infants in Korea 

continue improving15); however, previous studies investigating 

trends in morbidity and mortality for preterm infants did not 

report outcomes for infants with severe IVH separately. In the 

present study, although there was an overall trend of declining 

mortality, more recently, there was a significant increase in 

major neonatal morbidities in infants with severe IVH such as 

late-onset sepsis, NEC, and/or BPD. Late-onset sepsis and 

NEC in infants who would have otherwise died before reach-

ing the vulnerable postnatal age, after which late-onset sepsis 

or NEC commonly occurs, are likely to be a result of improve-

ments in NICU care, such as invasive procedures, central-line 

associated bloodstream infection prevention, and mechanical 

ventilation16,21). Patel et al.21) analyzed NICU deaths among 

22248 preterm infants with GAs of 22 0/7 to 28 6/7 weeks 

from 2000 through 2011 and found results similar to those of 

the present study, in that overall mortality decreased over 

time, particularly those related to pulmonary causes, imma-

turity, and infection, while deaths related to NEC increased.

NEC is the most common severe neonatal gastrointestinal 

complication and predominantly affects preterm infants19). 

Patients with NEC are known to be at a higher risk of devel-

oping IVH and/or progressing from mild IVH to more severe 

grades13,17). Recently, a multicenter prospective study showed 

that infants with IVH are more likely to develop NEC, partic-

ularly surgical NEC7). This result is consistent with that of the 

present study, which showed frequent coexistence of surgical 

NEC and IVH in survivors of severe IVH. NEC and IVH co-

existence leads to a more complicated decision-making pro-

cess because infants with severe IVH who require surgical 

treatment for PHH with gastrointestinal complications (NEC/

perforated bowel) require a ventriculoatrial rather than ven-

triculoperitoneal (VP) shunt6). If a VP shunt is utilized in in-

fants with NEC, it can lead to gram-negative ventriculitis with 

serious effects in the brain23). Improved survival rate in VLBW 

infants with severe neonatal morbidities, particularly IVH 

and NEC, is likely to negatively impact long-term neurological 

outcomes10,17). Further investigation and guidelines regarding 

multidisciplinary management of comorbid NEC and IVH 

are needed.

Extremely preterm infants born before 28 weeks of gesta-

tion often have hypotension of various etiologies12,24). The as-

sociation between hypotension and cerebral insult is well rec-

ognized, as hypotension may lead to impairment of cerebral 

autoregulation2). Some studies have identified the negative ef-

fects of standard antihypotensive treatments in preterm in-

fants3,8). In the present study, significant hypotension, when 

treated with vasoactive medications within a week, was found 

to be an independent risk factor for mortality in infants with 

severe IVH. It should be noted that preterm infants with se-

vere IVH have a history of significant hypotension within a 

week of birth. 

The present study was limited by its retrospective design, 

small sample size, and utilization of only a single center. Large 

population-based multicenter studies investigating preterm 

infants with severe IVH are required to validate these results.
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CONCLUSION

In conclusion, the results of the present study have shown 

that in-hospital mortality rates in preterm infants with severe 

IVH decreased over the 14 years evaluated, likely due to recent 

advances in neonatal intensive care, whereas the rates of some 

major neonatal morbidities, NEC, and late-onset sepsis in-

creased. Hypotension, when treated with vasoactive medica-

tions within 1 week of birth, was found to be an independent 

risk factor for mortality in infants with severe IVH. These re-

sults support the need for specialized and focused medical 

and/or surgical neonatal care in preterm infants with severe 

IVH. Further research is needed on long-term prognosis and 

management of optimal neurodevelopment.
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