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ABSTRACT 

 

Background 

Prematurity is a major risk factor for intraventricular haemorrhage (IVH). Premature infants 

often require respiratory support. There is little information on neonates with IVH who 

require respiratory support in low and middle income countries. 

 

Objective 

To describe the characteristics and short-term outcomes of very low birth weight (VLBW) 

infants with IVH who required respiratory support in a tertiary neonatal unit with resource 

limitations. 

 

Methods 

This was a matched retrospective observational study. The population included VLBW 

infants with IVH, who received positive pressure respiratory support between January 2014 

and December 2016. Outcomes of infants with severe IVH was compared to those with mild 

IVH. Outcomes were further analysed according to mode of ventilation. 

 

Results 

150 infants were included in the study, 56 (37%) received continuous positive airway 

pressure (CPAP) only and 94 (63%) mechanical ventilation. Severe IVH was associated with 

surfactant therapy across both ventilation groups (p=0.03). Oxygen requirement at 28 days 

was more frequent in infants with severe IVH compared to mild IVH (79% vs 38%, p=0.01) 

(OR 6.11 (95% CI 1.19-31.34), p=0.03). Severe IVH and the presence of coagulopathy were 

the strongest predictors of death in both ventilation groups (p <0.0001). Pulmonary 

haemorrhage was the commonest cause of death in those with severe IVH and blood culture 

confirmed sepsis in those with mild IVH. Periventricular leukomalacia (PVL) was associated 

with severe IVH in those receiving invasive ventilation (OR 6.67 (95% CI 1.11-40.17)). 

 

Conclusion 

Mechanical ventilation, coagulopathy and pulmonary haemorrhage were strongly associated 

with death in VLBW infants with severe IVH in a resource-limited setting. These prognostic 

factors may have a role in end of life decisions. 



3 
 

ACKNOWLEDGEMENTS AND CONTRIBUTIONS 
 

I would like to express my sincere gratitude to my supervisor Dr. Yaseen Joolay for his 

patience, guidance and support during this study. 

I am thankful to the staff responsible for the Groote Schuur VON database and its invaluable 

contribution to research. 

I would like to acknowledge the neonatology department at Groote Schuur Hospital for 

prioritising research and improving care in neonates. 

Finally, I would like to thank my family for their ongoing encouragement and support.  



4 
 

LIST OF TABLES 
 

Literature Review 

Table 1: Summary of Risk factors of IVH ........................................................................... 13 

Table 2: Summary of Outcomes of IVH .............................................................................. 37 

 

Publication Ready Manuscript 

Table 1: Characteristics of study population by ventilation strategy ..................................... 69 

Table 2: Outcomes of study population by ventilation strategy ............................................ 71 

Table 3: Adjusted hazard ratios for mortality, comparing severe to mild intraventricular 

haemorrhage: stratified by ventilation strategy .................................................................... 73 

 

SUPPLEMENTAL TABLE 1: Mortality rates and rate ratios comparing severe to mild 

intraventricular haemorrhage ............................................................................................... 74 

SUPPLEMENTAL TABLE 2: Mortality rates and rate ratios among infants ≥800 g and ≥27 

weeks’ gestation: comparing severe to mild intraventricular haemorrhage ........................... 74 

 

  



5 
 

LIST OF FIGURES 
 

Figure 1: Kaplan-Meier survival curves of infants with severe compared to mild intra-

ventricular haemorrhage by ventilation strategy ........................................................................ 75 

 

 

 

  



6 

ABBREVIATIONS 

IVH intraventricular haemorrhage 

PVL periventricular leukomalacia 

RDS respiratory distress syndrome 

NEC necrotizing enterocolitis 

FFP fresh frozen plasma 

PDA patent ductus arteriosus 

ELBW extremely low birth weight 

IVH-PVH intraventricular-periventricular haemorrhage 

CPAP continuous positive airway pressure 

MRI magnetic resonance imaging 

CSF cerebrospinal fluid 

PHH post haemorrhagic hydrocephalus 

VP ventriculoperitoneal shunt 

EVD external ventricular drainage 

LP lumbar puncture 

ROP retinopathy of prematurity 

VLBW very low birth weight 

GSH Groote Schuur Hospital 

VON Vermont Oxford Network 



7 
 

INTRODUCTION AND LITERATURE REVIEW 

INTRODUCTION 

Intraventricular haemorrhage (IVH) is a common complication in preterm infants. The 

relationship has been well described with the incidence increasing with decreasing gestational 

age.[1-3] This differs to IVH in term infants, which is due to a different pathophysiology with 

bleeding in areas other than the germinal matrix.[4] 

 

The periventricular germinal matrix is a highly vascularized region which is vulnerable to 

bleeding in the preterm infant.[1,2] Involution begins at 28 weeks gestation and is usually 

complete by 36 weeks, after which the risk of bleeding is minimal.[5] Multiple factors can 

injure this fragile area of the brain leading to IVH.[3] These factors lead to injury by causing 

disturbances in the cerebral blood flow.[1,2] Fluctuations in cerebral blood flow alters the 

brain’s ability to maintain cerebral autoregulation, a process likely already compromised 

based on the severity of the prematurity and the stability of the infant.[1,2] 

 

Cranial ultrasonography allows for rapid diagnosis and grading of IVH.[3] Volpe adapted 

Papile’s original grading system to create the following widely used classification [6,7]: 

 

Grade 1 – Germinal matrix haemorrhage and/or IVH <10% of ventricle 

Grade 2 – Germinal matrix haemorrhage and IVH 10-50% of ventricle 

Grade 3 – Germinal matrix haemorrhage and IVH involving more than 50% of ventricle 

(often with distended lateral ventricles) 

Grade 4 – Periventricular haemorrhagic infarction, cystic periventricular leukomalacia (PVL) 

 

Grading IVH is important in determining prognosis. Mild IVH refers to grade 1 and 2, severe 

IVH grade 3 and 4.[6,7] 
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OBJECTIVES 

1. To assess the common risk factors associated with intraventricular haemorrhage in 

preterm infants 

2. To assess the complications and outcomes associated with intraventricular 

haemorrhage in preterm infants 

 

LITERATURE SEARCH 

An online search was done on Pubmed to review the literature from the year 2000 onwards. 

The literature review was conducted during 2016 with the intention of researching evidence 

over the last 15 years. 

 

Search terms: 

1. (("Infant, Premature"[Mesh]) OR "Infant, Premature, Diseases"[Mesh]) AND ((( 

"Intracranial Hemorrhages/etiology"[Mesh] OR "Intracranial Hemorrhages/prevention 

and control"[Mesh] )) OR ( "Cerebral Hemorrhage/etiology"[Mesh] OR "Cerebral 

Hemorrhage/prevention and control"[Mesh] )) 

 

Restrictions included: 

 Humans 

 English 

 

This search yielded 625 results, of which 72 articles were relevant to the objectives of 

this study. 57 clinical trials were available and comprise the risk factors analysis for 

this literature review. 

 

2. (("Infant, Premature"[Mesh]) OR "Infant, Premature, Diseases"[Mesh]) AND 

(("Intracranial Hemorrhages/complications"[Mesh]) OR "Cerebral 

Hemorrhage/complications"[Mesh]) 

 

Restrictions included: 

 Humans 
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 English 

This search yielded 220 results of which 29 articles were relevant to the objectives of 

this study. 18 clinical trials were available and comprise the outcomes analysis for this 

literature review. 

 

RESULTS 

 

Risk Factors 

IVH has been extensively studied to determine potential means of either preventing the 

incidence or worsening of this condition. 57 studies were reviewed with a summary of the 

findings presented in table 1. 

 

Prematurity is the most important risk factor for developing IVH.[1-2] The best way to prevent 

IVH is to prevent factors that lead to preterm labour and delivery. 

 

Multiple trials have confirmed the recognised benefits of antenatal corticosteroids in reducing 

the incidence of IVH.[8-13] This is achieved by stabilizing blood vessels in the germinal matrix 

and maintaining cerebral blood flow. In addition, antenatal steroids reduce respiratory 

distress syndrome (RDS), a disease process which contributes to cerebral blood flow 

fluctuations.[1] 

 

Partial or complete treatment with steroids showed improved mortality outcomes and lower 

rates of severe IVH compared to no treatment.[13] A single dose in preterm rupture of 

membranes was shown to decrease the incidence of severe IVH.[13] Both betamethasone and 

dexamethasone reduce the risk of IVH and severe IVH.[8,9]  

 

Chorioamnionitis is a risk factor for preterm delivery and the associated complications 

thereafter. It has been well described as a risk factor for IVH, even when adjusting for 

gestational age.[14-17] Steroids have been shown to be beneficial in decreasing IVH in the 

presence of chorioamnionitis.[18] 



10 
 

More evidence is emerging showing a strong association between transportation of extreme 

preterm infants and IVH.[19,20] High risk mothers should ideally be delivered in a tertiary 

neonatal unit where early stabilisation of the infant may prevent IVH. 

 

While a multicentre prospective cohort showed caesarean section delivery as protective 

against IVH,[21] further studies found no difference in outcome depending on mode of 

delivery and IVH.[22,23]  

 

Maternal HELLP syndrome (haemolysis, elevated liver enzymes, low platelets) was 

associated with an increased incidence of severe IVH in preterm infants.[24] Antenatal 

magnesium sulphate showed improved long term neurological outcomes but has had no effect 

on IVH.[25] 

 

Delayed cord clamping (along with the benefits of improved mortality, reduced anaemia and 

reduced incidence of necrotizing enterocolitis (NEC)) has shown to be protective against IVH 

across all grades and is generally recommended for vigorous preterm infants not requiring 

resuscitation.[25-28] 

 

Reducing blood transfusions in the first week of life may be associated with a decreased 

incidence of IVH.[29.30] The association is unclear given that the clinical factors that lead to 

early blood transfusions may be relevant to the cause of IVH in these infants.[29] 

 

The role of coagulopathy in the pathogenesis of IVH is not clearly demonstrated. However it 

does influence the risk and severity of the condition. Several treatment strategies have been 

reviewed.[31-37] 

 

The use of anticoagulants to prevent the formation of thrombi (implicated as a possible cause 

of IVH) does not show any clear benefit.[31] Systematic reviews done by Bruschettini et al. 

found insufficient evidence to recommend treatment with heparin or antithrombin.[32,33] Fresh 

frozen plasma (FFP) transfusions are not recommended prophylactically.[34,35] Dani et al. 
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demonstrated that coagulopathy screening and empiric treatment with FFPs reduced the risk 

of IVH only in 23-26 week gestation infants.[34] Tran et al. was able to identify preterm 

infants at risk for coagulopathy and severe IVH but FFPs were not beneficial in preventing 

IVH or decreasing mortality.[35] Prophylactic administration of Factor VII did not 

demonstrate any clear benefits in reducing IVH in a small prospective study.[36] Antenatal 

vitamin K did not reduce the incidence of IVH in preterm infants.[37] 

 

The incidence and severity of IVH was not influenced by platelet transfusions. 

Thrombocytopaenia can be found in IVH, but the severity of the thrombocytopaenia does not 

compare with the grade of IVH.[38] Platelet transfusions did not influence the incidence of 

IVH.[39] Ethamsylate was considered due to its ability to promote platelet adhesiveness. A 

systematic review showed a decrease in severe IVH in infants <35weeks but did not affect 

infants <32 weeks. It does not reduce mortality or affect neurodevelopment and is not 

recommended for routine use.[40] 

 

Patent ductus arteriosus (PDA) causes variations in cerebral blood flow and is a risk factor 

for IVH.[1] The role of indomethacin and ibuprofen has been reviewed in preventing this 

phenomenon. Indomethacin has a role in treating infants with symptomatic PDAs. It reduces 

severe IVH in the short term by creating vascular stability.[1-3] This has been demonstrated in 

several studies.[41-44] However, it does not provide any long term protection against 

neurodevelopmental outcomes and has no effect on mortality.[41,42] Ibuprofen does not 

influence cerebral blood flow and therefore has no effect on IVH.[1] This was demonstrated in 

several randomised controlled trials in infants who received prophylactic ibuprofen.[45-46] 

 

The mechanism of action of phenobarbital in stabilisation of blood pressure was postulated to 

potentially prevent IVH. A meta-analysis of twelve randomised control trials showed no 

effect of postnatal phenobarbital on prevention of IVH with an increased requirement for 

mechanical ventilation due to the sedative effects of phenobarbital.[47] Antenatal 

phenobarbital has also been reviewed with no benefits demonstrated.[48] 

 

Hypothermia failed to show a strong association with IVH in the studies reviewed.[49,50] 



12 
 

Hypernatraemia, a complication of extremely low birth weight (ELBW), leads to vascular 

rupture and is associated with IVH.[51] 

 

A large randomized control trial by Fauchère, showed no difference in IVH in infants given 

erythropoietin.[52] 

 

Respiratory distress, acidosis, asphyxia and hypoxia all affect cerebral blood flow and are 

associated with an increased incidence of IVH.[53-55] Both hypercapnia and hypocapnia are 

associated with severe IVH.[56-58] Pneumothorax increases cerebral venous pressure and can 

influence the progression of IVH.[59] 

 

Prophylactic surfactant was an independent protective factor in reducing IVH overall 

compared to rescue treatment when analysed across three randomized controlled trials.[60] A 

2012 meta-analysis showed an overall marginal decrease in IVH in patients receiving 

prophylactic surfactant in comparison to selective surfactant treatment.[61] 

 

Mechanical ventilation has significant hemodynamic effects on the infant which could affect 

cerebral blood flow.[1] Prolonged positive pressure ventilation also increases the blood brain 

barrier permeability and contributes to the development of IVH.[1] The SUPPORT study 

compared infants who received CPAP versus intubation with surfactant in the delivery room. 

There was no difference in IVH between the two groups.[62] Early and prolonged mechanical 

ventilation are important predictors for severe IVH.[54,63] Pancuronium use in infants to 

achieve better control of mechanical ventilation, has shown a decrease in the incidence of 

IVH; regular use cannot be recommended due to possible associated long-term 

complications.[64] 
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Table 1: Summary of Risk factors of IVH 

  

No Author Title 
Type of 

Study 
Subjects 

Objective/ 

Intervention 

Findings 

Antenatal Steroids 

1 
Elmian et al 

[8] 

Antenatal Betamethasone 

Compared With 

Dexamethasone (Betacode 

Trial) 

Randomized 

Double Blind 

Controlled 

Trial 

Preterm 

neonates 23-

34 weeks 

Comparison of 

betamethasone to 

dexamethasone and the 

effects on neonatal morbidity 

and mortality 

Reduction in IVH with both 

agents, but more so with 

dexamethasone 

2 Lee et al [9] 

Adverse neonatal 

outcomes associated with 

antenatal dexamethasone 

versus antenatal 

betamethasone 

Retrospective 

Cohort Study 

Preterm 

neonates 

<1500g 

Comparison of 

betamethasone to 

dexamethasone and the 

effects on neonatal morbidity 

and mortality 

Reduction in severe IVH in 

both groups, with a lower 

mortality with betamethasone 
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3 
Chawla et al 

[10] 

Association of 

neurodevelopmental 

outcomes and neonatal 

morbidities of extremely 

premature infants with 

differential exposure to 

antenatal steroids 

Observation-

al Cohort 

Study 

Preterm 

neonates, 

401-1000g, 

22-27 weeks 

Comparison of outcomes of 

no, partial or complete 

antenatal steroids in preterm 

infants 

Both partial and complete 

antenatal steroids was 

associated with a decrease in 

severe IVH compared to no 

antenatal steroids 

4 
Maksić et al 

[11] 

The effects of antenatal 

corticosteroid treatment on 

intraventricular-

periventricular 

haemorrhage (IVH-PVH) 

of premature infants. 

Randomized 

Controlled 

Trial 

Preterm 

neonates, 26-

34 weeks 

The effects of antenatal 

corticosteroids on the 

incidence of IVH 

Decreased incidence of IVH 

in infants who received 

antenatal steroids 

5 Wei et al [12] 

Impact of antenatal 

steroids on intraventricular 

hemorrhage in very-low-

birth weight infants. 

Retrospective 

cohort 

Preterm 

neonates, 

401g-1500g/ 

22-32 weeks 

The effects of antenatal 

steroids in preventing IVH 

Antenatal steroids are 

strongly associated with a 

lower risk of IVH 
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6 
Vermillion et 

al [13] 

Effectiveness of antenatal 

corticosteroid 

administration after 

preterm premature rupture 

of the membranes 

Prospective 

cohort 

Preterm 

neonates, 24-

32 weeks 

The effect of antenatal 

betamethasone on preterm 

morbidities in preterm 

premature rupture of 

membranes 

Antenatal betamethasone 

given in preterm premature 

rupture of membranes is 

associated with a reduced risk 

of severe IVH 

Chorioamnionitis 

1 Ahn et al [14] 

The association of 

histological 

chorioamnionitis and 

antenatal steroids on 

neonatal outcome in 

preterm infants born at less 

than thirty-four weeks’ 

gestation 

Prospective 

cohort 

Preterm 

neonates, <34 

weeks 

Assess the effects of 

chorioamnionitis on neonatal 

morbidities 

Higher incidence of severe 

IVH with chorioamnionitis 

2 
De Felice et 

al [15] 

Early neonatal brain injury 

in histologic 

chorioamnionitis 

Prospective 

cohort 

Neonates, 24-

42 weeks, 

500g-3850g 

Determine neonatal outcomes 

in clinical and histological 

chorioamnionitis 

Significant association with 

IVH in histological 

chorioamnionitis, 

independent of gestational 

age 
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3 
Mehta et al 

[16] 

Neonatal morbidity and 

placental pathology 

Retrospective 

cohort 

Preterm 

neonates, ≤34 

weeks 

Determine neonatal outcomes 

in preterm infants with 

placental pathology and its 

association with gestational 

age 

Placental pathology is 

associated with an increased 

risk of IVH independent of 

gestational age 

4 
Tauscher et 

al [17] 

Association of histologic 

chorioamnionitis, 

increased levels of cord 

blood cytokines, and 

intracerebral hemorrhage 

in preterm neonates 

Prospective 

cohort 

Preterm 

neonates, ≤32 

weeks 

The association of 

histological chorioamnionitis 

with IVH 

Histological chorioamnionitis 

is a risk factor for IVH 

5 
Miyazaki et 

al [18] 

The effects of antenatal 

corticosteroids therapy on 

very preterm infants after 

chorioamnionitis 

Retrospective 

cohort 

Preterm 

neonates, 

<34-22 and 

<1500g 

Assess neonatal outcomes 

following antenatal steroids 

in histological 

chorioamnionitis 

Antenatal steroids was 

associated with reduced 

incidence of IVH 

Transport 

1 
Köksal et al 

[19] 

Risk factors for 

intraventricular 

haemorrhage in very low 

birth weight infants 

Prospective 

cohort 

Preterm 

neonates, 

≤1500g 

To assess the risk factors 

associated with IVH in 

preterm infants 

Postnatal transport of infants 

to tertiary hospitals was 

associated with an increased 

risk of IVH 
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2 
Mohamed et 

al [20] 

Transport of premature 

infants is associated with 

increased risk for 

intraventricular 

haemorrhage 

Retrospective 

cohort 

Preterm 

neonates, 

≤1500g  

The association of neonatal 

inter-hospital transport on the 

incidence and severity of 

IVH. 

Inter-hospital transport of 

neonates is associated with an 

increased incidence and 

increased severity of IVH 

Mode of delivery 

1 
Helwich et al 

[21] 

Intraventricular 

hemorrhage in premature 

infants with Respiratory 

Distress Syndrome treated 

with surfactant: incidence 

and risk factors in the 

prospective cohort study 

Prospective 

cohort 

Preterm 

neonates, <32 

weeks 

Assess risk factors for IVH in 

preterm infants with 

respiratory distress syndrome 

treated with surfactant 

Caesarean section was 

protective against IVH in 

preterm infants 

2 
Ljuština et al 

[22] 

Analysis of intracranial 

hemorrhage grade in 

preterm singleton 

pregnancies delivered 

vaginally or by cesarean 

section 

Retrospective 

cohort 

Preterm 

neonates, 

750-1500g 

To compare mode of delivery 

with IVH 

No significant difference 

demonstrated between mode 

of delivery and IVH 
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3 
Werner et al 

[23] 

Mode of delivery and 

neonatal outcomes in 

preterm, small-for-

gestational-age newborns 

Retrospective 

cohort 

Preterm 

neonates, 25-

34 weeks 

To assess mode of delivery 

on preterm neonatal outcomes 

No difference in IVH 

between mode of delivery 

HELLP syndrome 

1 Kim et al [24] 

Neonatal outcome after 

preterm delivery in 

HELLP syndrome 

Retrospective 

cohort 

Preterm 

neonates, <37 

weeks 

Assess outcomes of preterm 

neonates in HELLP syndrome 

and severe preeclampsia 

Increased incidence of severe 

IVH in HELLP syndrome 

Magnesium Sulphate 

1 
Crowther et 

al [25] 

Assessing the 

neuroprotective benefits 

for babies of antenatal 

magnesium sulphate: An 

individual participant data 

meta-analysis 

Meta-

analysis, 5 

randomized 

controlled 

trials 

Preterm 

neonates, <37 

weeks 

Determine effects and 

outcomes of antenatal 

magnesium sulphate on 

preterm neonates  

 Neuroprotective effect 

with decreased incidence 

of cerebral palsy 

 No effect on IVH 
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Delayed cord clamping 

1 
Chiruvolu et 

al [26] 

Effect of delayed cord 

clamping on very preterm 

infants 

Retrospective 

and 

prospective 

cohort 

Preterm 

neonates, <32 

weeks 

The assess the effects of 

delayed cord clamping on 

IVH in preterm infants 

Delayed cord clamping 

decreases the incidence of 

IVH in preterm infants 

2 
Mercer et al 

[27] 

Delayed cord clamping in 

very preterm infants 

reduces the incidence of 

intraventricular 

hemorrhage and late-onset 

sepsis: a randomized, 

controlled trial 

Randomized 

controlled 

trial 

Preterm 

neonates, <32 

weeks 

Comparison of neonatal 

outcomes between immediate 

and delayed cord clamping in 

preterm infants  

Delayed cord clamping 

decreases the incidence of 

IVH in preterm infants 

3 Rabe et al [28] 

Effect of timing of 

umbilical cord clamping 

and other strategies to 

influence placental 

transfusion at preterm 

birth on maternal and 

infant outcomes 

Meta-

analysis, 48 

randomized 

controlled 

trials 

Preterm 

neonates, <37 

weeks 

Comparison of neonatal 

outcomes with delayed cord 

clamping compared to early 

cord clamping 

Reduced incidence of IVH 

with delayed cord clamping 

compared to early cord 

clamping 
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Blood Transfusion 

1 
Christensen 

et al [29] 

Association, among very‐

low‐birthweight neonates, 

between red blood cell 

transfusions in the week 

after birth and severe 

intraventricular 

haemorrhage 

Retrospective 

cross 

sectional 

Preterm 

neonates, 

<1500g 

The effects of reduced early 

red blood cell transfusions on 

the incidence of IVH  

 Decreased incidence of 

severe IVH since 

reducing early RBC 

transfusions in a 

neonatal intensive care 

unit (NICU). 

 Association is unclear 

2 
Hasanbegovi

c et al [30] 

Evaluation and treatment 

of anemia in premature 

infants 

Retrospective 

observational 

Preterm 

neonates, ≤37 

weeks 

Assess the frequency of 

anaemia in preterm infants in 

a neonatal unit and the need 

for blood transfusions 

Anaemia was more frequent 

in infants < 32 weeks’ 

gestational age, who required 

blood 

transfusions more often 

Coagulopathy 

1 Fulia et al [31] 

Can the Administration of 

Antithrombin III Decrease 

the Risk of Cerebral 

Hemorrhage in Premature 

Infants? 

Randomized 

controlled 

trial 

Preterm 

neonates, <30 

weeks 

To assess if antithrombin 

given prophylactically to 

preterm infants decreases the 

risk of IVH 

Antithrombin did not 

decrease the incidence of IVH 
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2 
Bruschettini 

et al [32] 

Heparin for the prevention 

of intraventricular 

haemorrhage in preterm 

infants 

Systematic 

review, 2 

randomized 

controlled 

trials 

Preterm 

neonates <32 

weeks 

To assess if heparin given 

prophylactically to preterm 

infants decreases the risk of 

IVH 

Heparin did not decrease the 

incidence of IVH 

3 
Bruschettini 

et al [33] 

Antithrombin for the 

prevention of 

intraventricular 

hemorrhage in very 

preterm infants 

Systematic 

review, 2 

randomized 

controlled 

trials 

Preterm 

neonates <32 

weeks 

To assess if antithrombin 

given prophylactically to 

preterm infants decreases the 

risk of IVH 

Antithrombin did not 

decrease the incidence of IVH 

4 Dani et al [34] 

Coagulopathy screening 

and early plasma treatment 

for the prevention of 

intraventricular 

hemorrhage in preterm 

infants 

Prospective 

cohort 

Preterm 

neonates, 23-

29 weeks 

To assess the effects of early 

FFP treatment, in preterm 

infants with coagulopathy, on 

IVH 

Coagulopathy screening and 

early FFPs were beneficial in 

reducing IVH in infants < 23-

26 weeks’ gestational age 
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5 Tran et al [35] 

Does risk-based 

coagulation screening 

predict intraventricular 

haemorrhage in extreme 

premature infants? 

Retrospective 

cohort 

Preterm 

neonates, 23-

26 weeks 

To assess the effects of early 

FFP treatment  on IVH, in 

preterm infants with 

abnormal coagulation screens 

 Screening identified high 

risk neonates at risk for 

IVH 

 FFPs to correct 

coagulopathy did not 

decrease the incidence of 

IVH 

6 
Veldman et 

al [36] 

A prospective pilot study 

of prophylactic treatment 

of preterm neonates with 

recombinant activated 

factor VII during the first 

72 hours of life 

Prospective 

cohort 

Preterm 

neonates, 23-

28 weeks 

To assess the effects of 

prophylactic factor VII on 

preterm infants 

 Small sample size 

 Did not show any clear 

benefit 

7 
Crowther et 

al [37] 

Vitamin K prior to preterm 

birth for preventing 

neonatal periventricular 

haemorrhage 

Systematic 

review, 7 

randomised 

controlled 

trials 

Preterm 

neonates, <37 

weeks 

To assess the effects of 

antenatal vitamin K on 

neonatal morbidity and 

mortality 

No difference noted in the 

incidence of IVH with 

antenatal vitamin K 
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8 
Von Lindern 

et al [38] 

Thrombocytopaenia and 

intraventricular 

haemorrhage in very 

premature infants: a tale of 

two cities 

Retrospective 

cohort 

Preterm 

neonates, <32 

weeks 

To assess the effects of 

platelet transfusions on IVH  

in preterm neonates with 

thrombocytopaenia 

Platelet transfusions in 

asymptomatic neonates with a 

count of <30 x 109/l did not 

reduce the incidence of IVH 

9 
Sparger et al 

[39] 

Platelet transfusion 

practices among very-low-

birth-weight infants 

Retrospective 

cohort 

Preterm 

neonates, 

<1500g 

To assess platelet transfusions 

in preterm neonates with 

thrombocytopaenia and its 

risk on IVH 

 Transfusion depended 

on severity of illness 

 Thrombocytopaenia did 

have a higher risk of 

IVH, but was not 

dependant on the actual 

platelet count 

 Platelet transfusions did 

not reduce the incidence 

of IVH 
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10 Hunt et al [40] 

Ethamsylate for the 

prevention of morbidity 

and mortality in preterm or 

very low birth weight 

infants 

Systematic 

review, 8 

randomized 

controlled 

trials 

Preterm 

neonates, <35 

weeks or 

<2000g 

Prophylactic ethamsylate in 

preterm infants and its effects 

on neonatal outcomes 

 Reduced severe 

IVH in infants < 35 

weeks’ gestational age, 

but not in infants < 32 

weeks’ gestational age 

 No difference in 

mortality or 

neurodevelopmental 

outcome 

Indomethacin and Ibuprofen 

1 
Fowlie et al 

[41] 

Prophylactic intravenous 

indomethacin for 

preventing mortality and 

morbidity in preterm 

infants 

Systematic 

review, 19 

randomized 

controlled 

trials 

Preterm 

neonates, <37 

weeks 

To assess the effects of 

prophylactic indomethacin in 

preterm infants, on morbidity 

and mortality 

 Decreased incidence in 

IVH and PDAs 

 No difference in 

mortality or long term 

neurodevelopmental 

outcome 
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2 
Schmidt et al 

[42] 

Long-term effects of 

indomethacin prophylaxis 

in extremely-low-birth-

weight infants 

Randomized 

controlled 

trial 

Preterm 

neonates, 

<1000g 

To assess the effects of 

prophylactic indomethacin in 

preterm infants, on morbidity 

and mortality 

 Decreased incidence in 

IVH 

 No difference in 

mortality or long term 

neurodevelopmental 

outcome 

3 
Al-Shawaf et 

al [43] 

The use of indomethacin 

for the prevention of 

intraventricular brain 

hemorrhage in high-risk 

neonates 

Retrospective 

cohort 

Preterm 

neonates, 

≤1250g 

To assess the effects of 

prophylactic indomethacin on 

the incidence of IVH 

Decreased incidence in IVH 

with prophylactic 

indomethacin 

4 
Yanowitz et 

al [44] 

Prophylactic indomethacin 

reduces grades III and IV 

intraventricular 

hemorrhages when 

compared to early 

indomethacin treatment of 

a patent ductus arteriosus 

Retrospective 

cohort 

Preterm 

neonates, <29 

weeks and 

<1350g 

To assess the effects of 

prophylactic indomethacin on 

the incidence of severe IVH  

Decreased incidence in severe 

IVH with prophylactic 

indomethacin 
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5 Dani et al [45] 

Prophylactic ibuprofen for 

the prevention of 

intraventricular 

hemorrhage among 

preterm infants: a 

multicenter, randomized 

study 

Randomized 

controlled 

trial 

Preterm 

neonates, 

<28weeks 

To assess the effects of 

prophylactic ibuprofen on the 

incidence of IVH grade 2-4 

There was no difference in 

the incidence of grade 2-4 

IVH 

6 

Van 

Overmeire et 

al [46] 

Prophylactic ibuprofen in 

premature infants: a 

multicentre, randomised, 

double-blind, placebo-

controlled trial 

Randomized 

controlled 

trial 

Preterm 

neonates, <31 

weeks 

To assess the effects of 

prophylactic ibuprofen on the 

incidence of severe IVH 

 No effect on severe IVH 

 Decreased incidence of 

PDA 
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Phenobarbital 

1 Smit et al [47] 

Postnatal phenobarbital for 

the prevention of 

intraventricular 

haemorrhage in preterm 

infants 

Meta-

analysis, 12 

randomized 

controlled 

trials 

Preterm 

neonates, <34 

weeks or 

<1500g 

Prophylactic phenobarbital in 

preterm infants and its effects 

on neonatal outcomes 

 Does not reduce the 

incidence of IVH 

 Increased mechanical 

ventilation 

2 
Crowther et 

al [48] 

Phenobarbital prior to 

preterm birth for 

preventing neonatal 

periventricular 

haemorrhage 

Meta-

analysis, 9 

randomized 

controlled 

trials 

Preterm 

neonates, <34 

weeks 

Antenatal prophylactic 

phenobarbital and its effects 

on preterm IVH 

 Does not reduce the 

incidence of IVH 

 Increased maternal 

sedation 

Hypothermia 

1 
Audeh et al 

[49] 

Does admission 

hypothermia predispose to 

intraventricular 

hemorrhage in very-low-

birth-weight infants? 

Retrospective 

observational 

Preterm 

neonates, ≤32 

weeks and 

<1500g 

To assess admission 

hypothermia as a risk factor 

for IVH in preterm infants 

Admission hypothermia was 

not significantly associated 

with IVH 
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2 
Miller et al 

[50] 

Hypothermia in very low 

birth weight infants: 

distribution, risk factors 

and outcomes 

Retrospective 

cohort 

Preterm 

neonates, 

<1500g 

To assess the outcomes of 

preterm neonatal hypothermia 

Babies with moderate 

hypothermia had an increased 

odds of developing IVH 

Hypernatraemia 

1 
Dalton et al 

[51] 

Assessment of association 

between rapid fluctuations 

in serum sodium and 

intraventricular 

hemorrhage in 

hypernatremic preterm 

infants 

Retrospective 

observational 

Preterm 

neonates, <29 

weeks and 

<1000g 

To determine the association 

between serum fluctuations in 

sodium and IVH 

Hypernatraemia in preterm 

infants is associated with IVH 

Erythropoeitin 

1 
Fauchère et 

al [52] 

Safety of early high-dose 

recombinant 

erythropoietin for 

neuroprotection in very 

preterm infants 

Randomized 

controlled 

trial 

Preterm 

neonates, 26-

32 weeks 

To assess the neuroprotective 

effects of prophylactic 

erythropoietin 

There was no difference in 

the incidence of IVH 
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Respiratory Complications 

1 Ertan et al [53] 

Perinatal risk factors for 

neonatal intracerebral 

hemorrhage in preterm 

infants 

Retrospective 

observational 

Preterm 

neonates, 24-

34 weeks 

To assess the risk factors 

associated with IVH in 

preterm infants 

Acidosis, low APGARS and 

thrombocytopaenia was 

associated with IVH 

2 
Helwich et al 

[54] 

Intraventricular 

hemorrhage in premature 

infants with Respiratory 

Distress Syndrome treated 

with surfactant: incidence 

and risk factors in the 

prospective cohort study 

Prospective 

cohort 

Preterm 

neonates, <32 

weeks 

To assess  IVH in preterm 

infants with RDS treated with 

surfactant 

 Significant incidence of 

IVH in RDS 

 Mechanical ventilation 

was the strongest risk 

factor for IVH 
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3 
Krediet et al 

[55] 

Respiratory distress 

syndrome-associated 

inflammation is related to 

early but not late 

peri/intraventricular 

hemorrhage in preterm 

infants 

Prospective 

cohort 

Preterm 

neonates, <32 

weeks 

To determine if cytokine 

levels in infants with RDS are 

associated with the 

development of early IVH-

PVH within the first 12 hours 

of life in contrast to IVH-

PVH developing after 12 

hours of life 

Association between RDS 

and developing IVH 

demonstrated by raised 

cytokine levels 

4 
Fabres et al 

[56] 

Both extremes of arterial 

carbon dioxide pressure 

and the magnitude of 

fluctuations in arterial 

carbon dioxide pressure 

are associated with severe 

intraventricular 

hemorrhage in preterm 

infants 

Retrospective 

cohort 

Preterm 

neonates, 

401g-1250g 

To assess hypocapnia and 

hypercapnia in preterm 

infants in the first 4 days of 

life and its association with 

severe IVH 

Hypocapnia and hypercapnia 

is associated with severe IVH 

in preterm infants 
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5 
Erickson et al 

[57] 

Hypocarbia in the 

ventilated preterm infant 

and its effect on 

intraventricular 

haemorrhage and 

bronchopulmonary 

dysplasia 

Retrospective 

cohort 

Preterm 

neonates, <29 

weeks 

To assess CO2 levels in 

ventilated preterm infants and 

severe IVH 

Hypocapnia is associated with 

severe IVH in ventilated 

preterm infants 

6 
Kaiser et al 

[58] 

Hypercapnia during the 

first 3 days of life is 

associated with severe 

intraventricular 

hemorrhage in very low 

birth weight infants 

Retrospective 

cohort 

Preterm 

neonates, 

<1500g 

To assess hypercapnia as a 

risk factor for severe IVH in 

preterm infants during first 3 

days of life 

Hypercapnia is associated 

with an increased risk of 

severe IVH in preterm infants 

7 
Pishva et al 

[59] 

Intraventricular 

hemorrhage in premature 

infants and its association 

with pneumothorax 

Prospective 

cross-

sectional 

Preterm 

neonates, 24-

36 weeks 

To assess pneumothorax as a 

risk factor for IVH 

 Pneumothorax 

aggravates IVH in 

preterm infants 

 Pneumothorax is a risk 

factor in < 28 week 

infants 
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Surfactant 

1 Walti et al [60] 

Prophylactic 

administration of porcine-

derived lung surfactant is a 

significant factor in 

reducing the odds for peri-

intraventricular 

haemorrhage in premature 

infants 

Meta-

analysis, 3 

randomized 

controlled 

trials 

Preterm 

neonates at 

risk of RDS 

Comparison of prophylactic 

surfactant to rescue surfactant 

in reducing the rate of IVH 

Prophylactic surfactant in 

preterm infants with RDS is 

an independent protective 

factor against IVH 

2 
Rojas‐Reyes 

et al [61] 

Prophylactic versus 

selective use of surfactant 

in preventing morbidity 

and mortality in preterm 

infants 

Meta-

analysis, 11 

randomized 

controlled 

trials 

Preterm 

infants with 

or without 

RDS 

Comparison of outcomes of 

prophylactic surfactant to 

selective surfactant in RDS 

preterm infants 

 Decreased risk of IVH 

with prophylactic 

surfactant compared 

with early CPAP and 

selective surfactant 

 Trend towards 

decreased risk of severe 

IVH with prophylactic 

surfactant compared 

with selective surfactant 
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Ventilation 

1 

SUPPORT 

study group 

[62] 

Early CPAP versus 

surfactant in extremely 

preterm infants 

Randomized 

controlled 

trial 

Preterm 

neonates, 28-

24 weeks 

Comparison of CPAP to 

surfactant and ventilation in 

preterm infants 

No difference in IVH 

between the two groups 

2 Aly et al [63] 

Is mechanical ventilation 

associated with 

intraventricular 

hemorrhage in preterm 

infants? 

Retrospective 

cohort 

Preterm 

neonates, 

<1500g 

The association between 

mechanical ventilation and 

IVH in preterm infants 

Early and prolonged 

mechanical ventilation is 

associated with severe IVH 

3 
Cools et al 

[64] 

Neuromuscular paralysis 

for newborn infants 

receiving mechanical 

ventilation 

Meta-

analysis, 6 

randomized 

controlled 

trials 

Preterm 

neonates 

Determine the effects of 

neuromuscular paralysis in 

mechanical ventilation 

 Decreased risk of IVH 

noted 

 Adverse effects of 

pancuronium prohibits 

routine use 
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Outcomes 

IVH is associated with multiple significant short and long term complications. 18 studies 

were reviewed with a summary of the findings presented in table 2. 

 

IVH causes brain injury through both primary and secondary mechanisms. The mass effect of 

blood in the ventricles leads to stretching of the ventricles and cellular damage (although the 

level of damage is unclear). Raised intracranial pressure may occur as a late complication due 

to the skull flexibility of the neonate. Finally, impaired reabsorption of the cerebrospinal fluid 

(CSF) due to inflammation of the subarachnoid villi, may cause a communicating 

hydrocephalus. [65,66] 

 

Secondary damage occurs from the effects of red blood cell lysis causing toxic effects on the 

cells of the brain and choroid plexus. Activation of the coagulation system leads to an 

inflammatory response and thrombus formation. Thrombus formation causes obstruction of 

the ventricular system leading to a non-communicating hydrocephalus.[65,66] 

 

Mortality increases as the severity of IVH progresses, with grade 4 IVH having the worst 

prognosis.[67,68] 

 

Several studies have supported the notion that mild IVH is associated with normal 

neurological outcomes.[69.70] This is being continually studied.  Magnetic resonance imaging 

(MRI) scans on preterm infants with mild IVH found a reduction in cerebral volume in this 

referenced prospective cohort analysis.[71] A meta-analysis comprising 9 studies, assessing 

the long term outcomes of IVH found mild IVH was associated with some neurological 

impairment, but not cerebral palsy, compared to no IVH.[68] The impact of severe IVH has 

been clear; neurodevelopmental outcomes are worse with increasing severity.[72]  

 

Post haemorrhagic hydrocephalus (PHH) is a severe complication of IVH with important 

complications. Hydrocephalus affects the white matter of the brain and impairs brain 
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growth.[73] It has a direct link with the severity of the grade of IVH.[74] It also has a strong 

association with poor neurological outcomes.[75] 

 

Increasing severity of IVH is a risk factor for ventriculoperitoneal (VP) shunts in PHH.[76] 

Infants who require VP shunts have poorer neurological outcomes and higher mortality rates 

than infants who don’t require shunts.[75-77] 

 

Removal of CSF by repeat lumbar punctures does not improve outcomes in comparison to 

conservative treatment, or reduce the need for surgical shunts.[78,79] Thrombolytics, 

acetazolamine and furosemide also do not reduce the need for surgical shunts to treat 

hydrocephalus.[79,80] 

 

If there is progressive dilatation, surgical management of PHH includes external ventricular 

drainage (EVD) as a temporary measure. Early placement with stabilization of intracranial 

pressure is associated with better outcomes.[79] Ventricular access devices/reservoirs is 

another temporizing measure which allows for easier withdrawal of CSF than serial lumbar 

punctures (LP), although have a higher incidence of needing a permanent VP shunt compared 

to EVD.[79] 

 

White matter injury and the formation of cystic PVL are complications from severe IVH. [81] 

White matter injury can occur from ventricular enlargement and compression on surrounding 

brain tissue. The resulting effect is inflammation and further injury.[81] The immaturity of the 

vascular system of the brain also predisposes it to ischaemic injury.  [3] Brain parenchyma is 

also vulnerable to oxygen free radicals which occur during ischemia. This leads to 

periventricular focal necrosis and cyst formation, which usually occurs 2-3 weeks post 

injury.[81] 

 

Cystic PVL is associated with significant outcomes of severe neurological impairment and 

cerebral palsy. The risk of cystic PVL increases in grade 3 and 4 IVH.[82] 
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There is no clear relationship between retinopathy of prematurity (ROP) and IVH.  A small 

cross sectional study looking at ocular outcomes, found severe IVH to be associated with 

worse ROP than mild IVH.[83] A study by Watts et al. showed no association between severe 

IVH and severe ROP; the majority of infants with stage 3 ROP had grade 1 IVH.[84] Optic 

atrophy was another possible complication associated with severe IVH.[85] 
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Table 2: Summary of Outcomes of IVH 

No Author Title Type of Study Subjects 
Objective/ 

Intervention 

Findings 

Mortality 

1 Radic et al [67] 

Outcomes of intraventricular 

haemorrhage and post 

haemorrhagic hydrocephalus 

in a population-based cohort 

of very preterm infants born 

to residents of Nova Scotia 

from 1993 to 2010 

Retrospective 

Cohort 

Preterm 

neonates 

Analyse outcomes of 

IVH in preterm infants 

 Mortality increased with 

severity of IVH 

 Grade 4 IVH associated 

with cerebral palsy 

2 
Mukerji et al 

[68] 

Periventricular/Intra- 

ventricular Hemorrhage and 

Neurodevelopmental 

Outcomes 

Meta-Analysis, 

9 observational 

studies 

Preterm 

neonates, 

<34 weeks 

To describe 

neurodevelopmental 

outcomes in preterm 

infants with IVH 

 Severe IVH is 

associated with poorer 

outcomes compared to 

mild and no IVH 

 Mild IVH associated 

with neurological 

impairment compared to 

no IVH 
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Neurological Outcomes 

1 
Reubsaet et al 

[69] 

The impact of low-grade 

germinal matrix-

intraventricular hemorrhage 

on neurodevelopmental 

outcome of very preterm 

infants 

Retrospective 

case control 

Preterm 

neonates, 

24-32 

weeks 

Compare 

neurodevelopmental 

outcomes in preterm 

infants with mild IVH 

compared to no IVH 

Outcomes were similar in 

both groups 

2 Wy et al [70] 

Impact of intraventricular 

hemorrhage on cognitive and 

behavioral outcomes at 18 

years of age in low birth 

weight preterm infants 

Retrospective 

case control 

Preterm 

neonates, 

low birth 

weight 

To determine the effect 

of mild IVH on 

intellectual and 

behavioural function 

Mild IVH was not a risk 

factor for neurological 

impairment 

3 
Vasileiadis et 

al [71] 

Uncomplicated 

intraventricular hemorrhage is 

followed by reduced cortical 

volume at near-term age 

Prospective 

cohort 

Preterm 

neonate, 

<1500g 

To assess cortical 

development following 

uncomplicated IVH 

MRI scans demonstrated a 

reduction in cerebral cortical 

grey matter in infants with 

uncomplicated IVH as they 

approached term 
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4 

Klebermass-

Schrehof et al 

[72] 

Impact of low-grade 

intraventricular hemorrhage 

on long-term 

neurodevelopmental outcome 

in preterm infants 

Retrospective 

cohort 

Preterm 

neonates < 

32 weeks 

To determine 

neurodevelopmental 

outcomes in different 

grades of IVH in 

preterm infants 

 Neurological 

impairment occurred in 

all grades of IVH 

 Worse outcomes with 

increased severity of 

IVH 

Post haemorrhagic hydrocephalus 

1 Jary et al [73] 

Impaired brain growth and 

neurodevelopment in preterm 

infants with posthaemorrhagic 

ventricular dilatation 

Prospective 

cohort 

Preterm 

neonates, 

<37 weeks 

To correlate MRI scans 

in preterm infants 

closer to term with 

neurodevelopmental 

outcomes at 2 years 

 Preterm infants with 

post haemorrhagic 

ventricular dilatation 

had reduced brain 

volumes on MRI 

 Decreased brain 

volumes was strongly 

associated with motor 

impairment 
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2 
Sajjadian et al 

[74] 

Incidence of intraventricular 

hemorrhage and post 

haemorrhagic hydrocephalus 

in preterm infants 

Prospective 

descriptive 

Preterm 

neonates, 

≤37 weeks 

and ≤1500g 

To determine the 

incidence of IVH and 

post haemorrhagic 

hydrocephalus 

Hydrocephalus correlates 

with severity of IVH 

3 
Srinivasakuma

r et al [75] 

Post haemorrhagic ventricular 

dilatation-impact on early 

neurodevelopmental outcome 

Retrospective 

cohort 

Preterm 

neonates, 

≤34 weeks 

To assess 

neurodevelopmental 

outcomes of severe 

IVH with post 

haemorrhagic 

ventricular dilatation 

 Severe IVH with post 

haemorrhagic 

ventricular dilatation is 

associated with worse 

outcomes than severe 

IVH without post 

haemorrhagic 

ventricular dilatation 

 Outcomes were worse in 

infants who required a 

neurosurgical procedure 
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4 Kazan et al [76] 

Hydrocephalus after 

intraventricular hemorrhage in 

preterm and low-birth weight 

infants: analysis of associated 

risk factors for 

ventriculoperitoneal shunting 

Retrospective 

cohort 

Preterm 

neonates 

To assess risk factors 

for VP shunts in 

posthaemorrhagic 

hydrocephalus 

Severity of IVH is a risk 

factor for VP shunts 

5 
Christian et  

al [77] 

Trends in hospitalization of 

preterm infants with 

intraventricular hemorrhage 

and hydrocephalus in the 

United States, 2000-2010 

Retrospective 

cohort 

Preterm 

neonates 

To describe post 

haemorrhagic 

hydrocephalus in 

preterm infants 

Severity of IVH correlates 

with hydrocephalus and 

mortality 
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6 
Whitelaw et al 

[78] 

Repeated lumbar or 

ventricular punctures in 

newborns with 

intraventricular haemorrhage 

Meta-analysis, 4 

randomized 

controlled trials 

Infants <3 

months 

To assess if repeated 

CSF removal in infants 

at risk of post 

haemorrhagic 

hydrocephalus, reduces 

the risk of permanent 

shunt, disability or 

death compared to 

conservative 

management 

Does not reduce placement of 

permanent shunt, risk of 

disability or mortality rates 

7 
Mazzola et al 

[79] 

Paediatric hydrocephalus: 

systematic literature review 

and evidence-based 

guidelines. Part 2: 

management of post 

haemorrhagic hydrocephalus 

in premature infants 

Systematic 

review,  68 

articles 

Preterm 

neonates 

To assess the optimal 

treatment strategies for 

post haemorrhagic 

hydrocephalus 

Serial lumbar punctures, 

acetazolamide, furosemide 

and thrombolytics do not 

reduce the need for shunt 

placement 

Surgical temporizing 

measures are treatment 

options 
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8 
Yapicioğlu et 

al [80] 

Intraventricular streptokinase 

for the treatment of post 

haemorrhagic hydrocephalus 

of preterm 

Randomized 

controlled trial 

Preterm 

neonates 

The effects of 

streptokinase in 

treating post 

haemorrhagic 

hydrocephalus 

Streptokinase was not 

effective in reducing the need 

for shunt surgery 

Periventricular leukomalacia 

1 
Kusters et al 

[81] 

''Intraventricular'' hemorrhage 

and cystic periventricular 

leukomalacia in preterm 

infants: how are they related? 

Retrospective 

cohort 

Preterm 

neonates, 

<30 weeks 

To assess the 

association between 

grades of IVH and 

cystic PVL 

Increased incidence of cystic 

PVL in severe IVH 
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Ocular complications 

1 
Christiansen et 

al [83] 

Ocular outcomes in low birth 

weight premature infants with 

intraventricular haemorrhage 

Retrospective 

cross-sectional 

Preterm 

neonates, 

<1500g 

To assess ocular 

outcomes in preterm 

infants with IVH 

Infants with severe IVH were 

more likely to have stage 3 

retinopathy or higher 

2 Watts et al [84] 

Intraventricular haemorrhage 

and stage 3 retinopathy of 

prematurity 

Retrospective 

cohort 

Preterm 

neonates, 

24-28 

weeks and 

540g-1010g 

To assess association 

between IVH and stage 

3 ROP 

 IVH was associated 

with stage 3 ROP 

 ROP was not dependent 

on severity of IVH 

3 
O'keefe et al 

[85] 

Ocular significance of 

intraventricular haemorrhage 

in premature infants 

Retrospective 

cohort 

Preterm 

neonates, 

24-35 

weeks and 

630g-2240g 

Comparison of ocular 

pathology in mild and 

severe IVH 

 All grades of IVH 

associated with reduced 

visual acuity 

 Optic atrophy is more 

common in severe IVH 
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CONCLUSION 

Very low birth weight (VLBW) infants are vulnerable to complications associated with 

prematurity. There is on-going research to help develop strategies to improve these risks, 

especially for developing countries. 

 

The increased use of non-invasive ventilation and the practice of INSURE (intubation-

surfactant-extubation) has helped to improve respiratory complications and reduced the need 

for invasive ventilation, a scarce resource in developing countries. 

 

IVH is another significant complication in preterm infants. Severe IVH is strongly associated 

with increased mortality. It also leads to neurodevelopmental impairment, post haemorrhagic 

hydrocephalus and prolonged hospital admissions, which carry further risks and 

complications. Lifelong medical support is often needed comprising multidisciplinary teams. 

This places an additional strain on an already burdened healthcare system. 

 

Applying preventative measures such as antenatal steroids and delayed cord clamping are 

valuable in protecting against IVH. Identifying which risk factors are more common will 

assist in the management of high risk infants and resource allocations. Risk factors such as 

ventilation, blood transfusions, coagulopathy and hypothermia can be identified in a unit and 

targeted for improvement strategies. 

 

The majority of articles in this literature review are from developed settings. More research is 

needed applying to resource limited settings. In this study the risk factors and outcomes of 

IVH will be analysed in VLBW infants in a developing setting. Given the close association 

with respiratory complications in VLBW infant as well as its relation as a risk factor in IVH, 

infants requiring respiratory support will be part of the studied population. This comparison 

could provide important information on reduction strategies and appropriate application of 

distributive justice in our hospital and similar settings. 
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ABSTRACT 

 

Background 

Prematurity is a major risk factor for intraventricular haemorrhage (IVH). Premature infants 

often require respiratory support. There is little information on neonates with IVH who 

require respiratory support in low and middle income countries. 

 

Objective 

To describe the characteristics and short-term outcomes of very low birth weight (VLBW) 

infants with IVH who required respiratory support in a tertiary neonatal unit with resource 

limitations. 

 

Methods 

This was a matched retrospective observational study. The population included VLBW 

infants with IVH, who received positive pressure respiratory support between January 2014 

and December 2016. Outcomes of infants with severe IVH was compared to those with mild 

IVH. Outcomes were further analysed according to mode of ventilation. 

 

Results 

150 infants were included in the study, 56 (37%) received continuous positive airway 

pressure (CPAP) only and 94 (63%) mechanical ventilation. Severe IVH was associated with 

surfactant therapy across both ventilation groups (p=0.03). Oxygen requirement at 28 days 

was more frequent in infants with severe IVH compared to mild IVH (79% vs 38%, p=0.01) 

(OR 6.11 (95% CI 1.19-31.34), p=0.03). Severe IVH and the presence of coagulopathy were 

the strongest predictors of death in both ventilation groups (p <0.0001). Pulmonary 

haemorrhage was the commonest cause of death in those with severe IVH and blood culture 

confirmed sepsis in those with mild IVH. Periventricular leukomalacia (PVL) was associated 

with severe IVH in those receiving invasive ventilation (OR 6.67 (95% CI 1.11-40.17)). 

 

Conclusion 

Mechanical ventilation, coagulopathy and pulmonary haemorrhage were strongly associated 

with death in VLBW infants with severe IVH in a resource-limited setting. These prognostic 

factors may have a role in end of life decisions. 
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INTRODUCTION 

Intraventricular haemorrhage (IVH) is a frequent complication in preterm infants.[1,2] Severe 

IVH (characterized as grade III and grade IV) is associated with a high incidence of 

mortality, significant morbidities and long-term neurological impairment.[3] The rate of IVH 

increases with decreasing gestational age, with prematurity being the most important risk 

factor as evidenced by multiple studies.[1,2,4] 

 

Respiratory support as a risk factor for IVH has shown conflicting reports. Randomised 

controlled trials have showed that the use of prophylactic continuous positive airway pressure 

(CPAP) in preterm infants at birth does not demonstrate a significant difference in the 

incidence of IVH compared to low flow nasal cannula/oxyhood[5,6] or mechanical ventilation 

at birth.[7-9] However, observational research suggests that mechanical ventilation is 

associated with an increase in IVH, with early and prolonged ventilation being important 

determinants for severe IVH.[10] 

 

Respiratory support is frequently required in preterm infants.[11] Published literature on the 

subject is mainly from resource rich settings, limiting the applicability in middle income and 

developing countries where a high burden of preterm births exists.[12] These settings would 

benefit from studies in similar resource contexts and assist with appropriate application of 

distributive justice. 

 

OBJECTIVES 

To describe the occurrence of IVH and short-term outcomes in very low birth weight 

(VLBW) infants receiving positive pressure respiratory support in a single tertiary centre in a 

middle income African country. 

 

METHODS 

This was a matched retrospective observational study. Groote Schuur Hospital (GSH) has an 

incidence of approximately 500 VLBW infants born per annum. The source population 

included VLBW neonates with IVH, requiring either CPAP (non-invasive) or mechanical 

ventilation (invasive) admitted to GSH between January 2014 and December 2016. Neonates 

with major congenital abnormalities or other severe comorbidities, such as congenital syphilis 

or congenital cytomegalovirus infection, were excluded from the study. From the eligible 
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infants all those with a diagnosis of severe IVH were chosen as cases. The remaining infants, 

all comprising of mild IVH (Grade 1 and 2), were allocated as comparative controls. Controls 

were individually matched to each case (1:1) within the following strata: (1) Birth weight 

category (750 g or less; >750 g to 1000 g; >1000 g to 1250 g; or >1250 g), (2) Type of 

respiratory support (non-invasive versus invasive) and (3) year of birth. The matching 

process therefore yielded two groups for comparison: (A) all infants with severe IVH and (B) 

matched infants with mild IVH. 

 

Data Collection 

Since mid-2013 details of all VLBW infants admitted to GSH have been retrospectively 

entered into the Vermont Oxford Network (VON) database. The database consists of clinical 

details from birth until discharge/death and was utilised as a source for patient characteristics 

and outcomes. Data were extracted from patients’ folders for additional information not 

available from the database. 

 

Clinical care in the neonatal unit 

Clinical decision making for VLBW infants was guided by evidence based standardized 

protocols, in keeping with the resource limited setting of this study. 

 

Mechanical ventilation was considered for infants with a birth weight of ≥ 800 g. Those with 

severe IVH were ineligible for starting mechanical ventilation. Surfactant use was limited to 

those on CPAP or mechanical ventilation with persistent fraction of inspired oxygen (FiO2) 

requirements above 30%. Cranial sonography was performed on all VLBW infants before 

day 3 of life, again at age 3-5 weeks and at discharge or corrected term gestation (depending 

on which came first). Scan frequency would be increased according to clinical condition. 

Cranial ultrasounds are done by medical staff trained in this skill and reviewed by certified 

neonatologists. 

 

Analytic Approach 

Descriptive statistics were used to summarize all relevant characteristics, using standard 

comparative methods. Data were analyzed for the full cohort and within strata of ventilation 

strategy, using Stata 14.0 (Statacorp, College Station TX).   
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Potential risk factors for the outcomes of severe compared to mild IVH were evaluated, using 

a case-control approach. Data were analysed using crude and adjusted conditional logistic 

regression, controlling for matched pairs. 

 

Outcomes following IVH were evaluated using a matched cohort approach with severe IVH 

being the main exposure. Survival analysis was used to assess risk of mortality, overall and 

within strata of (1) ventilation strategy and (2) eligibility for treatment escalation. Exposure 

time (expressed as child-years) was measured from birth to death/ discharge from the 

neonatal unit. Between-group comparisons were made using Kaplan-Meier curves (log-rank 

test), incidence rate ratios and Cox proportional hazards regression (robust standard errors to 

account for clustering; proportional hazards assumption checked with Schoenfeld residuals). 

Morbidity outcomes were compared between severe and mild IVH using logistic regression 

(robust standard errors). 

 

We estimated that a sample size of 150 (1:1) would have 80% power to detect a 1.6-fold or 

greater mortality hazard ratio among severe versus mild IVH (α=0.05, two-sided). 

 

Ethical Considerations 

Data collection was done by the primary author and all records were kept anonymous. 

Patients’ records on the VON database are structured on number allocations ensuring 

confidentiality. Furthermore, the database is password protected and only accessible to 

designated users involved in data capturing.  

 

The study was approved by the Human Research Ethics Committee, Faculty of Health 

Sciences, University of Cape Town. (HREC REF: 725/2017) 

 

RESULTS 

Study Demographics 

The study population comprised 150 infants (75:75, severe versus mild IVH), of whom 56 

(37%) received non-invasive and 94 (63%), invasive ventilation. 

 

Maternal and Infant Characteristics 



61 
 

The median/interquartile range (IQR) gestation at birth was 28 (27-29) weeks. In the non-

invasive ventilation group 28 (50%) of the infants were not considered eligible for escalation 

based on gestation and birth weight, Table 1. Infants who received non-invasive ventilation 

had a lower mean birth weight (880 g versus 1081 g, p<0.0001) and lower median gestation 

at birth (27.9 vs 28.6 weeks, p=0.001) compared to infants who received invasive ventilation. 

 

A greater proportion of infants with severe (compared to mild) IVH received surfactant 

therapy during their admission (81% vs 61%, p=0.007). This result extended across both 

ventilation groups (p=0.03). Other study population characteristics are shown by ventilation 

strategy, in Table 1. 

 

Predictors for severe IVH included gestation at birth (per week increase, OR 0.79 (95% 0.61-

1.03), p=0.08), antenatal steroid use (versus none, OR 0.60 (95% CI 0.32-1.14), p=0.12) and, 

after adjusting for the above, coagulopathy (versus none, aOR 2.36 (95% CI 0.82-6.81), 

p=0.11). The strength of these associations differed within strata of ventilation strategy but 

precision was limited. After adjustment, the strongest predictor for severe IVH was antenatal 

steroid use among non-invasively ventilated patients; and coagulopathy among invasively 

ventilated patients. 

 

Outcomes 

Overall, 61 (41%) of 150 infants died (table 2). Severe IVH was associated with substantially 

increased mortality risk. Figure 1 demonstrates this association within the non-invasive 

ventilation (IRR 5.88, 95% CI 1.85-24.53) and invasive ventilation (IRR 3.96, 95% CI 2.00-

8.26) strata. These results were further reflected in crude and adjusted Cox regression models 

(Table 3). After adjusting for antenatal steroid use, birth weight, coagulopathy and ventilation 

type, the relative hazard for death comparing severe to mild IVH was 4.32 (95% CI 1.99-

9.37, p<0.0001) in non-invasive ventilation and 2.82 (1.47-5.40, p=0.002) in invasive 

ventilation.  

 

In the sub-group of infants not for mechanical ventilation, 11/22 (50%) died: 9/12 (75%) 

infants with severe IVH compared to 2/10 (20%) infants with mild IVH, with an IRR 9.74 

(95% CI 2.02-92.64), as shown in supplemental table 1. Mortality rates and IRR for severe 

versus mild IVH for the sub-group of infants who were eligible for mechanical ventilation are 

summarised in Supplemental Table 2. 
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Overall, the age of death was lower among infants with severe IVH than mild IVH; 68% 

(30/44) of deaths in the severe IVH group demised within the first seven days. Similar 

associations were seen in strata of ventilation strategy (table 2). However, none of these 

results were significant. 

 

Although severity of IVH and presence of coagulopathy during admission were consistently 

the strongest predictors of death (table 3), the effects of birth weight, resuscitation at birth 

and sepsis varied. The protective effects of increasing birth weight were most evident in the 

non-invasive ventilation group (aHR 0.64 (95% CI 0.45-0.91), p=0.01). CPR was protective 

against death in the invasive ventilation group (aHR 0.44 (95% CI 0.20-0.98), p=0.04). 

Sepsis was a significant risk factor for mortality in the non-invasive ventilation group (HR 

4.55 (95% CI 2.25-9.23), p<0.0001). 

 

The commonest primary cause of death overall was blood culture confirmed sepsis (22/61, 

36%). This was followed by pulmonary haemorrhage (16/61, 26%), hyaline membrane 

disease (11/61, 18%), necrotizing enterocolitis (6/61, 10%), extreme prematurity (5/61, 8%) 

and severe hypoxic ischaemic encephalopathy (1/61, 2%). Pulmonary haemorrhage was the 

commonest cause of death in those with severe IVH and blood culture confirmed sepsis in 

those with mild IVH. 

 

Necrotizing enterocolitis (NEC) developed in 16/150 (11%) patients overall. Patients with 

severe IVH and NEC were more likely to have an early death (less than 7 days) close to the 

time of diagnosis of NEC. Mild IVH with NEC was less likely to demise from this. 

 

Morbidity is presented in Table 2. Median length of hospital stay was 62 days (IQR 50-76) 

among survivors overall, with no significant difference by IVH severity. This differed 

compared to time to death/discharge which was considerably shorter in infants with severe 

IVH in each ventilation group. 

 

Periventricular leukomalacia (PVL) was associated with severe IVH in invasive ventilation 

(OR 6.67 (95% CI 1.11-40.17)) in infants who survived through to discharge. Post 

haemorrhagic hydrocephalus (PHH) was not specifically associated with severe or mild IVH.  

Data for ROP were only consistently available for 2016, with one case of clinically 

significant ROP recorded (non-invasive ventilated infant with mild IVH). Among survivors, a 
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higher proportion of infants with severe IVH had prolonged oxygen requirements at 28 days 

(79% vs 38%, p=0.01) (OR 6.11 (95% CI 1.19-31.34), p=0.03) than those with mild IVH. 

 

DISCUSSION 

Preterm birth represents a significant burden in low and middle income countries.[12] 

The study highlighted the role of mechanical ventilation and severe IVH as predictors of 

mortality. Coagulopathy and pulmonary haemorrhage were important contributors to this 

group. 

 

Severely premature infants receive restricted care based on a standardised protocol, in order 

to maintain distributive justice in our setting. The majority of infants received invasive 

ventilation due to reasons other than extreme prematurity. This explains the association 

between a lower mean birth weight and gestation with non-invasive ventilation in our study. 

It also explains why prematurity is an uncommon primary cause of death in the invasive 

ventilation group. 

 

The restriction of invasive ventilation to more mature infants may have influenced certain 

predictors of mortality. Infants receiving invasive ventilation were not protected by an 

increasing birth weight due to resource limitations.[1] In addition, the poor outcomes 

associated with CPR in preterm infants births was not demonstrated.[13] This protective effect 

of CPR in the invasive ventilation group could be explained by the fact that extremely 

preterm infants may not have been offered CPR at birth; hence CPR was associated with the 

provision of invasive ventilation. 

 

Expectedly, overall mortality showed a significant association with severe IVH with no 

difference across ventilation groups.[14] Aly et al.[10] found mechanical ventilation to be an 

important predictor of severe IVH. Our study demonstrated that mechanical ventilation and 

severe IVH (when analysed in the subgroup of infants eligible for escalation) was an 

important predictor of mortality with higher mortality rates per child years and IRR compared 

to non-invasive ventilation. 

 

In patients receiving invasive ventilation with severe IVH, pulmonary haemorrhage was the 

commonest cause of death, with nine out of eleven instances having associated coagulation 
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abnormalities. Coagulopathy was shown to be a poor prognostic factor for mortality overall 

and within ventilation categories. This highlights a vulnerable group in our neonatal unit 

which may benefit from closer monitoring and ICU admission. Current studies suggest that 

coagulopathy screening and correction benefit only a small population of extreme premature 

infants.[15,16]  

 

There was a higher incidence of NEC in mild IVH with the majority surviving, while those 

with severe IVH had a lower incidence of NEC but higher mortality. This can be explained 

by the shorter lifespan and increased mortality rates in infants with severe IVH. Despite the 

temporal relationship between NEC and death, our study did not find it to be predictor of 

mortality. In other studies NEC has not been recognized as an independent risk factor for 

IVH.[3] 

 

Premature infants who survived to discharge had similar lengths of stay in both the invasive 

and non-invasive ventilation groups. Oxygen requirement at 28 days of life was more 

common in infants who received non-invasive ventilation and had severe IVH than those who 

received non-invasive ventilation with mild IVH. This is likely due to the lower birth weight 

and gestational age of infants in this group and their associated comorbidities. However, there 

was no difference in bronchopulmonary dysplasia (assessed at 36 weeks corrected gestational 

age) in either ventilation group in infants with severe or mild IVH. 

 

PHH and PVL are known complications of IVH.[17] This could not be demonstrated in our 

study due to the low numbers with this diagnosis.  

 

Incomplete ROP records could not allow for accurate analysis. Current evidence does not 

show an association between severity of IVH and ROP.[18] 

 

Prophylactic surfactant compared to selective surfactant, in patients with routine CPAP, has 

been researched. The SUPPORT study showed a reduction in severe IVH in patients who 

have received prophylactic surfactant but was not significant.[9] A 2012 Cochrane review 

demonstrated an overall marginal decrease in IVH in patients receiving prophylactic 

surfactant, with or without routine CPAP.[19] 
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Our results reflect the neonatal policy at GSH where surfactant is administered as rescue 

therapy only. Unstable infants are more likely to receive surfactant which may explain the 

high rate of severe IVH and mortality in this group. The timing of surfactant was not 

recorded in relation to the timing of the bleed, so infants may have developed IVH prior to 

surfactant administration. Further studies on surfactant rescue therapy in resource-limited 

settings are needed. 

 

Study limitations and strengths 

The study was limited by its retrospective design, which may increase the risk of bias. The 

use of matched controls resulted in exclusion of some data; the smaller sample size resulted 

in imprecision for some estimates. The effects of mechanical ventilation on severe IVH could 

not be determined for extremely preterm infants because these infants were not offered 

invasive ventilation. Limited data on ROP precluded analysis for this critical outcome. 

Finally, the study was completed in a single tertiary neonatal population, which may limit 

generalizability. However, a major strength of the study is its “real world” setting, which 

provides greater generalizability than data from clinical trials. 

 

CONCLUSION 

Our study demonstrated that mechanical ventilation and severe IVH were important 

predictors of mortality. The commonest cause of death in severe IVH was pulmonary 

haemorrhage with an associated coagulopathy in this group. This provides a useful clinical 

adjunct when determining prognostication and counselling of these patients. 

 

Infants receiving surfactant had a high rate of severe IVH. The high incidence was attributed 

to their instability qualifying them for surfactant therapy. Future studies can focus on the 

relationship between severe IVH and respiratory support, following the administration of 

surfactant. 

 

Understanding outcomes of preterm infants in low and middle income settings may be 

improved by the development and maintenance of quality improvement databases in order to 

facilitate patient management protocols and research in this context. 
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TABLES AND FIGURES    

Table 1: Characteristics of study population by ventilation strategy 

 

 Total  

(n=150) 

Non-invasive ventilation (N=56) Invasive ventilation (N=94) 

 
Severe IVH 

(n=28) 

Mild IVH 

(n=28) 
p 

Severe IVH 

(n=47) 

Mild IVH 

(n=47) 
p 

Maternal characteristics        

Chorio-amnionitis 5 (3%) 1 (4%) 1 (4%) 1.00 2 (4%) 1 (2%) 0.56 

Antenatal steroids 66 (44%) 12 (43%) 19 (68%) 0.06 16 (34%) 19 (40%) 0.52 

Hypertension    

1.00 

  

0.05 No maternal hypertension 112 (75%) 20 (71%) 20 (71%) 40 (85%) 32 (68%) 

Maternal hypertension 38 (25%) 8 (29%) 8 (29%) 7 (15%) 15 (32%) 

Birth characteristics        

Delivery mode    

0.79 

  

0.21 Vaginal 83 (55%) 16 (57%) 17 (61%) 28 (60%) 22 (47%) 

Caesarian section 67 (45%) 12 (43%) 11 (39%) 19 (40%) 25 (53%) 

APGAR score 5 minutes 7 (6-9) 8 (6-9) 8 (7-9) 0.48 7 (6-9) 7 (5-8) 0.84 

Required CPR at birth 32 (21%) 5 (18%) 3 (11%) 0.44 12 (26%) 12 (26%) 1.00 

Hypothermia (<36.5°C) within 

1st hour of birth 
116 (77%) 23 (82%) 22 (79%) 0.74 34 (72%) 37 (79%) 0.47 

Male sex 83 (55%) 11 (39%) 14 (50%) 0.42 33 (70%) 25 (53%) 0.09 
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 Total  

(n=150) 

Non-invasive ventilation (N=56) Invasive ventilation (N=94) 

 
Severe IVH 

(n=28) 

Mild IVH 

(n=28) 
p 

Severe IVH 

(n=47) 

Mild IVH 

(n=47) 
p 

Gestation (weeks) 28 (27-29) 27 (27-29) 28 (27-29) 0.14 28 (27-29) 29 (28-30) 0.22 

< 27 weeks 17 (11%) 6 (21%) 6 (21%) 1.00 2 (4%) 3 (6%) 0.65 

Birth weight (grams) 1007 (182) 882 (151) 880 (160) 0.96 1078 (158) 1085 (153) 0.82 

< 800g 16 (11%) 8 (29%) 8 (29%) 1.00 0 0 n/a 

Admission characteristics        

Timing of ventilation    

0.31 

  

0.31 Early (< 48 hours of life) 129 (86%) 27 (96%) 28 (100%) 39 (83%) 35 (74%) 

Late 21 (14%) 1 (4%) 0 8 (17%) 12 (26%) 

Ever received surfactant 107 (71%) 16 (57%) 8 (29%) 0.03 45 (96%) 38 (81%) 0.03 

Age at IVH diagnosis (days) 4 (2-7) 4 (3-7) 7 (3-13) 0.04 3 (2-5) 4 (2-8) 0.36 

Any sepsis during admission 17 (11%) 3 (11%) 0 0.07 4 (9%) 10 (21%) 0.08 

Coagulopathy  21 (14%) 1 (4%) 1 (4%) 1.00 12 (26%) 7 (15%) 0.20 

Necrotizing enterocolitis (NEC) 16 (11%) 2 (7%) 3 (11%) 0.64 2 (4%) 9 (19%) 0.02 

Age at NEC diagnosis (days) 6 (5-21) 3 (1-6) 6 (4-11) 0.37 4 (4-4) 15 (6-30) 0.03 

Numbers are n (column %) except where otherwise indicated; or median (interquartile range, IQR) for non-normally distributed and mean (standard 

deviation, SD) for normally distributed variables. Comparisons (p-values) from Chi2 for categorical, Kruskal-Wallis for non-normally distributed and t-

tests for normally distributed continuous variables 

Abbreviations: IVH, intraventricular haemorrhage; CPR, cardiopulmonary resuscitation 
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Table 2: Outcomes of study population by ventilation strategy 

 

Total  

(n=150) 

Non-invasive ventilation (N=56) Invasive ventilation (N=94) 

 
Severe IVH 

(n=28) 

Mild IVH 

(n=28) 
p 

Severe IVH 

(n=47) 

Mild IVH 

(n=47) 
p 

Outcomes        

Time to death or discharge 

(overall days in hospital) 
48 (6-69) 38 (7-61) 63 (46-78) 0.002 7 (4-57) 48 (24-73) 0.002 

Combined >27 weeks and > 

800 g 
128 (85%) 16 (57%) 18 (64%) 0.58 47 (100%) 47 (100%) n/a 

Deaths 61 (41%) 14 (50%) 4 (14%) 0.004 30 (64%) 13 (28%) <0.0001 

Died, >27 weeks and 

>800 g 
50/128 (39%) 5/16 (31%) 2/18 (11%) 0.15 30/47 (64%) 13/47 (28%) <0.0001 

Age at death (days) 5 (3-15) 7 (3-15) 16 (9-17) 0.31 4 (3-7) 5 (4-19) 0.28 

Early death (≤7 days) 38/61 (62%) 7/14 (50%) 1/4 (25%) 0.38 23/30 (77%) 7/13 (54%) 0.14 

Survived through to discharge 89 (59%) 14 (50%) 24 (86%) 0.004 17 (36%) 34 (72%) <0.0001 

Length of hospital stay 

(days) 
62 (50-76) 61 (56-64) 70 (55-78) 0.30 59 (50-75) 63 (48-76) 0.75 

PVL 8/89 (9%) 1/14 (7%) 0 0.19 5/17 (29%) 2/34 (6%) 0.02 

PHH 3/89 (3%) 1/14 (7%) 1/24 (4%) 0.69 1/17 (6%) 0 0.15 

Clinically significant ROP* 1/89 (1%) 0 0 n/a 0 1/34 (3%) 0.48 

Oxygen dependent at 28 45/85 (53%) 11/14 (79%) 9/24 (38%) 0.01 9/15 (60%) 16/32 (50%) 0.52 
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Total  

(n=150) 

Non-invasive ventilation (N=56) Invasive ventilation (N=94) 

 
Severe IVH 

(n=28) 

Mild IVH 

(n=28) 
p 

Severe IVH 

(n=47) 

Mild IVH 

(n=47) 
p 

days of age† 

Oxygen dependent at 36 

weeks of age‡ 
10/73 (14%) 0/10 2/22 (9%) 0.32 4/13 (31%) 4/28 (14%) 0.22 

Combined end-point: death 

and/or disability§ 
110 (73%) 25 (89%) 13 (46%) 0.001 41 (87%) 31 (66%) 0.01 

Numbers are n (column %) except where otherwise indicated; or median (interquartile range, IQR) for non-normally distributed and mean (standard 

deviation, SD) for normally distributed variables. Comparisons (p-values) from Chi2 for categorical, Kruskal-Wallis for non-normally distributed and t-tests 

for normally distributed continuous variables 

Abbreviations: PVL, peri-ventricular leukomalacia; PHH, post-haemorrhagic hydrocephalus; ROP, retinopathy of prematurity 
*Defined as Grade 3 or greater 
†among those alive and in hospital at 28 days (total N=90; non-invasive, n=39; invasive, n=51)  
‡among those alive and in hospital at 36 weeks’ corrected gestation (total N=76; non-invasive, n=32; invasive, n=44)  
§Defined as death and/or at least one of PVL, PHH, ROP, chronic oxygen requirements 
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Table 3: Adjusted hazard ratios for mortality, comparing severe to mild intraventricular haemorrhage: stratified by ventilation strategy 

 Non-invasive ventilation (n=56) Invasive ventilation (n=94) 

 
HR  

(95% CI) 
p 

aHR  

(95% CI) 
p 

HR  

(95% CI) 
P 

aHR 

 (95% CI) 
p 

Severe vs. mild IVH 
4.58  

(1.73-12.14) 
0.002 

4.32 

(1.99-9.37) 
<0.0001 

3.14  

(1.67-5.88) 
<0.0001 

2.82 

(1.47-5.40) 
0.002 

Antenatal steroids 
0.48  

(0.21-1.08) 
0.08 

0.71 

(0.27-1.85) 
0.49 

0.76  

(0.43-1.35) 
0.35 

0.70 

(0.35-1.39) 
0.31 

Required CPR at birth 
2.42 

(0.72-8.10) 
0.15 - - 

0.40 

(0.18-0.92) 
0.03 

0.44 

(0.20-0.98) 
0.04 

Birth weight (per 100 g 

increment) 

0.65 

(0.51-0.83) 
0.001 

0.64 

(0.45-0.91) 
0.01 

0.87 

(0.73-1.03) 
0.12 

0.88 

(0.74-1.04) 
0.14 

Sepsis during admission 
4.55 

(2.25-9.23) 
<0.0001 

1.37 

(0.37-5.06) 
0.64 

0.96 

(0.50-1.83) 
0.89 - - 

Coagulopathy during 

admission 

11.29 

(4.70-27.11) 
<0.0001 

14.68 

(3.68-58.46) 
<0.0001 

2.95 

(1.79-4.86) 
<0.0001 

2.51 

(1.46-4.31) 
0.001 

Abbreviations: aHR, adjusted hazards ratio; CI, confidence interval; IVH, intraventricular haemorrhage; CPR, cardio-pulmonary resuscitation; 

NEC, necrotizing enterocolitis 
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SUPPLEMENTAL TABLE 1: Mortality rates and rate ratios comparing severe to mild intraventricular haemorrhage 

 ≥800 g and ≥27 weeks’ gestation <800 g and/or <27 weeks’ gestation 

 Severe IVH Mild IVH Severe IVH Mild IVH 

Mortality rate per child-year (95% CI) 6.21/cy (4.46-8.64) 1.63/cy (0.98-2.71) 10.40/cy (5.41-20.00) 1.07/cy (0.27-4.27) 

Incidence rate ratio (95% CI) 3.80 (2.02-7.49) 9.74 (2.02-92.64) 

 

 

 

 

SUPPLEMENTAL TABLE 2: Mortality rates and rate ratios among infants ≥800 g and ≥27 weeks’ gestation: comparing severe to 

mild intraventricular haemorrhage 

 Non-invasive ventilation Invasive ventilation 

 Severe IVH Mild IVH Severe IVH Mild IVH 

Mortality rate per child-year (95% CI) 2.61/cy (1.09-6.27) 0.71/cy (0.18-2.85) 8.06/cy (5.63-11.52) 2.04/cy (1.18-3.51) 

Incidence rate ratio (95% CI) 3.65(0.60-38.37) 3.96 (2.00-8.26) 
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Figure 1: Kaplan-Meier survival curves of infants with severe compared to mild intra-

ventricular haemorrhage by ventilation strategy 
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INSTRUCTIONS TO AUTHORS OF CHOSEN JOURNAL: SOUTH AFRICAN 

JOURNAL OF CHILD HEALTH 

 

Authorship 

Named authors must consent to publication. Authorship should be based on: (i) substantial 

contribution to conceptualisation, design, analysis and interpretation of data; (ii) drafting or 

critical revision of important scientific content; or (iii) approval of the version to be 

published. These conditions must all be met for an individual to be included as an author. If 

authors’ names are added or deleted after submission of an article, or the order of the names 

is changed, all authors must agree to this in writing. Please note that co-authors will be 

requested to verify their contribution upon submission. Non-verification may lead to delays 

in the processing of submissions. Author contributions should be listed/described in the 

manuscript. 

 

Conflicts of interest 

Conflicts of interest can derive from any kind of relationship or association that may 

influence authors’ or reviewers’ opinions about the subject matter of a paper. The existence 

of a conflict – whether actual, perceived or potential – does not preclude publication of an 

article. However, we aim to ensure that, in such cases, readers have all the information they 

need to enable them to make an informed assessment about a publication’s message and 

conclusions. We require that both authors and reviewers declare all sources of support for 

their research, any personal or financial relationships (including honoraria, speaking fees, 

gifts received, etc) with relevant individuals or organisations connected to the topic of the 

paper, and any association with a product or subject that may constitute a real, perceived or 

potential conflict of interest. If you are unsure whether a specific relationship constitutes a 

conflict, please contact the editorial team for advice. If a conflict remains undisclosed and is 

later brought to the attention of the editorial team, it will be considered a serious issue 

prompting an investigation with the possibility of retraction. 

 

Research ethics committee approval 

Authors must provide evidence of Research Ethics Committee approval of the research 

where relevant. Ensure the correct, full ethics committee name and reference number is 
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included in the manuscript. If the study was carried out using data from provincial healthcare 

facilities, or required active data collection through facility visits or staff interviews, 

approval should be sought from the relevant provincial authorities. For South African 

authors, please refer to the guidelines for submission to the National Health Research 

Database. Research involving human subjects must be conducted according to the principles 

outlined in the Declaration of Helsinki. Please refer to the National Department of Health’s 

guideline on Ethics in Health research: principles, processes and structures to ensure that the 

appropriate requirements for conducting research have been met, and that the 

HPCSA’s General Ethical Guidelines for Health Researchers have been adhered to. 

  

Protection of rights to privacy 

Patient 

Information that would enable identification of individual patients should not be published in 

written descriptions, photographs, radiographs and pedigrees unless the information is 

essential for scientific purposes and the patient (or parent or guardian) has given informed 

written consent for publication and distribution. We further recommend that the published 

article is disseminated not only to the involved researchers but also to the 

patients/participants from whom the data was drawn. Refer to Protection of Research 

Participants. The signed consent form should be submitted with the manuscript to enable 

verification by the editorial team. 

  

Copyright notice 

Copyright remains in the Author’s name. The work is licensed under a Creative Commons 

Attribution - Noncommercial Works License. Authors are required to complete and sign an 

Author Agreement form that outlines Author and Publisher rights and terms of publication. 

The Agreement form should be uploaded along with other submissions files and any 

submission will be considered incomplete without it [forthcoming]. Material submitted for 

publication in the SAJCH is accepted provided it has not been published or submitted for 

publication elsewhere. Please inform the editorial team if the main findings of your paper 

have been presented at a conference and published in abstract form, to avoid copyright 

infringement. The SAJCH does not hold itself responsible for statements made by the 

http://nhrd.hst.org.za/Home/Index
http://nhrd.hst.org.za/Home/Index
http://www.mrc.ac.za/ethics/DOHEthics.pdf
http://www.hpcsa.co.za/Uploads/editor/UserFiles/downloads/conduct_ethics/rules/generic_ethical_rules/booklet_6_gen_ethical_guidelines_for_researchers.pdf
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authors. The corresponding author should also indicate if the research forms part of a 

postgraduate short report, dissertation or thesis. 

 

Previously published images 

If an image/figure has been previously published, permission to reproduce or alter it must be 

obtained by the authors from the original publisher and the figure legend must give full 

credit to the original source. This credit should be accompanied by a letter indicating that 

permission to reproduce the image has been granted to the author/s. This letter should be 

uploaded as a supplementary file during submission. 

  

Ethnic/race classification 

Use of racial or ethnicity classifications in research is fraught with problems. If you choose 

to use a research design that involves classification of participants based on race or ethnicity, 

or discuss issues with reference to such classifications, please ensure that you include a 

detailed rationale for doing so, ensure that the categories you describe are carefully defined, 

and that socioeconomic, cultural and lifestyle variables that may underlie perceived racial 

disparities are appropriately controlled for. Please also clearly specify whether race or 

ethnicity is classified as reported by the patient (self-identifying) or as perceived by the 

investigators. Please note that it is not appropriate to use self-reported or investigator-

assigned racial or ethnic categories for genetic studies. 

 

Continuing Professional Development (CPD) 

SAJCH is an HPCSA-accredited service provider of CPD materials. Principal authors can 

earn up to 15 CPD continuing education units (CEUs) for publishing an article; co-authors 

are eligible to earn up to 5 CEUs; and reviewers of articles can earn 3 CEUs. Each 

month, SAJCH also publishes a CPD-accredited questionnaire relating to the academic 

content of the journal. Successful completion of the questionnaire with a pass rate of 70% 

will earn the reader 3 CEUs. 

  

Manuscript preparation 
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To ensure a fair and unbiased review process, all submissions are to include an anonymised 

version of the manuscript. The exceptions to this requirement are Editorials, 

Correspondence, Book reviews and Obituary submissions. Submitting a manuscript that 

needs additional blinding can slow down your review process, so please be sure to follow 

these simple guidelines as much as possible: 

An anonymous version should not contain any author, affiliation or particular institutional 

details that will enable identification. Please remove title page, acknowledgements, contact 

details, funding grants to a named person, and any running headers of author names. Mask 

self-citations by referring to your own work in third person. 

  

General article format/layout 

Submitted manuscripts that are not in the correct format specified in these guidelines will be 

returned to the author(s) for correction prior to being sent for review, which will delay 

publication. 

General: 

 Manuscripts must be written in UK English (this includes spelling). 

 The manuscript must be in Microsoft Word or RTF document format. Text must be 1.5 

line spaced, in 12-point Times New Roman font, and contain no unnecessary formatting 

(such as text in boxes). Pages and lines should be numbered consecutively. 

 Please make your article concise, even if it is below the word limit. 

 Qualifications, full affiliation (department, school/faculty, institution, city, country) and 

contact details of ALL authors must be provided in the manuscript and in the online 

submission process. 

 Abbreviations should be spelt out when first used and thereafter used consistently, e.g. 

'intravenous (IV)' or 'Department of Health (DoH)'. 

 Scientific measurements must be expressed in SI units except: blood pressure (mmHg) 

and haemoglobin (g/dL). 

 Litres is denoted with an uppercase L e.g. 'mL' for millilitres). 

 Units should be preceded by a space (except for % and ºC), e.g. '40 kg' and '20 cm' but 

'50%' and '19ºC'. 
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 Please be sure to insert proper symbols e.g. µ not u for micro, a not a for alpha, b not B 

for beta, etc. 

 Numbers should be written as grouped per thousand-units, i.e. 4 000, 22 160. 

 Quotes should be placed in single quotation marks: i.e. The respondent stated: '...' 

 Round brackets (parentheses) should be used, as opposed to square brackets, which are 

reserved for denoting concentrations or insertions in direct quotes. 

If you wish material to be in a box, simply indicate this in the text. You may use the table 

format –this is the only exception. Please DO NOT use fill, format lines and so on. 

 

Preparation notes by article type:  

Research 

Guideline word limit: 3 000 words (excluding abstract and bibliography) 

Research articles describe the background, methods, results and conclusions of an original 

research study. The article should contain the following sections: introduction, methods, 

results, discussion and conclusion, and should include a structured abstract (see below). The 

introduction should be concise – no more than three paragraphs – on the background to the 

research question, and must include references to other relevant published studies that clearly 

lay out the rationale for conducting the study. Some common reasons for conducting a study 

are: to fill a gap in the literature, a logical extension of previous work, or to answer an 

important clinical question. If other papers related to the same study have been published 

previously, please make sure to refer to them specifically. Describe the study methods in as 

much detail as possible so that others would be able to replicate the study should they need 

to. Where appropriate, sample size calculations should be included to demonstrate that the 

study is not underpowered. Results should describe the study sample as well as the findings 

from the study itself, but all interpretation of findings must be kept in the discussion section, 

which should consider primary outcomes first before any secondary or tertiary findings or 

post-hoc analyses. The conclusion should briefly summarise the main message of the paper 

and provide recommendations for further study. May include up to 6 illustrations or tables. 

A max of 20 – 25 references 

 



83 
 

Structured abstract 

This should be no more than 250words, with the following recommended headings: 

Background: why the study is being done and how it relates to other published work. 

Objectives: what the study intends to find out 

Methods: must include study design, number of participants, description of the intervention, 

primary and secondary outcomes, any specific analyses that were done on the data. 

Results: first sentence must be brief population and sample description; outline the results 

according to the methods described. Primary outcomes must be described first, even if they 

are not the most significant findings of the study. 

Conclusion: must be supported by the data, include recommendations for further 

study/actions. 

Please ensure that the structured abstract is complete, accurate and clear and has been 

approved by all authors. It should be able to be intelligible to the reader without referral to the 

main body of the article. 

Do not include any references in the abstracts. 

 

Illustrations/photos/scans 

If illustrations submitted have been published elsewhere, the author(s) should provide 

evidence of consent to republication obtained from the copyright holder. 

Figures must be numbered in Arabic numerals and referred to in the text e.g. '(Fig. 1)'. 

Each figure must have a caption/legend: Fig. 1. Description (any abbreviations in full). 

All images must be of high enough resolution/quality for print. 

All illustrations (graphs, diagrams, charts, etc.) must be in PDF form. 

Ensure all graph axes are labelled appropriately, with a heading/description and units (as 

necessary) indicated. Do not include decimal places if not necessary e.g. 0; 1.0; 2.0; 3.0; 4.0 

etc. Each image must be attached individually as a 'supplementary file' upon submission (not 

solely embedded in the accompanying manuscript) and named Fig. 1, Fig. 2, etc. 
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Tables should be constructed carefully and simply for intelligible data representation. 

Unnecessarily complicated tables are strongly discouraged. Large tables will generally not be 

accepted for publication in their entirety. Please consider shortening and using the text to 

highlight specific important sections, or offer a large table as an addendum to the publication, 

but available in full on request from the author. Embed/include each table in the manuscript 

Word file - do not provide separately as supplementary files. Number each table in Arabic 

numerals (Table 1, Table 2, etc.) consecutively as they are referred to in the text. Tables must 

be cell-based (i.e. not constructed with text boxes or tabs) and editable. Ensure each table has 

a concise title and column headings, and include units where necessary. 

Footnotes must be indicated with consecutive use of the following symbols: * † ‡ § ¶ || then 

** †† ‡‡ etc. 

Do not: Use [Enter] within a row to make ‘new rows’: Rather: Each row of data must have 

its own proper row. Do not: use separate columns for n and %: Rather: Combine into one 

column, n (%). Do not: have overlapping categories, e.g.: Rather: Use <> symbols or 

numbers that don’t overlap 

 

References 

NB: Only complete, correctly formatted reference lists in Vancouver style will be accepted. 

If reference manager software is used, the reference list and citations in text are to be 

unformatted to plain text before submitting. Authors must verify references from original 

sources. Citations should be inserted in the text as superscript numbers between square 

brackets, e.g. These regulations are endorsed by the World Health Organization,[2] and 

others.[3,4-6] All references should be listed at the end of the article in numerical order of 

appearance in the Vancouver style (not alphabetical order). Approved abbreviations of 

journal titles must be used; see the List of Journals in Index Medicus. Names and initials of 

all authors should be given; if there are more than six authors, the first three names should be 

given followed by et al. Volume and issue numbers should be given. First and last page, in 

full, should be given e.g.: 1215-1217 not 1215-17. Wherever possible, references must be 

accompanied by a digital object identifier (DOI) link). 

 

From submission to acceptance 

Submission and peer-review 
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To submit an article: 

Please ensure that you have prepared your manuscript in line with the SAJCH requirements. 

All submissions should be submitted via Editorial Manager 

The following are required for your submission to be complete: 

Anonymous manuscript (unless otherwise stated) 

Author Agreement form [forthcoming] 

Manuscript 

Any supplementary files: figures, datasets, patient consent form, permissions for published 

images, etc. 

Once the submission has been successfully processed on Editorial Manager, it will undergo a 

technical check by the Editorial Office before it will be assigned to an editor who will handle 

the review process. If the author guidelines have not been appropriately followed, the 

manuscript may be sent back to the author for correcting. 

  

Peer Review Process 

All manuscripts are reviewed initially by the Editor-in-Chief and only those that meet the 

scientific and editorial standards of the journal, and fit within the aims and scope of the 

journal, will be sent for external peer review. Each manuscript is reviewed by either one or 

two reviewers selected on the basis of their expertise in the field. A double blind review 

process is followed at SAJCH. Authors are expected to receive feedback from reviewers and 

an editorial decision within approximately 6 weeks of submission. The time period of the 

entire review process may vary however depending upon the quality of the manuscript 

submitted, reviewers’ responses and the time taken by the authors to submit the revised 

manuscript. Manuscripts from review may be accepted, rejected or returned to the author for 

revision or resubmission for review. Authors will be directed to submit revised manuscripts 

within two months of receiving the editor’s decision, and are requested to submit a point by 

point response to the reviewers’ comments. Manuscripts which authors are requested to 

revise and resubmit will be sent for a second round of peer review, often to the original set of 

reviewers. All final decisions on a manuscript are at the Editor's discretion. 

   

http://www.editorialmanager.com/sajch
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Submission Preparation Checklist 

As part of the submission process, authors are required to check off their submission's 

compliance with all of the following items, and submissions may be returned to authors that 

do not adhere to these guidelines. 

1. Named authors consent to publication and meet the requirements of authorship as set 

out by the journal. 

2. The submission has not been previously published, nor is it before another journal for 

consideration. 

3. The text complies with the stylistic and bibliographic requirements in Author 

Guidelines. 

4. The manuscript is in Microsoft Word or RTF document format. The text is single-

spaced, in 12-point Times New Roman font, and contains no unnecessary formatting. 

5. Illustrations/figures are high resolution/quality (not compressed) and in an acceptable 

format (preferably TIFF or PNG). These must be submitted as 'supplementary files' 

(not in the manuscript). 

6. For illustrations/figures or tables that have been published elsewhere, the author has 

obtained written consent to republication from the copyright holder. 

7. Where possible, references are accompanied by a digital object identifier (DOI) and 

PubMed ID (PMID)/PubMed Central ID (PMCID). 

8. An abstract has been included where applicable. 

9. The research was approved by a Research Ethics Committee (if applicable) 

10. Any conflict of interest (or competing interests) is indicated by the author(s). 

  

Copyright Notice 

Copyright of published material remains in the Authors’ name. This allows authors to use 

their work for their own non-commercial purposes without seeking permission from the 

Publisher, subject to properly acknowledging the Journal as the original place of publication. 

Authors are free to copy, print and distribute their articles, in full or in part, for teaching 

activities, and to deposit or include their work in their own personal or institutional database 

or on-line website. Authors are requested to inform the Journal/Publishers of their 
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desire/intention to include their work in a thesis or dissertation or to republish their work in 

any derivative form (but not for commercial use). Material submitted for publication in 

the SAJCH is accepted provided it has not been published or submitted for publication 

elsewhere. Please inform the editorial team if the main findings of your paper have been 

presented at a conference and published in abstract form, to avoid copyright infringement. 
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