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Could a neonatal care bundle be a promising strategy 
for the prevention of intraventricular hemorrhage in 
preterm infants? A retrospective cohort study

Ipek Guney Varal1 , Pelin Dogan1 , Guneş O. Izmir Dikici2 

ABSTRACT
Background. Germinal matrix-intraventricular hemorrhage (GM-IVH) remains a major cause of morbidity 
and mortality in preterm infants, particularly in the first days of life.
Objectives. The aim of this study was to describe the results of introducing the Neonatal Care Bundle 
(NCB) in the first 72 hours of life on the incidence of GM-IVH in preterm infants.
Methods. A retrospective-observational cohort study of preterm infants with a gestational age <30 
weeks and with birthweight <1500 g, before and after the implementation of the protocol, with historical 
control was conducted. The infants were divided into two groups. Group 1 included infants that received 
standard neonatal care, and Group 2 included infants that received the NCB.  The NCB protocol includes 
keeping the infant in the midline head position, elevating the head of the incubator to 30°, and avoiding 
a head lowering position, sudden raising of the legs, or sudden position changes for the first 72 hours.
Results. In total, 186 preterm infants were enrolled. The frequency of any grade of GM-IVH and severe 
IVH were statistically significantly lower in NCB group (p <0.05). In the subgroup analyses of the patients 
according to birth weight, the rate of GM-IVH was seen to decrease from 41% to 24% in preterm infants 
<1000 g after NCB.
Conclusion. This study adds to the limited literature suggesting that rates of GM-IVH may decrease with 
increased awareness, standardization, and careful neonatal care during the first 72 hours, the period 
when preterm infants are at the highest risk.
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INTRODUCTION
Germinal matrix-intraventricular hemorrhage 

(GM-IVH) is a serious complication, especially in 
preterm births and is the most common cause of 
cerebral damage seen in preterm.1 Despite the 
advances and developments in perinatal care 
and neonatology in recent years, it continues 
to be a major problem with a deleterious effect 
on neurological development and mortality.2,3 
As demonstrated in the current literature, the 
incidence of GM-IVH increases with declining 
gestational age. It is most diagnosed in preterm 
born less than 32 weeks and with a birth weight 
below 1500 grams. Current literature reports 
an incidence of 20-25%.4 In the cohort of 
extremely preterm born at less than 26 weeks, 
the prevalence of GM-IVH has been reported to 
be approximately 45%.5 Despite numerous quality 
improvement initiatives, data on the incidence of 
severe IVH from other regions shows that the rate 
across Canada has remained unchanged over the 
five-year period from 2013-2017. This rate is 20-
22% in infants aged 22-25 weeks and 7-10% in 
infants aged 26-28 weeks.6

The most common causes of GM-IVH include 
alterations in cerebral blood flow, a deficient 
extravascular matrix, and fragility of the immature 
cerebral germinal matrix vessels in preterm 
infants.7 Fluctuations in cerebral blood flow caused 
by disruptions and impairment in autoregulation, 
especially in very premature infants, lead to an 

increase in cerebral venous flow and GM-IVH.8 
Consequently, the occurrence of GM-IVH can be 
avoided by implementing meticulous procedures 
and interventions within the initial 72-hour period, 
along with the mitigation of alterations in cerebral 
blood flow. The aim of this study was to describe 
the results of introducing the Neonatal Care 
Bundle (NCB) in the first 72 hours of life on the 
incidence of GM-IVH in preterm infants.

MATERIALS AND METHODS
Approval  for  th is  ret rospect ive-s ingle 

center  s tudy,  conducted in  a  un ivers i ty 
hospital between January 2020-December 
2021, was approved by the Ethics Committee 
(2011-KAEK-252022/06-09). The study cohort 
comprised preterm infants born <30 weeks and 
with birthweight <1500 g, who were admitted 
to the Neonatal Intensive Care Unit (NICU). 
Standard, routine nursing care was provided 
in our unit in 2020. Patients were positioned in 
various positions without paying attention to the 
position of the head. Tilting the incubator was not 
part of routine care and during diaper change the 
legs were often suddenly lifted. In 2021, nursing 
care was provided by nurses who received 
3-day NCB bundle training. The NCB protocol 
includes keeping the head of the infant in the 
midline head position, elevating the head of the 
incubator to 30°, and avoiding a head lowering 
position, sudden raising of the legs, or sudden 

Table 1. Key driver diagram of Neonatal Care Bundle

	 AIM	 PRIMARY	 SECONDARY 	 POTENTIAL
		  DRIVER	 DRIVER 	 INTERVENTION

Reduce rate of 
intraventricular 
hemorrhage and 
severe intraventricular 
hemorrhage in extremely 
preterm infants.

Prevention of 
fluctuations in 
cerebral blood flow.

Education of neonatal 
nurses.

Monitorization 
of adherence by 
supervising nurse.

Neonatal Care Bundle (NCB) 
for the first 72 hours.
1.	 Keeping the head of the 

infant in the midline position.
2.	 Elevating the head of the 

incubator to 30º.
3.	 Avoiding a head lowering 

position.
4.	 Avoiding sudden raising of 

the legs.
5. 	Avoiding sudden position 

changes.
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position changes for the first 72 hours (Table 1). 
Adherence to the protocol was observed by a 
supervising nurse, but was not formally quantified; 
therefore, adherence was assumed rather than 
objectively measured. The NCB protocol was 
limited to nursing care, but all the NICU staff 
was instructed as well. Preventive measures 
of GMH-IVH such as careful management of 
ventilatory settings or hemodynamic stabilization 
are routinely applied by other members of the 
NICU team. The infants included in the study 
were divided in two groups. Group 1 included that 
received standard care, Group 2 included that 
received the NCB care. For the IVH analysis, an 
alpha value of 0.05 and a beta value of 80% were 
aimed and showed that the number of patients to 
be included in both arms was adequate. The study 
exclusion criteria were defined as the presence 
of major congenital and central nervous system 
abnormalities, chromosomal abnormalities, and  
infants born in other centres.

All patients were evaluated according to the 
preterm ultrasonographic monitoring protocol 
defined by the same 2 neonatologists with same 
devices for both periods.9 Since our study was 
a retrospective study, ultrasound images were 
analysed blindly by the same 2 specialists without 
considering the change in nursing care. Cranial 
ultrasound scanning(cUS) was performed on 
all patients for the first time in the first 24 hours 
and for the second time at 72 hours of age, and 
then weekly cUS follow-up was performed.9 
Classification of GM-IVH was made as described 
by Volpe.2,9 The definition of IVH requiring 
treatment is the implementation of neurosurgical 
intervention (such as ventricular drainage, 
ventriculo-subgaleal shunt, ventricular access) 
in preterms progressing to hydrocephalus due to 
severe IVH.10 The presence of GMH-IVH and the 
classification of the images were verified by an 
external specialist.

Statistical analysis
Study data were analysed statistically using 

SPSS version 22.0 (SPSS Inc, Chicago, IL, 
USA). Continuous variables were presented 
as median (minimum-maximum) or mean 
(standard deviation), according to the normality 
of the distribution, and categorical values were 
presented as numbers and percentages. Chi-
square analysis or Fisher’s exact test was used 
for comparisons of categorical variables, the 
Mann-WhitneyU test and Kruskal-Walli’s test were 
used for comparisons of non-parametric variables. 

Factors with a significant effect on IVH based 
on prior knowledge were identified using logistic 
regression analysis. Results were presented as 
odds ratios (OR) and 95% confidence interval 
(CI), and the level of statistical significance was 
set at p <0.05. 

RESULTS
Of the 20 920 live births during the defined 

study time, a total of 1407 premature infants were 
admitted to the NICU. After implementation of 
the study exclusion criteria, 186 patient files were 
included in the final assessment; 105 infants in 
Group 1 who were administered standard care, 
and 81 infants in Group 2 who were administered 
the NCB intervention. A comprehensive flowchart 
delineating the study population is presented in 
Figure 1, while the demographic characteristics of 
the study population are shown in Table 2. There 
was no statistically significant difference between 
groups (p >0.05). In the comparisons of clinical 
outcomes between the groups, bronchopulmonary 
dysplasia was determined at a statistically 
significantly higher rate in Group 1 (p <0.05) 
(Table 3). 

A subsequent analysis of the outcomes of 
the groups revealed a statistically significant 
decrease in the incidence of any grade of GM-
IVH in Group 2 compared to Group 1 (p <0.05). 
The incidence of severe IVH and IVH requiring 
treatment was found to be statistically significantly 
lower in Group 2 (p <0.05). The mortality rate 
was lower in Group 2 but not at level of statistical 
significance. Neurological outcomes parameters 
are shown in Table 4. In the subgroup analyses 
of the infants according to birth weight, the rate 
of GM-IVH was seen to decrease from 41% to 
24% in preterm infants <1000 g after NCB. The 
rate of GM-IVH in preterm infants between 1000-
1500 g was seen to decrease from 25% to 21% 
after NCB.

Logistic regression analysis was conducted 
to determine the association of the NCB on any 
grade IVH when adjusted for GA, birthweight, 
5-min Apgar score, antenatal steroid use, and 
mode of delivery (adjusted odds ratio (OR): 
0.510; 95% confidence interval (CI): 0.265–0.983; 
p = 0.04). Some potentially relevant confounders, 
such as chorioamnionitis, antibiotic use, and PDA, 
were not adjusted due to the inadequate sample 
size. The logistic regression analysis results also 
showed the association with lower severe IVH 
rates (adjusted OR: 0.368; 95% CI: 0.138–0.984; 
p = 0.04) (Table 5).
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Figure 1. Flowchart of the study

Infants included  
in the study 
(n = 186)

Files with missing data 
(n = 11)

Met exclusion criteria 
(n = 19)

Preterm infants  
with <30 weeks

(n = 206)

Group 1
(n = 105)

Group 2
(n = 81)

Live births during 
the study period 

(n = 20 900)

NICU admission 
during the study 

period 
(n = 2019)

Preterm infants 
admitted 

(n = 1407)

Table 2. Neonatal and maternal characteristics of the study groups

	 Group 1	 Group 2	 p
	 (n = 105)	 (n = 81)	 	

Gestational age, week median (IQR)	 26 (24-28)	 27 (25-29)	 0.10a

Birth weight, g median (IQR)	 860 (650-1045)	 860 (695-1390)	 0.20a

Sex, n (%)
   Male	 57 (54)	 38 (47)	 0.30b

Caesarean section, n (%)	 84 (80)	 64 (79)	 0.80b

Apgar score, median (IQR)
   Minute 1	 5 (3-7)	 5 (4-7)	 0.06a

   Minute 5	 7 (5-8)	 7 (6-9)	 0.07a

Antenatal steroids, n (%)			   0.90a

   No	 46 (44)	 34 (42)
   Single course	 8 (8)	 7 (9)
   Repeated course   	 51 (48)	 40 (49)	 	
Preeclampsia, n (%)	 23 (22)	 13 (16)	  0.30b

Chorioamnionitis, n (%)	 11 (11)	 16 (20)	 0.08b

Multiparity, n (%)	 10 (10)	 13 (16)	 0.20b

Intrauterine growth retardation, n (%)	 9 (9)	 10 (12)	 0.60b

Antenatal Mg sulphate administration, n (%)	 67 (64)	 56 (70)	 0.70b

Delay cord clamping, n (%)	 65 (62)	 52 (64)	 0.90b

a Mann-Whitney U test, b Chi-square test.
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Table 3. Clinical findings of the groups

	 Group 1	 Group 2	 p 
	 (n = 105)	 (n = 81)	

Respiratory distress syndrome, n (%)	 90 (86)	 70 (86)	 0.80a

Intubation at the delivery room, n (%)	 65 (62)	 56 (69)	 0.30a

Intubation in the first 72 hours, n (%)	 79 (75)	 62 (77)	 0.80a

Intubation time in the first 72 hours (hours), median (IQR)	 60 (2-72)	 60 (10-72)	 0.80b

Minimally invasive surfactant, n (%)	 12 (11)	 13 (16)	 0.30a

Extubating in first 72 hours, n (%)	 10 (10)	 11 (14)	 0.30a

Pneumothorax, n (%)	 7 (4)	 5 (3)	 0.90a

Inotropic support in the first 72 hours, n (%)	 10 (10)	 11 (14)	 0.40a

Need for fresh frozen plasma, n (%)	 22 (21)	 25 (31)	 0.10a

Patent ductus arteriosus, n (%)	 54 (51)	 37 (46)	 0.40a

Sepsis, n (%)	 28 (26)	 23 (28)	 0.70a

Necrotizing enterocolitis, n (%)	 7 (7)	 4 (5)	 0.70c

Bronchopulmonary dysplasia, n (%)	 34 (32)	 13 (16)	 0.01a

Retinopathy of prematurity requiring treatment, n (%)	 14 (13)	 5 (6)	 0.10a

a Chi square test, b Mann-Whitney U test.

Table 4. Neurological outcomes and mortality

	 Group 1	 Group 2	 p 
	 (n = 105)	 (n = 81)	

IVH (any phase), n (%)	 40 (38)	 19 (24)	 0.03a

Cystic PVL, n (%)	 6 (6)	 4 (5)	 1.00b

Severe IVH, n (%)	 19 (18)	 6 (7)	 0.03a

IVH requiring intervention, n (%)	 11 (11)	 2 (3)	 0.03a

PVHI, n (%)	 9 (9)	 3 (4)	 0.20a

Seizure, n (%)	 11 (11)	 6 (7)	 0.40a

Death, n (%)	 29 (28)	 18 (22)	 0.40a

a Pearson Chi-square test test, b Fisher’s Chi square test.
IVH: intraventricular hemorrhage; pvl: periventricular leukomalacia; pvhi: periventricular hemorrhagic infarct.

Table 5. Association of Neonatal Care Bundle with intraventricular hemorrhage (logistic regression model)

	 Group 1	 Group 2	 aOR (95% CI)	 p 
	 (n = 105)	 (n = 81)
	 n	 %	 n	 %	

Any IVH	 40	 38,1%	 19	 23,5%	 0.510 (0.265-0.983)	 0.04
Severe IVH	 19	 18,1%	 6	 7,4%	 0.368 (0.138-0.984)	 0.04 

IVH: intraventricular hemorrhage.
Model adjusted for GA, birthweight, 5-min Apgar score, antenatal steroid use, and mode of delivery.

DISCUSSION
Premature infants are highly at risk of GM-

IVH due to the immaturity of their innate immune 
system, and GM-IVH has an increased risk 
of morbidity and mortality.11,12 This condition 
occurring in the first days of life both decreases 
the chance of survival and can cause lifelong 

permanent damage.12 In this study, there was 
a significant decrease in the rates of any-grade 
GM-IVH and severe GM-IVH after NCB training 
given to nurses in NICU compared to the rates 
seen in preterm infants before training. This study 
contributes to the neonatal literature as one of the 
few reports suggesting that NCB may help reduce 
GM-IVH. 
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The germinal matrix is a transient fetal brain 
structure that produces specific neurons and 
glial cells and regresses almost completely 
by 36 weeks of gestat ion.13,14 Because of 
its immaturity and vascular fragility, venous 
congestion and increased cerebral venous 
pressure can easily lead to GM-IVH.2,15 Therefore, 
the risk is particularly high in infants born before 
30 weeks.16 GM-IVH typically occurs in the first 
few days of life, most often within 24 hours, and 
may progress between days 3 and 5.

In the present study, all preterm infants born 
at <30 weeks who were at risk of GM-IVH were 
included. Cranial ultrasound was performed within 
the first 24 hours, repeated at 72 hours, and then 
weekly during hospitalization. This approach 
allowed us to capture both early and evolving 
hemorrhages.

Sudden fluctuations in cerebral blood flow can 
cause GM-IVH. The regulation of cerebral blood 
perfusion and blood flow in preterm infants is 
more immature than in term neonates, and this 
leads to “pressure passive” circulation because 
cerebral blood flow cannot be protected during 
blood pressure fluctuations, ultimately damaging 
fragile vessels. In a previous study of infants 
weighing <1000 g, the infants were positioning flat 
supine or in a 30º elevated position. The results 
of that study showed that head elevation position 
of 30º with the head maintained in the midline 
is safe and beneficial in terms of lower FiO2 
requirements, improved mean blood pressure, 
and potentially improved survival.17 In another 
study, it was speculated that a non-physiological 
fixed supine position for prolonged periods in 
infants resulted in agitation, and this could be 
associated with hemodynamic changes causing 
severe IVH.18 However, there are also studies 
showing that this does not alter blood flow or the 
incidence of IVH.19,20 In the presented study, it 
was hypothesized that a significant effect would 
be seen by preventing an increase in intracranial 
blood circulation with elevation of 30°.

 The results of the NCB in certain studies have 
shown variation according to GA. In one study, 
a significant decrease was observed in severe 
brain injury and mortality rates, particularly in 
infants <27 weeks.21 However, a following study 
demonstrated the effect and favorable outcomes 
of an evidence-based neuroprotection care on 
long-term neurodevelopmental impairment (NDI) 
in extremely premature infants.22 In a further 
study conducted with NIRS on older infants, 
position-related hemodynamic changes were only 

observed in the subgroup of infants born less than 
26 weeks gestational age.23,24 

A study found that implementing a bundle of 
evidence-based, potentially better practices using 
specific electronic order sets was associated 
with a lower rate of severe IVH or death in the 
first week among extremely preterm infants. 
They objectively assessed the effect of bundles 
using quality improvement methodology and 
demonstrated that the rate of severe IVH or 
death in the first week after birth decreased 
from the baseline rate of 27.4% to 15.0%.25 In 
the present study, a decline in the incidence of 
GM-IVH was observed, from 41% to 24%, in 
preterm infants with a birth weight of <1000 g, 
following NCB implementation. It is crucial to 
have this substantial decrease, especially in 
preterm infants with birth weights of <1000 g, who 
are most predisposed to GM-IVH. In our study, 
although there was a significant difference in the 
rate of severe hemorrhage between the groups, 
there was no difference in mortality rate, possibly 
because IVH was not the only factor influencing 
mortality in very preterm infants, and our sample 
size was relatively small. 

In addition to many studies related to elevated 
head positioning, there are also reports in the 
literature regarding head left/right rotation or 
head-tilting in premature infants. These studies 
have indicated that head-rotation or head-tilting 
has no significant effect on cerebral oxygenation 
in preterm infants.22,26 In a review of cerebral 
hemodynamics, it was emphasized that no 
effect was seen on cerebral hemodynamics 
after the head turning and/or lowering position. 
However, most of the preterm infants evaluated 
were older than 1 week and had thus passed 
the period of greatest risk for GM-IVH.27 It has 
been demonstrated that both staff education, 
accurate implementation in the golden hour and 
awareness of interventions reduce the rates of 
severe hemorrhage in preterms.28,29 In this study, 
midline positioning was evaluated, and right/left 
rotation, which can alter the flow of blood, was 
avoided. 

Adherence to the bundle is critical for its 
effectiveness. In our study, adherence was 
assumed rather than objectively measured, 
which represents a limitation of our findings. 
Previous studies have shown that improvements 
in adherence are associated with significant 
r e d u c t i o n s  i n  s e v e r e  I V H  r a t e s .  T h e y 
demonstrated that the rate of adherence to the 
bundle improved from 24% to 88%, and the 
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incidence of severe IVH decreased from 9.8% 
to 2.4%, a reduction of 76% from baseline.30 The 
quality improvement (QI) methodology is the most 
appropriate for objectively assessing the effect 
of the implementation of packages of measures 
or bundles.25-30 Improvements that are made in 
the NICU, such as staff training and appropriate 
resource utilization, affect bundle applicability. 
However, staff compliance and differences in 
NICU environments could potentially effect 
efficacy.

N e v e r t h e l e s s ,  t h i s  s t u d y  h a s  s o m e 
limitations that should be mentioned. First, it 
was a retrospective, single-center study. As 
the study was conducted in a single center, 
the results cannot be extrapolated to other 
units or countries but can provide ideas for new 
studies and practical applications. The second 
limitation is unmeasured adherence and the 
inability to establish causality. There may have 
been innovations in neonatology in different 
years, although there was no difference in the 
treatment protocol in our unit, and there were 
no statistically significant and known changes in 
the nurse-to-patient ratio and the nurse-patient 
profile. Because adherence was monitored 
informally and not objectively quantified, fidelity 
to the intervention remains uncertain. Future 
studies should include objective adherence audits 
to strengthen validity. Third, in our study, we 
recorded the highest grade of hemorrhage in the 
first 72 hours, and we did not specifically identify 
cases of increased hemorrhage. Some potentially 
relevant confounders, such as chorioamnionitis, 
antibiotic use, and PDA, were not adjusted for 
in the logistic regression model because there 
were no statistically significant differences in 
these confounders between the groups and 
because of the inadequate sample size. This 
limitation reduces the ability to generalize or 
to make causal inferences. In summary, this 
study describes the effects of care bundle 
implementation as a bundle of positioning and 
not each position individually. Finally, it would be 
better to confirm the hemodynamic findings with 
Doppler USG and NIRS. These findings should 
be regarded as preliminary or pilot, and while 
they showed evidence in favor of the NCB, our 
results still cannot be interpreted definitively, so 
further studies demonstrating causality should be 
planned. Strengths of this study was that the cUS 
of all the patients were evaluated by the same 
two neonatologists. However, evaluations and 
the classification of the images were verified by 

an external expert. By performing the cUS within 
six hours of admission, cases with intrauterine 
hemorrhage were excluded from the study, and, 
thus, the effect of NCB was demonstrated more 
clearly.

CONCLUSIONS
This study suggests a potential benefit of 

NCB in reducing GM-IVH. It also suggests that 
increasing awareness, standardization, and 
modifying neonatal care during the period of 
highest IVH risk in preterm infants may affect 
GM-IVH rates. These findings should be regarded 
as preliminary and hypothesis-generating, 
highlighting the need for prospective, multicenter 
studies. n

REFERENCES
1.	 Volpe JJ. Brain injury in premature infant: overview of 

clinical aspects, neuropathology, and pathogenesis. Semin 
Pediatr Neurol. 1998;5(3):135-51. doi: 10.1016/s1071-
9091(98)80030-2.

2.	 Leijser LM, de Vries LS. Preterm brain injury: Germinal 
matrix-intraventricular hemorrhage and post-hemorrhagic 
ventricular dilatation. Handb Clin Neurol. 2019;162:173-
99. doi: 10.1016/B978-0-444-64029-1.00008-4.

3.	 Bolisetty S, Dhawan A, Abdel-Latif M, Bajuk B, Stack J, et 
al. Intraventricular hemorrhage and neurodevelopmental 
outcomes in extreme preterm infants. Pediatrics. 
2014;133(1):55-62. doi: 10.1542/peds.2013-0372.

4.	 Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo WA, 
Shankaran S, et al. Trends in Care Practices, Morbidity, 
and Mortality of Extremely Preterm Neonates, 1993-
2012. JAMA. 2015;314(10):1039-51.  doi: 10.1001/
jama.2015.10244.

5.	 Su BH, Hsieh WS, Hsu CH, Chang JH, Lien R, Lin CH, 
et al. Neonatal outcomes of extremely preterm infants 
from Taiwan: comparison with Canada, Japan, and the 
USA. Pediatr Neonatol. 2015;56(1):46-52. doi: 10.1016/j.
pedneo.2014.05.002.

6.	 Persad N, Kelly E, Amaral N, Neish A, Cheng C, Fan CS, 
et al. Impact of a “Brain Protection Bundle” in Reducing 
Severe Intraventricular Hemorrhage in Preterm Infants <30 
weeks GA: A Retrospective Single Centre Study. Children 
(Basel). 2021;8(11):983. doi: 10.3390/children8110983.

7.	 Ballabh P. Intraventricular hemorrhage in premature infants: 
mechanism of disease. Pediatr Res. 2010;67(1):1-8. doi: 
10.1203/PDR.0b013e3181c1b176.

8.	 Alderliesten T, Lemmers PM, Smarius JJ, van de Vosse 
RE, Baerts W, van Bel F. Cerebral oxygenation, extraction, 
and autoregulation in very preterm infants who develop peri-
intraventricular hemorrhage. J Pediatr. 2013;162(4):698-
704.e2. doi: 10.1016/j.jpeds.2012.09.038.

9.	 Çizmeci MN, Akın MA, Özek E. Turkish Neonatal Society 
Guideline on the Diagnosis and Management of Germinal 
Matrix Hemorrhage-Intraventricular Hemorrhage and 
Related Complications. Turk Arch Pediatr. 2021;56(5):499-
512. doi: 10.5152/TurkArchPediatr.2021.21142.

10.	de Bijl-Marcus K, Brouwer AJ, De Vries LS, Groenendaal 
F, Wezel-Meijler GV. Neonatal care bundles are associated 
with a reduction in the incidence of intraventricular 
haemorrhage in preterm infants: a multicentre cohort study. 
Arch Dis Child Fetal Neonatal Ed. 2020;105(4):419-424. 



8

Original article / Arch Argent Pediatr. 2026;124(1):e202510776

doi: 10.1136/archdischild-2018-316692.
11.	Kadri H, Mawla AA, Kazah J. The incidence, timing, and 

predisposing factors of germinal matrix and intraventricular 
hemorrhage (GMH/IVH) in preterm neonates. Childs Nerv 
Syst. 2006;22(9):1086-90. doi: 10.1007/s00381-006-0050-
6.

12.	Stoll BJ, Hansen NI, Bell EF, Shankaran S, Laptook AR, 
Walsh MC, et al. Neonatal outcomes of extremely preterm 
infants from the NICHD Neonatal Research Network. 
Pediatrics. 2010;126(3):443-56. doi: 10.1542/peds.2009-
2959.

13.	Raets MM, Dudink J, Govaert P. Neonatal disorders of 
germinal matrix. J Matern Fetal Neonatal Med. 2015;28 
Suppl 1:2286-90. doi: 10.3109/14767058.2013.796169.

14.	Corbin JG, Gaiano N, Juliano SL, Poluch S, Stancik E, 
Haydar TF. Regulation of neural progenitor cell development 
in the nervous system. J Neurochem. 2008;106(6):2272-
87. doi: 10.1111/j.1471-4159.2008.05522.x.

15.	Adcock B, Carpenter S, Bauer J, Giannone P, Schadler 
A, Chishti A, et al. Acute kidney injury, fluid balance and 
risks of intraventricular hemorrhage in premature infants. 
J Perinatol. 2020;40(9):1296-300. doi: 10.1038/s41372-
020-0613-5.

16.	Christian EA, Jin DL, Attenello F, Wen T, Cen S, Mack 
WJ, et al. Trends in hospitalization of preterm infants 
with intraventricular hemorrhage and hydrocephalus 
in the United States, 2000-2010. J Neurosurg Pediatr. 
2016;17(3):260-9. doi: 10.3171/2015.7.PEDS15140.

17.	Kochan M, Leonardi B, Firestine A, McPadden J, Cobb D, 
Shah TA, et al. Elevated midline positioning of extremely low 
birth weight infants: effects on cardiopulmonary function and 
the incidence of periventricular-intraventricular hemorrhage. 
J Perinatol. 2019;39(1):54-62. doi: 10.1038/s41372-018-
0261-1.

18.	Kumar P, Carroll KF, Prazad P, Raghavan A, Waruingi 
W, Wang H. Elevated supine midline head position for 
prevention of intraventricular hemorrhage in VLBW and 
ELBW infants: a retrospective multicenter study. J Perinatol. 
2021;41(2):278-85. doi: 10.1038/s41372-020-00809-6.

19.	Buckley EM, Cook NM, Durduran T, Kim MN, Zhou C, Choe 
R, et al. Cerebral hemodynamics in preterm infants during 
positional intervention measured with diffuse correlation 
spectroscopy and transcranial Doppler ultrasound. 
Opt Express. 2009;17(15):12571-81. doi: 10.1364/
oe.17.012571.

20.	Gross M, Engel C, Trotter A. Evaluating the Effect of a 
Neonatal Care Bundle for the Prevention of Intraventricular 
Hemorrhage in Preterm Infants. Children (Basel). 
2021;8(4):257. doi: 10.3390/children8040257.

21.	Murthy P, Zein H, Thomas S, Scott JN, Abou Mehrem 
A, Esser MJ, et al. Neuroprotection Care Bundle 
Implementation to Decrease Acute Brain Injury in Preterm 
Infants. Pediatr Neurol. 2020;110:42-8. doi: 10.1016/j.
pediatrneurol.2020.04.016.

22.	Benlamri A, Murthy P, Zein H, Thomas S, Scott JN, 
Abou Mehren A, et al. Neuroprotection care bundle 
implementation is associated with improved long-term 
neurodevelopmental outcomes in extremely premature 
infants. J Perinatol. 2022;42(10):1380-4. doi: 10.1038/
s41372-022-01443-0.

23.	Ancora G, Maranella E, Aceti A, Pierantoni L, Grandi S, 
Corvaglia L, et al. Effect of posture on brain hemodynamics 
in preterm newborns not mechanically ventilated. 
Neonatology. 2010;97(3):212-7. doi: 10.1159/000253149.

24.	Ferreira DM, Girao ALA, Silva AVSE, Chaves EMC, de 
Almeida PC, Freire VS, et al. Application of a Bundle in the 
Prevention of Peri-Intraventricular Hemorrhage in Preterm 
Newborns. J Perinat Neonatal Nurs. 2020;34(2):E5-11. doi: 
10.1097/JPN.0000000000000482.

25.	Travers CP, Gentle S, Freeman AE, Nichols K, Shukla VV, 
Purvis D, et al. A Quality Improvement Bundle to Improve 
Outcomes in Extremely Preterm Infants in the First Week. 
Pediatrics. 2022;149(2):e2020037341. doi: 10.1542/
peds.2020-037341.

26.	Liao SM, Rao R, Mathur AM. Head Position Change Is 
Not Associated with Acute Changes in Bilateral Cerebral 
Oxygenation in Stable Preterm Infants during the First 
3 Days of Life. Am J Perinatol. 2015;32(7):645-52. doi: 
10.1055/s-0034-1390348.

27.	de Bijl-Marcus KA, Brouwer AJ, de Vries LS, van Wezel-
Meijler G. The Effect of Head Positioning and Head Tilting 
on the Incidence of Intraventricular Hemorrhage in Very 
Preterm Infants: A Systematic Review. Neonatology. 
2017;111(3):267-79. doi: 10.1159/000449240.

28.	Chiriboga N, Cortez J, Pena-Ariet A, Makker K, Smotherman 
C, Gautam S, et al. Successful implementation of 
an intracranial hemorrhage (ICH) bundle in reducing 
severe ICH: a quality improvement project. J Perinatol. 
2019;39(1):143-51. doi: 10.1038/s41372-018-0257-x.

29.	Tang I, Huntingford S, Zhou L, Fox C, Miller T, Krishnamurthy 
MB, et al. Reducing severe intraventricular haemorrhage 
rates in <26-week preterm infants with bedside assessment 
and care bundle implementation. Acta Paediatr. 
2025;114(6):1179-88. doi: 10.1111/apa.17542.

30.	Kolnik SE, Upadhyay K, Wood TR, Juul SE, Valentine GC. 
Reducing Severe Intraventricular Hemorrhage in Preterm 
Infants with Improved Care Bundle Adherence. Pediatrics. 
2023;152(3):e2021056104.




