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1.0 Introduction

Germinal matrix-intraventricular haemorrhage (GMH-IVH) is a significant and common
complication of preterm birth, often leading to severe outcomes such as periventricular
haemorrhagic infarction (PVHI) and post-haemorrhagic ventricular dilatation (PHVD)(1).
Preterm brain injury represents 40% of the total number of serious brain injuries recorded
in infancy(2). Complicated GMH-IVH is strongly linked to poor outcomes, often resulting
in long-term disabilities or even death, similar to cystic periventricular leukomalacia
(cPVL)(3). Even extremely preterm infants with low-grade GMH-IVH (Grades I-Il) have
poorer long-term neurodevelopmental outcomes as compared to those with normal
cranial scans (3-5).

Accordingto the 2023 National Neonatal Audit Programme (NNAP) report, 6.7% of preterm
neonates born before 32 weeks gestational age experienced intraventricular haemorrhage
(Grade llI-1V), while 13.8% had a combined outcome of significant GMH-IVH (Grades IlI-IV)
or death, based on available scan data. Similarly, 2.6% of preterm infants born before 32
weeks developed cystic periventricular leukomalacia (cPVL), and the combined outcome
of cPVL and death was reported as 10.1%.

Overall, serious preterm brain injury was identified in 9% of very preterm babies
nationwide (6). In 2015, the Department of Health in England and the UK Government
announced a national ambition to reduce ‘brain injuries occurring during or soon after
birth’ by 50% by 2030 (2). Data of the ‘Northern’ neonatal network for 2024 shows a rate of
11.1% for IVH and 11.7% for the c-PVL, which is slightly higher than the national average.
But there are variations with individual NICUs.

IVH care bundles aiming at perinatal optimisation of care and targeting the preventable
causes of preterm brain injury (such as GMH-IVH and c-PVL) are described in the literature
and currently in practice at various neonatal units across the UK and Internationally. These
bundles typically include a combination of nursing and medical interventions (within 72
hours or up to 7 days) aiming to provide targeted perinatal, neonatal intensive and
developmental care to preterm infants (7-10). Studies evaluating the effectiveness of IVH
care bundles have shown mixed results (7,9,11,12).

While some studies have shown significant reductions in preterm brain injury secondary
to GMH-IVH (7,9,12), others have found no improvements(11). These bundles can be
complex, requiring coordinated care and the execution of multiple tasks by an
interdisciplinary team, which may result in variations in adherence. As a result, poor
adherence may explain the lack of effectiveness observed in studies reporting no
preventive benefit from IVH care bundles.
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Figure 1: IVH Prevention Care Bundle Components
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2.0 Guideline Scope

The aim of this guideline is to promote the provision of care based on best practices and
the best available evidence to reduce rates of preterm injury caused by intraventricular
haemorrhage. It is intended for use by neonatal professionals involved in the care of
preterm infants. While antenatal optimisation is outside the scope of this guideline, itis
addressed in the NENC Management of Preterm Birth guideline available on the Nornet
website. The key areas covered in this guideline include:

Preterm care bundle

Optimal birth setting

Head position

Posture change

Intubation and ventilation

Developmental care and pain management
Preventing rapid fluid shifts

Management of hypotension
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3.0 Main Guideline Content

3.1 Preterm Care Bundle:

Recommendation:

Implementation of a standardised preterm care bundle to optimize perinatal
care and reduce preterm brain injury.

e The use of a standardised approach toward preterm perinatal care has been
shown to improve outcomes (14-16).

o We recommend the following perinatal interventions, which have been shown to
reduce preterm brain injury, and are also part of the BAPM framework for the
‘Perinatal Management of Extreme Preterm Birth before 27 weeks of gestation’.
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3.1.1 Antenatal Steroids:

Recommendation:

Mothers who give birth at a gestational age of <34 weeks should receive two
doses of corticosteroids, administered 12 to 24 hours apart, and given more
than 24 hours but less than 7 days before delivery.

Evidence shows that antenatal steroids decrease the risk of severe IVH (15,17),
especially in extremely preterm neonates.

3.1.2 Magnesium Sulphate

Recommendation:

Mothers delivering at a gestational age of less than 30 weeks should receive
antenatal magnesium sulfate between 4 and 24 hours before delivery.

It has been shown to reduce the risk of cerebral palsy by 32%(15,18) and probably
reduces the risk of severe IVH in infants(19)

3.1.3 Deferred Cord Clamping:

Recommendation:

All babies should be offered deferred cord clamping for at least 60 seconds
where feasible.

Deferred cord clamping reduces the risk of any grade of IVH by improving the
cerebral autoregulatory function (20,21).
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3.1.4 Thermoregulation:

Recommendation:
Ensure normothermia (36.5°C - 37.5°C) in all babies at all times.

e A 28% increase in mortality has been reported for every 1°C drop in body
temperature. Moderate hypothermia is associated with higher odds of
intraventricular haemorrhage (OR 1.3) and death (OR 1.5) compared with a
normothermic temperature in babies(15,22,23).

3.2 Optimal Birth Setting:

Recommendation:

Whenever possible, extreme preterm births should be managed in a maternity
hospital co-located with a designated neonatal intensive care unit.

e Survival rates are highest for very preterm infants, especially those born at <28
weeks gestation, when cared for in centres with more experienced staff and
higher patient numbers. A significantly higher risk of severe IVH has been reported
for neonates born at <28 weeks and those who had ex-utero transfer within the
first 72 hours of life (24,25).

e To prevent IVH, a strategy of in-utero transfer below 30 weeks gestation for birth in
a maternity unit with a co-located NICU or HDU, where staff are trained to look
after these vulnerable preterm infants is recommended(14,26,27).
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3.3 Head Position:

Recommendation:
a) Preterm infants with a gestational age (GA) <30 weeks should be nursed in a
midline position with the head elevated between 15-30 degrees during the
first 72 hours of life.

e |n practice, most incubators can only achieve a tilt of 10-12 degrees.
Therefore, aim for maximum achievable tilt, not exceeding 15-30
degrees recommendation.

e Do notuse additional device or improvised methods to increase head
elevation beyond what the incubator safely provides.

b) To facilitate positional changes, preterm babies can be positioned supine or
laterally, ensuring that the head stays alighed with the midline.

e Rotation of the head can lead to obstruction of the jugular venous-drainage system,
leading to increased intracranial pressures and significant fluctuations in cerebral
blood flow(7,28).

e This has been supported by early Doppler studies demonstrating occlusion of the
jugular vein upon turning the head out of the midline position. This could lead to
raised intracranial pressures and increased cerebral blood volumes altering
cerebral oxygenation (29).

e Maintaining a midline position and elevating the head of the incubator by 15-30
degrees can aid cerebral venous drainage and reduce the risk of IVH(30,31).

e Although there were no effects on the rates of IVH (all grades), a small-scale
systematic review performed to explore the impact of a midline position showed a
reduced mortality rate for preterm babies who received the intervention (RR 0.49,
95% CI 0.25 to 0.93). Unfortunately, due to the size of the review, data was limited
for a true assessment of the intervention (32).

e Further to this, a recently published RCT explores the relationship between an
elevated midline position and all grades of IVH. Although there was no significant
reduction seen in for Grade 1, 2, and 3 IVH, nursing preterm babies in an elevated
position for the first 96 hours of life was found to be associated with a reduced risk
of developing severe (Grade 4) IVH (p=0.036) (33).
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3.4 Posture Change:

Recommendation:
a) Rapid lifting of the legs or sudden 180 turns should be avoided during
handling, and the legs should not be raised above the level of the head.
b) Aim to perform two-person cares where possible under 30 weeks, ensuring
90-degree posture changes and side-lying nappy changes.

e Cerebral autoregulation is not fully developed in preterm babies due to their
pressure-passive cerebral circulation. In addition to their fragile vasculature, this
predisposes preterm babies to brain injury when rapid changes in blood flow occur
(34,35).

e Routine procedures in extremely preterm babies such as endotracheal suctioning,
repositioning, and nappy changes have been associated with significant
fluctuations in cerebral blood flow (33,36).

e Raising the legs above the level of the head and heart can lead to increased venous
return and preload, impacting cerebral blood flow and oxygenation (7,36).

e Side-lying nappy changes and skin-to-skin are safe and effective alternatives for the
first 72 hours of life. (37).

e A multi-centre cohort study assessing the effectiveness of IVH care bundles,
consisting of two aspects; 1) Posture (midline head, elevated head, avoidance of
sudden leg elevation), 2) avoidance of rapid intravenous/arterial flushes/blood
withdrawal. A significant reduction in the rate of IVH (of any grade), cystic PVL and/or
mortality was observed in the intervention group (adjusted OR 0.42, 95% CI1 0.27 to
0.65) (7).

3.5 Intubation and Ventilation:

3.5.1 Intubation by a Senior Staff Member

Recommendation:

In extreme preterm babies, ensure that intubation is carried out by experienced
staff or by staff under supervision of consultant.

e |ncreased number of intubation attempts was linked to a greater risk of mortality
and severe IVH in infants with birth weights between 750 and 1500 grams (38,52).
3.5.2 Avoid Unplanned Extubations
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Recommendation:

a) Two-person handling and position changes is encouraged where possible.

b) Ensurethe ETT is secure before position changes and moving babies for
skin-to-skin.

c) Check ETT positioning regularly and document at the beginning of each
shift.

e Unplanned extubation and repeated intubation have been associated with IVH,
increased intracranial pressure, increased arterial pressure, hypercarbia, and
hypoxia(39).

e Additionally, they extend the number of ventilation days for preterm babies, which
further increases the risk of IVH and cPVL (40).

3.5.3 Volume Targeted ventilation (VTV)

Recommendation:

a) VTV should be the preferred mode of invasive ventilation for the high risk
preterm infants.

b) Avoid carbon dioxide (CO.) fluctuations (hypo and hypercarbia) in the first 72
hours.

e VTV has been shown to reduce the incidence of brain injury secondary to
significant IVH and PVL (41).

e Fluctuations in carbon dioxide levels, including hypo- and hypercarbia, during the
first 48 to 72 hours of ventilation in preterm infants are associated with an
increased risk of brain injury, especially due to significant intraventricular
hemorrhage (IVH) or periventricular leukomalacia (PVL). These fluctuations then
directly affect cerebral blood flow, vascular resistance, and cerebral perfusion
pressure. Volume-targeted ventilation (VTV) can help reduce the risk of IVH in high
risk infants by minimizing hypocarbia and stabilizing carbon dioxide levels (41-43).
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3.6 Developmental Care and Pain Management:

Recommendation:

a) Minimise exposure to excessive noise and light stimulation.

b) Ensure minimal handling and limit unnecessary and painful interventions.

c) Aim for optimal pain management — assess and document pain scores, offer
non-nutritive sucking with breastmilk, sucrose, parental touch and comfort
care.

d) Positive parental touch and comfort care should be encouraged at every
opportunity to promote optimal neurodevelopmental care

e Reducing noise levels within the neonatal unit can promote neurological growth
and reduce the risks of IVH. Excessive noise levels have been associated with
heightened stress levels, increased oxygen requirements, apnoea, bradycardia,
and tachycardia, all of which can contribute to adverse outcomes such as IVH,
hearing impairment, and poor growth. Although recommended noise levels should
not exceed 45 decibels, recordings of up to 100 decibels have been observed in
neonatal intensive care units (44).

e Skin-to-skin contact, non-nutritive sucking, and breastmilk have all been linked to
reducing the pain response in preterm babies. Specifically, skin-to-skin parental
contact has been associated with longer periods of sleep and reduced crying time
(45).

e Cryingcancause anincreased cerebral blood flow, elevated intracranial pressures,
reduced venous draining, and therefore reduced cerebral oxygenation.

e A systematic review of 17 studies compared parental skin-to-skin contact with
standard neonatal care. Results showed that during painful procedures, skin-to-
skin contact significantly reduced heart rate, crying duration, and pain scores,
highlighting the effectiveness of parental touch (46).

e Murthy et al. (2020) ‘Drive to Zero’ IVH bundle incorporated methods to reduce
sensory overstimulation and minimise handling. Although not the only aspects
within the bundle, an improvement in IVH and death rates was seen in both the
initial study (adjusted OR 0.34; C195%, 0.20 to 0.59; P value < 0.001) and follow-up
study assessing long-term neurodevelopmental impairment (adjusted OR, 0.34; ClI
95% 0.17-0.68; P =0.002) (9,47).
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3.7 Preventing Rapid Fluid Shifts:

Recommendation:

a) Fluid shift as a consequence of rapid flushes through the venous lines or
quick withdrawal of blood from the arterial lines should be avoided.

b) Slow withdrawal and flushing of lines over 60 seconds is recommended to
promote physiological stability

c) Thisalsoincludes giving empiric fluid boluses without clear indication, blood
transfusions, and rapid sodium bicarbonate replacement, outside the
context of an acute cardiopulmonary resuscitation scenario.

e Volume expansion could benefit infants with hypotension due to decreased
preload, metabolic acidosis, and poor perfusion(48).

e Thereis no evidence from various randomised trials to support routinely giving
early fluid volume expansion to preterm babies without cardiovascular
compromise (49).

e The rate of volume expansion should always be carefully adjusted based on the
clinical condition of the preterm infant. Rapid fluid boluses or blood transfusions
should be avoided during the first week of life (especially within the first 72 hours)
to prevent fluid overload in the pressure-passive cerebral circulation, which is
prone to bleeding (50).

3.8 Management of Hypotension:

Recommendation:

a) A holistic approach should be used to monitor and manage systemic
hypotension in preterm neonates, with an emphasis on addressing its
underlying causes.

b) Where possible, central arterial access is the preferred method to monitor
blood pressure in critically ill and vulnerable infants. In extremely preterm
infants, cuff blood pressure readings should be interpreted with caution(51).

e Systemic hypotension has been linked to increased risk of IVH in preterm infants.
Infants who have more significant instability in mean arterial blood pressure and
spend extended periods outside the optimal blood pressure range have a higher
risk of severe IVH (51).

e I|tisimportantto consider the underlying pathophysiology, instead of solely relying
on stepwise, regimented protocols (52).
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4.0 Monitoring & Audit

e Provision of antenatal measures will be monitored via the National Neonatal Audit
Programme (NNAP)

e Volume Targeted Ventilation (VTV) will be monitored via the Saving Babies Lives
(SBL) annual audit.

Version 2.1 Review Date: May 2027 Page 11 of 15



References

1. Chari A, Mallucci C, Whitelaw A, Aquilina K. Intraventricular haemorrhage and
posthaemorrhagic ventricular dilatation: moving beyond CSF diversion. Childs Nerv Syst.
2021 Nov;37(11):3375-83.

2. Gale C, Statnikov Y, Jawad S, Uthaya SN, Modi N. Neonatal brain injuries in England:
population-based incidence derived from routinely recorded clinical data held in the National
Neonatal Research Database. Arch Dis Child Fetal Neonatal Ed. 2018 Jul;103(4):F301-6.

3. Rees P, Callan C, Chadda KR, Vaal M, Diviney J, Sabti S, et al. Preterm Brain Injury and
Neurodevelopmental Outcomes: A Meta-analysis. Pediatrics. 2022 Dec
1;150(6):€2022057442.

4. Bolisetty S, Dhawan A, Abdel-Latif M, Bajuk B, Stack J, Oei JL, et al. Intraventricular
Hemorrhage and Neurodevelopmental Outcomes in Extreme Preterm Infants. Pediatrics.
2014 Jan 1;133(1):55-62.

5. Patra K, Wilson-Costello D, Taylor HG, Mercuri-Minich N, Hack M. Grades |-l intraventricular
hemorrhage in extremely low birth weight infants: effects on neurodevelopment. J Pediatr.
2006 Aug;149(2):169-73.

6. RCPCH. National Neonatal Audit Programme 2022 Data: Extended Analysis Report. London:
RCPCH; 2022

7. De Bijl-Marcus K, Brouwer AJ, De Vries LS, Groenendaal F, Wezel-Meijler G van. 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 Jul;105(4):419-24.

8. Wallau CAK, Costa-Nobre DT, Leslie ATFS, Guinsburg R. Impact of bundle implementation on
the incidence of peri/intraventricular hemorrhage among preterm infants: a pre-post
interventional study. Sao Paulo Med J. 2021 May 10;139:251-8.

9. Murthy P, Zein H, Thomas S, Scott JN, Mehrem AA, Esser MJ, et al. Neuroprotection Care
Bundle Implementation to Decrease Acute Brain Injury in Preterm Infants. Pediatric
Neurology. 2020 Sep 1;110:42-8.

10. Edwards EM, Ehret DEY, Cohen H, Zayack D, Soll RF, Horbar JD. Quality Improvement
Interventions to Prevent Intraventricular Hemorrhage: A Systematic Review. Pediatrics. 2024
Jul 10;154(2):€2023064431.

11. 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 Mar
25;8(4):257

12. Kolnik SE, Upadhyay K, Wood TR, Juul SE, Valentine GC. Reducing Severe Intraventricular
Hemorrhage in Preterm Infants With Improved Care Bundle Adherence. Pediatrics. 2023 Sep
1;152(3):e2021056104.

13. Dolfin T, Skidmore MB, Fong KW, Hoskins EM, Shennan AT. Incidence, severity, and
timing of subependymal and intraventricular hemorrhages in preterm infants born in a
perinatal unit as detected by serial real-time ultrasound. Pediatrics. 1983 Apr;71(4):541-6.

14. Bates S. British Association of Perinatal Medicine. 2019;

15. Williams AG, Tuvey S, McBain H, Menzies N, Hedge S, Bates S, et al. Perinatal excellence
to reduce injury in preterm birth (PERIPrem) through quality improvement. BMJ Open Qual.
2022 Aug 1;11(3):e001904.

16. Hall M, Valencia CM, Soma-Pillay P, Luyt K, Jacobsson B, Shennan A, et al. Effective and
simple interventions to improve outcomes for preterm infants worldwide: The FIGO
PremPrep-5 initiative. Int ) Gynaecol Obstet. 2024 Jun;165(3):929-35.

Version 2.1 Review Date: May 2027 Page 12 of 15



17. Roberts D, Brown J, Medley N, Dalziel SR. Antenatal corticosteroids for accelerating fetal
lung maturation for women at risk of preterm birth - Roberts, D - 2017 | Cochrane Library.
[cited 2024 Oct 17]; Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD004454.pub3/full

18. Doyle LW, Crowther CA, Middleton P, Marret S, Rouse D. Magnesium sulphate for women
at risk of preterm birth for neuroprotection of the fetus - Doyle, LW - 2009 | Cochrane Library.
[cited 2024 Oct 17]; Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD004661.pub3/full

19. Shepherd ES, Goldsmith S, Doyle LW, Middleton P, Marret S, Rouse DJ, et al. Magnesium
sulphate for women at risk of preterm birth for neuroprotection of the fetus - Shepherd, ES -
2024 | Cochrane Library. [cited 2024 Nov 25]; Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD004661.pub4/full

20. Rabe H, Gyte GM, Diaz-Rossello JL, Duley L. Effect of timing of umbilical cord clamping
and other strategies to influence placental transfusion at preterm birth on maternal and
infant outcomes - Rabe, H - 2019 | Cochrane Library. [cited 2024 Oct 17]; Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003248.pub4/full

21. Vesoulis ZA, Liao SM, Mathur AM. Delayed cord clamping is associated with improved
dynamic cerebral autoregulation and decreased incidence of intraventricular hemorrhage in
preterm infants. J Appl Physiol (1985). 2019 Jul 1;127(1):103-10.

22. Laptook AR, Salhab W, Bhaskar B, and the Neonatal Research Network. Admission
Temperature of Low Birth Weight Infants: Predictors and Associated Morbidities. Pediatrics.
2007 Mar 1;119(3):e643-9.

23. Demtse AG, Pfister RE, Nigussie AK, McClure EM, Ferede YG, Bonger ZT, et al.
Hypothermia in Preterm Newborns: Impact on Survival. Global Pediatric Health. 2020 Sep
13;7:2333794X20957655.

24, Shipley L, Gyorkos T, Dorling J, Tata LJ, Szatkowski L, Sharkey D. Risk of Severe
Intraventricular Hemorrhage in the First Week of Life in Preterm Infants Transported Before 72
Hours of Age. Pediatr Crit Care Med. 2019 Jul;20(7):638-44.

25. Morris HF, Magers N, Saunders S, Vesoulis Z. Potential Risk Modifiers for Severe
Intraventricular Hemorrhage in Very Low Birthweight Infants Requiring Transport. Pediatrics.
2021 Mar 1;147(3_MeetingAbstract):1018-9.

26. Helenius K, Gissler M, Lehtonen L. Trends in centralization of very preterm deliveries and
neonatal survivalin Finland in 1987-2017. Translational Pediatrics. 2019 Jul;8(3):227.

27. Marlow N, Bennett C, Draper ES, Hennessy EM, Morgan AS, Costeloe KL. Perinatal
outcomes for extremely preterm babies in relation to place of birth in England: the EPICure 2
study. Archives of Disease in Childhood - Fetal and Neonatal Edition. 2014 May 1;99(3):F181-
8.

28. Cowan F, Thoresen M. Changes in superior sagittal sinus blood velocities due to postural
alterations and pressure on the head of the newborn infant. Pediatrics. 1985 Jun;75(6):1038-
47.

29. Emery JR, Peabody JL. Head position affects intracranial pressure in newborn infants. J
Pediatr. 1983 Dec;103(6):950-3.

30. Pichler G, van Boetzelar MC, Muller W, Urlesberger B. Effect of tilting on cerebral
hemodynamics in preterm and term infants. Biol Neonate. 2001;80(3):179-85.

31. Pellicer A, Gaya F, Madero R, Quero J, Cabafas F. Noninvasive continuous monitoring of
the effects of head position on brain hemodynamics in ventilated infants. Pediatrics. 2002
Mar;109(3):434-40.

Version 2.1 Review Date: May 2027 Page 13 of 15



32. Romantsik O, Calevo MG, Bruschettini M. Head midline position for preventing the
occurrence or extension of germinal matrix-intraventricular haemorrhage in preterm infants.
Cochrane Database Syst Rev. 2020 Jul 7;7(7):CD012362.

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

34. Vesoulis ZA, Mathur AM. Cerebral Autoregulation, Brain Injury, and the Transitioning
Premature Infant. Front Pediatr. 2017;5:64.

35. Kooi EMW, Verhagen EA, Elting JWJ, Czosnyka M, Austin T, Wong FY, et al. Measuring
cerebrovascular autoregulation in preterm infants using near-infrared spectroscopy: an
overview of the literature. Expert Rev Neurother. 2017 Aug;17(8):801-18.

36. Limperopoulos C, Gauvreau KK, O’Leary H, Moore M, Bassan H, Eichenwald EC, et al.
Cerebral hemodynamic changes during intensive care of preterm infants. Pediatrics. 2008
Nov;122(5):e1006-1013.

37. Blackett K, James C, Lok A, Reeder C. 900 Side-lying Kangaroo care: all the benefits
whilst still maintaining midline head positioning. Archives of Disease in Childhood. 2022 Aug
1;107(Suppl 2):A172-3.

38. Sauer CW, Kong JY, Vaucher YE, Finer N, Proudfoot JA, Boutin MA, et al. Intubation
Attempts Increase the Risk for Severe Intraventricular Hemorrhage in Preterm Infants-A
Retrospective Cohort Study. J Pediatr. 2016 Oct;177:108-13.

39. Silva PSL da, Reis ME, Aguiar VE, Fonseca MCM. Unplanned extubation in the neonatal
ICU: a systematic review, critical appraisal, and evidence-based recommendations. Respir
Care. 2013 Jul;58(7):1237-45.

40. Chan KYY, Miller SL, Schmolzer GM, Stojanovska V, Polglase GR. Respiratory Support of
the Preterm Neonate: Lessons About Ventilation-Induced Brain Injury From Large Animal
Models. Front Neurol [Internet]. 2020 Aug 14 [cited 2024 Nov 25];11. Available from:
https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2020.00862/full

41. Peng W, Zhu H, Shi H, Liu E. Volume-targeted ventilation is more suitable than pressure-
limited ventilation for preterm infants: a systematic review and meta-analysis. Arch Dis Child
Fetal Neonatal Ed. 2014 Mar;99(2):F158-165.

42, Erickson SJ, Grauaug A, Gurrin L, Swaminathan M. Hypocarbia in the ventilated preterm
infant and its effect on intraventricular haemorrhage and bronchopulmonary dysplasia. J
Paediatr Child Health. 2002 Dec;38(6):560-2.

43. Kadioglu Simsek G, Siyah Bilgin B, Butun Turk S, Tufan N, Kanmaz Kutman HG, Canpolat
FE. Is There a Relationship Between Carbon Dioxide Fluctuations and Intraventricular
Hemorrhage in Preterm Infants? csmedj. 2024 Sep 19;70-4.

44, Almadhoob A, Ohlsson?® A. Sound reduction management in the neonatal intensive care
unit for preterm or very low birth weight infants - Almadhoob, A - 2020 | Cochrane Library.
[cited 2024 Nov 25]; Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010333.pub3/full

45, Campbell-Yeo M, Eriksson M, Benoit B. Assessment and Management of Pain in Preterm
Infants: A Practice Update. Children (Basel). 2022 Feb 11;9(2):244.

46. Johnston C, Campbell-Yeo M, Disher T, Benoit B, Fernandes A, Streiner D, et al. Skin-to-
skin care for procedural pain in neonates - Johnston, C - 2017 | Cochrane Library. [cited 2024
Nov 25]; Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008435.pub3/full

Version 2.1 Review Date: May 2027 Page 14 of 15



47. Benlamri AA, Murthy P, Zein H, Thomas S, Scott JN, Abou Mehrem A, et al.
Neuroprotection Care Bundle Implementation is Associated with Improved Long-Term
Neurodevelopmental Outcomes in Extremely Premature Infants [Internet]. Rochester, NY:
Social Science Research Network; 2022 [cited 2024 Nov 25]. Available from:
https://papers.ssrn.com/abstract=4089099

48. Lingwood BE, Eiby YA, Bjorkman ST, Miller SM, Wright IMR. Supporting preterm
cardiovascular function. Clin Exp Pharma Physio. 2019 Mar;46(3):274-9.

49, Osborn DA, Evans NJ. Early volume expansion for prevention of morbidity and mortality in
very preterm infants - Osborn, DA - 2004 | Cochrane Library. [cited 2024 Nov 30]; Available
from: https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002055.pub2/full

50. Bakshi S, Koerner T, Knee A, Singh R, Vaidya R. Effect of Fluid Bolus on Clinical Outcomes
in Very Low Birth Weight Infants. J Pediatr Pharmacol Ther. 2020;25(5):437-44.

51. Vesoulis ZA, Flower AA, Zanelli S, Rambhia A, Abubakar M, Whitehead HV, et al. Blood
Pressure Extremes and Severe IVH In Preterm Infants. Pediatr Res. 2020 Jan;87(1):69-73.

52. Mullaly R, El-Khuffash AF. Haemodynamic assessment and management of hypotension
in the preterm. Archives of Disease in Childhood - Fetal and Neonatal Edition. 2024 Mar
1;109(2):120-7.

53. Miller, K.E., Singh, N. Association of multiple tracheal intubation attempts with clinical
outcomes in extremely preterm infants: a retrospective single-center cohort study. J
Perinatol 42,1216-1220 (2022).

Version 2.1 Review Date: May 2027 Page 15 0f 15



