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Improvement in thermoregulation outcomes following the
implementation of a thermoregulation bundle for preterm infants
Tarun S Singh ,1,2 Hannah Skelton,1,3 Jane Baird,1 Ann-Maree Padernia,1 Rajesh Maheshwari,1,2

Dharmesh M Shah,1,2 Daphne D’Cruz,1 Melissa Luig1 and Pranav Jani 1,2

1Neonatal Intensive Care Unit, Westmead Hospital, 2Faculty of Medicine and Health, University of Sydney and 3School of Nursing and Midwifery, Western
Sydney University, Sydney, New South Wales, Australia

Aim: Hypothermia is associated with increased morbidity and mortality in preterm infants. A local audit revealed 60% preterm infants
≤32 weeks gestation and/or very low birth weight (VLBW) infants (<1500 g) had an abnormal body temperature at admission. This study com-
pares thermoregulatory outcomes before and after the implementation of a thermoregulation bundle in the birthing environment.
Methods: This retrospective cohort study reviewed thermoregulatory data for all inborn preterm (≤32 weeks) and/or VLBW infants for a period
of 30 months before (Group 1: 1st January 2013 to 30 June 2015) and after changes to thermoregulation practice (Group 2: 1st July 2015 to 31
December 2017). The key practice changes included: improved anticipation and staff preparedness, wrapping infant in a polyethylene sheet,
using a polyethylene lined bonnet, using servo-control mode at birth and during transport.
Results: There were 282 and 286 infants in group 1 and group 2 respectively, with similar baseline characteristics. A clinically and statistically significant
improvement was observed in the proportion of infants with normothermia (33% in group 1 to 60% in group 2, P < 0.0001) including the sub-group of
extremely preterm (<28 weeks gestation) infants (38 to 60%, P= 0.0083). A highermean admission temperaturewas observed for group 2 (36.10�C � 0.78
in group 1 vs 36.52�C � 0.61 in group 2, P < 0.0001). Moderate hypothermia was reduced by two-thirds in group 2 (41–12%, P=<0.0001).
Conclusions: The introduction of a thermoregulation bundle improved admission temperature, improved the proportion of normothermia and
reduced moderate hypothermia in preterm infants.

Key words: hypothermia; preterm infant; quality improvement.

What is already known on this topic

1 Hypothermia in preterm infants is a major contributor to infant
morbidity and mortality.

2 For preterm infants ≤32 weeks gestation there is a ‘U-shaped’
relationship between admission temperature and composite
adverse outcomes.

What this paper adds

1 Better staff preparedness and consistency in thermoregulation
practices improved thermoregulatory and some clinical outcomes.

2 Thermoregulatory bundle reduced moderate hypothermia in
preterm infants.

3 Better thermoregulatory outcomes could possibly improve
cardiovascular stability in preterm infants.

World-wide, hypothermia is a major contributor to infant morbid-

ity and mortality.1–8 Newborn infants, especially those who are

born preterm (<37 weeks gestation) and/or who have low

birthweight (<2500 g) are at a greater risk of hypothermia because

of their large surface area to body mass ratio, immature skin struc-

ture and lack of brown adipose tissue.9 The World Health Organi-

zation defines normothermia as a body temperature measurement

between 36.5�C and 37.5�C, and grades hypothermia as mild (36–

36.4�C), moderate (32–35.9�C) and severe (<32�C).10 In infants

weighing less than 1500 g at birth, for each degree Celsius

decrease in admission temperature below the normal range (36.5–

37.5�C), there is an associated increase in mortality by 28% and

an increase in late-onset sepsis by 11%.11 Recently, a large study

from Canada on preterm infants <33 weeks gestation identified a

‘U-shaped’ relationship between admission temperature and com-

posite adverse outcomes, including severe neurological injury,

severe retinopathy of prematurity (ROP), bronchopulmonary dys-

plasia, necrotising enterocolitis (NEC), nosocomial infection and

increased duration of mechanical ventilation.6 Implementing inter-

ventions in the delivery room such as polyethylene occlusive

wraps,12,13 increasing ambient temperature14,15 and exothermic

mattresses,16 have previously been shown to reduce the incidence

of hypothermia in preterm infants.17

Our neonatal intensive care unit (NICU) is a tertiary

perinatal centre. In 2014, an audit of infants born ≤32 weeks

gestation and/or <1500 g found that only 40% of preterm

infants were normothermic at admission to NICU. An extensive
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multidisciplinary review identified the following reasons for the

above problem:

• A lack of a local thermoregulation guideline for preterm

infants.

• A lack of staff awareness/education on the importance of

normothermia in preterm infants.

Fig. 1 Infant wrapped in a polyethylene sheet and bonnet.

Fig. 2 Radiant heat source and bed. The radiant warmer has power
supply during transport. Ta
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• A lack of consistency amongst medical and nursing staff on

thermoregulation practice.

This led to the implementation of changes to thermoregulation

practices for preterm infants at birth. The aim of this study was to

compare thermoregulatory outcomes before and after the imple-

mentation of a thermoregulation bundle for preterm infants

≤32 weeks gestation and/or very low birthweight infants (<1500 g)

on admission to NICU.

Methods

The study participants for this retrospective cohort study included

inborn preterm infants ≤32 weeks gestation and/or with birthweight

<1500 g born between 1 January 2013 and 31 December 2017 and

admitted to NICU. Infants who were outborn, infants with major

congenital malformations or admitted for palliation, and infants

requiring ex-utero transfer to a surgical NICU immediately after

birth, and infants where the NICU team was not present at birth

were excluded. Study periods were group 1 (before changes to ther-

moregulation practices) from 1 January 2013 to 30 June 2015 and

group 2 (after changes to thermoregulation practices) from 1 July

2015 to 31 December 2017. Eligible infants were identified from the

NICUs database. The NICUs database is a prospective data collection

system of preterm infants (≤32 weeks and/or very low birthweight

infants) admitted to all tertiary NICUs in New South Wales and the

Australian Capital Territory that collates maternal, perinatal and

neonatal clinical data. This data was collected and verified by desig-

nated audit officers by following standardised definitions for clinical

outcomes.

A literature review of studies pertaining to quality initiatives in

the delivery room and ‘golden hour’ (first hour of life) manage-

ment for preterm infants was undertaken. Fundamental principles

of the clinical practice improvement methodology framework as

outlined by the Clinical Excellence Commission (https://www.cec.

health.nsw.gov.au) were used to review, identify and understand

causes for failure in local thermoregulation practices as well as to

design better processes to improve admission temperatures in this

population.

A thermoregulation guideline incorporating current evidence-

based practices for thermoregulation in preterm infants at birth was

written. As per local hospital policy, prior to approval, this guideline

was reviewed by a multi-disciplinary local team. Changes to clinical

practice for thermoregulation occurred on 1 July 2015.

Key changes to clinical practice (referred as a thermoregulation

bundle) as per the thermoregulation guideline included:

• Improved anticipation and staff preparedness prior to delivery.

• Wrapping the infant in a polyethylene sheet (reduces evapora-

tive and convection heat loss) and ensuring the infant was

wrapped during transport and throughout the entire admission

process in the NICU to maintain the thermal environ-

ment (Fig. 1).

• Use of a polyethylene-lined bonnet to cover the head and

reduce evaporative heat loss (Fig. 1).

• Use of a servo-controlled mode for the radiant-heat warmer

(reduces conductive and radiation heat loss) during transfer of

the infant from birthing place to the NICU (Fig. 2). Our NICU

is not adjacent to the birthing unit and to the operating

theatres.

• Ensuring the infant had an axillary temperature of 36.8–

37.3�C prior to transfer.

• Uniformity in recording admission temperatures (from axilla)

by using a digital thermometer at admission to the NICU.

While there were no changes to the actual process of recording axil-

lary temperature using a digital thermometer, the use of servo-

control mode during transport and normothermia prior to transfer to

NICU were the changes in practice. The primary outcomes that were

compared included the mean admission temperature and the

Fig. 3 Proportion of infants with hypothermia, normothermia and hyperthermia between the two groups. *Significant difference in the admission
temperature between the two groups. ( ), Group 1; ( ), group 2.
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proportion of normothermia (body temperatures between 36.5�C
and 37.5�C) of infants in each group. The secondary outcomes

included the severity of hypothermia (mild, moderate and severe),

the incidence of hyperthermia (>37.5�C), the time to admission from

birth, the cardio-respiratory status in the first 72 h, the need for

umbilical venous catheters, the proportion of infants receiving enteral

feeding in the first 72 h, the incidence of serious adverse outcomes

such as any intraventricular haemorrhage (IVH, based on Papille’s

classification),18 the clinical risk index for babies (CRIB II) scores, and

the presence of ROP, NEC, chronic lung disease or late-onset sepsis.

Data analysis was performed using statistical analysis software

(Stata, version SE14, StataCorp, College Station, TX, USA). Descrip-

tive statistics are used to summarise the study cohort. Continuous

variables, when symmetrically distributed, are described as mean

with standard deviation, and when asymmetrically distributed are

described as median with interquartile range. The primary outcome

and secondary outcomes were compared between the two time

periods using χ2 tests or proportion tests if indicated. Parametric

analysis was performed using a two-sided t-test to calculate

statistical significance. All P values reported are two-sided, statistical

significance is considered when P is <0.05. Differences are

described with appropriate confidence intervals where possible.

The study was approved by the local Human Research Ethics

Committee.

Results

Between 1 January 2013 and 31 December 2017, a total of

634 preterm infants were identified; of these, 568 infants met the

inclusion criteria (group 1: 282 infants, group 2: 286 infants). We

excluded 66 infants: 55 due to the presence of congenital anoma-

lies or the need for transfer to the surgical NICU immediately

after birth, and 11 infants due to the absence of the NICU team

at birth. There were no significant differences in the baseline

characteristics of the infants in the two groups. This remained

true when results were stratified by gestational age (<28 weeks

and ≥28 weeks at birth) as shown in Table 1.

Table 2 A comparison of primary outcomes between the two groups

Primary clinical outcomes Group 1 (n = 282) Group 2 (n = 286) P value 95% CI

Admission temperature, �C, mean � SD 36.10 � 0.78 36.52 � 0.61 <0.001*** �0.53, �0.30
Proportion of normothermic infants (36.5–37.5�C), n (%) 92 (33) 174 (61) <0.001*** �0.36, �0.20

*** P < 0.001. No cases of severe hypothermia were reported. Percentage rounded to the nearest whole number. CI, confidence interval; SD, stan-
dard deviation.

34

34.5

35

35.5

36

36.5

37

Te
m

pe
ra

tu
re

 (°
C)

Time

*

Fig. 4 Admission temperature timeline for the two groups. *Significant difference in the admission temperature between the two groups. ( ), Group 1;
( ), group 2; ( ), trend.
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Primary outcomes

Figure 3 and Table 2 show the improvement in the proportion of

infants admitted with normothermia in group 2. Additionally,

there is a significant improvement in the mean admission

temperature from 36.10�C in group 1 to 36.52�C in group

2 (P = 0.0001, Table 2). A timeline trend for improvement in

admission temperature between the two groups is shown in

Figure 4. The mean admission temperature and proportion of

normothermic infants were higher for infants born between

28 and 31+6 weeks in comparison to infants born before

28 weeks (Table 3). For infants born before 28 weeks, the mean

admission temperatures between the two groups were not

significant (P = 0.061) but the proportion of normothermic

infants in group 2 was significantly higher than in group

1 (P = 0.008, Table 3).

Secondary outcomes

There was no difference in the proportion of infants with hyper-

thermia (>37.5�C), seven (2%) infants in both groups had hyper-

thermia. Reassuringly, hyperthermia in group 2 was of mild

degree (37.6–38�C). A substantial reduction in the proportion of

infants with moderate hypothermia was observed (Fig. 3 and

Table 4). In terms of other secondary outcome measures, a

Table 3 Sub analysis of primary outcomes for extremely preterm and very preterm infants

Primary clinical
outcomes

GA <27+6 weeks GA between 28+0 and 31+6 weeks

Group
1 (n = 71)

Group
2 (n = 77) P value 95% CI

Group
1 (n = 211)

Group
2 (n = 209) P value 95% CI

Admission
temperature, �C,
mean � SD

36.19 � 0.86 36.44 � 0.74 0.061 �0.51, 0.11 36.07 � 0.75 36.56 � 0.56 <0.001*** �0.61, �0.36

Proportion of
normothermic
infants, n (%)

27 (38) 46 (60) 0.008** �0.37, �0.05 65 (31) 128 (61) <0.001*** �0.39, �0.21

** P < 0.01; ***P < 0.001. Percentage rounded to the nearest whole number. CI, confidence interval; GA, gestational age; SD, standard deviation.

Table 4 Overall comparison of secondary outcomes between the two groups

Secondary clinical outcomes Group 1 (n = 282) Group 2 (n = 286) P value 95% CI

Age of admission, min, mean � SD 21 � 9 24 � 11 0.601 �1.21, 2.09
Mild hypothermia (36–36.4�C), n (%) 66 (23) 70 (24) 0.763 �0.05, 0.08
Moderate hypothermia (32–35.9�C), n (%) 117 (42) 35 (12) <0.001*** �0.36, 0.22
Required and/or received treatment within first 72 h of life, n (%):

Surfactant therapy 171 (61) 157 (55) 0.166 �0.02, 0.13
Any blood transfusion 63 (22) 33 (12) 0.001** 0.04, 0.16
Breast milk 191 (68) 246 (86) <0.001*** �0.25, �0.11
Inotropes 40 (14) 17 (6) 0.001** 0.03, 0.13
Umbilical catheters 115 (41) 85 (30) 0.006** 0.03, 0.18

NEC (stage ≥2), n (%) 3 (1) 4 (1) 0.718 �0.02, 0.01
IVH, n (%)

None 226 (80) 248 (87) 0.035* �0.12, �0.004
Severe, grade III–IV, n (%) 8 (3) 5 (2) 0.743 �0.01, 0.02

ROP, n (%)
None 213 (76) 237 (83) 0.031* �0.13, �0.006
Severe ≥stage 2, n (%) 59 (21) 30 (10) 0.014* 0.008, 0.07

Chronic lung disease, n (%) 48 (17) 57 (20) 0.372 �0.09, 0.03
Late-onset sepsis, n (%) 21 (7) 24 (8) 0.677 �0.05, 0.03
Mortality (first 72 h) 3 (1) 4 (1) 0.718 �0.02, 0.01
Mortality, n (%) 6 (2) 9 (3) 0.449 �0.03, 0.01

* P < 0.05; **P < 0.01; ***P < 0.001. Percentage rounded to the nearest whole number. CI, confidence interval; IVH, intraventricular haemorrhage;
NEC, necrotising enterocolitis; ROP, retinopathy of prematurity; SD, standard deviation.
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statistically significant reduction in the requirement for umbilical

catheterisation, inotropic support and blood transfusions as well

as an early commencement of enteral feeding was found for

group 2 (Table 4). There were no differences in mean CRIB II

scores (group 1: 6.5 and group 2: 6.4). Overall, there was no dif-

ference in the need for exogenous surfactant replacement ther-

apy, but for extremely preterm infants, a significant reduction in

this need was observed (P = 0.039) (Table 5).

In group 2, two other changes were observed. First, a higher

proportion of infants had absence of IVH, and this difference was

statistically significant (P = 0.035, Table 4). However, there were

no significant improvements in the numbers of infants with

severe grades of IVH (Table 4). Second, a reduction in the pro-

portion of infants with stage II and III ROP (P = 0.01) as well as

an increase in proportion of infants without ROP (P = 0.031)

(Table 4). Overall, there were no significant differences between

the two groups in morbidities such as late-onset sepsis, NEC and

chronic lung disease, and mortality prior to discharge, after the

initial 72 h of hospitalisation.

Following the implementation of the changes, we did not

observe any significant differences between the two groups in the

time to admission following birth (group 1: 21 min, group 2:

24 min; P = 0.6, Table 4).

Discussion

This study demonstrates that by identifying and reviewing local

problems regarding thermoregulation practices, implementing an

evidence-based guideline, and improving staff awareness and edu-

cation, the proportion of normothermia and the mean admission

temperatures in preterm infants could be significantly improved.

These findings align with the admission temperature for preterm

infants <32 weeks gestation reported by the Australian and

New Zealand Neonatal Network,19 and are consistent with the

reported literature on prevention of hypothermia,13,20 supporting

the need for greater thermal support. Preterm infants are prone to

hypothermia due to a large body surface area and physiological

immaturity of the thermoregulatory mechanisms such as limited

stores of brown fat and low levels of thermogenin.21 Hypothermia

can lead to physiological instability by causing hypoglycaemia,

hypoxaemia, acidosis and decreased cardiac output.21 Along with

an improvement in the proportion of normothermia, it was pleas-

antly surprising to find an improved cardiovascular stability in the

form of a reduced need for inotropic support, reduced umbilical

catheter use and a reduced need to administer blood transfusion,

as well as an increase in the early commencement of enteral feed-

ing in the first 72 h, reflecting improved overall stability. Possible

reasons for an improvement, mainly in moderate hypothermia

could reflect either a baseline level of cold stress which is difficult

to overcome by our current practice and/or a small sample size of

the cohort.

There were no changes to clinical practice that may have

accounted for improved cardiovascular stability. With the reduc-

tion of moderate hypothermia and the maintenance of normo-

thermia, improved overall stability in the first 72 h of life was

demonstrated. Although most secondary outcomes did not reach

Table 5 Sub analysis of secondary outcomes for extremely preterm and very preterm infants

Secondary clinical outcomes

GA <27+6 weeks GA between 28+0 and 31+6 weeks

Group
1 (n = 71)

Group
2 (n = 77) P value 95% CI

Group
1 (n = 211)

Group
2 (n = 209) P value 95% CI

Age of admission,
min, mean � SD

24 � 12 26 � 9 0.108 �6.10, 0.60 21 � 8 23 � 11 0.011* �4.29, �0.54

Mild hypothermia
(36–36.4�C), n (%)

17 (24) 19 (25) 0.974 �0.14, 0.13 49 (23) 51 (24) 0.777 �0.09, 0.06

Moderate hypothermia
(32–35.9�C), n (%)

25 (35) 11 (14) 0.003** 0.07, 0.34 92 (44) 24 (11) <0.001*** 0.24, 0.40

Required and/or received treatment within first 72 h of life, n (%)
Surfactant therapy 70 (99) 70 (91) 0.039* 0.007, 0.14 101 (48) 87 (42) 0.198 �0.03, 0.15
Any blood transfusion 46 (65) 26 (34) <0.001*** 0.15, 0.46 17 (8) 7 (3) 0.038* 0.002, 0.09
Breast milk 31 (44) 61 (79) <0.001*** �0.50, �0.20 160 (76) 185 (89) 0.001** �0.19, �0.05
Inotropes 22 (30) 13 (17) 0.044* 0.004, 0.27 18 (9) 4 (2) 0.002** 0.02, 0.10
Umbilical catheters 67 (94) 58 (75) 0.001* 0.08, 0.30 48 (23) 27 (13) 0.009** 0.02, 0.17

NEC, advanced, n (%) 2 (3) 3 (4) 0.717 �0.06, 0.04 1 (1) 1 (1) 0.995 �0.01, 0.01
Severe IVH, grade III–IV, n (%) 7 (10) 5 (7) 0.454 �0.05, 0.12 1 (1) 0 (0) 0.319 0.00, 0.14
Severe ROP ≥stage 2, n (%) 41 (58) 28 (36) 0.009** 0.05, 0.37 18 (9) 2 (1) <0.001*** 0.03, 0.11
Chronic lung disease, n (%) 48 (17) 57 (20) 0.372 �0.16, 0.15 14 (7) 20 (10) 0.270 �0.08, 0.02
Late-onset sepsis, n (%) 11 (16) 17 (22) 0.307 �0.19, 0.05 10 (5) 7 (3) 0.470 �0.02, 0.05
Mortality (first 72 h) 3 (4) 4 (5) 0.781 �0.07, 0.05 0 (0) 0 (0) — —

Mortality, n (%) 6 (8) 8 (10) 0.687 �0.11, 0.07 0 (0) 1 (1) 0.314 �0.01, 0.00

* P < 0.05; **P < 0.01; ***P < 0.001. Percentage rounded to the nearest whole number. CI, confidence interval; IVH, intraventricular haemorrhage;
NEC, necrotising enterocolitis; ROP, retinopathy of prematurity; SD, standard deviation.
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statistical significance after adjusting for confounders, the changes

in secondary outcomes based on proportion testing were signifi-

cant. This may reflect the small number of events observed as

secondary outcomes.

A review of the literature shows that strategies such as increas-

ing ambient environmental temperature and the use of an exo-

thermic mattress and plastic wrap22–25 are effective interventions

for reducing hypothermia in preterm infants. In this study, a

thermoregulation bundle implemented similar strategies to those

reported in the literature; however, it also incorporated better

preparation at birth including the presence of a senior medical

team (senior registrar, nurse practitioner, neonatal fellow or con-

sultant), standardising practices by using local guideline, wrap-

ping the infant’s body and head with polyethylene sheet,

adequately stabilising the temperature by not transferring infants

from the place of birth to the NICU until they achieved a target

temperature range of 36.8–37.3�C and providing radiant heat

using a servo control mode during transport. It is also important

to note that allowing stabilisation of body temperature before

departing the birthing place did not significantly prolong the time

to admission and provision of essential care. A rise in the propor-

tion of infants with hyperthermia was not observed; hence, these

changes did not lead to harm.

Hypothermia is significantly associated with mortality and

morbidities, including NEC and ROP, requiring therapy in pre-

term infants.6,7,23 Tay et al. reported an increased association of

advanced NEC with hypothermia.7 We were unable to demon-

strate differences in NEC in the two groups due to the low base-

line incidence of NEC and the relatively small sample size. A

significantly higher incidence of severe ROP requiring laser ther-

apy with lower admission temperatures is described in the litera-

ture.23 Similar results were observed in the current audit;

however, we cannot attribute the improvement in ROP to hypo-

thermia prevention only. Other changes in unit practices, such as

a modification of oxygen saturation (SpO2) targets, happened

around the same time, which potentially played a role in ROP

reduction. Similarly, we can only speculate whether the reduc-

tion in IVH seen in group 2 was related to better thermoregula-

tion, as the study was not powered for this outcome. Contrary to

the literature, an association between hypothermia and late-onset

sepsis11 was not found, which could be due to the small sample

size and the possibility that hypothermia may not carry the risk

of late-onset sepsis.

It has been noted in the literature that decreased delivery room

temperatures can induce thermal stress in premature infants,3 and

it is recommended that delivery rooms be kept at 25�C or higher.10

Studies have shown that increasing ambient temperature,14,17,26

and the use of humidified heated gases27–29 during the stabilisation

of preterm infants at birth improves admission temperatures and

decreases cold stress. As we were unable to alter the ambient

birthing environment temperature and provide humidified heated

gases at resuscitation, future directions include these quality

improvement initiatives. The effect of delayed cord clamping on

admission temperature could also be studied.

The key strengths of this study were data retrieval from the

NICUs database, and the standardisation of thermoregulation

practice by the generation of an evidence-based guideline and

implementation strategies. This enabled the association between

hypothermia and neonatal outcomes to be evaluated.

The current study is a single-centre study and therefore the

results may not be generalisable to other centres that have differ-

ent thermoregulation practices. The data should also be inter-

preted with caution due to the small sample size. There is an

inherent bias from a retrospective study design, which was

minimised by incorporating data that used standardised defini-

tions for clinical outcomes and were validated by data audit offi-

cers. Other clinical improvement activities in the department may

also have contributed to changes in short term clinical outcomes

in the first 72 h of life. Finally, recording axillary temperature is

an acceptable practice albeit it is a sub-optimal surrogate measure

of core body temperature.

Future directions include the alteration of birthing environ-

ment temperatures and the introduction of humidified heated

gases during the stabilisation of preterm infants at birth.

Conclusions

The implementation of a thermoregulation bundle demonstrated

a clinical improvement in the proportion of infants with normo-

thermia, specifically a decrease in moderate hypothermia as well

as an improved mean admission temperature in preterm infants.

Heat-preservation measures at the birthing environment should

be an integral part of neonatal care.
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