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In India, most deliveries occur at the secondary level
of care or below. Those newborns requiring higher
levels of care need transport [1]. The transport of
neonates is not well managed, resulting in high

mortality of neonates during transport [2,3]. Preventing
hypothermia is a critical component of care during trans-
port in resource-limited settings. Transportation of sick
neonates has a direct relationship with morbidity and
mortality [3]. Suboptimal thermoregulation and transfer
conditions increase the chances of poor outcomes [4,5].
Thus, a specialized transport system that focuses on the
neonate’s basic needs during transport should be
developed [6,7].

Back transport i.e., transport of neonates back to the
home, is required to be strengthened in developing

nations. Low birth weight (birth weight below 2500g, LBW)
newborns are discharged early from the hospital in
resource-poor settings as compared to a high-income
countries, which may further increase the chances of
hypothermia [8,9]. Kangaroo mother care (KMC) is an
efficient technique that provides warmth to an infant
through direct skin-to-skin contact. Many propose that
kangaroo transport of preterm and term babies who are
physiologically stable, across either a short or a long
distance, is possible without affecting the neonate’s
capacity to remain physiologically stable [10-12]. However,
even recent studies find no mention of KMC as a transport
modality [13,14]. We studied the effect of kangaroo mother
care in hypothermia prevention in low birth weight
neonates (less than 2.5 kg) during transport from hospital
to home.
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Background: Transport of neonates is often neglected, which
results in high mortality of neonates during transport.
Objective: To determine the effectiveness of kangaroo mother
care (KMC) in terms of hypothermia prevention during transport
from hospital to home for low birth weight neonates.
Study design: Randomized controlled trial.

Participants: A total of 152 low birth weight neonates being
discharged from the neonatal intensive care unit of our hospital
between March, 2021 and August, 2022.
Intervention: Neonates in the study group (n=76) received
KMC during transport from the hospital to home, while the control
group (n=76) did not receive KMC during transport. Axillary
temperature was recorded in both groups at the time of
discharge, every 5 minutes during transport, and on reaching
home.
Outcomes: Hypothermia episodes in neonates while receiving
KMC compared to neonates not receiving KMC.

Results: Primary endpoint of the study was moderate
hypothermia. During transport, 23 (30.3%) neonates in the
control group experienced moderate hypothermia during
transport, which was statistically significant [0% vs 30.3%;
P<0.001]. From 10 minutes of transport till the neonates reached
home, the mean (SD) temperature in the study group was
significantly higher than in the control group [ 36.8 (0.23) °C vs
36.6 (0.3) °C; P<0.001] at time 15 minutes. Similar results were
noted in preterm neonates  [36.7 (0.25) °C vs 36.5 (0.29) °C;
P<0.001] at time 15 minutes. The number of hypothermia
episodes was more in the control group than in the study group
during most of the transport time [7.6%  vs  43.2%; P<0.001] at
time 15 minutes.

Conclusions: Low birth weight neonates receiving KMC
showed optimal thermoregulation, whereas a high incidence of
moderate hypothermia was seen among neonates receiving
conventional care during transport.
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Trial Registration: Clinical Trials Registry India: CTRI/2020/11/029050
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METHODS

This randomized control trial of  neonates was done from
March, 2021 to August, 2022 at our tertiary care center in
central Gujarat. During hospitalization, all the mothers and
relatives of LBW newborns provide KMC after the
standardized training. In addition, they are empowered and
encouraged to provide KMC at home. LBW newborns are
discharged when they reach around 1700 g weight, feed
well on breast and/or spoon, maintain temperature without
assistance, gain weight for three consecutive days, and
parents are confident to take care at home.

All the LBW neonates (from 1 kg to less than 2.5 kg)
who were physiologically stable were enrolled in the
study. Informed consent of parents was taken before the
study. Any neonate with identified congenital malfor-
mation or abnormality at birth was excluded from the study.

Balanced randomization was done using sequentially
sealed opaque envelopes; neonates were randomly
assigned to either the study group (KMC, 76 neonates) or
the control group (No KMC, 76 neonates). Due to the nature
of the study trial, blinding was not possible. However,
statisticians were blinded to the group allocation.

Neonates in the study group received KMC while
transported from the hospital to their homes. KMC was
provided by keeping newborns prone and upright
between the mother’s breasts. They wore cap, diapers,
socks, and gloves. Mother and newborn were both
covered with one linen cloth for binding and then covered
with a warm blanket. The thermometer probe was placed in
the axilla by lifting the cloths, and KMC was not inter-
rupted at the time of measurement.  The neonates in the
control group did not receive KMC while being trans-
ported from the hospital to their homes. Instead, they wore
cotton cloth (Jabla), diapers, socks, cap, and gloves and
were covered with a warm blanket during the transport.

Travel distance was considered within 30 km radius
with the expectation of reaching home within 30 min. All
the newborns were transported in a close vehicle
(ambulance or car) arranged by relatives. The same study
investigator accompanied all the mothers and newborns
during the transport and recorded the temperature. During
the transport, newborns were breastfed on demand in both
groups. Mothers wore traditional clothes (gown or saree)
during transport. No external heating (warming) device was
used in either group.

We used World Health Organization (WHO) criteria for
defining hypothermia. Mild hypothermia was considered
when the temperature of the newborn was between 36-
36.5°C, and moderate hypothermia was considered when
the temperature of the newborn was between 32-36°C [15].

Right axillary temperature readings were recorded
using Ez-life digital thermometer (Model No: DT-111) in
both the groups. The thermometer was wiped clean before
use and then kept in the axilla till the beep sound. The
temperature was measured at the time of discharge from
the hospital and every 5 minutes during transport (5, 10,
15, 20, 25, and 30 minutes) and at the time of arrival at their
home. The temperature was measured in Celsius (°C).

The primary endpoint of the study was moderate
hypothermia. Hence, those neonates in whom moderate
hypothermia was noted, were removed from the analysis
of thermoregulation. An intervention was done to warm
these neonates by providing kangaroo mother care.
Repeat temperatures were taken to ensure that the neonate
had achieved optimum temperature.

There is no regional data on the temperature of
neonates during transport or after reaching home. A study
in the same center found the prevalence of hypothermia at
admission to be about 50%. We assumed the prevalence of
hypothermia to be less than half of it, i.e., 20% when
neonates reach home. Assuming a 20% prevalence of
hypothermia during transportation from hospital to home
without any intervention and a 15% reduction in hypo-
thermia with KMC, a sample of size 76 per group is required
to achieve 80% power allowing for 5% type I (alpha) error.

Statistical analysis: The analysis was carried out using
STATA (14.2). The Shapiro-Wilk W test was used to
determine whether the data were normally distributed or
not. To compare mean (SD) values between the study and
control groups, the independent sample t test was used.
The two-sample Wilcoxon rank-sum (Mann-Whitney) test
was used to compare the median (IQR) between the
groups. A line chart was created to show the temperature
trend between the two groups while in transport.

RESULTS

From March, 2021 to August, 2022, 152 neonates (76 in the
study group and 76 in the control group) were randomized
(Fig. 1). The baseline profile of the study participants is
depicted in Table I. All the baseline characteristics were
similar across the groups.

In the first ten minutes of travel, no neonates in the
study group experienced moderate hypothermia, whereas
23 (30.26) neonates in the control group experienced
moderate hypothermia during transportation (P<0.001).
During the transport, from 10 minutes until the baby
arrived home, the mean temperature in the study group was
significantly higher than in the control group group [36.76
(0.23) °C vs 36.56 ( 0.3) °C; P<0.001 at time, 15 minutes]
(Table II). The average temperature in the study group
increased by 0.01°C (36.62-36.63 °C) within 5 minutes of
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Table I Baseline Characteristics of Low Birth Weight
Neonates Enrolled in the Study

Variable Study group Control group
(n=76) (n=76)

Male sex 37 (48.7) 48 (63.2)
Cesarean delivery 42 (55.3) 45 (59.2)
Small for gestational age 34 (44.7) 37 (48.7)
Gestation age ≤37 wk 46 (60.5) 53 (69.7)
Very low birth weight (<1.5 kg) 3 (3.9) 8 (10.5)
Comorbidities

None 37 (48.7) 31 (40.8)
Respiratory distress 24 (31.6) 28 (36.8)
Othersc 15 (19.7) 17 (22.4)

Gestation age (wk)a 35.96 (2.21) 35.74 (2.22)
Postmenstrual age 37.01 (1.94) 37.03 (1.89)

at discharge (wk)a

Birth weight (kg)a 2.09 (0.34) 1.98 (0.35)
Weight on discharge (kg)a 2.09 (0.25) 2.03 (0.3)
Temperature at discharge (ºC)a 36.62 (0.27) 36.63 (0.27)
Duration of hospital stay (d)b 4 (3,9.5) 6.5 (3,10.5)

Values in no. (%), amean (SD) or bmedian (IQR). cjaundice/sepsis/
hypoglycemia.discharge from the hospital, while it decreased by 0.07 °C

(36.61-36.54°C) in the control group during the transport.
Until the neonates arrived home, a similar trend of
increased temperature in the study group and decreased
temperature in the control group was observed (Fig.2).
When neonates arrived at home, the average temperature
in the study group increased by 0.22 °C (36.62-36.84 °C),
while it decreased by 0.13 °C (36.63-36.50°C) in the control
group. In the control group, it was observed that there was
a fall in temperature up to 10 minutes, as most of the
hypothermia episodes were noted around that time. In the
control group, after 10 minutes, temperature recordings
were steady and significantly lower compared to the study
group showing better thermoregulation in the KMC group
as compared to the non-KMC group. A similar pattern was

observed in preterm neonates with a gestational age of less
than 37 weeks. For most time intervals, the control group
has significantly more mild hypothermia episodes than the
study group [e.g., 43.2% vs 7.6%; P<0.001 at time 15
minutes] (Table III).

DISCUSSION

In the current study, KMC effectively prevented moderate
hypothermia in low birth weight neonates during transport
from hospital to home. Geographical differences, demo-
graphy, and available expertise for neonate transportation
techniques can influence outcomes. Hence, each region
must develop its model for safe and efficient transport [16].

Table II AxillaryTemperature at Various Time Points in Low Birth Weight Neonates During Transport

Time point                  Study group              Control group P value
No. Temperature No. Temperature

At discharge 76 36.62 (0.27) 76 36.63 (0.27) 0.083
At 5 min 76 36.63 (0.23) 76 36.56 (0.27) 0.09
At 10 min 75 36.71 (0.25) 76 36.56 (0.26) <0.001
At 15 min 66 36.76 (0.23) 37 36.56 (0.3) <0.001
At 20 min 47 36.85 (0.26) 21 36.64 (0.3) 0.006
At 25 min 23 36.88 (0.24) 12 36.58 (0.34) 0.005
At home 76 36.84 (0.3) 53 36.5 (0.29) <0.001

All values in mean (SD).

Assessed for eligibility
(n= 152)

Randomized
(n= 152)

Study group (n=76)
(KMC)

Discontinued
intervention

(n=0)

Analyzed
(n=53)

↓ ↓

↓

↓

↓

↓

Control group (n=76)
(non-KMC)

↓
Discontinued
intervention

due to occurrence of
moderate hypothermia

(n=23)

Analyzed
(n=76)

↓

Fig. 1 Study flow chart.

Allocation

Analysis

Follow up

KMC: kangaroo mothers case.
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Furthermore, every method and transport modality has
advantages and disadvantages.

KMC transport in Germany was reported as a safe,
effective, and inexpensive mode while enhancing parent-
child bonding  [17]. In a study of 24 neonates, where 16
were transported in KMC position and eight in an
incubator, Swedish researchers reported comparable
physiological stability during and even 48 hours after
transport. The KMC-positioned infants were placed in the
position using a safety harness connected at five places
with the safety belt of the parent [17]. This study also did a
basic cost-effectiveness evaluation, which showed that
KMC transport was almost half as expensive as incubator
transport (based on cleaning labor charges) [18]. In
Brussels, 94 term and preterm neonates were back
transferred in the KMC position [19]. The neonatal
physiological parameters were stable, and mothers
reported low stress and gave a high rating for this method
of transport. Because of the constant care provided by the
kangaroo caregiver, the cardiorespiratory risks are less in
kangaroo transport. Swedish parents were reported to be

satisfied with KMC transport done between hospitals,
with the main reason being zero separation from the infant
and the feeling of being involved in the infant’s care by
providing secure means of transport [20]. However, the
current study did not take feedback from parents.

Some previous studies have addressed transport of
neonates with polyethylene bags, showing promising
results in preventing hypothermia in preterm neonates less
than 34 weeks [21]. In a study done in Dar es Salaam,
Tanzania, only seven out of 348 infants were transported in
the KMC position [22]. This demonstrates a high scope for
developing protocols for safe and effective transport
using KMC. The next steps would be to develop protocols
for KMC transport between hospitals in India, and show
their superiority to current methods of transport. Further
multicentric studies can be done based on discharge
weight in different weight strata to get more information
regarding the effectiveness of KMC during transport.

This study supports the idea of using KMC as an
important tool in preventing hypothermia during transport

Table III Mild Hypothermia Episodes at Various Time Intervals in Low Birth Weight Neonates During Transport

Time point                  Study group              Control group P value
No. Temperature No. Temperature

At discharge 76 21 (27.6) 76 17 (22.4) 0.45
At 5 min 76 17 (22.4) 76 26 (34.2) 0.10
At 10 min 75 8 (10.7) 76 26 (34.2) 0.001
At 15 min 66 5 (7.6) 37 16 (43.2) <0.001
At 20 min 47 0 21 7 (33.3) <0.001
At 25 min 23 0 12 5 (41.7) 0.002
At home 76 4 (5.3) 53 22 (41.5) <0.001

All values in no. (%).

Fig. 2 Temperature during transport in low birth weight babies in the two groups.
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WHAT IS ALREADY KNOWN?

• Kangaroo mother care (KMC) has been used for neonatal transport in developed countries but not in India.

WHAT THIS STUDY ADDS?

• KMC transport reduces neonatal hypothermia when low birth weitht neonates are transported home from
hospital.

of neonates, especially low birth weight neonates.

Acknowledgements: Ajay G Phatak for help in analysis of the
study data.
Ethics clearance: Institutional Human Research Ethics
Committee – 2, Pramukhswami Medical College; No. IEC/
HMPCMEE/123/Faculty/5/249/20, dated Sep 9, 2020.
Contributors: SMN: conceptualized and designed the study,
coordinated and supervised data collection, and critically
reviewed the manuscript for important intellectual content; PP,
DP, RP: have coordinated the study and critically reviewed the
manuscript for important intellectual content; VP; carried out the
study, collected data, drafted the initial manuscript, and reviewed
and revised the manuscript; MKS: carried out the initial analyses,
helped draft the initial manuscript, and reviewed and revised the
manuscript. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects of the work.
Funding: None; Competing interests: None stated.

REFERENCES
1. Singh J, Dalal P, Gathwala G, Rohilla R. Transport

characteristics and predictors of mortality among neonates
referred to a tertiary care centre in North India: A pros-
pective observational study. BMJ Open. 2021;11: e044625.

2. Kumutha J, Rao GV, Sridhar BN, Vidyasagar D. The GVK
EMRI maternal and neonatal transport system in India: a
mega plan for a mammoth problem. Semin Fetal Neonatal
Med. 2015;20:326-34.

3. Rathod D, Adhisivam B, Bhat BV. Transport of sick
neonates to a tertiary care hospital, South India: condition at
arrival and outcome. Trop Doct. 2015;45:96-9.

4. Narang M, Kaushik JS, Sharma AK, Faridi MM. Predictors
of mortality among the neonates transported to referral
centre in Delhi, India. Indian J Public Health. 2013;57:100-4.

5. Njokanma OF, Olanrewaju DM. A study of neonatal deaths
at the Ogun State University Teaching Hospital, Sagamu,
Nigeria. J Trop Med Hyg. 1995;98:155-60.

6. National Neonatology Forum NNPD Network. National
Neonatal-Perinatal Database: Report for 2002-2003. New
Delhi: National Neonatology Forum NNPD Network; 2005

7. Gleason CA, Juul SE. Avery’s Diseases of the Newborn e-
book. Elsevier Health Sciences; 2017.

8. Soni A, Kadam S, Pandit A, Patole S. Early discharge of
preterm infants- an indian perspective. Journal of Clinical

and Diagnosis Reseach. 2016;10:SC21-3.
9. Edwards EM, Greenberg LT, Ehret DE, Lorch SA, Horbar

JD. Discharge age and weight for very preterm infants: 2005–
2018. Pediatrics. 2021;147:e2020016006.

10. Sankar MJ, Neogi SB, Sharma J, et al. State of newborn
health in India. J Perinatol. 2016;36:S3-S8.

11. Messner H, Staffler A. Transport of the high-risk neonate.
Ital J Pediatr 2015;41:1.

12. Funk DL, Tilney PV, Mitchell S, Walker H. Unplanned
kangaroo transport of a preterm infant. Air Med J. 2012;31:
264-6.

13. Mondal T, Khatun M, Habibulla SM, et al. Epidemiology of
newborn transport in India-The reality check. Medical
Journal of DY Patil Vidyapeeth.  2021;14:308.

14. Abdulraheem MA, Tongo OO, Orimadegun AE, Akinbami
OF. Neonatal transport practices in Ibadan, Nigeria. Pan Afr
Med J. 2016;24:216

15. World Health Organization. Thermal protection of the new-
born: A practical guide. World Health Organization; 1997.

16. Leemann T, Bernet V, Grass B, Hagmann C. Neonatal
transport in Switzerland: A retrospective single-centre
analysis-quo vadis? Swiss Med Wkly. 2020;150:w20308.

17. Sontheimer D, Fischer CB, Buch KE. Kangaroo transport
instead of incubator transport. Pediatrics. 2004;113:920-3.

18. van den Berg J, Jakobsson U, Selander B, Lundqvist P.
Exploring physiological stability of infants in kangaroo
mother care position versus placed in transport incubator
during neonatal ground ambulance transport in Sweden.
Scand J Caring Sci. 2021 May 18. Epub ahead of print

19. Hennequin Y, Grevesse L, Gylbert D, et al. Skin to skin back
transfers provide a feasible, safe and low stress alternative to
conventional neonatal transport. Acta Paediatr. 2018;107:
163-4.

20. Lundqvist P, Jakobsson U, Terp K, van den Berg J. Kan-
garoo position during neonatal ground ambulance transport:
Parents’ experiences. Nurs Crit Care. 2022;27:384-91.

21. Nimbalkar SM, Khanna AK, Patel DV, et al. Efficacy of
polyethylene skin wrapping in preventing hypothermia in
preterm neonates (<34 weeks): A parallel group non-blinded
randomized control trial. J Trop Pediatr. 2019;65: 122-29.

22. Kiputa M, Salim N, Kunambi PP, Massawe A. Referral
challenges and outcomes of neonates received at Muhimbili
National Hospital, Dar es Salaam, Tanzania. PLoS One.
2022;17:e0269479.


