
1

Issue 3 • Volume 4

INTRODUCTION
Providing a thermoneutral environment is a cor-
nerstone of neonatal care.1–3 Hypothermia 
(central/axillary temperature < 36.5°C)1 is 
common in very low birth weight (VLBW; 
<1,500 g) and extremely low birth weight 
(ELBW; <1,000 g) neonates following birth 
and admission to an intensive care unit.4–7 
Hypothermia in this population can com-
plicate care by impairing glucose utiliza-
tion/metabolism, immune function, and 
coagulation. More importantly, hypothermia 
has consistently been associated with increased 
mortality.4–6 As hypothermia is a potentially 

modifiable risk factor for significant morbidity and mor-
tality, several guidelines, and successful quality 

improvement (QI) efforts toward improving 
thermoregulation in VLBW/ELBW neonates 

have been developed.1–3,8–13 Most studies 
and QI projects, however, have concen-
trated on the “inborn” neonate within 
the delivery room, newborn nursery, and 
neonatal intensive care unit. Unlike these 
settings, the transport environment is fur-

ther challenged by limited monitoring, time 
constraints, rapidly changing ambient tem-

perature, and other unseen variables. At this 
time, transport-specific guidelines for maintaining 

a thermoneutral environment are lacking.14

As part of a comprehensive thermoregulation QI ini-
tiative in our intensive care nursery, review of admission 
temperatures in VLBW and ELBW neonates transported by 
our specialized pediatric/neonatal transport team revealed 
hypothermia in up to 52% of admissions. A root cause 
analysis identified gaps in staff education, transport oper-
ations, and application of current evidence-based thermo-
regulation practice. This QI project aimed to decrease the 
incidence of hypothermia in VLBW and ELBW neonates 
requiring interfacility transport from 52% to <20% over 1 
year without increasing the incidence of unintended hyper-
thermia and transport team ground time with the patient.

METHODS
This project was approved by the Children’s Mercy 
Hospital (CMH) Institutional Review Board as QI.
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Setting and Patient Population
CMH is a freestanding quaternary care children’s hos-
pital operating a 78-bed Level IV neonatal intensive care 
unit, the CMH Intensive Care Nursery (CMH-ICN). The 
CMH-ICN admits an average of 800–900 patients per 
year, of whom 75%–80% are outborn. The Children’s 
Mercy Critical Care Transport (CMCCT) team performs 
an average of 5,000 interfacility transports per year, with 
about 20% of those being for neonatal patients. Modes 
of transport include ambulance, fixed wing, and rotor 
wing servicing a region with about a 200-mile radius. In 
addition to these modes of transport, about one-fifth of 
the VLBW/ELBW transports performed by the team are 
done by foot between a neighboring delivery hospital, 
Truman Medical Center, across an enclosed “link” con-
necting Truman Medical Center and CMH. The team is 
composed of a registered nurse (RN), respiratory thera-
pist (RT), and emergency medical technician (EMT).

The patient population included neonates <1,500 g 
transported by the CMCCT team and admitted to 
the CMH-ICN between July 2012 and June 2015. We 
excluded VLBW/ELBW neonates transported by any 
other transport team from analysis. The study covers 3 
periods including preintervention (July 2012–June 2013), 
intervention (July 2013–June 2014), and a surveillance 
period (July 2014–June 2015).

Preintervention
A task force including team members from both the CMH-
ICN and CMCCT was formed and met at least bimonthly 
during the preintervention and intervention periods. The task 
force completed a root cause analysis by distributing an anon-
ymous electronic survey (via Survey Monkey) to the RN, RT, 
and EMT transport personnel of CMCCT. This survey was 
constructed with the aim of assessing general thermoregula-
tion knowledge, familiarity with existing transport protocols, 
and barriers to provide thermal support during transport. A 
thorough evaluation of our existing protocols and a litera-
ture review were also conducted to compare our practices 
with published guidelines and recommendations for thermo-
regulation in the VLBW/ELBW population.

The response rate to the electronic survey was 44%. 
Although the survey results revealed adequate knowledge 
of basic thermoregulation concepts, we identified several 
barriers to thermal support. These barriers included: (1) 
lack of continuous temperature monitoring capability; 
(2) hypothermia of neonates occurring before transport 
team arrival to the referring hospital; and (3) thermal 
support as a lower priority due to other pressing clin-
ical conditions and time constraints. We also identified 
gaps in our protocols about the most current guidelines. 
These gaps included: (1) inconsistent temperature range 
targets across several protocols; (2) lack of guidance for 
prewarming the transport incubator and other equip-
ment anticipated to come in contact with the neonate; 
and (3) lack of guidance for interventions should hypo-
thermia develop. Three other barriers were identified as 

potentially modifiable causes of hypothermia: (1) hypo-
thermia developing during umbilical line placement (due 
to placement of sterile towels that impede radiant heat in 
radiant warmers); (2) the influence of cabin temperature 
during transport; and (3) delivery of nonheated, nonhu-
midified air in neonates receiving noninvasive and inva-
sive mechanical respiratory support.

Measurements
The primary outcome measure was the incidence of hypo-
thermia (temperature < 36.5°C) upon admission in trans-
ported VLBW/ELBW neonates. We assessed this measure-
ment by an axillary temperature taken by the transport 
team at the time of patient handoff before transfer of the 
patient from the transport incubator to a radiant warmer 
or incubator in the CMH-ICN. The process measure was 
transport team compliance with the implemented ther-
moregulation protocol. The balancing measures were un-
intended hyperthermia (axillary temperature > 37.5°C) 
and transport team ground time (interval between team 
arrival at referral bedside and departure with the patient).

Intervention
After evaluating the barriers and educational and oper-
ational gaps, we performed the following interventions. 
In April 2013, continuous temperature monitoring was 
made possible by the introduction of the Propaq MD (Zoll 
Medical Corporation, San Jose, Calif.) with the STS-400 
Level 1 Skin Temperature Sensor (Smiths Medical, St. Paul, 
Minn.). Use of this new equipment obviated the need to 
open the incubator portholes, which disrupts temperature 
regulation periodically. The probe was placed in the axilla 
and temperatures were recorded every 15 minutes and at 
the time of admission. Between February and May 2013, 
we developed a dedicated neonatal transport thermoregu-
lation protocol aligning guidelines and interventions with 
existing best evidence (Fig. 115-18). Before implementation 
of this protocol in July 2013, all RN, RT, and EMT per-
sonnel received standardized education sessions following 
their mandatory preshift safety briefs between May and 
June 2013. These education sessions included: (1) sharing 
the preintervention incidence of hypothermia in VLBW/
ELBW transferred by the team, thereby raising awareness 
of the local problem; (2) describing the aim of the QI pro-
ject; (3) providing a basic thermoregulation didactic; (4) 
providing an in-service for new equipment; (5) outlining 
the thermoregulation protocol in detail; and (6) discuss-
ing expectations for documentation of axillary temper-
ature, ambient temperature (both incubator and cabin), 
and interventions if the patient was outside of the desired 
temperature range. During this time, we also provided ed-
ucation to referral hospitals via regional nurse manager 
meetings and CMCCT Transport educational outreach 
visits. In August of 2013, the NeoPod-T (Westmed, Inc., 
Tucson, Ariz.) was also introduced to deliver heated and 
humidified air to neonates that require high flow nasal 
cannula, continuous positive airway pressure, or invasive 
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mechanical ventilation. As part of the thermoregulation 
protocol, we also introduced the practice of utilizing a 
sterile polyethylene drape as the sterile field under a ra-
diant warmer for neonates requiring umbilical line place-
ment in the standardized education sessions.

Surveillance
During the surveillance period, we shared results of the 
intervention and provided a “brush up” education session 
to the teams during two quarterly meetings. A check-
list was also devised summarizing the thermoregula-
tion protocol and attached to the transport incubators. 
Temperatures continued to be collected prospectively and 
reviewed every month.

Data Collection, Statistical Analysis, and Data 
Sharing
Data collected included demographics, temperature, 
and transport variables and were analyzed using Excel 
(Microsoft Office 2007, Redmond, Wash.) and SAS soft-
ware (SAS Institute Inc., Cary, N.C.). Continuous vari-
ables and discrete data were analyzed using Student t test 
and chi-squared test, respectively. Analysis of variance was 
used to determine if there were differences in baseline dem-
ographic, temperature, and transport variables among the 
3 periods. Run charts were generated in Excel and used to 
track percent neonates with hypothermia (<36.5°C axil-
lary) upon admission, aggregate percent compliance with 
the transport thermoregulation protocol, and percent of 
neonates with hyperthermia. These charts were shared 
with the team quarterly up to March 2014, then monthly 
starting April 2014 through June 2015. Control charts 
were generated with QI Macros (KnowWare International 
Inc., Version 2015.10, Denver, Colo.).

RESULTS
Demographic, Temperature, and Transport 
Comparisons
A total of 84, 79, and 77 neonates met inclusion criteria 
during the preintervention, intervention, and surveillance 
periods, respectively (Table 1). Gestational age and weight 
did not differ between the groups, but the preintervention 
group had a higher percentage of patients transported at 
<24 hours of age (76% preintervention versus 58% inter-
vention versus 53% surveillance, P = 0.006). The preinter-
vention group had a lower mean admission temperature 
(36.1 ± 1.3°C preintervention versus 36.8 ± 0.6°C interven-
tion versus 36.9 ± 0.5°C surveillance, P = <0.0001). Mean 
rendezvous time (arrival of the transport team to the re-
ferral bedside following initial transport request) in hours 
did not differ among the groups (2.1 ± 3.5 preintervention 
versus 1.9 ± 2.6 intervention versus 2 ± 1.8 surveillance, P 
= 0.3), but mean transport time (time between leaving the 
referral facility to arrival at the CMH-ICN) was shorter 
in the preintervention group (0.5 ± 0.5 preintervention 
versus 0.9 ± 0.7 intervention versus 0.8 ± 0.7 surveillance, 
P = 0.003). There was a difference in the distribution of 
transport modes, with the preintervention group having a 
lower fixed wing and higher rotor wing and “link” trans-
ports compared to the other 2 groups (P = 0.03).

Primary Outcome, Process, and Balancing 
Measures
Hypothermia on admission in transported VLBW/ELBW 
neonates (primary outcome) was reduced from 52% 
during preintervention to 17% following the intervention 
and further fell to 10% during the surveillance period (P 
≤ 0.0001) (Fig. 2). Admission hypothermia has remained 

Fig. 1. Guidelines and interventions included in the Neonatal Transport Thermoregulation Protocol with primary evidence-based 
references.
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<10% since this time (July 2015–June 2016 [10%] and 
July 2016–June 2017 [4%]). At this time, no further 
changes to the protocol have been made. The percent 
protocol compliance (process measure) rose from 60% 
to 76% during the intervention and surveillance peri-
ods, respectively. Unintended hyperthermia (balancing 
measure) on admission remained unchanged (5% pre, 
4% intervention, 7% surveillance, P = 0.76) and trans-
port ground time in average hours (balancing measure) 
did not differ among the groups (1.2 ± 0.9 preintervention 
versus 1.3 ± 0.8 intervention versus 1.2 ± 0.7 surveillance, 
P = 0.2).

Development of Hypothermia during Transport
The mean temperature of patients at rendezvous did not 
differ among the groups (36.4 ± 1.2°C preintervention 
versus 36.4 ± 0.9°C intervention versus 36.6 ± 0.8°C sur-
veillance, P = 0.4) nor did the percentage of patients that 
were hypothermic (40% pre, 44% intervention, and 32% 
surveillance, P = 0.3). Although there was not a signifi-
cant difference in the distribution of mild, moderate, and 
severe hypothermia at rendezvous (P = 0.4) nor at admis-
sion (P = 0.8) among the groups, only the preinterven-
tion group had 2 patients who experienced severe hypo-
thermia (temperature < 32°C).

Following the protocol implementation, fewer patients 
who were initially normothermic at rendezvous became 
hypothermic during transport (55% preintervention 
versus 29% intervention versus 25% surveillance), and 

more patients who were initially hypothermic became 
normothermic by admission (18% preintervention versus 
42% intervention versus 50% surveillance). Outcomes 
were similar even when analyzing only patients with 
transport times <1 hour in each group. There was an im-
provement in avoiding hypothermia when patients were 
initially normothermic (30% preintervention versus 
8% intervention versus 6% surveillance) and achieving 
normothermia by admission when hypothermic at ren-
dezvous (13% preintervention versus 27% intervention 
versus 19% surveillance).

Potential Risk Factors for Hypothermia during 
Transport
Because the preintervention period differed from the 
other periods with shorter mean transport time and more 
patients <24 hours old, we analyzed key demographic- 
and transport-specific variables as potential risk factors 
and for their influence on hypothermia in each group. 
Evaluation of patients with hypothermia at admission 
among all time periods (n = 66) revealed hypothermia was 
more likely if transport time was <1 hour (P = 0.0003), 
the patient was <24 hours old (P = 0.005), hypothermia 
was present on rendezvous (P = 0.007), and transport 
occurred during the warmer months of the year (average 
daily high temperature > 68°C)21 (P = 0.02). Variables 
that were not associated with increased admission hy-
pothermia included rendezvous time >1 hour (P = 0.7), 
ground time >1 hour (P = 0.7), level of referral facility  

Table 1.  Clinical, Demographic, Temperature, and Transport Data

Preintervention  
(n = 84)

Intervention  
(n = 79)

Surveillance  
(n = 77) P

Gestational age (wk) 27.1 ± 2.6 27.6 ± 3.3 26.8 ± 3 0.2
Birthweight (g) 985 ± 302 1,000 ± 296 986 ± 317 0.6
DOL 0 or <24 hours old 64 (76%) 46 (58%) 41 (53%) 0.006
Mean temperature on rendezvous (°C) 36.4 ± 1.2 36.4 ± 0.9 36.6 ± 0.8 0.4
Number (%) hypothermic on rendezvous 34 (40%) 35 (44%) 25 (32%) 0.3
    Number (%) degree of hypothermia
     Mild 19 (56%) 20 (57%) 14 (56%) 0.4
     Moderate 12 (35%) 15 (42%) 11 (44%)  
     Severe 3 (9%) 0 (0%) 0 (0%)  
Mean admission temperature (°C) 36.1 ± 1.3 36.8 ± 0.6 36.9 ± 0.5 <0.0001
Unintended hypothermia on Admit* 44 (52%) 14 (17%) 8 (10%) <0.0001
Number (%) degree of hypothermia
    Mild 23 (52%) 8 (57%) 6 (75%) 0.8
    Moderate 19 (43%) 6 (43%) 2 (25%)  
    Severe 2 (5%) 0 (0%) 0 (0%)  
Unintended hyperthermia on admit 4 (5%) 3 (4%) 5 (7%) 0.8
 Number (%) transports when daily average temperature:
    >68°C 48 (57%) 35 (44%) 43 (56%) 0.2
    <68°C 36 (43%) 44 (56%) 34 (44%)  
Mode of transport
    Link 26 (31%) 18 (23%) 16 (21%) 0.03
    Ground 38 (45%) 36 (46%) 38 (49%)  
    Rotor wing 14 (17%) 5 (6%) 8 (10%)  
    Fixed wing 6 (7%) 20 (25%) 15 (20%)  
Time intervals (h)
    Rendezvous time 2.1 ± 3.5 1.9 ± 2.6 2 ± 1.8 0.3
    Ground time† 1.2 ± 0.9 1.3 ± 0.8 1.2 ± 0.7 0.2
    Transport time 0.5 ± 0.5 0.9 ± 0.7 0.8 ± 0.7 0.003

*Primary outcome measure.
†Balancing measures.
DOL, day of life.
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(P = 0.3), or mode of transport (P = 0.2). For those vari-
ables associated with admission hypothermia, no specific 
variable appeared to affect the rate of hypothermia dis-
proportionately during any period (Table 2). Furthermore, 
improvements remained significant excluding <1 hour 
transport times (preintervention admission hypothermia 
31% versus intervention 11% versus surveillance 3%, P = 
0.03) and patients <24 hours old (preintervention admis-
sion hypothermia 45% versus intervention 12% versus 
surveillance 3%, P = 0.0001).

DISCUSSION
Maintaining a continuum of effective therapy from the 
delivery room to Neonatal Intensive Care Unit (NICU) 
admission presents additional barriers in the event of an 
“outborn” neonate requiring interfacility transport to a 

higher level of care.2,22–25 Hypothermia is a frequent com-
plication and is associated with increased morbidity and 
mortality in the VLBW/ELBW neonate.4–7 In response 
to a high incidence of hypothermia in our transported 
VLBW/ELBW neonates, we utilized standard QI methods 
to develop an evidence-based standardized approach to 
thermal support during transport.

Birth centers aiming to decrease admission hypothermia 
in VLBW/ELBW neonates following delivery have re-
ported achieving an incidence as low as 0%–10% after 
implementing standardized, evidence-based practices.11,12 
Unlike the delivery room setting where efforts can be 
taken to avoid hypothermia, in the transport setting, the 
team frequently assumes care of hypothermic patients on 
rendezvous (32%–44% incidence in this study) and faces 
rapidly changing ambient temperatures among other 
variables that challenge maintaining a thermoneutral 

Fig. 2. Control chart displaying proportion of transported ELBW/VLBW neonates admitted with hypothermia during consecutive 
months of the study (July 2012–June 2013: Preintervention, July 2013–June 2014: Intervention, July 2014–June 2015: Surveillance). 
Arrows signify the timing of interventions. The mean for hypothermia (dashed line), the 20% benchmark (dotted line), and upper and 
lower 3 σ control limits are included.
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environment. Applying current evidence-based practices 
from stationary settings and determining appropriate 
thresholds for improvement, therefore, had to be made 
with these variables in mind.

Guidelines for the rate of rewarming the hypothermic 
VLBW/ELBW are lacking.26 Gradual rewarming by 
0.5C°/h was used throughout all periods as it is currently 
recommended for patients with both intended and un-
intended hypothermia to avoid complications such as 
shock, seizures, and arrhythmias.27–29 Thus, we chose a 
threshold of <20% incidence of admission hypothermia 
for the primary outcome measure to account for a po-
tentially irreducible number of patients that would not 
achieve normothermia (if originally hypothermic) due 
to short transport times. The threshold proved to be a 
conservative estimate, however, as maintenance of nor-
mothermia and achieving normothermia in initially hy-
pothermic patients both improved throughout the study 
regardless of the length of transport.

Initial stabilization of pediatric and neonatal patients 
before interfacility transport has been suggested to im-
prove outcomes as opposed to a “scoop and run” 
approach.2,23,30 Yet, a point of diminishing return exists 
with longer ground times, delaying definitive care.23 
With this concern in mind, we chose ground time as a 
balancing measure due to the potential of this interval 
being prolonged once the thermoregulation protocol was 
introduced. Our study showed no difference in average 
ground time among periods. However, this result sug-
gests that the additional interventions can be successfully 
streamlined into the care of clinically complex patients 
without delaying transport. Unintended hyperthermia 
was also chosen as a balancing measure as it, too, has 
associated morbidities1,31 and should be avoided. There 
was no increased incidence of hyperthermia throughout 
the periods.

Documentation, although improved, is still incon-
sistent and is a problem that additional QI initiatives are 
addressing. Regardless, the most salient albeit intangible 
improvement observed was increased team awareness 
that effective thermal support is critical to the global 
care of the neonate.8 Before our interventions, both tem-
perature monitoring and thermal interventions were low 
priorities. Presenting thermal support as a longitudinal 
effort and hypothermia as a source of clinical instability 
most likely set the foundation for the improvements 
observed.

One unexpected observation of the study was the im-
provement seen during transports <1 hour. Short trans-
ports were found to be a risk factor for hypothermia 
regardless of rendezvous temperature. Following pro-
tocol implementation, however, fewer patients that were 
initially normothermic became hypothermic and more 
patients that were initially hypothermic became normo-
thermic by the admission in this subgroup. This improve-
ment challenged the assumption that hypothermia in the 
setting of a short transport is due only to insufficient time 
to rewarm a hypothermic patient or that there would 
be insufficient time for the normothermic patient to be-
come hypothermic. Instead, the study suggests transport 
practice is an important variable in maintaining thermo-
regulation in VLBW/ELBW patients as opposed to time 
and initial temperature at rendezvous alone. Another in-
triguing observation was the effect the season had on the 
team’s ability to maintain a thermoneutral environment. 
Paradoxically, the risk of admission hypothermia was 
increased during warmer as opposed to cooler months 
of the year underscoring the greater influence cabin tem-
perature has on thermoregulation as opposed to seasonal 
temperature. These observations have led to timely warm-
ing/rewarming interventions at rendezvous, increased vig-
ilance even during the briefest of geographical transitions 
and tighter control of the ambient ambulance, rotor wing, 
and fixed-wing cabin temperatures. Similarly, these are 
variables that continue to be targeted in delivery rooms 
and stationary NICU settings3,9,11,12,32 and have so far been 
applied to all modes of transport.

Although we have observed significant improvements 
by applying thermoregulatory practices from “inborn” set-
tings, some approaches may not be appropriate for trans-
port. For example, the effectiveness of a polyethylene wrap 
left in place under a radiant warmer or incubator following 
delivery and short transfer to the admitting NICU has been 
well documented.10 Rewarming or maintaining tempera-
ture, however, in an incubator with a convective mode of 
warming during a prolonged interfacility transport may be 
hindered if the wrap is left in place. Although some patients 
in our study remained wrapped following initial stabiliza-
tion, this was not evaluated as a risk factor for admission 
hypothermia, but should be in future analyses to guide 
practice. Rewarming rates have also been informed by ob-
servation of hypothermia in adults and pediatric patients 
and more recently by the research protocols of therapeutic 
hypothermia in neonates with encephalopathy.27–29 A faster 

Table 2. Risk Factors for Hypothermia during Transport

Preintervention  
(n = 44)

Intervention  
(n = 14)

Surveillance  
(n = 8) P

Transport time < 1 h 40 (91%) 11 (79%) 7 (88%) 0.5
Age < 24 h 35 (80%) 10 (71%) 7 (88%) 0.7
Hypothermia on rendezvous 20 (45%) 10 (71%) 5 (63%) 0.2
Transport during warm month 30 (68%) 8 (57%) 6 (75%) 0.7

Variables found to be associated with hypothermia during transport among all time periods (n = 66). No specific variable disproportionately affected the rate of hypo-
thermia during any time period.
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rewarming rate (>0.5°C/h) has been suggested to have no 
increased risk in poor neonatal outcomes and may actu-
ally decrease the incidence of respiratory distress syndrome 
in the ELBW population.26 Such a change may ameliorate 
the increased risk for morbidity and mortality that VLBW/
ELBW neonates requiring interfacility transport have com-
pared with their inborn cohorts.

Available equipment designed for the transport environ-
ment also continues to be a limiting factor in optimizing 
thermoregulation. Providing heat and humidification of in-
spired gas during noninvasive and invasive mechanical ven-
tilation is one of these challenges. This aspect of care should 
receive pointed attention as heat and humidification of in-
spired gas decrease the incidence of hypothermia and other 
respiratory morbidities.19,20 Heat and humidification of in-
spired gas has been recommended in the delivery room33 
and is used as an ancillary treatment for core-warming in 
the treatment of established hypothermia.34 Independent 
study of its effectiveness and management within the trans-
port workflow will need to be carried out.

Educational outreach is also an important effort to-
ward improving thermoregulation in VLBW/ELBW 
neonates requiring interfacility transport. Although not 
statistically significant, a decline in the incidence of hypo-
thermia occurred at the referral facilities throughout this 
QI project. We have therefore continued to emphasize this 
aspect of pretransport care through regional S.T.A.B.L.E.2 
courses provided by transport personnel, neonatal nurse 
practitioners, and neonatologists.

CONCLUSIONS
Standard QI methods were utilized to develop an evi-
dence-based standardized approach to thermal support during 
interfacility transport of VLBW/ELBW neonates. Although 
the evidence-based practices were gleaned from “inborn set-
tings,” we achieved and sustained a decrease in admission hy-
pothermia to <10%. Further development of comprehensive 
guidelines specific to the transport setting is needed.
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