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QUALITY IMPROVEMENT

Implementation of a multidisciplinary guideline improves
preterm infant admission temperatures

MW Harer'*, B Vergales', T Cady?, A Early?, C Chisholm® and JR Swanson’

BACKGROUND: Hypothermia is a common problem in preterm infants immediately following delivery.
LOCAL PROBLEM: The rate of admission hypothermia in our neonatal intensive care unit (NICU) was above the rate of comparable

NICUs in the Vermont Oxford Network.

METHODS: To reduce the rate of preterm admission hypothermia, a quality improvement (Ql) project was implemented, utilizing
the plan-do-study-act (PDSA) methodology. A guideline for delivery room thermoregulation management in < 35-week infants at
the University of Virginia was created and put into practice by a multidisciplinary team.

INTERVENTIONS: Clinical practice changes in the guideline included: increasing operating room temperatures, obtaining a 10-min
axillary temperature, using an exothermic mattress for all infants < 35 weeks, and using a polyethylene wrap for infants

< 32 weeks.

RESULTS: The baseline rate of hypothermia ( < 36.5 °CC) was 63%. Three PDSA cycles data were completed on 168 consecutive
preterm births. The post-implementation rate of hypothermia ( < 36.5 °C) was reduced to 30% (P < 0.001). The incidence of
moderate hypothermia (< 36 °C) was reduced from a baseline of 29% to a rate of 9% (P < 0.001).

CONCLUSION: Use of a multidisciplinary guideline to increase preterm NICU admission temperatures resulted in a decrease in

hypothermic infants.
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INTRODUCTION

Hypothermia is a common occurrence in preterm neonates
immediately following delivery that can lead to hypoglycemia,
respiratory distress, increased rates of intraventricular hemorrhage
and even death.! Preterm infants are at an increased risk
secondary to decreased brown fat, higher skin surface area to
weight and relative immaturity and thinness of preterm skin.>*
The World Health Organization (WHO) breaks down hypothermia
into the following three categories: mild 36.0 to 36.5 °C, moderate
320 to 359°C, and severe <32.0°C. As the severity of
hypothermia increases, so do the morbidities and mortalities,
with one study showing that, for every 1 °C decrease in admission
temperature, mortality increases by 28% and late-onset sepsis by
11%.% At the University of Virginia, <40% of the infants with a
very low birth weight (birth weight < 1500g) in 2013 had a
normal admission temperature (36.5 to 37.5 °C), which was well
below the Vermont Oxford Network (VON) average. Other large
studies have shown similar rates of hypothermia, ranging from 36
to 50% depending on the birth weight and gestational age
studied.*™®

Despite the severity and potential impact of hypothermia on
preterm infants, recommendations for standard thermoregulation
techniques in the delivery room may not be uniformly followed.
The Sixth edition of the Neonatal Resuscitation Program
recommended to maintain delivery room temperatures 25 to
26 °C, preheat the radiant warmer, place a portable warmer pad

under layers of towels and use a polyethylene plastic wrap for
babies delivered at <29 weeks’ gestation.” The WHO recom-
mends keeping the delivery room set at 25 °C, but this often is
lower in the delivery and operating rooms and is adjusted to the
comfort of providers and/or the mother®> However, recent
evidence supported by two studies show that if rooms are kept
at 25 °C the rates of hypothermia decrease dramatically.>® Radiant
warmers and warm blankets are routinely used in most locations,
but the secondary methods to promote decreased heat loss
continue to be studied. A recent Cochrane review has shown that
plastic wraps for infants born < 28 weeks decreases the rate of
hypothermia; and another study has shown that using a
polyurethane bag (PB) for infants up to 36 weeks also reduces
the rate of admission hypothermia.>'® Exothermic mattresses
(EMs) have also been shown to decrease hypothermia in infants
<32 weeks."" Two studies have examined the use of both EMs
and PBs with conflicting results. One showed significantly
decreased rates of hypothermia, while the other produced
significantly increased rates of hyperthermia in the <31 week
population.'*'3

Although the evidence of how best to provide optimal
thermoregulation for preterm infants in the first few minutes
after birth remains controversial, it is clear from the published
studies that focusing on the problem and developing a guideline
promotes decreased hypothermia. Given our 2013 rate of very low
birth weight admission temperatures falling below the 25th
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percentile of the VON centers, we developed the following
problem statement: Preterm very low birth weight newborns at
the University of Virginia have a normal admission temperature
<40% of the time, well below national benchmarks and
potentially contributing to increased morbidity and mortality for
these infants. To address this problem, a multidisciplinary team,
including nurses, managers, neonatal nurse practitioners and
physicians, from both neonatology, obstetrics and maternal fetal
medicine was organized. The target population included all
preterm neonates < 35 weeks as all of these infants are admitted
to the University of Virginia Neonatal Intensive Care Unit (NICU).
The specific aim for our quality improvement (Ql) project was to
increase the rate of normal admission temperatures to >60% for
preterm infants <35 weeks at the University of Virginia by
December 2015 without increasing the rates of hyperthermia. Our
plan to accomplish this aim was to utilize the plan—-do—study-act
(PDSA) methodology of Ql.

METHODS
Setting

The University of Virginia Children’s Hospital NICU is a 51-bed unit
with approximately 200 < 35 week admissions per year. All babies
born < 35 weeks are admitted to the NICU. The labor and delivery
unit as well as the cesarean section (C-section) operating rooms
are located one floor above the NICU. Infants are resuscitated in
either the operating room suite or the delivery room, depending
on the method of delivery, and transported to the NICU when
stabilized (about 15 to 20 min after birth). Standard of care during
this project was to perform 30 to 60 s of delayed cord clamping or
cord milking. Prior to initiation of this project, the resuscitation
was directed by the fellow or attending physician and the
methodology used for those babies born <27 weeks was
standardized (EM+PB); however, for infants >27 weeks there
was no standardized thermoregulation method. Timing of
admission temperature recording prior to this project varied from
checking in the transport incubator to within 10 min following
transition to NICU incubator.

Intervention

Prior to establishing the intervention, data on the previous 168
infants born <35 weeks was gathered and broken down by
gestational age groups and delivery method (Table 1). This data
was then presented at the first multidisciplinary meeting where
the problem statement and smart aim of the project were
developed. The first step of the QI project was to observe a series
of preterm deliveries to assess areas for improvement. Any
member of the team not actively involved in the resuscitation
performed these observations. Following 22 observations, the
multidisciplinary team met again to determine the major issues
needing to be addressed. The primary issues were noted and
plans to address them based on a thorough review of the
literature were developed (Table 2). These plans were
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incorporated into a guideline that was posted throughout the
NICU, in each C-section room and attached to each clipboard
present at all <35 week deliveries for documentation. The
admission temperature was standardized to be the temperature of
the infant on arrival to the NICU while still in the transport
incubator. The timing of this admission temperature varied
dependent on the resuscitation required in the delivery room
but was generally around 20 min—although time of admission
temperature was not recorded. Education regarding the guideline
was delivered through both team and nursing meetings. This
guideline was then revised at each multidisciplinary meeting that
occurred every 2 to 3 months. The final revision (after all PDSA
cycles) of the guideline can be seen in Figure 1.

Measures/data/analysis

To evaluate the effectiveness of the guideline, the fellow present
at each delivery <35 weeks collected the following data:
gestational age, type of birth, location of birth, room temperature
on arrival to the birthing room, use of EM, use of PB, transport
method, 10 min temperature, admission temperature, and
whether the guideline was not followed. Following 3 months of
deliveries, data were analyzed and PDSA methodology was
instituted for guideline changes.

Data analysis was performed using GraphPad Prism (Graph Pad
Software; San Diego, CA, USA). T-tests were used for continuous
data and Mann—-Whitney U-test for continuous data with unknown
distributions. Data are presented as mean/s.d. if normally
distributed and median/interquartile range if distribution was
unknown. A statistical process chart or ‘run chart’ was created for
admission temperatures. An X bar R chart was used with a sample
size of 7 admission temperatures, an A2 of 0.419, D3 of 0.08 and
D4 of 1.924.

Ethical considerations
This project was approved by the University of Virginia institu-

tional review board as a QI project and exempt from the need for
informed consent.

RESULTS

A series of 22 consecutive preterm deliveries < 35 weeks were
observed. Data were accumulated and delivery room tempera-
tures graphed compared with admission temperatures (Figure 2).
The median delivery room temperature was 21.9°C and the
median admission temperature was 36.2 °C. This group of patients
had a median gestational age of 31 weeks and 82% of the
deliveries took place in the operating room. Further analysis
revealed a significant correlation between delivery room tem-
perature and admission temperature (=0.3, P=0.009). Only 14%
of infants had a PB used and 36% had an EM used for
thermoregulation.

Using the initial observation data, an initial guideline was
developed to address the primary issues of room temperature and

Table 1. Predata prior to starting QI project
23-27 6/7 Weeks 28-31 6/7 Weeks 32-35 Weeks Total
NSVD C-Section NSVD C-Section NSVD C-Section

Sample size (n) 8 24 16 31 35 54 168
Median admission temperature (°C) 36.3 36.2 359 36.2 36.3 36.2 36.3
Admission temperature 36.5-37.5 °C (%) 38 38 31 32 37 31 35
Admission temperature < 36.5 °C (%) 62 58 69 65 60 69 63
Admission temperature >37.5 °C (%) 0 4 0 3 3 0 2
Abbreviations: C-section, cesarean section; NSVD, normal spontaneous vaginal delivery.
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Table 2. Observations and plan to address the problems

Observation Plan
Wide range of room temperatures at delivery Goal operating room temperature >22.8 °C (73 °F)
No uniform use of EM or PB Guideline of when to use EM and PB

e EM for all babies < 35 weeks
e PB for all babies < 32 weeks
No axillary temperatures taken in the delivery room Take an axillary temperature at 10 min of age and every 10 min subsequently until
arrival in the NICU
Different transport methods Develop uniform method of transporting different gestational age groups
e Transport < 28 week babies with NICU incubator and shuttle
e Transport >28 week babies with transport-specific incubator

Abbreviations: EM, exothermic mattress; NICU, Neonatal Intensive Care Unit; PB, polyurethane bag.

Delivery Room Thermoregulation Guideline for Infants < 35 Weeks

O ) ( boos, o P—)——( Baty
—— 4 4 S 1. Room Temp 2 73°F e paper st
S fag 2. Activate TransWarmer — egie Yarket
Trardmarrar ¢ [:] Lo B e
N <280/7 Weeks 281/7-320/7 Weeks\ > 32 0/7 Weeks /
1. Incubator pre-heated to 37°C 1. Radiant Warmer set to 100% 1. Radiant Warmer set to 100% Manual mode
2. When top popped, max radiant heat 2. Place in bowel bag (no drying) 2. Dry with delivery blanket and discard
3. Place in bowel bag (no drying) 3. Directly on fabric side of TransWarmer 3. Dry again with fabric blanket and discard
4. Directly on fabric side of TransWarmer 4.  Apply 2 pre-warmed hats 4. Place directly on fabric side of TransWarmer
5. Apply 2 pre-warmed hats 5. Apply skin temp probe w/ gold heart to 5. Apply 2 pre-warmed hats
6. Apply skin temp probe w/ gold heart to left lower abdomen and change to pt 6. Apply skin temp probe w/ gold heart to left
left lower abdomen and change control 37°C lower abdomen and change to pt control 37°C
incubator to pt control 37°C
Drawstring N

At 10 minutes of age, check axillary temperature and every 10 minutes until NICU
admission, document axillary temp and skin temp on delivery record
- If axillary temp > 37.5°C, remove TransWarmer IMMEDIATELY

I_ c— f,“,;::':;“,m - If axillary temp > 37°C, remove TransWarmer for transport to NICU
Cut hole for
rfanthead | Transport to NICU (Infants < 28 0/7 Weeks) Transport to NICU (Infants > 28 0/7 Weeks)
- Transport in Incubator + Shuttle while still in - Wrap infant in blanket with TransWarmer
bag and on TransWarmer - Move to incubator, ensure transport incubator
- Ensure incubator set to pt control 37°C temp set to 37.0°C
- Close all doors if possible; if needing to - Close all doors if possible; if needing to
manually ventilate, surround arm with blankets manually ventilate, surround arm with blankets

\ /

On arrival to NICU, take axillary temp w/ infant still
in incubator and record as infant’s admit temp ***If Maternal Fever, consider obtaining baby
temperature immediately to determine if baby is
Once infant’s axillary temp is 2 36.5°C remove hyperthermic, act accordingly. ***
TransWarmer

Figure 1. Algorithm outlining steps to be taken after the delivery of a preterm infant < 35 weeks. NICU, Neonatal Intensive Care Unit.
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Figure 3.

the next PDSA cycle involved the increase in transport incubator
temperature to 37.5°C in an effort to maintain the temperature
during transport to the NICU.

Cycle 2 data consisted of a total of 59 infants, with 9 deliveries
missing room temperature and thermoregulation method infor-
mation. Protocol compliance showed the delivery room tempera-
ture to be maintained >22.8°C 94% of the time. The median
admission temperature had increased to 36.7°C from the
preguideline data of 36.3 °C (P < 0.001). An EM was used in 96%
of deliveries and a PB was used for the < 28 week gestational age
group 100% of the time and was inappropriately used for one
32 week delivery. A 10 min axillary temperature was taken 90% of
the time and the median 10 min temperature was 36.7 °C. Further
subanalysis of the data showed that the 28 to 31 6/7 week
gestational age group continued to have significant hypothermia
for >40% of admissions. The next PDSA cycle involved the use of
PBs during resuscitation for all infants < 32 weeks’ gestation. Also,
during cycle 2, the number of hyperthermic infants (>37.5°C)
increased from 2% baseline to 8.4% (P=0.053). Although this was
not statistically significant, the trend was concerning and two
changes were made to the guideline—transport incubators were
decreased back to 37°C, and if the 10 min temperature was
> 37 °C, the EM was removed prior to transport.

Cycle 3 data consisted of a total of 55 infants. For this subset of
infants, no other delivery information was collected other than the
admission temperature. The median admission temperature for
this cycle was 36.8 °C. The percentage of hyperthermic infants was
9% for this cycle, not statistically different than cycle 2 or the
baseline group (P=0.12). The percentage of 28 to 31 6/7 week
gestational age infants who were hypothermic decreased to 25%
from 40% in cycle 2.

The complete data set consisted of 168 babies (10 months) in
the group prior to starting the QI project and a total of 157 babies

© 2017 Nature America, Inc., part of Springer Nature.

X bar R run control chart of admission temperatures in infants < 35 weeks. LCL, lower control limit; UCL, upper control limit.

(9 months) in the three PDSA cycles. All of the infants born
< 35 weeks were included in the results for the study period and
no babies were excluded. Figure 3 displays the entirety of both
the pre-Ql data and the PDSA cycles in a X Bar R run chart. No
significant clinical associations were tracked during the project.
The X bar chart shows that the mean sample temperature
increased significantly following the institution of the QI project.
When evaluating Figure 3 for special causes, there were no
significant findings. The R bar chart shows that in the pre-Ql data
the process is out of control as one point falls outside of the upper
control limits. During the PDSA cycles, there is less variation of
admission temperatures with no significant special causes
indicating that the process is in control. Additionally, each PDSA
cycle had significantly improved admission temperatures com-
pared with baseline (Table 3). When evaluating hypothermic and
moderately hypothermic infants, there was a significant reduction
in the number of infants in those groups after initiation of the
PDSA cycles compared with baseline (Table 4). Although there was
not a statistically significant increase, there was a trend towards an
increased number of infants who were hyperthermic on
admission.

DISCUSSION

The implementation of a multidisciplinary guideline aimed at
improving admission temperatures in neonates <35 weeks
resulted in decreased rates of hypothermia, moderate hypother-
mia and resulted in no significant increase in rates of hyperther-
mia. By observing a small subset of deliveries and resuscitations
prior to developing a guideline, we were able to focus on the
factors most likely associated with hypothermia: delivery room
temperatures, inconsistent use of supplemental thermoregulation
methods, and lack of temperature monitoring in the delivery

Journal of Perinatology (2017), 1242—-1247
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Table 3. Improvement in median admission temperature by cycle changes
Primary change in guideline Number of babies Median gestational Median admission P-value (compared
age (weeks) temperature (°C) with baseline
temperature)
Baseline 168 314 36.3 —
Cycle 1 Delivery room >22.8 °C (73 °F) 43 31.2 36.5 < 0.001
Cycle 2 Increase transport incubator 59 324 36.7 < 0.001
to 37.5°C
Cycle 3 PB for babies < 32 weeks 55 32 36.8 < 0.001
Total post-Ql 157 32 36.7 < 0.001
Abbreviations: PB, polyurethane bag; Ql, quality improvement.
Table 4. Improvement in admission temperature by QI cycle
Baseline Cycle 1 Cycle 2 Cycle 3 Total Cycles 1-3 P-value
(168 patients) (43 patients) (59 patients) (55 patients) (157 patients)
Moderate Hypothermia 58 (29%) 5 (11%) 6 (10%) 3 (5%) 14 (9%) < 0.001
(<36°0)
Hypothermic ( < 36.5 °C) 105 (63%) 18 (42%) 18 (31%) 11 (20%) 47 (30%) < 0.001
Normothermic (36.5-37.5 °C) 59 (35%) 24 (56%) 36 (61%) 39 (71%) 99 (63%) < 0.001
Hyperthermic (>37.5 °C) 4 (2%) 1 (2%) 5 (8%) 5 (9%) 11 (7%) 0.06
Abbreviation: Ql, quality improvement. P-value based on Fisher’s exact test comparing baseline rate to post-Ql rate.

room. The use of multiple PDSA cycles at 3 month intervals and
changes to the guideline allowed incremental improvements over
a short time period. Multidisciplinary involvement in the project
and particularly buy-in from nursing staff resulted in quick
changes that were implemented in a short period of time and
focused on issues vital to patient safety and optimal outcomes. By
instituting a standard method of focusing on thermoregulation,
we were able to reduce the rates of moderate hypothermia to
< 10%, in the lowest quartile of the 2015 VON data.

Several previous studies have reported on the use of QI projects
to decrease the rates of hypothermia in different subsets of the
preterm population.'*'*'> Manani et al.'® focused on a similar
subset of patients, those < 33 weeks, and used the same PDSA
methodology. They found a similar set of problems based on an
observation period, primarily the lack of close monitoring of
temperature after the initial assessment, no standard of use for
thermal equipment and room temperatures that were frequently
< 20°C. To address these issues, they developed a standard of
care that addressed the same issues as our QI project: room
temperature, use of chemical warmer mattress, use of polyethy-
lene bag, and monitoring of axillary temperatures. They used a
definition of hypothermia as <36 °C and were able to reduce
their rate from 44% to 0% over the course of 3 years. They similarly
showed no increase in hyperthermia. DeMauro et al.'® also
instituted the same changes but in a population with a birth
weight < 1250g. They found similar improvement in median
admission temperature as our study, an increase from 36.4 to
36.7 °C. Our three studies combined show that with > 400 infants,
a guideline designed to focus on delivery room temperature,
standardized use of EMs and PBs and close attention to infants’
temperature in the delivery room results in significant reduction in
rates of moderate hypothermia without increasing rates of
hyperthermia.

Russo et al.'? similarly performed a multidisciplinary QI project
in neonates < 35 weeks aimed at reducing the rates of moderate
hypothermia. Their plan also included standardizing the use of an
EM and PB; however, their guideline suggested using the PB in all
infants < 35 weeks while our guideline suggested its use in those
< 32 weeks. They showed a similar decrease in rates of moderate
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hypothermia, 55% to 6.2%, while we showed a decrease from 29%
to 9%. They were also able to show a decrease in rates of
intubation at 24 h, from 39% to 17.6%, data that were not
collected in our project. They had similar rates of compliance, up
to 88% at full implementation, which was similar to the rates in
this study of 90%. However, a recent study has suggested that the
combination use of a PB and EM results in increased rates of
hyperthermia.'® They found that the combined use of PB and EM
in those infants <31 weeks resulted in an increased rate of
hyperthermia from 17% to 46%. In our study, we saw a trend
toward increased rates of hyperthermia (2% to 7%, P=0.06). This
trend was apparent at cycle 2 and steps were taken to decrease
the temperature of the transport incubator and remove the EM if
the 10 min temperature was >37°C. These steps resulted in a
stable rate of hyperthermia for cycle 3 but no clear reduction in
the number of hyperthermic infants. Clearly, close monitoring of
axillary temperatures is required when combining both forms of
thermoregulation in this vulnerable population to avoid
hyperthermia.

Our study is not the first to show that the delivery room
temperature correlates strongly to admission temperature. In
2014, de Almeida et al.> showed that, in neonates < 33 weeks, a
delivery room temperature < 25°C was associated with admis-
sion hypothermia. They also showed that admission temperature
< 36 °C was associated with an increased risk of early neonatal
death by 1.64 fold. Jia et al® in 2013 compared the admission
temperatures of babies < 32 weeks and found that 35% of those
born in a room set to 24 to 26 °C had hypothermia compared with
69% of those born in a room set to 20 to 23 °C. During the
planning phase of our study, the multidisciplinary aspect allowed
us to present these previous studies regarding delivery room
temperatures and neonatal outcomes to the obstetric staff and
resulted in productive discussions on how to raise the room
temperature while keeping the obstetric staff comfortable.
Ultimately, owing to hospital operating room policy, we were
not able to raise the room temperatures to the WHO recommen-
dation of 25 °C but were able to raise them to 22.8 °C (73 °F—a
temperature the obstetric staff also deemed comfortable and was
significantly higher than our previous room temperatures). Given

© 2017 Nature America, Inc., part of Springer Nature.



our data and several recent publications, the WHO recommenda-
tion of increasing delivery room temperatures is an easy and
effective first step toward reducing rates of hypothermia.

Finally, although we did not collect data on the major
morbidities associated with prematurity in our QI project, several
previous publications have shown an association of moderate
hypothermia with increased rates of morbidities. The largest
review to date that analyzed >9000 infants born < 33 weeks in
Canada looked at the association of admission temperatures with
adverse outcomes.® After adjusting for infant and maternal data,
they found that the rate of composite outcome was the lowest at
an admission temperature of 36.8 °C or a range of 36.5 to 37.2 °C.
Again, this emphasizes the need to monitor temperatures closely
in the delivery room as both hypothermia and hyperthermia are
associated with worse outcomes.

This QI study has several limitations. First, the results may not be
generalizable to other populations as the delivery circumstances
at other centers are unique and need to be accounted for when
designing a thermoregulation guideline. Second, we did not track
compliance rates during the third cycle to show a consistent
improvement in application of the guideline. Finally, as with all QI
projects, it will be important to continue to track admission
temperatures to monitor for sustained improvement to determine
the need for re-education.

In conclusion, the development of a multidisciplinary guideline
aimed at improving admission temperatures in preterm infants
< 35 weeks significantly decreased the rates of hypothermia and
moderate hypothermia on admission. By using multiple PDSA
cycles, we were able to quickly adapt our guideline to develop the
best approach for thermoregulation immediately following
delivery at our center. The major areas addressed by our guideline
were delivery room temperature and standardization of the use of
EM and PB, as well as close monitoring of the infant’s temperature
in the delivery room. Our guideline now aligns with the recent
publication of the Neonatal Resuscitation Program’s new thermo-
regulation guidelines: maintain delivery room temperatures 23 to
25°C and for infants <32 weeks use a plastic bag, hat and
thermoregulation mattress.'® Our study does show that caution is
needed to avoid hyperthermia when using multiple forms of
thermoregulation as our rates of hyperthermia trended higher and
near statistical significance. A randomized clinical trial to further
evaluate the possibility of increased hyperthermia with multiple
warming modalities is indicated.

© 2017 Nature America, Inc., part of Springer Nature.
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