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Abstract

This study identifies a behavioral and nonpharmacologic means of preventing and reducing 

newborn pain. Our objective was to determine whether warmth is analgesic in newborn infants 

undergoing vaccination—a routine painful hospital procedure. We used a prospective randomized 

controlled trial of 47 healthy full-term newborn infants.

Infants were randomized into one of three conditions prior to vaccination: warmth exposure, 

pacifier suckling, or sucrose taste. Crying, grimacing, and heart rate differences were analyzed 

between groups before, during, and after vaccination as outcome measures. Warmer infants cried 

significantly less than sucrose taste or pacifier suckling after vaccination. Heart rate patterns 

reflected this analgesia. Core temperature did not differ between study groups. Providing natural 

warmth to newborn infants during a painful procedure decreases the crying and grimacing on par 

with the “gold” standard treatments of sucrose or pacifier.
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INTRODUCTION

Healthy normal newborns experience pain as part of routine newborn care. This pain comes 

in the form of invasive procedures such as blood sampling, vaccinations, vitamin K 

injections, or circumcision[4,7,39]. Sick or preterm neonates require increased medical care, 

which results in a greater exposure to painful procedures[16,57,59]. There is an increased 

awareness of this pain and the need to address the burden of early newborn pain[4,57].

Prevention of pain in the newborn is increasingly viewed as a professional imperative and an 

ethical expectation as untreated pain has detrimental consequences [3,8] including greater 

pain sensitivity in later childhood[30,33,37,44,55,61]. Newborn experiences with pain may 

be related to permanent neuroanatomical and behavioral abnormalities as demonstrated in 

animal models[5,55]. Moreover, newborn pain is a source of concern and distress for new 

parents and may disturb mother-infant breastfeeding and early bonding[24]. Yet, pain-

reduction therapies are often underused for the numerous minor procedures that are part of 

routine medical and nursing care of neonates[16,57].

Fears about adverse pharmacological drug effects on the newborn’s developing nervous 

system may be a reason for the under use of effective analgesic techniques[2]. Many 

anesthetics and pharmacological agents have not yet been tested or proven safe or effective 

with newborn infants[42]. In this setting, a number of natural nonpharmacologic analgesic 

techniques have been shown to individually and in combination provide pain relief for 

newborns undergoing painful procedures. These natural, low-cost, and easy to implement 

pain relieving measures include: sucrose taste[1,13,33,59], suckling a pacifier[15,19,25,58], 

direct skin-to-skin contact between mother and the infant[29,36,41], and 

breastfeeding[17,26,28,45] during the procedure.

While sucrose taste has become the clinically most used analgesic for minor procedures with 

newborns[16], there are increasing concerns about repeated use[35,59]. First, repeated 

sucrose tastes in very small preterm infants may place the infant at risk for less optimal 

neurobehavioral development[18,35]. Second, the effectiveness of sucrose analgesia is being 

questioned because of its inability to prevent later exaggerated pain responses[21,60]. The 

rationale for this study arose from the desire to identify an effective and efficient analgesic 

technique without using sucrose.

In planning this study, we were mindful of our previous clinical experiences that required a 

necessary physical skin-to-skin connection between the mother and infant during the painful 

procedures in order to achieve effective analgesia[28,29]. This closeness afforded a thermal 

transfer between mother and infant that may have reduce the energy or metabolic 

expenditure of the infant and provided a direct or indirect benefit of pain reduction[40,52]. 

The purpose of this study, therefore, was to explore the analgesic properties of applied 

warmth compared to the currently used analgesic techniques of sucrose taste and suckling 

(pacifier). We hypothesized that the external warmth would protect the infant from minor 

procedural pain. We compared infants receiving radiant warmth (experimental group) during 

a painful Hepatitis B vaccination to those receiving either sucrose taste or pacifier suckling. 

The efficacy of these analgesic interventions were determined by evaluating video 
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recordings of infant crying and facial expressions and by assessing the variations of heart 

rate that normally accompany painful procedures.

Methods

Participants

Full-term newborns delivered at the University of Chicago Medical Center and whose 

mothers had already consented for the Hepatitis B vaccination were screened for the 

following inclusion criteria: full term, appropriate for gestational age weight, Apgar scores 

at 1 and 5 minutes greater than 7, and negative maternal Hepatitis B panel. Infants excluded 

from the study were pre-term, low-birth weight, had Apgar score less than 7 at one or five 

minutes, had mothers’ with unknown or positive Hepatitis B status, or were greater than 48 

hours old.

During June and July 2007, 47 parents consented for both the Hepatitis B vaccination for 

their newborn infants and this pain study protocol. Of these 47 infants, 3 infants were 

subsequently excluded from data analysis due to technical problems with heart rate 

recording (1 in the sucrose group and 2 in the warmer). Infants were randomly assigned the 

morning of the study using a sealed envelope system into one of three groups: warmer (n = 

14), sucrose (n = 15), or pacifier (n = 15). (Table. 1)

The comparison groups of sucrose and pacifier, as alternative analgesic interventions, came 

from the Consensus Statement for the Prevention and Management of Pain in the Newborn, 

which suggested pain management for all intramuscular injections[4]. Our previous studies 

revealed that to achieve a significant difference in grimacing and crying (Power 80%, p 

value < .05) between similarly constructed groups, a sample size of 15 infants in each group 

was needed.

Protocol

The Hepatitis B vaccination was the first vaccination for all participants, although all infants 

received a Vitamin K injection at birth. In order to ensure that infants were not experiencing 

an amplified pain response from a repeat injection to the same site, the vaccine was 

administered into the opposite leg as the Vitamin K injection. A single physician (LG) 

performed all vaccinations in a standardized fashion to minimize variability in the protocol 

and guarantee opposite leg utilization.

At the beginning of the study, all infants were unswaddled in their bassinets. Infants in the 

warmer group had their clothing removed except for the diaper and were placed under an 

Ohmeda-Ohio® 3000 Infant Warmer System (GE Healthcare). Infants in the other two study 

groups (sucrose and pacifier), remained in their bassinets clothed in a shirt, diaper, and a hat.

We controlled for behavioral state by initiating the protocol only after each infant 

spontaneously reached 1 of 3 quiet behavioral states as defined by Prechtl (State 1: eyes 

closed, regular respiration, no movements; State 2: eyes closed, irrregular respiration, small 

movements, or State 3: eyes open, no movements) [51]. The protocol consisted of a baseline 

period (five minutes), intervention (2-minutes), followed by the vaccination (10 seconds), 
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and a recovery period (5 minutes). The restful state was disturbed for infants in the sucrose 

group who had to be administered the sweet taste and infants in the pacifier group who had 

to be given the pacifier. The Ohmeda warmer was placed on servo control during baseline to 

prevent infant cooling. During the 2-minute intervention period the infants were randomly 

assigned to receive either: (1) 100% radiant warmth from the Ohmeda warmer on the 

manual setting (warmer group); (2) 1.0 ml of a 25% sucrose solution (Sweet-Ease®, Philips 

Children’s Medical Ventures, Monroeville, PA) administered via a syringe (sucrose group); 

or (3) had a hospital issue pacifier (Soothie® Pacifier, Philips Children’s Medical Ventures, 

Monroeville, PA) lightly held in their mouths (pacifier group). After the 2-minute 

intervention period, the physician swabbed the infants’ lateral thigh with an alcohol pad, 

administered the Hepatitis B vaccine (Recombivax HB®, Merck & Co., Inc., Whitehouse 

Station, NJ) via a 1mL Kendall Syringe with Safely Needle, and applied a bandage. The 

infant was then observed for 5 minutes after the vaccination. During the recovery period 

infants in the warmer group remained under the warmer, which was returned to the servo 

control setting. Infants in the sucrose and pacifier group rested quietly in their bassinettes, 

and pacifier infants had continued access to the pacifier.

The University of Chicago IRB Committee approved this study and all mothers signed 

informed consent forms for both the Hepatitis B vaccination and participation in this study.

Data Collection and Management

All infants had three 3M Red Dot™ Neonatal Monitoring Electrodes (3M Healthcare, St. 

Paul, MN) placed on their thoracic region for heart rate monitoring. The ECG signal from a 

Hewlett-Packard© Neonatal heart rate monitor was processed through an interface to an EZ-

IBI-3 module (UFI, Morro Bay, CA), which automatically computed cardiac sequential 

beat-to-beat measures of R-R intervals (i.e., the time in msec betweens successive heart 

beats). The R-R intervals were visually inspected and edited off-line using CardioEdit 

software (Brain-Body Center, University of Illinois, Chicago, IL). Editing consisted of 

identifying the rare occasions of missed or spurious detections of R-waves by superimposing 

the time-synchronized ECG waveform on the timeline of R-R intervals to estimate the 

occurrence of the missed R-wave.

Respiratory sinus arrhythmia (RSA) was derived from the edited R-R intervals using 

CardioBatch software (Brain-Body Center, University of Illinois, Chicago, IL). CardioBatch 

applies a moving polynomial filter [46–48] and quantifies the amplitude of RSA with age-

specific parameters, sensitive to the maturational shifts in the frequency of spontaneous 

breathing (.3–1.3 Hz for the neonate) [48,54]. Average heart rate and the amplitude of RSA 

were calculated in sequential 30-second epochs within each of the conditions (i.e., baseline, 

intervention, recovery). Sequential epochs were used as a repeated measure in the analyses 

of heart rate and RSA described below.

All infants had continuous temperature monitoring. All infants had Smith ER-400 

temperature probe placed 2.5 cm in their rectum and Smith STS-400 probe placed on their 

abdomen. Abdominal temperature probes were covered with a Kentec® AccuTemp Plus 

Insulated Hydrogel Thermal Reflective cover. Rectal temperature probes were connected to 

a DeBusk temperature system Dual Temperature Monitor (Powell, TN). As a precaution 

Gray et al. Page 4

Pain. Author manuscript; available in PMC 2014 November 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



against excessive heating or cooling, the warmer infants’ abdominal probe was connected to 

the Ohmeda-Ohio® 3000 Infant Warmer System at all times. Temperatures were 

continuously sampled throughout the study and mean temperatures were calculated for each 

minute interval within each condition.

The infant’s face was videotaped for offline coding of grimace and cry. Research assistants 

were trained (by L.G.) to record grimace as brow bulge, eye squeeze, and nasolabial 

furrowing. Facial grimacing was scored continuously from the video portion of the tape, and 

crying was scored independently from the audio portion with video blank. Crying was 

scored continuously as the presence of an audible crying sound independent of quality. 

Facial grimacing was scored when brow bulging, eye squeezing and nasolabial furrowing 

occurred simultaneously. These facial actions have been reported in 99% of neonates within 

6 seconds of heel stick and are believed to be very sensitive indices of infant pain[31,32]. 

Because sleep state was controlled for at the onset of the study, this allowed us to focus on 

facial action as the most sensitive behavioral indicator of infant pain[34]. Scorers were 

uninformed as to experimental condition when scoring cry from the auditory portion of the 

tape. For grimacing, of course, knowledge of group assignment was unavoidable. The total 

amount of time each infant spent grimacing or crying throughout the course of the study was 

quantified and inter- and intrarater reliability was calculated for both cry and grimace times. 

Finally, inter- and intrarater reliability was > .95 for both measures.

Statistical Analysis

Data were analyzed using SPSS 16.0 (SPSS, Inc., Chicago, IL). Pillai’s Trace multivariate 

tests were used for univariate repeated measures analyses of variances to evaluate heart rate, 

RSA, and temperature during the three conditions of the experiment (baseline, intervention, 

and recovery). The multivariate analyses provide a robust estimate of effects when the 

repeated measures are autocorrelated, as is the case with heart rate, RSA, and temperature. 

Since cry and grimace durations were not normal, the durations were transformed into 

quartile rankings. Group differences in the quartile rankings of cry and grimace times were 

evaluated with the non-parametric Kruskal-Wallis test.

Results

Cry/Grimace

Figures 1 and 2 illustrate the cumulative distribution of time crying and grimacing for all 

infants. The y-axis of the figure represents the percent of subjects within each treatment 

group and the x-axis represents that the total amount of time spent crying (Figure 1) or 

grimacing (Figure 2) after the painful vaccination. For both crying and grimacing, the 

“warmer” group achieves cessation of crying and grimacing earlier than the other two 

groups (i.e. has higher percentile track at any given time). Approximately 25% of warmer 

infants did not cry at any point in the recover and approximately 50 % cried less than 10 

seconds. This contrasts with the other two treatment groups with 0% of the sucrose group 

and about 5% of the pacifier group did not cry at any point during recovery and only 20% of 

the sucrose group and 18% of the pacifier group cried for less than 10 seconds during the 

recovery. The warmer group exhibited a similar advantage in total grimace time (Figure 2).
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Across groups the cumulative distributions of cry and grimace were calculated and the 

subjects were distributed into quartiles. The vertical lines in Figures 1 & 2 represent these 

quartile distributions cutoffs. The group representation within quartiles for both cry and 

grimace illustrates the effectiveness of the warmer treatment on newborn behavior (Figure 

1). Kruskal-Wallis nonparametric analyses of variance were conducted on the quartile 

rankings showed significant group effects for both Cry (p<.05) and Grimace (p<.05). Half of 

the warmer infants had cry times in the first quartile compared to only 20% receiving 

sucrose and 13% with a pacifier. In addition, 43% of infants in the warmer group had 

grimace times in the first quartile compared to only 27% of infants receiving sucrose and 

13% of infants receiving a pacifier (Figure 2). As illustrated in Figures 1 and 2, the warmer 

infants consistently demonstrated analgesia in fewer seconds than the sucrose and pacifier 

groups.

Heart Rate/RSA

During the baseline, heart rate and RSA did not vary across the sequential epochs or 

between groups and there were no interactions (not shown). Mean heart rate during the 

baseline was: 134 beats-per-minute (bpm) for the warmer group, 130 bpm for the sucrose 

group, and 134 bpm for the pacifier group.

During the intervention heart rate significantly increased (F(3, 39)=4.719, p=0.007). 

However, the pattern differed among the groups, as documented in the significant group X 

sequential epoch interaction (F(6, 80)=5.229, p<0.001). As illustrated in Figure 3, heart rate 

for the sucrose group increased nearly 10 bpm (from 137 bpm to 147 bpm) across the 

intervention period, while the warmer and pacifier groups remained steady. This increase in 

heart rate was observed with the increased infant activity required for sucrose ingestion, but 

not for pacifier suckling or warmer infants.

During the intervention, RSA exhibited a trend towards decreasing amplitude (F(3, 

39)=2.596, p=0.066). However, there was a significant group by sequential epoch 

interaction (F(6, 80)=2.499, p=0.032). The interaction was characterized by the sharp 

decrease in the sucrose group from 2.86 Ln msec2 to 1.59 Ln msec2, while the warmer and 

pacifier groups varied only between 2.44 Ln msec2 and 1.74 Ln msec2 (See Figure 4).

During the recovery period all groups had a similar significant decrease in heart rate across 

the sequential epochs (F(6, 36)=3.829, p=0.005). Across the groups, heart rate decreased 

from 148 to 139 bpm during recovery (Figure 3). There were no significant effects or 

interactions for RSA during the recovery period.

Temperature

Rectal temperatures did not differ among the groups throughout the entire study period. 

Mean rectal temperature ± standard mean of error for each group was: warmer 36.6±0.1 °C, 

pacifier 36.6±0.1 °C, and sucrose 36.5±0.1 °C.
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Discussion

Providing natural warmth to newborn infants during a painful procedure decreases the 

crying and grimacing that normally accompanies a painful vaccination on par with the 

clinically popular treatments of sucrose or pacifier suckling. The brief and limited exposure 

to warmth had a significant analgesic effect on the infants when receiving the vaccination. 

More infants in the warmth exposure group rapidly returned to a quiet rest after the 

standardized 10-second injection procedure was completed. This finding is reflected in the 

warmer infants uniformly occupied the majority of first quartile positions in the cumulative 

distributions of crying or grimacing. In fact, they were twice as likely to be represented in 

the lowest grouping of behavioral indices of pain compared to infants who received sucrose 

taste or pacifier suckling.

Physiologically, independent of group assignment, the infants demonstrated similar recovery 

from the large heart rate increases that accompany vaccination. After the expected rapid 

heart rate acceleration that accompanied the painful insertion of the vaccination needle, 

infants in all groups had similar and rapid heart rate deceleration during the first 3 minutes 

of recovery.

Sucrose infants, interestingly, had a heart rate increase prior to the painful vaccination that 

was not observed in the other two groups. Potentially, the study design might have 

contributed to this observation, since sucrose infants had to be disturbed from a quiet rest in 

order for the sucrose taste to be delivered. Infants in the warmer group, in contrast, remained 

undisturbed as their ambient temperature increased. Interestingly, heart rate did not increase 

in the pacifier infants, who also were disturbed from a quiet rest when offered the pacifier. 

Perhaps the stimulating quality of the high concentration sweet taste was responsible for the 

heart rate rise. Alternatively, the rise in heart rate may reflect sucrose’s effect on the infant’s 

oral gustatory behavior. Porges and Lipsitt previously described a similar pattern. In their 

study, as infants increased their sucking frequency to increasingly sweet fluids, heart rate 

increased and RSA amplitude decreased [49,50].

In the current study, the subsequent painful Hepatitis B vaccination drove up heart rate in all 

infants regardless of the treatment condition. Moreover, sucrose infants displayed similar 

heart rate recovery compared to other infants after the vaccination. The differing heart rate 

and RSA patterns during the intervention period underscores the possibly different oral and 

gustatory calming mechanisms at work.

From the perspective of understanding how the individual components of breastfeeding 

provide the infant analgesia, nonpharmacologic infant analgesia likely occurs by activation 

descending pain modulatory pathways [6,53]. While the analgesic action of sucrose taste 

analgesia may operate via an endogenous opioid mechanism in the animal model [9,11], 

parallel data in human infants remain elusive [27,62]. The mechanisms of thermal analgesia 

appear to be more closely related to the non-opioid mechanisms of maternal contact or skin-

to-skin contact [10,12]. No doubt, multiple neural pathways transmit pain signals to the 

brain and several neural pathways and neurotransmitters play a role in the descending 

inhibition of this nociceptive transmission [20,43,63]. Alternative mechanisms may better 
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explain this observed thermal analgesia [35] and these untested mechanisms may also be 

related to the altered pain thresholds that occur during sleep [14,22,56] or ingestion [11,23].

We have shown that exposure to natural external warmth is as effective, if not more 

effective, as the analgesic and calming properties of sucrose taste and pacifier suckling. 

Indeed, infants exposed to the warmth of a radiant infant warmer cried and grimaced less 

after a newborn Hepatitis B vaccination than those who tasted a sweet solution or suckled a 

pacifier. Physiologically, these infants had identical heart rate recovery from the painful 

exposure as the infants who received sucrose analgesia or pacifier sucking. We observed no 

adverse events or side effects from the brief exposure to a heat source or change in the 

infants’ ambient temperature. In fact, the brief ambient temperature increase as defined here 

did not vary the mean rectal temps by more than 0.1 degree C.

One limitation of this study, albeit an ethical mandate, is the absence of a no treatment 

control group. Perhaps more detailed comparisons would be possible between the groups or 

differences in physiological responses would shed light on differences in the underlying 

mechanisms. We, however, firmly believe that emerging literature in the basic sciences will 

continue to elucidate the underlying mechanisms that confer this analgesia [38] and that the 

ethical guidelines that protect control infants from unbuffered pain are justified.

Conclusions

Providing natural warmth to newborn infants during a painful procedure decreases the 

crying and grimacing that accompanies the pain of a vaccination. In addition, the rapid heart 

rate increase associated with a painful stimulus is effectively blunted on par with other 

analgesic treatments currently available to newborn infants. With infant warmers universal 

in hospitals today, this warming treatment is natural, easy, and performed better than the 

currently used analgesic treatments of sucrose taste or pacifier suckling. We encourage 

further exploration of this and other natural, nonpharmacologic analgesic modalities as we 

better understand pain control in this vulnerable population.
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Summary

Providing natural warmth to newborn infants during a painful procedure decreases the 

crying and grimacing on par with standard treatments of sucrose or pacifier.
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Figure 1. Cumulative Distribution Graph of Cry Times
Graph represents the cumulative distribution of infants for the amount of time spent crying 

after vaccination. The quartile distribution cutoffs are indicated with vertical dotted lines. At 

each crying time there is a consistently higher percentage of warmer infants after 

vaccination compared to the other groups (p<0.05).
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Figure 2. Cumulative Distribution of Grimace Time
Graph represents the cumulative distribution of infants for the amount of time spent 

grimacing after vaccination. The quartile distribution cutoffs are indicated with vertical 

dotted lines. At each grimace time there is a consistently higher percentage of warmer 

infants after vaccination compared to the other groups (p<0.05).
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Figure 3. Mean Heart Rate
Mean heart rate (bpm) for each intervention group (sucrose, warmer, and pacifier) displayed 

at 30 second time intervals during intervention and recovery.
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Figure 4. Mean Respiratory Sinus Arrythmia (RSA)
Mean RSA for each intervention group (sucrose, warmer, and pacifier) displayed at 30 

second time intervals during the intervention.
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Table 1

Clinical Characteristics of Study Population

Sucrose Pacifier Warmer

Gestation [weeks]
 Median (range)

39 (38–40) 39 (37.6–41) 39 (37–41.4)

Birth Weight [g]
 Mean (SD)

3248 (±242) 3196 (±313) 3222 (±364)

Male Gender 6 12 7

Maternal Age [yrs]
 Mean (SD)

26 (± 3.8) 25 (± 7.8) 27 (± 6.3)
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