
Behavioral Responses to Pain Are Heightened After Clustered
Care in Preterm Infants Born Between 30 and 32 Weeks
Gestational Age

Liisa Holsti, PhD*,†,‡,§, Ruth E. Grunau, PhD*,‡,§, Michael F. Whifield, MD*,‡,§, Tim F.
Oberlander, MD*,‡,§, and Viveca Lindh, PhD||

* Centre for Community Child Health Research, Child and Family Research Institute

† School of Rehabilitation Sciences

‡ Department of Pediatrics, University of British Columbia

§ Children’s and Women’s Health Centre of British Columbia, Vancouver, Canada

|| Department of Nursing, Umeå University, Sweden

Abstract
Objective—To compare biobehavioral pain responses of preterm infants born at differing
gestational ages (GAs) when pain was preceded by a rest period or by a series of routine nursing
interventions.

Methods—In a randomized, within subjects, cross-over design, facial (Neonatal Facial Coding
System), sleep/wake state and heart rate (HR) responses of 43 preterm infants [mean birth weight:
1303 g (range 590 g to 2345 g); mean GA at birth: 30 weeks (range 25 to 32)] were examined across
3 phases of blood collection (Baseline, Lance, and Recovery) under 2 conditions: pain after a 30-
minute rest period versus pain after a series of routine nursing interventions (clustered care). Infant
behavioral responses were coded from continuous bedside videotapes. HR was analyzed using
custom physiologic signal processing software.

Results—Infants born at earlier GA (<30 wk) had equally intense facial responses during the Lance
phase regardless of condition. However, later born infants (≥ 30 wk GA) showed heightened facial
responses indicative of sensitized responses during blood collection when it was preceded by
clustered care (P = 0.05). Moreover, later born infants had significantly lower facial (P = 0.05) and
HR (P = 0.04) reactivity during Recovery when blood collection followed clustered care.

Discussion—Earlier born preterm infants showed heightened states of arousal and poor ability to
modulate HR during Recovery when an invasive procedure was preceded by routine tactile nursing
procedures. Alternatively, later born infants exhibited sensitized responses when clustered care
preceded blood collection. Our findings support the importance of cue based individualized
approaches to care.
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Preterm birth rates continue to rise in many industrialized countries due to new reproductive
technologies, to advancing maternal age, and to advances in postdelivery neonatal care.1–3
However, from the therapeutic procedures intended to ensure their survival, preterm infants
undergo repeated episodes of pain and stress. Recent studies indicate that noxious stimuli, such
as skin breaking during heel lance, are transmitted directly to the somatosensory cortex as early
as 25 weeks gestational age (GA) and that these responses are more pronounced in infants born
at earlier GAs.4,5

Preterm infants are especially vulnerable to the effects of pain exposure.6 They are at risk for
enhanced pain sensitivity because their developing central and peripheral nervous systems
differ from those of adults. Converging evidence from animal and preterm infant studies
suggests that early exposure to pain and stress induces long-term changes in pain sensitivity,
7,8 may alter generalized stress-arousal systems,9–11 and may alter the developing brain.12

To help counter the adverse effects of early repetitive stressor exposure on developing neonates,
many neonatal intensive care units (NICUs) have implemented developmental care models,
the most commonly used one being the Newborn Individualized Developmental Care and
Assessment program.13 These models direct care-givers to base the timing of interventions on
infants’ individual cues, to reduce or eliminate unnecessary handling and environmental
stressors, such as noise and bright lights, and to provide interventions, such as nonnutritive
sucking, during intrusive or skin-breaking procedures.14

One suggested developmental care strategy to reduce stress is clustering care. The goal of
clustering care is to allow infants to rest for long periods. In fact, a number of studies have
shown that stable preterm infants slept more,15,16 weighed more, and had more rapid decline
in the incidence of apnea17 when they were given rest periods. These benefits may be more
apparent than real. The increased sleep reported in preterm infants after clustered interventions
may be the result of increased energy expenditure.17 Furthermore, less stable preterm infants
may find the clustering of procedures very stressful.18 In fact, a recent study has shown that
preterm infant body movements indicative of stress were higher and oxygen saturations lower
during clustered care than during blood collection.19

Most investigations of preterm infant pain responses have observed their reactions to a single
event, usually heel lance during blood collection. Yet, in the clinical setting, blood collection
may be clustered with other routine, nonskin breaking, care-giving tasks which may alter the
pain experience. Indeed, in preterm infants, greater number of painful procedures experienced
within the preceding 24 hours induced sensitized behavioral responses during subsequent
endotracheal suctioning.20 However, this study did not examine the effects of tactile handling
on subsequent pain responses, nor did the timing of the painful procedures mirror the
“clustered” type of handling which is so common in NICUs.

In the only study to report the effects of clustered handling on subsequent pain responses,
preterm infants who, before blood collection, experienced immobilization positioning, like that
used during lumbar punctures, had higher heart rates (HRs), greater facial responses, and crying
than infants who had not been handled before blood collection.21 Importantly, this study did
not include infants born at early GAs, infants who are not only more vulnerable to the
cumulative effects of handling, but also whose responses to pain and stress differ from those
of later born infants.20,22–24

Therefore, the aims of our study were to compare preterm infant responses to procedural pain
after a rest period with their responses to procedural pain after a series of routine interventions
(clustered care) and to examine GA and sex differences in infant response patterns. To address
the effects of maturity at birth, we compared responses of infants born <30 weeks GA with
those born ≥ 30 weeks GA. We chose this GA cut-off for our grouping because over the past
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5 years in our nursery, one of the largest tertiary units in Canada, 29–30 weeks seemed to be
a cut-off for invasive intervention. More specifically, the majority of infants born at 29 weeks
required intubation (57%); whereas, intubation rates for infants born at 30 weeks was only
43%.

MATERIALS AND METHODS
Participants

The study sample comprised 43 preterm neonates (19 female, 24 male) born ≤ 32 completed
weeks GA [mean 30 weeks (range 25 to 32)], admitted to a major regional level-III NICU.
Infants with a major congenital anomaly, significant intraventricular hemorrhage (IVH grade
III), and/or parenchymal brain injury (IVH grade IV and/or periventricular leukomalacia), as
well as infants who had received analgesics or sedatives within 72 hours of the targeted study
session, were excluded. All infants were tested at 32 weeks ( ± 7 d) postconceptional age.
Thirty-three infants were appropriate for GA, 8 were small for GA, and 2 were large for GA.
GA was defined using very early maternal ultrasound.25 More than 80% of mothers had an
obstetric ultrasound. For those who did not have an early ultrasound, obstetric dates were
established by a combination of time from last menstrual period corroborated by data from
ultrasound examinations later in the pregnancy, and by clinical characteristics of the baby at
delivery. GPOWER was used to calculate the sample size estimate.26 Using conventional
parameters for sample size estimates (5% false positive rate and a power of 80%, 2 sided), and
a significance level of 0.05, sample size calculations were carried out on the basis of the
Neonatal Facial Coding Systems (NFCS) during blood collection at 31 to 33 weeks post
conceptional age.27,28 Using the most conservative estimate, 15 infants were needed to detect
differences between each phase of blood collection. To examine sex and GA differences, the
sample size was increased to 43.

Procedures
The infants were recruited by a NICU research nurse, and written informed consent was
obtained from the mother according to a protocol approved by the Clinical Research Ethics
Board of the University of British Columbia. Using a within subjects cross over design in
random order, each infant was tested on 2 occasions on separate days. On 1 day, a cluster of
nursing procedures preceded blood collection [Clustered Care followed by Pain (CCP)]. For
the CCP condition, a rest interval of 20 minutes was necessary between the clustered care and
the blood collection because our nursery follows a developmental care model which structures
care so that infants are not exposed to prolonged periods of handling. Therefore, we did not
alter the normal pattern of care for research purposes. On the other day, the blood collection
was preceded by an uninterrupted period of rest of at least 30 minutes [rest followed by pain
(RP)]. The order of RP and CCP was randomly assigned to infants when they were entered
into the study.

Each infant was lying in the isolette undisturbed for a minimum of 30 minutes before the
recording. Videotaping and physiologic recordings were carried out continuously. HR data
were collected by attaching the leads from the bedside monitor to a custom-designed computer
data acquisition system. A camera was positioned for close-up on the face and was attached to
a custom made recording setup on a moveable cart which included a 9″ video monitor. The
signal was fed directly to a VCR and a time code was imprinted automatically. Each study
phase was marked with an inaudible event cue signal recorded simultaneously on the videotape
and on the physiologic acquisition systems. A research technician set up the video camera and
the VCR, operated the computerized cardiac data acquisition system and marked each event.
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A single research nurse carried out clustered nursing procedures (clustered care) in the
following set order: changing the diaper, measuring the abdominal girth, taking the axillary
temperature, and cleaning the mouth with gauze and sterile water. Blood collection (pain) after
heel warming was carried out by a laboratory technician who cleansed the heel, applied a lancet,
and squeezed the heel to collect blood. For this study, infant responses across the 3 phases of
blood collection (Baseline, Lance, and Recovery) were analyzed to compare biobehavioral
responses to pain either after rest or after clustered care.

Measures
Infant State—Infant sleep/wake state was coded according to the NIDCAP protocol: 1 =
deep sleep, 2 = light sleep, 3 = drowsy, 4 = quiet awake, 5 = active awake, 6 = highly aroused/
crying, and 7 = prolonged respiratory pause >8 seconds.29 The predominant state over the first
2-minute period was coded for each phase; the most frequently observed state during each
phase was used for data analysis. The state coding was performed by 1 of the coauthors (LH)
who is NIDCAP certified. Reliability for the NIDCAP was initially established during the
certification process.30 In addition, a randomly selected sample of 5% of NIDCAP video
segments from the study was coded to evaluate reliability. NIDCAP reliability was calculated
by determining % agreement of occurrence (both coders indicating the presence or absence of
a behavior) within each 2-minute time segment. Interrater agreement was 87%.

Facial Activity: Neonatal Facial Coding System—The NFCS is a reliable, well
validated behavioral pain measure used widely in studies of preterm infants.24,31,32 The entire
NFCS was coded for the following 3 periods: Baseline = 20 seconds before the first contact
by the laboratory technician, Lance = 20 seconds immediately after the heel lancing, and
Recovery = 20 seconds after the last contact of the laboratory technician. The average time for
the Lance phases for each condition (CCP and RP) was 4.9 minutes (SD 2.5) and was not
significantly different between procedures (t = 0.08, P = ns). Coding was carried out by a
trained coder who was blind to the purpose and design of the study, and to all medical
information about the infants. All 9 facial actions (brow lowering, eyes squeezed shut,
deepening of the nasolabial furrow, open mouth, vertical mouth stretch, horizontal mouth
stretch, taut tongue, chin quiver, and tongue protrusion) were coded as occurred/did not occur
for each 2-second segment during 20 seconds for each phase of blood collection. The frequency
of each NFCS face action was examined, and those occurring less than 5% after heel lance
were dropped; tongue protrusion and chin quiver were excluded due to low occurrence. The 7
remaining actions were summed across each time segment and also across each event for
statistical analysis. Reliability coding was carried out on a subset of 20% of the sample with a
reliability coefficient of 0.88.28

HR—Continuous electrocardiographic (ECG) activity was recorded from a single lead of
surface ECG (lead II), and was digitally sampled at 360 Hz off-line using a specially adapted
computer acquisition system. Custom physiologic signal processing software was used to
acquire, process, and analyze HR.33 R waves were detected from the sampled ECG and were
used to form a smoothed instantaneous 4-Hz time series as described previously.34 Mean HR
was calculated for a 2-minute epoch for each study phase (Baseline, Lance, and Recovery).
35 However, because there is risk for gross motor artifacts in response to the heel lance, and
because of the biphasic nature of HR responses to sudden stimuli, the 2-minute epoch sampled
for the “Lance” phase began 20 seconds after the skin breaking event.36–38

Infant Characteristics—Information was collected by prospective chart review from birth
to each test day including, but not limited to the following: birth weight, GA at birth, Apgar
score at 1 minute, illness severity using the Score for Neonatal Acute Physiology (SNAP-II),
39 head ultrasound scan results, daily opioid and other analgesic and sedative exposure, number
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and types of invasive skin breaking procedures, respiratory support, and type and time of last
handling just before blood collection. Cumulative procedural pain was operationalized as the
sum of every skin breaking procedure from birth to the first assessment day (eg, heel lance,
intramuscular injection, chest tube insertion, central line insertion). Each attempt at a procedure
was included; thus, the sum reflected all skin breaks. Although it is recognized that procedures
differ in pain intensity, in the absence of an empirical basis for assigning weights to every
procedure, counting is used as a “marker” of infant acute pain in the NICU.22,40 Total
intravenous (IV) morphine exposure was calculated from birth to the first test day by
multiplying the average daily dose of IV morphine, adjusted for daily weight, by the number
of days of IV morphine, as we have done previously.22 For example, if an infant received an
average dose of 0.39 mg/kg body weight for 24 treatment days, the morphine score was 9.36
(mg/kg).

Data Analysis
Sleep-wake states were analyzed using nonparametric tests (Kruskall-Wallis and Friedman).
Then, continuous measures (facial activity and HR) were examined using repeated measures
analysis of covariance to compare pain responses after rest or after clustered care (RP vs. CCP),
with illness severity on day 1 (SNAP score) as a covariate and sex and GA group at birth (group
1: infants born <30 wk GA; group 2: infants born ≥ 30 wk GA) as between subjects factors.
Statistically significant analysis of covariance was followed by planned comparisons to identify
differences between specific phases within each observation. Repeated measures data were
examined for sphericity; when present, Greenhouse-Geisser ε values were used to determine
significance. The significance level for each test was set at P ≤ 0.05.

RESULTS
First, 4 infants required handling within the 30-minute rest period before the blood collection
in the RP group. The handling ranged from very mild tactile stimulation to secure ECG leads
to repositioning 1 infant whose oxygen saturations dropped below clinically acceptable levels.
We compared these infants’ facial and HR responses with the 39 infants who did not require
handling. The exclusion of these 4 infants did not alter our results. The mean rest time before
the blood collection in the remaining 39 infants in the RP group was 103 minutes (SD 46 min).

Next, HR data were examined for outliers, and 1 infant with exceptionally high Baseline HR
(who was on dexamethasone treatment) was excluded from this study. In addition, 2 other
infants’ HR data were excluded due to poor signal quality; however, their behavioral data were
included in the analyses. The face of 1 infant was obscured during 1 Recovery phase, but all
the other facial data for this infant were included. Thus, 42 infants were included in the
behavioral data analyses, and 40 infants in the HR data analyses. Infant characteristics of the
study group are presented in Table 1. In addition, sleep/wake state, facial and HR responses
during Baseline for the RP and CCP procedures were compared. Although Baseline facial
actions and HRs did not differ between procedures for the group as a whole, infants born <30
weeks GA were in active sleep during the Baseline phase for the RP procedure, but in deep
sleep for the CCP procedure (z = − 2.1, P = 0.03). When we reanalyzed the data including
Baseline state as a covariate, our findings were not altered. Finally, no sex differences were
found in any of the analyses.

Sleep/Wake State
The infants were either in a drowsy state (RP n = 24, CCP n = 21) or were highly aroused/
crying (RP n = 16, CCP n = 18) during the Lance. Sleep/wake states changed significantly
across phases of blood collection (Baseline, Lance, and Recovery) during both the RP (χ2 =
43.5, P<0.0001) and CCP (χ2 = 48.8, P<0.0001) conditions, with shifts to greater arousal during
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Lance. We found no difference in sleep/wake states between the RP and CCP conditions during
Lance or Recovery phases, nor were there sex or GA effects.

HR
After controlling for early illness severity and between groups differences in sex, for the infants
as a whole, mean HR increased significantly from Baseline to Lance and decreased during
Recovery for both the RP (F = 13.7, P<0.0001) and CCP (F = 25.1, P<0.0001) conditions. In
addition, there remained a GA effect which explained 19% of the variance (F = 4.8, P<0.01).
More specifically, infants born ≥ 30 weeks GA had a lower mean HR during the Recovery
phase when blood collection occurred after clustered care (F = 4.1, P<0.04). To examine
change in mean HR, the following formula was applied to generate a change score (HRchange):
Lance HR-Baseline HR/Baseline HR (which takes into account the law of initial values).41
No significant differences in HRchange between the RP and CCP conditions, sex, or GA effects
were found.

Facial Activity
Facial activity increased significantly from Baseline to Lance and decreased during Recovery
for both the RP (F = 10.1, P<0.0001) and CCP (F = 21.6, P<0.0001) conditions. When facial
responses during the Lance phase of the RP and CCP were compared, significantly more facial
activity during Lance phase for the CCP procedure (t = 2.1, P<0.05) was found. That is, infants
showed greater facial responses during blood collection after they had experienced clustered
care. As with the HR changes, after controlling for early illness and sex, a GA effect remained
(F = 4.3, P<0.04), an effect which explained 10% of the variance. This facial heightened
response was observed only in the infants who were born ≥30 weeks GA (Fig. 1, Table 2).
Although infants born <30 weeks GA did show a slight increase in facial activity while
experiencing the Lance during the CCP procedure, this finding was not statistically significant.

We also found GA differences in facial responses during the Recovery phase. Infants born ≥30
weeks GA had significantly lower facial responses during Recovery than earlier born infants
when clustered care preceded blood collection (t = −2.1, P<0.05) (Fig. 1, Table 2). Infants born
<30 weeks showed no differences in facial activity during the Recovery between the 2 blood
collection procedures. No sex effects were found for either GA group.

DISCUSSION
This is the first study to examine the effects of clustered nursing care on biobehavioral pain
responses in preterm infants born at early GAs in the NICU. Unlike the procedure examined
previously,21 the clustered nursing procedures examined in this study are tasks that preterm
infants undergo many times a day, ones that are usually considered innocuous. However,
growing evidence suggests that routine tactile procedures may be at least as stressful for preterm
infants as painful procedures.19,42

In this study, the infants showed increased arousal in their sleep/wake states during the Lance
of both procedures, but no differences in levels of arousal if the infants had experienced
clustered care before the Lance. Our findings are in contrast to Porter et al,21 who found that
infants who had been handled before blood collection showed less active sleep and more crying;
however, our study included less mature infants who displayed a more limited range of states
during both procedures.

As is found typically, along with the shifts in sleep/wake states, the infants had a concomitant
increase in HR during blood collection regardless of the preceding condition.21,32,35
However, in contrast to others, we found that the magnitude of HR change was not greater if
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the infants had been handled before the blood collection.21 Our findings may differ from those
of Porter and colleagues because the rest period in our study was twice as long; the 20 minutes
of rest between the procedures may have provided enough time for stabilization of the HR and
sleep/wake states; in effect, the rest period may have acted as a wash out period. Alternatively,
this lack of difference may be due to the tendency for preterm infants to have a high Baseline
HR and a decreased ability to mount an autonomic response to a painful event when compared
with healthier and more mature infants.43,44 Finally, infants born at later GAs (≥30 wk GA)
had a lower mean HR during the Recovery phase when blood collection was preceded by
clustered care. This lower HR during the Recovery may indicate better capacity to modulate
their autonomic responses by returning to Baseline more quickly.

We were required to include a 20-minute rest period between the clustered care and the blood
collection in accordance with the standard of care in our nursery, one which directs that
caregivers avoid prolonged handling of the infants. Even with this long rest period, and after
controlling for differences in Baseline state,28,45,46 infants born at earlier GAs had equally
intense facial responses regardless of whether they had experienced clustered care or rest before
the blood collection. Moreover, when the blood collection was preceded by a rest period of at
least 30 minutes (in this case, the average rest period was 103 min), the earlier born infants
had intense facial responses. Thus, it has yet to be determined what length of time between
procedures is optimal for these infants. Indeed, we speculate that the pattern of responses
exhibited by the earlier born infants (ie, equally intense reactions to pain irrespective of prior
handling) may be due to “presensitization” from their greater cumulative exposure to painful
and stressful procedures since birth.20 In effect, these infants reach a “ceiling” of
responsiveness and are unable to modulate an effective recovery. Over time, these high levels
of arousal may contribute to altered stress systems in this population,10,47 effects which may
be mediated partly through reduced expression of genes which are protective against neuronal
cell death.48

Infants born at later GAs (≥30 wk) showed “sensitized” facial responses similar to those
observed in other studies when clustered care preceded the blood collection.21 Preterm infants
are at risk for enhanced pain sensitivity because their developing central and peripheral nervous
systems differ from those of adults. For example, preterm infants below 35 weeks
postconceptual age show altered peripheral nociceptive sensitization, exhibiting lowered
thresholds to tactile stimulation (sensitization); their thresholds decrease further (primary
hyperalgesia) after repeated pain exposure.49,50 In addition, preterm infants experience
allodynia (pain arising from previously innocuous stimulation) as a result of central
sensitization.51 This finding is significant for the preterm infant who, as a result of central
sensitization, may perceive nonpainful events, such as diaper changing, as painful.

Previous research examining the effects of cumulative pain exposure in preterm infants has
found that greater pain exposure since birth is associated with dampened biobehavioral
responses (eg, Refs. 22, 23). However, the important distinction between this study and the
others is that not only did we analyze our results using GA as a continuous variable, but our
results were analyzed to discern differences in infants born at earlier versus later GAs.

Although in other epidemiologic and experimental pain studies using human and animal
models, studies which have reported sex-correlated differences in pain related behaviors (eg,
Refs. 52–56), we did not find sex-related differences in pain responses in this sample. Few
studies of pain responses in infants have included analyses of sex differences. One of 2 studies
in term born infants has shown that female infants expressed greater facial responses than male
infants to capillary puncture.57 However, male infants had shorter time to cry and to show
facial responses to heel lance than did female infants.28 To the best of our knowledge, only
one other study has examined sex differences in pain responses in preterm infants in the NICU
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and, as in the current study, no sex effects were found.35 Given the limited information on
differences in pain responses in male and female infants, further research is needed in this area.

Our study has several limitations. Our sample was heterogeneous; that is, our GA groups
included appropriate for gestational age and small for gestational age infants. Infants born small
for GA are exposed to prenatal stress which may alter their central nervous system and
subsequent development.58 Moreover, we chose a measure of early illness severity (SNAP
day 1) to control for one of many possible perinatal/neonatal differences between infants born
at earlier and later GAs. Determining the relative contributions of immaturity, prenatal stress
exposure, cumulative pain exposure, and illness severity on biobehavioral pain responses in
preterm infants in the NICU remains diffcult because these variables are highly intercorrelated.
Furthermore, although errors in estimating GA can, in some instances, be more than 2 weeks,
with the high rate of early ultrasound determination of GA in this study, we would expect errors
in attribution of GA to contribute minimally to the results or our conclusions of this study.
Finally, we analyzed a short period of reactivity relative to the length of the procedures (20 s
periods out of 5 min). Our intention was to capture the most immediate response to the blood
collection procedures. Studies should be done to determine how the patterns of responses
change over the length of the procedure.

In conclusion, preterm infants are particularly vulnerable to the effects of repeated episodes of
handling whether they are skin breaking or not. Infants born at earlier GAs showed heightened
arousal and reduced ability to modulate their responses during recovery when they experience
clustered care before a painful procedure. Even though more mature preterm infants were able
to recover from clustered procedures more effectively, tactile handling before blood collection
induced sensitized behavioral responses. Although clustering care, common in NICUs,
provides infants with longer rest periods, our findings, and those of others, show that well-
paced care can produce significant stress responses even in later born preterm infants.
Accordingly, models of care should base the timing of rest periods and of handling upon
infants’ individualized cues. In this way, we can minimize potentially deleterious stress
responses.
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FIGURE 1.
Facial responses during phases of blood collection (Baseline, Heel Lance, and Recovery)
during the 2 procedures [rest before blood collection (RP) or clustered care before blood
collection (CCP)] comparing infants 25 to 29 weeks and 30 to 32 weeks gestational age at
birth.
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TABLE 1
Participant Characteristics (N = 43)

Mean ± SD Median Min Max

Birth weight 1302 ± 405 — 590 2345
Gestational age at birth 29.7 ± 2.0 — 25.1 32.7
Postnatal age on first testing day (d) 16.5 — 3 50
APGAR (5-min) 8.5 ± 1.0 — 6 10
Illness severity day 1 (SNAP-II)* 11.1 ± 9.2 — 0 34
Intravenous morphine exposure (mg/kg) 0.08 — 0 0.63
Days on ventilator† — 5.5 ± 9 0 38
Other respiratory support† — 8.8 ± 8.8 0 32
Invasive procedures since birth† — 61 ± 42 7 157

*
Score for Neonatal Acute Physiology.

†
From birth to first testing day.
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TABLE 2
Facial (Neonatal Facial Coding System Total Scores) and Heart Rate (Mean ± SD) Responses to Phases of Blood
Collection (Baseline, Heel Lance, and Recovery) Before or After Clustered Care by GA Group

Facial Activity Mean HR

25–29 wk GA at Birth 30–32 wk GA at Birth 25–29 wk GA at Birth 30–32 wk GA at Birth

Clustered care before blood collection
 Baseline* 6.7 ± 7.6 2.6 ± 6.4 158.3 ± 10.2 148.1 ± 10.8
 Heel lance/squeeze 46.2 ± 21.0 37.8 ± 23.3 182.9 ± 14.3 168.8 ± 13.8
 Recovery 16.0 ± 22.6 8.6 ± 15.9 160.7 ± 15.4 151.0 ± 14.4†
Rest before blood collection
 Baseline* 9.3 ± 9.1 3.9 ± 5.5 160.7 ± 11.5 152.6 ± 9.9
 Heel lance/squeeze 42.1 ± 17.9 25.6 ± 19.6† 183.5 ± 14.1 167.4 ± 10.1
 Recovery 14.5 ± 17.9 20.6 ± 24.4† 157.7 ± 14.1 158.7 ± 14.6

*
Baseline recording after undisturbed 30 min period.

†
P<0.05.
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