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Abstract
Accurate pain assessment in preterm infants in the neonatal intensive care unit (NICU) is complex.
Infants who are born at early gestational ages (GA), and who have had greater early pain exposure,
have dampened facial responses which may lead to under-treatment. Since behavioral and
physiological responses to pain in infants are often dissociated, using multidimensional scales which
combine these indicators into a single score may limit our ability to determine the effects of
interventions on each system. Our aim was to design a unidimensional scale which would combine
the relatively most specific, individual, behavioral indicators for assessing acute pain in this
population.

The Behavioral Indicators of Infant Pain (BIIP) combines sleep/wake states, 5 facial actions and 2
hand actions. Ninety two infants born between 23-32 weeks GA were assessed during 3, one minute
Phases of blood collection. Outcome measures included changes in BIIP and in Neonatal Infant Pain
Scale (NIPS) scores coded in real time from continuous bedside video recordings; changes in heart
rate (HR) were obtained using custom physiological processing software.

Scores on the BIIP changed significantly across Phases of blood collection (p < 0.01). Internal
consistency (0.82) and inter-rater reliability (0.80-0.92) were high. Correlations between the BIIP
and NIPS were modest (r = 0.64, p < 0.01) as were correlations between the BIIP and mean heart
rate (r = 0.45, p < 0.01). In this initial study, the BIIP has been shown to be a reliable, valid scale for
assessing acute pain in preterm infants in the NICU.
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1.0 Introduction
Preterm infants undergo repeatedly painful diagnostic and therapeutic procedures to ensure
their survival. In order to provide appropriate pain management in this population, accurate
assessment of pain is necessary (Anand et al., 2005), yet complex because we are limited to
indirect measures of pain responses. And although infant pain responses have both behavioral
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and physiological components, dissociations between behavioral and physiological pain
responses are common (Barr, 1998; Morison et al., 2001). Furthermore, facial actions are the
relatively most specific behavioral pain indicators in preterm infants, yet these responses may
be dampened. (Johnston et al., 1996; Grunau et al., 2001). Thus, using scales such as the
Neonatal Facial Coding System (NFCS; Grunau and Craig, 1987) and the Premature Infant
Pain Profile (PIPP; Stevens et al., 1996) which rely solely on facial actions as the behavioral
indicator may lead clinicians to the erroneous conclusion that pain is not present and that
treatment is not needed. In addition, preterm infants born at earlier gestational ages may display
different pain behaviors than infants at later gestational ages due to neurological immaturity.
Such behaviors may not be captured in the current pain scales because the behaviors chosen
are based on behaviors seen in term infants.

A number of scales have been developed for assessing acute pain in preterm infants; few have
had adequate validation (Duhn and Medves, 2004). Currently, the two scales used most widely
are the Neonatal Infant Pain Scale (NIPS; Lawrence et al., 1993) and the PIPP (Stevens et al.,
1996). The NIPS includes crying as one of the indicators, but many preterm infants require
mechanical ventilation, a procedure which precludes using cry as an indicator. Furthermore,
the extremity action descriptors on the NIPS are very general. On the other hand, the PIPP
(Stevens et al., 1996) uses weightings to adjust for varying gestational ages and sleep/wake
states to accommodate these contextual factors. However, the weightings applied to the scoring
of the sleep/wake states, in particular, may obscure important information related to infant
arousal. For example higher weightings are applied to infants in deep sleep; however, it is not
possible to determine whether or not infants in deep sleep feel greater pain.

More recently, using an assessment tool based on the Synactive Theory of Development (Als,
1984), we have shown that two developmentally relevant hand movements are reliable
indicators of pain/stress in preterm infants (Grunau et al, 2000; Holsti et al., 2004; Holsti et al,
2005b). Unlike facial responses, hand and other body movements are heightened in infants
who have had greater exposure to painful procedures or when handling is clustered (e.g. Holsti
et al., 2005a). Thus, our objective was to improve on current pain scales by combining into a
single unidimensional scale the relatively most specific and well studied individual facial
actions and sleep/waking states with 2 hand movements. Specifically, the aims of this study
were to determine the inter-rater reliability, the internal consistency, the construct and the
concurrent validity of this new scale, the Behavioral Indicators of Infant Pain (BIIP).

2.0 Methods
This study is a repeated measures cohort study. The study sample comprised 92 preterm infants
(49 male and 43 female) born between 24 - 31 completed weeks gestational age (GA) and
admitted to the level-III NICU in the Children’s & Women’s Health Centre of British
Columbia, Vancouver, Canada. Infants who had received analgesics or sedatives within 72
hours of the assessment, who had a major congenital anomaly, or who were exposed to maternal
illicit drug use during pregnancy were omitted. Eighty eight assessments were completed at
32 weeks (+/- 7 days) postconceptional age (PCA). An additional 12 assessments were
completed between 25-28 weeks PCA. Of these 12 assessments, 4 assessments were on infants
seen at the early age only, 8 assessments were on infants assessed again at 32 weeks PCA.
Thus, the total number of assessments was 100. Infant characteristics are presented in Table
1. The status of the infants on the test day are presented in Table 2. Sample size estimates were
calculated using GPOWER (Faul and Erdfelder, 1998). Effect sizes entered into the program
were based on changes in NFCS scores during blood collection at 31-33 weeks (Craig et al.,
1993). Using this method, 15 infants were needed to detect differences between each Phase
for a power of 0.90 with the statistical significance set at 0.05.
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2.1 Background Data
A NICU-trained research nurse who completed the prospective clinical chart review obtained
information from birth to day of testing including, but not limited to the following: birth weight,
gestational age at birth, illness severity using the Score for Neonatal Acute Physiology (SNAP-
II; Richardson et al., 2001), head ultrasound scan results, daily opioid and other analgesic and
sedative exposure, numbers and types of invasive skin breaking procedures, respiratory
support, type and time of last handling just prior to blood collection. As in our previous studies,
procedural pain exposure was defined as the sum of every skin breaking procedure from birth
to the testing day (e.g. heel lance, intramuscular injection, chest tube insertion, central line
insertion). As is protocol in our nursery, each attempt at a procedure is documented in the
medical chart; therefore, the total reflected all skin breaks (Grunau et al., 2001; Holsti et al.,
2004). Total intravenous (iv) morphine exposure was calculated from birth to the test day by
multiplying the average daily dose of iv morphine, adjusted for daily weight, by the number
of days of iv morphine (Grunau et al., 2001; Holsti et al., 2004).

2.2 Procedures
The infants were recruited by a NICU-trained research nurse; written informed consent was
obtained from the mother or other legal guardian according to a protocol approved by the
Clinical Research Ethics Board of the University of British Columbia and the Children’s and
Women’s Health Centre of British Columbia Research Review Committee. A video camera
was positioned for a close-up view of the face and body and was attached to a custom made
recording set-up on a moveable cart. The video signals were fed directly to a VCR and a time
code was imprinted automatically. Each study phase was marked with an inaudible event cue
signal recorded on the videotape. During the recording, the incubator was partially covered
with a blanket, and the infant’s position was supported (nested) using a continuous roll around
both sides and feet.

2.3 Measures
2.3.1 Behavioral Indicators of Infant Pain (BIIP)—The BIIP combines sleep/wake state
indicators, 5 facial actions and 2 hand actions (See Table 3 for definitions of each of the
indicators). All of these indicators have been validated individually for assessing acute pain in
preterm infants (Grunau et al., 2000;Stevens et al., 2000;Morison et al., 2003;Holsti et al.,
2004). Moreover, the 5 facial actions we selected have been validated for assessing post-
operative pain in infants born preterm and up to 18 months of age (Peters et al., 2003). Sleep/
wake states were coded according to the definitions provided in the Newborn Individualized
Developmental Care and Assessment Program (NIDCAP) (Als, 1984). The 5 facial actions
were coded according to the definitions for the Neonatal Facial Coding System (Grunau and
Craig, 1987) and the two hand actions coded according to the NIDCAP definitions (Als,
1984) (See Table 3). Deep sleep, active sleep, drowsy and active awake, states understood
generally to be indicative of low distress, were assigned a score of 0. Crying was given the
highest score (2). Facial and hand actions were given a score of 1. Figure 1 shows the BIIP
scoring sheet.

2.3.2 Neonatal Infant Pain Scale (NIPS; Lawrence et al., 1993)—The NIPS is a
multidimensional pain scale for use in preterm infants which includes indicators for facial
expression, cry, breathing patterns, arm and leg movements and state of arousal. Each indicator
is given a score of 1 if present. This scale has high inter-rater reliability and internal consistency,
and has established content, concurrent and construct validity (Lawrence et al., 1993).

Holsti and Grunau Page 3

Pain. Author manuscript; available in PMC 2008 December 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.4 Heart Rate
Continuous electrocardiographic (ECG) activity was recorded from a single lead of surface
ECG and was digitally sampled at 360 Hz off-line using a specially adapted computer
acquisition system. Custom physiologic signal processing software (HRView Software,
1996) was used to acquire, process and analyze heart rate (HR). R waves were detected from
the sampled ECG, and were used to form a smoothed instantaneous 4-Hz time series as
described in Berger et al., 1989. Epochs of heart rate (HR; 2.2 minutes each) were selected for
Baseline, Lance/squeeze and Recovery. The epoch selection criteria were based on quantitative
signal stationarity, the presence of a stable behavioral state, and the absence of gross movement
artifact (Oberlander and Saul, 2002).

2.5 Video Coding
Infant behaviors were videotaped continuously across three, one minute Phases of blood
collection (Baseline, Lance/squeeze, Recovery) required for the clinical management of the
infants. Videotapes were edited for coding in random order of Phases; coders were blind to all
clinical information about the infants. In addition, the order of scoring the BIIP and NIPS was
assigned randomly. One of the coders had over 5 years experience coding preterm infant
behavior, while the other coder had no previous experience in working with preterm infants in
the NICU or in behavioral coding. The BIIP and the NIPS were scored in real time across the
three, one minute Phases of blood collection

2.6 Data Analysis
2.6.1. Preliminary Analyses—Although significant brain injury does not appear to alter
facial responses during acute procedural pain (Oberlander et al., 2002), both pain scales used
in this study include extremity actions which may be altered by CNS injury. Therefore, we
explored the data to determine whether significant brain injury influenced the pain scale results.
Nineteen infants did not have a head ultrasound scan; all these infants were born ≥ 29 weeks
gestational age. Using the Kruskall-Wallis test, no differences in BIIP scores were found
between those infants with and those infants without a scan. Next, we compared graphically
the scores of the six infants who had significant CNS injury (defined as intraventricular
hemorrhage [IVH], Grade III or IV and/or periventricular leukomalacia) versus infants with
normal – Grade II IVH. No differences in BIIP scores were found across the three procedure
Phases; therefore, these six infants were retained in subsequent analyses.

2.6.2 Primary Analyses
2.6.2.1 Internal Consistency and Inter-rater Reliability: The internal consistency of the
BIIP was evaluated using Cronbach’s α. The two-way random absolute agreement method of
obtaining intra-class correlations (ICC) was used to determine inter-rater reliability. In
addition, the Bland and Altman (1986; 1999) approach was used to examine whether a
differential level of bias was present between raters.

2.6.2.2. Construct Validity: Changes in Pain Scale Scores across Blood Collection Phases:
To assess changes in BIIP, NIPS scores and mean heart rate repeated measures ANOVA was
carried out across the three Phases of blood collection with sex examined as a between subjects
variable. Bonferroni corrections were used to correct for overall Type I error. Repeated
measures data were examined for sphericity; when present, Greenhouse-Geisser Epsilon values
were used to determine significance. The significance level for each test was set at p < 0.05.
Statistically significant ANOVA was followed by planned Student’s t tests for paired
comparisons to identify differences between Phases. Since the number of assessments at < 28
weeks GA was small (12), the data were graphed to determine whether the pattern of responses
was similar to that of the infants tested at the later age.
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2.6.2.3 Concurrent Validity of the BIIP: Spearman rank correlations were used to assess
concurrent validity between the BIIP and the NIPS and between the BIIP and mean heart rate.

2.6.3 Secondary Analyses by Gestational Age at Birth—The infants included in the
primary analyses had heterogeneous neonatal courses. To ensure the BIIP was reliable and
valid for all the infants, for the 88 infants tested at 32 weeks gestational age, the data were re-
analyzed with our sample divided into two gestational age groups at birth (earlier born <29
weeks [EB: n=24] versus later born 29-32 weeks [LB: n=64]) (Holsti et al, 2006). Gestational
age at birth was chosen as the grouping variable because birth weight, illness severity,
gestational age and pain exposure are variables which are highly inter-correlated (e.g. Grunau
et al, 2005). All analyses remained the same with the exception of the construct validity
analysis; to determine whether there were differences between BIIP scores between the two
groups across the three phases (Baseline, Lance/squeeze, Recovery), repeated measures
analysis of variance with gestational age group as a between subjects factor was completed.

3. Results
3.1 Internal Consistency and Inter-rater Reliability of the BIIP

The standardized item α for the BIIP during the Lance/squeeze Phase was 0.82. For the inter-
rater reliability, levels of agreement between raters ranged from high to very high, depending
on the Phase. For the Baseline Phase, the ICC was 0.80 (CI: 0.60-0.90). During the Lance/
squeeze Phase, the ICC was 0.92 (CI 0.85-.0.97); and during the Recovery Phase, the ICC was
0.88 (CI: 0.76-0.94). In addition, no tendency of differential bias between raters was found
(Adj R2 = − 0.01, F [1,93] = 0.02, p = 0.87).

3.2 Construct Validity: Changes in Behavioral and Physiological Measures across Phases of
Blood Collection

3.2.1 BIIP—For the group of infants as a whole, a significant main effect for Phase was found
(F [1, 98] = 109.6, p < 0.0001) (See Figure 2). Post hoc tests revealed that BIIP scores increased
significantly from Baseline to the Lance/Squeeze Phase (Mean scores ± [SD]: Baseline 1.0 ±
1.8; Lance/squeeze 5.3 ± 2.6; CI -4.8 to - 3.7, p < 0001) and then decreased significantly during
the Recovery Phase (1.8 ± 0.3; CI 2.8 to 4.1, p < 0.0001). No sex effects were found, nor were
differences observed in the graphical pattern of responses in the infants tested < 28 weeks
compared to infants tested at 32 weeks GA. During the Lance/squeeze phase, 9 infants (10%)
had no behavioral response, 46% of the infants who were not intubated cried, 84% of the infants
had facial responses and 38% had hand responses. Four infants had hand responses only. Only
34% of the infants showed responses in all three areas (behavioral state, facial and hand
actions).

3.2.2 NIPS—An overall Phase effect was found (F [1,98] = 61.7, p < 0.0001) for the NIPS
scores which increased significantly from Baseline to Lance/squeeze (Mean scores ± [SD]:
Baseline: 2.0 ± 1.2; Lance/squeeze 4.0 ± 1.7; CI -2.3 to - 1.6, p < 0001) and then decreased
significantly during the Recovery (2.3 ± 1.8; CI 1.3 to 2.1, p < 0.0001).

3.3 Mean Heart Rate
Of the 100 assessments, twelve (one assessment from the early tested group, 11 from the later
tested group) had one or more Phases of heart rate (HR) which could not be analyzed due to
technical difficulties. Changes in mean HR were significant across Phases (F [1,87]= 87.0, p
< 0.0001). Mean HR increased significantly from Baseline to Lance/squeeze (Mean, SD
Baseline: 157 ± 11, Lance/squeeze: 175 ± 14; CI - 20.7 to - 15.3, p < 0.0001) and decreased
significantly during Recovery (Recovery: 159 ± 14; CI 12.9 to 19.4, p < 0.0001).
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3.4 Concurrent Validity of the BIIP
The correlation between the BIIP and NIPS during the Lance/squeeze Phase was moderate (r
= 0.64, p < 0.0001). The correlations between the BIIP and mean HR during the Lance/squeeze
Phase was also moderate (r = 0.45, p < 0.0001). A lower correlation between the NIPS and
mean heart rate was found (r = 0.28, p = 0.01). However, the differences between the magnitude
of these correlations was not significant (z = 1.2, p=0.11)

3.5 Secondary Analyses of Psychometric Properties by Gestational Age at Birth
3.5.1 Internal consistency and Inter-rater Reliability—When the data were reanalyzed
split by gestational age at birth, the standardized item α for the BIIP during the Lance/squeeze
Phase was 0.89 for the EB group and 0.76 for the LB Group. For the inter-rater reliability, with
the exception of the baseline reliability for the EB infants which was moderate, the levels of
agreement between raters ranged from high to very high (Baseline Phase: EB ICC = 0.64 [CI:
-0.25 - 0.90], LB ICC = 0.83 [CI: 0.59-0.93]; Lance/squeeze Phase: EB ICC = 0.92 [CI 0.73-.
0.97], LB ICC = 0 .94 [CI: 0.86-0.98]; Recovery Phase: EB ICC = 0.93 [CI: 0.80-0.98], LB
ICC = 0.86 [CI: 0.58-0.95]).

3.5.2. Construct Validity—For the group of infants as a whole, a significant main effect
for Phase was found (F [1,86] = 85.9, p < 0.0001); however, no gestational age effect was
found.

3.5.3 Concurrent Validity—Correlations between the BIIP and NIPS remained moderate
and significant irrespective of gestational age group (EB r = 0. 64, p < 0.0001; LB r = 0.60, p
< 0001). Correlations between the BIIP and mean heart rate also remained moderate (EB r =
0.33, p < 0.05; LB r = .50, p < 0.001).

4. Discussion
Although a number of scales are available for measuring acute pain in preterm infants, most
have not had thorough psychometric testing, do not include theoretically derived,
developmentally relevant indicators for preterm infants, or add behavioral and physiological
indicators together into a single score making decisions regarding pain management more
complex. Combining the relatively most specific and valid behavioral pain indicators into a
single scale, the Behavioral Indicators of Infant Pain (BIIP) is a reliable and valid tool for
assessing acute pain associated with procedures in preterm infants. In addition to assessing
behavioral state changes, including both facial and hand responses is important to be able to
capture the range of responses in these infants. Like others (e.g. Johnston et al, 1996), we found
that almost half the infants did not cry during the skin-breaking phase of the procedure.
Moreover, a small number of infants did not show facial responses, but did have extremity
responses to the heel lance.

In addition, because this scale is scored easily in real time by both those experienced and those
inexperienced in observing preterm infant behavior, it is practical for clinical use. Indeed, inter-
rater reliability was high to extremely high across procedure Phases. Furthermore, despite the
heterogeneity of the sample, the internal consistency of the scale was high (0.82). What is
unique about this scale is the addition of two clearly defined, developmentally relevant, hand
actions (finger splay and fisting) which are derived from theory and which have been shown
previously to be clinically reliable indicators of stress in this population (Grunau et al., 2000;
Holsti et al., 2004; Holsti et al., 2005b). Importantly, we found that our scale discriminates
between procedure Phases with low scores occurring before and after the procedure and the
highest scores occurring during the Lance/squeeze Phase. Finally, the BIIP had concurrent
validity with total BIIP scores having a moderate, significant relationship with mean heart rate.
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In the past, much care has been taken to include in pain scales facial actions which are
anatomically derived (e.g. Grunau and Craig, 1987; Stevens et al., 1996); however, much less
attention has been paid to determine which body movements would be specific and
developmentally relevant stress indicators for preterm infants. For example, the descriptors of
the extremity actions on the NIPS are very general (“flexed/extended”) and can reflect a static
extremity position rather than an extremity action. Others include so many actions that their
specificity is questionable (Craig et al, 1993). Scoring static extremity positions may not be a
useful method of quantifying pain intensity, a construct important for measuring chronic pain
states. Alternatively, providing extremity indicators which describe specific movement
patterns, such as those on the BIIP, whose frequency can be counted may be important not only
for measuring pain intensity, but for quantifying levels of activity, both of which may be helpful
in assessing persistent pain states, an area of pain assessment which is needed urgently (Boyle
et al., 2006; Stevens and Riddell, 2006).

Some may argue that including extremity actions on pain scales for use in preterm infants is
not practical since pain management interventions, such as swaddling (e.g. Huang et al,
2004), preclude visualization of the arms and legs. Although we advocate strongly for the
judicious use of non-pharmacological interventions to manage pain in the NICU, the long-term
developmental effects of swaddling have yet to be determined. Indeed, tight and constant
swaddling does not allow the infant to bring hands to mouth, an action which allows the infant
to self-regulate (Als, 1984). Importantly, even when constrained, muscles continue to contract
isometrically with microscopic changes occurring in the muscle length in response to the
stimulus (Oatis, 2004); therefore, despite the outward appearance of less activity in swaddled
infants undergoing painful procedures, the neuromotor signal continues to be sent to the brain.
Along with multiple factors, such as chronic stress system activation (Grunau et al., 2006) and
early illness, these signals may contribute over time to the functional changes in motor
development observed in extremely preterm children at school age (e.g. Holsti et al., 2002).

Not surprisingly, we found only a moderate correlation between the BIIP and a validated
multidimensional pain scale, the NIPS. The NIPS includes physiological indicators, indicators
which, on other valid scales, provide unique, but complementary information (Stevens et al.,
1996). Despite the inclusion of physiological parameters on the NIPS, a weaker (but not
significantly lower) correlation was found between NIPS scores and mean heart rate during
the Lance/squeeze Phase. This finding underscores the importance of not only measuring
separately both behavioral and physiological changes observed during painful procedures, but
also of the difficulties in combining divergently related indicators into a single score. And
although physiological indicators, such as heart rate, vagal tone and oxygen saturations, may
provide additional information indicating infant stress (for review see Franck and Miaskowski,
1997), some suggest that behavioral indicators are more ecologically salient (Barr, 1998). That
is, from an evolutionary perspective, behavioral indicators are designed specifically to elicit
caregiving.

Finally, measuring independently behavioral and physiological responses to pain is critical
particularly when we are trying to determine the effects of pharmacological and non-
pharmacological interventions. For example, skin-to-skin holding reduces effectively
behavioral manifestations of pain, but has little effect on heart rate or on oxygen saturations
(Johnston et al., 2003). Similarly, although sucrose reduces pain behavior, varying effects on
different physiologic indices have been found (e.g. Boyer et al., 2004; reviewed by Stevens et
al, 2004).

In a recent review of pain scales available for use in infants, none of the existing tools appear
to be ideal for all situations and many have had limited psychometric testing (Duhn and
Medves, 2004). Of the unidimensional scales, the Neonatal Facial Coding System is the most

Holsti and Grunau Page 7

Pain. Author manuscript; available in PMC 2008 December 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



well developed (Grunau and Craig, 1987). The NFCS can be used for assessing acute
procedural and post-operative pain in infants between 23 weeks gestational age up to 18 months
of age. Indeed, we retained 5 facial actions for use on the BIIP, including the 2 lower facial
actions found to be valid for assessing post-operative pain in infants beyond the newborn period
(Peters et al., 2003) for these reasons. However, as we described, the NFCS includes facial
actions only, actions which may be dampened in infants who are sicker or who have had
ongoing exposure to skin-breaking procedures. Finally, although the BIIP does contain
proportionately more facial indicators than body movement indicators, rather than attempt to
achieve scoring “balance” by including equal numbers of indicators in each category, we chose
to include the two hand actions which were relatively more specific and which were most likely
to occur (Holsti et al., 2004). Using this method, we were able to capture the varied responses
of those infants in our sample who had been exposed to greater procedural pain.

Of the multidimensional scales, the PIPP (Stevens et al., 1996) is the most well-validated tool
for use with premature infants; however, conceptual issues surrounding this scale, such as the
weightings applied to sleep/wake states, may hide important information with regard to arousal
in these infants. The Neonatal Infant Pain Scale (NIPS; Lawrence et al., 1993), the COMFORT
scale (Ambuel et al., 1992, the Premature Infant Pain Assessment (PIPA; Jorgensen et al.,
1999), the Pain Assessment Tool (PAT; Spence et al., 2003) and the Distress Scale for
Ventilated Newborn Infants (Sparshott, 1996) either have been validated using only older
preterm infants (i.e.> 32 weeks), or have not been evaluated for their clinical utility. The PAIN
Scale (Hudson-Barr et al., 2002) is an adapted version of the NIPS scale. Although the validity
of this scale has been assessed, inter-rater reliability has not been established and little variation
exists between basal and stimulus-response scores.

A number of limitations of our study should be mentioned. First, although our study includes
infants assessed at early gestational ages (<29 weeks), the number of infants tested at that age
is small. Assessing pain in infants born at extremely low gestational ages is a challenge since
many are placed on sedation or analgesic medications. Second, the infants in our study were
scored from videotape rather than at bedside. This method of scoring is practical for research
purposes, but does not establish the feasibility of our scale. Research is underway currently to
establish the feasibility, clinical utility and validity of this scale for use in measuring post-
operative pain and to determine the ability of the BIIP to discriminate between skin-breaking
and non-skin breaking procedures.

In conclusion, measuring pain in preterm infants is necessary for appropriate pain management.
Many pain scales are available for use in this population, but few have had thorough
psychometric evaluation. The BIIP improves the accuracy of pain assessment for preterm
infants by combining theoretically derived, developmentally relevant hand movements and
sleep/wake states with anatomically derived facial actions. Moreover, the BIIP provides not
only non-adjusted sleep/wake state ratings which allow for more detailed evaluation of levels
of arousal, but it includes two relatively specific hand actions and, most importantly, it allows
measurement of behavioral and physiological indices separately.
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Figure 1.
Behavioral Indicators of Infant Pain (BIIP) scoring sheet.

Holsti and Grunau Page 11

Pain. Author manuscript; available in PMC 2008 December 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Changes in mean Behavioral Indicators of Infant Pain (BIIP) scores across phases of blood
collection.
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Table 1
Infant Characteristics n = 92

Mean (sd) Range N (%)
Birth weight (grams) 1280 (445) 500 - 2525
Gestational age at birth (weeks) 29 (2) 24 - 32
SNAP- II Day 1* 12 (10) 0 - 46
Ventilation (days) 8 (13) 0 - 50
Other respiratory support (days) 8 (9) 0 - 36
Pain exposure at 32 weeks PCA† 76 (58) 8 - 276
Intravenous morphine exposure at 32 weeks PCA‡ 0.90 (2.1) 0-9.6
Grade III, IV Intraventricular hemorrhage or periventricular leukomalacia (n=82)§ 6 (0.07)
Days of Dexamethazone 0.3(2) 0-19
Ethnicity (Caucasian) 63 (69)
Maternal age (years) 30 (6) 19-47
*
Score for Neonatal Acute Physiology (Richarson et al, 2001)

†
Number of invasive (skin breaking) procedures from birth to the test day

‡
Morphine exposure = daily average intravenous mg/kg) X days

§
Infants born weighing > 1250 grams did not receive head ultrasound scans (n=19).
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Table 2
Infant Characteristics on Test Day n = 92

Mean (sd) Range N (%)
Postnatal age on test day (days) - (a. Early Assessment, b. Later Assessment) 13 (8)

19 (13)
5 – 34
3 - 59

Mechanical ventilation on test day 20 (20)
Number of painful procedures in 24 hours before the test day - (a. Early Assessment, b. Later
Assessment)

a. 0.5 (0.5)
b. 1.0 (1.0)

a. 0 – 1
b. 0 - 8

Number of minutes since last handling before blood collection (a. Early Assessment, b. Later
Assessment)

a. 90
b. 106

a. 45-182
b. 5 – 324*

*
Two infants required gentle stimulation to help them recover from a dip in heart rate in the 30 minute Baseline phase before the blood collection.
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Table 3
Behavioural Indicators of Infant Pain (Preterm and Fullterm) Definitions

Sleep/Wake States Description

Deep Sleep Eyes closed, regular breathing, no movements of extremities
Active Sleep Eyes closed, twitches or startles of extremities, rapid eye movements, irregular breathing
Drowsy Eyes open (but roving or not focused) or closed, irregular breathing, some body movements
Quiet Awake Eyes open, focused, very few or no body movements
Active Awake Eyes open, active extremity movements
Agitated/Crying Upset, fussing, highly aroused, crying
Face & Hand Actions Description
Brow Bulge Bulging, creasing and/or vertical furrows above and between brows occurring as a result of lowering and drawing

together of the eyebrows.
Eye Squeeze Squeezing and/or bulging of the eyelids
Naso-labial Furrow Pulling upwards and deepening of the naso-labial furrow (a line or wrinkle which begins adjacent to the nostril

wings and runs down and outwards beyond the lip corners).
Horizontal Mouth A distinct horizontal stretch pull at the corners of the mouth sometimes accompanied by a taut upper lip.
Taut Tongue Raised, cupped tongue with sharp tensed edges. The first occurrence of taut tongue is usually easy to see, often

occurring with a wide open mouth. After this first occurrence, the mouth may close slightly. Taut tongue can be
scored on the basis of the still visible tongue edges.

Finger Splay Sudden opening of the hands with fingers extended and separated from each other
Fisting Tight closing and flexing of the fingers to form a fist
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