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ABSTRACT
Accurate infant pain and stress assessment is paramount to the appropriate management of pain
and stress states. PURPOSE: To analyze recent validation research concerning infant pain tools
and to make recommendations to clinicians and researchers regarding the use of these tools.
DESIGN AND METHODS: An integrated review of the literature was conducted in October
2009 using the PubMed database with the search terms measures of stress and pain scales.
Results were limited to validation studies published between 2005-2009 using neonatal samples.
SUBJECTS: 13 pain instruments within 19 studies were reviewed. Tools were assessed
according to study design and psychometrics available. RESULTS: Of the 13 tools reviewed, 7
used strictly behavioral cues and 6 used multidimensional cues. The 19 studies were conducted
internationally and were observational or quasi-experimental in design. Full term, preterm, and
mixed age samples were used, and the tools were tested for a wide range of psychometrics,
including content, construct, and criterion validity, interrater and intrarater reliability, and
internal consistency. Several studies conducted nurse reports of feasibility. DISCUSSION:
Several pain/stress tools emerged as the most suitable for research and clinical practices, as well
as for the purpose of assessing procedural and prolonged pain. Several studies tested for the
difference between pain and stress. It is important that future validation studies for infant pain
include more accurate reporting of descriptive statistics, tool psychometrics, rater training on the

use of the tool, and the gestational age and postnatal age of infant subjects.
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Chapter 1: Introduction

In a world of advanced medicine and technology, healthcare providers can determine the
accurate vital status of patients by glancing at a monitor. Most vital signs can be taken
electronically and can accurately describe patient status in combination with patient assessment.
Less advanced is the current determination of pain, a subjective experience of the patient that is
often referred to as the fifth vital sign. Certain signs like facial grimacing, increased heart rate,
increased blood pressure, and diaphoresis (Jansen, 2008) can alert healthcare providers to the
possibility of unreported pain in the adult, but no indicator is as accurate as self-report.
Unfortunately, several populations are incapable of standard communication, such as infants,
patients with dementia, and those with various communicative disorders.

In the infant population specifically, accurate pain assessment is imperative. Studies
suggest that neonatal experiences of pain may be associated with lasting effects, as evidenced by
a lower pain threshold at three months of age (Abdulkader, Freer, Garry, Fleetwood-Walk, &
Mclntosh, 2008b), damage to individual dermatomes (Peters, Schouw, Anand, van Dijk,
Duivenvoorden, & Tibboel, 2005), and a lower threshold to stress at school-age (Hohmeister,
Demirakca, Zohsel, Flor, & Hermann, 2006). Additionally, pain may have more lasting effects
on the preterm population, and compounded stress responses may increase pain experience in
this population (Abdulkader et al., 2008b). Several pain instruments have been developed by
combining physiological and behavioral indicators of pain, but none are definitive in assessing
pain.

In addition to pain, infant stress is also difficult to assess in the non-verbal patient. Fewer
instruments have been created to distinguish infant stress states in addition to infant pain, even

though infant stress states have also been shown to have a negative effect on infant state (Anand,



1998; Anand, 2007) and basic NICU conditions can induce this stress (Peng, Bachman, Jenkin,
Chen, Chang, Chang, & Wang, 2009). In adults, stress has been shown to have an effect on
cardiovascular disease, sleep cycles, and memory (McEwen, 1998). Within the infant
population, an increased sympathetic arousal state has also been correlated with incidence of
Sudden Infant Death Syndrome (SIDS) (Kahn et al., 2003). Fortunately, the application of
developmental care for infants has been shown to decrease poor outcomes and stress behaviors in
the NICU (Als et al., 2003; Lawhon, Duffy, McAnulty, Gibes-Grossman, & Blickman, 1994;
Becker, Grunwald, Moorman, & Stuhr, 1993). However, with such serious complications,
knowledge of pain and stress assessment is key.

Previously, Duhn and Medves (2004) organized available infant pain assessment
instruments and reviewed their validity and reliability. New tools have been developed since
that publication, and the growing literature related to stress assessment instruments was not
mentioned in the systematic review (Duhn & Medves). The purpose of this review is to (1)
compare infant pain and stress instruments and make recommendations about the reliability,
validity, and clinical feasibility of current pain and stress tools in both the research and clinical
setting, (2) make recommendations about validation study design to best prove reliability and
validity, and (3) discuss the implications for researchers and clinicians regarding the most
appropriate cues for assessing pain and stress in preterm infants to allow for appropriate

pharmacological and non-pharmacological intervention.



Chapter 2: Review of Literature

Inaccurate pain and stress assessment for the neonatal and infant populations can lead to
either insufficient or excessive management of their condition. Knowledge of the infant pain and
stress behaviors and the use of a valid and reliable assessment tool are paramount to accurate
assessment. In this chapter, the basis of pain and stress behaviors in infants will be described.
Additionally, the basic concepts of validity and reliability and the process of creating pain and
stress measurement scales with these psychometrics will be outlined.
Introduction to Stress

Previously, literature concerning infant assessment mostly focused on pain as a
deleterious condition and ignored stress. However, recent literature has shown that inflicted
stress on an infant, often operationally defined as cluster care, can cause much of the same
behavioral and physiological cues as pain. Infants take a longer time to return to a baseline
status of behaviors after a stressful experience than from a painful experience (Holsti, Grunau,
Oberlander, Whitfield, & Weinberg, 2005), and infants who have undergone repeated painful
procedures may exist in a continuous state of stress, as indicated by elevated heart rate, and a
dampened facial reaction (Grunau, Oberlander, Whitfield, Fitzgerald, Morison, & Saul, 2001).
Also, stressful activities performed on infants thirty minutes prior to a painful procedure can lead
to more intense pain reactions than pain procedures performed after a period of undisturbed rest
(Holsti, Grunau, Oberlander, & Osiovich, 2008). To understand stress in an infant, the concept
of general stress should be explained.

As first defined by Hans Selye in 1936, stress is a three-step reaction to a stimuli, known
as the General Adaptation Syndrome (GAS). During the first step, called the alarm stage, the

body has a general response including the fight or flight response, in which the body enables all



processes needed for possibly intense physical activity. The sympathetic nervous system is
enabled, which causes increased heart rate, increase blood pressure, diaphoresis, decreased
bowel motility, and other excitatory effect. The inhibitory parasympathetic nervous system is
suppressed. The second stage is called the resistance phase, in which the body continually fights
for homeostasis against stressors. In order to maintain the energy to fight the stressor, body
states like blood sugar and blood pressure may increase. If the body cannot maintain the
resistance phase, it enters the exhaustion stage, where homeostasis may no longer be possible
(Selye, 1936). In application to the newborn, the resistance stage may be short, especially in the
preterm infant who does not have the energy reserve to maintain high blood sugar without using
precious brown fat reserves and converting to anaerobic metabolism. Maintenance of a
resistance stage and anaerobic metabolism can start a dangerous cycle toward acidosis and even
death (Cornblath & Ichord, 2000).

As has been discussed in recent literature, stress is not an exclusively negative condition.
Bruce McEwen, an expert on the physiological state of stress, compares Selye’s GAS to the
concepts of allostasis and allostatic load. Allostasis is the maintenance of the most integral and
least compensating body markers like pH, temperature, and oxygen levels. These values have to
remain rather stable to support bodily functions. They are maintained through the variability of
more adjustable systems, or allostatic systems, like blood pressure and cortisol levels. These
allostatic systems may change to ensure the homeostasis of the entire system. The introduction
of an allostatic state is comparable to the resistance stage of Selye’s GAS; allostasis can persist
until factors like blood pressure can no longer be maintained, and allostatic overload, or the

exhaustion phase of the GAS ensues (McEwen, 2005). Because some body systems are



immature in comparison to an adult, an infant’s allostasis may not be maintained with especially
intense stressors.

Selye’s and McEwen’s ideas of stress and the maintenance of homeostasis can be related
to Heidelise Als’ research and her concept of developmental care (Als, 1982; Als et al., 1994).
According to Als, preterm infants use (1) autonomic, (2) motor, (3) state-specific, and (4)
attention as regulatory strategies to maintain the allostasis introduced by McEwen. These
strategies begin early in fetal life and allow the infant to react and adapt to stressors during
development. The uterine environment allows for the protected maturation of these five
processes as the pregnancy continues to term. However, infants who are born prematurely are
forced to continue development in a harsher environment than expected. When infants have
underdeveloped regulatory processes they are unable to counter even the slightest stressors, and
can be launched into allostatic overload. With Als’ concept of developmental care, an infant’s
stress-regulation is assessed in relation to the four regulatory processes previously mentioned,
and care is organized according to that assessment to create the least taxing physical environment
possible. As shown in a 1994 study of 38 preterm infants, the use of developmental care
significantly decreases negative outcomes, including the number of days an infant requires
supplemental oxygen and tube feeding, the length of hospitalization, the amount of hospital
charges, and the incidence of bronchopulmonary dysplasia and intraventricular hemorrhage (Als
et al., 1994). In a study of 92 preterm infants, Als and colleagues found that developmental care
also led to shorter stays in intensive care, fewer cases of necrotizing enterocolitis, lower ages at
discharge, better regulatory functioning, improved familial interaction, and better growth as

judged by length, weight, and head circumference (2003). In addition to developmental care,



healthcare providers use other pharmacological and non-pharmacological interventions to reduce
stress.

Non-pharmacological interventions for stress include several types of comfort measures:
skin to skin contact, often referred to as kangaroo care (Ludington-Hoe, Hosseini, & Torowicz,
2005), non-nutritive sucking, breast feeding (Shah, Aliwalas, & Shah, 2007), and massage (Jain,
Kumar, & McMillan, 2006). Because these forms of intervention are not harmful to the child,
they are also used for infants in pain. Pharmacological interventions for infant stress include
sedatives like midazolam, a benzodiazepine, and ketamine, an N-methyl-D-aspartic acid
(NMDA) antagonist. These sedatives are more often given to infants who are mechanically
ventilated than those who are not (Anand, 2007).

Introduction to Pain

In the past, some clinicians believed that neonatal nociception systems were not mature
enough to transmit messages of pain. K.J.S. Anand, an expert in the field of neonatal pain, has
written many reports explaining the evidence that the neurological systems involved in pain
nociception are mature enough to transmit pain signals in both preterm and term neonates
(Anand, 1998; Anand, 2007; Anand, Sippell, & Aynsley-Green, 1987). Neonatal experiences of
pain can have long-term negative effects. Ina 2008 study, Abdulkader and colleagues found that
infants who experienced a repeated painful event, operationally defined as a heel stick, had a
lower threshold for painful stimuli in the same dermatome three to five weeks later after the stick
(Abdulkader et al., 2008b). Other studies have demonstrated similar results when assessing pain
in dermatomes in which pain has previously been inflicted (Oberlander, Gruanu, Whitfield,
Fitzgerald, Pitfield, & Saul, 2000; Peters et al., 2005). Effects of pain may last years, as shown

in a study by Hohmeister (2006) in which the reaction to prolonged painful stimuli was



examined in preterm and full term school-aged children and the results were organized according
to which children had been exposed to multiple painful procedures during infancy. According to
Hohmeister, children ages nine through fourteen years who had experienced painful procedures
as infants had lower thresholds for heat pain (Hohmeister et al., 2006). As recent literature has
proven, pain has lasting neurological effects on infants. To decrease the effects of pain in this
population, several form of pharmacological analgesia are available for administration.

Previously, even when infant pain was addressed as a possibility, the experience of pain
was thought to be less damaging to the developing child than that the use of analgesia. Many
clinicians believed infants did not feel pain, and some continue to question its existence
(Derbyshire, 1999). However, the majority of researchers maintain that infant pain is real and
have investigated different forms of pharmacological analgesia to reduce infant pain. Some of
the most common forms of analgesia include morphine, fentanyl, ketamine, midazolam, and
sucrose. Morphine is the most popular choice and in a study of long term administration in
infants it had no deleterious long term effects (MacGregor, Evans, Sugden, Guassen, & Levene,
1998). Morphine is efficient, but can cause hypotension, respiratory depression, and can slow
bowel motility (Anand, 2007). Morphine also may not be effective in ventilated preterm infants
for procedural pain (Carbajal, Lenclen, Jugie, Paupe, Barton, & Anand, 2007). Fentanyl, another
option for opioid analgesia, is about 20-30 times more potent than morphine and has a quick,
three minute onset time. However, there is stronger evidence for withdrawal (Anand, 2007).
Ketamine, an NMDA antagonist, and midazolam, a benzodiazepine, are also administered before
painful procedures. They are considered sedatives, not analgesics, and as such do not provide
relief of pain, but may be important adjuvant therapy.

In addition to the use of opioids and sedatives, administering sucrose before procedural



pain has been shown to decrease pain response in infants (McCullough, Halton, Mowbray, &
MacFarlane, 2008). One study in particular found that sucrose relieved procedural pain,
although a stress response was still seen by increased heart rate, oxygen consumption, and
energy needs (Bauer, Ketteler, Hellwig, Laurenz, & Versmold, 2004). These forms of pain relief
can be administered when infants undergo procedures that have been found to be painful, or
when they exhibit behavioral and physiological pain responses. For all pharmacological and
non-pharmacological interventions, accurate pain assessment is key in order to evaluate the
efficacy of the intervention. This assessment requires the use of accurate and reliable pain
assessment tools.

Commonly Used Items in Pain and Stress Assessment Tools

Pain and stress assessment tools combine cues that are associated with infants in pain and
who have stress, such as facial expressions, cry quality, body movement, body tone, state/sleep,
vital signs, and gestational age.

Facial expression.

The idea that infant facial expressions could be catalogued to assess infant pain and
general mood was first introduced by Izard and colleagues through the Maximally
Discriminative Facial Movement Coding System (lzard, 1979), which includes twenty-seven
different facial movements that could be correlated with a noxious event. This system coded for
a range of emotions in addition to pain, including interest, joy, and surprise. Since the creation
of that tool, certain facial expressions have repeatedly been tested with pain in neonates.

More recently, the Neonatal Facial Coding System (NFCS) has detailed facial
characteristics specific to pain (Grunau & Craig, 1987). These characteristics include (1) brow

bulge, (2) eye squeeze, (3) deepened nasolabial furrow, (4) open lips, (5) vertical stretched



mouth, (6) horizontal stretched mouth, (7) lip purse, (8) taut tongue, (9) chin quiver, and (10)
tongue protrusion. Some of these facial cues have proven more salient in pain assessment; five
have been consistently associated with infants in pain: brow bulge, eye squeeze, nasolabial
furrow, open lips, and taut tongue (Grunau & Craig, 1987). In 2003, Peters and colleagues
showed that three of the NFCS cues could assess pain as reliably as the expanded tool.
Nasolabial furrow, brow bulge, and eye squeeze were found to be as predictive of pain as the
ten-item tool (Peters, Koot, Grunau, de Boer, van Druenen, & Tibboel, 2003). Another study
found that infants with varying neurological deficits could still be assessed consistently with
brow bulge, facial grimace, eye squeeze (Stevens et al., 2006).

Many of the elements of the NFCS have been tested with infants undergoing stressful
procedures as well as painful procedures. Several studies have found that the presence of brow
bulge and nasolabial furrow increase significantly with non-pain events like cluster care
(Grunau, Johnston, & Craig, 1990; Holsti, Grunau, Oberlander, Whitfield, & Weinberg, 2005).
While it seems the validity of the NFCS as a pain tool would be compromised by the positive
identification of stress, these studies have shown that when taking into consideration the
constellation of items, painful situations elicit higher overall scores from infants than do stressful
situations (Grunau, Johnston, & Craig, 1990; Pereira et al., 1999). However, no single item on
the NFCS can consistently define stress independent of pain or vice versa.

Additional pain and stress assessment instruments incorporate elements of the NFCS.
Researchers Stevens, Johnston, Petryshen and Taddio used nasolabial furrow, brow bulge, and
eye squeeze from the NFCS when creating the Premature Infant Pain Profile (PIPP) (Stevens,
Johnston, Petryshen, & Taddio, 1996), while Holsti and Grunau used brow bulge, eye squeeze,

nasolabial furrow, horizontal stretched mouth, and taut tongue in the Behavioral Indicators of



10

Infant Pain scale (BIIP) (Holsti & Grunau, 2007b). These tools were both created with preterm
infant samples, and their choice of facial cues reflects that population. Preterm infants typically
have less facial reactivity to pain than full term infants (Gibbins et al., 2008), but the facial
characteristics that they do express typically include more upper facial expression than lower
facial expression due to their progress in cephalocaudal development (Haidet et al, 2009).
Additionally, the BIIP may use horizontal stretch mouth because it is more common than vertical
stretch mouth in preterm infants, perhaps due to the fact that horizontal movement requires less
advanced muscular effort (Johnston, Stevens, Craig & Grunau, 1993).

Grimace is another facial cue used for infant pain and stress assessment. In the Crying,
Requires oxygen, Increased vital signs, Expression, and Sleepless (CRIES) assessment scale
(Krechel & Bildner, 1995) the term grimace is described as “lowered brow, the eyes squeezed
shut, a deepening of the nasolabial furrow, and open lips and mouth” which effectively describes
the assembled cues of the NFCS (Pasero, 2002).

Cry.

Another item often used to assess for pain and stress in infants and neonates is cry. Cry is
not a consistent factor in pain and stress assessment because it can occur in response to or
independently of pain. Also, some infants are not able to cry when they feel pain or stress.
According to Pereira and colleagues, only 50% of infants cry in response to a painful event
(Pereira, Guinsburg, de Almeida, Monteiro, dos Santos, & Kopelman, 1999). Also, preterm
infants are less likely to cry in response to pain in comparison to full term infants, and their cry is
significantly higher in pitch (Manfredi, Bocchi, Orlandi, Spaccaterra, & Donzelli, 2009). Some

infants may not even be able to cry in painful situations due to an increased stress response
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(Sredl, 2003). Despite its lack of consistency, one can use the presence of cry as a cue to assess
pain when considered alongside other possible pain cues.

Cry is also inconsistent as a pain cue due to the fact that cry cannot be audibly interpreted
in neonates who are intubated. Intubated infants that are completely mechanically ventilated are
not capable of producing sound through their vocal chords, but they are still able to produce a cry
face, which includes the same brow bulge, nasolabial furrow, and eye squeeze of an infant who
can audibly cry. As a result, tools which include cry as an item may interpret the facial
indicators of cry in the case of ventilated infants. Both the modified Face, Legs, Activity, Cry,
and Consolability scale (FLACC) (Johansson & Kokinsky, 2009; Merkel, Voepel-Lewis,
Shayevitz, & Malviya, 1997) and the COMFORT behavioral scale (van Dijk, de Boer, Koot,
Tibboel, Passchier, & Duivenvoor-den, 2000) use the cue cry-face.

Several researchers have studied cry characteristics, including the cry pitch, the length of
a cry, and the way it oscillates, or whether it is a siren cry (Bellieni, Sisto, Cordelli, &
Buonocore, 2004; Stevens, Johnston, & Horton, 1994). Analyzing cry characteristics is the basis
of the ABC (Acuteness of the first cry, Burst rhythmicity, and Constancy of cry) scale for infant
pain assessment (Bellieni, Bagnoli, Sisto, Neri, Cordelli, & Buonocore, 2005). A recent study
researching cry characteristics found that high NFCS scores correlated with the highest pitch and
volume cries in preterm infants, although these changes were analyzed electronically, as is the
case with most research regarding cry analysis (Luhr, Zeskind, Ofenstein, Cepeda, Warrier, &
Aranda, 2007). ldentifying infant cry types by ear have become a popular way to recognize
whether a child is expressing hunger, stress, or digestive activity (Dunstan, 2009), but these ideas

have not been scientifically tested.
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Motor signs.

Body movement and body tone are two common motor cue types in pain and stress
assessment tools. Als has reported that infants self regulate in response to stress through general
flexion of muscles (Als, 1982; Als et al., 2003). Other body movements have also been related
to stress; Grunau, Holsti, Whitfield, and Ling found finger splay and hyperextension to be
significantly associated with stress (1999). Again, Holsti, Grunau, Oberlander, Whitfield and
Weinberg also found an increase in grasping and finger splay in response to stress (2005).
Several studies have found leg flexion to be a pain response, but these results may be due to the
nature of the pain event, usually defined as trauma to the heel (Fitzgerald, Millard, & Maclintosh,
1988; Abdulkader, Freer, Fleetwood-Walker, & Mclintosh, 2008a)

While body movement, specifically flexion, is often considered a stress response (Als,
1982), some studies have noted leg flexion in response to pain. Infants respond to local pain
through movement; they have a natural withdrawal reflex in an affected extremity in response to
pain or stimulation of that extremity (Fitzgerald et al., 1988). In 2008, Abdulkader and
colleagues tested infant motor responses to non-pain heel stimulation and heel stick. Light
stimulation led to flexion withdrawal of the heel and a predictable sequence of bodily
movements including eye opening, head rotation, chin lift, and gross body movements. Both
preterm and full term infants had the same reaction sequence, but preterm infants were more
sensitive and responded to much softer stimuli, as did all patients who had previously received
heel sticks (Abdulkader et al., 2008a).

State/sleep.

Infant state is often included in assessment tools because it can affect the intensity of an

infant’s reaction to pain or stress. Common behavioral states include cry/agitation, active
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awake, quiet awake, active asleep, and quiet asleep (Brazelton, 1973). Infants in deep sleep at
the time of a procedural pain event mount a less dramatic facial pain response than infants who
are alert and awake before the event (Stevens, Johnston, & Horton, 1994); however the
physiological consequences may be greater. Thus, the authors of the Premature Infant Pain
Profile (PIPP) account for the unexpressed pain and stress of infants in deep sleep by assigning
points on the scale for that state. In most assessment scales, an increase in score indicates
increased pain; In the PIPP, an infant receives one point for quiet/awake, two points for
active/sleep, and three points for quiet/sleep states (Stevens, Johnston, Petryshen, & Taddio,
1996) because a sleeping infant may not express pain as quickly or vigorously as an alert infant.
Authors of other pain and stress tools argue that one cannot assume that an infant in deep sleep is
not feeling pain or stress. Holsti and Grunau, creators of the Behavioral Indicators of Infant Pain
(BIIP) scale, assign zero points to infants in deep sleep, active sleep, drowsy, and quiet awake
states, one point for the active awake state and two points for crying (Holsti & Grunau, 2007Db).
The differences between the BIIP and PIPP authors’ tactics for sleep scoring may be a result of
differences in the characteristics of research populations; The creators of the BIIP have dealt
more with term infants while the creators of the PIIP have predominantly studied preterm
infants. Other tools which describe infant sleep or state as a cue and assign additional points to a
more agitated infant include the Neonatal Infant Pain Scale (NIPS) (Lawrence et al., 1993), the
Pain Assessment Tool (PAT) (Hodgkinson, Bear, Thorn, & Van Blaricum, 1994), the
COMFORT scale (Ambuel, Hamlett, Marx & Blumer, 1992), the Crying, Requires oxygen,
Increased vital signs, Expression, and Sleeplessness scale (CRIES) (Krechel & Bildner, 1995),
the Echelle Douleur Inconfort Nouveau-né (EDIN) (Debillon, Zupan, Ravault, Magny, & Dehan,

2001), the Neonatal Pain, Agitation, and Sedation Scale (N-PASS) (Hummel, Puchalski, Creech,
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& Weiss, 2008), and the Face, Legs, Activity, Cry, and Consolability scale ( FLACC) (Merkel,
Voepel-Lewis, Shayevitz, & Malviya, 1997).

Physiological indicators.

Typically, infants are very physiologically reactive to stress and pain. In response to a
heel stick, infant heart rate and blood pressure generally increase, while oxygen saturation and
heart rate variability decrease (Franck & Miaskowski, 1997). Physiological markers are less
specific to pain than the previously mentioned behavioral cues; tactile handling can increase
heart rate and blood pressure when no facial reaction is seen (Ranger, Johnston & Anand, 2007).
Physiological markers may indicate stress as much as pain. Also, among preterm infants, Lucas-
Thompson and colleagues illustrated that extremely premature infants [28-31 weeks gestational
age at birth (GAB)] are more physiologically reactive to painful stimuli than infants born at 32-
34 weeks GA when compared immediately after birth and several weeks later (Lucas-Thompson,
Townsend, Gunnar, Georgieff , Guiang, Ciffuentes, Lussky, & Poggi Davis, 2008).

Other changes in bodily processes are less readily measurable but are correlated with pain
and stress in infants. These markers include cortisol and catecholamine production, vagal tone
index, palmar sweating, and skin blood flow (Franck & Miaskowski, 1997).

Pain and stress assessment tools can contain many different combinations of the
behavioral and physiological cues described, and may use subjective data such as nurse opinion,
or objective data such as gestational age (GA). Examples of the cues used in the pain assessment

tools included in this review are summarized in Table 1.
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Table 1

Types of Pain Cues Present in Each Reviewed Scale
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Cry X X X X X X X X X X
Facial Expression X X X X X X X X X | X X X
Behavioral State X X X X X X X X X
Body Movement X X X X X | X X
Body Tone X X X X X
Vital signs X X X X X X
Gestational Age X X
Consolability X X
Nurse perception X

The Observable Difference between Pain and Stress

As has been previously mentioned, many healthcare providers once cared for neonates
with the assumption that their nervous systems were not developed enough to feel pain
(Derbyshire, 1999). At this point in time, that assumption seems preposterous, and clinicians
make every effort to treat infant pain. In the same way, the medical community is slowly
realizing the incredible toll that compounded stress can have on an infant’s body. Whereas a
diaper change was once viewed as a harmless procedure, more and more clinicians enforce
cluster care and quieter environments in an effort to decrease infant stress (Harmon & McManus,
2008). Some hospitals have enforced Als’ developmental care techniques to create
individualized care for each infant based on his or her level of functional maturity; the Newborn

Individualized Developmental Care and Assessment Program (NIDCAP) promotes limiting
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stressors to the individual infants capabilities and has been shown to improve outcomes in
critically ill neonates (Als, 1982, Als et al., 1994, Als et al., 2003). As stress has become a more
prominent issue for infant care, literature has developed based on assessing stress and
distinguishing it from pain.

Many studies have been conducted related to distinguishing stress responses from pain
responses in neonates. Physiologically, non-pain stressors can result in significantly different
responses from painful stressors. Infants who are stressed may stay in a state of increased
sympathetic arousal longer than infants in pain; studies show infants in the recovery stage of a
stressful event may maintain tachycardia for a longer period of time than infants recovering from
pain (Holsti et al., 2008; Pereira et al., 2008). This difference illustrates the significance of
infant stress, but may not be practically useful for definitively differentiating pain from stress.

The role of body movements for distinguishing infant pain and stress has also been
explored. Ina 2007 review of literature, Holsti and Grunau outlined infant body movements
associated with infant stress and pain. None of the cues studied were found to be definitive for
pain and stress on their own; however, several were found to increase significantly with pain or
stress. General flexion and extension of arms and legs, hand on face, sitting on air, salute,
airplane, finger splaying, and fisting were all found to be associated with pain and stress. These
movements are consistent with Als’ theory that infants use certain motor strategies to react to
stressors. Both finger splay and fisting were seen more often in the preterm infant less than 30
weeks gestational age. Most of the cues were seen in both painful and stressful scenarios.
Fisting was the only cue which appeared to be more associated with stress than pain, but the

authors determined that this cue alone cannot define stress.
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In pain and stress assessment, prematurity can also have an impact on the validity of pain
measurement. Prematurity can affect infant’s reactions to noxious events due to their increased
exposure to painful events, increased sensitivity, and premature behavioral reactivity. As
previously stated, infants with previous pain experiences are more sensitive to tactile stimulation
(Abdulkader et al., 2008). Infants admitted to a NICU due to prematurity are more likely to
undergo more painful procedures than a healthy, term infant. Ina NICU in the United Kingdom,
over 3000 procedures were performed on a group of 54 preterm infants that were consecutively
admitted to the unit, and within that preterm sample, significantly more events were performed
on the lowest GA infants (Barker & Rutter, 1995). Due to the increased amount of painful
events that a preterm infant must undergo, increased sensitivity to tactical stimulation in this
population is an unfortunate reality, and one cannot conclusively know that stimuli like cluster
care is not painful to the premature infant (Grunau, Johnston, & Craig, 1990). In addition to
increased sensitivity, this population manifests pain differently than term infants. Infants may
express different facial reactions to pain, such as increased horizontal stretch mouth (Johnston,
Stevens, Craig & Grunau, 1993) and may have increased physiological reactivity to stress
(Lucas-Thompson et al., 2008).

Based on the current literature, the differences between pain cues and stress cues are not
definitive. The ambiguity of the cues may be a result of the inherent ambiguity of the stress and
pain! Stress and pain are not mutually exclusive conditions and their possible overlap makes
assessment difficult. Further research is needed to establish cues which can better delineate

stress and pain, especially in the preterm infant



18

Tool Assessment: Validity and Reliability

When evaluating pain/stress assessment tools, a basic knowledge of the concepts of
validity and reliability is necessary. To determine whether a tool has acceptable validity and
reliability, it is important to know the basic forms of these statistical measures and how a tool
can be tested for them. Within the theme of validity, a tool can have content, construct, and
criterion validity. In terms of reliability, tools are often tested for interrater reliability, intrarater
reliability, and internal consistency.

Validity.

An instrument is valid if it measures the idea or construct for which it was created
(DeVon et al., 2007). A construct is an abstract concept or disease process that cannot be
definitively diagnosed by objective means (Streiner & Norman, 1994, p 151). In relation to the
construct of infant pain, a tool is valid if it can identify when an infant is in pain. Because it is
impossible to know exactly when an infant is in pain due to lack of self report, a tool must bring
together symptoms, behaviors, and cues that are present during an event that is known to cause
pain. When using a valid pain tool, clinicians can identify when a patient exhibits the same cues
that were seen in a sample population during a painful event. Clinicians can use the tool to
decide whether the patient is in pain. Many of these tools have an established numerical score
associated with pain (Jonsdottir & Kristjansdottir, 2005; Stevens, Johnston, Franck, Petryson,
Jack, & Foster, 1999). Validation studies with controlled pain events and appropriate samples
are necessary to decide what that definitive pain score is. The most commonly discussed types

of validity are content, construct, and criterion validity.
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Content validity.

Content validity is the easiest type of validation to establish because it is the most
subjective, but it is also the least definitive. Content validity is the extent to which a tool
represents the fullest spectrum of the construct. It is most often formed during the development
of a tool. Methods that strengthen content validity include a review of pain literature to identify
many possible cues for inclusion, expert opinion on the tool from at least five different
professionals established in the field, and factor analysis to remove all cues which are redundant
(DeVon et al., 2007; McDowell & Newell, 1996). A tool also has greater content validity if it is
multidimensional; a pain tool which assesses both behavioral and physiological cues many have
better content validity than one that only assesses behavior (Streiner and Norman, 1994, p 147).
The simplest form of content validity is called face validity, in which experts and/or non-experts
can assess the tool superficially based on “grammar, syntax, organization, appropriateness, and
confirmation that it appears to flow logically” (DeVon et al., 2007).

Construct validity.

Construct validity is the measure of how well a tool measures the idea or construct on
which it is based (DeVon et al., 2007). In relation to infant pain, construct validity is measured
by how well the tool measures pain. This is often tested in studies by extreme groups. Extreme
groups are populations that definitively either have the proposed construct or do not (Steiner &
Norman, 1994). Many researchers developing infant pain tools will study an intervention group
during a necessary, routine painful procedure, such as a blood draw from the heel. Tool
developers who have a proposed set of cues that they believe best reflect pain will test their tool
on the infant before, during, and sometimes after the painful event. Because an infant is

assumed to be in pain during a blood draw, the score of the infant’s pain using the proposed tool
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during the blood draw should be different than the infant’s pre-pain assessment. The infants are
usually assumed to be pain-free before the heel stick, so their pre-assessment score is their
control, or the opposite extreme group. Two additional concepts related to construct validity are
convergent and discriminant validity.

Convergent and discriminant validity are very similar to the extreme groups previously
mentioned within construct validity. If a pain tool has convergent validity, it will correlate with
other cues associated with the construct. These other cues could be a pain event, lab test, another
tool, or any other test or outcome that could be associated with infant pain (Steiner & Norman,
1994). Discriminant validity is the opposite of convergent validity. If a pain tool has
discriminant validity, the tool should not correlate with cues that are not associated with infant
pain (Steiner & Norman, 1994). McDowell and Newell refer to convergent and discriminant
validity as sensitivity and specificity, respectively (McDowell & Newell, 1996). Sensitivity is
described as the ability of the tool to diagnose those with a construct as positive for that construct
(true positives), and specificity is described as the ability of the tool to define those without the
construct (true negatives).

Criterion validity.

Another form of validity is based on a tool’s ability to measure a construct in comparison
to another tool that is considered a gold-standard for the construct. This type of validity is called
criterion validity. To measure criterion validity, pain researchers will often test the construct
validity of a tool alongside a previously validated tool. Of course, if another tool is already
considered a gold-standard for the construct, researchers must explain why the new tested tool is
at all necessary. Common reasons include developing a tool that is more cost efficient, time

efficient, easier to teach, and more reliable (McDowell, & Newell, 1996). Sometimes pain
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researchers have problems with criterion validity based on the types of tools being compared.
Although all infant pain tools test the same construct of pain, some employ methods which are
less comparable to each other. For example, tools which rely on behavioral cues to assess pain
often garner slightly different results than those that use physiological cues and are not
immediately comparable (Holsti & Grunau, 2007a). Also, there is often not a tool that can be
considered a gold standard for certain constructs, such as for tools measuring both stress and pain
in infants. To validate these tools, expert opinion is often the only option for criterion
comparison (Wielenga, De Vos, de Leeuw, & De Haan, 2004). Criterion validity can also be
divided into concurrent and predictive validity.

Within criterion validity, concurrent validity represents a comparison of a proposed pain
tool with a standard, or criterion, at the same moment in time (DeVon et al., 2007). For instance,
pain tools assessed alongside one another indicate concurrent validity because their results are
available at the same time. Concurrent validity is the more common form of criterion validity in
infant pain assessment validation. Predictive validity represents the measurement of a construct
that cannot be assessed until a later date (McDowell & Newell, 1996). For example, tools which
assess patient outcomes cannot be evaluated for their validity until the patient is assessed at a
future time point.

Reliability.

While a tool’s validity is its ability to test for the presence of a certain construct, its
reliability reflects how consistently it can do so, or the reproducibility of response under the
same conditions. The reliability of an instrument is determined by statistically evaluating the
agreement between tool items or intraclass correlation. This is most commonly evaluated

through Cronbach’s alpha for each tool item. The closer the score approaches 1.0, the higher the
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degree of correlation. Reliability can be tested in terms of a tool’s items and raters by testing for
internal consistency and rater reliability, respectively.

Internal consistency is the measure of how much the individual items of a tool correlate
with each other (Streiner & Norman, 1994). Some tools contain items that, while they measure
the same construct, provide divergent data. For example, some tools have both physiological
and behavioral cues. These two types of cues may not entirely correlate, which could affect the
internal consistency of the tool. However, as mentioned previously, a wide range of cues
increases content validity which, according to Streiner and Norman, is more important than
internal consistency (Streiner & Norman, 1994).

Infant pain researchers are often concerned about the reliability of raters, as misinformed
raters can cause significant systematic error. Pain tools may be used by a wide range of people
with different educational and cultural backgrounds and varying levels of experience. In a
reliable tool, rater attributes should not significantly affect the scores. To describe the reliability
of the tool between raters, researchers measure interrater reliability and intrarater reliability.
Interrater reliability is the level of agreement between two raters’ assessment of the same event
(Tinsley & Weiss, 1975). It can be proven through several different statistical tests, and the test
that is employed depends on the attributes of the sample. Common tests for interrater reliability
are intraclass correlation, Pearson’s r, Cohen’s kappa, and Cronbach’s alpha (Abdei, 1996).
Intrarater, or within rater, reliability assesses the same rater twice; it is the agreement between
one rater’s scores at two different times. To measure intrarater reliability, the rater often assesses
an infant at bedside or by video, and reassesses that same event by video at a later date (DeVon
et al., 2007). Some researchers also test intrarater reliability of video coders by replaying an

assessment twice at random during a lengthy coding session. The reliability of the rater during
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one session evaluates rater fatigue, which is the possible decreased reliability of a rater during a
single assessment period.

Descriptions of the tools assessed within this review and their psychometrics are
presented in Tables 2-5.
Pain and Stress Assessment Tools

Behavioral and physiological pain cues are the basis for most pain and stress assessment
tools. In assessing pain and stress, many studies investigate the use of physiological parameters
like heart rate, heart rate variability, oxygen saturation (Haidet, 2005; Stevens et al., 2008), skin
conductance (Hellerud & Storm, 2002), salivary cortisol (Herrington, Olomu, & Gellar, 2004),
and behavioral indicators like body movements, facial actions, and infant sleep state (Haidet,
2005; Holsti, Grunau, Oberlander, & Whitfield, 2004). Most behavioral indicators can be
summarized by NIDCAP, the Newborn Individualized Developmental Care and Assessment
Program that includes 61 bodily movements in its assessment (Pressler, Hepworth, Helm, &
Wells, 2001). Thirty of these cues, like flexing arms and legs, yawning, and tremors, have been
associated with infant pain and stress (Holsti, Grunau, Oberlander, Whitfield, & Weinberg,
2005). All of these behavioral and physiological assessment cues are not definitive enough to
imply pain, but a combination of these cues, which is the basis of a pain or stress assessment
tool, can lead to better correlation with pain and stress.

There are over thirty pain assessment tools for infants, which differ from the kind of pain
assessed to the characteristics of the infant being assessed. Pain can be divided into acute pain,
which is a defense mechanism that alerts the body to damage, and chronic pain, which has no

purpose for survival. Most pain assessment tools are based on acute pain, which
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Description of Unidimensional Scales Reviewed
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Scale Creators Basis Behavioral Cues Scoring
system
ABC (Bellieni et al., A behavioral scale created to assess Acuteness of the first cry, Score 0-6,
2005) pain by cry quality based previous on  Burst rhythmicity and temporal 5 pts for
research (Bellieni et al., 2004) Constancy of cry intensity each cue
BIIP (Holsti & A behavioral tool created for preterm  Sleep/wake state, brow bulge,  Score 0-9,
Grunau, infants using certain NFCS cues eye squeeze, nasolabial 1 point per
2007b) (Grunau & Craig, 1987), body furrow, horizontal mouth, taut cue,
movement, and infant state. Cues tongue, finger splay, fisting crying/agita
chosen through ROL and studies of tion can
preterm infant pain reaction. receive 2
pts.
CHIPPS (Buttner & A behavioral post-operative pain Crying, facial expression, Score 0-10,
Finke, 2000) scale comprised of five cues and posture of the trunk, posture of 0-2 points
created for clinical utility. Buttner &  the legs, and motor for each
Finke validated it for newborns, restlessness. cue.
infants, and young children.
COMFORT-B COMFORT Adapted from the COMFORT scale,  Alertness, calmness/agitation,  Score 6-30,
adapted to it is a unidimensional tool created to  respiratory response 1-5 points
COMFORT-B measure distress in PICU patients. A  (ventilated children) or cry for each
by van Dijk et  version including only behavioral (non-ventilated children), cue.
al., 2000) cues was created in response to physical movement, muscle
divergent behavioral and tone, facial tension
physiological data results in the
original scale. Both ventilated and
non-ventilated patients can be
assessed with this scale.
EDIN (Debillon at A five cue behavioral scale facial expression, body Score 0-15,
al., 2001) developed for prolonged pain in movement, quality of sleep, 0-3 points
premature infants. In validation guality of contact w for each
studies, it has been used at the end  nurses/sociability, and cue
of an eight hour observation period. consolability
FLACC (Merkel et al., A behavioral tool created to assess Face, legs, activity, cry, and Score 0-10,
1997) postoperative pain in preverbal and consolability 0-2 points
non-verbal children. for each
cue.
NFCS (Grunau & A behavioral tool that uses facial 10 facial actions: brow bulge, Score 0-9
Craig, 1987) actions to assess pain in infants. It eye squeeze, deepened in FT
is based on the Facial Action Coding nasolabial furrow, open lips, infants, 0-
System used in adults. It has been vertical stretched mouth, 10in PT
validated for postoperative and horizontal mouth, lip purse, infants, 0-1
procedural pain. taut tongue, chin quiver, points for
tongue protrusion. Tongue each cue.

protrusion is not an indicator of
pain in FT infants.
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Scale Creators Basis Behavioral Cues  Physiological Scoring
Cues system
COMFORT (Ambuel, COMFORT was developed alertness, Respiratory All cues are
Hamlett, from the feedback of 20 calmness/ response rated 1-5, with
Marx, & experienced CCU nurses agitation, physical MAP a possible
Blumer, as a non-obtrusive, movement, heart rate score of 5-40.
1992) multidimensional measure muscle tone, facial Sedation
of distress in unconscious tension earns a lower
and intubated pediatric score, pain a
patients. higher score.
CRIES (Krechel & CRIES is afive cue Crying, requires O, All cues are
Bildner, neonatal postoperative pain  expression, and (SaO; below) rates 0-2, with
1995) scale created for clinical sleeplessness and “Increased a possible
feasibility. vital signs” (BP score of 0-10.
and HR)
N-PASS (Hummel, The N-PASS is a Crying/irritability, Vital signs. -2 to +2 points
Puchalski,  multidimensional pain behavior/state, Additionally, for each cue,
Creech, &  assessmenttool created for facial express-ion,  points are added ~ With a possible
Weiss, acute prolonged pain, but extremities/tone. for GA. 1 pointis Score of -10to
2008) also intended for procedural added forinfants  +10.
and chronic pain. Negative <30 weeks GA.
scores indicate sedation
and positive scores indicate
pain.
NIPS (Lawrence  This procedural pain scale Facial expression, Breathing 0-1 points for
et al., was created to be simpleto  arms (relaxed/ patterns each cue
1993) administer on PT and FT contracted), legs Crying earns
infants with six cues and (relaxed/ 0-2 points
one non-invasive contracted), and Total score O-
physiological measurement. state of arousal 7. tscore
It was adapted from the -
CHEOPS SCALE, which is indicates
for older children. pain.
PAT Hodgkin- The PAT is a posture/ tone, cry, Respirations, Scale is 0-20
son, Bear, multidimensional scale sleep pattern, heart rate, points; all ten
Thorn, & created for clinical expression, color.  oxygen cues are
Van feasibility and general pain.  aso: Nurse saturation, blood  worth 0-2
Blaricum, It incorporates nurse perception of pain  Pressure points.
1994) perception of pain as 10%
of the possible score. The
focus of assessment is
change over time.
PIPP (Stevens, Developed as a multi- Facial actions: heart rate, SaO,  Scale is 0-21,
Johnston, dimensional scale in full brow bulge, eye 0-3 pts for
Petryshen, term and preterm infants for squeeze, each cue.
& Taddio, all types of pain. PIPP nasolabial furrow
1996) includes three facial cues Also, gestational

from the NFCS that involve
the top of the head

age and
behavioral state
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Table 4
Unidimensional Scale Psychometrics

Validity Reliability
Scale Study and Sample Content  Construct*  Criterion Interrater Intrarater Internal
Reliability Reliability ~ Consistency
ABC (Bellieni et al., 2005) yes discriminant  Spearman Cohen'sk=  Cohensk= ---
90 FT neonates p<0.0001  P=0.91 0.83 0.85 after 2
with DAN months
(Bellieni et al., 2007a) discriminant  r=0.68 with Cohen'sk= - --- -
72 PT neonates p<0.001 PIPP 0.7
BIIP (Holsti & Grunau, yes p<0.0001 r=0.64 ICC=0.80- -- Cronbach's
2007b) 92 PT neonates with NIPS 0.92 0=0.82
(Holsti et al., 2008) discriminant  --- ICC=0.79-
p<0.0001 0.92
CHIPPS (Buttner & Finke, 2000) yes Sensitivity= @ (used a r=0.93 Cronbach's
584 newborns, infants 0.92-0.96 toddler a=0.96
and children Specificity = scale) For infants
0.74-0.95
COMFORT-B  (van Dijk et al., 2000) yes 0.89-0.96 Cohen'sK= - Cronbach's
158 0-3 year olds, with VAS 0.54-0.74 a=0.90-0.92
80%<1lyear old
(Johansson & Kokinsky yes GCC= Cohen's
2009) 0.50 with kappa= 0.71
40 infants and children, VAS
87% <1 year old
EDIN (Debillon et al., 2001) p<0.0001 Kappa= Cronbach’s
36-76 preterm infants 0.59-0.74 0=0.86-0.94
FLACC (Merkel et al., 1997) yes p<0.001 r=0.8 r=0.94
89 children upto 7 yrs With OPS
(Johansson & Kokinsky, yes p<0.001 GCC= Cohen's
2009) 0.50 with kappa= 0.63
40 infants and children VAS
(Ahn & Jun, 2007) discriminant  r=0.82- Tested
110 PT infants p<0.001 0.84 with before
CRIES assessment
NFCS (Grunau & Craig, 1987) yes discriminant - 0.88 (type
77 FT neonates significant unlisted)
(Grunau et al., 1998) yes discriminant  No value, Cohen’s
40 PT infants, 5-56 p<0.0001  correlate kappa=
days old with HR 0.83
(Pereira et al., 1999) discriminant -
70 FT neonates p<0.00001
(Stevens, Johnston & p<0.0001 Cohen’'s K= ---
Horton, 1994) 0.90, after
124 PT neonates 2 weeks

Note.The first study listed for each scale is the original publication for the tool. Construct validity labeled discriminant indicates scales that
cannot only distinguish between painful events and a baseline state, but can distinguish significantly between painful events and non-painful
or stressful events. P and p-value refer to the likelihood that results could be duplicated by chance. Spearman’s p, r (Pearson’s r), GCC
(gamma correlation coefficient), and ICC (intraclass correlation coefficient) are statistical values related to correlation that range in value from
1, indicating zero correlation, to 1, indicating absolute correlation. Cohen’s Kappa is related to interrater agreement and also ranges from 0
to 1. Cronbach’s alpha is a statistical measure of internal consistency ranging from 0 to 1.
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Multidimensional Scale Psychometrics
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Scale Study and Sample Validity Reliability
Content  Construct* Criterion Interrater  Intrarater Internal
Consistency
COM- (Ambuel et al., 1992) Yes r=0.75 with r=0.84 Cronbach’s
FORT 37 PICU pts, 76% <2 years stress VAS a=0.90
(Wielenga et al., 2004) Sensitivity= r=0.84 with Weighted  ---
19 PT infants 100%, expert Likert Kappa =
specificity= 0.84
7%
CRIES (Krechel and Bildner, 1995) yes discriminant ~ Spearman r=0.72 - -
24 post-op infants, 32-60 (p<0.0001)  rank=0.73
weeks GA with OPS
(Suraseranivongse et al., discriminant ~ r=0.30-0.38 w/ ICC=
2006) (p<0.001) CHIPPS, 0.98
22 FT post-op neonates r=0.32-0.39
with NIPS
NIPS (Lawrence et al., 1993) yes (p<0.001) r=0.53-0.84 r=0.92- Cronbach's
38 FT and PT infants with VAS 0.97 0=0.87-0.95
(Williams, Khattak, Garza, (p<0.001) Cohen’'s  85-98%, ---
& Lasky, 2009) kappa= retested
0.61-0.79 instantly
(Suraseranivongse et al., discriminant  r=0.84-0.88 ICC=0.98 ---
2006) (p<0.001) with CHIPPS
22 FT post-op neonates and r=0.32-
0.39 with
CRIES
N-PASS  (Hummel, et al., 2008) yes (p<0.0001) ICC, ICC=0.85 --- Cronbach’s
Spearman’s -0.95 a=0.82-0.72
rank=0.61-0.83 for pain, 0.89
with PIPP for sedation
(Hummel, Lawlor-Lean, yes discriminant ~ Spearman rho ICC= Spearman’  Cronbach'’s a
&Weiss, 2009) (p<0.001) correlation= 0.79-0.93 s p=0.87 = 0.84-0.89
0.743 with after a for procedural
PIPP week, 0.85  pain
after a year
PAT (Hodgkinson et al., 1994) yes Reported
20 PT and FT neonates with no p-
value given
(Spence et al., 2005) r=0.76 with ICC=
CRIES 0.85
PIPP (Stevens et al., 1996) yes discriminant ~ --- Standardized
237 PT and FT neonates (p<0.02) item o= 0.71
Ballantyne et al., 1999 yes discriminant ICC= ICC=0.94-
43 PT and FT neonates (p =0.0001) 0.93-0.96 0.98

Note.The first study listed for each scale is the original publication for the tool. Construct validity labeled discriminant indicates scales that
cannot only distinguish between painful events and a baseline state, but can distinguish significantly between painful events and non-painful
or stressful events. P and p-value refer to the likelihood that results could be duplicated by chance. Spearman’s p, r (Pearson’s r), GCC
(gamma correlation coefficient), and ICC (intraclass correlation coefficient) are statistical values related to correlation that range in value from
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1, indicating zero correlation, to 1, indicating absolute correlation. Cohen’s Kappa is related to interrater agreement and also ranges from 0
to 1. Cronbach’s alpha is a statistical measure of internal consistency ranging from 0 to 1.

can be divided into procedural pain or prolonged pain. Procedural pain exists after a precise
nociceptive event and is the easiest to quantify because the painful event can easily be controlled.
Prolonged pain can be the result of a procedure, but manifests in a longer and more variable pain
and recovery period, which is harder to assess. Researchers have developed pain tools for
procedural pain, prolonged pain, preterm infants, full term infants, and infants on respirators
(Anand, 2007). Additionally, several pain tools are intended for assessing stress in the infant as
well, and researchers have developed several tools solely for evaluating stress. Tables 2 and 3
summarize some of the most widely used infant pain and stress assessment tools.

In conclusion, pain and stress assessment and resolution in infants is vital in the clinical
setting. Unmanaged infant pain and stress is a problem with severe consequences, which can
often be solved with pharmacological and/or non-pharmacological intervention. However,
administration of analgesia within the infant population requires validation and awareness that
the infant is actually in pain. With so many pain and stress assessment tools available for
clinicians and researchers, selecting the most appropriate and most accurate pain assessment tool
for the patient is paramount. Additionally, some assessment tools include so many scored items
that they are only practical in a research setting, and are too complex for a clinical setting. The
available pain assessment tools have been compiled and summarized previously (Duhn &
Medves, 2004), but new research about pain assessment skills has been produced since that
publication. Also, Duhn and Medves did not explore the assessment of stress in their systematic
review. The purpose of this review is to (1) compare infant pain and stress instruments and make
recommendations about the reliability, validity, and clinical feasibility of current pain and stress

tools in both the research and clinical setting, (2) make recommendations about validation study
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design to best prove reliability and validity, and (3) discuss the implications for researchers and
clinicians regarding the most appropriate cues for assessing pain and stress in preterm infants to

allow for appropriate pharmacological and non-pharmacological intervention.
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Chapter 3: Methods

A complete and inclusive analysis of current pain and stress assessment tools requires an
organized exploration of the literature. In this chapter, the methods used to select articles and
tools for analysis will be described.

A critical review of the literature was conducted using the search terms pain scales or
measures of stress in the PubMed database of the National Institutes of Health. 687 articles were
found and 16 were selected for inclusion. 671 articles were rejected based on title and/or
abstract. Within the PubMed search, limits were set to include articles about human infants (birth
to 23 months) published in English since October 1999. The types of literature searched were
limited to clinical trials, meta-analysis, randomized controlled trials and review articles. All
studies were published in peer-reviewed, scientific journals. Studies were accepted based on the
inclusion and validation of an infant pain or stress assessment tool and an average sample age of
one to thirty days. Samples with both healthy and ill neonates were accepted.

After further examination of the selected articles, studies published before 2005 were
excluded to capture more current research. Six of the sixteen previously selected articles were
excluded due to the sample population age, poor study design, and publication before 2005. The
bibliographies of the initial sixteen selected articles were searched for additional applicable tools
and studies. All seventeen articles found within the bibliography search were rejected due to
sample age or publication date, but were read to find additional pain tools. Two additional tools
were identified, as listed in Table 7.

Ten studies and sixteen assessment tools were identified through PubMed and a
bibliography review. The text Pain in Neonates (Anand, Stevens, & McGrath, 2007) was

consulted to find additional pain tools and thirteen more tools were found for study. An
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individual PubMed search was performed for each of the twenty-nine tools with limitations and
exclusion criteria identical to the previous search. Nine additional articles were found for
review. The selection process is described in Figure 1.

Out of the twenty-nine pain or stress assessment tools searched, thirteen were selected for
critical review and analysis. Tables 6, 7, and 8 list the twenty-nine original tools. This decision
to include certain tools was based on the presence of recent validation research. The
psychometric data for the selected tools are listed in Tables 4 and 5.

Figure 1. Description of Article Selection Process
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Table 6
Scales Represented in PubMed Using Search Terms Measures of Stress and Pain Scales
Scale Name Full Name
ABC Scale* Acuteness of the first cry, Burst rhythmicity, Constancy of cry
BIIP Scale* Behavioral Indicators of Infant Pain
CHIPPS* The Children's and Infants' Postoperative Pain Scale
COMFORT scale* COMFORT scale
CRIES scale* Crying, Requires increased oxygen administration, Increased vital signs,
Expression, Sleeplessness.
DAN scale Douleur Aigué Nouveau-né
FLACC scale* Face, Legs, Activity, Cry, Consolability
MBPS Modified Behavioral Pain Scale
NFCS* Neonatal Facial Coding System
NIPS* Neonatal Infant Pain Scale
NNNS NICU Network Neurobehavioral Scale
PIPP* Premature Infant Pain Profile
PAIN Pain Assessment in Neonates

*Scales were selected for inclusion and further evaluation within this review

Table 7

Scales Represented in a Bibliography Search of Preselected Articles

Scale Name Full Name
DSVNI scale Distress Scale for Ventilated Newborn Infants
SUN scale Scale for Use in Newborns




Table 8
Scales Represented in Anand, Stevens, & McGrath (2007)
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Scale Name Full Name
DSVNI scale Distress Scale for Ventilated Newborn Infants
SUN scale Scale for Use in Newborns
BFACS Baby Facial Action Coding System
BPS Behavioral Pain Score
BPS Bernese Pain Scale
CAAS Cardiac Analgesic Assessment Scale
EDIN Scale* Echelle Douleur Inconfort Nouveau-né
IBCS Infant Body Coding System
LIDS Liverpool Infant Distress Scale
MAX Maximally Discriminative Facial Movement Coding
MAPS Multidimensional Assessment of Pain Scale
N-PASS* Neonatal Pain, Agitation, and Sedation Scale
NNICUPAT Nepean NICU Pain Assessment Tool
PAT* Pain Assessment Tool
RIPS Riley Infant Pain Scale

*Scales were selected for inclusion and further evaluation within this review

The nineteen studies and thirteen scales picked for inclusion represent the most current
studies validating the most researched infant pain and stress assessment tools available. The
aims of this integrated review of the literature are to (1) analyze the tools based on the
psychometrics available in these studies, (2) to make recommendations about their utility in
research and clinical settings, and (3) to summarize the research concerning the assessment of

stress and pain in the neonate.
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The data compiled from the analysis of the selected literature are reviewed in this section.

The sample statistics, study design, scale psychometrics, and study qualities contributing to

validity and reliability are described within these results. Table 9 summarizes the studies

analyzed in this integrative review.

Table 9
Summary of Studies Reviewed
# Author Scales Age group average Sample characteristics Type of pain Study design
group assessed
(range)
1 (Bellieniet  ABC Assessed at 0-3 days 90 infants in an Italian Procedural - heel Part RCT, part
al., 2005) GA: 39 wks (38-41) hospital, no intubation prep, heel prick, cohort
2 (Bellieniet  ABC GA: 34.1+2.7 wks 72 PT infants in an Italian Procedural — heel Part RCT, part
al., 2007a) hospital, no intubation prick and cotton cohort
swab to heel
3 (Holsti & BIIP Assessed at 25-28 wks 92 PT infants, some Procedural - heel repeated
Grunau, and/or 32 weeks PCA intubated, from a NICU in prick measures
2007b) GA@B: 29 wks (24-32) British Columbia. cohort study
4 (Holsti et BIIP PNA at assessment: 21 69 PT infants, 20% intubated, Procedural and Within
al., 2008) days (3-59) from a NICU in British routine care subjects,
) Columbia . repeated
GA@B: 24-32 wks (diaper change) measures
Cross over
study
5 (Suraserani CHIPPS PNA at assessment: 1 day 22 ft neonates, 50% intubated Post op - prolonged prospective
vongse et CRIES (1-23 days) in a Thai hospital. observational
al., 2006) NIPS ) study, part
GA: 39.9 wks selrer
6 (Johan- COM- 4 months (0-108m) 87% 40 post-op intubated PICU Post op - prolonged  Prospective
sson & FORT-B are <1 yr old, prematurity at  patients in a Swedish hospital observational,
ggl(;lg r;sky, FLACC birth not mentioned part cohort
7 (Wie-lenga COMFO PNA at assessment: 0-4 n=19 PT ventilated pt infants Post op - sedation Sample of an
etal.,, 2004) RT days from a NICU in Amsterdam open
) 4 population,
GA: 30 wks (26-36") prospective
observational
8 (Ahn & Jun, CRIES <7 days old 110 PT infants from a level [l Procedural Exploratory
2007) FLACC a3 NICU in Korea, intubated pts (3 levels of correlational
PIPP A;gi%% GA@B: 32" wks included pain/stress
(25741 intensity)
9 (Ancora et EDIN GA: 30 wks (25-41%). 84 PT newborns in an Italian Prolonged pain Retrospective
al 2009) Exact PNA at assessment NICU, 21% mech ventilation observational

not reported
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10 (Serpa, NFCS 1-7 days, GA 27-36 wks n=11 pt infants assessed at Procedural - Prospective

2007) NIPS 1,5,and 7 days PNAina venepuncture cohort study
PIPP Brazilian NICU, intubated
patients included

11 (Hummeet N-PASS 1-30days, GA@B 23-40 N=42 pt and ft infants in two Procedural —real Prospective
al., 2009) wks lllinois NICUs, 63% vs sham heel stick  crossover

ventilated/CPAP. design.

12 (Taksande  NIPS 3.6/3.7 days (0-7) n=80 neonates split into one Procedural - prospective
et al 2005) group >2.5 kg and another venepuncture cohort study

GA 37-42 wks <2.5 kg from a hospital in
India. Intubation not
mentioned.

13 (Bellieni, PIPP 2 groups: N=20 PT and 20 FT infants in  Procedural - heel prospective
Cordelli, et  NIPS ) an ltalian hospital. No stick cohort study
al 2007) (1) GA:34.2 ventilation info given

(2) GA: 39.5

14 (Hummel, N-PASS 0-100 days n=46 intubated and/or Prolonged — Prospective

et al., 2008) ) postsurgical infants on a analgesia observational
GA@B: 23-40 wks Level IIl NICU in lllinois. measured

15 (Spence et  PAT 22 days (0-182) n=144 infants from two General pain — Prospective

al., 2005) GA@B: 36.1 wk Australian NICUs. 45% were  evaluated for whole  observational
@B: 36.1 wks ot, 550 ft. 33% ventilated. shift.

16 (Jons-dottir  PIPP 9 days (0.7-28 n= 24 PT and FT infants from  Procedural Pain — Crossover
& Kristjans- ) a level Il NICU in Iceland. heel lance and design (non-
dottier, S;?B 33.9 wks (26.3- 17% on CPAP diaper change randomized)
2005) -5)

17 (Eriksson et PIPP 3-5 days n= 27 healthy ft infants froma Procedural — heel Crossover
al., 2008) ) maternity unit in Sweden lance and tactile design

GA: 40.2 wks stimulation
18 (Vederhus PIPP 0-30 days, GA at birth: 59% n=111 PT and FT Procedural — diaper Prospective
et al., 2006) <36 wks, 41% >36 wks consecutive neonates froma  change and heel cohort - known
NICU and maternity ward in stick/ groups
Norway, intubated and int comparison
ventilated patients included. Intravenous design
cannula insertion

19 (Slater et PIPP 24-34.6 GA@B, n=12 PT infants from a Procedural — heel Prospective

al., 2008) 5.134 d Id neonatal unit in London, lance cohort (not
) ays o intubated and ventilated observational)
patients included.
Study Sample
Location.

Nineteen studies were selected for inclusion within the review. The studies originated

from five continents: Europe, Asia, North America, Australia, and South America. The majority

of settings were neonatal intensive care or surgical intensive care units; however, several studies
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did not indicate the specific hospital setting in which they were conducted (Bellieni et al., 2005;
Bellieni et al., 2007a; Bellieni et al., 2007b). One study was conducted in a pediatric intensive

care unit (Johansson & Kokinsky, 2009), and another in a maternity unit (Eriksson et al., 2008).
Sample characteristics.

Each of the nineteen study samples was comprised of infants less than one year of age,
except for one study in which 87% of the sample was comprised of infants less than one year of
age, while the remaining 13% of the sample included children from one to ten years of age
(Johansson & Kokinsky, 2009). Reporting gestational age and postnatal age was inconsistent
among researchers; gestational age is a term than can represent the age of an infant at birth, and
is often but not always reported as gestational age at birth. Researchers also occasionally use the
term gestational age (GA) to represent a neonate at their current post-conceptual age at
assessment. This is a less accurate representation of true age, as it does not account for
development that occurs post birth. An adjusted gestational age uses the gestational age and
postnatal age since birth. This is the best representation of an infant’s true developmental age. In
the nineteen selected studies, several researchers reported the gestational age of the infants
without reporting the postnatal age and without clarifying whether the gestational age
represented the age of the infant at birth or at the time of assessment (Bellieni et al., 2007a;
Bellieni et al., 2007b). Some researchers reported both a gestational age and a postnatal age, but
it was still not clear whether the gestational age reported represented the infants’ age at birth or
at assessment. For these cases, the average subject’s postnatal age was less than five days
(Eriksson et al., 2008; Suraseranivongse et al., 2006; Taksande et al., 2005), so the difference

may not be clinically important.
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Gestational age.

The studies varied in the gestational age (GA) at birth of the samples. Five studies used a
strictly full term sample, defined as infants born at 37 to 42 weeks gestation (Bellieni et al.,
2005; Eriksson et al., 2008; Johansson & Kokinsky, 2009; Suraseranivongse et al., 2006;
Taksande et al., 2005), while seven employed a completely preterm sample, defined as less than
37 weeks gestation (Bellieni et al., 2007a; Holsti et al., 2008; Holsti & Grunau, 2007b; Serpa et
al., 2007; Slater et al., 2008; Wielenga et al., 2004). Seven studies used a mixed sample of term
and preterm infants (Ahn & Jun, 2007; Ancora et al., 2009; Bellieni et al., 2007b; Hummel et al.,
2008; Hummel et al., 2009; Jonsdottir & Kristjansdottir, 2005; Spence et al., 2005; Vederhus et
al., 2006). In these studies, comparisons were made between scale composite scores for preterm

and full term infant groups.
Effect of gestational age on pain scores.

Five of the studies with mixed gestational age samples examined the effect of gestational
age on pain scores. Ina 2009 publication validating the N-PASS, Hummel and colleagues found
that the pain scores of infants who were <30 weeks GA were significantly lower than the scores
of infants older than 30 weeks GA experiencing the same painful procedure (p<0.012) (Hummel
et al., 2009). Researchers validating the EDIN tool for prolonged pain (0-15 point scale) found
through a retrospective chart review that full term infants earned average scores of 5, infants 32-
37 weeks GA earned average scores of 4 and infants 25-31 weeks GA earned average scores of 3
in a NICU setting (p<0.001) (Ancora et al., 2009). In a study by Ahn and Jun comparing the
CRIES, FLACC and PIPP tools during a painful event, preterm infants were rated lower than full
term infants using the CRIES tool (scores of 4.62 v 5.73, p<0.05) and FLACC tool (scores of

4.26 v 6.09, p<0.05). No significant difference in pain scores was seen between preterm and full
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term infants assessed with PIPP, a tool which assigns extra points to infants born prematurely
(Ahn and Jun, 2007). Alternatively, another study validating the PIPP demonstrated much higher
scores in severely preterm infants after adjusting for gestational age, but the researchers reported
the sample size was too small to state significance (Vederhus et al., 2006). A study validating the
PAT tool did not show a difference between preterm and full term infant pain scores (Spence et
al., 2005). In addition to variations in gestational age, the studies also differed according to the

postnatal age of the infants at assessment.
Postnatal age.

Within the studies that reported postnatal age, samples ranged from strictly neonates to
average sample age of four months. Ten studies used a strictly neonatal sample, defined as 0-28
days old (Ahn & Jun, 2007: Bellieni et al., 2005; Eriksson et al., 2008; Hummel, Lawlor-Lean, &
Weiss, 2009; Jonsdottir & Kristjansdottir, 2005; Serpa et al., 2007; Suraseranivongse et al.,
2006; Taksande et al., 2005; Vederhus et al., 2006; Wielenga et al., 2004.). Three more studies
featured samples in which the average age of subjects was less than 30 days, but the range
included infants up to six months of age (Holsti & Grunau, 2007b; Holsti et al., 2008; Slater et
al., 2008; Spence et al., 2005). One study featured a sample with an average age of 35 days, and
two studies failed to report an average sample age (Ancora et al., 2009; Hummel et al., 2008).
Two studies did not report postnatal age, but referred to subjects as neonates (Bellieni et al.,
2007a; Bellieni et al., 2007b), and one study used a sample with an average age of four months

(Johansson & Kokinsky, 2009).
Inclusion/exclusion criteria.

In order to be assessed with a pain tool, patients are required to be able to mount a

behavioral or physiological response to pain. Thus, in selecting sample criteria, researchers often
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exclude patients whose pain cannot be appropriately measured due to confounding factors such
as intubation, sedation, and congenital and neurological anomalies.

Two of the 19 studies excluded patients who were mechanically ventilated or intubated.
These studies validated the Acuteness of the first cry, Burst rhythmicity and temporal Constancy
of cry intensity scale (ABC scale), a tool which assesses cry characteristics and cannot be
performed accurately with an intubated subject (Bellieni et al., 2005; Bellieni et al., 2007a).
Three studies did not discuss intubation and mechanical ventilation in their exclusion criteria or
their results (Bellieni et al., 2007b; Eriksson et al., 2008; Taksande et al., 2005). Of the fourteen
studies that included intubated patients, some used validated tools that included an item assessing
cry. The NIPS, PAT, CRIES, CHIPPS, COMFORT-B, and FLACC scales all include a cry cue
and all were applied to ventilated infants in at least one study within this review. To use and
validate the tools accurately, Johansson and Kokinsky used modified versions of the Face, Legs,
Activity, Cry, and Consolability scale (FLACC scale) and the COMFORT-B scale in their 2009
study of intubated infants and children. The researchers assessed for cry face instead of cry in
relation to ventilated infants (Johansson & Kokinsky, 2009). Johansson and Kokinsky describe
infants with cry face as silently moaning or whimpering, with facial expressions that mimic
screaming or sobbing. The Neonatal Facial Coding System also involves facial features that
typify cry face, which include neonatal brow bulge, eye squeeze, nasolabial furrow, and open
lips (Serpa et al., 2007).

Seventeen of the nineteen studies excluded infants with neurological or congenital
anomalies that could possibly alter pain response. Two studies accepted infants regardless of
their neurological status (Suraseranivongse et al., 2006; Spence et al., 2005). Seven studies

excluded infants who had received sedatives or analgesia within 72 hours of assessment, and
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three excluded infants who had received any neuromuscular blockage or muscle relaxers. Of the
nine studies that put no limits on infants who had received analgesia or sedation, three had
healthy, full term samples that would not likely require extensive sedation or analgesia (Bellieni
et al., 2005; Eriksson et al., 2008; Taksande et al., 2005), two had convenience samples in which
every consecutively born infant admitted to a NICU was assessed without exception (Ancora et
al., 2009; Bellieni et al., 2007b), and two validated the COMFORT scale and N-PASS, which

both assess sedation in addition to pain (Hummel et al., 2008; Wielenga et al., 2004).
Study Design

All nineteen studies were quantitative and eighteen of the nineteen were prospective,
meaning the subjects were recruited before the events that were studied occurred, thus
participants were studied before and after the procedural events. One study featured a
retrospective chart review (Ancora et al., 2009). All studies were either observational, in which
the infants were assessed without intervention, or quasi-experimental, in which infants’ reactions
to an event were studied. There were basic differences between the aims, methods, and types of

pain assessed in the observational and quasi-experimental studies.
Observational studies.

Most of the observational studies were associated with postoperative pain or sedation and
involved the Neonatal Pain, Agitation and Sedation Score (N-PASS), COMFORT scale,
COMFORT behavioral scale (COMFORT-B scale), Echelle Douleur Inconfort Nouveau-Ne
(EDIN scale), Crying, Requires oxygen, Increased vital signs, Expression and Sleeplessness
(CRIES scale), Pain Assessment Tool (PAT) and Children and Infants Postoperative Pain Scale
(CHIPPS) (Ancora et al., 2009; Hummel et al., 2008; Johansson & Kokinsky, 2009; Spence et

al., 2005; Suraseranivongse et al., 2006; Wielenga et al., 2004). All of these scales were created
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to assess non-procedural pain, like postoperative pain, acute-prolonged pain, general pain, and
sedation. One procedural scale, NIPS, was also tested for post-operative pain (Suraseranivongse
et al., 2006). Within these studies, pain assessment did not occur with any one event, but instead
pain or sedation was often assessed periodically in accordance to individual hospital unit policy.
Some of these studies involved an element of experimental design — two assessed pain before
and after administering analgesia to measure the construct validity of FLACC and N-PASS
(Johansson & Kokinsky, 2009; Hummel et al., 2008), or used an additional sample of subjects to

assess pain during a procedural event (Suraseranivongse et al., 2006).
Quasi-experimental studies.

Most of the quasi-experimental studies within this review assessed procedural pain.
These studies featured a specific painful event, and the subjects were assessed with the given
scales before, during, and/or after the event (Bellieni et al., 2005; Bellieni et al., 2007a; Bellieni
et al., 2007b, Holsti & Grunau, 2007b; Serpa et al., 2007; Slater et al., 2008; Taksande et al.,
2005). A painful event was usually invasive and defined as a heel stick or heel lance,
venepuncture, or intravenous catheter insertion, all of which were medically necessary
procedures. Other gquasi-experimental studies explored the effects of two separate events, a
painful event and a stressful or non-pain event to determine the ability of a tool to discriminate
between pain and non-pain stimulation. The PIPP, BIIP, and N-PASS tools were assessed with
this type of intervention. The time between pain and non-pain/stress events varied for each
study; for some, the procedures were conducted in a randomized order, with five to ten minutes
between events (Eriksson et al., 2008; Hummel, Lawlor-Lean, & Weiss, 2009), or in a specified
order with approximately six minutes between events (Jonsdottir & Kristjansdottir, 2005). Other

researchers did not perform the events during a specific timeframe; assessment was simply
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conducted when the infant required a pain or non-pain procedure (Holsti et al., 2008; VVederhus
et al., 2006). This approach was used for a study validating CRIES, FLACC, and PIPP which
assessed eight different events, both pain and stress-inducing, divided into three levels of

stimulation: invasive procedures, cluster care, and auditory stimuli (Ahn & Jun, 2007).
Tool Psychometrics

The tools tested within the studies in this review were validated for their psychometric
properties. The studies were validated for pain assessment, not just by the procedures they
assessed, but by the demographics of the raters performing the assessments, the context of the
rating, and the states of pain and stress that the tools could discern. Psychometric data for the

studies reviewed are presented in Tables 10 and 11.
Construct validity.

Most of the quasi-experimental studies included tests for construct validity through
assessment of pain with the scale in question before, during, and after a painful event. In the
case of some observational studies, construct validity was found by assessing for pain before and

after analgesia administration.
Discriminant validity, sensitivity, and specificity.

In addition to construct validity, some of the studies under review reported discriminant
validity, sensitivity and specificity. Discriminant validity is the ability of a tool to distinguish
between two separate theoretical concepts, such as pain and non-pain or stress. Sensitivity and
specificity are two additional forms of construct validity related to discriminant validity.

Sensitivity is the ability of a tool to detect the presence of a construct, or determine when an
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Table 10
Psychometrics for Unidimensional Scales Reviewed
Validity Reliability
Scale Study and Sample Content Construct=  Criterion Interrater  Intrarater Internal
Reliability  Reliability  Consistency
ABC (Bellieni et al., 2005) discriminant  Spear- Cohen'sk Cohen'sk ---
90 FT (full term) yes p<0.0001 man =0.83 =0.85
Neonates p=0.91 after 2
Nurse rated with DAN months
feasibility: good
(Bellieni et al., 2007a) discriminant  r=0.68 Cohen'sk  ---
72 PT (preterm) p<0.001 with PIPP =0.7
neonates
Nurse rated
feasibility: good and
very good
BIIP (Holsti & Grunau, p<0.0001 r=0.64 ICC=0.80- --- Cronbach's
2007b) yes with NIPS 0.92 a=0.82
92 PT neonates
(Holsti et al., 2008) discriminant  --- ICC=0.79- ---
69 PT neonates P<0.0001 0.92
CHIPPS (Suraseranivongse et Discriminant  r=0.30- ICC=0.93 ---
al., 2006) p<0.001 0.38 with
22 FT post-op CRIES,
neonates r=0.84-
Nurse rated 0.88 with
feasibility: NIPS
Practicality rated 4.5-
8.5/10
COM- (Johansson & GCC= Cohen's
FORT-B Kokinsky, 2009) Yes 0.50 with kappa:
40 infants and VAS for 0.71
children pain, 0.57
87% <1 year old with NIS
for
sedation
EDIN (Ancora et al., 2009)
84 PT infants
FLACC (Johansson & yes p<0.001 GCC= Cohen's
Kokinsky, 2009) 0.50 with kappa:
40 infants and VAS 0.63
children
(Ahn & Jun, 2007) discriminant r=0.82- Coders
110 PT infants p<0.001 0.84 with checked
CRIES before
rating
NFCS Serpa et al., 2009 Yes,
11 PT neonates no p-value

Note:Construct validity labeled discriminant indicates scales that cannot only distinguish between painful events and baseline, but can

distinguish significantly between painful events and non-painful or stressful events. P and p-value refer to the likelihood that results could be
duplicated by chance. Spearman’s p, r (Pearson’s r), GCC (gamma correlation coefficient), and ICC (intraclass correlation coefficient) are
statistical values related to correlation that range in value from 1, indicating zero correlation, to 1, indicating absolute correlation. Cohen’s
Kappa is related to interrater agreement and also ranges from 0 to 1. Cronbach’s alpha is a statistical measure of internal consistency ranging

fromO0to 1.
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Table 11
Psychometrics for Multidimensional Scales Reviewed

Scale Study and Sample Validity Reliability
Content Construct Criterion Interrater Intrarater Internal
Consistency
COM-  Wielenga et al., 2004 Sensitivity: r=0.84 with Weighted -
FORT 19 PT infants 100%, expert Likert Kappa =
scale specificity: 0.84
7%
CRIES (Suraseranivongse et al., discriminant r=0.30-0.38 ICC: 0.98
2006) p<0.001 with
22 FT post-op neonates CHIPPS,
r=0.32-0.39
with NIPS
Ahn & Jun r=0.899 with Coders
110 PT infants FLACC and checked
Nurse rated feasibility: LS00 i before
ol ' PIPP
Practicality rated 7.5-8.0/10 ﬁtssessme
NIPS Serpa et al., 2009 Yes,
11 PT neonates p-value not
given
(Taksande et al., 2005) p<0.001
80 FT neonates
(Suraseranivongse et al., discriminant ~ r=0.84-0.88 ICC=0.98 -
2006) p<0.001 with CHIPPS
22 FT post-op neonates and r=0.32-
N d feasibility: 0.39 with
urse rated feasibility: CRIES
Practicality rated 8.7-9.1/10
(Bellieni et al., 2007b) Cohen's K -
40 PT and FT neonates of 0.3-0.6
N-PASS (Hummel, et al., 2008) yes (p<0.0001) ICC, ICC=0.85- --- Cronbach’s a=
46 PT and FT post-op Spearman’s 0.95 0.82-0.72 for
neonates rank=0.61- pain, 0.89 for
0.83 with sedation
PIPP
(Hummel, Lawlor-Lean yes discriminant Spearman ICC= Spear-man’s  Cronbach’s a =
&Weiss, 2009) P<0.001 rho 0.79-0.93  p=0.87 after 0.84-0.89 for
44 PT and FT post-op correlation: 1 week, 0.85 procedural
neonates 0.743 with after one pain
PIPP year
PAT (Spence et al., 2005) Pearson's ICC=0.85 --
144 FT and PT neonates r=0.76 with
and infants CRIES
PIPP (Ahn & Jun, 2007) r=0.653 with Coders
110 PT infants FLACC and checked
r=0.601 with before
CRIES assessme
nt
(Jonsdottir et al., 2005) yes discriminant -- r=0.887 -
24 PT and FT neonates p<0.0001 0.961
(Eriksson et al., 2008) Discriminant ~ ---

27 FT neonates p=0.004




45

(Vederhus et al., 2006) yes discriminant Spearman  --- Cronbach's
111 PT and FT neonates p=0.014 correlation alpha =0.78
coefficient
0.89 -0.97
(Slater et al., 2008) regression ICCn= Intraclass
12 PT infants and neonates coefficient= 0.96 correlation =
0.72 with 0.99
cortical
activity level
(Bellieni et al., 2007b) Cohen's
40 PT and FT neonates k=0.1-0.16

*Construct validity labeled discriminant indicates scales that cannot only distinguish between painful events and baseline, but can distinguish
significantly between painful events and non-painful or stressful events. P and p-value refer to the likelihood that results could be duplicated
by chance. Spearman’s p, r (Pearson’s r), GCC (gamma correlation coefficient), and ICC (intraclass correlation coefficient) are statistical
values related to correlation that range in value from 1, indicating zero correlation, to 1, indicating absolute correlation. Cohen’s Kappa is
related to interrater agreement and also ranges from 0 to 1. Cronbach’s alpha is a statistical measure of internal consistency ranging from 0 to
1.

infant is in pain, while specificity is the ability of a tool to detect the absence of a construct, or
determine when an infant is not in pain.

Within the reviewed studies, nine tested discriminant validity or sensitivity and
specificity of pain tools between the constructs of pain and non-pain or pain and stress by
comparing the scores of infants at both a painful event and either a non-pain or stressful event.

Five of these studies compared pain to a non-pain event; non-pain events included a
cotton swab to the heel (Bellieni et al., 2007a), thirty seconds of light tactile stimulation to the
infants” arm (Eriksson et al., 2008), and the preparatory activities for a painful event (Bellieni et
al., 2005; Hummel et al., 2009; Suraseranivongse et al., 2006). Four of these studies compared
painful events to a more stressful event; two assessed diaper change (Jonsdottir & Kristjansdottir,
2005; Vederhus et al., 2006), and two assessed various types of cluster care, like diaper change,
temperature, mouth care, etc (Ahn & Jun, 2007; Holsti et al., 2008).

Four of the nine studies reported a significant difference between a pain event and a non-
pain or stress event without labeling as any type of construct validity (Ahn & Jun, 2009;

Eriksson et al., 2008; Jonsdottir & Kristjansdottir, 2005; Vederhus et al., 2006), two reported it as
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discriminant validity (Holsti et al., 2008; Hummel et al., 2009) and three reported it as sensitivity
and specificity (Bellieni, 2005; Bellieni et al., 2007a; Suraseranivongse et al., 2006).

Criterion validity.

Ten of the nineteen studies reviewed assessed a pain tool for criterion validity, which is
the level of agreement of a scale with a gold-standard that has previously been validated for
assessing pain. The tools validated in the reviewed studies were often compared to tools that,
while measuring the same construct of pain or stress, were fundamentally different. Three
studies compared multidimensional tools with unidimensional tools (Bellieni et al., 2007a)
(Holsti & Grunau, 2007b; Suraseranivongse et al., 2006) and two studies compared tools with
behavioral or physiological cues to Likert-style scales (Johansson & Kokinsky, 2009; Wielenga
et al., 2004). In five studies, tools being validated were compared to similar tools; behavioral
tools were compared to behavioral, multidimensional compared to multidimensional (Bellieni et
al., 2005; Hummel et al., 2008; Hummel et al., 2009; Johansson & Kokinsky, 2009; Spence et al.,
2005).

In one study, NIPS is referred to as a strictly behavioral scale (Suraseranivongse et al.,
2006) while in another it is considered multidimensional (Holsti & Grunau, 2007b). The item
which Holsti and colleagues consider physiological is breathing pattern, which can be scored as
relaxed (0 points) or change in breathing (1 point). It is the opinion of the current author that the
NIPS scale is multidimensional.

Pain and stress definition.

Certain studies defined cut-off scores for pain for each scale. Jonsdottir and
Kristjansdottir (2005) defined moderate to severe pain as a score greater than 11.72 points out of

a possible 21 points, and minimal to no pain as a score less than 6 points. They noted that these
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numbers corresponded to previous studies for the PIPP which defined scores of 12 and 6 as the
pain and non-pain limits. In another study, pain requiring intervention was defined as a score
greater than 4 using the CRIES, CHIPPS, and NIPS scales. CRIES and CHIPPS have a 0-10

scoring scale, while NIPS has a 0-7 scale (Suraseranivongse et al., 2006).
Sedation.

Two of the tools within this review assess for both pain and sedation. The COMFORT
scale and the N-PASS are two tools which are designed to assess whether a patient is very
sedated, has intense pain, or is somewhere in between the two. A score of 0 on the N-PASS

indicated an absence of both pain and sedation.
Study Quialities Contributing to Validity and Reliability
Rater demographics.

In validating a tool, a practical way to select those who assess subjects within a study is
to evaluate who would use the tool in the setting for which it is designed. In many healthcare
settings, the caregiver most often responsible for pain assessment is a nurse. As a result, many
studies researching clinical feasibility assign nurses to administer the tools. For studies
examining the tool for use in a research setting, the nurse rater is not as necessary. Many
researchers also used more than one rater, which allows the tool to be tested for interrater
reliability. Interrater reliability is determined by comparing the scores of two separate raters. If a
tool is reliable between raters, different people using the tool to assess the same situation should

produce a similar score.

The studies within this review used a variety of raters. Four of the studies within this

review used two nurses or two physicians to assess pain with the ABC scale (Bellieni et al.,
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2005; Bellieni et al., 2007a), COMFORT-B scale, FLACC scale (Johansson & Kokinsky, 2009),
and the N-PASS (Hummel et al., 2008). Two studies used three nurses at each assessment; one
validated CHIPPS, CRIES, and NIPS (Suraseranivongse et al., 2006), and the other NIPS and
PIPP (Bellieni et al., 2007b). Some researchers paired an expert in the subject with a novice, to
reflect potential raters with varied experience with scoring pain. Five studies used either a nurse
and an expert or an expert and a non-expert, for BIIP, COMFORT, N-PASS, and PIPP (Holsti &
Grunau, 2007b; Holsti, Grunau, Oberlander, & Osiovich, 2008; Hummel et al., 2009; Jonsdottir
& Kristjansdottir, 2005; Wielenga et al., 2004). Five studies used one rater at each assessment,
which involved the EDIN scale (Ancora et al., 2009), NFCS, NIPS, and PIPP (Eriksson et al.,
2008; Serpa et al., 2007; Taksande et al., 2005; Vederhus et al., 2006). Two studies used raters
who were identified as researchers and research assistants for the CRIES, FLACC, and PIPP

(Ahn & Jun, 2007; Slater et al., 2008).
Training process for raters.

Few researchers described the training process for the use of each tool within their
studies, but those that did usually reported that the process was brief. Training with the cry-
based ABC scale involved two 20 minute sessions with an audio compact disc (Bellieni et al.,
2005). Wielenga et al., 2004 describe a two hour training process for the COMFORT scale for
the nurses within the study. Ancora and colleagues did not define the training time for the EDIN
scale, but reported that all nurses and neonatologists working on the unit where the study took
place had to attend a course in neonatal pain (Ancora et al., 2008). An introduction to the PIPP
scale for a NICU nurse without experience in pain assessment was described as brief (Jonsdottir
& Kristjansdottir, 2005). All other studies either did not mention training or explained who was

trained without describing how they were trained. None of the studies accounted for reorienting
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coders to the tool if they had not recently participated in assessment for the study. Several
studies measured assessment skill retention in analysis by measuring intrarater or test-retest
reliability, in which a coder reassessed video of an assessment after one week, two months, or
even a year since having first seen it. Studies measuring intrarater reliability included the PIPP
(Slater et al., 2008), the N-PASS (Hummel, Lawlor & Weiss, 2009), and the ABC scale (Bellieni

et al., 2005).
Translatability.

Many of the assessment tools validated in the selected studies were not conducted in the
language or culture for which they were originally written. Three studies mentioned the process
of translation, in which the tools were translated from English to another language and translated
back again. The CHIPPS, NIPS, CRIES scales were translated from English to Thai
(Suraseranivongse et al., 2006) and the PIPP scale was translated from English to both Swedish
(Johansson & Kokinsky, 2009) and Norwegian (Vederhus et al., 2006). The correlation of the
same scale in two different languages illustrates the translatability of the scale across different
languages and cultures, regardless of both the cultural background of the infant, and the cultural
influence of the person assessing for pain.

Nurse rating of clinical utility.

Four of the nineteen studies assessed clinical feasibility of tools as reported by nurse
raters. Two of these studies validated the ABC scale (Bellieni et al., 2005; Bellieni et al., 2007a;
Bellieni et al., 2007b; Suraseranivongse et al., 2006). In a 2007 study, ten nurse raters were asked
to rank the three cry-related items in the ABC scale in relation to the preterm study sample as
unsatisfactory, good, and very good. The raters described all three cues as good or very good. In

a 2005 study with full term infants, nurse raters ranked the ABC in terms of time required,
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simplicity, and utility as good out of a possible unsatisfactory, improvable, and good. In
Suraseranivongse and colleagues' 2006 publication, nurses rated the CHIPPS, NIPS, and CRIES
tools on a scale of one to ten regarding six components of clinical utility, including ease of use,
duration of rating, difficulty in assessment, help in decision to treat, feasible for clinical practice,
and able to differentiate the severity of pain. The NIPS scale, a unidimensional dichotomous
tool, was deemed most clinically feasible in all areas, while CRIES, a multidimensional scale,
was rated as the hardest to use, the most time consuming, the least helpful, and the least feasible.
The CHIPPS scale was rated similarly to the NIPS scale, but 65% of nurses preferred NIPS to
CRIES and CHIPPS. Nurses reported that the cue posture of the trunk: rear up was not useful in
infants who were in a prone position (Suraseranivongse et al., 2006). Ina 2007 study comparing
the interrater reliability of NIPS and PIPP, the authors attributed the low agreement (Cohen's
K=0.10) between a nurse at bedside and one via video to the inability of the bedside nurse to
compile all the information for assessment into the two minute time period needed

Bedside versus video.

Within validation studies, infant pain tools are often used for assessment at bedside, or
the infants are videotaped and rated for pain at a later time. Rating at bedside captures a realistic
clinical scenario, but raters often cannot be blinded to the event, which can influence reliability
and validity. Blinding raters and reducing bias can be made easier through coding by video.
Nine of the studies used assessment at the bedside, validating the FLACC, CRIES, PIPP, NIPS,
NFCS, N-PASS, PAT and COMFORT-B scales (Ahn & Jun, 2007; Ancora et al., 2009; Hummel
et al., 2008; Johansson & Kokinsky, 2009; Jonsdottir & Kristjansdottir, 2005; Serpa et al., 2007;
Spence et al., 2005; Taksande et al., 2005; Vederhus et al., 2006). One study was able to blind

the raters while conducting the experiment with N-PASS at bedside (Hummel, Lawlor & Weiss,
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2009). Six studies assessed with scales via video, helping validate the ABC scale, BIIP scale, and
PIPP scales (Bellieni et al., 2005; Bellieni et al., 2007a; Eriksson et al., 2008; Holsti & Grunau,
2007b; Holsti et al., 2008; Slater et al., 2008). Two studies employed both video and bedside
rating, with one study using video rating to determine construct validity and using bedside
assessment to determine criterion validity for CRIES, CHIPPS and NIPS (Suraseranivongse et
al., 2006), and another study using both video and bedside assessment to determine the interrater

reliability of NIPS and PIPP (Bellieni et al., 2007b).

Seven of the thirteen tools reviewed contain cues that require the intervention or opinion
of a nurse or caregiver to complete the assessment, including the PAT, EDIN, CRIES,
COMFORT, COMFORT-B, FLACC, and N-PASS tools. The PAT, EDIN, and FLACC scale
require input by the caregiving nurse; the PAT score includes the caregiving nurse’s opinion of
an infant’s pain over an entire shift, the EDIN scale includes quality of contact with nurses as a
cue and is used at the end of an eight hour observation period, and the FLACC includes
consolability. Three tools require the assessment of reflex or tone; COMFORT and COMFORT-
B require touching the infant to assess muscle tone, while the N-PASS assesses for grasp reflex.
Three tools explicitly require extended observation; CRIES requires the infant to be observed the
hour previous to assessment for sleeplessness, while the PAT’s element of nurse opinion and the

EDIN’s quality of contact with nurses encompasses the infant’s behavior over an entire shift.

The selected studies within this review encapsulate the current trends in infant pain tool
research, specifically with the neonatal population. Through a variety of acutely ill and healthy
preterm and full term neonates, researchers validated the selected pain scales for research and
clinical settings and investigated the validity of cues like gestational age and cry. The aims of

the studies, including the assessment of discriminant validity, focused on the current trend in
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pain assessment toward the recognition of separate stress and pain states and the pursuit of a tool

which can identify the difference in vulnerable preterm infants.
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Chapter 5: Discussion

Within the spectrum of infant care, accurate assessment of pain and stress is key to
reducing the negative impact that neonatal pain can have on infant development and care.
Neonates residing in NICUs are exposed to a harsh environment and infant pain and stress
assessment is not always consistent among hospital staff, which can lead to repeated neglect of
an infant in pain (Barker & Rutter, 1995; Reyes, 2003). Assessment tools which can be
consistently and practically applied to evaluate stress and pain in neonates are paramount to
determining the need for treatment.

Within this review, studies comprised of full term and preterm samples of neonates were
used to validate tools for the detection of acute pain, prolonged pain, general pain, and sedation
through observational and quasi-experimental methods. To be considered a valid instrument, a
tool must be tested for certain psychometrics, such as content, construct, and criterion validity,
interrater and intrarater reliability, and internal consistency. Several tools were also tested for
clinical utility by assessing nurse satisfaction. Out of the 13 tools included in this review, several
emerged as the most valid and reliable for use in research and use in clinical practice. Specific
tools were identified as the most valid for procedural pain, acute-prolonged pain, and sedation,
which include the PIPP, NFCS, NIPS, N-PASS, and more.

Tools Suitable for Research

Instruments suitable for scientific inquiry should have specificity for pain and
demonstrate validity and reliability. Tools preferable for research purposes often include a larger
number of cues than do clinically useful tools; the additional information can more fully describe
a range of infant behaviors and thus provide increased specificity. Tools measuring procedural

pain are common in research, as procedures are more easily testable for the acute response they
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invoke, rather than assessing for prolonged or chronic pain. The PIPP and the NFCS are two
instruments that, through their design and validation, are well suited for pain assessment in
research.

Premature Infant Pain Profile (PIPP).

The Premature Infant Pain Profile (PIPP) (Stevens et al., 1996) has been validated for
procedural pain for all of the psychometrics previously mentioned. Many of the studies within
this review use the PIPP scale as a gold standard to assess construct validity for other scales; the
PIPP had acceptable agreement with both unidimensional and multidimensional scales including
the ABC scale, FLACC scale, and N-PASS (Bellieni et al., 2007a; Ahn & Jun, 2007; Hummel et
al., 2008). Researchers within this review also defined specific PIPP scores at which the infant
could be considered in pain (Jonsdottir & Kristjansdottir, 2005). The PIPP scale has a large
range, with seven indicators that can be scored from 0-3, which allows higher specificity in pain
measurement. While the PIPP has excellent validity and reliability, some studies within the
review reported poor clinical feasibility because of low interrater reliability (Ahn & Jun, 2007,
Bellieni et al., 2007b). However, these results conflict with a previous validation study by the
originators of the PIPP instrument where interrater reliability was 0.94-0.98 for video and
bedside raters, respectively (Ballantyne, Stevens, McAllister, Dionne & Jack, 1999).

Additionally, the PIPP scale has demonstrated translatability to Norwegian and Swedish
languages. Pain tools should be tested for translatability, not only so the tools are available in
several different languages, but also so the tools can be considered reliable in different countries,

regardless of the influence that culture may have on the assessment of pain.
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Neonatal Facial Coding System (NFCS).

Another infant pain tool suitable for research in neonates is the NFCS (Grunau & Craig,
1987), a unidimensional tool that assesses ten facial actions in response to procedural pain.
Although the tool only appeared in one study within this review, it is a very important tool in the
spectrum of infant pain assessment, and deserves elaboration. Originally created based from
research of full term infants, this tool has previously been validated for both the preterm and full
term population and at the bedside. Ina 2009 study assessing infants during immunizations, the
NFCS was not able to discriminate between the pain reactions of infants who were rated as either
stressed or without stress before receiving an injection (Kohut & Riddell, 2009). The ability of
the NFCS to discriminate between pain preceded by stress and pain not preceded by stress has
not been tested with the NFCS in neonates. However, the NFCS has shown discriminant validity
between the constructs of non-pain and pain, through neonates undergoing either a heel rub or a
heel lance (Grunau & Craig, 1987). This tool has been used repeatedly in research and is often
the basis for studying facial reactivity in infants.

Certain cues within the NFCS may be less applicable to certain populations; the items
nasolabial furrow, open lips, stretched mouth, lip purse, and taut tongue may be affected by
intubation (Grunau, Oberlander, Holsti & Whitfield, 1998). However, a study within this review
did use the tool with a sample that included ventilated infants (Serpa et al., 2007). Because very
preterm infants may not have the ability to demonstrate the lower facial discriminant
characteristics of lip purse and taut tongue, these indicators may be unreliable for this population
(Haidet et al., 2009). The indicators nasolabial furrow, brow bulge, and eye squeeze have been
proven to be as predictive of pain as the complete tool, so the NFCS is still reliable for these

populations (Peters et al., 2003)
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Tools Suitable for Clinical Use

Some tools are more suited for clinical use, based on the clarity of the items, the
simplicity of the scoring system, the ability to collect information without disturbing the infants,
and the speed of assessment.

ABC scale (Acuteness of the first cry, Burst rhythmicity, Constancy of cry).

The ABC scale (Bellieni et al., 2005) is a three-cue tool with a possible score from 0-6
that assesses cry based on the pitch of the first cry, the siren-like quality of the cry, and the
duration of the cry. This tool was created for its clinical utility, as the assessor only needs to
interpret auditory stimuli to determine an infant’s score. The tool was tested with both full term
and preterm samples in two separate studies within this review. Concurrent validity was greater
with term infants, which may be a reflection of the decreased content validity of the ABC scale
in the preterm population; preterm infants have a weaker cry response, and are more likely to not
cry in response to pain in comparison to full term infants. Additionally, the tool is not validated
for intubated patients because it cannot be administered on patients who cannot cry. The tool
was tested for clinical feasibility in the two studies within the review, and nurses rated the tool as
easy to use for both samples. Overall, the ABC scale is useful in a clinical setting as a fast way
to assess pain in full term, healthy infants, but is less useful in preterm and/or intubated patients.

Neonatal Infant Pain Scale (NIPS).

The NIPS scale (Lawrence et al., 1993) is a six cue behavioral tool that measures five
cues as 0 or 1 point and cry as 0, 1, or 2 points (Lawrence et al. 1993). The fact that a rater only
chooses between two possible options for most of the items makes the tool easy to remember and
report, but may lead to less specificity than a more detailed tool. It has previously been validated

with preterm and full term infant samples. The inclusion of a cry and respiration cue makes the
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tool less valid for intubated infants, although a study within the review used the tool to assess a
sample that was 50% intubated. Within that study, nurses rated NIPS as the best tool for clinical
use in comparison to CHIPPS and CRIES (Suraseranivongse et al., 2006), although it is not clear
how easily and reliably the tool could have been applied to this intubated sample if cry and
respiration could not be assessed as directed by the NIPS scale. Within that study, the tool was
also translated accurately to Thai, which shows that it has translatability to other languages and
cultures.

Behavioral Indicators of Infant Pain (BIIP).

The BIIP scale is a unidimensional tool validated for preterm infants that is comprised of
eight different cues (Holsti & Grunau, 2007b). The tool includes five items from the NFCS, two
hand movements, and a rating of behavioral state. Within the studies under review, the tool is
tested for construct validity, criterion validity, discriminant validity, interrater reliability, and
internal consistency. Raters using the BIIP assigned significantly different scores to infants
undergoing stressful versus painful procedures. Although the researchers reported the BIIP as
useful clinically, additional research is required to assess whether clinicians find the tool easy to
use. The BIIP score can be used in intubated patients and with patients whose lower extremities
are bundled.

Tools for Prolonged Pain and Sedation

Recently, researchers have developed more tools to test prolonged pain. Within this

review, procedural pain was often assessed postoperatively with the EDIN, N-PASS, PAT,

COMFORT, and COMFORT-B scales.
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Neonatal Pain, Agitation, and Sedation Scale (N-PASS).

Among the tools used for prolonged and acute-prolonged pain, the N-PASS is a new
multidimensional, five cue tool for preterm and full term infants (Hummel, et al., 2008). N-PASS
is both a sedation tool and a pain tool, with scores of negative 10 to O representing sedation and 0
to positive 10 representing pain. The cues include crying/irritability, behavior/state, facial
expression, extremities tone, and vital signs, which can be scored as -2, -1, 0, 1, or 2 points. An
infant with a score of 0 is without pain and is not sedated. The tool has construct, discriminant,
and criterion validity, and interrater and intrarater reliability, as shown in the studies within this
review. N-PASS is validated for both acute-prolonged pain and procedural pain in the studies
and has not been rated for clinical feasibility by nurses (Hummel et al., 2008; Hummel et al.,
2009).

Echelle Douleur Inconfort Nouveau-né (EDIN).

The EDIN scale is also a new scale designed to assess prolonged pain. EDIN is a five
item tool which rates cues like facial activity, body movement, and quality of sleep in addition to
less traditional cues like, quality of contact with nurses, and consolability (Debillon et al., 2001).
Cues are rated from 0-3 for a possible 0-15 point score. The EDIN scale was previously
validated for content validity, construct validity, interrater reliability and intrarater reliability.
Within the study in this review, researchers did not evaluate standard psychometrics, but
investigated the legitimacy of adding additional points for infants with a low gestational age.
The research validated adding 0-2 points to neonates’ scores based on gestational age.

Pain Assessment Tool (PAT).

The PAT scale is a multidimensional tool for prolonged pain in preterm and full term

patients (Hodgkinson et al., 1994). It was created in 1994 to be a reliable clinical tool for general
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pain assessment and was not further validated for psychometrics until the 2005 study within this
review which tested for interrater reliability and criterion validity. The tool has nine different
behavioral and physiological items and one item titled nurse perception of pain status of the
infant. This item’s reliability may be affected by the experience of the nurse making the
assessment; all of the nurses within the study had worked for a minimum of eight years in NICU
nursing, and had used the PAT previously in clinical practice. The interrater reliability of the
PAT cannot be generalized to a wide range of nurses. Overall, the PAT score needs to be tested
with a wider range of raters for interrater reliability, intrarater reliability, and clinical feasibility
to be a practical pain tool among for all nurses.

COMFORT -B (Behavioral) and COMFORT scales.

The COMFORT and COMFORT-B scales are used for intubated patients to monitor their
level of sedation (Ambuel et al., 1992; van Dijk et al., 2000). The COMFORT-B was used in a
study within this review as a unidimensional alternative to the COMFORT score, which assesses
behavioral and physiological items. Both of the tools were originally validated for pediatric
patients, and have been tested for fewer psychometrics for the neonatal population. Within the
studies in this review, the COMFORT score was tested for criterion validity, sensitivity,
specificity, and interrater reliability in premature ventilated neonates, whereas the COMFORT-B
score has been tested for criterion validity and interrater reliability in the infant population. Both
of these tools need more research concerning the neonatal population.
Tools for Postoperative Pain

Face, Legs, Activity, Cry, Consolability (FLACC).

The FLACC scale (Merkel et al., 1997) is a five-item unidimensional postoperative pain

tool with a possible score of 0-10 that was created for clinical utility in preverbal patients.
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Within the studies reviewed, the FLACC was validated for the neonatal population in regards to
construct validity, criterion validity, and interrater reliability (Ahn & Jun, 2007). The FLACC
assessed infants undergoing auditory stimuli, cluster care, and invasive procedures with
significantly different scores. More research is needed to determine the clinical feasibility of the
tool as reported by raters.

Crying, Requires oxygen, Increased vital signs, Expression, Sleeplessness (CRIES).

The CRIES scale (Krechel & Bildner, 1995) is a multidimensional postoperative pain
tool created for neonates. The tool was previously validated for content, construct, and criterion
validity and interrater reliability by the creators. Within the studies in this review, it was again
tested for interrater reliability and criterion validity, but it was also tested for discriminant
validity and nurse-rated feasibility. Suraseranivongse and colleagues (2006) tested the tool
during a pain and non-pain setting, while Ahn and Jun (2007) tested the tool with three different
levels of stimuli, as they did the FLACC scale. Due to the need for monitoring physiological
parameters, nurses rated the CRIES scale as the least useful in a clinical setting in comparison to
the CHIPPS and NIPS scales. Additionally, the CRIES scale was translatable to the Thai
language and culture, and has translatability across cultures.

The Children's and Infant’s Postoperative Pain Scale (CHIPPS).

The CHIPPS scale (Bittner & Finke, 2000) is a five item unidimensional postoperative
pain tool that was initially created for infants and young children. Within this review, it is tested
for sensitivity and specificity, criterion validity, interrater reliability and rated by nurses for
feasibility. Nurses using the CHIPPS as it translated to Thai rated the tool as easy to use, but

65% of the raters preferred the NIPS scale and 20% preferred the CRIES scale to the CHIPPS
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scale. Some nurses questioned the use of the posture of the trunk cue for use in prone children, as
an infant who is prone cannot raise his or her trunk.
The Assessment of Stress

Nine studies within the review assessed infants at both a pain event and either a non-pain
or stress event. Within the five studies that tested tools’ ability to differentiate between a pain
and a non-pain event, most pain events were defined as heel sticks or other painful, invasive
procedures and corresponding non-pain events were defined as the preparatory events for the
procedure. By separately assessing all preparatory handling surrounding the painful event,
researchers ruled out the chance that a painful reaction could have been caused by anything
besides the painful stimulus, and determined whether tools could detect any difference between
an infant at baseline and an infant undergoing a non pain event. The ability of a pain tool to
distinguish two constructs, in this case pain and --pain, is discriminant validity. When tested
with the ABC scale (Bellieni, 2005; Bellieni et al., 2007a), BIIP scale (Holsti et al., 2008),
CHIPPS, CRIES, NIPS (Suraseranivongse et al., 2006), N-PASS (Hummel et al., 2009), and
PIPP scale (Eriksson et al., 2008), all found a significant difference between the two events.
While non-pain is an issue, several studies investigated disruptive and possibly stressful
procedures in comparison to pain.

In four studies within the sample, researchers tested tools’ ability to differentiate between
events that were defined as painful and events that were defined as stressful or uncomfortable
(Ahn & Jun, 2007; Holsti et al., 2008; Jonsdottir & Kristjansdottir, 2005; Vederhus et al., 2006).
These events were generally more disruptive than the non-pain events previously described and
included diaper change and other elements of cluster care. The BIIP, FLACC, CRIES, and PIPP

scales were assessed with these events, and the difference in scores between events for all tools
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was significant. However, no studies reported an exact range in score which would specifically

indicate stress.

Within the studies, researchers addressed the possibilities that stress induced before a
painful procedure can increase the pain reaction to a later invasive event. For example, in the
2008 study about the BIIP and its ability to discriminate between pain and stress, Holsti and
colleagues found that a painful event, defined as a heel lance, elicits an higher pain response
when it is performed twenty minutes after a diaper change versus after a rest period of at least
thirty minutes (Holsti et al., 2008). The stress of the NICU and cluster care may affect infant
pain response, so simple procedures like a diaper change should be viewed as potentially

detrimental if performed too frequently.

Another point that emerged from the research was the idea of what constitutes a painful
event. In one study, researchers define endotracheal suctioning, a non-skin-breaking event as
invasive and painful (Ahn & Jun, 2007). The FLACC, CRIES, and PIPP scores rated for this
event support that definition, as suctioning scores were very similar to skin breaking procedures.
Events which are known to cause discomfort in the adult population should also be expected to

elicit a pain response in neonates.

Gestational Age as a Factor

Gestational age (GA) was researched in several studies within the review as an additional
factor affecting reliable pain scores. Some tools employ gestational age as an item, adding
additional points to the pain scores of infants born at an early gestational age. The results of the
studies in this review both confirm and reject the idea of assigning additional points to infants
born prematurely. In support of gestational age as a factor, the N-PASS and PIPP assign

additional points to infants with lower GAs, due to previous research that suggests preterm
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infants are less behaviorally competent in their repertoire of response to pain. Within this
review, Ahn and Jun found that full term infants had higher scores than preterm infants
undergoing the same painful and non-painful routine care procedures when assessed with the
CRIES and FLACC, two tools that ignore gestational age. Preterm and full term infants assessed
with PIPP during these procedures had similar scores (Ahn & Jun, 2007). Another study
validated the addition of an extra point on the N-PASS for those infants below 30 weeks
gestational age, as infants <30 weeks had lower pain scores than those >30 weeks (Hummel et
al., 2009). Researchers studying the EDIN scale also found that neonates with lower gestational
ages routinely had lower pain scores than full term infants (Ancora et al., 2009). These three
studies confirm a difference between preterm and full term pain expression as measured by these
tools, assuming that preterm and full term infants experience the same level of pain in response

to identical stimuli.

Other studies had results that conflicted with the idea of adding extra points for lower
gestational age; these studies either did not find a difference between the pain scores of preterm
and full term infants or witnessed an increased reactivity to pain in the preterm infant. In Spence
and colleagues’ study validating the PAT scale, there was no significant difference between the
scores of preterm and full term infants during the same painful event. However, the PAT scale
includes a cue that uses the assessing nurse’s opinion of whether or not the infant appears to be
in pain. The nurses in this study had at least eight years of neonatal experience; their astute
observation of preterm infants may have positively biased the average pain score for that age
group (Spence et al., 2005). A study validating the PIPP scale found that preterm infants

assessed with the PIPP had much higher pain scores than infants born at a later gestational age.



The authors reported that the sample sizes were too small to make any significant conclusions

(Vederhus et al., 2006).

Overall, more research is necessary to add to the existing evidence supporting the
addition of points to pain scores for lower gestational age. More studies stratifying by
gestational age are needed to evaluate the subtle differences in behavioral repertoire by

developmental stage.

Critiques of the Literature

Infant Age.

Several studies within this review did not clearly state elements of their samples’ ages,
whether it be postnatal age, gestational age at birth, or the range of the age of the sample.
Consistent report of all aspects of preterm and full term infant age is necessary to evaluate
prenatal and postnatal development, and contribute to the infant pain research concerning
development.

Clinical Utility.

64

Several of the tools within this review were assessed for clinical feasibility through nurse

report, such as the ABC scale, CHIPPS, NIPS, and CRIES scale. Still more tools claimed
clinical feasibility without surveying the raters to determine whether they truly felt it was
feasible. A tool may be considered useful due to the nature of its cues and the total number of
items, but until it is tested for feasibility in the clinical setting, it cannot claim feasibility. The
BIIP scale, FLACC scale, N-PASS, PAT, and PIPP scales claim clinical feasibility without

reporting any nurse rating of the tools.
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Criterion Validity.

Several studies within this review tested criterion validity with tools that may have been
too divergent to produce favorable statistics. For example, in validating the unidimensional BIIP
scale, comparison was drawn to the multidimensional NIPS scale, and the agreement found was
lower than expected by the author at r=0.64 (Holsti & Grunau, 2007b). Some tools do not have a
well documented gold standard and used expert opinion to establish criterion validity. In order
to find the best criterion validity, tools should be compared to pre-existing tools that assess the
same construct with a similar score range and the same type of cues, whether they are behavioral,
physiological, or both.

Testing Cry Cues.

Several studies within this review validated tools that assess cry with populations that
included intubated patients, such as NIPS (Serpa et al., 2007), PAT (Spence et al., 2005), CRIES,
and CHIPPS (Suraseranivongse et al., 2006). In order to reliably use a tool, all cues must be
applicable to the population being assessed. One study included modified versions of the
FLACC and COMFORT-B scales to assess for cry face instead of cry. The N-PASS uses cry
and irritability interchangeably in order to accommodate for intubated infants. Both of these
approaches are appropriate.

Testing Reliability of Raters.

Within the nineteen studies under review, raters were used to assess infants with pain or
stress tools to test for reliability. To ensure that results can be generalized to all potential raters,
authors need to establish regular training methods for raters and report that training consistently.
Most of the nineteen studies described the people who would assess infant pain or stress,

including whether they assessed at bedside, by video, or both, and whether they were an
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experienced or novice healthcare professional or research assistant. However, very few studies
elaborated beyond that. In 2009, Haidet, Tate, Divirgilio, Kolanowski, and Happ outline specific
ways to ensure rater reliability and retention, including the assessment of training, rater drift, and
rater fatigue. Only four studies within this review described any sort of training process, and
none of the studies described how the researcher would account for reteaching the raters in the
event that an extended period of time passed between ratings. Haidet and colleagues emphasize
that raters should be refreshed concerning the tools in order to avoid rater drift. Rater drift can
be identified by testing intrarater reliability by requiring a rater to reassess a selection of taped
events that he or she has previously coded. By comparing the scores that one rater assigns to an
identical video on two separate occasions, the reliability of the instrument and of the training
implemented can be assessed. Rater fatigue can also be assessed by requiring raters to rescore a
selection of videos during the initial testing to ensure reliability throughout a coding session.
While three of the studies under review reported intrarater reliability, none of the studies
discussed rater fatigue. More emphasis needs to be placed on the reliability of the rater making
assessments, not just the validity of the tool used.
Limitations of this Study

Many of the limitations of the studies are related to a lack of report; studies inconsistently
reported gestational age at birth, postnatal age, and the rater training process. Additionally, those
tools that were created for clinical utility often lacked any measure of nurse feedback; the tools
were deemed feasible for practice without consulting the people who assessed with them. Some
studies also used tools which assess cry in populations that, due to intubation, could not mount

an audible cry response. The study samples also varied greatly in terms of location; there may be
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cultural differences in the assessment and measurement of pain which were not taken into
consideration.
Study Strengths

Strengths of this critical review of literature include the analysis of current trends within
pain and stress assessment research, the presentation of current psychometric data for the most
common and most recently researched assessment tools, and the thorough process used in
searching the literature through multiple modalities. Also, the critique of the present tendency in
research to underreport important elements of rater education and reliability is a necessary
reminder to researchers and those utilizing these tools.
Implications for Nursing Practice

Within neonatal care, infant pain and stress assessment is key to delivering complete
care; the healthcare provider that is able to interpret infant behavior and physiological status in
the most definitive way possible can more accurately treat and care for the patient. Additionally,
pain researchers with this ability can compile the most salient and correct information about their
sample. When appropriately utilized, infant pain and stress tools can make a health
professional’s assessment more complete. The instruments evaluated in this review have a range
of psychometric data and specific situations to which they are most appropriate; the organization
of psychometric and evaluated feasibility of the scales within this review provides researchers
and clinicians with a comprehensive background for choosing a scale that is best suited for their
purposes. Also, healthcare professionals previously acquainted with these scales can also use the
information presented in this review as an update, as the studies presented encompassed every
recent validation article concerning these tools.

In addition to providing researchers and clinicians with information for choosing the most
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appropriate pain tools for their use, the information in this review provides health care
professionals with a synopsis of the items most used in pain and stress assessment and the cues
associated with both states. Stress can be a catastrophic state for full term and preterm infants.
Education about the importance of assessing an infant during both pain and non-pain situations
may reinforce the need for a sensitive approach to neonatal care, especially for the preterm
population.

Implications for Future Research

The studies within this review summarize the current research regarding infant pain and
stress tools, and their analysis reveals both the direction of current research and the changes
necessary to make that research more reliable. As current tools are validated for more
populations and additional constructs, more emphasis should be placed on appropriately
educating raters, using suitable samples for the tool being validated, reporting complete
descriptive statistics, and testing for clinical feasibility.

For researchers, the information presented within this review may aid in the selection
process for the most appropriate pain tool to use in assessment of a particular population. Also,
the availability of assessment tools for both acute and prolonged pain creates more possibilities
for an institution’s standardized approach to infant pain and stress assessment.

Researchers are currently testing the discriminant validity of tools between painful and
stressful events. As the definitions between stress and pain become more clear, careful and
accurate assessment of stress and pain may better determine the state of an infant and

accordingly, direct appropriate and successful care.
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