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IMPORTANCE Because children in a preverbal stage of development are unable to voice
their feelings, they completely depend on their caregiving team for the interpretation and
management of their pain and discomfort. Thus, accurately validated scales to assess pain
and sedation levels are crucial.

OBJECTIVE To provide clinicians a complete overview on the validity and reliability of the
existing pain and sedation scales for different target populations (preterm infants, term
infants, and toddlers) and in different clinical contexts.

EVIDENCE REVIEW BIOSIS Previews, Cumulative Index to Nursing and Allied Health Literature,
Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews,
Embase, MEDLINE, PsycCRITIQUES, PsycINFO, PSYNDEXplus Literature and Audiovisual
Media, and PSYNDEXplus Tests were the databases screened from their inception to August
2018. All studies examining the validity or reliability of a given pain or sedation scale for
patients in a preverbal stage of development were included in this systematic review. Those
scales that were tested for at least construct validity, internal consistency, and interrater
reliability were subsequently scored using the consensus-based standards for the selection
of health measurement instruments (COSMIN) checklist.

FINDINGS In total, 89 validation articles comprising 65 scales were included. Fifty-seven
scales (88%) were useful for assessing pain, 13 scales (20%) for assessing sedation, and

4 scales (6%) for assessing both conditions. Forty-two (65%) were behavioral scales, and
23 (35%) were multidimensional scales. Eleven scales (17%) were validated for infants on
mechanical ventilation. Thirty-seven scales (57%) were validated for preterm infants,

24 scales (37%) for term and preterm infants, 7 scales (11%) for term-born children, 7 scales
(11%) for preterm infants, term infants, and toddlers, and 17 scales (26%) for term infants
and toddlers. Twenty-eight scales (43%) considered construct validity, internal consistency,
and interrater reliability.

CONCLUSIONS AND RELEVANCE Clinicians should consider using scales that are validated
for at least construct validity, internal consistency, and interrater reliability, combining this
information with the population of interest and the construct the scale is intended to
measure.
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eonates and infants admitted to a neonatalintensive care

unit (NICU) or a pediatric intensive care unit (PICU) are

constantly exposed to painful and stressful stimuli for
which they may require sedation or pain treatment.! Because neo-
nates and infants cannot verbalize their feelings, they depend on the
subjective judgment of their care-providing team. Ensuring a pa-
tient's optimal level of comfort through adequate administration of
sedative and analgesic drugs as well as reducing stress using non-
pharmacological approaches is an important challenge for the en-
tire NICU team.?

With particular regard to pain treatment and sedation manage-
ment, targets should be consensually defined by the care-
providing team and maintained within optimal ranges over time.?>
Item-based scales could help categorize subjective impressions of
several people with various levels of expertise into a more objec-
tive score.3

To accurately assess pain or sedation, item-based scales need
to meet requirements, such as unambiguity and comprehensive-
ness. The scales need to be efficiently conductible at the patient bed-
side, easy to interpret, and reproducible. They should also enable
consensus reaching among different raters and distinguish various
levels of pain and sedation. Finally, such a scale must be validated
to become a usable clinical tool.*

Despite a large number of scales with a variety of psychomet-
ric properties having been published in the last decades, to date,
there is no criterion standard when considering the assessment of
pain and sedation in patients in preverbal stages of development.
The aim of this systematic review was, therefore, to update and sum-
marize the existing literature on this topic to provide clinicians an
overview and opportunity to choose the appropriate scale for the
target population.

Methods

This systematic literature research was officially approved and reg-
istered in the international prospective register of systematic
reviews PROSPERO. We developed a search strategy for the topics
“preterm or infant or newborn or neonate or toddlers” in combina-
tion with “pain or sedation or distress” and “scale or assessment or
tool or measurement.” The strategy was established combining
free terms and subject headings. All search terms were trans-
formed into a free-term formulation. Truncation was used to
obtain all variations of a root word. To be more specific, proximity
operators were used, and the search strategy was restricted to
certain database fields. In addition, some of the search terms were
transformed into subject headings particular for use in MEDLINE
and Embase.

The following 10 scientific literature databases were searched
from their inception to August 2018: BIOSIS Previews, Cumula-
tive Index to Nursing and Allied Health Literature, Cochrane
Central Register of Controlled Trials, Cochrane Database of
Systematic Reviews, Embase, MEDLINE, PsycCRITIQUES,
PsycINFO, PSYNDEXplus Literature and Audiovisual Media,
and PSYNDEXplus Tests.

We used the literature management program Endnote, ver-
sion X7.5, to remove duplicates. Scales that were not suitable for in-
fants, scales that measured constructs other than pain or sedation,
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Key Points

Question Which are the best validated scales to assess pain and
sedation among children in a preverbal stage of development?

Findings This systematic review evaluated 65 scales that have
been used for assessing pain or sedation in preterm infants, term
infants, or toddlers. Only 28 of 65 scales (43%) had been tested
for construct validity, internal consistency, and interrater reliability.

Meaning Clinicians should consider using well-validated scales
when assessing pain or sedation in their target population;
construct validity, internal consistency, and interrater reliability
are prerequisites all such scales should provide.

scales for which only the Abstract was available, and studies in which

the datawerein a preliminary stage of validation were excluded. De-

scriptive information was calculated using SPSS, version 21(IBM SPSS

Statistics), and Excel, version 2016 (Microsoft Cooperation). Eli-

gible full texts were concomitantly screened by 2 raters (V.G.and J.E.)

(eFigure 1inthe Supplement). The following aspects of validity were

screened:

« Face validity, which represents the extent to which a test is subjec-
tively viewed as covering the concept it purports to measure.>”

« Content validity, which refers to the extent to which ameasure rep-
resents all facets of a given construct.>”

« Construct validity, which refers to the extent to which the scale
scores are in line with the theory the scale is based on.>”

« Convergent validity, which indicates the degree to which 2 mea-
sures of the same construct, which theoretically should be re-
lated, are in fact related.>”

« Discriminant validity, that is, the degree to which a scale is only mea-
suring the intended construct or also something else.>”

« Criterion/concurrent validity, which provides information about the
correlation with an already validated scale or an established clini-
cal criterion.>”

Scales that considered at least construct validity, internal
consistency, and interrater reliability were then screened for
risk of bias through the consensus-based standards for the selec-
tion of health measurement instruments (COSMIN) checklist
(http://www.cosmin.nl/)  The COSMIN checklist consists of 9 boxes
(Atol), including internal consistency, reliability, measurement error,
content validity, structural validity, hypotheses testing, cross-
cultural validity, criterion validity, and responsiveness. Each box
consists of 3 to 35 items; all items deal with study design aspects
and statistical methods.>'° Each item can be rated as excellent, good,
fair, or poor. Each box is rated according to the lowest scored item
("worst score counts”).>1° The following items were used: 1.1, 1.3 to
1.6,1.91t01.35,2.22t0 2.31,3.1t0 3.4, 41t0 4.5, 5.1to 5.4, 6.1 to
6.8,71t076,81t08.3,9.1t09.7,and 10.1t0 10.13. Boxes 4, 6, 9, or
10, depending on the approach used, were particularly relevant
when controlling the reliability and the construct approach. Because
each scale was validated in different steps, we screened the most
relevant articles for the best-achieved scores in the most relevant
boxes mentioned above. Scales that in their total screening
accumulate more than 1doubtful or 1 or more inadequate score or
the combination of both were reported as having moderate to high
risk of bias, respectively. Everything that was not assessed was scored
as not applicable.
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Assessing risk of bias among included studies was done
simultaneously but independently by 2 authors (V.G. and J.E.).
Reviewers were not blinded to study authors, institution, or jour-
nal when assessing risk of bias. Risk of bias judgments within
the included studies were recorded in a Microsoft Excel mask
(Microsoft Corporation).

. |
Results

Considering the marked discrepancy in the study design among
all eligible studies included in this systematic literature research,
a meta-analysis was not possible. Data are therefore descriptively
presented in the Table"®" and in eTables 1 through 5 in the
Supplement.

Eight databases were screened using the user interface of
OvidSP, 1database using EBSCO, and 1database using Embase at em-
base.com. Initially, after duplicate removal, 1335 records were iden-
tified. Sixteen additional articles were found through other sources.
After considering all exclusion criteria, only 89 articles comprising
65 scales were deemed relevant for this systematic review (eFig-
ure 1in the Supplement). All the scales included in this systematic
review could be used in a clinical setting to assess pain or sedation
in infants and children up to 2 years of age. However, these scales
differed from one another in some important measures, such as age
of the target population, clinical applicability, validity, and reliabil-
ity (Table; eTable 1in the Supplement). An overview of all scales is
presented in eFigure 2 in the Supplement.

Of 65 scales*11-30-3235.37-43:45-91 57 5 3|05 (88%) aimed to assess
pain’4.11722,24—30.32—35,37743.45761,63—68,70776,79.81,84,86,87,89—91 1 3 Scal es (20% )
aimed toassess sedation, and4scales
(6%) aimed to assess both conditions (COMFORT, COMFORTneo,
COMFORT-Behavior Scale [COMFORT-B] and Neonatal Pain, Agitation
and Sedation Scale [N-PASS]) (Table).

Of 65 scales, 32 (49%) were validated to assess acute pain,
14,16-21,24-27,29,32-35,37,38,41-43,45,52-56,60,61,64,67,70-74,76,79,84,89 ]4 (22%)

4]13]15,22,24,28-30,35,37-40,46,48-55,58,59,61,76

22,23,3548-55,62,69,7778,80,82,83,85,88

41,12,

and
15,24,27,40,47,48,55,58,59,61,

toassess prolonged pain,
18 (28%) to assess postoperative pain
63,66,68,71-76,81,86,87,91 (Table)

The following 11 scales (17%) were validated for infants on me-
chanical ventilation: modified Postoperative Comfort Score (PCS),
Bernese Pain Assessment Scale (BPSN), Neonatal Facial Coding Sys-
tem (NFCS), shortened NFCS (sNFCS), Nepean Neonatal Intensive
Care Unit Pain Assessment Tool (NNICUPAT), Hartwig, State Behav-
ioral Scale (SBS), modified COMFORT scale (MCOMFORT), Rich-
mond Agitation-Sedation Scale (RASS), University of Michigan Se-
dation Scale (UMSS), and Cardiac Analgesic Assessment Scale (CAAS)
(Table). There were scales that assessed pain multidimensionally,
considering behavioral and physiological measures, and scales that
aimed to assess pain and sedation taking only behavioral measures
into account.

Of 65 scales, 42 (65%) were behavioral scales'3118-20.22.26.
28-30,32,34,35,46,47,52-56,58-64,66,67,70-80,82-88,91 and 23 (35%) were mUI'

tidimensional sca |es4.12,14,16.17.21,23-29.33.35.37-43.45.48-51 .56,57,66,68,69,81,89

(Table).

Thirty-seven scales (57%) were validated for preterm
infants,*130:32:3537-4345-61 74 ¢ cales (37%) were validated for term
and preterm infants, #17-30:32:35.37-43.4546.89 gnd only 7 scales (11%)
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were validated for a population of term infants alone 626466
Finally, 7 scales (11%) were validated for preterm infants, term in-
fants, and toddlers, 34354761 3nd 17 scales (26%) were validated
for term infants and toddlers*8->>667-84 (Tap|e).

Only studies with clinical validation were included. All 65
scales had some kind of validity testing (eTable 1in the Supplement).
All 65 scales (100%) controlled for face validity,*'1-30-32-3%
37-43.45-64.66-78.80-89.91 )8 gcales (43%) controlled for content
Va“dity’13,17.22,28,32,33,37.41,46-49,56,59.67.70,72,77.82,84,85,87-89 9 SCaleS (]4%)
controlled for convergent validity,

(60%) controlled for concurrent validity,
40,47,48,54,56,57,59,62,64,67-70,72,77,78,82,84,86,91 and 50 scales (77%) con-

4.18,21,26,38,39,49,62,81,87 39 scales
1112,14,1719,21,22,24-27,29,33,34,

trolled for construct Va|idity"ll,13-15,17-21,24-27,32-35,37-39,41,47,48,54,55,57.63.

66,68-72,75,76,80,82,84,86-89,91
Fifty-seven of 65 scales (88%) had some type of reliability test-

ing (eTable ‘I in the Supplement) 411-14,17-24,26-28,32-34,37,38,40,41,45-47,
49,54,56-59,61-64,66-70,72,75,76,78,80,82,84-87,89,91 Thirty_seven SCaIeS
(57%) considered internal consistency,*1"141718.20.22-24.33.34,37.38,
41,45-47,49,54,56,57,61-64,70,75,76,84,85,87,89,91 55 Scales (85%) Consid‘
ered interrater rellablllty 4,11-14,17-24,26-28,32-34,37,38,40,41,46,47,49,52-56,
5859,6162,64,66-70,72,75.76.78,80,82.84-87.8991 and 11 scales (17%) con-

sidered intrarater reliability.*'819.21:33.37.38.416164.82.89 gglag were

then filtered according to the flowchart presented in Figure 1. Those
studies that considered construct validity, internal consistency, and
interrater reliability were classified as relevant scales (Figure 2).
Twenty-eight scales (43%) considered construct validity, internal
consistency, and interrater reliability (eTable 1in the Supplement;
Figure 2)

After controlling for the presence of defined cutoff points
(eTable 2 in the Supplement), the scales were filtered and are pre-
sented according to the population and to the construct of inter-
est in Figure 3. Among them, those scales with risk of bias lower
than the others were COMFORT, Echelle Douleur Inconfort
Nouveau-Né (EDIN), EVENDOL behavioral pain scale, NFCS,
N-PASS, and the Premature Infant Pain Profile (PIPP) (Figure 4;
eFigures 3-5 in the Supplement).

Finally, 19 item categories were used to simplify the large amount
of informationincluded in all articles considered in this systematic re-
view (eTable 4 in the Supplement). Specifically, 14 item categories
(74%) were Llsed in Sedation SCaIes’22,23.35,48-55,62,69.77.78,80,82,83,85,88
and 17 item categories (89%) were used for infants who were me-
Chanica"y ventiIated.‘5'2"23'48'58'59'62'68'78'80'82'83

The 3 most common item categories used in the scales were
mimic (51 scales [78%]), activity/movement (36 scales [55%]), and
cry (35 scales [54%]). The least common item category was toler-
ance to ventilation, which was used in 2 scales (3%).5>#° The most
common combination of items was mimic, cry, and movement/
activity, which was used in 18 scales (28%).20:27:39:47.61.64.66.
6769.70.73.75.7984 Fyrther information about the tested population and
the validation process and optimal cutoff for different levels of pain
and sedation are in eTables 1through 5 in the Supplement.

|
Discussion

According to the present systematic research, 65 scales were iden-
tified for the assessment of pain or sedation in childrenin a prever-
bal stage of development. The marked variability in the study
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Table. Pain and Sedation Scales for Different Target Populations

Scale Construct Age Type of Scale
Preterm
Behavioral Indicators of Infant Pain'* Acute pain 24-32 GW Behavioral/multivariable
Adapted COMFORT*? Acute pain 28-37 GW Multidimensional/multivariable
EDIN'3 Prolonged pain 26-36 GW Behavioral/multivariable
Faceless Acute Neonatal Pain Scale* Acute pain in infant with 30-35 GW Multidimensional/multivariable
covered face
Modified Postoperative Comfort Score = Clinical Ventilated child . o
Scoring System®® Prolonged pain 29-32 GW Behavioral/multivariable
Nepean Neonatal Intensive Care Unit Acute pain . . o
Pain Assessment Tool'® Ventilated infant 25-36 GW Multidimensional/multivariable
Pain assessment scale for preterm infants'’ Acute pain 27-36 GW Multidimensional/multivariable
Preterm and term Infants
ABC pain scale'®*° Acute pain 32-41 GW Behavioral/ univariable
Acute Pain in Newborns2° Acute pain 25-41 GW Behavioral/multivariable
Bernese Pain Scale for Neonates?* Pain in ventilated or not
ventilated 27-41 GW Multidimensional/multivariable
VLBW
COMFORTneo?? Sedation
Prolonged pain 24-43 GW Behavioral/multivariable
ELBW
Modified COMFORT?3 Sedation in ventilated infant 23-54 GW Multidimensional/multivariable
COVERS neonatal pain scale?#2°> Acute pain 23 GW to 2 mo Multidimensional/multivariable
CRIES Scale?®-27 Postoperative pain 32 GWto 1 mo Multidimensional/multivariable
Acute pain
Modified EDIN%8 Prolonged pain 31-38 GW Behavioral/multivariable
Faces Pain Scale-Revised?°-3° Prolonged pain 25 GW to 3 mo Behavioral/univariable
Harrison3! Acute pain 28-41 GW Multidimensional/multivariable
Infant Body Coding System3? Acute pain 25-41 GW Behavioral/multivariable
Neonatal Acute Pain Assessment Scale33 Acute pain 23-42 GW Multidimensional/multivariable
Neonatal Infant Pain Scale26:34-3¢ Acute pain 27 GW to 7 mo Behavioral/multivariable
Neonatal Pain, Agitation and Acute pain 23-30 GW Multidimensional/multivariable
Sedation Scale*2°:37:38 ETs e e
Sedation
Objective Pain Scale?” Postoperative pain 32-60 GW Multidimensional/multivariable
Pain Assessment in Neonates>® Prolonged pain 26-47 GW Multidimensional/multivariable
Pain Assessment Tool>#4° Postoperative pain o ) o
o 23 GW to 6 mo Multidimensional/multivariable
Premature Infant Pain Profile!”-41-44 Acute pain 32-40 GW Multidimensional/multivariable
Premature Infant Pain Profile Revised*® Acute pain From 26 GW Multidimensional /multivariable
Scale for Use in Newborns3® Acute pain 24 GW to 7 mo Multidimensional /multivariable
Swedish ALPS-Neo“® Prolonged pain 23-41 GW Behavioral/multivariable
Preterm and term infants and toddler
Children’s and Infants’ Postoperative Pain Scale*” Postoperative pain 35GWto5y Behavioral/multivariable
COMFORT=*-48-51 Sedation o ) o
Prolonged pain 24 GWto 18y Multidimensional/multivariable
COMFORT-Behavior Scale®?->° Sedation
Acute pain
X 35GWto4dy Behavioral/multivariable
Prolonged pain
Child with Down syndrome
Multidimensional Assessment of Pain Scale®®>” Postoperative pain 36 GW to 31 mo Multidimensional/multivariable

Neonatal Facial Coding System?*>->8:>°

Shortened NFCS>®

Observational visual analog scale34°6-60.61

Ventilated child
Prolonged pain
Postoperative pain
Ventilated child
Prolonged pain
Acute pain

29 GW to 18 mo

35GW to 18 mo

35GWto4y

Behavioral/multivariable

Behavioral/multivariable

Behavioral/univariable

(continued)
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Table. Pain and Sedation Scales for Different Target Populations (continued)

Scale Construct Age Type of Scale
Term infant
Hartwig®? Sedation in ventilated child 0-10 mo Behavioral/multivariable

Liverpool Infant Distress Scale®?
Modified Behavioral Pain Scale®*
Modified Behavioral Pain Scale®®

Modified infant pain scale®®

Postoperative pain

Acute pain

Acute pain

Postoperative pain

Neonatal Facial Coding System®® Acute pain
Partial modified infant pain scale®®

Infant and Toddler

Alder Hey Triage Pain Score®”

Postoperative pain

Acute pain
Cardiac Analgesic Assessment Scale®:68

Postoperative pain after cardiac 0-16y

Term newborn Behavioral/multivariable

4-6 mo Behavioral/multivariable

2-12 mo Behavioral/univariable

1-7 mo Multidimensional/multivariable
2-12 mo Behavioral/multivariable

1-7 mo Behavioral/multivariable
0-16y Behavioral/multivariable

Multidimensional/multivariable

surgery in intubated and

ventilated patient

Dartmouth Operative Conditions Scale®® Sedation 8motol2y Multidimensional/multivariable

EVENDOL behavioral pain scale”® Acute and prolonged pain 0-7y Behavioral/multivariable

Face, Legs, Activity, Cry and Consolability3®-71-74 Acute pain ldto7y Behavioral/multivariable
Postoperative pain

Nursing Assessment of Pain Intensity”> Postoperative pain 0-36 mo Behavioral/multivariable

Pain observation scale for young children®>:61.76 Burned child
Acute pain . o
Background pain 0-4y Behavioral/multivariable
Postoperative pain

Postoperative pain score’” Postoperative pain 0-36 mo Behavioral/multivariable

Ramsay Sedation Scale®®7” Sedation 0-19y Behavioral/univariable

Richmond Agitation-Sedation Scale”® Sedation, ventilated patient 2moto2ly Behavioral/univariable

Riley Infant Pain Scale”” Postoperative pain 0-36 mo Behavioral/multivariable

Royal College of Emergency Medicine Composite Acute Pain 0-16y Behavioral/multivariable

Pain Scale”®

State Behavioral Scale®® Ventilated patient, sedation 1motoby Behavioral/multivariable

Touch Visual Pain Scale®! Acute pain 0-13y Multidimensional/multivariable

University of Michigan Sedation Scale”8-82:83 Sedation, ventilated patient 4moto5y Behavioral/univariable

University of Wisconsin Children’s Hospital Acute pain 0-16y Behavioral/multivariable

Pain Scale®*

Vancouver Sedative Recovery Scale®® Sedation I9motol7y Behavioral/multivariable

Toddler

Behavioral Observational Pain Scale®® Postoperative pain 1-7y Behavioral/multivariable

Children's Hospital of Eastern Ontario Postoperative pain 1-5y Behavioral/multivariable

Pain Scale®6-87

Pasero Opioid-induced Sedation Scale®® Sedation depth 1-17y Behavioral/univariable

Preverbal, Early verbal Pediatric Pain Scale®® Postoperative pain 12-24 mo Multidimensional/multivariable

Modified Preverbal, Early Verbal Pediatric Postoperative pain . o

Pain Scale2® Acute pain 12-84 mo Behavioral/multivariable

Toddler-Preschooler Postoperative Pain Score®* Postoperative pain 1-5y Behavioral/multivariable

Abbreviations: CRIES, crying requires increased oxygen administration,
increased vital signs, expression, sleeplessness: EDIN, Echelle Douleur Inconfort

Nouveau-Né; ELBW, extremely low birth weight; GW, gestational weeks;
NFCS, Neonatal Facial Coding System; VLBW, very low birth weight.

designs as well as the differences in clinical applicability and popu-
lation of interest did not allow for a meta-analysis.

According to Slavec and Drnovsek, 2 there are precise steps to
consider when validating a scale. These steps include the assess-
ment of dimensionality, validity, and reliability. Assessment of di-
mensionality is typically conducted in an initial stage of scale devel-
opment through factor analysis. This step is essential to find the most
important factors representing a construct and to control for item
homogeneity.®3 Furthermore, it is important to prove both that a
given scale is able to measure what it is intended to measure in the
context in which it is applied (validity) and that different raters are
able to reach consensus using the scale (reliability).

jamapediatrics.com

According to our literature research, different statistical
approaches were used with the aim to validate the aforemen-
tioned scales. None of the included studies tested a scale for all
types of validities, whereas all 65 scales were subjectively viewed
as covering the concept they were meant to measure. Few studies
considered factor analysis or a similar method for the selection of
well-defined representative items (COMFORT-B, PIPP-Revised,
SBS, pain observation scale for young children (POCIS), PIPP,
NFCS, Infant Body Coding System [IBCS], and Children’'s and
Infants' Postoperative Pain Scale [CHIPPS]).32-37#147.54.76.80 Construct
validity, which is one of the most important tests to consider when vali-
dating a scale, was not always taken into consideration (50 scales
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Figure 1. How to Choose a Scale
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The degree to which a scale is only measuring the intended con-
struct (discriminant validity) was also not always considered.
Along with the concept of validity, to control for the reproduc-
ibility of a given scale is of great importance from a clinical point of
view. A 2011 article by Mandrekar®* summarizes and clarifies how
to easily calculate interrater reliability and when to use k, weighted
K, and intraclass correlation. In the present study, interrater reliabil-

ity was tested in most but not all of the scales considered (55 scales
[85%]) 4,11-14,17-24,26-28,32-34,37,38,40,41,46,47,49,52-56,58,59,61,62,64,66-70,

72,75,76,78-80,82,84-87,89,91

The American Academy of Pediatrics emphasizes the impor-
tance of assessing neonatal pain, especially during and after diag-
nostic and therapeutic procedures? to monitor the effectiveness of
pain relief interventions. According to their statement, the follow-
ing 5 scales are suggested: NFCS, PIPP, N-PASS, Behavioral Indica-
tors of Infant Pain (BIIP) and Acute Painin Newborns/Douleur Aigué
du Nouveau-né (APN/DAN).

JAMA Pediatrics Published online October 14,2019

The NFCS™*8>9s a behavioral scale that aims to measure acute,
prolonged, and postoperative pain in preterm and term neonates
by assessing the following “facial actions”: brow bulge, eye squeeze,
nasolabial furrow, open lips, vertical and horizontal mouth stretch,
taut tongue, tongue protrusion, chin quiver, and lip purse.

The PIPPis a very stable scale that has been validated in differ-
ent steps for various types of validity and has shown good psycho-
metric properties in content and in concurrent and construct valid-
ity as well as in interrater reliability.%>°® The scale aims to assess
procedural painin preterm and term neonates, including items such
as gestational age, behavioral state, heart rate, oxygen saturation,
brow bulge, eye squeeze, and nasolabial furrow.

The N-PASS was developed as a clinically relevant tool to as-
sess prolonged pain and sedation in infants as well as acute proce-
dural pain.3”8 Validity and reliability of the N-PASS were provided
for acute and prolonged pain and for sedation. Neonates involved
in the validation process of the pain subscale had a gestational age
at birth between 23 and 40 weeks. The N-PASS includes 5 criteria
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Figure 2. Overview of the Relevant Scales
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« EVENDOL behavioral pain scale (EVENDOL)

« Neonatal Facial Coding Scale (NFCS)

« Neonatal Pain, Agitation and Sedation Scale (N-PASS)
« Pain Assessment Tool (PAT)

« Pain observation scale for young children (POCIS)

The most relevant scales by clinical applicability as identified by our systematic research.

(crying-irritability, behavior state, facial expression, extremity tone,
and vital signs) that are graded O, 1, or 2 for pain/agitation and O, -1,
or -2 for sedation. The total score is obtained by adding the scores
for each criterion.

The BIIP scale measures acute pain in preterm infants (24-32
weeks of gestation) by assessing the followingitems: “state” (deep
sleep, light sleep, drowsy, quite awake, active awake, and agitated/
crying), “facial action” (brow bulge, eye squeeze, nasolabial furrow,
horizontal mouth stretch, and taut tongue,), and “hand” (hand to
mouth, finger splay).” Finally, the APN/DAN, which was originally
validatedin the French language, has shown good psychometric char-
acteristics for the assessment of procedural painin both preterm and
terminfants by looking at items such as facial expression, limb move-
ments, and attempts to vocalize.2°

On the basis of our results, all the scales mentioned above were
considered relevant scales (Figures 2-4); however, the NFCS, PIPP,
and N-PASS were identified as having lower risk of bias than the BIIP
and APN/DAN. Even thoughimportant psychometric properties are
considered in the BIIP, this scale initially examined only a small per-

jamapediatrics.com

centage of infants assessed at an early gestational age, was vali-
dated against the Neonatal Infant Pain Scale (NIPS), which is not
considered a criterion standard, and showed moderate correlation
to heart rate during painful procedures." In addition, video record-
ing was used to assess pain, which may constitute a bias when as-
sessing some items categories in the clinical setting. Regarding
the APN/DAN, it was originally validated in the French language,?®
making it difficult for us to extrapolate all information related to
the validation process.

Although the American Academy of Pediatrics statement? con-
siders pain assessment in neonates, a recent published scale, the
EVENDOL,”° was meticulously and laudably validated for infants and
toddlers. The EVENDOL aims to assess pain by considering the fol-
lowing items: vocal/verbal expression, facial expression, move-
ment, posture, and interaction with the environment.

Another widely used scale, not included within the 5 sug-
gested by the American Academy of Pediatrics, is the Face, Legs, Ac-
tivity, Cry and Consolability (FLACC) scale. A systematic review of
this scale stated that it presents limited and conflicting data for pro-
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Figure 3. Overview of Relevant Scales With Cutoff
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The most relevant scales providing cutoffs, organized by both population of interest and clinical applicability.

cedural pain and that there is insufficient data to support the use of Procedural painis not the only condition that can be assessed in
the FLACC scale under all the circumstances and in all the popula-  aNICU/PICU setting. Postoperative pain, prolonged pain, and sedation
tions in which it is currently being applied.”® represent the daily reality occurring in an intensive care unit as well.
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Figure 4. Heatmap of Relevant Scales With COSMIN Risk of Bias
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The most relevant scales, organized by population of interest, clinical applicability, and risk of bias.

The EDIN was validated in 76 infants between 25 and 36 weeks
of gestation and among infants who were mechanically ventilated.”
The study assessed prolonged pain through body movements and
facial activity.

Another important scale included in our selection (Figure 2 and
Figure 3) for the assessment of postoperative pain was the CHIPPS.
The CHIPPS was laudably validated, considering a large number (584)
ofinfants.*” However, it was not clearly stated which correlation co-
efficient was used in assessing the interrater reliability, which is con-
sidered a bias in the COSMIN checklist. Even considering that the
stated total interrater reliability score was excellent, the item “cry”
obtained a very low agreement between the raters when assessing
preterm infants.

Only the N-PASS and the COMFORT scales aimed to assess both
painand sedation. The authors of the COMFORT scale*® were among
the first to show that vital signs are not representative of the as-
sessment of sedation. In fact, the original version of the scale, which
includes items such as alertness, calmness, respiratory response, cry-
ing, physical movement, muscle tone, and facial tension, was sub-

jamapediatrics.com

sequently modified and adapted to the construct of sedation.'?4%7

This shows how important it is to control for the internal consis-
tency of a scale when applying it in a specific clinical setting. Inter-
nal consistency is not the only measure to assess when implement-
ing a scale in a NICU/PICU setting. Construct validity and interrater
reliability should also be provided. Figure 2 summarizes all the ex-
amined scales that provided information for construct validity, in-
ternal consistency, and interrater reliability. However, in some cases
these validated aspects were tested at different times and in differ-
ent populations, sometimes resulting in inadequate to question-
able validity and reliability (eTables 1, 3, and 5 in the Supplement).
Choosing one among the other scales demonstrating good validity
and reliability (Figure 4; eTable 3 in the Supplement) will then de-
pend on their accuracy (ie, ability to distinguish different levels of
pain and sedation) but also on the population of interest (eg, pre-
term vs full-term infants).

Going beyond the concept of validity, it is important from a clini-
cal point of view to concretely define cutoff points for the discrimi-
nation of different levels of pain or sedation. Cutoff points could be
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helpful for the establishment of adequate intervention according to
a predefined protocol for the treatment of patients. Rana and
collegues,”® for example, defined NIPS values higher than 3 as asign
that pain relief intervention was needed in their pain and sedation
guideline. Deindl and collegues, based their pain and sedation man-
agement protocol on well-defined N-PASS cutoff points. The same
was successfully done using the COMFORT scales, reducing with-
drawal and time on mechanical ventilation among patients postop-
eratively following cardiac surgery.®®

Although a given scale per se, if representative of a given con-
struct, can help categorize the opinions of different health person-
nel, promoting objectivity and building a pain and sedation history
of a specific patient on alongitudinal continuum, a well-defined cut-
off point can help the clinician hic et nunc to achieve a patient's maxi-
mal level of comfort (eg, nonpharmacological vs pharmacological
intervention, or adapting sedation).

Finally, cross-cultural translation and validation as well asimple-
mentation and evaluation of the effects are important steps to per-
form when applying a given scale in daily clinical practice.>'°°
(Figure 1).

Insummary, on the basis of the present systematic research, the
most relevant scales are presented in Figure 2 and are presented or-
ganized for clinical applicability in Figure 3. All the scales presented
in Figure 3 could be used in the clinical setting; however, consider-

Pain and Sedation Scales for Neonatal and Pediatric Patients in a Preverbal Stage of Development

ing the different validation approaches, they may present some
bias. Scales with lower risk of bias compared with the others were
COMFORT, EDIN, EVENDOL, NFCS, N-PASS, and PIPP (Figure 4).

Strengths and Limitations

This systematic literature research provides a complete overview of
scales used in neonatal setting. However, owing to the different de-
signs and inhomogeneity of the studies, it was not possible to per-
form a meta-analysis. Consequently, a conclusive ranking of scales
was not possible. In addition, some scales were not considered
because they were not published in English.

. |
Conclusions

Accordingto the present systematic literature research results, vari-
ous scales assessing pain or sedation have been published with dif-
ferent levels of validity and reliability. We provided a complete list
of scales and their psychometric characteristics suitable for use
among patients in a preverbal stage of development. We suggest
the use of scales that are validated for construct validity, internal
consistency, and interrater reliability and further suggest choosing
a particular scale based on the population of interest and the con-
struct intended to measure.
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