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ABSTRACT
Adequate pain assessment is a pre-requisite for appropriate pain management.
If pain remains untreated in critically ill young children, it can have dramatic
short- and long-term consequences on their health and development.

Apart from humanitarian reasons, the assessment of pain has been recognised
in some parts of the world as the fifth vital sign and thus should be part of
standard practice of pain management. The evaluation of pain in preverbal
children is, nevertheless, challenging for health professionals, as they cannot
rely on self-report when making their assessment. Observational pain
instruments have been developed to facilitate this task, but none of these
existing instruments are appropriate for the postoperative critically ill young
child.

The aim of this research was to provide a clinically valid pain instrument for
health professionals to use in practice for the evaluation of the pain and the
effectiveness of pain treatment in critically ill young children.

This thesis presents research that was conducted in three phases to (a) describe
pain, (b) develop, and (c) test the pain instrument. Conceptualisation of pain
and psychometric theory informed the conceptual framework for this study. An
observational design was used in Phase One of the study to define pain
behaviour in critically ill infants. Correlational design was used in Phase Two
and Three to determine the association between the newly developed pain scale
and other pain assessment instruments.
iv

Phase One of the study was conducted in the paediatric intensive care units of
two tertiary referral hospitals. Eight hundred and three recorded segments were
generated from recordings of five critically ill infants, aged between 0 and 9
months, who had undergone major surgery. Results indicated significant
physiological and behavioural changes in response to postoperative pain and
when postoperative pain was exacerbated by painful procedures.

Using the pain indicators observed in Phase One, in Phase Two the
Multidimensional Assessment Pain Scale (MAPS) was developed and tested
for reliability and validity in 43 postoperative preverbal children from the same
settings. Internal consistency and interrater reliability were moderate and good,
respectively. Concurrent and convergent validity was good.

In Phase Three, the MAPS’ response to analgesics and clinical utility was
demonstrated in a convenience sample of 19 postoperative critically ill
children aged between 0 and 31 months of age at a tertiary referral hospital in
Western Australia.

Development of a pain instrument is a complex and lengthy process. This
study presents the preliminary psychometric properties that support the validity
and clinical utility of the Multidimensional Assessment Pain Scale. The MAPS
is a promising tool for assessing postoperative pain in critically ill young
children, and its clinical validity will be strengthened with further testing and
evaluation.
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CHAPTER ONE
Introduction

This thesis presents a comprehensive account of the development of a pain
assessment instrument designed for critically ill preverbal children who undergo
major surgery. It aims to describe the pain responses specific to this group of
vulnerable children and, using these pain indicators, to develop and test a new pain
assessment instrument to assist health professionals in their clinical judgments.
Providing a valid pain instrument is important because it provides a mean for
standard accurate assessment, which is a prerequisite for optimal pain management
and ultimately better health outcomes.

This chapter provides a background to the prevalence of pain in paediatric intensive
care units and the short- and long-term consequences of pain in critically ill infants.
It also highlights the difficulty of assessing pain in this population and the lack of
appropriate pain instruments. An overview of the strategies chosen to address these
issues and the objectives of this study are then presented. Finally, the chapter
concludes with an overview of the layout of the thesis, followed by the glossary of
terms.

Background to the Study
Over 7300 children are admitted to the paediatric intensive care units (PICU) in
Australia and New Zealand each year. Approximately half of these children are
1

under three years of age and require surgery (Australian and New Zealand Paediatric
Intensive Care Registry, 2004). Due to the nature of their illness, this vulnerable
group of children is routinely subjected to various diagnostics, surgical or therapeutic
invasive procedures that can result in pain (Porter & Anand, 1998). In addition, the
stress associated with the intensive care environment, emanating from high levels of
noise, constant lights, hectic space and unfamiliar faces, is likely to exacerbate the
pain experienced (Carroll & Cook, 1993).

Historically, perception of pain in infants has been a subject of debate amongst
scientists. The belief that infants could not remember pain contributed to a great deal
of unnecessary suffering in this vulnerable population (Andrews & Fitzgerald, 1997).
However, research advances in the last two decades have shown that the newborn
does have the anatomical and functional components required to both perceive and
remember pain (Anand & Hickey, 1987). Premature infants are at particular risk of
experiencing pain due to the immaturity of their central nervous system and the rapid
brain development occurring in the last trimester of gestation (Anand, 2000). Several
longitudinal studies have demonstrated that substantial pain experience in early
human life, independent of morphine exposure, may have long-term effects on the
individual stress responses in vulnerable infants. This stress response is the probable
cause for permanent damage to pain processing mechanisms (Fitzgerald, 2005), with
implications for future pain experience. For instance, infants who were subjected to
repetitive or prolonged untreated pain after birth demonstrated a lower pain threshold
during routine immunisation at four and six months when compared to infants
without this poorly managed pain experience (Grunau, Weinberg, & Whitfield, 2004;
Grunau, Whitfield, & Petrie, 1994; Grunau, Whitfield, Petrie, & Fryer, 1994; Taddio,
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Goldbach, Ipp, Stevens, & Koren, 1995). Other long-term consequences observed in
animal studies included preference for alcohol, increased anxiety, defensive
withdrawal behaviour, and decreased pain threshold (Anand, 2003).

Compared with healthy or moderately ill infants, the consequences of unrelieved
pain in PICU patients may be more dramatic due to the severity of their illness. In
essence, if pain remains inadequately treated in this group, they may experience
physical and psychological stress resulting in severe deterioration of their metabolic
and major organ systems as well as psychological disturbance (Anand, 2003). Anand
and Hickey (1992) demonstrated that deep anaesthesia and postoperative analgesia
with high doses of opioids reduced stress, complications, and mortality in neonates
undergoing cardiac surgery. Consequently, administration of analgesics and
sedatives is common practice in the critically ill (Park & Sladen, 1995). Although
this combination of drugs has demonstrated its benefit in reducing pain and being
relatively safe for use in infants (Harte, Gray, lee, Steer, & Charles, 1997; JacqzAgrain, Daoud, Burtin, Desplanques, & Beaufils, 1994; Wagner & O'Hara, 1997),
the complications due to their side effects can be significant. In essence,
accumulation of drugs due to altered drug metabolism may develop in children with
multi-organ failure and result in prolonged intubation, increased risks of
complications, and unnecessary physical and psychological suffering (Gill, 1996).
Risk of severe abstinence symptoms when analgesics are tapered too abruptly is
another complication (Ducharme, Carnevale, Clermont, & Shea, 2005; Franck,
Naughton, & Winter, 2004). The long-term consequences of critical care admission
on children include greater prevalence of medical fears and posttraumatic stress
behaviour among children who are exposed to a greater number of pain exposures in
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the intensive care unit (Rennick, Johnston, Dougherty, Platt, & Ritchie, 2002;
Rennick et al., 2004).

Despite overwhelming evidence about the short- and long-term consequences of
unrelieved pain, pain management in critically ill infants and children remains less
than optimal (Beyer, McGrath, & Berde, 1990; Breau, Camfield, McGrath, & Finley,
2003; Franck, 1987; Jacob & Puntillo, 1999; Porter, Wolf, Gold, Lotsoff, & Miller,
1997; Simons et al., 2003). Critically ill children, whose communication is impaired,
are at higher risk of experiencing pain. Results from the Thunder Project II, a large
survey of pain management in acute and critical care settings in North America,
showed that most common pain-inducing procedures, including dressing change,
turning, tracheal suctioning, and wound drain removal, to name a few, were not
appropriately treated in the majority of critical care patients, including children
(Puntillo et al., 2001). A prospective study of procedural pain and analgesia in
neonates by Simons et al. (2003) showed that clinicians thought that most neonatal
intensive care unit procedures are painful, but only a third of the neonates received
appropriate analgesia.

Inadequate pain treatment may be a result of a lack of standardised approach to pain
management in infants and children (Ely, 2001; Furdon, Eastman, Benjamin, &
Horgan, 1998). This remains a current problem as demonstrated by Long et al.
(2005) who surveyed analgesia and sedation practice in all Australian and New
Zealand paediatric intensive care units and showed that, although a combination of
opioids and benzodiazepines was the first choice regime for the majority of the units,
half did not have standardised guidelines.

4

To overcome this problem, and to highlight the ethical and legal importance of pain
control, national government health agencies in North America (Joint Commission
on Accreditation on Healthcare Organizations, 2001) and in Australasia (National
Health and Medical Research Council, 2005a; The Royal Australasian College of
Physicians, 2005a) continue to develop and update recommendations and guidelines
to assist health professionals in the management of pain. Other professional bodies,
such as the International Evidence-based Group for Neonatal Pain (Anand &
International Evidence-Based Group for Neonatal Pain, 2001) the American
Academy of Pediatrics & Canadian Paediatric Society (American Academy of
Pediatrics & Canadian Paediatric Society, 2000) and the International Association for
the Study of Pain (Finley, Franck, Grunau, & von Baeyer, 2005) have also published
consensus statements and guidelines for the prevention and management of pain and
stress in the newborn and older children. One universal key point that emerges from
these recommendations is that adequate assessment of pain is paramount for accurate
treatment of pain. The International Evidence-based Group for Neonatal Pain
highlighted that “particularly careful assessment is required in critically ill infants as
they do not mount vigorous behavioural responses to pain” (Anand & International
Evidence-Based Group for Neonatal Pain, 2001, p. 1).

The presence or the level of pain experienced by critically ill infants is difficult to
evaluate for a variety of reasons. These include (a) the subjective nature of pain
(Lindblom et al., 1986); (b) the complexities of assessing pain in preverbal infants,
who are unable to communicate their pain; (c) the difficulty of differentiating
between pain and other causes of agitation (Broome & Tanzillo, 1990; Ramelet,
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1999); (d) the lack of accurate pain indicators for the critically ill infant; (e) and
contextual factors such as severity of illness, restraints, intubation, alterations in state
of consciousness; (f) drug effects associated with sedatives, neuromuscular
blockades, neuroleptics, and others (Abu-Saad, 1998; Abu-Saad, Bours, Stevens, &
Hamers, 1998; Franck & Miaskowski, 1997; Porter, Wolf, & Miller, 1998). To
overcome the difficult task of assessing pain in infants, a few pain assessment tools
have been developed for use in critically ill infants.

Existing pain assessment scales designed for use in infants are either uni-dimensional
or multidimensional, and have been developed to assess mainly acute pain (AbuSaad, 1998; Abu-Saad et al., 1998; Franck & Miaskowski, 1997; Gibbins, Stevens, &
Asztalos, 2003). Uni-dimensional scales are limited to one or more behavioural pain
characteristics, and because pain is a multidimensional phenomenon, the validity and
clinical value of these types of scales are questionable. A multidimensional scale
including behavioural and physiological indicators is considered a more valid
representation of the concept of pain (Abu-Saad, 1999).

Problem Statement
Several comprehensive reviews of neonatal and paediatric pain instruments have
been published over the past decade (Abu-Saad, 1998; Abu-Saad et al., 1998; Franck
& Miaskowski, 1997; Gibbins et al., 2003; Stevens, Johnston, & Gibbins, 1999).
Numerous pain measures have been developed for preterm and term neonates, but
most of them have been developed for research purposes and have limited utility in
the clinical setting. In addition, the majority of the pain scales have been developed
from pain indicators observed in healthy or moderately sick infants experiencing
6

acute painful stimuli. The pain indicators used in these measures, including cry and
body movements may not reflect longer-lasting pain in critically ill infants and,
therefore, may not be appropriate for use in this population. It is the paucity of
research in this area and the lack of appropriate assessment tools that has encouraged
the researcher to undertake this study.

Rationale for the Study
Despite evidence that the newborn infant is capable of experiencing pain and
remembering it and that inadequate pain relief may have dramatic consequences on
the survival of critically ill infants, pain management in this population remains at a
suboptimal level. Ideal management of pain in this vulnerable group can be achieved
only if pain can accurately be identified. The assessment of pain in critically ill
infants is mainly performed by the bedside nurse. In the absence of available
information on how critically ill infants respond to pain as well as the lack of an
appropriate pain assessment scale for use in this group of infants, nurses and health
professionals rely on their subjective judgments about pain. However, their judgment
may be influenced by various factors and can thus be inconsistent and inaccurate,
resulting in inadequate pain management (Abu-Saad & Hamers, 1997; Aslan, Badir,
& Selimen, 2003; Ely, 2001; Erkes, Parker, Carr, & Mayo, 2001; Romsing, MollerSonnergaard, Hertel, & Rasmussen, 1996; Watt-Watson, Stevens, Garfinkel,
Streiner, & Gallop, 2001). The use of an appropriate pain measure would, therefore,
provide a more objective means to determine the presence and possibly the level of
pain in individual critically ill infants.
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Purpose of the Study
The purpose of the study was to develop a valid clinical assessment tool for assessing
postoperative pain in critically ill preverbal children. Using an ethological method of
observation, it was possible to capture, describe, interpret, and analyse pain
behaviour in critically ill infants who underwent major surgery, then develop a pain
measure and establish its psychometric properties. This study first explored the
behaviour exhibited by critically ill infants over the postoperative period, then used
the pain indicators defined in the first phase of the study to develop a pain measure
for postoperative critically ill infants. The two final stages of the study tested the
measure for psychometric properties and clinical utility.

Research Questions, Objectives, and Hypotheses
The following research questions provided guidance throughout the development of
the study:


What indicator(s) best describe pain in postoperative critically ill infants?



How do these pain indicators vary over time?



What are the psychometric properties of the MAPS?



What is the MAPS’ clinical validity?

The specific objectives of this study were to:


Describe pain behaviour and the associated physiologic responses in critically ill
infants during the postoperative period.



Develop a pain assessment tool specifically for critically ill preverbal children.
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Evaluate the psychometric properties of the pain assessment tool, namely
interrater reliability, internal consistency, content, convergent, and concurrent
validity.



Examine the clinical validity of the pain assessment tool, namely the MAPS
response to the effect of analgesics (construct validity), internal consistency, and
feasibility.

The following hypotheses were tested to establish the psychometric properties of the
developed pain assessment tool:


There is a positive correlation between MAPS and two instruments, the face, leg,
activity, cry, and consolability (FLACC) and the visual analogue scale (VAS).



Pain scores decrease significantly after the administration of an appropriate dose
of morphine given intravenously.

Methodology
The research questions were addressed through a multi-design study comprising
three phases:


Phase One involved an observational design, including video recordings of the
participants. Video recordings were viewed using ethological principles of
observation, resulting in detailed description of postoperative pain behaviour in
critically ill infants.



Phase Two included the development of the pain assessment tool and
establishment of preliminary psychometric properties, including face and content
validity, interrater reliability, and convergent and concurrent validity.

9



Phase Three assessed the clinical validity of the pain assessment tool using a
hypothesis-testing approach and clinical utility was evaluated using a
questionnaire completed by nurses.

In this study, the conceptualisation of pain in nonverbal children, described by
Merskey (1997, p. 121), formed a framework for the description of pain in critically
ill preverbal children. This model suggests that adequate assessment of pain requires
that several criteria be met: (a) an adequate brain structure must be present to make
possible the occurrence of consciousness and pain; (b) typical pain behaviour must
be present; (c) any other causes must be excluded; and (d) a likely cause of pain must
be present. Theory of instrument development informs Phases Two and Three of the
study (Johnston, 1998). A detailed description of this study methodology is presented
in Chapter Three.

Significance of the Study
The importance of this study is that it exposes the importance of pain assessment in
young children’s postoperative intensive care as well as the lack of appropriate
measures for this vulnerable group. Information derived from this study, including
description of pain behaviour in critically ill infants and the provision of a new pain
assessment tool, can be utilised to provide a more valid and standardised approach to
postoperative pain assessment in this group. Recommendations made for improved
pain assessment and management are of greater utility to nurse clinicians, nurse
educators, and nurse researchers in their endeavour to prevent unnecessary suffering.
Ultimately, it is the young critically ill children in intensive care units who will
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benefit from improved pain assessment and management, and better health
outcomes.

Overview of the Thesis
This thesis is presented in seven chapters. Four of these chapters are presented in the
form of journal articles that have been either published or submitted for publication
in international peer-reviewed journals. Chapter One outlines the background and the
rationale of the study, provides the research questions and objectives, gives an
overview of the thesis outline with a glossary of terms. Chapter Two includes an
article published in the journal Australian Critical Care. This paper presents a
comprehensive review of the literature that is relevant to pain assessment in
preverbal children and provides a discussion on the challenges of pain assessment in
the critically ill preverbal child. Chapter Three gives an account of the research
methodology of the study, including ethical considerations. Results of Phase One are
presented and discussed in Chapter Four in the form of a journal article published in
the journal Pediatric Critical Care Medicine. Results of Phase Two and Phase Three
are shown and discussed in Chapters Five and Six, respectively, both in the form of a
journal article submitted for publication in the journal Pediatric Anesthesia. To
conclude the thesis, Chapter Seven presents a summary of the major findings of the
study, discusses the implications of the study findings and makes recommendations
relevant to nursing research, nursing education, and nursing practice in paediatric
postoperative pain management.

11

Glossary of Terms
The following terms were used in this thesis and defined as:

Infant: includes term neonates (one who were born at 37 weeks’ gestation) and
infants aged between 1 and 12 months. It is acknowledged that this is an operational
definition for the purpose of this study that does not accurately reflect the definition
of infants commonly used.

Young children: children who are aged between 0 and 36 months and in their
preverbal stage of development. Both terms ‘young children’ and ‘preverbal
children’ are used interchangeably throughout this thesis.

Critically ill patient: one who is at risk of life threatening health problems or is
experiencing a life-threatening condition that may occur as a result of major
complications occurring in the perinatal period, serious injuries from accidents,
major interventions involving vital organs, or failure of one or more of the body’s
vital organs as a result of disease, infection, or complications from treatment.

Postoperative pain: pain experience by children recovering from surgery while in
hospital

Breakthrough pain: pain that occurs incidentally while the patient is receiving a
continuous intravenous infusion of analgesics.
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Paediatric intensive care unit: Paediatric tertiary referral intensive care unit based in
a capital city.
Critical Care Nurse Specialist: A registered nurse who provides competent and
holistic care for the critically ill patient through the integration of an advanced level
of knowledge, skills and humanistic values.

13

CHAPTER TWO
The challenges of pain measurement in critically ill young
children: A comprehensive review.

The previous chapter introduced the study, outlined the subject of the investigation
and the methods used to conduct the study. A brief account of the significance of
pain assessment in critically ill infants was also presented. The purpose of this
chapter is to discuss the many challenges of pain measurement in critically ill
children, provide a comprehensive review of the pain measures for children aged
between 0 and 3 years, and consider their applicability to this group of children.

This chapter is presented in the format of a journal article that was published in
Australian Critical Care (2004) 17, 33-45. The paper was co-authored by
Supervisors Professor Huda Huijer Abu-Saad, Professor Sue McDonald, and
Associate Professor Nancy Rees who were happy to have it included in this thesis.
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Abstract
This article addresses the issues in measuring pain in critically ill children, provides a
comprehensive review of the pain measures for children aged between 0 and 3 years,
and discusses their applicability to this group of children.

When children are critically ill, pain can only exacerbate the stress response that
already exists, to the extent that homeostasis cannot be maintained. Severity of
illness is thus likely to affect physiologic and behavioural pain responses that would
normally be demonstrated in healthy children. The problem of differentiating pain
from other constructs adds to the complexity of assessing pain in non-verbal
children. A pain measure to be useful clinically must be adapted to the
developmental age of the target population.

Search of electronic databases and other electronic sources was supplemented by
hand review of relevant journals to identify published and unpublished pain measures
for use in children aged between 0 and 3 years. Twenty eight pain measures were
identified in the literature: 11 for neonates only, 11 for children aged between 0 and
3 years, and six for children more than 12 months. These measures vary in relation to
their psychometric properties, clinical utility, and the context in which the study was
performed. These measures may not be suitable for the critically ill young child,
because the items included were derived from observations of healthy or moderately
sick children and may not reflect pain behaviour in those who are critically ill. It is
therefore recommended to develop new pain scales for this population of
compromised children.
Email: Anne-Sylvie.Ramelet@health.wa.gov.au
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Introduction
More than in other paediatric populations, critically ill children are particularly
exposed to pain as, in addition to their medical or surgical condition, they undergo
numerous potentially painful diagnostic and treatment-related procedures (Porter &
Anand, 1998). In this vulnerable group of patients, the experience of pain may
exacerbate the stress response that already exists, as well as cause severe clinical
complications, delay recovery, increase the risk of mortality, and have long-term
psychological consequences (Anand, Coskun, Thrivikraman, Nemernoff, & Plotsky,
1999; Anand & Hickey, 1987, 1992; Grunau, Oberlander, Whitfield, Fitzgerald, &
Lee, 2001; Grunau, Whitfield, & Petrie, 1994; Grunau, Whitfield, Petrie et al., 1994;
Porter, Grunau, & Anand, 1999). Despite this evidence, pain management in
critically ill children and neonates remains below an optimal level (Bauchner, May,
& Coates, 1992; Johnston, Collinge, Henderson, & Anand, 1997; Ludwick, Hall, &
Gaines, 1995; Pederson & Bjerke, 1999). Factors that contribute to poor pain
management in this group of children include a lack of management plan (Carroll et
al., 1999); knowledge deficit amongst physicians, pharmacists, and nurses (Clarke et
al., 1996; Coyne et al., 1999; Lebovits et al., 1997); and difficulty in assessing pain.

Adequate assessment of pain is the key determinant for appropriate management, yet
is particularly challenging in critically ill young children. In addition to their obvious
inability to verbalise their experience, critically ill young children may not be able to
express their pain through behaviour due to intubation, sedation with or without
pharmacological paralysis, and/or neurological impairment. Furthermore, there is a
decrease or a lack of pain responses in the critically ill infant (Andrews & Fitzgerald,
1997; De Jonghe et al., 2000; Franck & Miaskowski, 1997; Johnston, Stevens, Yang,
16

& Horton, 1995; Johnston et al., 1999); pain responses in young infants can vary
(Fuller & Conner, 1996); and it is difficult to differentiate pain from other constructs
(e.g. anxiety) (Andrews & Fitzgerald, 1997). The severity of illness, the variety of
pathologies, the broad age range, and different types of pain are other factors likely
to affect behavioural and physiological pain responses, adding to the complexity of
pain assessment in critically ill children.

Self-report is considered the gold standard of pain assessment by the International
Association for the Study of Pain (International Association for the Study of Pain,
1994). However, in preverbal children, health professionals have to rely on
observational cues and clinical judgment to assess the presence and characteristics of
pain (Abu-Saad, 1998). To facilitate pain assessment, numerous observational pain
measures have been developed for neonates and preverbal children. However, the
relevance of these measures, as reported in several reviews, varies greatly in relation
to their psychometric properties, clinical utility and feasibility, and the context in
which the study was performed (Abu-Saad et al., 1998; Franck & Miaskowski, 1997;
Stevens, 1998). Recently, two articles addressed the issue of pain measurement in
vulnerable infants, the premature neonate and infants with cognitive and/or
neurological impairment in particular (Craig, Korol, & Pillai, 2002; van Dijk, Peters,
Bouwmeester, & Tibboel, 2002). Little attention, however, has been given to older
infants/children who are critically ill. This may be due to the complexity of
investigating pain in an uncontrolled environment, where it is difficult to predict pain
because of the recommended practice of providing analgesia and sedation in
critically ill children (National Health and Medical Research Council, 2005a).
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Nevertheless, appropriate pain relief in this vulnerable group of children is none less
important and can only be achieved by accurate assessment.

The objectives of this article are to discuss the issues in measuring pain in critically
ill children, to provide an updated review of the existing pain measures for children
aged between 0 and 3 years, and to determine whether these existing pain measures
are applicable for this age group of critically ill children. The term neonates (birth-28
days) and infants (1-12 months) is used throughout the text and refers to specific age
groups of preverbal children (0-3 years) included in this review.

Issues in Measuring Pain in Critically ill Young Children
The measurement of pain in the critically ill young child is complicated by factors
affecting pain responses, such as the child’s severity of illness, likely to modify
typical pain behaviour that would normally be observed in healthy children. The
variability in pain responses due to children’s different age and type of pain is
another factor making the process of pain assessment even more complex. An
additional issue in measuring pain in this group of children includes the difficulty in
differentiating between pain and other constructs, such as stress, agitation, and
sedation.

Factors affecting pain responses
The deleterious effect of pain on critically ill infants has been well documented,
especially in premature infants (Anand et al., 1999; Anand & Hickey, 1987, 1992).
Critically ill infants and young children are exposed to a potential or actual life
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threatening condition (Australian College of Critical Care Nurses Inc., 2002) that can
occur as a result of premature birth, trauma, surgery, or failure of one or more of the
body’s vital organ(s) as a result of illness (Australian and New Zealand Paediatric
Intensive Care Registry, 2004). When critically ill, pain can only exacerbate the
stress response that already exists, to the extent that homeostasis cannot be
maintained. In this condition, severity of illness is likely to affect physiologic and
behavioural pain responses that would normally be demonstrated in healthy or
moderately sick children. There is, however, a lack of information on how severity of
illness impacts on pain responses.

Pain responses have been shown to be inhibited in premature infants. However,
diminished behavioural responses do not necessarily indicate an absence of pain, but
in critically ill infants may be an indication of pain. Infants, not only because of their
severity of illness but also their developmental age, may not have the physiologic
and behavioural ability to respond to pain (Johnston et al., 1995; Johnston et al.,
1999; Stevens & Johnston, 1994).

Developmental age seems to modulate pain responses (Craig, 1997), but pain
responses can vary between individuals of the same age. The greatest variability
occurs during the neonatal period due to neonates’ immature neural system
(Fitzgerald, 2000). Consequently, it is difficult to differentiate between motor
reflexes and pain behaviour at this age (Stevens, Johnston, & Grunau, 1995). This
variability, however, decreases over the first year of life (Piek & Carman, 1994).
Developmental age is a factor that affects not only how a child expresses his/her
pain, but also determines the choice of a pain measure. Pain in preverbal children is
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primarily a sensory and emotional experience that is related to Piaget’s sensorimotor
stage of development (Twycross, 1999). During this stage, which lasts from birth to
approximately age 2, understanding is based on immediate sensory experience and
actions. Unlike mature humans, the inability to understand and give meaning to pain,
as well as the incapacity to verbalise their negative experiences and develop coping
mechanisms, make preverbal children more vulnerable to pain (Craig, 1997; Craig et
al., 2002).

The type of pain is also likely to modulate pain responses. There are essentially two
different types of acute pain that critically ill infants may experience: immediate pain
or established acute pain. Immediate pain is typically caused by surgery, invasive
procedures, or injury; the response is immediate and can last seconds to minutes.
Established acute pain (including postoperative pain) results from the inflammatory
process following tissue damage and can last hours to days (National Institute of
Nursing Research, 1994). Only, a few investigators focused their work on defining
postoperative pain indicators (Buttner & Finke, 2000; van Dijk et al., 2000). Most
pain research in preverbal children address immediate pain response, because it is
more predictable and measurable. Immediate pain response was described in healthy
or moderately sick infants during circumcision (Benini, Johnston, Faucher, &
Aranda, 1993; Butler-O'Hara, LeMoine , & Guillet, 1998; Howard, Howard, &
Weitzman, 1994; Weatherstone et al., 1993), intra-muscular injection (Grunau,
Johnston, & Craig, 1990;

Johnston, Stevens, Craig, & Grunau, 1993; Taddio,

Nulman, Koren, Stevens, & Koren, 1995), and heel sticks (Johnston et al., 1999;
Larsson, Tannfeldt, Lagercrantz, & Olsson, 1998; Lindh, Wiklund, & Hakansson,
1999; Overgaard & Knudsen, 1999; Stevens, Johnston, Franck et al., 1999; Stevens,
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Johnston, Taddio et al., 1999). Description of immediate pain caused by common
paediatric intensive care procedures such as endotracheal tube suctioning is,
however, limited (Franck & Miaskowski, 1997).

Pain and other constructs
Pain and agitation are two conditions that require different treatment. Although
critical care nurses are responsible for this task, they were unable to differentiate
between pain and agitation when asked to describe each condition using a list of
physiologic and behavioural cues (Ramelet, 1999). It is difficult to differentiate pain
from other constructs, such as agitation or stress, because these conditions are
interrelated. Pain causes stress that can be categorised as physiologic stress
(evidenced by an increase in heart rate), hormonal stress (e.g. increase in endogenous
norepinephrine), metabolic stress (e.g. increase in serum lactate), or behavioural
stress (e.g agitation) (Anand & Hickey, 1987, 1992). While pain may result in
agitation, agitation in the critically ill child can be caused by other conditions (see
Table 1).

Table 1. Factors causing agitation
Physiologic Factors
Pain
Hypoxia
Adverse reaction to medication
Drug intoxication/withdrawal
Brain injury
Metabolic Disorders
Sepsis

Psychological Factors
Sleep deprivation
Unfamiliar environment
Separation from a parent
ICU stressors (e.g. noise, light)
Mental disorder
Physical discomfort

In an attempt to differentiate pain and agitation, Broome and Tanzillo (1990)
suggested that agitation may be the result of chronic pain rather than acute pain.
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However, in a more recent study (Debillon et al., 1994), agitation was observed in
neonates experiencing both immediate pain and established pain. In this latter
research, procedural pain was characterised by an immediate behavioural response
accompanied by physiologic cues, whereas established pain was characterised by a
prolonged agitated state with no associated physiologic signs.

Determining pain in deeply sedated and chemically paralysed children is even more
complex, as in a deep sedation state in which the patient’s consciousness is depressed
to a degree that she/he cannot be easily aroused (Joint Commission on Accreditation
on Healthcare Organizations, 2001) or in a paralysed state, where spontaneous pain
behaviour is impaired. Physiologic indices, pupil size and presence of tears may be
the only reliable indicators of pain in these patients (Anand, 1998; Curley et al.,
1992).

Review of Pain Measures for Young Children
An extensive review of the literature was performed to identify all published pain
measures developed for infants and children aged from birth to 3 years. In order to
ensure a comprehensive recall of pain measures, the following keywords or
combination of keywords were included: pain, distress; scale, measure, tool;
assessment, measurement; infant, neonate, child, toddler, paediatric, and pediatric.
Searches were restricted to English, French, and German languages. Electronic
databases such as MedLine, Cochrane Library, CINAHL, and electronic full text
ScienceDirect were searched for material published between 1986 and December
2002. Electronic journals related to pain were also reviewed. Websites of the
International Association for the Study of Pain (www.iasp-pain.org), Pediadol
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(www.pediadol.org),

and

Pediatric

Pain

–

Science

Helping

Children

(http://is.dal.ca/~pedpain/pedpain.html) were identified using Internet search engines.
Messages regarding pain measures from the pediatric pain mailing list (PEDIATRICPAIN@IS.DAL.CA) and the Pediatric Intensive Care Unit mailing list (PICU-NurseInternational@yahoogroups.com) were reviewed by topics and date (January 2000December 2002). The electronic search was supplemented by hand searching
relevant journals and cross-referencing with reference lists in key articles.
Unpublished material describing pain measures was also included when sufficient
data were available. Inclusion criteria for this review included all articles that
reported one or several psychometric aspect(s) of a pain measure that was tested in
children aged between 0 and 3 years. Published and unpublished studies, in which a
pain measure was used in this same population, were excluded if the aim was not to
test the pain measure for either reliability, validity, or clinical utility.

Out of 67 articles retrieved, 32 were included in this review. Out of these 32 articles,
28 pain measures for use in children aged between 0 and 3 years were identified.
Eleven measures were specifically designed for the neonate (birth to 28 days), tested
or in the process of being tested in this population only. Eleven scales were tested in
young children, including neonates; and the remaining six measures were developed
for children older than 12 months (see Table 2).
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Table 2. Pain measures tested in different age groups
Measures

Age in months
0

PIPP
PAIN
SUN
PAT
DSVNI
N-PASS
CRIES
NIPS
EDIN
DAN
LIDS
IBCS
MIPS
POCIS
PEPPS
TPPPS
CFCS
CHEOPS
NFCS
COMFORT
RIPS
POPS
NAPI
CHIPPS
BPS
MBPS
FLACC
OPS

6

1
2

1
8

2
4

3
0

3
6

Max.
age in
years

→3 months

4-30 weeks
→4 years
→24 months
→5 years
→6 years
→7 years
→18 months

→5 y
4-6
→7 y
→13 y

24

Table 2. Note. PIPP: Premature Infant Pain Profile (Stevens, Johnston, & Horton,
1993); PAIN: Pain Assessment In Neonates (Hudson-Barr et al., 2002); SUN: Scale
for use in Newborns (Blauer & Gertsmann, 1998); PAT: Pain Assessment Tool
(Hodgkinson, Bear, Thorn, & Van Blaricum, 1994); DSVNI: Distress Scale for
Ventilated Newborn Infants (Sparshott, 1996); N-PASS: Neonatal-Pain, Agitation,
and Sedation Scale (personal communication, Pulchaski, May 2001); CRIES: an
acronym for Crying, Requires O2, Increased vital signs, Expressions, and Sleepless
(Krechel & Bildner, 1995); NIPS: Neonatal Infant Pain Scale (Lawrence et al.,
1993); EDIN: Echelle Douleur Incomfort Nouveau-né (Debillon et al., 1994;
Debillon, Zupan, Ravault, Magny, & al., 2001); DAN: Douleur Aigue du Nouveauné

(Carbajal et al., 1997); LIDS: Liverpool Infant Distress Score (Horgan,

Choonara, Al-Waidh, Sambrooks, & Ashby, 1996); IBCS: Infant Body Coding
System (Craig, Whitfield, Grunau, Linton, & Hadjistavropoulos, 1993); MIPS:
Modified Infant Pain Scale (Buchholz, Karl, Pomietto, & Lynn, 1998); NFCS:
Neonatal Facial Coding System (Craig et al., 1993); BPS: Behavioral Pain Score
(Robieux, Kumar, Radhakrishnan, & Koren, 1991); MBPS: Modified Behavioral
Pain Score (Taddio, Nulman et al., 1995); FLACC: an acronym for Face, Legs,
Activity, Cry and Consolability (Merkel, Voepel-Lewis, Shayevitz, & Malviya,
1997); OPS: Objective Pain Scale (Norden et al., 1991); POCIS: Pain Observation
Scale for Young Children (Boelen van der Loo, Scheffer, de Haan, & de Groot,
1999); PEPPS: Preverbal, Early Verbal Pediatric Pain Scale (Schultz et al., 1999);
TPPPS: Toddler-Preschooler Postoperative Pain Scale (Tarbell, Cohen, & Marsh,
1992); CFCS: Child Facial Coding System (Gilbert et al., 1999); CHEOPS:
Children’s Hospital of Eastern Ontario Pain Scale (Suraseranivongse, Santawat,
Kraiprasit, & Petcharatana, 2001) COMFORT: (Ambuel, Hamlett, Marx, & Blumer,
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1992; van Dijk et al., 2000); RIPS: Riley Infant Pain Scale (RIPS), POPS:
Postoperative Pain Scale, and NAPI: Nursing Assessment of Pain Intensity (Joyce,
Schade, & Keck, 1994); CHIPPS: Children and Infants Postoperative Pain Scale
(Buttner & Finke, 2000; Buttner et al., 1998).

Applicability/Suitability of Pain Measures
To determine whether the existing pain measures are applicable for critically ill
young children, several criteria should be addressed. The items that can be included
in the measure should be described in detail and supported by several studies. The
components should also describe the population of patients of interest, and the
context in which the study was performed should be described (Stevens, 1998).

Generation of Items
Items can be generated from the literature, clinical experts’ opinion, or clinical
population (direct observations and video recordings). Clinical experts who work
closely with a specific population of patient are able to identify items that they have
observed in situations they believe to be related to pain. However, items generated
from a clinical population of children observed in situations where it would be
reasonable to assume that they are experiencing pain seems to be the most
appropriate method (Johnston, 1998). For instance, a pain measure including items
that were observed in critically ill children experiencing postoperative pain and/or
painful procedures that are commonly performed in ICU would be an “ideal”
instrument for this group of children.
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The original COMFORT scale (Ambuel et al., 1992) and the NIPS (Lawrence et al.,
1993) were constructed by experienced PICU nurses who responded to a
questionnaire. The COMFORT scale was originally developed to measure the level
of distress in paediatric intensive care patients, was shown to be a valid measure of
the level of sedation (Marx et al., 1994), and was later validated as a pain measure
(van Dijk et al., 2000). The inconsistency of the validation of the COMFORT scale
makes its construct validity and clinical utility questionable, resulting in difficulty of
interpreting the COMFORT scores and making decisions based upon those scores.
The PEPPS was developed through focus groups by seven paediatric nurses with 7 to
18 years experience. Videos of neonates in pain were used for the development of the
EDIN and the LIDS. How the items were selected was reported in the majority of the
studies, except for the SUN, the N-PASS, the OPS, and the DAN.

Pain measures can be categorised as composite measures or behavioural measures.
Composite measures include a combination of physiologic, behavioural and other
items (Table 3). Behavioural measures include behavioural items (Table 4).
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Table 3. Items in composite measures
Composite
measures

Physiologic
items

Behavioural items
Facial
expressions

Cry/Verbal
expressions

PIPP

HR, SaO2

PAIN

HR, SaO2

Brow bulge,
eye squeeze,
nasolabial
furrow
9

SUN

HR-MAP

9

PAT

HR, SaO2, BP

9

DSVNI

HR, BP, SaO2,
Temperature are
not scored, but
are indicative of
stress
HR-RR-BPSaO2

9

9

Crying
irritability

HR-BP-SaO2

9

9

N-PASS
CRIES

9

9

Other items

Source
items

of

Behavioral state
Gestational age

Literature
Clinical
observations
Experts
From
CRIES and
NIPS
Not
specified

Body
movements

Extremity
movements

Breathing pattern
State of arousal

9

Breathing pattern
CNS state

Posture

Breathing pattern
Sleep
Colour,
Nurse’s perception
Colour

9

9

Literature

Scoring
system
S/A*
(Total
score)
7 items
0-3 S
(0-21)
7 items
0-2 A
(0-10)
7 items
0-4 S
(0-28)
10 items
0-2 A
(0-20)

From
5
other
measures

3 items
0-3 A
(0-8)

Behaviour state
Extremities tone

Not specifed

Sleep

Literature
Experts

5 items
0-2 S
(0-10)
5 items
0-2 S
(0-10)

28

Table 3. Items in composite measures (cont.)
Composite
measures

Physiologic
items

Behavioural items

Other items

Source
items

Facial
expressions

Cry/Verbal
expressions

COMFORT

BP-HR

9

9
(added
to
initial scale)

9

Breathing pattern
Calmness/Alertness
Muscle tone

9

Agitation

9

Cry and
Verbal
expressions
Quality of cry

initially
developed
by experts to
measure
distress
(Ambuel et
al., 1992)
Not
specified

OPS

BP

MIPS

HR-BP-SaO2

Spontaneous
movements,
fingers and
toes flexion

Responsiveness
Sleep
Consolability
Sociability
Tone
sucking

PEPPS

HR

9

9

9

Consolability
Sociability

Body
movements

of

Adapted
from clinical
scoring
system
(Attia,
AmielTison,
Mayer,
Shinder, &
Barrier,
1987)
Literature
Experts
Theory

Scoring
system
S/A*
(Total
score)
9 items
1-5 S
(9-45)

5 items
0-2 S
(0-10)
13 items
0-2 A
(26-0) †

7 items
0-4 A
(0-26)

* S=symmetric/A=asymmetric
† higher score means no pain (0=the worst pain)
Measures highlighted in bold are postoperative measures. The ones that are not highlighted are measures assessing procedural pain.
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Table 4. Items in uni and multidimensional measures
Unidimensional
measures

Behavioural items
Facial
Cry
expressions

Other items

NFCS

9

Adapted from
FACS

CFCS

9

Videos

Body
movements

IBCS

Source of
items

Videos

9

Scoring
system
S/A*
(Total
score)
10 items
0-1 S
(0-10)
13 items
S
(0-13)
5 items
0-1 S
(0-5)

Multidimensional
measures
NAPI

9

9

9

Response to
touch

Adapted from
CHEOPS

RIPS

9

9

9

Responsivenes
s
Consolability

Adapted from
(Joyce et al.,
1994)

POPS

9

Quality
cry

9

Response to
touch
Consolability
Muscle tone

NIPS

9

9

9

EDIN

9

9

Breathing
pattern
State of arousal
Sleep
Consolability
Sociability

Adapted from
clinical
scoring system
(Barrier, Attia,
Mayer, AmielTison, &
Shinder, 1989)
Literature

of

Observations
videos

4 items
0-3 A
(0-11)
6 items
0-3 S
(0-18)
7 items
0-2 S
(0-14)

6 items
0-2 A
(0-13)
5 items
0-3 S
(0-15)
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Table 4. Items in uni and multidimensional measures (cont.)
Multidimensional
measures

Behavioural items
Facial
Cry
expressions

Other items

DAN

9

9

9

LIDS

9

Cry quality,
Cry quantity

9

BPS

9

9

9

Adapted from
CHEOPS

MBPS

9

9

9

Adapted from
BPS

FLACC

9

9

9

Activity
Consolability

Experts

POCIS

9

9

Breathing
pattern
Consolability

Adapted from
CHEOPS and
NIPS

TPPPS

9

9

rub or touch
painful area

CHEOPS

9

9

9

CHIPPS

9

9

9

Body
movements

Source of
items

Not specified
Sleep,
Excitability
Muscle tone

Videos

Literature
Response
to
touch
Child
verbalisation
Motor
restlessness

Experts

Literature
(Buttner et al.,
1998)

Scoring
system
S/A*
(Total
score)
3 items
0-4 A
(0-10)
8 items
0-5 S
(0-40)
3 items
0-3 A
(0-8)
3 items
0-4 A
(0-10)
5 items
0-2 S
(0-10)
7 items
S
(0-7)
7 items
0-1 S
(0-7)
6 items
A
(4-13)
5 items
0-2 S
(0-10)

* S=symmetric/A=asymmetric

Physiological items
Differences between the physiological items represented in the pain measures lie in
the type and number of items. Increase in heart rate (expressed in percentage or in
actual value) was included in all composite measures, except the OPS. Increased
heart rate in response to acute pain has been well demonstrated in neonates, infants
(Benini et al., 1993; Bozette, 1993; Howard et al., 1994; Lindh et al., 1999;
Oberlander, O'Donnel, & Montgommery, 1999; Stevens et al., 1993), and older
children with various severity of illness (Tobias, Martin, oakes, Rao, & Wetzel,
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1993). Blood pressure was another item commonly used in the measures. There is,
however, less evidence to support increased blood pressure with acute pain (Ludwick
et al., 1995; Tobias et al., 1993).

Other physiologic items that are ventilation markers (respiratory rate, oxygen
saturation, and/or breathing pattern) were included in the PIPP, the NIPS, the PAT,
the DSVNI, the N-PASS, the CRIES, the COMFORT, and the POCIS. Changes in
respiratory rate were observed in non-ventilated neonates experiencing acute pain
(Craig et al., 1993; Howard et al., 1994). In another study by Benini et al. (1993),
decreased oxygen saturation was described in neonates undergoing circumcision.
These ventilation markers are, however, influenced by the mechanical ventilation
settings, such as the ventilator rate, fraction of inspired oxygen (FiO2), the adequacy
of the tidal volume and mean airway pressure, and the mode of the ventilator
(Duncan, 1998), thus may not be useful pain indicators in ventilated children. In
addition, children suffering from severe respiratory distress may not have the
physiologic capacity to increase their respiratory rate in response to pain.

Physiologic items can vary greatly with stressors other than pain, such as
haemodynamic instability, medications, mechanical ventilation, fear, anxiety, or
general discomfort, and thus may not be specific enough to discriminate between
painful and nonpainful stimuli (Franck & Miaskowski, 1997). However, physiologic
parameters have been shown to be valuable indicators for critically ill young children
in pain and have the advantage of being readily available to the critical care setting
(van Dijk et al., 2001). It is, therefore, recommended to take them into consideration
with behavioural items when measuring pain in critically ill young children.
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Behavioural and other items
The measures reviewed in this article included behavioural items comprising facial
expressions, cry or verbal expressions, body movements, state of arousal, and
consolability, as well as other items such as gestational age, sociability, colour, and
nurses’ perception of pain intensity.

The extensive work of Grunau and Craig, and others (Craig, Hadjistavropoulos,
Grunau, & Whitfield, 1994; Gilbert et al., 1999; 1990; Johnston et al., 1993; Lilley,
Craig, & Grunau, 1997) demonstrated clearly that specific facial expressions (brow
bulge, eye squeeze, naso-labial furrow, open lips, stretch mouth, lip purse, taut
tongue, chin quiver) have been shown to be valid pain indicators in infants of
different age and different type of pain. All measures, except the OPS, included an
inconsistent number of facial expressions, as an item ranging from one to 13 items.
Differences between pain measures remain in the definitions of facial expressions.
For instance, the LIDS comprises a 6-point category for facial expressions, with
extensive definition for each point. Defined subtle facial expression, such as
nasolabial furrow, can, however, be difficult to evaluate in intubated patients who
have their endotracheal tube taped around the upper lip. Other measures simply
defined the facial expressions as a grimace; a term that has the ability to depict a
number of detailed facial expressions.

The majority of the measures (n=18) include the item cry and/or verbal expressions.
The definition of cry varies from presence or absence of cry to extensive definitions
of cry quality and frequency. It is, however, difficult for health professionals to
evaluate the quality of cries at the bedside, unless computerised recording equipment
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is available for spectrographic analysis. The characteristics of cry including duration,
frequency, latency, pitch, and harmonics, have been explored extensively during
painful stimuli in infants (Bozette, 1993; Broome & Tanzillo, 1990; Grunau et al.,
1990; Johnston et al., 1993; Stevens et al., 1993; Stevens, Johnston, & Horton,
1994). There is no doubt that high pitch, short and frequent cries can indicate pain,
but alone may not always be specific for pain (Fuller & Conner, 1995). In addition,
the quality of cries can be altered by neurologic (e.g. raised intracranial pressure) and
metabolic disorder (Duncan, 1998). Last, but not least, many critically ill children
who are more likely to experience numerous painful stimuli, cannot vocalise their
experience, because they are pharmacologically compromised and/or intubated. In
critically ill children, the absence or the presence of tears may be a useful indicator
of pain ( Curley et al., 1992), yet was not mentioned in any of the pain measures.

Body movements are commonly used in pain measures. An increase of body
movements usually indicates the highest pain intensity, except for the DSVNI and
the N-PASS, in which limited movement or immobility is considered as a sign of
severe pain. Craig et al. (1993) reported that facial expressions and body movements
were less vigorous in premature infants than in older infants. It seems logical to
extrapolate these findings to older vulnerable children, as severity of illness is likely
to affect body responses to pain, especially post major surgery where children may
limit their body movements when experiencing pain.

State of arousal is an item that was included in 18 measures. The wording differs
between measures, including behavioural or CNS state, sleep, central nervous system
state, excitability, responsiveness, sociability, activity, agitation, and alertness, but
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the definitions provided are similar. In these eighteen measures, an increased state of
arousal (agitation) indicates pain, thus assuming that children who do not respond to
stimulation are pain free. However this assumption may not be true for critically ill
children and extremely premature infants, as they may not be able to demonstrate a
behavioural response to pain due to the severity of their illness or their level of
sedation (Craig et al., 2002).

Consolability, which relates to the ability to pacify the child, is another item included
in six measures with little evidence of the value of this item in evaluating pain (van
Dijk, Peters et al., 2002). It is difficult to assess consolability when parents are not
present. Nurses who are seen as strangers may have difficulties soothing toddlers,
who are frightened by unfamiliar faces at this age.

Contextual factors
Gestational age, birthweight, Apgar score and indices of risk of mortality, type of
surgery, and requirement of intensive care are relevant contextual factors to
determine the severity of illness of a patient. For neonates, gestational age and
birthweight may give some indications about their clinical conditions, as one can
assume that extreme prematurity is classified as critical illness due to high risk of
mortality in this group of neonates. The Apgar score provides relevant clinical
information directly after birth, yet may not reflect the severity of illness at the time
of investigation. The risk of mortality indices, such as the Clinical Risk Index for
Babies (CRIB)(Rautonen, Makela, Boyd, Apajasalo, & Pohjavuori, 1994), the
American Society of Anestesiologists Physical Status (ASA PS) classification for
operative risk (American Society of Anesthesiologist, 1999), the pediatric risk of
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mortality score (PRISM) (Pollack, Ruttimann, & Getson, 1988), or the Paediatric
Index of Mortality (PIM) (Shann, Pearson, Slater, & Wilkinson, 1997) give an
accurate picture of the severity of illness and are commonly used in PICUs. The
requirement of intensive care is another factor influencing the definition of the
critically ill. For the purpose of this review, it was assumed that infants admitted in a
postanaesthesia care unit (PACU) or recovery room, or a day-surgery ward, were
either healthy or moderately sick. Those transferred directly to an intensive care unit
were potentially critically ill because of major surgery, very low birthweight, low
Apgar score, or requirement for ventilation support. The type of surgery predicts the
extent of the tissue damage and is important for anticipating postoperative care,
including pain management. However, the experience of pain is subjective and
changes over the time of the healing process. It is, therefore, important for an
appropriate choice of pain measure to be made, to be able to identify with accuracy
the patient’s clinical condition at the time of investigation.

All neonatal measures were tested in extreme premature infants, except the DSVNI
and the N-PASS that had not been tested, and the LIDS that did not provide any
information. Gestational age, birthweight, and Apgar score were reported in all
neonatal studies.

In the 15 postoperative pain measures, types of surgery varied between minor and
major surgery with an observation time varying between 30 minutes and 72 hours
post surgery. The COMFORT scale was the only measure that was validated in
critically ill children after major surgery. All other measures included a variety of
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surgery in infants and children experiencing different severity of illness and pain
intensity.

Information about the underlying clinical condition of the participants was not
provided in the majority of the studies. In the studies that included this information,
there are many inconsistencies between measures as demonstrated in Table 5.
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Table 5. Pain measures designed for children aged 0-3 years

Note. References cited in Table 5 are listed in Appendix C as well as in the thesis
reference list.
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Two studies (Broadman, Rice, & Hannallah, 1988; Buttner & Finke, 2000) reported
the participants as being either healthy, moderately sick, or severely ill according to
the American Society of Anesthesiologist (ASA) physical status classification system
(American Society of Anesthesiologist, 1999). A few studies described the clinical
conditions of the participants in terms of medical diagnosis (Debillon et al., 2001),
clinical stability, oxygen requirement (Craig et al., 1993), and mechanical ventilation
(Blauer & Gertsmann, 1998; van Dijk et al., 2000) at the time of observations. In
several studies, the participants were possibly intubated and/or ventilated at the time
of investigation, but only one reported the percentage of participants who required
some respiratory support at the time of observation (van Dijk et al., 2000). The
neonates and young children involved in the validation of the PIPP, NIPS, EDIN,
SUN, LIDS, IBCS, CRIES, NFCS, and COMFORT scales were considered critically
ill as defined by the above criteria, but in none of them was the risk of mortality
mentioned.

Psychometric Properties
Reliability and validity are two important aspects that determine the psychometric
properties of a pain measure. Reliability is defined as the extent to which pain
measurement is consistent and free from random errors. Interrater reliability
(consistency or agreement among observers using the same measure) and internal
consistency (homogeneity with which the items within the measure reflect the same
concept) are described in Table 5. Validity refers to whether a pain instrument
accurately measures pain and not something else (LoBiondo-Wood & Haber, 1994).
There are three components of validity: content (theory), construct (pain), and
criterion (gold-standard) validity (see Table 5). Furthermore, a measure should also
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demonstrate some clinical utility and feasibility, which depends on the extent to
which health professionals can rely on data as accurate and meaningful indicators of
pain for a particular population of interest (Stevens, 1998). Clinical utility and
feasibility are of paramount importance for the acceptability of a measure in clinical
practice.

As seen in Table 5, the extent to which the pain measures were tested for reliability
and validity varied enormously in terms of sample size, methods, and context. For
instance, the strength of the CHIPPS is the large sample size used to apply rigorous
methods of validation in different settings and populations of young children. The
PIPP was also extensively validated in a large number of infants, and used in
ventilated neonates (Anand, Coskun et al., 1999), in very low birth weight infants to
measure the efficacy of sucrose treatment (Stevens, Johnston, Franck et al., 1999),
and in other premature babies to determine the efficacy of EMLA cream (Stevens,
Johnston, Taddio et al., 1999). The NFCS is another pain measure that demonstrated
validity for preterm, full term and older infants in different contexts
(Hadjistavropoulos, Craig, Grunau, & Whitfield, 1997). These results reinforce the
construct validity of these measures. One might assume that postoperative pain
decreases over time, but in reality this may not be true, because pain treatment seems
to be more aggressive in the immediate postoperative period, especially if the patient
is intubated. In fact, in a study by Van Dijk (2000), the participants’ pain scores were
particularly low, as postoperative analgesia was routinely provided. Specificity and
sensitivity were examined in several measures. Most measures are specific to pain
(true positive) and sensitive to no pain situations (true negative). However, none of
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the measures examined its sensitivity in relation to concepts other than pain, such as
anxiety. In this respect, most measures lack sensitivity (Franck, 2002).

Criterion validity was established in most cases by comparing the measure under
study to another validated pain measures (see Table 5). High correlation was
expected as the measures had similar items. Other measures, such as the NFCS, the
BPS, and the TPPS, used physiologic variables (heart rate and systolic blood
pressure, respectively) as a criterion for pain.

Only a few measures demonstrated some aspects of clinical utility and feasibility.
Clinical utility, including readability, understandability, time, scoring, and relevance
of the items was evaluated in three measures (Blauer & Gertsmann, 1998). The
authors reported that NAPI and RIPS were preferred over POPS, but all were
acceptable. The NFCS and the PIPP were shown to be applicable at the bedside with
minimal instructions and practice required for adequate clinical use (Ballantyne,
Stevens, McAllister, Dionne, & Jack, 1999; Grunau, Oberlander, Holsti, &
Whitfield, 1998). Good clinical utility and feasibility were also reported for the
CHEOPS, OPS, TPPPS, and FLACC (Suraseranivongse et al., 2001).

The number of items and scoring system are other factors to consider when
evaluating the feasibility of a measure. The number of items or categories to which a
score is attributed differed between pain measures and varied between three and 13
items. Seven plus or minus two items are, however, recommended to optimise
reliability (Johnston, 1998).
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The scoring system varied between measures resulting in different total scores. This
difference in scoring makes the interpretation of pain scores difficult. To facilitate
implementation and use in institutions, a standardised 0-10 scoring system was
recommended for paediatric pain assessment tools (von Bayer & Hicks, 2000). The
scoring system given for each item also varied within measures. For instance, in the
CHEOPS cry can be scored 1, 2, or 3 and facial 0, 1, or 2. One study reported that
the SUN was preferred over the Comfort scale and the NIPS for its consistency and
scale symmetry (Blauer & Gertsmann, 1998). The asymmetry in scoring each item
represents an additional drawback to the feasibility of a measure.

Conclusion
Critically ill children are particularly exposed to pain. Unrelieved pain may have
dramatic consequences in this vulnerable group of children. Optimal management of
pain can only be achieved through adequate recognition of pain behaviour.
Nevertheless, for health professionals, the assessment of pain in critically ill young
children is particularly challenging, due to factors such as severity of illness and age
that are likely to affect pain responses and in addition to the difficulty in
differentiating pain from other constructs.

A comprehensive review of the literature revealed 28 pain measures for preverbal
children, including 11 neonatal measures. How the measures were developed
differed greatly; some were constructed based on experts’ opinions or the literature,
some were modified from other existing measures, and others were developed from
observations of video recorded behaviour. Generating items from children observed
in situations where it would be reasonable to assume that they are experiencing pain
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seems to be the most appropriate method for tool development. The measures in this
review were shown to be valid and reliable, but the context in which the studies were
performed varied enormously. They also lacked information to determine whether
they are suitable for critically ill young children or not. Six neonatal measures
(PAIN, SUN, NFCS, IBCS, NIPS, and EDIN) and one measure, the COMFORT
scale, included critically ill infants and critically ill preverbal children, respectively.
The authors conclude that PAIN, SUN, NFCS, IBCS, NIPS, and EDIN are
recommended for use in critically ill premature and term newborns, as they were
specifically developed for this group of infants. For older critically ill children aged
between 0 and 36 months, the COMFORT scale is the only valid measure available,
with the limitation that it does not discriminate between pain and sedation.

Recommendations
Because of the lack of evidence determining how critically ill children respond to
procedural and postoperative pain, it is important to investigate this area further. A
rigorous method of observation using videos in clinical situations where it is
assumed that critically ill children are experiencing pain is warranted. When
investigating pain in context where analgesia is routinely provided, such as in an
intensive care situation, level of sedation should be measured together with pain as
some analgesics (e.g. opioids) can produce sedation and mask pain behaviour.

It is also argued that new pain assessment tools should be developed specifically for
critically ill young children, based on pain behaviour observed in them.
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CHAPTER THREE
Methodology of the Study

This thesis describes the development and initial testing of a pain assessment
instrument for critically ill preverbal infants, and is based on a process of instrument
development that is derived from psychometric theory. From this perspective,
instrument development involves four main stages:


conceptualisation of the phenomenon of interest;



development of the instrument;



establishing the psychometric properties of the instrument; and



evaluation of the clinical utility of the instrument.

Chapter Three provides a discussion of the four stages of instrument development as
a backdrop to the specific methods used in each phase of this study and detailed
elsewhere in this thesis.

Step One: Conceptualisation of the Phenomenon
The process of instrument development should begin with a clear definition of the
concept to be measured, in this study, postoperative pain (Beck, 1999; De Vellis,
2003). Pain is a concept difficult to define, as it is a subjective and personal
experience (American Pain Society, 1992). Numerous authors have sought to define
this complex phenomenon in physiological, psychological, as well as philosophical
terms (Mahon, 1994; North American Nursing Diagnosis Association, 1992), but the
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following definition of the International Association for the Study of Pain (IASP)
remains the reference for most researchers:
“An unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage...Pain is always subjective.
Each individual learns the application of the word through experiences related to
injury in early life...” (Merskey & Bogduk, 1994a, p. 1).

This definition, however, has caused much debate recently amongst scientists and
clinicians (Anand & Craig, 1996a, 1996b; Craig, 1997; Merskey, 1996, 1997; Wall,
1997). Firstly, the subjectivity of the pain experience and the emphasis on self-report
implies that the subject is aware of his/her experience and is able to report it. This
assumption, however, cannot apply to those who are limited in their capacity to selfreport pain, including preverbal children, developmentally delayed, comatose,
pharmacologically impaired, mentally ill, demented, verbally handicapped
individuals, as well as non-human species (Craig, 1997). Secondly, the conclusion
that can be drawn from the statement “…each individual learns the application of the
word through experiences related to injury in early life…” (Merskey & Bogduk,
1994a, p. 1) is that newborn infants cannot experience pain because they have not as
yet learnt the word. This would have major consequences for the assessment and
management of pain in this group of children (Craig, 1997; Shapiro, 1999). Finally,
the concept of consciousness in relation to the application of the IASP definition of
pain to nonverbal humans has been extensively discussed (Anand, Rovnaghi,
Walden, & Churchill, 1999; Chapman & Nakamura, 1999), but as Casey (1999)
notes, theories related to consciousness have limited utility in understanding pain
because the neural mechanisms of pain and consciousness are significantly different.

45

Casey suggests that some degree of consciousness present at some level might be
sufficient for the capacity of experiencing pain. This view accords with the
assumption that the infant’s pain has mainly sensory and emotional components
(Sweet, McGrath, & Symons, 1999), and that the cognitive component of selfawareness is not necessary for the perception of pain. It has been suggested also that
individuals whose cognition is impaired have defensive and adaptive reactions to
pain in order to survive (Anand, Rovnaghi et al., 1999).

As a result of this debate, Merskey (1997), who formulated the original pain
definition in the mid 1960’s, suggested an alternative model for the diagnostic of
pain (often called pain behaviour) in subjects who are not capable of reporting pain.
This model proposes that adequate assessment of pain relies on several criteria being
met:
1. an adequate brain structure must be present to make possible the occurrence of
consciousness and pain;
2. typical pain behaviour must be present;
3. any other causes must be excluded; and
4. a likely cause of pain must be present.

“…criteria 1), 2), and 3) together should lead to the conclusion of probable pain,
while all four criteria should equal inferred pain” (Merskey, 1997, p. 121).

In this study, pain is conceptualised as “… an inherent quality of life, which occurs
in all viable organisms with a nervous system…the actual experience of pain must
precede verbal reports of pain, and that the relationships between feeling pain and
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reporting pain are highly context dependent” (Anand, Rovnaghi et al., 1999, p 6465). This new perspective of pain is applicable to critically ill preverbal children, as
it recognises that even premature infants have the full anatomical and functional
abilities to perceive pain and that biochemical, physiological and behavioural
responses are valid pain indicators. This multidimensional conceptualisation of pain
coupled with Merskey’s criteria (cited above), form the theoretical underpinning for
this study. This has been described more completely in Chapter Four.

Step Two: Development of the Instrument
Conceptualisation of the phenomenon of interest predicates developing an instrument
to measure the phenomenon. Instrument development is largely a process of
establishing face and content validity. Face validity indicates that a measure
‘appears’ to test what it is supposed to, and is considered to be an important step in
scale development, because it reflects whether a measure appears applicable in
clinical practice. Content validity is defined as ‘the extent to which an instrument
adequately samples the research domain of interest when attempting to measure
phenomena’ and represents an essential step in the construction of new instruments
(Wynd, Schmidt, & Schaefer, 2003, p. 509). Face and content validity are both
subjective measures, but in comparison, the test of content validity is considered to
be more scientifically valid (Gross Portney & Watkins, 1993).

Lynn (1986) suggested a two-phase process for establishing content validity. The
first phase, also called the ‘developmental phase’, includes identification of the
domain of content through a comprehensive literature review, selection of the items,
and construction of the instrument, including the scoring system and instructions for
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use. The second phase, or ‘judgment/quantification phase’, is the experts’ evaluation
of the content validity using a Likert-type rating scale. The proportion of experts who
agree with the relevance of the items included in the measure provides an accurate
measure of content validity.

Developmental Phase

Identification of the domain of content
An extensive review of the literature of pain in infants and young children was
performed to identify the indicators relevant to the population of interest, namely
critically ill preverbal children. Several reviews on the subject have already been
published (Abu-Saad, 1998; Finley, 1998; Hensley, 1999; Warnock & Lander, 2004).
To complement the existing literature, a review on pain measurement and its
challenges in critically ill infants and young children was performed and is presented
in Chapter Two of this thesis (Ramelet, Huijer Abu-Saad, McDonald, & Rees, 2004).

Selection of items
The selection of items for observational measures is paramount, as the items will
reflect the components of the construct of pain. In this study, due to the limited data
on how critically ill infants display pain behaviour, the items selected for the
development of an observational pain scale were generated from direct observation
of children who could best reflect the experience of the target population, as
recommended by Finley and McGrath (Finley & McGrath, 1998). The items were
selected from the item bank developed in the first phase of the study (presented in
Chapter Four). This process was complemented by a review of the literature. The
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following criteria were applied to the selection of relevant literature for this stage of
instrument development (Finley & McGrath, 1998):


articles should describe pain responses that can be included in the measure



the components should be described in the population of patients of interest



the components should be described in detail



if there is a level of responses related to the components, it also should be
explained



the number of articles referring to each component should be reasonable.

Construction of the scale
The process of a scale construction involves arranging the items selected in a chosen
scoring system, providing definitions for each item and establishing instructions for
clinical use. In this study, a 0 to 10 scoring system was chosen as a common metric
for paediatric pain measures (von Bayer & Hicks, 2000). The remaining items were
grouped, by the researcher, into five categories and global statements were created
on a 3-point scale. Each statement included a comprehensive definition for adequate
scoring. A minimum score of 0 represented no pain and a maximum score of 10
extreme pain. This stage of instrument development was one focus of Phase Two of
this study, and is detailed in Chapter Five.

Judgment/quantification phase.
In the ‘judgment/quantification phase’, a panel of experts evaluates the scale and
rates the items that are relevant to the domain of content, in this context ‘pain’. This
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is an objective method for quantitatively measuring content validity (Lynn, 1986). In
this study, a questionnaire was developed and pilot tested to collect information on
the relevance, the clarity, and the complexity of the new pain tool (see Appendix C).
The relevance of the item was evaluated by six paediatric intensive care nurse
specialists using a four-point Likert-type ordinal scale. A four-point scale was used
in order to dictate a directional decision and avoid any tendency for scores to cluster
around a central score (Lynn, 1986). The definitions of the Likert-type scale were
1=relevant, 2=quite relevant (needs minor revisions), 3=somewhat relevant (needs
major revisions), and 4=not relevant. According to Lynn, ratings of 1 and 2 are
considered ‘content valid’ and ratings of 3 and 4 ‘content invalid’. The proportion of
items that received a rating of 1 or 2 by the experts (100% in this study) provided the
content validity index (CVI) (Wynd et al., 2003). Experts were also asked to evaluate
the wording of the items and definitions, as reported by Beck (1999). Clarity and
complexity of the MAPS items were similarly assessed using a four-point Likert-type
ordinal scale (Beck, 1999). Finally, the expert panellists were asked to provide
qualitative comments on the items with which they disagreed. The results are
presented in Chapter Five also.

Step Three: Establishing Psychometric Properties
After selection and initial validity testing of items for inclusion, instrument
development proceeds to the third stage of establishing reliability and validity of the
total instrument. The measurement of reliability and validity is integrated in
psychometric theory. Reliability is defined as how free from error is the true score. It
is the replicability or the extent to which similar results can be reproduced over time
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using the same instrument. Reliability of an instrument may be assessed by
measuring the degree of internal consistency and interrater reliability. Test-retest
correlation, which results from administering the same measurement instrument
twice to the same group, is also a common measure of reliability, but was not an
appropriate test in this study because pain varies over time. Validity, on the other
hand, is the extent to which an instrument measures the construct it is intended to
measure, which is postoperative pain in the context of this study (Nunnally &
Bernstein, 1994). A common evaluation of validity in measurement instruments is to
assess the degree of construct validity. Several approaches can be used to establish
construct validity, including the hypothesis-testing approach, the convergent
approach, the contrasted-groups approach, and the factor analytic approach
(LoBiondo-Wood & Haber, 1994). Hypothesis-testing and convergent approaches
are commonly used to test the construct validity of pain measures and were chosen to
test the construct validity of the MAPS for their validity in a relatively small sample
(Stevens, 1998). Data collection forms were developed and pilot tested for
measurements at set times on eight occasions after surgery (Appendix D) and before
and after boluses of morphine (Appendix E).

Internal consistency
Internal consistency, also called homogeneity, is a preliminary requirement for both
reliability and construct validity of a scale (American Educational Research
Association, American Psychological Association, & National Council on
Measurement in Education, 1999; Nunnally & Bernstein, 1994). Internal consistency
is the extent to which items measure the same concept. If the items of the MAPS are
reliable, they should reflect the true pain score, and any variance should be
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attributable solely to differences between subjects, not error (Gross Portney &
Watkins, 1993, p. 62). An item correlation coefficient greater than 0.50 is indicative
of the MAPS’ internal consistency. Internal consistency of the MAPS was assessed
in two different situations, at set times during the postoperative period (Chapter Six)
and in response to a potent dose of analgesics (Chapter Seven).

Interrater Reliability
Consistency in measurement is of major importance to the validity of any research
study, whether one individual does all the measurement or several raters are
involved. Due to the changing nature of pain over time and the impracticality of
videorecording, test-retest reliability could not be performed in this study. However,
the variation between the raters (or assessors) who attributed the same pain scores in
the same group of subject, namely interrater reliability, was tested. Pain scores,
derived using the newly developed pain assessment instrument ‘MAPS’ were
attributed simultaneously and independently by two blind assessors. To optimise the
reliability of the data, staff involved in data collection attended a rigorous training
program that is described in detail in Chapter Six.

Construct Validity
The establishment of construct validity is a complex process that often involves
several studies. Phase Two of this thesis presents the first attempt to validate the
MAPS and provide some evidence to support its construct. A commonly used
method is to assess how two measures believed to reflect the same phenomenon (in
this instance pain) would converge (convergent approach). The measure chosen for
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this test was the FLACC (acronym for face, legs, activity, cry and consolability). The
FLACC is a measure that recently demonstrated validity and reliability in PICU
children from 3 years of age (Manworren & Hynan, 2003), and in postoperative
children aged between 2 and 7 years (Merkel et al., 1997; Willis, Merkel, VoepelLewis, & Malviya, 2003). It includes 5 categories of pain behaviours: face, legs,
activity, cry, and consolability, each of which is scored 0, 1, or 2, resulting in a total
score ranging between 0 (= no pain) and 10 (maximum pain). The FLACC was used
simultaneously with the MAPS to establish convergent validity and the results are
presented in Chapters Five and Six.

The hypothesis approach testing was another method used to support the construct
validity of the MAPS. In Phase Three of this study, it was hypothesised that pain
scores would decrease after the administration of a potent dose of morphine (see
Chapter Six).

Criterion-related Validity
Criterion-related validity is based on the ability of one measure to predict results on
another measure. One component of criterion-related validity is concurrent validity.
Concurrent validity is useful in situations where a new measure is potentially more
efficient than another more established method of measurement. The newly
developed measure to be tested is usually compared with a “gold standard” or
criterion measure (Gross Portney & Watkins, 1993). However, as there is no “gold
standard” for pain assessment in non-verbal patients, the criterion measure selected
for this exercise was the VAS observer (VASobs). The VAS is commonly used as an
observational measure to report pain intensity in preverbal children (Lawrence et al.,
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1993; Peters et al., 2003; Robieux et al., 1991; Taddio, Nulman et al., 1995; Tarbell
et al., 1992; van Dijk et al., 2000). Concurrent validity of the VASobs and other pain
scales was shown to vary considerably, but correlation coefficients tend to increase
when observers are trained or experts (van Dijk, Koot, Saad, Tibboel, & Passchier,
2002). Therefore, in this study, trained clinical nurses (CNs) with expertise in pain
assessment were asked to attribute a pain score independently of each other using the
VAS (VASCN). The VASCN was used concurrently with the MAPS to establish
concurrent validity at set times during the postoperative period (see Chapter Five)
and in response to analgesia (Chapter Six).

Clinical Utility
Even if a measure has sound psychometric properties, if it is not feasible for use in a
clinical setting or does not provide useful clinical information, then it is of little value
to a clinician (Polgar & Barlow n.d.; Stevens & Gibbins, 2002). These characteristics
determine the clinical utility of an assessment tool, the determination of which
represents the final stage in instrument development. Although a crucial stage in the
development process, clinical utility is a characteristic that has received little
attention in the literature.

Clinical utility testing aims to determine the usefulness of a measure in a particular
setting with a specific population (Abu-Saad et al., 1998). For a measure to be
clinically useful or possess clinical utility, it must evolve toward high levels of
acceptability and convenience for those who use it. Although clinical utility has not
been clearly defined, it includes the following components (American Educational
Research Association et al., 1999; Johnston, 1998; Stevens & Gibbins, 2002):
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Availability and ease of use



Administration time



"Learnability" and clinician’s qualifications



Format



Scoring and information derived



Meaningful and relevant information obtained

For successful implementation of an assessment tool into practice, the tool should
rate highly in all of the above components. Clinical utility of the MAPS was
assessed using a questionnaire that was developed and pilot tested for this purpose,
and included questions addressing the components cited above (Appendix F).
Questions on (a) administration time (e.g. time required to perform pain assessment),
(b) format (overall layout of the scale), and (c) acceptability (perceived usefulness of
the scale) were included. Each question was rated on a 5-point Likert-type scale. The
definitions of the Likert-type scale were 1=very useful, 2=useful, 3=undecided,
4=not useful, and 5=not useful at all. The questionnaire also included a question
regarding

administration

time

and

several

open-ended

questions

for

recommendations or other comments. The questionnaire was sent by internal mail to
all staff nurses, six months after the introduction of the MAPS for clinical use. The
results are presented in Chapter Six.

Ethical Considerations for the Study
Research in children presents scientific, ethical and practical challenges. Children are
considered a vulnerable group and require special consideration for participation in
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research (Rischbieth & Blythe, 2005). It is the health professionals’ and institutional
ethics committees’ duty to weigh the risks and burdens of paediatric research
participation against the potential benefits. It is fundamental that research conducted
with children has high scientific merit and integrity and is undertaken with proper
respect, beneficence, and justice for the paediatric participants (The Royal
Australasian College of Physicians, 2005b).

Scientific and ethics approval to conduct this study was obtained from the University
Graduate Studies Committee and the Human Research Ethics Committee at Curtin
University of Technology’s, Perth. Following ethics approval from the university, the
study proposal was submitted to the Ethics Committee of both hospitals. The study
proposal submitted to the hospital in Lausanne, Switzerland, was translated by the
principal investigator, using the back translation technique. Back translation was
performed by the PICU medical Director, who is fluent in English, followed by a
final review by both parties to ensure the validity of the translated study proposal.

Gaining Informed Consent
Respect for persons requires that participation in research usually occurs after the
participant has made a voluntary decision, based on sufficient information and
understanding, and free of coercion or inappropriate incentives. The term of
‘informed consent’ is applied to this process and assumes that the recipient is
competent to make a decision (The Royal Australasian College of Physicians,
2005b). Essential elements for competence recognised by common law include
comprehension and retention, belief and balancing information so as to choose
(Leaver, 2005). Consent to medical treatment, and by comparison to research, can be
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given by a young person of any age as long as they possess the capacity to make that
decision. No minimum age limit has been formally set in the National Statement on
Ethical Conduct in Research Involving Humans, but Leaver (2005) suggests that
competence required for consent can be assumed at 7 years of developmental age.
For children under this age, surrogate consent must be obtained by, in all but special
circumstances, the parents or the legal guardian. The parents or the legal guardian,
then, have the ethical and the legal responsibility for weighing information and
making decisions in the best interests of their child. However, parents, whose child
has been admitted to an intensive care unit, are subject to enormous psychological
stress and may feel loss of control. In these circumstances, parents’ mental ability to
consent may be impaired (Downer, 1996). The assessment of parental competence
to consent, therefore, is paramount for ensuring that informed consent takes place
and the child’s best interests are protected.

In Phase One and Two of this study, permission was given by the hospitals to
approach parents or guardians of infants meeting the inclusion criteria of the study.
Parents or legal guardians were given written and verbal information about the study
by the principal investigator (Appendix G and Appendix H), and asked to provide
written consent for their child to be included in the study (Appendix I and Appendix
J). They were fully informed of the nature of their child’s participation in the study,
including that no drugs would be withdrawn and no additional interventions would
be performed for the purpose of the study. They were provided with information
about the purpose, methods, demands, risks and burdens of the study. They were
advised of their right to choose not to participate in the study, and to withdraw at any
time, without prejudice. They were also informed of the measures that would be
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taken by the researcher to ensure their child’s and their own confidentiality and that
no participants would be individually identified in reports or publications. Finally, all
parents or guardians were provided with information on how to contact the
researcher and the Director of the Clinical Care Unit if necessary.

In Phase Three, the PICU nurses working in the Western Australian institution were
invited to participate in the study by completing an anonymous questionnaire. As
consent to participate in the study was implied by the voluntary return of the
completed questionnaire, no written consent was necessary for this phase of the
study.

Potential Benefits to Participants
The Helsinski Declaration stipulates “…legally incompetent minor… should not be
included in research unless the research is necessary to promote the health of the
population represented and this research cannot instead be performed on legally
competent persons” (World Medical Association, 2000, paragraph 24, p. 3-4). In
accordance with the Helzinski Declaration, the Paediatrics and Child Health Division
of

the Royal Australasian College of Physicians recommends that research in

children should be conducted in situations where it will “ensure optimal diagnosis,
assessment…of disease during childhood, advance the health and welfare of
children, contribute to understanding the pathophysiology of childhood disease, …,
and improve the methodology of research in children” (The Royal Australasian
College of Physicians, 2005b, p. 9). This research met all of these conditions.
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Potential Risks
The potential risks associated with participation in a study must be adequately and
transparently disclosed to research participants or, in this instance, to the
parents/legal guardians. Information about the potential risks and benefits must be
clearly explained in written form so that parents/legal guardians can adequately
‘weigh up’ the research risks against the benefits and make a decision in the best
interests of their child or the community (Rischbieth & Blythe, 2005). Evaluation of
the impact of the research on the family structure and function should also be
considered (Gonzales, Dever, & Singleton, 1997; The Royal Australasian College of
Physicians, 2005b).

Observational research, such as this study, is considered “minimal risk” to research
participants (The Royal Australasian College of Physicians, 2005b). For critically ill
children, minimal risk occurs when the degree of risk implied by participation in
research is no more than the risk posed by their disease process and standard therapy
(Rischbieth & Blythe, 2005). In this study, potential risks related to video recordings
were identified. Health professionals who cared for the participants may have felt
scrutinised and challenged in their professional practice. The parents or guardians of
the participants may have felt intimidated and uncomfortable in the presence of the
camera. In addition, the prospect of giving consent for their child’s participation in
the study might have caused additional stress for parents while they were dealing
with having a critically ill child in intensive care.
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Risk Management Procedures
The risks of physical, psychological, social, and economical harm related to
participation in this study were minimised by implementing procedures specific to
this study in order to meet the NHMRC recommendations (National Health and
Medical Research Council, 2002). These included the following:


Information related to the study provided to parents/guardian was given by the
principal investigator in a private room, at a time considered appropriate by the
health team (Casarett, Karlawish, Sankar, Hirschman, & Asch, 2001).



Consent to participate in this study was entirely voluntary and participants were
free to withdraw at any time with no prejudice.



Confidentiality was assured by using de-identified data. No participant was
individually identified in reports or publications.



All registered nurses and other health professionals were informed of the purpose
of the study and received appropriate training prior to the commencement of each
phase of this study.



The camera audio was turned off during recording to make participants and
health professionals feel at ease as much as possible and to ensure they could not
be identified.



Video recording was focused on the child, so that appearance of health
professionals was minimised.



The institutions’ protocol was in place in the occurrence of adverse events related
to the study.
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Confidentiality
The confidentiality of all participants was assured throughout the conduct of the
study. Coding systems were applied to the video recordings, the participants’ medical
records, and all data collection forms. No individual unit or person was individually
identified in the final report or publications. Video recordings will not be used for
purpose other than the study without consent. All data and information related to this
study has been kept in strict confidentiality and locked in filing cabinet accessible to
the principal investigator only. Records will be kept in a secure place for five years
following completion of the study and destroyed after this time.

Concluding Remarks
The different stages of instrument development described in this chapter provided a
theoretical framework for the conduct of this study. Every effort was made to ensure
that each stage was unbiased and accurate and met the standards for psychometric
testing and the ethical requirements for conducting research in children. Altogether,
the multi-stage process of instrument development described has been applied
rigorously and systematically throughout and therefore supports the integrity of the
study. The findings of the different stages of instrument development are described
in detail throughout this thesis. A review of the literature relevant to pain assessment
in critically ill young children is presented in Chapter Two. The construction and
psychometric testing of the instrument, and testing its clinical utility, are described in
detail in the next three chapters, Chapter Four, Five, and Six, respectively.
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CHAPTER FOUR
Results – Phase One
Capturing Postoperative Pain Responses in Critically ill
Infants aged 0 to 9 months

The previous chapter presented the process of tool development, based on
psychometric theory. This chapter presents the results of the first phase of this
process. This includes the conceptualisation of pain in infants and a detailed
description of pain observed in critically ill infants who had major surgery.

This chapter is also presented in the format of a journal article that was accepted for
publication in Pediatric Critical Care Medicine 2006;7(1):19-26 and selected as a
feature article for continuing education. The paper was co-authored by Supervisors
Professor Huda Huijer Abu-Saad, Professor Sue McDonald, and Associate Professor
Nancy Rees, and biostatistician Max Bulsara who were happy to have it included in
this thesis.
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Abstract
Objectives: The purpose of this study was to describe physiologic and behavioural
pain behaviours in postoperative critically ill infants. A secondary aim was to
identify how these pain responses vary over time.

Design: This observational study was conducted in the pediatric intensive care unit at
two tertiary referral hospitals. Using ethological methods of observation, video
recordings of postoperative infants were viewed to depict different situations of pain
and no pain, and then coded using a reliable checklist.

Patients: 803 recorded segments were generated from recordings of five critically ill
infants aged between 0 and 9 months who had undergone major surgery.

Measurements and main results: There was an 82% agreement between the two
coders. Multivariate analyses showed that physiologic responses differed only when
adjusted for time. Significant decreases in systolic and diastolic arterial pressure
(p<0.001 and p=0.036, respectively) were associated with postoperative pain
exacerbated by painful procedures on day 2. On day 3, however, heart rate, arterial
pressure (systolic, diastolic, and mean), and central venous pressure significantly
increased (p<0.05) in response to postoperative pain. Indicators included vertical
stretch of the mouth, hand twitching, and jerky leg movements for postoperative pain
and increase in respiratory distress, frown, eyes tightly closed, angular stretch of the
mouth, silent or weak cry, jerky head movements, fist, pulling knees up, and
spreading feet for postoperative pain exacerbated by painful stimuli.
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Conclusions: Findings support the ability to capture different intensities of
postoperative pain in critically ill infants, beyond neonatal age. These pain indicators
can be used for the development of a pain assessment tool for this group of infants.

Introduction
Infants who are critically ill and in pain are at risk of developing serious and lifethreatening complications because their ability to maintain homeostasis in a state of
stress is restricted (Mitchell, 1999). To avoid complications and promote recovery,
effective treatment of pain is of paramount importance.

Effective pain management relies on early recognition of the signs and symptoms of
pain, which is best achieved by self-report. Although self-report remains the accepted
gold standard for the assessment of pain (Merskey & Bogduk, 1994b), it is
inappropriate for nonverbal children (Anand, Rovnaghi et al., 1999). Health
professionals, therefore, have to rely on pain responses and other contextual cues,
such as age and diagnosis, to determine the presence and severity of pain in infants
(Abu-Saad & Hamers, 1997; Craig et al., 2002). Several reviews of infants’ pain
responses have been published in the last few years (Abu-Saad et al., 1998; Franck &
Miaskowski, 1997; Stevens, Johnston, & Gibbins, 1999). A more recent review by
Warnock and Lander (2004) revealed that the pain indicators most commonly used in
infants were a) behavioral, including cries, facial expressions, and body movements;
b) physiologic; and c) biochemical.

Most of these studies investigated pain, typically by observing responses at baseline
and during a painful stimuli for a short period of time (mainly ranging between 10
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and 60 seconds) (Warnock & Lander, 2004). The main types of procedures
associated with painful stimuli included heel lance (Harrison, Evans, Johnston, &
Loughnan, 2002; Johnston et al., 1999; Lindh et al., 1999; Stevens, Johnston, Taddio
et al., 1999; Taddio, Shah, Gilbert-MacLeod, & Katz, 2002), intra-muscular injection
(Cohen Reis, Kraus Roth, Syphan, Tarbell, & Holubkov, 2003; Grunau et al., 1990;
Lindh, Wiklund, Blomquist, & Hakansson, 2003; Taddio, Katz, Ilersich, & Koren,
1997), and circumcision (Butler-O'Hara et al., 1998; Howard et al., 1994; Porter,
Porges, & Marshall, 1988). However, information on the participants’ severity of
illness was limited but when specified, participants of these studies were either
healthy infants or sick as a result of premature birth.

The utility of pain indicators observed in healthy infants is limited for the assessment
of pain in critically ill infants. For instance, measurement of the acoustics of cries is
problematic in the intensive care environment, as the noise level and other monitors
may interfere with the recording technology used (Franck & Miaskowski, 1997).
Furthermore, interpretation of cry in intubated infants must be cautious as these
infants may only be able to demonstrate signs of silent cry and tears ( Curley et al.,
1992). Other cues, such as facial expressions, are reported valid and reliable
indicators of pain in infants (Craig et al., 1994; Grunau & Craig, 1987, 1990; Grunau
et al., 1990; Grunau et al., 1998; Johnston et al., 1993; Taddio et al., 1997), older
children (Gilbert et al., 1999; Lilley et al., 1997) and adults ( Hadjistavropoulos,
LaChapelle, Hadjistavropoulos, Green, & Asmundson, 2002) of diverse severities of
illness. However, some expressions might be difficult to assess in infants receiving
oxygen therapy, as the devices may mask the upper lip and mouth stretches. In
addition, the physiologic pain responses frequently reported in the literature, though
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being sensitive to pain and relatively easy to ascertain at the bedside, can be
influenced by various other physiologic conditions. Biochemical responses also lack
specificity and cannot be measured at the bedside. A novel measure, heart rate
variability, may provide valuable information on the regulation of the autonomic
nervous system and sensitivity at different levels of pain intensity (Lindh et al., 1999;
Morison, Grunau, Oberlander, & Whitfield, 2001; Porter et al., 1988). Further
investigation needs to occur prior to clinical application, especially in infants with
organ failure (Rosenstock, Cassuto, & Zmora, 1999).

The existing pain measures are inappropriate for this group of infants, as they mostly
include indicators that were observed in either healthy or sick premature infants
(Ramelet et al., 2004). One of these pain measures, the comfort scale, initially
developed to measure distress in the paediatric intensive care patients (Ambuel et al.,
1992), is the only measure that was validated for postoperative pain in critically ill
children aged between 0 and 36 months (van Dijk et al., 2000). This measure,
though widely used in PICUs (Azzam, Pascucci, Curley, & Laussen, 2001; Crain,
Slomin, & Ollack, 2002; Curley & Molengraft, 1995; Curley, Thompson, & Arnold,
2000; Nadkarni et al., 1999; Summer & Puntillo, 2001), does not discriminate
between pain and other causes of distress, making the interpretation and clinical
application of the COMFORT score difficult.

Clearly, there is insufficient data on how postoperative critically ill infants beyond
the neonatal stage respond to pain, and existing pain measures may not include
appropriate indicators of pain for this population. As further validation of a nonspecific measure will not improve its specificity (Franck, 2002), it seemed judicious
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to develop a new pain measure that would include indicators of pain observed in
situations where it would be reasonable to assume that these children are
experiencing pain (Johnston, 1998). In the intensive care environment, critically ill
infants are likely to experience breakthrough pain during the postoperative period
and during painful procedures. Therefore, the objective of this observational study
was to describe pain behaviour and the associated physiologic responses in critically
ill infants during the postoperative period. A secondary aim was to identify how
these pain indicators varied over time. This study was conducted as part of a larger
study that aimed to develop and validate a pain measure for postoperative critically
ill infants. This phase of the study aimed to answer the following research questions:


What indicator(s) best describe pain in postoperative critically ill infants?



How do these pain indicators vary over time?

Materials and Methods
This observational study was conducted in the pediatric intensive care units (PICU)
at two tertiary referral hospitals, in Western Australia (site I) and Switzerland (site
II). The sample for this study consisted of 803 recorded segments of behaviours
observed in five postoperative critically ill infants. Given the descriptive nature of
the study, the small number of subjects was appropriate for the methodology (Morse
& Bottorf, 1990). Rather than the number of subjects, it is the large number of
observations that made the parameter estimates more robust and likely to be the true
reflection of the actual values. Subjects were aged between 0 (≥37 weeks gestational
age at birth) and 12 months, who required major chest elective surgery, and were
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admitted to the intensive care unit immediately after surgery. Surgical newborn
infants were included in the study, as they were transferred to the PICU during the
immediate postoperative period.

Infants were excluded from the study if they

presented with neurological or developmental impairments or altered muscle tone.

Scientific and ethical approval was obtained from each hospital’s ethics committee.
Consent was gained from parents or guardians the day prior to surgery. Each patient
was videotaped after having obtained permission from the nursing and medical staff
responsible for their care. Each infant received routine care, and was videotaped
between 08:00 am and no later than 09:00 p.m., so that the lighting required for
videorecording would not disturb the infants’ day-night cycle.

On admission, each infant was connected immediately to a monitor (Philips® model
M1167A opt.A68) that recorded, as part of routine procedures, heart rate (HR) and
rhythm, intraarterial blood pressure, central venous pressure (CVP), oxygen
saturation (SaO2), respiration rate (RR), and end-tidal CO2 (ETCO2). Physiologic
and behavioural responses were recorded simultaneously for a period of up to six
hours on days one, two and three after surgery (up to a total of 18 hours). As soon as
the infant was settled into the unit, videorecording commenced using super highgrade tapes in a colour-VHS camera mounted on a tripod at the end or the head of the
bed to provide a direct anterior view of the infant’s gross-motor behaviour and facial
expressions. A time-date generator was used to superimpose a digital-time display on
the video and was calibrated with that of the monitor used, so that a specific event
could be selected and coded in relation to physiologic parameters. To ensure
accuracy of the observations and facilitate analyses, VHS data were transformed into
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a digital format and edited using Macromedia Director® a multimedia computer
program for Macintosh®.

Total amount, infusion rate and additional boluses of analgesics, sedatives, and other
drugs given during the study period were documented on a separate sheet.
Demographic data including age, gender, weight, medical diagnosis, type of surgery,
and medical history were also documented.

Two levels of data analysis were conducted in this study: qualitative and quantitative.
As opposed to previous research models, where researchers typically compared
behaviours between painful and non-painful stimuli in controlled environments
(Grunau & Craig, 1987; Grunau et al., 1990; Stevens, 1990; Warnock & Sandrin,
2004), postoperative pain in this study was determined using the principles of an
ethological approach. “Ethology is a method of systematically observing, analysing,
and describing behaviour within the context in which it occurs” (Morse & Bottorf,
1990, p. 54). Ethology has been used for the study of human behaviour (Kitchin &
Hutchinson, 1996; Penrod, Morse, & Wilson, 1999), including infants’ pain
behaviour (Cote, Morse, & James, 1991; Warnock, 2003). In this study, it was
assumed that regardless of the amount of analgesia and/or sedation given,
breakthrough pain could be captured in infants who exhibited typical
physiologic/behavioural responses. Analyses of the videorecorded behaviour were
undertaken using an observation technique that develops from an inductive phase to
a more structured deductive phase.
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The inductive phase included the identification of patterns of behaviours and the
development of a checklist, using recordings from a pilot infant. To identify patterns
of behaviour (e.g pain or no pain), the pilot infant’s videotape was viewed in realtime and slow motion and interpreted using the following four criteria: a) likely
cause for pain, b) intact brain function, c) typical expressions of behaviour, and d)
exclusion of other causes for behaviour (Merskey, 1997, p. 121). Medication,
hemodynamic status, type of painful procedure and other environmental stimuli, as
well as other psychological factors (e.g. departure of parent) were considered during
this process. Four categories depicting different patterns of behaviour were
identified: (a) deeply sedated: the infant was not responding to noxious stimuli: (this
category is not presented in this paper as there was no significant difference between
deeply sedated and no pain); (b) no pain: the infant was at rest or was sleeping with
no external stimuli or interventions, and no apparent behavioural or physiological
pain was observed; (c) postoperative pain (PO pain): the infant was responding to
external stimuli, including

interventions considered non-painful (e.g. chest

auscultation). Other causes for the behaviour had also been excluded (e.g. crying at
parents’ departure or sudden decrease of blood pressure following change of
inotropic drugs); and (d) postoperative pain exacerbated by painful procedures (POP pain): the infant was responding to painful interventions (e.g. chest drain
removal, endotracheal suctioning).

The checklist was then developed from observations of the pilot infant following the
process described by Cote et al. (1991). Label codes from the Neonatal Facial
Coding System (Grunau & Craig, 1987) and the Infant Body Coding System
(Hadjistavropoulos et al., 1997) were used to describe observed facial expressions
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and body movements when appropriate. The initial checklist was refined
(clarification of the definitions and omission of redundant items) until acceptable
agreement (>90%) between two independent observers was reached. Agreement was
calculated using the following formula (Gross Portney & Watkins, 1993, p. 516):

% Agreement =

(number of exact agreements)

(number of possible agreements)

× 100 .

A value above 80% is indicative of good reliability. The refined checklist comprised
76 behavioural codes grouped into 16 categories (Table 6).
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Table 6. Checklist of Behavioural Codes
Ventilation
mechanical (fully ventilated)
trigger (initiating ventilator breath)
handbag (intubated, disconnected from ventilator)
disconnected from ventilator (intubated)
CPAP mask
spontaneous (extubated)
Body position change
unchanged
repositioning

Forehead
smooth
frown
Eyes movements
open and alert
closed relaxed
tightly closed
Mouth position
closed relaxed
horizontal stretch
vertical stretch
angular stretch (cry)
Mouth movements
no movements
non-nutritive sucking
mouthing (soundless speech)
gagging
crying

Head movements
no movements
limited movements
well modulated, purposeful movements
jerky movements (abrupt movements from side to side)
Touch by person A
no contact
equipment
endotracheal tube
restraining
physiotherapy
endotracheal suctioning
soothing
chest auscultation
tape removal
oxygen mask repositioning
urine catheter flush

Breathing pattern
normal
distressed (tachypnea, use of accessory
muscles, coughing, gagging on tube)
signs of crying (cannot assess breathing
because of cry)
Arms movements
no movements
limited (movements that do not reach its
purpose)
well-modulated purposeful movements
pulling/resisting movements
free jerky movements
Arms restraint
no restraint
restrained
Hands movements
no movements/relaxed
purposeful grasping
twitching
fist
Torso movements
no movements/relaxed
limited movements
twisting
jerky uplifting of torso and buttocks
Legs movements
no movement/relaxed
limited (movements that do not reach its
purpose)
stretching legs
resisting
pulling knees up (in one motion)
free jerky movements
Feet movements
no movements/relaxed
spreading toes
grasping
twitching
Touch by person B
no contact
equipment
endotracheal tube
restraining
physiotherapy
endotracheal suctioning
soothing
chest auscultation
disinfection of wound
chest drains removal
stiches removal
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Due to the unpredictability of pain responses, a non-randomised time-sampling
method was used to select segments of the five infants’ videorecording (Morse &
Bottorf, 1990, p. 58). For practicability reasons, a ten-second segment was selected
every five minutes of the total recording time for each participant. Ten-second
segments have been reported as sufficient to observe a behavioural response to
painful and non-painful stimuli (Craig et al., 1993). Each segment was attributed a
category of behaviour (e.g. no pain or PO pain) and coded using the checklist. Ten
percent of these segments were randomly selected and coded independently by the
second trained observer to establish interrater reliability, using the formula cited
above.

The deductive phase consisted of quantifying the items and then, using descriptive
and multivariate analysis, determining the best predictors (Morse & Bottorf, 1990).
Data analyses were carried out using the Statistical Package for the Social Sciences
(v.11.5, SPSS, Chicago, IL) and multivariate analyses using the Statistical Analysis
System (v.8, SAS, Cary, NY). Descriptive statistics were generated to describe the
characteristics of the sample and the distribution of the behavioural responses
observed in each category. Multivariate statistics were used to predict the pain
responses observed in the 803-videorecorded segments. Responses observed in the
no pain group were compared with those observed in the pain groups (PO and POP
pain). If the difference between the groups was significant, further analysis was
conducted to compare pain responses between PO and POP pain.

Due to an

unbalanced design (missing values at random) with repeated measures, Generalized
Linear Mixed Model (GLMM) was used to calculate an unbiased estimate of the
mean for continuous data (Cnaan, Laird, & Slasor, 1997).
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Ordinal data were dichotomised into binary format (e.g. movements and no
movements). If there was a difference between movements and no movements, the
type of movements was further analysed by creating another binary variable (e.g.
limited movements and other movements). This procedure was carried out for each
indicator that occurred more than 20% of the time. Generalized Estimating Equations
(GEE) modelling, using the GENMOD procedure was used to identify variables that
could best predict PO and POP pain. GEE modelling provided an estimate of the
association between binary outcome (behaviour) and predictor variables (e.g. painful
stimuli). This model takes into account the potential association with pain responses
among several observations for a given subject (Carlin, Wolfe, Coffey, & Patton,
1999; Svensgaard, Bangdiwala, Marshall, & Waller, 1996). An estimated odds ratio
corresponds to the likelihood of the behaviour being present in the different
categories: no pain, postoperative pain, and postoperative pain exacerbated by
painful procedures (POP pain).

Results
Demographics of the five postoperative cardiac infants, aged between 7 days and 9
months, are presented in Table 7. Eight hundred and three videorecorded segments of
these infants were included in the study. Interrater reliability of the checklist used for
analysing these segments showed 82% agreement between the two observers.
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Table 7. Demographics of the participants
Infant one Infant two Infant three Infant four
Age
8 months
7 months
9 months
7 days
Weight
7.6 Kg
5.6 Kg
8.3 Kg
2.8Kg
Gender
Male
Female
Male
Female
Truncusb
TFc
CoAd
Diagnosis
TGAa
Surgical
Glenn
Total
Total repair Total repair
procedure
repair
Morphine in
mcg/Kg/h
Median (range) 20 (30)
5 (40)
20 (20)
10 (30)
Midazolam in
mcg/Kg/h
Median (range) 70 (100)
0 (100)
100 (100)
None
Number of
3
3
2
3
days
Number of
19
10.5
10.5
19
hours
Number of
219
137
141
140
observations
a
Transposition of Great Arteries; b Truncus Arteriorius; c Tetralogy
Coartation of Aorta

Infant five
9 months
7.6 Kg
Male
TFc
Total repair

14 (20)
30 (100)
3
13
166
of Fallot;

d

Physiologic Indicators That Best Describe Pain in Postoperative
Critically ill Infants
Physiologic indicators that changed significantly in response to postoperative pain
when compared to no pain, included increases in heart rate from 145 bpm to 147
bpm (p=0.04), mean and diastolic arterial pressure (from 67 mmHg to 68 mmHg,
p=0.04) and (from 53 mmHg to 54 mmHg, p=0.01), and CVP (from 14 cmH2O to
16 cmH2O, p<0.001) . In response to POP pain, one variable, CVP, increased
significantly from 14 cmH2O to 17 cmH2O (p<0.001) compared to no pain. No
significant differences were found in the six remaining physiologic indicators.
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How physiologic indicators varied over time

Comparison of no pain and PO and POP pain, when adjusted for time, provided
statistically and clinically different results from the collated data presented above. On
day one, there were no significant changes (p>0.05) between no pain and the two
categories of postoperative pain for all physiologic variables. On day two, the mean
central venous pressure (CVP) increased significantly from 14.5 cmH2O to 16.0
cmH2O (p=0.002) in response to PO pain. All remaining variables (HR, MAP,
ETCO2, SaO2, and RR) did not change significantly in response to PO pain. In
response to POP pain, significant decreases were noted in systolic arterial pressure
(89 mmHg to 82 mmHg, p<0.001) and diastolic arterial pressure (53.0 mmHg to 50.5
mmHg, p=0.036). On day three, the four variables (HR, SBP, MAP, and DBP)
increased significantly in response to PO and POP pain (Figure 1).

Figure 1. Physiologic responses to PO and POP pain when compared to no pain on day two (d2) and
day three (d3). HR: heart rate in beats per min.; SDB: systolic blood pressure in mmHg; MAP: mean
arterial pressure in mmHg; DBP: diastolic blood pressure in mmHg
* significant at p<0.001 when compared to no pain.
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Behavioural indicators that best describe pain in postoperative
critically ill infants

Preliminary analyses consisted of computing the frequency and percent occurrence
of the behavioural indices for the three behavioural categories: no pain, PO and POP
pain (Table 8). GEE analyses revealed that, when compared to no pain, infants
experiencing PO and POP pain were more likely to develop or increase existing
respiratory distress and show typical facial expressions and body movements (See
Table 9).
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Table 8. Behavioural indicators by category of no pain, PO and POP pain
Behavioural indicatorsa

No pain
PO painb
Count (percent within category)

POP painc

Breathing pattern
Normal
245 (93)
228 (70)
6 (15)
Distressed
19 (7)
63 (19)
23 (55)
Crying
37 (11)
13 (31)
Forehead
Smooth
245 (94)
154 (49)
5 (13)
Frown
17 (6)
163 (51)
34 (87)
Eyes
Closed relaxed
240 (91)
64 (20)
3 (7)
Tightly closed
23 (9)
145 (46)
32 (80)
Open
108 (34)
5 (13)
Mouth position
Closed mouth
212 (88)
103 (36)
3 (9)
Vertical stretch
3 (2)
93 (33)
5 (15)
Angular stretch
43 (15)
22 (65)
Mouth movements
No movements
236 (97)
136 (50)
7 (20)
Crying
55 (20)
21 (60)
Head movements
No movements
261 (99)
121 (37)
10 (24)
Jerky
92 (28)
27 (64)
Arms movements
No movements
259 (99)
134(41)
6 (15)
Limited movements
1 (1)
78 (24)
15 (37)
Pulling
66 (20)
19 (46)
Hand movements
No movements
244 (96)
107 (37)
4 (13)
Twitching
1 (1)
73 (25)
8 (27)
Fist
8 (3)
52 (18)
15 (50)
Torso movements
No movements
261 (100)
158 (48)
10 (25)
Limited
45 (14)
9 (22)
Twisting
1 (0)
111 (34)
19 (48)
Legs movements
No movements
243 (98)
92 (28)
2 (5)
Limited
2 (1)
70 (22)
8 (20)
Resisting
2 (1)
6 (2)
9 (23)
Pulling knees up
46 (14)
12 (30)
Jerky
89 (27)
7 (17)
Feet movements
No movements
183 (97)
43 (20)
0 (0)
Spreading
1 (1)
23 (10)
12 (46)
Grasping
4 (2)
87 (40)
10 (39)
Twitching
67 (30)
4 (15)
Note Table 8. a indicators that occurred more than 20% of the time in at least one of the category are
presented in this table; b PO Pain: postoperative pain; c POP pain: postoperative pain exacerbated by
a painful stimuli
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Table 9. Significant factors associated with predicting behaviour of PO and POP pain
compared to no pain
Behavioural
indicators

POP pain b

PO pain a
Odds
Ratio
4.4

Respiratory
distress
Frown
14.7
Eyes tightly closed 24.8
Mouth movements 34.2
Open mouth
4.5
Head movements
140.1
Arms movements
183.8
Hand movements
34.5
Torso movements
265.5
Leg movements
308.6
Feet movements
60.42
a
PO Pain: postoperative pain;
painful stimuli

95% CI
1.9 - 10.1

Odds
Ratio
40.4

95% CI
19.8 - 82.2

6.7 - 32.4
100.5
36.0 - 280.7
10.4 - 59.6
62.4
18.9 - 206.2
11.7 - 99.8
109.3
25.7 - 465.5
3.7 - 5.4
30.5
7.7 - 121.6
16.9 - 1162.6
185.4
17.7 - 1944.4
33.2 - 1017.4
428.2
70.0 - 2616.8
12.5 - 95.6
99.7
24.7 - 403.3
60.7 - 1162.1
711.6
139.4 - 3632.6
49.5 - 1922.3
1488.8
128.7 - 1722.3
13.5 - 270.5
b
POP pain: postoperative pain exacerbated by a

Additional GEE analyses revealed that when compared to POP pain, infants
experiencing PO pain were more likely to display vertical stretch of the mouth (OR
= 3.42; 95% CI 2.23 to 5.25), hand twitching (OR = 2.89; 95% CI 2.22 to 18.51), and
jerky leg movements (OR = 3.74; 95% CI 1.16 to 12.06). When compared to PO
pain, infants experiencing POP pain were more likely to show signs of respiratory
distress (OR = 0.15; 95% CI 0.07 to 0.32), frown (OR = 0.15; 95% CI 0.06 to 0.36),
eyes tightly closed (OR = 62.36; 95% CI 2.94 to 5.33), angular stretch of the mouth
(OR = 0.19; 95% CI 0.08 to 0.46), silent or weak cry (OR = 0.49; 95% CI 0.44 to
0.55), jerky head movements (OR = 0.32; 95% CI 0.19 to 0.55), fist (OR = 0.15;
95% CI 0.03 to 0.74), pulling knees up (OR = 0.22; 95% CI 0.07 to 0.70), and
spreading feet (OR = 0.20; 95% CI 0.04 to 0.97). No significant difference was
found between PO and POP pain for torso and arms limited movements, twisting,
pulling arms, and grasping and twitching feet.
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How behavioural indicators varied over time

As most behavioural indicators were not present in the no pain group, comparison to
this group could not be done. Day three was therefore used as the intercept for the
following GEE analyses. On day one when compared to day three, infants were less
likely to demonstrate respiratory distress (p<0.001), eyes tightly closed (p=0.003),
mouth movements (p<0.001), mouth position (p=0.031), head movements (p=0.046),
hands movements (p=0.025), arms movements (p=0.004), and torso movements
(p=0.017). There was no significant difference in the remaining behavioural
indicators between day one and day three.

On day two, when compared to day three infants were more likely to demonstrate
respiratory distress (p=0.025), frown (p<0.001), eyes tightly closed (p<0.001), mouth
movements (p=.001), and stretch of the mouth (p<0.001). There was no significant
difference in the remaining behavioural indicators between day two and day three.

Discussion
While there are many studies of pain in infants, none to our knowledge has explored
the different pain behaviours in postoperative critically ill infants. In addition, this
study is unique in the sense that it explored a range of physiologic and behavioural
responses, over time, and offers new information on how critically ill infants respond
to postoperative pain and postoperative pain exacerbated by painful stimuli.

An interesting result of our study was related to the physiologic changes observed in
both pain groups. Significant increases in heart rate and blood pressure were noted in
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response to PO pain, but not to POP pain. This can be explained by a lack of
statistical power to detect a difference, due to the small number of observations in the
POP pain category. In addition, although the difference of two heartbeats per minute
and one mmHg is statistically significant, it is unlikely to be clinically relevant.
However, when adjusted for time, GLM analyses of the physiologic variables
provided different results.

On day one postsurgery, no significant physiologic changes were noted in response
to both PO and POP pain. This probably reflects appropriate management of pain
and sedation at this time when the participants remained intubated and deeply
sedated.

On day two and in contrast with other studies (Cohen Reis et al., 2003; Taddio,
Goldbach et al., 1995; Taddio et al., 1997; Walden et al., 2001), there was, in
response to POP pain, an eight and five percent decrease in systolic and diastolic
blood pressure, respectively. This physiologic response could be explained by an
increased vagal reflex associated with severe pain (Porter et al., 1988), as the type of
procedures (chest drain removal and/or endotracheal suctioning) performed at this
postoperative stage were likely to cause pain of high intensity. Indeed, chest drain
removal and endotracheal suctioning were reported in a national survey as the most
painful interventions by adults and older children who underwent cardiac surgery
(Puntillo, 2003). On the same day and in response to postoperative pain, physiologic
parameters failed to change significantly when compared to no pain. This later
finding is in accord with recent postoperative pain reports. In a study involving
preverbal children post major surgery, Van Dijk et al. (2000) reported a weak
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correlation between physiologic parameters (heart rate and mean arterial pressure)
and behaviour (alertness, calmness, respiratory response, crying, physical movement,
muscle tone, and facial tension) in the immediate postoperative period.

On day three of our study, however, heart rate and blood pressure increased
significantly in response to both PO and POP pain. One explanation of these results
for postoperative pain could be that by day three, physiologic instability that occurs
in the immediate postsurgery period has resolved, resulting in the infants’
physiologic capacity to respond to pain in this way. These results are supported by
previous studies that have demonstrated increased heart rate and blood pressure in
infants experiencing procedural pain (Abu-Saad, 1998; Franck & Miaskowski, 1997)

In our study, the GEE statistical model permitted determination of which behaviour
was likely to occur more frequently in the two pain situations (PO versus POP pain).
Specific postoperative pain indicators included the following expressions: vertical
stretch of the mouth, hand twitching, and jerky leg movements. Specific indicators
of POP pain included development of or increase in respiratory distress, frown, eyes
tightly closed, angular stretch of the mouth, silent or weak cry, jerky head
movements, fist, pulling knees up, and spreading feet. There are similarities between
PO and POP pain indicators, as shown by our study where eyes tightly closed, frown,
and horizontal stretch of the mouth were also observed in infants experiencing
postoperative pain. These findings were supported by another study that explored
postoperative pain behaviour in infants aged 0-18 months, using the NFCS, the
modified COMFORT scale, and plasma concentrations of catecholamine and
morphine (Peters et al., 2003). This later study showed that a) the NFCS (initially
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validated for procedural pain) was significantly correlated with the modified
COMFORT postoperative scale and b) a reduction of the NFCS to 5 items increased
the specificity without reducing the sensitivity of the pain scale. These items
included brow bulge, eye squeeze, nasolabial furrow, horizontal stretch of the mouth,
and taut tongue.

In our study of critically ill infants, pain indicators new to our knowledge include
description of breathing pattern, silent or weak cry, and limited body movements.
These findings were partly supported by another study conducted in PICU, in which
children who experienced painful procedures grimaced, became rigid, winced, and
closed their eyes (Morris et al., 2002). Severely ill infants may not have the
physiologic ability to respond vigorously to pain due to their prematurity or their
severity of illness (Franck & Miaskowski, 1997), as demonstrated by studies
involving vulnerable infants whose responses to pain include limited or absence of
body movements (Grunau, Holsti, Whitfield, & Ling, 2000; Stevens, Johnston,
Franck et al., 1999). However, similar responses were also observed in healthy
infants experiencing extreme distress during circumcision, including breath holding,
and exhausted cry and weak sounding, strained movements of head and neck, fist,
and intentional upper limbs movements (Warnock & Sandrin, 2004). Diminished
response may be a sign of a lack of physiologic ability to respond to pain of extreme
intensity.

These results were generated using a rigorous observational method and patterns of
behaviour were consistent with theoretical assumptions, suggesting that the
behavioural and physiologic responses depict pain in postoperative critically ill
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infants. It is, nevertheless, possible that the responses observed during the
postoperative period may have been influenced by other factors, such as hunger,
thirst, or other emotional distress. However, because distress is an inherent
component of pain (Breau, McGrath, Camfield, Rosmus, & Finley, 2000; Warnock
& Sandrin, 2004), probable postoperative pain could not be ignored in the
observation process. To validate the interpretation process in which the diagnostic of
pain was made, all criteria of the conceptualisation of pain in infants were present
and every effort was made to identify other causes for the observed response (e.g.
sudden decreases in blood pressure following change in the administration of
inotropic drugs).

This study provides a novel description of pain behaviour in critically ill infants
beyond neonatal age. In contrast to the work of Warnock (2003), who provided a
very detailed description of facial expressions, body movements, and limbs position,
the checklist used in this study included comprehensive descriptions of pain
behaviour in real time and in the context in which the behaviour occurred (in this
instance the intensive care environment). Findings of our study also support the use
of ethological principles of observation to capture different intensities of
postoperative pain in critically ill infants beyond neonatal age. This approach aimed
to describe how postoperative critically ill infants respond to pain over a 3-day
period and provide pain indicators that could be easily observed by health
professionals in clinical practice. These pain indicators formed the basis for the
development of a pain assessment tool that has been used in the next phase of the
larger study, which aimed to develop and validate a pain measure for postoperative
critically ill infants.
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CHAPTER FIVE
Results - Phase Two
Development and Preliminary Psychometric Testing of the
Multidimensional Assessment of Pain Scale: MAPS

The previous chapter introduced the first phase of tool development, and described
the pain indicators observed in postoperative critically ill infants. This chapter
presents Phase Two of the thesis, and describes the development process of the
Multidimensional Assessment of Pain Scale (MAPS) and the results of the
preliminary psychometric testing of the scale. The MAPS was developed using a
selection of items that were described in Phase One of the study as well as items
described in the literature. Following the construction of the MAPS, including face
and content validity, a series of psychometric tests were undertaken to establish the
internal consistency of the scale, Interrater reliability, and convergent and concurrent
validity. These preliminary psychometric analyses provided the initial psychometric
properties essential for the clinical use of a new instrument. This preliminary testing
also provided important information to guide further testing of the MAPS.

This chapter is also presented in the format of a journal article that has been
submitted for publication in the peer-reviewed journal Pediatric Anesthesia. The
paper was co-authored by Supervisors Associate Professor Nancy Rees, Professor
Sue McDonald, and Professor Huda Huijer Abu-Saad, and biostatistician Max
Bulsara who were happy to have it included in this thesis.
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Abstract
Background: This study aimed to test the preliminary psychometric properties of the
Multidimensional Assessment Pain Scale (MAPS), a clinical instrument developed
for assessing postoperative pain in critically ill preverbal children.

Methods: The MAPS was developed using pain indicators observed in postoperative
critically ill infants. Content validity was established by a panel of experts. The scale
was tested for validity and reliability in 43 postoperative children aged 0 to 31
months admitted to the paediatric intensive care units of two tertiary referral
hospitals, one in Western Australia and one in Switzerland. Pain was measured
concurrently by three independent assessors using the MAPS, the Face, Leg,
Activity, Cry, and Consolabilty scale (FLACC) and the Visual Analogue Scale
(VAS) to assess concurrent and convergent validity.

Results: Internal consistency was moderate (r=0.68). Interrater reliability of the
MAPS was good (Kappa 0.68 - 0.84) for all categories and moderate for breathing
pattern (Kappa 0.54). Excellent interrater reliability was shown for total MAPS (ICC
0.91). Agreement measurements between MAPS and FLACC and MAPS and VAS
showed that the risk of measurement error was small.

Conclusion: The development and initial validation of the MAPS provides health
professionals with a tool to facilitate and standardise pain assessment in critically ill
preverbal children. Although its psychometric properties are promising, the MAPS
requires further psychometric testing, including responsiveness to analgesic effect
(currently in progress).
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Introduction
Unrelieved pain in critically ill children may have dramatic short and long-term
consequences (Anand, Grunau, & Oberlander, 1997; Bhutta & Anand, 2002; Grunau,
2002; Porter et al., 1999). To avoid these as well as unnecessary suffering, it is
essential to treat pain promptly and appropriately. This task, however, presents many
challenges to health professionals. The adequacy of pain management relies largely
on the accuracy of pain assessment. Self-report is considered the gold standard for
pain assessment, but is not possible in preverbal children. Consequently, health
professionals have to rely on physiological measures and behavioural cues to
determine the presence and severity of pain in these children. However, up to now
these cues have been described typically in healthy or moderately sick infants
(Franck & Miaskowski, 1997; Warnock & Lander, 2004), and may therefore have
limited relevance

for pain assessment in young children who are critically ill

(Ramelet et al., 2004).

Numerous instruments have been developed in attempts to maximise accuracy of
pain assessment in infants and older children, but only two measures, the
COMFORT scale (van Dijk et al., 2000) and more recently the FLACC scale
(Manworren & Hynan, 2003) have been evaluated in critically ill children after
surgery. The COMFORT scale was designed originally to assess distress in
ventilated children (Ambuel et al., 1992) and demonstrated validity as a measure for
assessing the effects of sedation (Azzam et al., 2001; Brunow de Carvalho, Lucas da
Silva, Paulo, Fonseca, & Belli, 1999; Marx et al., 1994; Nadkarni et al., 1999; Reed,
Yamashita, Marx, Myers, & Blumer, 1996). The original COMFORT scale
comprises eight items (alertness, calmness, respiratory response, physical movement,
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muscle tone, facial tension, mean arterial pressure, and heart rate) measured on a 5point rating scale, providing a total score ranging between 8 (no pain) and 40
(maximum pain). Because these items were also defined as pain indicators, the
COMFORT scale was recently validated as a measure of postoperative pain in
preverbal children (van Dijk et al., 2000) and in children admitted to a paediatric
intensive care unit (PICU) (Carnevale & Razack, 2002). As a result of item analyses
in this latter study, the physiological component of the COMFORT scale was
removed, despite behaviour-physiology correlations rising with increasing pain
intensity (van Dijk et al., 2001). Irrespective of the version used, the lack of
differentiation on the COMFORT scale between sedation and pain is problematic for
the clinician, who makes decisions about which medication, sedative or analgesic,
would best meet the patient’s needs. To facilitate clinicians’ decision-making, Van
Dijk et al. (2000) added an observational VAS (VASobs) score to the COMFORT
assessment. However, the adequacy of a VASobs rating is dependent on the observer’s
level of expertise and competence in pain assessment, and cannot be always
assumed. Indeed, underestimation of pain in children by nurses is well documented
in the literature (Beyer et al., 1990; Colwell, Clark, & Perkins, 1996). Furthermore,
VASobs optimal cut-off points for the administration of analgesics have yet to be
determined, limiting its utility in clinical practice (van Dijk, Koot et al., 2002).

The FLACC scale, acronym for Face, Leg, Activity, Cries, and Consolability, is
another measure that has been validated in the PICU population (Manworren &
Hynan, 2003). Sensitivity to change was evaluated in a small sample of children
(n=22) admitted in a PICU, by comparing FLACC scores before and after analgesic
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administration. The FLACC scale was shown to be sensitive to administration of
analgesics, including opioids, non-opioids, or a combination of both.

The FLACC scale as well as the modified version of the COMFORT scale
(COMFORTbehaviour) comprise one behavioural dimension only. Recent data suggest
that physiologic measures may add some value to the diagnosis of high
postoperative pain intensity. In a validation study involving paediatric intensive care
children aged 0 to 36 months, Van Dijk et al. (2001) reported that the correlation
between the COMFORT scale’s behavioural and physiologic items increased with
pain intensity. Our previous work also suggests that heart rate and blood pressure
vary in postoperative infants experiencing painful procedures when compared to
baseline measures (Ramelet, Abu-Saad, Bulsara, McDonald, & Rees). Further, based
on the theoretical underpinning of pain as a multidimensional phenomenon (Merskey
& Bogduk, 1994b), it is recommended that both dimensions be taken into account for
its assessment (Abu-Saad & Hamers, 1997).

Existing pain measures may not include indicators that are specific to the critically
ill preverbal child and evaluating such a measure would not make it more specific or
sensitive (Franck, 2002). The objective of this study was, therefore, to develop and
test the preliminary psychometric properties of the Multidimensional Assessment
Pain Scale (MAPS) as an accurate clinical instrument for assessing postoperative
pain in critically ill preverbal children. The hypothesis for this study was “there is a
positive correlation between MAPS and two other pain assessment instruments
(FLACC and VAS)”.
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Materials and Methods

Selection of the Items
Thirty six items were selected from the total of 64 items that were identified in our
previous study, which provided a detailed description of the behavioural and
physiological responses observed in a sample of critically ill infants in pain (Ramelet
et al., 2006). This process was supplemented by a search of the literature to compile
a list of valid pain indicators for sick infants (Abu-Saad et al., 1998; Franck &
Miaskowski, 1997; Ramelet et al., 2004). This list of pain indicators was compared
with the items identified in our previous study to ensure that all relevant items were
considered in this selection process. Items that could not be measured easily at the
bedside or that would not be routinely monitored were excluded to ensure the
instrument would be clinically useful. Although the majority of the selected pain
indicators were observed in infants (0-9 months of age), the authors felt it important
to extend the psychometric tests of the newly developed scale to older children (0 to
3 years), as this age group represents the majority of the children admitted to PICUs
(Australian and New Zealand Paediatric Intensive Care Registry, 2004).
Furthermore, children in this age category have common characteristics in relation to
pain expression, such as the inability to verbalise their experience of pain and the
ability to display similar facial expressions in response to pain (Johnston et al.,
1993).
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Construction of the Scale

A 0 to 10 scoring system was chosen as a recommended metric for paediatric pain
measures, whereby a minimum score of 0 indicated no pain and a maximum score of
10 extreme pain (von Bayer & Hicks, 2000). The 36 items were grouped into five
categories and global statements were created on a 3-point scale. This meant that a
total score between 0 and 10 was achieved after scoring each category between 0 and
2.

Each category statement included a comprehensive definition for adequate

scoring. For instance, frown, eyes tightly closed, and vertical pull at the corners of
the mouth with lips partially or completely parted were defined as a grimace. The
scale was named the Multidimensional Assessment Pain Scale as it contained
physiologic and behavioural dimensions. Creation of an acronym (MAPS) that could
be easily remembered was also considered in this process. To ensure face and
content validity, a multidisciplinary panel of seven independent experts, all
volunteers, commented on the clarity, complexity, and relevance of the MAPS and
its definitions. The final version of the MAPS and definitions of each component
category are presented in Tables 10 and 11.

91

Table 10. Scoring System of the Multidimensional Assessment of Pain Scale©
Categories
Vital signs
HR and/or BP
Breathing
pattern
Facial
expressions
Body
movements
State of
arousal
Total Score

0
1
Within baseline More than 10 bpm
increase
and/or more than 10
mmHg increase
No change
Development or
increase of
Respiratory distress
Relaxed
Grimace
No movements
or
Purposeful
movements
Calm or asleep

Restless

Hyperreactive

2
Score
More than 10 bpm
decrease
and/or more than 10
mmHg decrease
Severe
Respiratory distress
Grimace associated
with silent or weak
cry
Rigid and/or
limited
Body movements
Shut down
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Table 11. Definitions of the each Category of the Multidimensional Assessment of
Pain Scale
Definitions
Vital signs
Record baseline measures when the child has been stabilised and is comfortable.
• Score 0 if heart rate and blood pressure measures are consistently within
baseline measures
• Score 1 if heart rate increased more than 10 bpm and/or blood pressure (SBP
or DBP) increased more than 10 mmHg compared with baseline measures.
• Score 2 if heart rate decreased more than 10 bpm and/or blood pressure (SBP
or DBP) decreased more than 10 mmHg compared with baseline measures.
Breathing Pattern
• Record baseline measure at the beginning of each shift when the child is
obviously asleep or comfortable with no external stimuli
• Score 0 if there is no change in breathing pattern compared to baseline
measure.
• Score 1 if there is an increase in rate and work of breathing and/or
paradoxical breathing. For the intubated patient, it may also include fighting
the ventilator (↑ Respiratory distress)
• Score 2 if respiratory distress is severe and compromising oxygenation
Facial Expressions
• Score 0 if the infants’ face is relaxed, with eyes closed relaxed, mouth closed
relaxed, and smooth forehead.
• Score 1 if the infant grimaces (frown, eyes tightly closed, and distinct vertical
pull at the corners of the mouth with lips partially or completely parted).
• Score 2 if the infant shows frequent grimace is associated with silent cry
(tears associated with angular stretch mouth in the intubated patient) or weak
cry (non-intelligible, low-pitched sounds; moaning)
• Please note that silent cry that is associated with the departure of a parent
cannot be scored.
Body movements
• Score 0 if the infant demonstrates purposeful or no movements of head, torso,
arms, hands, legs and feet.
• Score 1 if the infant is restless demonstrating jerky leg movements, twitching
hands and feet, twisting or writhing
• Score 2 if the infant shows rigid body movements that are stiff, firm and
unbending (including pulling knees up, spreading feet, fist clenched,
twisting/writhing and/or limited torso movements) or limited body
movements that are naturally limited in its purpose and or slow in motion.
State of arousal
• Score 0 if the infant is calm or asleep (no external stimulus is required to
elicit purposeful or calm movements, awakens easily)
• Score 1 if the infant is hyperreactive: highly or excessively responsive or
reactive to a non-painful stimulus (noise, touch, light, etc.) (Increased state of
arousal)
• Score 2 if the infant’s behaviour is shutdown: decreased physical alertness
and activity; does not communicate; or no eyes contact.
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Translation
As data collection was undertaken in one non-English setting, the pain measures
(MAPS and FLACC) were translated into French by the bilingual principal
investigator, whose first language is French. The instruments were back translated by
an independent bilingual registered nurse, who did not read the original English
version. The authors adhered to standard translation practices, including blind back
translation, and expert evaluation of equivalence by bilingual and French speaking
nurses (American Educational Research Association et al., 1999; Tang & Dixon,
2002; White & Elander, 1992). In this study, discussion amongst translators and two
senior nurses who were not previously involved in the translation process was used
to rephrase any unclear or incorrect statements in the French versions.

Staff Training
Prior to other psychometric testing, all nursing and medical staff attended an
introductory tutorial on the subject of the study protocol. Self-learning packages,
including background information on pain, pharmacology, and the standardised
sedation and pain management protocol of the unit were distributed to all nurses.
Finally, the clinical nurses involved in data collection were asked to demonstrate
competency in using the MAPS in a random selection of 20 video clips (similar clips
were used in the pilot testing) organised in forms of three vignettes, and in real time
at the bedside. Issues pertaining to the study protocol, including use of the pain
measures, were discussed directly with the principal investigator. In addition, a total
of eight clinical nurses were trained to use the MAPS and three senior medical
registrars to use the FLACC.
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Reliability and Validity
These psychometric tests were conducted in the paediatric intensive care unit (PICU)
at a tertiary referral hospital in Western Australia and in Vaud, Switzerland. A
convenience sample of approximately 40 critically ill preverbal children aged
between 0 and 36 months, requiring major chest or abdominal elective surgery, and
admitted to the intensive care unit immediately after surgery was drawn from the
paediatric intensive care population. Children were excluded from the study if they
were 36 weeks or less gestational age and/or presented with neurological
impairments or altered muscle tone.

After scientific and ethics approval from the hospital committees, parents or
guardians of infants who met the inclusion criteria of the study were approached by
the principal investigator for consent prior to admission to the intensive care unit. On
arrival in the unit and once the child had been stabilised, baseline measures were
recorded. Heart rate, invasive blood pressures, and respiratory rate were continuously
recorded on a calibrated monitor (Agilent® version 6.00.11). Neuromuscular
blockade and cardiac pacing were assessed and documented on arrival and at each
time point of observations. Up to eight measurements of pain were performed by
two independent raters - the bedside nurse and the clinical nurse on duty- over a
maximum period of 48 hours postsurgery. Pain measurements were attributed using
three measures: the MAPS (see Tables 10 and 11), the Visual Analogue Scale (VAS)
(van Dijk, Koot et al., 2002) and the FLACC (Merkel et al., 1997).

The VAS is a 10 cm-horizontal continuous line, with anchors of 0=“no pain” and
10=”the worst possible pain” at both extremities (McGrath, Unruh, & Finley, 1995;
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Wewers & Lowe, 1990). The VAS is commonly used as an observational measure to
report pain intensity in preverbal children (Lawrence et al., 1993; Peters et al., 2003;
Robieux et al., 1991; Taddio, Nulman et al., 1995; Tarbell et al., 1992; van Dijk et
al., 2000). Concurrent validity of the VAS observer (VASobs) and other pain scales
can vary considerably, but correlation coefficients tend to increase when observers
are trained or experts (van Dijk, Koot et al., 2002).

The FLACC is a measure that recently demonstrated validity and excellent reliability
in PICU children from 3 years of age (Manworren & Hynan, 2003), and in
postoperative children aged between 2 and 7 years (Merkel et al., 1997; Willis et al.,
2003). It includes 5 categories of pain behaviours: face, legs, activity, cry, and
consolability, each of which is scored 0, 1, or 2, resulting in a total score ranging
between 0 (= no pain) and 10 (maximum pain).

To avoid judgmental bias, the VASobs score was administered first by a trained
clinical nurse and senior medical registrar on duty, both with expertise in pain
assessment. Immediately after that, the same clinical nurse and senior medical
registrar administered the MAPS and the FLACC score, respectively. Simultaneously
and independently, the bedside nurse attributed another MAPS score. The VASobs
and the FLACC were used concurrently with the MAPS to establish concurrent and
convergent validity, respectively.

Data analyses were carried out using SPSS (Statistical Package for the Social
Sciences) version 11.5 (SPSS Inc., 2003). Data indicating neuromuscular blockade
and/or regular cardiac pacing at the time of observation were excluded from further
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analyses. Reliability analyses consisted of assessing the MAPS’ internal consistency
by calculating Cronbach’s alpha coefficient and interrater reliability, using Cohen’s
Kappa statistic for categorical data. The Kappa statistic is a chance-corrected
measure of agreement between two raters (in this study, the bedside nurse and a
clinical nurse) on the same rating (the MAPS score). In practice, a Kappa value
greater than 0.80 represents excellent agreement, where a value below 0.40
represents poor agreement no better than chance (Altman, 1996; Portney & Watkins,
1993). For continuous data on the interval and ratio scales (total MAPS and
physiologic parameters, respectively), intra-class correlation (ICC) reliability
coefficient was calculated using variance estimates obtained through an analysis of
variance. ICC represents the degree of correspondence and agreement among two or
more raters on the same rating. A Cronbach’s alpha coefficient above 0.75 is
indicative of good reliability (Portney & Watkins, 1993).

Convergent and concurrent validity of the MAPS was measured by assessing
agreement between MAPS and FLACC and MAPS and VASobs using a statistical
method described by Bland and Altman (1986). The method is based on the
differences between measurements on the same subject by two different measures.
The difference between two methods, the standard deviation of the difference, and
the mean difference were calculated; the mean difference representing the estimated
bias, the difference and standard deviation the random fluctuations around the mean.
The difference was plotted against the average of two measures (MAPS and FLACC,
MAPS and VASobs). The 95% limits of agreement and the mean difference plus or
minus 2 standard deviations demonstrate how far apart pain scores attributed by two
measures were likely to be for most children in the study population. To evaluate
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whether there was any considerable difference in agreement, a linear regression
analysis was performed. An increasing regression line shows that the difference in
agreement increased as pain score increased.

Results

Demographic Results
Forty-three children aged between 0 and 31 months (median 9.5, IQR 3.9)
participated in this study. The majority (n=30, 61.2%) were intubated and ventilated
at the time of observation and were ventilated for a period ranging from 2.5 to 402
hours (median 26, IQR 28). Risk of death estimated by the Paediatric Index of
Mortality (PIM) scores ranged between 0.2% and 19.6% (median 1.31%, IQR
1.21%). The mean weight of this sample was 7.4 Kg (±2.9). Other background
characteristics of these children are presented in Table 12.
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Table 12. Characteristics of the participants
Characteristics
Gender

Male
Female

Count (%)
23 (53.5)
20 (46.5)

Ethnic background

Caucasian
African (central and north Africa)
Asian (central and south-east asia)
Native Australian/New Zealander
Mixed race

35 (81.3)
3 (7.0)
2 (4.7)
1 (2.3)
2 (4.7)

Type of surgery

Cardiac
Cranial vault remodelling
Thoracotomy
Laparatomy
Other

30 (69.8)
5 (11.6)
2 (4.7)
2 (4.7)
4 (9.3)

Complications

None
38 (88.4)
Cardiac arrest
2 (4.7)
Renal failure
1 (2.3)
Chest reopening (bleed)
1 (2.3)
1 (2.3)
Failed extubation a
a
Failed extubation was defined as a need to reintubate within 4 hours post
extubation.

Reliability
Examination of the correlation matrix showed no redundant items. The item total
correlations ranged from 0.10 to 0.65. Overall Cronbach’s alpha coefficient for the 5item MAPS was 0.68. The internal consistency test also showed that Cronbach’s
alpha would increase to 0.86 if the item ‘vital signs’ was deleted.

Interrater reliability of the MAPS, represented by Kappa’s statistic, was good to
excellent for 4 categories, ranging from 0.68 to 0.84 (Table 13). Interrater reliability
for breathing pattern was moderate (0.54). Excellent interrater reliability was shown
by intra-class correlation coefficients for total MAPS (r=0.91), VASobs (r=0.89), HR
(r=0.99), SBP (r=0.98), DBP (r=0.98), MAP (r=0.99), and RR (r=0.98).
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Table 13. Kappa’s for each Multidimensional Assessment of Pain Scale
MAPS categoriesa

Kappa

Number of paired
assessments
Vital signs
0.73
241
Breathing
0.58
239
Facial expressions
0.74
239
Body movements
0.68
239
State of arousal
0.84
239
a
Paired assessments of staff nurses with trained nurses were used to
calculate Kappa

Construct and Convergent Validity
Figure 2 shows the Bland and Altman plot of the differences between the MAPS and
the FLACC scales against the mean. The mean of the differences was 0.44 (CI 0.18
to 0.71). The limits of agreement were –1.22 to 2.09. The regression line shows that
the difference in agreement decreased as pain scores increased, but was not
significant (F=1.55, df= 39, p=0.22).
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Figure 2. Agreement between MAPS and FLACC mean pain score, with 95% limits
of agreement (upper and lower broken lines), mean of the difference (middle broken
line) and regression line.

Criterion-related and Concurrent Validity
Comparison of the MAPS with VASobs, using the method described by Bland and
Altman, showed a mean of the differences of 0.25 with a confidence interval of 0.02
to 0.49; the limits of agreement were –1.24 to 1 (Figure 3.).

The regression line shows that the difference in agreement decreased as pain scores
increased, but was not significant (F=2.83, df=41, p=0.100).
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Figure 3. Agreement between MAPS and VASobs mean pain score, with 95% limits
of agreement (upper and lower broken lines), mean of the difference (middle broken
line) and regression line.

Discussion
The tool developed in this study is unique in that, unlike previous studies, the items
included in the MAPS, were generated from observations of critically ill infants
experiencing postoperative pain as well as postoperative pain exacerbated by painful
procedures. The authors felt that it was important for clinicians to have a pain
measure that could detect postoperative pain as well as pain caused by common ICU
procedures (e.g. endotracheal suctioning, positioning, chest drains removal, etc.).
While the main categories of the MAPS (vital signs, breathing, facial expressions,
body movements, and state of arousal) are not different to those of existing measures,
the components of the categories of the extreme end of the scale (extreme pain) are
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novel. To the authors’ best knowledge, the PICU MAPS is the first pain scale that
includes decreased heart rate and/or blood pressure, severe respiratory distress
compromising oxygenation, sustained grimacing associated with silent or weak cry,
rigid or limited movements, and decreased physical activity with no eye contact as to
define the worst pain.

Construction of the MAPS included items that were observed in postoperative
critically ill infants experiencing pain (Ramelet et al., 2006). As these pain indicators
were based on a small sample, the selection of items was supplemented by the
literature. However, due to limited availability of data (Ramelet et al., 2004) and
based on psychometric theory for the development of new pain instrument (Nunnally
& Bernstein, 1994; Stevens, 1998), the authors felt it was important to select the
indicators that would best describe postoperative pain in critically ill children. Face
and content validity, translated in terms of clarity, relevance, and complexity, were
established by a panel of experts in pain assessment and paediatric critical care.
Although content validity is highly subjective and the least empirical validity test, it
represents an essential step in the development of new measures (Gross Portney &
Watkins, 1993; Nunnally & Bernstein, 1994).

Good internal consistency of the 5-category MAPS was demonstrated by a
Cronbach’s alpha coefficient greater than 0.50 (Bland & Altman, 2002).
Homogeneity of the scale would, however, improve considerably if the vital signs
category was deleted. However, based on item analysis theory, it would be
inappropriate to remove this item relying on one value only (American Educational
Research Association et al., 1999). Compared to other behavioural items, vital signs
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achieved the lowest item total correlation. This might be explained by the
multidimensional nature of the MAPS (physiologic and behavioural dimensions).
Another point to consider is the validity of the baseline measures, as they were
difficult to ascertain in the haemodynamically unstable patient. However, to ensure
baseline measures were as accurate as possible, they were rigorously measured when
the patient was stabilised. In instances where the patient could not be
haemodynamically stabilised, normal range for the age and condition of the patient
were used as baseline measures. Furthermore, reliability of the vital signs scoring
was excellent as demonstrated by an ICC coefficient greater than 0.90. Nevertheless,
the limited value of physiological parameters in determining pain when correlated
with the behavioural indicators of the COMFORT scale was demonstrated in other
studies (Carnevale & Razack, 2002; van Dijk et al., 2000). Further investigation of
the relationship between physiologic and behavioural pain responses revealed,
however, that the physiology-behaviour correlation improves with increasing pain
intensity, suggesting that the combination of both dimensions may confirm the
diagnosis of a higher intensity of postoperative pain, but not moderate pain (van Dijk
et al., 2001). In our study, it was however not possible to assess the extreme end of
the scale (extreme pain), as 89% of the MAPS scores were under 4. This reflects the
difficulty in validating pain measures in current practice where pain management is
part of standard practice.

Interrater reliability was good for all MAPS categories with the exception of
breathing pattern. This may be explained by individual differences in clinical
expertise at assessing the quality of breathing, especially in intubated patients. In a
comparable study, Van Dijk et al. (2000) reported similar results for the COMFORT
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respiratory response (Kappa 0.54), and suggested that evaluation of the respiratory
response should be limited to nursing documentation. However, because nursing
records are not always reliable (Brooks, 1998; Cairns & Ramelet, 2004; Sirken,
Bercini, & Jobe, 1990), the assessment of pain could be misinterpreted if based on
records only. For future reference, it should be emphasised that evaluation of the
quality of breathing should be based on the last 30 minute-trend rather than a 2minute observation time.

MAPS was compared with FLACC and VASobs to assess convergent and concurrent
validity, respectively. Bland and Altman plot provides information on a possible
relationship between the measurement error and the true value as well as where the
difference lies (White & Van den Broek, 2004). The narrow confidence intervals
reported in this study reflect a small risk of measurement error. In addition, the limits
of agreement and the regression lines showed that the difference in agreement
decreased as pain score increased, but the difference was not significant.
Nevertheless, a difference of 2 points can be clinically relevant, especially when the
difference is situated close to the cut off value for making decisions about
administering analgesia. The difference in agreement was more apparent between the
MAPS and VASobs when compared with FLACC, suggesting that observational pain
measures are more objective than numerical pain scales. Numeric scales may be less
objective because they require the assessor to judge pain, and are thus more directly
sensitive to value systems of the assessor, whereas observational pain measures
require a judgment of a behaviour, once removed from the actual pain and therefore
not as exposed to values of the assessor. The difficulty of establishing the validity of
VASobs in children who cannot self-report was highlighted by van Dijk and
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colleagues (van Dijk, Koot et al., 2002) who reported a large variation between
VASobs and other paediatric pain scoring tools (r = 0.42 - 0.86). Nevertheless, every
attempt was made in this study to reduce assessment bias by training the assessors.

The large proportion of cardiac children in this sample limits somewhat the
generalisation of the results to the population of postoperative PICU patients. It is,
therefore, recommended for future validation of the MAPS to include a more
heterogenous sample. The MAPS measures physiologic and behavioural responses of
the critically ill preverbal child experiencing postoperative pain. However, it should
be emphasised that contextual factors that are known to modulate pain (e.g.
biological or emotional) must be considered in the interpretation of the pain scores
and in the process in making decisions about the most effective treatment. Finally,
the MAPS is not applicable to chemically paralysed children, as it includes
behavioural responses as indicators of pain. Although this group of children
represents a minority of the PICU population, it should not be overlooked. Further
research in chemically paralysed children is therefore warranted.

Conclusions
Pain assessment in nonverbal children is challenging and is even more difficult in
those who are critically ill. However, this should not impede health professionals
delivering optimal analgesia. The development and preliminary validation of the
MAPS provides health professionals with a tool to facilitate and standardise pain
assessment in critically ill preverbal children. The establishment of construct validity
is, however, a complex process, often involving several studies and several
approaches. Although the MAPS psychometric properties are promising, the
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instrument requires further testing in response to analgesic effect to provide further
evidence of construct validity and evaluation of its feasibility and practicability for
use in clinical practice (this is currently in progress).
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CHAPTER SIX
Results - Phase Three
Clinical validation of the Multidimensional Assessment of
Pain Scale: MAPS

The previous chapter introduced the development process and the preliminary testing
of the MAPS. Further testing in situations where children would be likely to
experience pain of higher intensity was recommended. The results of Phase Three of
the study, which aimed to test the clinical validity and utility of the Multidimensional
Assessment of Pain Scale (MAPS) in these situations and represents the final stage of
tool development.

This chapter is also presented in the format of a journal article that has been
submitted for publication in the peer-reviewed journal Pediatric Anesthesia. The
paper was co-authored by Supervisors Associate Professor Nancy Rees, Professor
Sue McDonald, and Professor Huda Huijer Abu-Saad, and biostatistician Max
Bulsara who were happy to have it included in this thesis.
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Abstract
Background: The Multidimensional Assessment Pain Scale (MAPS) was developed
for assessing postoperative pain in critically ill preverbal children. This follow-up
validation study aimed to evaluate the clinical validity and utility of this 5-category
10-point pain measure.

Methods: The MAPS response to analgesics was tested in a convenience sample of
19 postoperative critically ill children aged between 0 and 31 months of age at a
tertiary referral hospital in Western Australia. The MAPS was tested against the
Face, Leg, Activity, Consolability, and Cry (FLACC) instruments and the observer
Visual Analogue Scale (VASobs). Clinical utility of the MAPS was also evaluated.

Results: MAPS scores decreased significantly by 4 points (40% of total score) after
the administration of a potent dose of morphine (p<0.001). Risk of measurement
error between MAPS and FLACC and MAPS and VASobs was small as shown by the
Bland & Altman plots. Congruent with our previous study, the internal consistency
of the MAPS improved when the physiologic item was deleted (Cronbach’s alpha
0.79-0.64). However, the actual values of heart rate, systolic, mean, and diastolic
arterial pressure were shown to decrease significantly at 15, 30, and 60 minutes after
a potent bolus of morphine (p<0.001). The MAPS also demonstrated clinical
feasibility.

Conclusions: This study showed that the MAPS is sensitive to the effect of a potent
rescue dose of morphine. Based on internal consistency analyses, use of a revised
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version of the MAPS is recommended for clinical application, as it reflects the
physiologic response to severe pain in critically ill infants.

Introduction
Pain assessment in critically ill young children presents many challenges for health
professionals because they cannot rely on their patient’s self-report that may be
further complicated by the nature of their illness. To assist health professionals in
recognising pain and evaluating the effectiveness of its treatment, national
government agencies recommend that standardised assessment of children’s pain
should be performed using pain measures appropriate for the child’s developmental
age, type of pain, and clinical condition (American Pain Society, 1992; National
Health and Medical Research Council, 2005a). However, the paucity of appropriate
pain instruments for this population of children makes it difficult to apply these
recommendations (Ramelet et al., 2004).

To specifically address this issue, the Multidimensional Assessment Pain Scale
(MAPS) was developed for use in postoperative critically ill children aged between 0
and 36 months. The preliminary psychometric properties of the MAPS were reported
in a previous article (Ramelet et al., 2006). Interrater reliability was established prior
to data collection. Interrater reliability was good for the majority of categories
(Kappa 0.68-0.84) and excellent for the overall score (ICC 0.91), although item
analyses indicated that internal consistency would improve if the category of vital
sign was deleted (Ramelet et al., 2006). Agreement between MAPS and two other
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pain measures, namely FLACC and VAS observer (VASobs) was good. Although the
psychometric properties of the MAPS are promising, further testing is required,
especially in situations where children are likely to experience high pain intensity
(MAPS score of 4 and above) (Ramelet et al., 2006).

Establishing the validity of a scale comes from multiple processes and involves
several studies (Jensen, 2003) and for successful clinical application, a pain measure
should not only be reliable and valid, but also clinically useful (Gibbins et al., 2003).
For instance, if a measure’s intended use is to determine the administration and the
effect of analgesics, it must reflect changes in response to analgesics. The MAPS
currently lacks this aspect of validity.

The objectives of this study were, therefore, to (i) evaluate the MAPS’ response to
the effect of analgesics in preverbal critically ill children following major surgery;
(ii) assess concurrent and convergent validity of MAPS before and after
administration of intravenous morphine; (iii) examine the internal consistency of the
MAPS at different levels of pain intensity and determine the value of vital sign item;
and iv) determine the clinical utility of the MAPS.

Patients and Methods

Staff Training
Training of nursing staff prior to this study was described in a previous article
(Ramelet et al., 2006). In summary, it consisted of a face-to-face tutorial and
practical application of the MAPS using a random selection of video recordings of
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infants experiencing pain, and in real time at the bedside. Issues pertaining to the
study protocol were discussed directly with the principal investigator. Nurses
involved in data collection using the MAPS’ scoring for this study did not directly
care for the participants. Registered nurses caring for the participants received
explanation by the Principal Investigator at the bedside prior to data collection. It
was emphasised then that the nurse’s or physician’s decision to give rescue analgesia
must be based on clinical judgment only.

Reliability and Validity

Setting and sample

Psychometric testing of the MAPS was performed in the paediatric intensive care
unit (PICU) at a tertiary referral hospital for children in Western Australia. A
convenience sample of 19 critically ill ventilated preverbal children aged between 0
and 36 months of age, requiring major elective surgery, and admitted to the PICU
immediately after surgery was drawn from the PICU population. Children were
excluded from the study if they were 36 or less weeks of gestational age, or if they
presented with neurological or developmental impairments, or altered muscle tone.

Procedure

After scientific and ethics approval from the hospital committee, and prior to
subjects’ admission to the intensive care unit, the Principal Investigator sought
consent of parents or guardians of children meeting the inclusion criteria of the
study. Within 45 minutes of arrival in the unit and once the child had been stabilised,
baseline measures were recorded. Heart rate, invasive arterial pressure, and
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respiratory rate were recorded continuously on a monitor (Agilent® version 6.00.11)
that had been calibrated on arrival. When rescue analgesia, in the form of a
standardised dose of intravenous morphine (50-100 mcg/Kg), was judged to be
required by the bedside nurse, the trained clinical nurse on duty and the nurse
researcher were called to the bedside. After chemical paralysis used in surgery wore
off and before rescue intravenous morphine bolus, and 15, 30, and 60 minutes post
analgesic administration, a pain score was measured simultaneously and
independently by the bedside nurse using VASobs, the nurse researcher using
FLACC, and the clinical nurse using MAPS. This was repeated for up to three
rescue doses for each of the participants. Episodes in which morphine boluses were
given preventively (e.g. prior to a painful procedure) as well as those given
concurrently with midazolam boluses were excluded from the study.

Instruments
The MAPS was developed to measure postoperative pain in critically ill preverbal
children (Ramelet, Rees, McDonald, Bulsara, & Huijer Abu-Saad, Submitted). It
comprises 5 categories, including vital signs (heart rate and blood pressure),
breathing pattern, facial expressions, body movements, and state of arousal (Table
14). Each category is attributed a score of 0, 1 or 2 for the calculation of a possible
total score ranging between 0 (no pain) and 10 (extreme pain). Interrater reliability
for the MAPS was excellent (ICC=0.91). The agreement between MAPS and
FLACC and MAPS and VASobs showed that the risk of measurement error was
small.
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Table 14. The Multidimensional Assessment of Pain Scale©
Categories
Vital signs
HR and/or BP

0

1

2

Within baseline

More than 10 bpm
increase
and/or more than 10
mmHg increase

More than 10 bpm
decrease
and/or more than 10
mmHg decrease

Breathing
pattern

No change

Development or increase
of Respiratory distress

Severe
Respiratory distress

Facial
expressions

Relaxed

Grimace

Grimace associated
with silent or weak cry

Body
movements

No movements
or
Purposeful
movements

Restless

Rigid and/or limited
Body movements

State of arousal
Total Score

Calm or asleep

Hyperreactive

Shut down

Score

The VASobs is a 10 cm-horizontal continuous line, with anchors of 0=“no pain” and
10=”the worst possible pain” at the left and right extremities, respectively (McGrath
et al., 1995; Wewers & Lowe, 1990). The VAS is commonly used as an
observational measure to report pain intensity in preverbal children (Lawrence et al.,
1993; Peters et al., 2003; Robieux et al., 1991; Taddio, Nulman et al., 1995; Tarbell
et al., 1992; van Dijk et al., 2000). Concurrent validity of the VASobs and other pain
scales can vary considerably, but correlation coefficients tends to increase when
observers are trained or experts (van Dijk, Koot et al., 2002). In this current study,
nurses involved in this study were specifically trained and demonstrated competency
in pain assessment prior to data collection. The VASobs and the MAPS were used
concurrently and independently to evaluate the MAPS concurrent validity before and
after administration of a potent dose of morphine.

The FLACC is a measure that recently demonstrated validity and reliability in PICU
children from 3 years of age (Manworren & Hynan, 2003), and in postoperative
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children aged between 2 and 7 years (Merkel et al., 1997; Willis et al., 2003). It
includes 5 categories of pain behaviours: face, legs, activity, cry, and consolability,
each of which is scored 0, 1, or 2, resulting in a total score ranging between 0 (no
pain) and 10 (maximum pain). The FLACC was used simultaneously with the MAPS
to establish convergent validity.

Clinical Utility
Clinical utility was assessed using a questionnaire, developed based on the definition
of clinical utility by Stevens and Gibbins (Stevens & Gibbins, 2002). Questions on i)
time (e.g. time required to perform pain assessment), ii) format (overall layout of the
scale), and iii) acceptability (perceived usefulness of the scale) were included. Each
question was rated on a 5-point Likert-type scale. The definitions of the Likert-type
scale were 1=very useful, 2=useful, 3=undecided, 4=not useful, and 5=not useful at
all. The questionnaire also included open-ended questions for recommendations or
other comments. The pilot tested questionnaire was sent by internal mail to all staff
nurses six months after the introduction of the MAPS for clinical use. The
completion of the questionnaire was voluntary and anonymous. Consent was
assumed by the return of the questionnaire into a sealed box placed in the unit.

Analyses
All descriptive and multivariate statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS) version 11.5 for Windows.
Descriptive statistics were used to analyse the participants’ demographics as well as
their responses to the clinical utility questionnaire. Response to analgesics was
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evaluated using a hypothesis-testing approach. It was assumed that pain scores would
decrease after administration of an appropriate rescue dose of intravenous morphine.
Pain scores were averaged across number of boluses at baseline, 15, 30, and 60
minutes for each participant and to allow for analyses without violating the
assumption of independence. The non-parametric Friedman test was performed to
determine whether there was significant decreases in pain scores between baseline
and 15, 30, and 60 minutes after administration of morphine.

Concurrent validity was assessed using MAPS and VASobs. Convergent validity was
assessed by comparing MAPS and FLACC. Degree of agreement between MAPS
and VASobs and MAPS and FLACC was calculated using a statistical method
described by Bland & Altman (1986). The Bland and Altman plot evaluates whether
a new instrument provides equivalent information to an existing instrument. The
method is based on the differences between measurements on the same subject by
two different measures. The difference between two methods, the standard deviation
of the difference, and the mean difference were calculated; the mean difference
representing the estimated bias, the difference and standard deviation of the random
fluctuations around the mean. The difference was plotted against the average of two
measures (MAPS and VASobs). The 95% limits of agreement and the mean
difference plus or minus 2 standard deviations demonstrate how far apart pain scores
attributed by two measures are likely to be for most children in the study population.
To evaluate whether there was any considerable difference in agreement, a linear
regression analysis was performed. An increasing regression line shows that the
difference in agreement increased as pain score increased.
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Reliability analyses consisted of assessing the MAPS’ internal consistency by
calculating Cronbach’s coefficient alpha for each subject’s pain score at each time
points (before bolus administration, and again at 15, 30 and 60 minutes following
bolus administration).

Results
Nineteen children aged between 4 days and 31 months (median 7.5 months,
interquartile range 8.25) participated in this study. The majority (n=18, 94.7%) were
intubated and ventilated at the time of observation. The mean weight of this sample
population was 7.12 Kg (±2.55). Other background characteristics of these children
are presented in Table 15.

Table 15. Demographic Characteristics of the participants
Characteristics
Gender
Ethnic background

Type of surgery

Male
Female
Caucasian
Asian (central and south-east Asia)
Native Australian/New Zealander
Mixed race
Cardiac
Cranial vault remodelling
Thoracotomy
Laparotomy

Count (%)
11 (57.9)
8 (42.1)
15 (78.9)
2 (10.5)
1 (5.3)
1 (5.3)
14 (73.7)
2 (10.5)
2 (10.5)
1 (5.3)

All scoring was performed in the first 24 hours after surgery. Continuous infusions of
morphine were commenced in all participants immediately on arrival in the unit and
running at the mean rate of 23.5 mcg/kg/h (SD 15). In addition, a total of 36 boluses
(mean 1.61, SD 0.76) of morphine were given during the study period. All
participants (100%) required one bolus only, 53% required two, and 30% received
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three during the study period. Infants aged 6 months or less (n=8, 42%) were
administered a 50mcg/Kg/dose of morphine given as a rapid intravenous push with
syringe. Children aged 7 months and older (n=11, 58%) received a 100mcg/Kg/dose.
Analgesia was complemented by midazolam infusions running at a median rate of
4.8 mcg/Kg/h (range 0-172) in 14 participants (74%).

Response to Analgesia
Descriptive statistics showed that pain scores equal or greater than 4 represented
80% of the scores before and 30 % after the administration of rescue intravenous
morphine bolus. The median MAPS pain scores was 5 (range 1 to 8) before
administration

of

a

rescue

intravenous

morphine

bolus,

and,

following

administration, 0 (range 0 to 6), 0 (range 0 to 3), and 1 (range 0 to 4) at 15 minutes,
30 minutes, and 60 minutes , respectively (Figure 4).
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Figure 4. Mean pain scores of averaged boluses before and after administration of
morphine bolus

Results from the Friedman Test showed a significant decrease in pain scores between
before and after administration of opioid boluses measurements (z2 = 32.92,
p<0.001). However, there were no significant differences between pain scores at 15,
30 and 60 min (z2 = 2.08, p = 0.353) and at 30 and 60 min (z2 = 0.82, p = 0.366) after
the administration of a bolus of opioid.

Comparison of the MAPS with FLACC using the method described by Bland and
Altman showed a mean of the differences of -0.12 ; the limits of agreement were –
3.71 to 3.78 (Figure 5). Comparison of the MAPS with the VASobs using the same
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method showed a mean of the differences of -0.29; the limits of agreement were 1.78
to -2.37 (Figure 6).
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Figure 5. Agreement between MAPS and FLACC mean pain score, with 95% limits
of agreement (upper and lower broken lines), mean of the difference (middle broken
line) and regression line.
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Figure 6. Agreement between MAPS and VASobs mean pain score, with 95% limits
of agreement (upper and lower broken lines), mean of the difference (middle broken
line) and regression line.
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Internal consistency, represented by Cronbach’s alpha coefficient, was 0.62 at
baseline, 0.80 at 15 min, 0.37 at 30 min, 0.26 at 60 min. If item ‘vital signs’ was
deleted, internal consistency of the MAPS at baseline, 15 min, 30 min, and 60 min
would improve r=0.64, 0.79, 0.67 and 0.71, respectively.
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Figure 7. Physiologic parameters before and 15 min., 30 min., and 60 min. after the
administration of a bolus of morphine.

Figure 7 shows a 7% decrease in heart rate, 13% in systolic, 14% in mean, and 9% in
diastolic blood pressure after the administration of a potent dose of morphine. The
Friedman Test showed a significant decrease in heart rate between before and after
administration of opioid boluses measurements (z2 = 27.13, p<0.001).

GLM

analyses also showed a significant decrease in systolic (p<0.001), mean (p<0.001),
and diastolic arterial pressure (p<0.001) after boluses.
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The clinical utility of the MAPS was evaluated by seventeen nurses (57% response
rate) who returned the completed questionnaire. Out of the 17 respondents, the
majority (n=8, 53.3%) were critical care nurse specialists, six (40%) were registered
nurses, and one (6.7%) was an undergraduate student. They reported that the MAPS
was useful in titrating drugs in preverbal children (median 2, range 4) and
moderately simple (median 2, range 4). The median total duration of observation was
estimated at 2 minutes (range 9) and the mean assessment time was 35.3(±26)
seconds.

Discussion
The results of this study support the MAPS’ clinical validity, demonstrated by
significant decreases in MAPS scores following the administration of an appropriate
dose of morphine. One method to measure the effectiveness of analgesic treatment is
by calculating the percentage of change as a result of the intervention (Buttner &
Finke, 2000; Stevens & Gibbins, 2002). In our study, this was demonstrated by a
clinically significant reduction of a four-point pain score (40% of total MAPS score)
after the administration of a bolus of morphine. Similar to these findings, the authors
of the FLACC reported a 40% score reduction from pre- to post-analgesia in 85% of
preverbal children who received different analgesics, including intravenous opioid,
oral non-opioid or a combination (Manworren & Hynan, 2003). Another validation
study of the Toddler-Preschooler Postoperative Pain (PPPS) by Suraseranivongse et
al. (2001), showed a mean pain score reduction of 2.18 points (31%) following
medication. Although the magnitude of change in pain scores that is clinically
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relevant has not been clearly defined (Stevens & Gibbins, 2002), these reports
support our findings.

In this study, agreement between the MAPS and two other pain measures (FLACC
and VASobs) was acceptable, confirming the MAPS’ concurrent and convergent
validity. Similar to our previous study, the difference in agreement was more
apparent between the MAPS and VASobs than with FLACC, suggesting that
observational measures are more accurate than numerical scales. The need for
additional analgesia was determined by the nurses caring for the child. One could
argue that the bedside nurse’s judgment was unreliable, and expert opinions should
have been sought. However, expert nursing judgment is difficult to define as it
depends not only on experience and competency, but also by specific knowledge
base, personal attitudes, and standards of practice in place (Adams et al., 1997) In
this study, competency and knowledge base were ensured by providing compulsory
specific training to all nurses involved in data collection prior to commencement of
the study to minimise bias. In the absence of a gold standard in paediatric pain
assessment, expert VASobs, remains the best method available to test the concurrent
validity of a newly developed pain instrument (van Dijk, Koot et al., 2002).

Results of our preliminary validation study showed that internal consistency of the
MAPS would improve if the item “vital signs” was deleted (Ramelet et al.,
Submitted). In this previous work, postoperative infants who were subjected to the
most painful procedures (e.g. chest drain removal) experienced a decrease (between
5 and 8%) in their systolic and diastolic pressure. After long-lasting painful stimuli,
infants’ behavioural response decreased or shut-down as a result of probable
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exhaustion. In this study, the MAPS internal consistency, in other word how the
items fit together, was re-evaluated at the different time points of observation (before
and at four set time points after rescue-bolus of morphine). Internal consistency of
the 5-item MAPS was excellent before the administration of the bolus, but varied
greatly at 15 and 60 minutes after bolus, as demonstrated by a Cronbach’s alpha
ranging between 0.80 and 0.26, respectively. However, congruent with our
preliminary report (Ramelet et al., Submitted), homogeneity of the MAPS would be
good at all time-points if the vital signs item was deleted. The work by Van Dijk et
al. (2001) showed a poor relationship between behaviour and physiological
parameters (heart rate and mean arterial pressure) within the COMFORT scale.
However, results of their study also showed that the correlation between the
COMFORT physiological parameters and the COMFORT behavioural items
improved with increasing pain intensity, suggesting that physiological measures
remain valid indicators of severe pain. Based on this argument, it was, therefore
suspected that the measurement assigning numeric value of “vital sign” was the
cause of the inconsistency, rather than the item itself. Further analyses showed that
the actual values of HR, SBP, MAP, and DBP decreased consistently after an
appropriate dose of morphine. Although these findings are incongruent with what has
been reported in other paediatric intensive care pain studies (Carnevale & Razack,
2002; van Dijk et al., 2000), they confirm that critically ill young children experience
a physiological response to severe postoperative pain. While it remains unclear
whether physiologic measures add any value to the diagnostic of pain (Sweet et al.,
1999), clinicians are not ready to discount them as such (Foster, 2001). In addition to
being readily available at the bedside, physiologic measures remain commonly used
for the diagnosis of pain in the PICU (Ramelet, 1999), especially in chemically
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paralyzed children (Suominen et al., 2004). Based on these results and the supporting
literature, a revised version of the MAPS has been suggested and the scoring system
of the “vital signs” item (score of 2) changed to score 2 if heart rate and/or blood
pressure increase by 20% or more (Figure 8).

Categories
Vital signs
HR and/or BP
Breathing
pattern

0
Within baseline

No change

Facial
expressions

Relaxed

Body
movements

No movements
or
Purposeful
movements
Calm or asleep

State of
arousal
Total Score

1
More than 10%
increase
Development or
increase of
Respiratory
distress
Grimace

Restless

Hyperreactive

2
Score
More than 20%
increase
increased
Respiratory distress
with silent or weak
cry
Grimace associated
with silent or weak
cry
Rigid and/or
limited
Body movements

Shut down

Figure 8. The revised Multidimensional Assessment of Pain Scale©

Although there is some degree of variance in the definitions of clinical utility
(Stevens & Gibbins, 2002), components of instruction, cost, time, acceptability, and
format are commonly described in the literature. In our study, the PICU MAPS was
reported as clinically useful for the titration of analgesics and moderately simple to
use. Although, it’s recognised that institutional loyalty may have influenced the
respondents’ judgment, the short assessment time, clinical utility and user-friendly
format is likely to contribute to nurses’ acceptance of the tool in their practice.
Nevertheless, further evaluation of the MAPS’ clinical utility in an institution to
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which the principal investigator is not affiliated is recommended. Further
psychometric testing of the revised MAPS in the PICU population is also warranted.

The revised MAPS is likely to assist clinical judgment. However, it should be noted
that pain scores should be interpreted in the clinical context of the assessment and
that no pain instrument should be implemented on its own. To improve pain
management and ultimately health outcomes, use of integrated protocols for pain and
sedation coupled with adequate staff education is warranted (Blenkharn, Faughnan,
& Morgan, 2002; National Health and Medical Research Council, 2005a; The Royal
Australasian College of Physicians, 2005a).

Conclusions
The establishment of validity is a complex process, often involving several studies
and several approaches. This study provided additional support to the MAPS’
validity as demonstrated by the decrease in total pain score derived from observation
of physical and behavioural cues after the administration of a potent dose of
morphine. Further evaluation of the MAPS’ internal consistency showed that the
vital sign item did not correlate with the other items of the MAPS. However, this was
more likely to be due to the wording of the item rather than the item itself, as
confirmed by significant decreases in heart rate and blood pressures following
adequate dose of opioids. The MAPS was modified accordingly and further testing in
different age groups and different type of patients is underway. The MAPS also
showed good clinical utility and feasibility. The final version of the MAPS is a valid
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and reliable pain instrument that was specifically designed for critically ill young
children, and is likely to assist clinical judgment.
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CHAPTER SEVEN
Recommendations and Conclusions

“Children’s pain matters-for the child, for the family, and for the society”
(Finley et al., 2005, p. 4)

Why does children’s pain matter? Children and infants, even premature newborns,
have the anatomical components to feel pain (Fitzgerald, 2005). As observed
poignantly by Albert Schweitzer “Pain is a more terrible lord of mankind than even
death itself” (Brennan & Cousins, 2004, p. 1). What is perceived painful by an adult
is likely to cause as much, if not greater pain, in children and infants (Finley et al.,
2005). Recent evidence suggests that if pain remains untreated early in life, it can
have profound and long-term effects on social and physical development, and can
cause permanent damage to the nervous system, which will affect future pain
experience and general development (Andrews & Fitzgerald, 2002; Grunau, 2002;
Peters et al., 2005; Rennick et al., 2002; Rennick et al., 2004). While it is clear that
pain in children must be adequately treated, it is widely acknowledged that the
recognition of pain using valid pain instruments is a prerequisite of effective pain
management (National Health and Medical Research Council, 2005a; Royal College
of Nursing Institute, 1999). Although numerous pain instruments are available for
neonates undergoing procedural pain, none were found adequate for postoperative
critically ill infants (Ramelet et al., 2004). This study aimed to address this gap by
developing a pain assessment tool that would not only be valid and reliable, but also
practical for use in this particularly vulnerable population of children.
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This multiphase research contributed to the body of knowledge of pain and pain
assessment in young children in several ways. It provided a detailed description of
critically ill infants’ physiologic and behavioural responses to postoperative pain
over an extended period, which permitted the creation of an item bank for the
development of a pain assessment tool for this vulnerable group of children. To the
author’s best knowledge, this is the first study that has used ethological principles of
observation to describe pain in critically ill children. Using this observation
technique and based on the conceptual pain model described by Merskey (1997), it
was possible to depict not only postoperative pain but also postoperative pain
exacerbated by procedures. There is no evidence that the numerous neonatal and
paediatric pain assessment scales described in the literature have been tested for their
validity and utility in assessing procedural pain as well as more lasting pain, such as
postoperative pain. In this regard, the MAPS provides flexibility in usage and has a
clear advantage over other pain scales available currently.

This study used rigorous methods of psychometric testing, which provided the
information necessary to revise the MAPS for clinical use. However, it is understood
that adequate pain assessment does not necessarily lead to adequate management of
pain. Therefore particular attention in the development and implementation of future
strategies designed to improve postoperative pain management in critically ill
children through appropriate assessment of pain needs to be addressed.

Improving Nursing Assessment and Management of Pain
The knowledge and understanding of pain behaviour in critically ill young children
drawn from this study is likely to impact on nursing management of pain in the
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paediatric intensive unit in several ways. Firstly, the use of the MAPS in the clinical
setting would support standard pain assessment in this group. However, reliance on
any pain instrument alone would be inappropriate because the management of pain is
largely context-dependent. Secondly, the development and implementation of an
evidence-based guideline for the management of pain, taking other contextual factors
into consideration, would assist health professionals in their clinical judgments and
decision-making about therapeutic options to achieve the best possible clinical
outcomes (Donnelly & Lynch-Smith, 2004). Thirdly, measuring the quality of pain
assessment and management is essential to ensure practice has a positive impact on
patients’

pain

and

other

health

outcomes

(Miaskowski,

2001).

Finally,

implementation of these approaches would not be successful without adequate
professional education. These four proposed strategies are discussed in detail below.

Standard Assessment of Pain
Results from a recent national survey by Long et al. (2005) showed that the majority
of the paediatric intensive care units in Australia do not use a pain assessment tool in
their practice. This is somewhat alarming, since governmental and accreditation
agencies, as well as other consensus groups, recommend the use of standard pain
instruments as part of best practice (Agency for Health Care Policy and Research,
1992; National Health and Medical Research Council, 2005a). This research
provides health professionals with a standardised pain assessment scale that is
developmentally appropriate, valid and clinically useful for critically ill young
children. The MAPS’ properties support assessment of both postoperative pain and
postoperative pain exacerbated by procedural pain, and are particularly useful in a
setting where children are often exposed to pain experiences (Porter & Anand, 1998;
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Puntillo et al., 2001). The fact that the MAPS can be used to assess not only longlasting pain, but also pain caused by common ICU procedures, is a clear advantage
over other pain assessment instruments available currently. Its use will reduce the
number of pain measures used in the PICU, which in turn is likely to facilitate the
implementation and the sustained use of the new tool in this setting.

The sustained use of pain assessment tools is, however, challenging. Bourbonnais et
al. (2004) described three factors that could complicate the use of assessment tools:
(a) the subjective nature of pain, (b) the lack of meaning associated with scores
generated by pain instruments, and (c) the lack of specificity of treatment goals in
pain management. The perception of pain is a complex phenomenon comprising
multiple dimensions, but as described previously, pain in preverbal children is
mainly a sensory and emotional experience. In that regard, the MAPS accurately
reflects the sensory and emotional components of pain in critically ill preverbal
children, as it was developed using physiological and behavioural responses
observed directly in this group of children experiencing pain. The lack of meaning
associated with scores generated by pain instruments is problematic, and health
professionals, nurses particularly, will not comply to the implementation of a new
pain instrument if the obtained pain score has no clinical meaning (van Dijk, Peters,
& van Deventer, 2005). To address this issue, a theoretical cut-off score of four
points for MAPS has been calculated, prompting the assessor to take action if the
MAPS score is four or above. This is an essential component of the scale to guide
decision-making about treatment. With regard to the third factor, treatment goals in
pain management need to be established with consideration of the contextual
circumstances. Haemodynamic and respiratory status, level of sedation, individual
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response to medication, fatigue, agitation, and other emotional symptoms are
important factors that may impact upon pain assessment and management, especially
in young children who are compromised by the severity of their illness. To minimise
the risk of pain, undersedation and oversedation, concomitant assessment of pain and
monitoring of the level of sedation is particularly important, because analgesics, and
opioids in particular, have sedative effects that cannot be measured by the MAPS or
any other pain scales (Feeley & Gardner, 2006).

Development and Implementation of an Evidence-Based Guideline
for the Management of Pain and Sedation.

Implementation of pain and sedation assessment instruments alone may lead to
inappropriate management. Guidelines and protocols for the management of pain and
sedation, if appropriately developed and implemented, are likely to help organise
assessment and documentation of pain in a consistent and systematic manner, guide
decision-making, and treat pain in a prompt and appropriate manner (Donnelly &
Lynch-Smith, 2004). Such guidelines would be complementary to the MAPS, assist
in the assessment procedure, and provide a mean to achieve a high standard of pain
management practices.

Development of clinical practice guidelines is a systematic process that should be
informed by the NHMRC guidelines for this process (National Health and Medical
Research Council, 1999, 2005b). According to these recommendations, clinical
practice guidelines should be developed by a multidisciplinary development
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guideline committee, the initial task of which is to determine the need for and scope
of the guideline, define the purpose and target audience and identify the health
outcomes that will improve as a result of the guideline implementation. The
background work of this research provides the information required to complete this
first stage of clinical practice guideline development. The multidisciplinary team
involved in this research consisted of intensivists, anaesthetists, nurse clinicians and
nurse academics, and pharmacists, who identified the need for and scope of the
guideline. This process was supported by a comprehensive review of the literature,
which highlighted the need for the development of a pain assessment scale in
critically ill young children as well as a protocol to assist decision-making and taking
appropriate actions.

Nurse-led pain protocols have been shown to prompt nurses to intervene without
delay, reduce the duration of mechanical ventilation and the intensive care unit
length of stay, reduce the amount of sedatives administered without compromising
the level of comfort and reduce the risk of drug-related side effects (Alexander,
Carnevale, & Razack, 2002; Andrews & Wills, 1992; Brook et al., 1999; Ramelet,
2003). Additional benefits include improved pain management documentation,
decreased nursing care time and cost (Furdon et al., 1998). Puntillo and colleagues
(2002) developed a pain assessment and intervention notation (P.A.I.N) algorithm for
critical care nursing practice. This algorithm comprises three steps to prompt nurses
to (a) assess the patient’s pain, (b) assess for potential problems influencing a
decision to administer opioid analgesia (for instance, oversedation or haemodynamic
instability), and (c) consider different pain treatment options. This comprehensive
pain assessment has the advantage of taking into consideration the contextual
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circumstances and gives the bedside nurse the autonomy to treat pain. In a detailed
evaluation of the P.A.I.N, nurses who participated in the initial development and
implementation of the algorithm thought that their experience with using the
algorithm would have a lasting effect on their practice and would be especially
helpful to critical care nurses with no or limited experience (Puntillo et al., 2002).
For critically ill children in the PICU, a similar approach for the development of pain
and sedation treatment protocols in the form of an algorithm is recommended. In
addition to using the MAPS to assess pain in critically ill young children,
introduction of a sedation score to monitor the level of sedation would be highly
beneficial, since the MAPS does not assess the level of sedation. An algorithm with
different treatment options should be considered. Existing guidelines and consensus
statements should assist with the development of such algorithms (Agency for Health
Care Policy and Research, 1992; Anand & International Evidence-Based Group for
Neonatal Pain, 2001; National Health and Medical Research Council, 2005a; Royal
College of Nursing Institute, 1999; The Royal Australasian College of Physicians,
2005a). In addition to pain, other factors that may impact on how nonverbal children
perceive and express their pain should be evaluated. As stated by Craig (personal
communication, April 7, 2003) there are intrapersonal determinants, such as age,
severity of illness, brain function, and contextual determinants, such as social,
biological and environmental context, and the relationship between the assessor and
the child in pain, that play a crucial role in a nonverbal child’s communication of
pain. The model of communication of pain in nonverbal children published by Craig
et al. (2002) could be used as a theoretical framework for the development of the
guideline for the management of pain and sedation and could be the focus of further
research.
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Clinical practice guidelines should be developed, disseminated and implemented in
such a way that health practitioners and consumers (patient and family in this
instance) are aware of them and use them. Dissemination of the findings and
recommendations of this research should occur at multiple levels: department,
organisation, university, and other relevant professional specialty groups. Locally,
findings of this research have been available to the target audience, specifically,
nurses, medical practitioners, pharmacists, anaesthetists and other health practitioners
who are involved with the care of PICU patients. Verbal and written information
sessions in the form of seminars, interviews, and educational lectures were given to
the staff nurses and the paediatric intensive care postgraduate students. The
researcher felt it was important to feedback to all involved in this research to
facilitate subsequent implementation and sustained use of the MAPS. Findings of
this research have also been either published or submitted for publication in
international peer-reviewed journals (see Chapters Two, Four, Five, and Six) and
presented at local, national, and international conferences on intensive care and
paediatric pain (see List of Conference Presentations in Appendix L).

Prior to implementation of the MAPS, it would be equally important to identify the
potential barriers to implementation (National Health and Medical Research Council,
1999). Some of these barriers may include a lack of diffusion of information, users’
attitudes and belief about pain, the new instrument, or the guideline, a lack of
openness about utilisation of a new tool, and inadequate organisational infrastructure
(Bourbonnais et al., 2004). In some respects, the conduct of this research would have
helped overcome some of these barriers, as the staff nurses and intensivists were
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directly involved in the process of the development and testing of the MAPS.
Bourbonnais et al. (2004) reported that individuals who participated in the research
process were interested because of the partnership aspect of the project, thus were
supportive of the proposed changes. They also reported that the increased awareness
of pain consequent of conducting the research in the setting where the change was
implemented facilitated the process. Clearly, this would represent an advantage for
the implementation of the MAPS. Further, the specificity of the guideline to the
population of critically ill young children is an advantage for direct use with this
group. Other strategies to facilitate implementation of the MAPS and the guideline
would be to identify opinion leaders and ‘champions’ in the clinical setting. These
individuals possess characteristics that are highly regarded and would be able to
influence the practice of their peers and support the implementation process
(Bourbonnais et al., 2004; Puntillo et al., 2002). Finally, a plan to evaluate the impact
of the MAPS and the guideline would be the final step following implementation to
measure the impact of practice upon patient’s outcomes (National Health and
Medical Research Council, 1999).

Quality Improvement in Pain Management
Having clinical practice guidelines, policies, and protocols in place is no guarantee of
effective decision-making and pain management (Davis & Taylor-Vaisey, 1997;
Rees, 2000; Woolf, Grol, Hutchinson, Eccles, & Grimshaw, 1999). Despite their
benefits, clinical guidelines and protocols have the potential to prevent individualised
care and thus lead to inappropriate standardised care (Hewitt-Taylor, 2004; Woolf et
al., 1999). Monitoring of the appropriateness and effectiveness of pain management,
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as part of a pain quality improvement initiative would help to improve and maintain
high quality standards of pain management practices. Such a program would also
facilitate the sustained use of pain assessment instruments, such as the MAPS, in the
clinical setting (Joint Commission on Accreditation for Healthcare Organizations,
2003).

The process of developing a quality improvement program in pain management can
be done at the level of the organisation or at unit-level. In the instance of this study, a
unit-based approach would be recommended because of the specific needs of PICU
patients. The findings of this research highlight the inability of critically ill children
to respond to pain in a way similar to healthy children, thus requiring specific pain
assessment strategies. In addition, pain management in the intensive care unit differs
greatly from the wards. Treatment of pain for common ICU procedures often include
large dose of opioids and sedatives which may result in a depressed state of
consciousness, and an inability to both maintain a patent airway independently and
respond purposefully to stimulation. Due to the potential for serious adverse effects,
these procedures should be performed in the intensive care setting, where there are
staff trained in paediatric advanced life support and where adequate resuscitation
equipment is available (American Academy of Pediatrics, 2002).

Planning of the pain quality improvement program is an essential step of the process
and starts with the formation of a multidisciplinary pain management steering
committee. For the critical care area, the committee may be representative of clinical
nurse specialists, department heads, intensivists and consultants, researchers,
physiotherapists, and chaplains (Joint Commission on Accreditation for Healthcare
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Organizations, 2003; Miaskowski, 2001). The role of the committee would be to
establish clear goals and objectives, and to determine the unit’s relationship with the
organisation’s pain service and other relevant services. Quality improvement
initiatives may include (a) development and implementation of pain management
guidelines based on the best evidence available, (b) professional education, and (c)
conduct of an audit to evaluate the effectiveness of the change implemented.

Professional education

Implementation of the MAPS as well as an interventional protocol to facilitate
assessment and decision-making in the clinical setting would not be successful
without appropriate staff training and education. Truman et al. (2005) used different
strategies in the education phase of the implementation process of sedation and
delirium assessment scales in two medical intensive care units. These successful
strategies comprised display of posters and unit-wide seminars attended by staff
nurses. Seminars were conducted in forms of workshops using bulletin boards,
handouts, laminated pocket cards, and case studies, followed by bedside
demonstration rounds. The education training was staged two to three monthly over a
maximum of nine months. In addition, descriptions of the scales were added to the
nurse preceptor packets and use of the scales was incorporated into the competency
checklist. Van Dijk et al. (2005) developed a CD-ROM for an interactive form of
training of the use of the COMFORT scale in clinical practice. Input from the
existing personnel, such as nurse educators, clinical development nurses, nurse
managers, and clinical nurses, is also an important factor for successful
implementation. Finally, educational updates and inclusion of pain content in nursing
orientation programs are initiatives to increase and sustain staff nurses’ knowledge.
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Similar strategies would be recommended to facilitate the implementation and use of
the MAPS in the clinical setting.

Professional education should, however, not be limited to the provision of staff
education to ensure nurses have the knowledge necessary for appropriate use of the
MAPS. Findings of this research are likely to impact more broadly on nursing
education at different levels. Undergraduate nursing education alone cannot prepare
nurses sufficiently for the practice at the advanced level, such as postgraduate
paediatric nursing and paediatric critical care (Aslan et al., 2003; van Hulle Vincent,
2005). In addition to the essential components of pain education included in the
IASP nursing curricula (International Association for the Study of Pain, 2006) and
the IASP core curriculum for professional education in pain (IASP Task Force on
Professional Education, 2005), education programs at the advanced level require
more in-depth examination and critical analysis of pain theory, conceptual models,
and research evidence (Australian College of Critical Care Nurses Inc., 2002;
International Association for the Study of Pain, 2006; Royal College of Nursing
Institute, 1999).

The teaching strategies used seem as important as the content taught. Current nursing
education format does not appear to be preparing nurses to manage pain adequately
in the clinical area and changing nurses’ attitudes and knowledge (Knoblauch &
Wilson, 1999; Twycross, 2002; Watt-Watson et al., 2001). Innovative teaching
strategies, which support problem-based and adult learning, should be used and
evaluated with relation to changes in practice over time. Teaching rounds, case
studies, and research utilisation programs are problem-based learning strategies that

139

have been shown to make teaching more relevant to nurses and encourage reflective,
critical and active learning (Ochieng, 1999; Twycross, 2002). For the education
about the assessment and management of pain in young critically ill children,
teaching strategies that facilitate adult learning are recommended.

Audit

Evaluation of the success of the implementation of changes in pain management
would be a required step to ensure the changes improve practice and patients’
outcomes. This can be carried out by reviewing medical records and compliance with
protocol, and assessing staff competency, knowledge and attitudes. The Australian
College of Critical Care Nurses (ACCCN) competency standards (Australian College
of Critical Care Nurses Inc., 2002) could serve as benchmarks to evaluated PICU
staff competency. Review of individual’s performance in all aspects of the 20
competency standards would be regarded as evidence of superior and/or effective
performance. The critical care competency standards that are particularly relevant to
pain management include:


maintains a physical and psychological environment which promotes safety,
security and optimal health



acts to enhance the dignity and integrity of individuals, (c) facilitates informed
decision-making



employs the skills of effective communication



manages therapeutic interventions and regimes



integrates comprehensive patient assessment and interpretive skills



evaluates and responds effectively to changing situations



develops and manages a plan of care to achieve desired outcomes
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protects the rights of patients



demonstrates accountability for nursing practice



demonstrates and contributes to effective, ethical decision-making



recognises own abilities and level of professional competence



engages in and contributes to evidence-based critical care practice



collaborates with the critical care team.

Knowledge and attitudes of staff can be tested using valid questionnaires, such as the
Pediatric Nurses’ Knowledge and Attitudes Survey regarding pain (Manworren,
2001).

Other evaluation strategies may include direct observation of care (e.g. care during a
painful procedure) to evaluate the treatment use, effectiveness and/or complications;
conduct of a point prevalence study to determine the prevalence and nature of pain
experienced in the PICU; survey of staff satisfaction with clinical utility of the
MAPS and protocols; survey of patient and family satisfaction/involvement with
pain care; and assessment of patients’ status and outcomes over time. Patients
outcomes may be measures of pain intensity, pain-related complications, length of
time to extubation, length of stay in ICU, incidence of drug-related side effects
(Furdon et al., 1998). When data are collected and analysed, dissemination of the
results is important to further develop pain improvement strategies and improve
performance (Joint Commission on Accreditation for Healthcare Organizations,
2003). These strategies would be recommended to evaluate the effectiveness of the
MAPS in the clinical setting and further support the scale’s clinical utility as well as
facilitating continuous improvement of pain management practices.
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Implications for Nursing Research
As previously stated, psychometric testing of new instruments is a lengthy process.
This research provided the minimum requirement of reliability and validity for use of
the MAPS in clinical practice. However, further psychometric testing needs to be
undertaken to support the clinical validity of the revised MAPS and its benefits over
other existing pain instruments. For instance, investigation of the utility of the MAPS
in response to different types of analgesics is recommended. Franck (2005) stated
that there is an imbalance in pain-related research topics, resulting in some areas
being under-researched and other over-researched. Therefore, more research of the
effectiveness of analgesia is needed, and this could be measured using the MAPS.
Clinical utility in different types of clinical scenarios is also warranted. For instance,
investigation of the MAPS’ utility in assessing procedural pain only and
postoperative pain due to various types of surgery would potentially enhance its use
in practice. Discriminant validity of the MAPS also needs to be established, and this
could be achieved by comparing the MAPS with an instrument that would measure a
different construct, such as sedation. The MAPS has also the potential to be useful in
older children whose communication is impaired, because it includes items that were
also observed in non-communicative critically ill adults (Puntillo, Morris,
Thompson, et al. 2004). Therefore, further investigation is recommended in older
children.
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The author of this thesis has acknowledged the responsibility of implementing some
of the recommendations cited above. Future quality improvement initiatives should
be conducted in a rigorous and systematic way similar to research. Ethics approval
may be obtained if the activity is likely to represent risks or burdens for patients,
families, and health care providers beyond those of their routine care or if the activity
is inconsistent with National Privacy Principles (National Health and Medical
Research Council, 2003). These quality improvement initiatives, including the
implementation of standardised pain assessment, using the MAPS, and the
development, implementation, and evaluation of an integrated guideline for the
management of pain, are essential to demonstrate the positive impact upon patients’
outcomes.

The author also recognises the need for a multi-disciplinary collaborative approach to
pain research. This approach would have several advantages, including the formation
of a group of expert researchers, the ability to conduct multi-centre studies and to be
competitive with grant applications, and to undertake quality paediatric pain research
that would be more meaningful, efficient, and relevant to clinicians, patients and
their families.

Conclusions: Development of a Multidimensional Assessment
Pain Scale for Critically ill Preverbal Children
Development of pain assessment instruments is a lengthy and complex process that
involves several studies. This multi-phase research presents the first stages in the
process of tool development for assessing pain in postoperative critically ill children.
This process presented several challenges, because these children were compromised
by the severity of their illness, their level of impaired communication, and the stage
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of their development. However, the method of observation used in the first phase of
this study allowed the researcher to capture responses to pain in the context these
children would normally experience pain. Through detailed descriptions and analyses
of these experiences it was then to define pain indicators in this group. Following a
rigorous process of tool development, the Multidimensional Pain Assessment Scale
was constructed and then tested in different clinical scenarios to establish its
reliability, validity, and clinical utility. Results from these tests support the MAPS
psychometric properties for use in practice.

The Multidimensional Pain Assessment Scale has the potential to facilitate
continuous assessment and documentation of the intensity of pain in critically ill
young children, to influence decision-making in the presence of clinical expertise
and to evaluate the effectiveness of therapeutic actions. Assessment of pain, using a
clinically valid tool, such as the MAPS, should be part, not the entirety, of standard
nursing care provided in the paediatric intensive care unit. Integration of the MAPS
with an evidence-based clinical practice guideline for the management of pain in
critically ill young children would enhance compliance, patients’ care and health
outcomes.
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