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Chapter 1

The last few decades perinatal and neonatal care has changed. Technological and
pharmacological possibilities of treatment increased and existing treatments improved.
The importance of these changes for preterm and critically ill infants and the impact
on their clinical outcome and development has become a concern for the professional
caretakers, neonatal nurses as well as neonatologists.

Epidemiology

In 2003, 13,547 of the 189,899 alive newborn infants (>24 weeks gestational age) were
born prematurely (<37 weeks gestational age) of which 1904 infants were born very
preterm (<32 weeks gestational age) in the Netherlands.! The Neonatal Intensive Care
Unit (NICU) of the Emma Children’s Hospital / Academic Medical Center is a referral unit
for critically ill preterm and term infants. This NICU has also a regional function for older
more stable preterm infants. In 2003 558 infants admitted to this unit needed intensive
care treatment, 167 infants were born preterm and 186 very preterm?.

Neonatal mortality (0-28 days) rates for very preterm infants in our NICU was 11%
in 2003.2 This is comparable with the overall neonatal mortality rate in the Netherlands
in 2003 (14%).">4 In 1983 the overall neonatal mortality rate for this age group in the
Netherlands was 31%, and in 1993 it decreased to 17%.>7 The decreasing mortality
rates in the Netherlands are also seen in other European countries as well as in countries
overseas.®13

The most common disorder in (very) preterm infants is Respiratory Distress Syndrome
(RDS). The incidence of RDS is higher when infants are more preterm or have a low birth
weight (<1500 gram).? Treatment of RDS has resulted in the use of advanced ventilation
techniques and pharmacological interventions (surfactant, steroids). Despite improvement
of care the incidence of the most important pulmonary morbidity, chronic lung disease
(CLD) have remained unchanged at about 22% of surviving preterm infants.!* Infants
with very low birth weight (501 to 750 grams) have a higher incidence of CLD compared
to infants with low birth weight (1251-1500 grams), respectively 46% (range 25-81%) and
6% (range 2-23%)."

Another problem in the care of (very) preterminfants is the occurrence of intraventricular
haemorrhage (IVH) and periventricular leucomalacia (PVL). Both occur more frequently in
infants born below 1500 grams birth weight. The incidence of IVH overall determined by
ultrasonography is approximately 27%, and 12% restricted to grades Il and IV.*"7 The
incidence of PVL based upon ultrasonographic findings range from 1 to 5%.'4"7

Preterm infants are at an increased risk for having infections during the hospital
stay.'820 Qverall, the risk is the greatest after the first week of life. Around 21% of very
preterm infants develop a culture-proven sepsis, over 50% is treated for clinical or proven
sepsis at least once during hospital stay.'®2" A small number of infants develop meningitis
(5%) and/or necrotizing enterocolitis (10%).22

13
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Introduction

A major problem in the care of preterm infants is instability of blood pressure; high and
low blood pressure occurs frequently and is associated with cranial haemorrhages and
periventricular leucomalacia, while the preterm brain is still immaturely developed and
vulnerable. Hypertension can be induced by activities such as crying, body movement,
feeding, and therapeutic interventions, including endotracheal intubation or suctioning.?3
Hypotension is often seen during severe infection or sepsis.242° Fluctuations in systemic
blood pressure during mechanical ventilation have been associated with the occurrence
of IVH and PVL.2>:26

Neonatal morbidity, as a result of pulmonary immaturity, intracranial events and
infections in the preterm infant consequently affects morbidity later on in live. AlImost 10%
of all very preterm infants are diagnosed with severe handicaps before the age of five.?’
This percentage remains unchanged since 1960-1970. Around 50% of all preterm infants
develop disabilities or impairments, measured at school age."'3:28-32 Comparison with
healthy term peers results in a six times higher chance on impairments.33 Initially it was
thought that these infants would overcome their developmental problems when aging.
However this appeared not to be the case. These infants demonstrate difficulties with
attention, behaviour, visual-motor integration, language performance and/or academic
skills.> 30-32.34-40 Qverall optimal development and performance is seen in 31% of children
born in 1983 of <32 weeks gestational age and in 41% of children born in 1993.>.30.3"

Neonatal intensive care

Neonatal intensive care treatment and the environment of the neonatal unit have a
major impact on the infants and hence their development. Intensive care treatment
and caregiving activities cause a lot of pain and (di)stress apart from environmental
disturbances like noise and light. This results in periods without rest and undisturbed sleep
for preterm infants. Handling a preterm infant for more than 200 times per 24 hours is
not uncommon.*' Three out of four hypoxemic episodes are associated with caregiving
itself.4246 Mechanical ventilation, a common treatment in the majority of these infants, is
accompanied by a lot of potential stressful interventions like (re)intubation, endotracheal
suctioning, punctures, skin lesions, and the use of adhesive materials. A-synchronized
spontaneous breathing known as “fighting the ventilator” is a known phenomenon,
therefore, the mechanical ventilation period can be described as a very stressful and
uncomfortable period.47->0

Excessive handling is also a factor that encroaches upon the vulnerability of the brain.
PVL and IVH are the result of impaired cerebral vascular auto regulation, which is needed
to maintain adequate cerebral blood pressure when systemic blood pressure varies.?®
The number of invasive procedures infants undergo while in the NICU is staggering. A
case described an infant born at 23 weeks gestation underwent 488 painful procedures
during the NICU stay.®" Other reports on invasive procedures mention between two and

14
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Chapter 1

ten procedures per day as well as an average of 53 moments of handling, lasting an
average of 2.7 hours per day.>2:>3

Stress and discomfort caused by treatment and caregiving interventions are
experienced during the long period of hospitalization of preterm infants. Although more
immature in their responses, preterm infants are more sensitive to pain (stress) than older
infants.>4>7

Experiences of repeated and long lasting exposure to pain have been proven to result
not only in acute physiological responses, but also changes in the structure and function
of the brain.>® One study has shown how developing pain circuitry depends on non-
noxious sensory activity, and how early injury can alter pain processing permanently.>®
Besides, sensory input affects the synaptogenesis of neuronal networks and therefore
the ability of the functioning of these networks.36 Sensory input may easily over-stimulate
very preterm infants during a critical period of extraordinarily rapid brain development.
Stressful situations and repetitive stress in an early stage of life are a serious threat to

the immature brain and consequently for later development of these vulnerable preterm
infants.50.58,60-63

Development of the brain

Neural multiplication and migration in the germinal zone has largely been completed
at 30 weeks of gestation. Astrocytes, however, are still being formed and migrating to
upper cortical layers. During the same period myelinisation begins and naturally occurring
apoptotic neuronal death is more frequent than at any other time of brain development.
Up to 70% of the neurons in the human cortex undergo apoptosis between the 28t and
40t week of gestation.®46 The volume of the cortical grey matter normally increases
almost four-fold from the 30™ and 40" week of gestation.®*®7 The synaptogenesis of
neuronal circuits is regulated by endogenous factors on one side and by sensory input
and experience the other side.®® Therefore, it is not surprising that the brain will be
negatively influenced by preterm birth and all the consequences of undergoing intensive
care treatment. Als described in a study that neonatal intensive care experiences before
term age, influence brain development.®® Early prolonged exposure to pain and stress
is proposed as one of the contributing factors to later difficulties with self regulation
and attention span in very preterm infants. >.62.70.71 Self regulation, being a marker of
neurobehavioral organization may predict later developmental outcome.

Stress

Stress, (di)stress and non acute pain are often used interchangeable in clinical practise as
well as in literature. Stress can be described as the reactions of the body or mind to forces
of a deleterious nature, and various abnormal states that tend to disturb the normal
physiological or mental equilibrium (homeostasis). Stress, distress and (non acute) pain
can result in discomfort. It is hard to decide when observing an ‘uncomfortable’ infant

15
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Introduction

whether the behavioural discomfort is caused by stress or pain. But it is clear that ‘all pain
is stressful, but not all stress is painful’.”?

Management and evaluation of stress and discomfort as well as anticipation during
the neonatal period are important components in the care of preterm infants.47.50.73.74
Stress and discomfort is also of major concern to parents.”> Neonatal pain assessment
has received increased attention over the past two decades.”®’” Although a number
of pain assessment scales for preterm infants exist and have been tested as research
tools, yet no perfect clinical scoring system exists. Up to now there was no objective
way to differentiate between pain and (di)stress of preterm infants. For older infants and
children the Comfort scale has been developed, an instrument to measure distress during
the period of mechanical ventilation.”®

Asadvancesin neonatal care lead to a better survival of smaller and sicker preterm infants,
attention has shifted towards neuroprotective care strategies and neurodevelopmental
support, in an effort to improve developmental outcome.

Cue-based individualized care can enhance the preterm infants’ potential for normal
development, and reduce the negative effect of their stay in NICU. How to identify
preterm infants behaviour becomes a very important challenge for NICU caregivers to
learn. Preterm infants can not communicate verbally with caregivers, but communicate
their needs and status through behavioural cues that may indicate wellbeing or stress.
Changes in preterm infant behaviour can be used to identify pain and stress.”®-8

In this context, developmental care interventions have been designed in order to create
a NICU environment that minimizes stress experienced by the infant. Preterm infants
need to be as comfortable and as free of pain (stress) as possible to grow and develop to
their full potential.

Developmental care

Developmental care was introduced in the early 1980’s and is described as a group of
interventions designed to modify the NICU environment, so as to minimize the stress
experienced by the preterm infant. A number of elements are included in developmental
care such as modification of external stimuli (vestibular, auditory, visual, tactile), clustering
of nursing care activities and positioning and swaddling of the preterm infant to provide
containment similar to the intrauterine experience and to support the infant-family
relationship.

Research has been performed on the influence of separate developmental care
interventions on neurodevelopmental outcome such as kangaroo care, oral stimulation
and non nutritive sucking and vestibular, auditory and visual stimulation and positioning.
But also on outcomes such as weight gain, length of mechanical ventilation, physiological
stress (heart rate, oxygen saturation), and length of hospital stay.82108

16
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Chapter 1

The NIDCAP

In 1986 the first publication on a complete model of developmental care, called the
Newborn Individualized Developmental Care and Assessment Program (NIDCAP®).109.110
was presented. This model is based on the Synactive Theory of Development.""" The
theory describes the infant as a system consisting of five subsystems; autonomic,
motor, state, attention/interaction and self regulatory system. The subsystems develop
independently in each phase of development but are in constant interaction with each
other and with the environment (including the family). Each infant has its own specific
way of being interactive which can be observed as behaviour with the Naturalistic
Observation of Newborn Behavior (NONB).'9%110 prior to the NONB information on
infants’ location, bed, clothing, and bed space, ratings of nursery room sound, light and
activity levels will be obtained. After the observation, information on the medical history
and current status are collected. The observation measures the organization of behaviour
and self regulation in a given environmental setting and a set of caregiving situations. The
observation visualizes the way the preterm infant communicates with its environment. A
NIDCAP trained person observes the infant for a 60-90 minute period. This includes a 10
minute pre-activity observation and at least a 20 minute post-activity observation period,
during which the observer has no interaction with the infant. A caretaking interaction

Table I Naturalistic Observation of Newborn Behavior (N=85 items)
Autonomic Behavior (N=25)
Respiratory: regular, irregular, slow, fast, short pause, AA (long pause)
Color: jaundice, pink, pale, web, dusky, blue
Neurologic: tremor, startle, twitch face, twitch body, twitch extremities
Visceral/respiratory: spit up, gag, burp, hiccough, bowel movement grunt, sounds, sigh, gasp
Motor Behavior (N=36)

Limb and/or trunk movement: flaccid arm(s), flaccid leg(s), active flexed arm(s), postured flexed
arm(s), active flexed leg(s), postured flexed leg(s), active extended arm(s), posture extended arm(s),
active extended leg(s), posture extended leg(s), smooth movements arms, smooth movements legs,
smooth movements trunk, stretch down, diffuse squirm, arch, tuck trunk, leg brace

Face: tongue extension, hand on face, gape face, grimace, smile, mouthing, suck search, sucking

Extremity specific: finger splay, airplane, salute, sitting on air, hand clasp, foot clasp, hand to
mouth, grasping, holding on, fisting

State Behavior (N=13)

States: disorganized deep sleep, quiet sleep, drowsy, alert, active awake and sleep, organized deep
sleep, quiet sleep, drowsy, alert, active awake and sleep

Attention and Interaction (N=11)

Fuss, yawn, sneeze, face open, eye floating, avert, frown, ooh face, locking, cooing, speech
movement

17
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Introduction

is observed like suctioning, diaper change, feeding session or blood sampling. The
observation sheet is set up as a set of 85 items of behaviour which can be observed. This
allows the continuous observation of the behaviour of the infant (Table I). Not the period
of time a specific behaviour is shown but the frequency of appearance of a certain type of
behaviour is noted. The observed behaviour can be subdivided into the five subsystems;
autonomic, motor, state, attention/interaction and self regulatory system. Each system is
divided in subcategories consisting of several items. Additional information on the posture
of the infant, the kind of intervention or manipulation performed and vital parameters,
such as heart rate, respiratory rate and oxygen level is noted. Following the observation,
a case report is written assessing the infants’ current ability to organize and modulate
the five subsystems. The case report consists of several standard parts: introduction,
description of the nursery environment, the behaviour of the child before, during and
after caregiving interaction. The infants’ behaviour described as, approach towards or
avoidance of stimuli, enables the observer the possibility to assess how the infant strives
to cope with the caregiving and the environment in order to continue its development.
The observations provide information concerning the infants’ strengths and weaknesses.
Next a summary is written consisting of the medical history, the last 24 hours and the
present behavioural functioning. Finally, current goals and caregiving recommendations to
support the individual infants’ development are formulated. Caregiving recommendations
are then used by parents as well as professional caregivers to diminish stress and to
support the infants’ competence to overcome stress and discomfort (Figure I). This results
in longer periods of restfulness and calm breathing, a well-functioning digestive tract,
a well-modulated tone of the extremities, trunk and face, and a comfortable restful
position. The tempo of caregiving procedures is individualized, slowed and adjusted in
timing and well-supported relaxation periods are provided.

The information provided by the observation is used to individualize care and
environment to the needs of the specific infant. In this way, after modification of external
stimuli, clustering of care activities and positioning, individualization of care and family
support is added as a fifth dimension to developmental care.

NIDCAP is believed to support the infants’ development, with the structuring of the
appropriate physical environment in the NICU for the infant and the family, the timing
and organizing of nursing care and medical interventions appropriate to the individuality
of the infant and the family, supporting and facilitating the parents’ confidence in caring
for their infants physical and developmental needs.

In the years following the first publications on the NIDCAP model several promising
research publications on this new model appeared.'07.108.112120 Some studies showed
significant results in the outcome parameters, in favour of infants cared for by NIDCAP
such as reduction in ventilation days'2"13, less IVH''3, increased weight gain'08113,
decreased days of parenteral feeding''>1'4116  better physiological stability!"® and
behavioural organization'0”112114 |ess complications 198113114 and decreased length of

18
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Figure | NIDCAP Flow chart

NIDCAP®
Newborn Individualized Developmental Care and Assessment Program

Synactive Theory of Development

Individuals consist of 5 subsystems:
autonomic system
motor system
state behaviour system
attention interaction system
self regulatory system

Subsystems interact synergistic with
each other and with the environment

NONB

Naturalistic Observation of Newborn Behavior

Assessed by NIDCAP certified nurse

—/
—

Signals of Wellbeing

Signals of Sensitivity

Signals of Stress

Signals of Self Regulatory Behaviour

~

Asses at what cost the infant is able to
develop optimal in relation to coping with
caretaking and environment

AV

Recommendations for caretaking and
environment
Written down in a Developmental Care plan:

1. Adaptation of the physical environment:
reducing sound levels, light levels and
activities

2. To provide the infant with a body
positioning with which self regulatory
behavior will be supported

3. Clustering of care including time-outs,
adjusted to the needs of the infant

4. Support parents in understanding the
signals of their child and encourage them
to early participation in care

developmental care plan

Implementation to perform care according to the

4

Evaluation of the developmental care plan
(with a standardized behavioural observation) | | | |

hospital stay'98113.114.116 55 well as a better mental and psychomotor development up to
the age of 12 months."2"13 However, other studies were not able to show differences
between infants cared for by NIDCAP or in a conventional way.'07.108.114.120
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Two systematic reviews were performed on NIDCAP.'?1122 Both reviews showed limited
evidence of NIDCAP on moderate-severe chronic lung disease, necrotizing enterocolitis
and family outcome (stress and perception). There was also very limited evidence for long-
term effects on behaviour and motor outcome at five years and no benefits on cognition.
The cost of intervention was considerable. The meta-analyses illustrated the large variation
in outcomes and limited numbers of randomized control trials that were included in each
outcome. The reviewers addressed a number of design limitations. Because of the nature
of the intervention blinding was not possible, sample sizes were small, contamination of
the intervention by existing developmental care practices and differences in gestational
age of the infants included. The reviewers called for more (multi-center) trials with larger
sample sizes to study the effects of NIDCAP. Recently, a group from Edmonton presented
preliminary short-term outcome from a large NIDCAP randomized controlled trial on very
low birth weight infants that confirms findings of significantly less mechanical ventilation,
lower incidence of chronic lung disease and shorter hospitalization, as noted in the earlier
smaller trials included in the systematic reviews.'?3

Despite the conflicting study results up to now, for the NICU of the Emma Children’s
Hospital / Academic Medical Center, with a long history of being interested in the
humanization of the highly advanced technological care and a traditional interest in
preventing stress and discomfort for newborn infants as well as in the parental involvement
in the care and decision making process it was just a logical consequence to be interested
in implementing such a practice in care.

Obijectives of the study

In this thesis stress and discomfort and new ways of reducing stress and discomfort

for preterm infants in the NICU, including consequences in infant outcome and the

satisfaction of parents and nursing staff related to the care was subject of study. In more

detail we studied the next objectives:

1. The Comfort scale can be validated to assess stress and discomfort of preterm
infants.

2. The Comfort scale is useful in studying stress during different techniques of mechanical
ventilation.

3. Care according to NIDCAP improves the clinical outcome during NICU stay of very
preterm infants.

4. Care according to NIDCAP during the NICU period improves growth and developmental
outcome during the first two years of life of very preterm infants.

5. NIDCAP increases the satisfaction rates of parents of very preterm infants.

6. NIDCAP improves the job satisfaction of nursing staff caring for very preterm infants.

20
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Outline of this thesis

Chapter 1 of this thesis presents a general introduction including the objectives of the
study.

In chapter 2 one of the major problems in the NICU, namely stress is described. Validating
the Comfort scale to measure stress of ventilated preterm infants is presented.

Chapter 3 focuses on conventional and high frequency ventilation modes in the care of
preterm infants and the consequences for the amount of stress experienced.

Chapter 4 describes the current status of developmental care and NIDCAP in Dutch
speaking NICU's in the Netherlands and Flanders.

Chapter 5 compares the NIDCAP as a new model of care of preterm infants in the NICU
with the conventional care model and evaluates its effects on medical outcome during
hospital stay.

Chapter 6 describes the results of infants cared for with NIDCAP compared to conventional
care on developmental outcome and growth in the first two years of life.

Chapter 7 presents the levels of satisfaction of the parents of infants cared for in the
NICU in the NIDCAP way or the conventional way.

Chapter 8 outlines the job satisfaction of the nursing staff with the introduction of
NIDCAP in the unit.

Finally, in chapter 9 and 10, a general discussion, conclusions and the summary of the
main results of this thesis are provided.
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Comfort Scale

ABSTRACT

Objective Assessment of clinimetric properties and diagnostic quality of a stress
measurement scale (Comfort scale).

Design Sample of an open population.

Setting Neonatology Department (Neonatal Intensive Care Unit), Emma Children’s
Hospital / Academic Medical Center, Amsterdam, the Netherlands.

Method One clinical expert and 9 observers observed ventilated premature born babies
simultaneously. Criterion validity was assessed by correlating the Comfort scale with the
clinical judgement regarding the amount of stress. Interobserver reliability was assessed
on the clinical judgement as well as on the Comfort scale. Diagnostic qualities were
evaluated with a ROC curve.

Results On 19 ventilated premature born babies (mean gestational age 30 weeks,
mean birth weight 1385 gram), one clinical expert and 9 observers made 30 paired
observations. The criterion validity of the Comfort scale was good (Pearson’s r of 0.84).
The interobserver reliability of the clinical judgement was very good (weighted kappa
0.84). The interobserver reliability of each item varied from good to almost perfect
(weighted kappa of 0.64 for muscle tone to 1.00 on heart rate). The reliability of the
total Comfort scale score was satisfying (intra-class correlation coefficient of 0.94). The
diagnostic quality of the Comfort scale was excellent, at a cut off point of 20 the sensitivity
was 100%, the specificity was 77%, and the area under the curve (AUC) of 0.95.

Conclusion In this first evaluation, the Comfort scale appears to be a valid and reliable
measurement tool to assess the stress of ventilated premature born babies.
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Chapter 2

INTRODUCTION

Artificial ventilation is in most cases a very stressful event for new born preterm infants.
Stress causes hormonal and metabolic changes and may have a negative influence on
treatment.™ On a short term base stress can result in a prolonged period of ventilation,
more chronic lung damage, lower increase of bodyweight and a prolonged period of
admittance to the hospital.#> In the long run stress is associated with more physical
complaints (headaches and stomach-aches) and a less appropriate motor and behavioral
development. 24610

Stress during ventilation is caused by relatively short time procedures like endotracheal
suctioning, but also by shorter or longer periods of asynchronous spontaneous breathing
with the mechanical ventilation, so called “fighting the ventilator”. Stress during ventilation
is treated with sedatives and/or analgesia. Therefore it is important to find a right balance
between on one side controlling stress, and on the other side administering the right
dose of sedatives where the infant is still active enough to make a clinical judgement
possible.

The problem of stress is increasing as more preterm infants are being ventilated. In 1993
at the NICU of our hospital 27% of all newborns were ventilated an average of 4 days and
in 1999 the number had increased to 40% with an average of 8 days of ventilation."?
Besides this increasing number, new modalities for ventilation became available. With
the introduction of high frequency ventilation techniques, we observed an increase in
the amount of stress in newborn preterm infants compared to those on conventional
ventilation methods. To objectify this clinical finding we needed an instrument measuring
the amount of stress and given sedation of ventilated premature born infants. A performed
literature review provided us a few instruments for assessment of acute stress (pain)'3,
but no instruments for assessment of prolonged stress in preterm infants. We found only
one instrument for measurement of stress in older ventilated infants and children (0 to
17 years), the Comfort scale (Figure 1).'* With the purpose to validate the Comfort scale
for the use in the NICU, we studied in ventilated premature born infants, the clinimetric
properties of the instrument (interobserver reliability, and criterion-related validity) and
assessed a first evaluation to the diagnostic properties (sensitivity and specificity).

PATIENTS AND METHODS

This study took place in the NICU of the Emma Children’s Hospital / Academic Medical
Center in Amsterdam, the Netherlands, from May until July 1997. During this period we
selected ventilation dependent preterm infants with respiratory distress syndrome (RDS),
infection or respiratory failure due to exhaustion. The preterm infants included were born
at a gestational age of 37 weeks at most and were not older then five days on the day
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Figure | Comfort scale

COMFORT scale

ALERTNESS

Deeply Asleep

Lightly Asleep
Drowsy

Fully Awake and Alert
Hyper-Alert

CALMNESS/AGITATION
Calm

Slightly Anxious

Anxious

Very Anxious

Panicky

RESPIRATORY RESPONSE

No Coughing and No Spontaneous Respiration

Spontaneous Respiration with Little or No Response to Ventilation
Occasional Cough or Resistance to Ventilator

Actively Breathes Against Ventilator or Coughs Regularly

Fights Ventilator; Coughing or Choking

PHYSICAL MOVEMENT

No Movement

Occasional, Slight Movement

Frequent, Slight Movement

Vigorous Movement Limited to Extremities
Vigorous Movements Including Torso and Head

BLOOD PRESSURE (MAP) BASELINE

Blood Pressure Below Baseline

Blood Pressure Consistently at Baseline

Infrequent Elevations of 15% or More (1-3)
Frequent Elevations of 15% or More (more than 3)
Sustained Elevation >15%

HEART RATE BASELINE

Heart Rate Below Baseline

Heart Rate Consistently at Baseline

Infrequent Elevations of 15% or More Above Baseline (1-3) during Observation
Period

Frequent Elevations of 15% or More Above Baseline (more than 3)

Sustained Elevation of >15%

MUSCLE TONE

Muscles Totally Relaxed; No Muscle Tone

Reduced Muscle Tone

Normal Muscle Tone

Increased Muscle Tone and Flexion of Fingers and Toes
Extreme Muscle Rigidity and Flexion of Fingers and Toes

FACIAL TENSION

Facial Muscles Totally Relaxed

Facial Muscle Tone Normal; No Facial Muscle Tension Evident
Tension Evident in Some Facial Muscles

Tension Evident Throughout Facial Muscles

Facial Muscles Contorted and Grimacing

TOTAL COMFORT SCORE

Score

u b wN = Ul u b wN = u s wN = u b wN = u b wN = u b wN =

ubdwNn =
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of the study. Preterm infants with congenital or neurological diseases or complications
were excluded.

For artificial ventilation a Drager Babylog 8000 in the synchronized intermittent
mandatory ventilation mode (SIMV) was used or the intermittent positive pressure
ventilation mode (IPPV), the high frequency flow interruption mode (HFFI), or the Sensor
Medics 3100A in the high frequency oscillation mode (HFO). Heart rate and arterial blood
pressure were monitored by a Hewlett Packard-monitor (type 78834a). Sedation was
given according to the present protocol: continuous intravenous infusion of morphine
(commonly accepted in the neonatology as a sedative) of 0.25 mg/kg/day, after a loading
dose of 0.1 mg/kg.

Clinimetric properties

Criterion-related validity was assessed by relating the scores on the Comfort scale to
clinical judgement of stress. Scores on the Comfort scale are the observed variation of
the 8 items (alertness, calmness/agitation, respiratory response, physical movement,
blood pressure, heart rate, muscle tone and facial tension) on a 1 to 5 scale.’ The total
score is the sum of the 8 separate item scores (maximum 40), the higher the score the
more stress. The Comfort scale is administered (duration + 3 minutes) after a 2-minute
observation of the premature born infant; for the assessment of the muscle tone the
infant has to be touched.

The clinical judgement of the amount of stress during artificial ventilation was assessed
with a 5-points Likert scale (1 = very quiet, not moving, 2 = quiet, now and than moving,
3 = moving calmly, 4 = distressed, agitated and 5 = very distressed or very agitated).

The procedure for assessing the criterion-related validity was as follows: seven neonatal
nurses (observers-to-be) received two hour training by an expert in assessing the Comfort
scale by an expert for which videotapes were used. During the study period ventilated,
preterm infants were observed before daily caregiving, during a 2-minute period by one of
the observers as well as by the expert, simultaneously. After the observation, the expert
and the observer independently made notes of the clinical judgement on the amount
of stress on the Likert scale and scored the items on the Comfort scale. In this way,
paired observations from the clinical judgement and the Comfort scale were collected.
The interobserver reliability of the clinical judgement of the observers and the expert and
the interobserver reliability of the Comfort scale were assessed.

The diagnostic properties of the Comfort scale were evaluated by calculating the
sensitivity and specificity for the different cut off points of the Comfort scale, the clinical
judgement from the expert about the presence of stress, described on the Likert scale
(score 4/5) was taken as a reference point.

Statistical analysis

As far as it concerns the clinimetric properties, the criterion-related validity was analyzed
by assessing the Pearson'’s correlation between the clinical judgement and the total score
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of the Comfort scale. The interobserver reliability of the clinical judgement of observers
and expert were analyzed by using a weighted kappa. A weighted kappa '© is calculated
by assigning a weight (1 - [1/ number of categories - 1]) to the frequencies in each cell
of a table of agreement, with the distance to the diagonal representing the optimal
agreement. In general, a kappa of 1.0 is known to represent a perfect agreement and
0.8-1.0 as almost perfect, 0.6-0.8 as substantial, 0.4-0.6 as moderate, 0.2-0.4 as fair and
0.0-0.2 as slight agreement.’”

The interobserver reliability of the Comfort Scale was described by a calculated
weighted kappa on the item level and over the total score by an intraclass coefficient
(ICC)."8 The ICC is interpreted in the same way as a weighted kappa."”

The diagnostic properties in terms of discriminative power were summarized and
described in a receiver operating procedure; a ROC curve. This curve is a graphic
representation of the relation between the sensitivity of the Comfort scale (rightfully
classified as signs of stress) and 1-specificity (not rightfully classified as signs of stress)
for the different cut off points of the test.’ Because the relative seriousness of missing
one diagnosis of stress, the optimal cut off point was appointed at a sensitivity of 100%.
At a calculated area under the curve (AUC) of 0.5 the discriminated power is judged as
moderate and at an AUC of 1.0 it is judged as excellent.

RESULTS

In the period May to June 1997, 19 preterm infants (10 boys, 9 girls) were studied; mean
gestational age 30 weeks (range: 26 - 36 4/, weeks) with a mean birth weight of 1385 gram
(range: 675 — 3490 gram). Observations took place between the day of birth (day 0) and
the fourth day of life. The number of observations varied from one to nine per observer.
In total 30 paired observations were simultaneously performed. Clinical judgement was
scored on the Likert scale, and the separate items and total score on the Comfort scale
were noted.

Table I Clinical Judgement and Total score on the Comfort scale

Likert Score Clinical Judgement Comfort scale
frequency range
expert observers expert observers
(N=1) (N=9) (N=1) (N=9)
1 1 1 13 13
2 14 12 13-19 14 - 20
B 7 10 17 - 21 14 - 21
4 7 7 22-25 20-30
5 1 0 32
34
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The distribution on the score of the clinical judgement in relation to the total score
of the Comfort scale is presented in Table I. In 8 out of 30 clinical judgements of the
expert, a relatively great amount of stress (Likert score 4/5) was registered, a sign of not
enough sedation, while at one observation the infant was very quiet and did not move
at all (Likert score 1), a sign of excessive sedation. Median and range of the item scores
and total score on the Comfort scale are presented in Table Il. The median of each of
the separate item leaned towards the center (2-3) of the possible range (1-5). At the item
‘respiratory response’ the category “fighting the ventilator” was not registered. At the
item ‘blood pressure’ only the categories “blood pressure below baseline” and “blood
pressure consistently at baseline” were registered and at 'heart rate’ only the category
“heart rate consistently at baseline” was found. At 'muscle tone’ the two extreme
categories “no muscle tone” and “extreme muscle rigidity” were not registered.

Table Il Median and range of the item scores and total score on the Comfort scale (N = 30)

Item Median (range) Median (range)
expert observer
Alertness 2(1-5) 2(1-5)
Calmness/Agitation 1(1-5) 1(1-5)
Respiratory response 3(1-4) 3(1-4)
Physical Movement 3(1-5) 3(1-4)
Blood Pressure 2(1-2) 2(1-2)
Heart Rate 2(2-2) 2(2-2)
Muscle Tone 3(2-4) 3(2-4)
Facial Tension 2(1-5) 2(2-5)
Comfort total score (max. 40) 19 (13 - 32) 18 (13 - 30)

The interobserver reliability of the clinical judgement between the expert and the nine
observers was substantial to almost perfect (weighted kappa 0.84, 95% ClI: 0.72-0.95).

The range of scores on the Comfort scale varied from 13 to 32 for the expert and 13 to
30 for the observers. The interobserver reliability of the Comfort scale items between the
expert and the nine observers after 30 paired observations is presented in Table Ill. The
weighted kappa varied from 0.64 (95% Cl: 0.44-0.84) for ‘muscle tone’ to a maximum
of 1.00 (‘heart rate’); these values indicate that the interobserver reliability of each of the
items is good to outstanding. Because we were dealing with repeated measurements
under different circumstances, we also looked at the interobserver reliability of the first
observation of the 19 preterm infants. These values did not importantly differ from the
scores stated above (Table IlI).

The interobserver reliability of the total score of the Comfort scale between the
expert and the nine observers was almost perfect, ICC of 0.94 (95% Cl: 0.85-0.98).
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Table 11l Weighted kappa on the separate items of the Comfort scale and from Clinical Judgement

after the first (N

= 19) and total amount of observations (N = 30)

ITEM (1st observation) (total)
WK* 95% CI WK* 95% CI

Alertness 0.96 0.88 - 1.00 0.93 0.86 - 1.00
Calmness/Agitation 0.86 0.77 - 0.98 0.87 0.73 - 1.00
Respiratory Response 0.79 0.57 - 1.00 0.71 0.49 - 0.93
Physical Movement 0.71 0.46 - 0.96 0.77 0.58 - 0.95
Blood Pressure 0.64 0.005 - 1.00 0.65T 0.02 - 1.00
Heart Rate 1.00 1.00
Muscle Tone 0.56 0.30 - 0.83 0.64 0.44 -0.84
Facial Tension 0.85 0.71 - 0.99 0.81 0.65 - 0.96
Clinical Judgement 0.77 0.61-0.94 0.84 0.72 - 0.95

* Weighted kappa, T observed agreement of 93%

Figure Il ROC curve
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The interobserver reliability of the total score of the first observations of the 19 preterm
infants agreed with this (ICC of 0.95 at a 95% Cl: 0.88-0.98). The criterion related
validity, connecting the clinical judgement with the total score of the Comfort scale, was
almost perfect (Pearson'’s correlation r = 0.84).

The diagnostic properties of the Comfort scale are presented by means of the ROC
curve in Figure II. At a sensitivity of 100% the specificity is 77% and the cut off point of
the Comfort scale total score is 20. At a lower score it is not likely that the preterm infants
suffer from stress while the Comfort Scale does not indicate that yet (excluding false
negative rates). The (calculated) AUC was 0.95; this indicates that the Comfort scale at
this cut off point in this population is able to discriminate well between preterm infants
with and without stress.

DISCUSSION

The reliability and validity of the Comfort scale are previously assessed in a population of
paediatric intensive care patients.?%2" We found that the scale also met these clinimetric
properties for ventilated preterm infants (Pearson’s correlation 0.84 and ICC 0.94). The
first evaluation of the diagnostic properties of the Comfort scale points out that the scale
is able to discriminate between the presence and absence of stress (AUC = 0.95).

A few methodological aspects can influence a study like this. First, the choices of the
point of reference to assess the clinical validity of the Comfort scale. It seems logical to
take biochemical markers (adrenocorticotroop hormone / cortisol) as a reference point,
but there are no general accepted reference points for these in relation to stress. In
daily practice, these markers are not acceptable indicators because it takes several days
between taking a sample and receiving the test results. Therefore, clinical judgement
was taken as a reference point, using very experienced observers. Conscientiously we
took a blinded independently comparison of the Comfort scale and carefully verified the
interobserver reliability. For clinical judgement as well as for the Comfort scale we found
very satisfying results (respectively 0.84 and 0.94).

A second aspect is making use of a convenience sample, with which so-called spectrum
bias could occur. This means we unintended could have been selecting a specific string
of ventilated preterm infants with a large contrast in the amount of occurring stress.
The outstanding diagnostic quality (AUC 0.95) would be flattered in that case. In our
opinion, this did not happen. After all, the prevalence of stress in our NICU was 27% (8
out of 30) which is very likely, taking the clinical judgement into consideration, whereby
15 preterm infants were classified as quiet to very quiet and 15 as moving calmly to
very agitated, with few observations going into extremes. There is hardly any reason to
suspect spectrum bias. However it is recommended, like any other diagnostic test, to
further validate the Comfort scale in another setting and with another population.
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The outstanding criterion-related validity (r = 0.84) makes it assumable that the Comfort
scale is indeed measuring stress. Our study shows that most items use the whole range
of scores and no ceiling or bottom effects occurred, except with the item of “calmness/
agitation” with a median of 1. The mean score of all other items are tending towards
the middle, about 3, which is a desirable clinical situation. A low score can point out too
much sedation was administered and will stand in the way of a clinical judgement of the
level of consciousness, while a high score indicates serious stress.

Getting acquainted with the Comfort scale requires a training of about 2 hours. For
this purpose we videotaped a ventilated neonate. Observers were trained by observing
the infant on this video. During training it is desirable to give a few items of the Comfort
scale special interest. For instance, the judgement of the muscle tone is not possible with
the help of video records; one could practice this with a few healthy preterm infants. In
our study, we at first found a difference in evaluation on how a normal muscle tone feels
and how a decreased muscle tone feels.

In our NICU stress is a real problem; 8 out of 30 ventilated preterm infants have to
deal with stress, despite the fact they received sedatives. This indicates the necessity of a
good evaluation.

Clinical judgement has undoubtedly a great similarity with the Comfort scale items. In
fact the Comfort scale is an explicitation of clinical judgement. Still, it is our opinion to
prefer the Comfort scale for the evaluation of stress above clinical judgement. Because
extended clinical experience is required to be able to come to a good clinical judgement
of stress in preterm infants, sound clinical judgement is never guaranteed and never free
from subjectivity. By using the Comfort scale, less experienced caretakers can also come
to a good judgement of the amount of stress the infant is exhibiting. A very important
property of the Comfort scale is that the score can be assessed without disturbing the
preterm infant too much. After all, the scale uses observation: the infant is only touched
just during the assessment of muscle tone. Making use of a non-intrusive objective
observation fits very well in the stress-preventing policies of today's care of preterm
infants in the NICU. The use of the Comfort scale takes little time, 2 minutes for the
observation and 1 minute filling in the score, which can be easily integrated in daily
caregiving of preterm infants.

More research with this promising instrument is necessary; however, the first results are
encouraging. This first limited study indicates that the Comfort scale as a measurement
tool for the amount of stress and sedation in ventilated preterm infants in a NICU is a
useful, reliable, and valid measurement method.
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Ventilation and stress in preterm infants; high frequency ventilation is not an additional stressor

ABSTRACT

Aim To study the hypothesis that high frequency ventilation (HFV) is an additional stressor
compared to conventional ventilation (CV).

Methodology A prospective explorative cohort study in a consecutive sample of 50
preterm infants (<37 gestational age) with Respiratory Distress Syndrome admitted to a
Level Il Neonatal Intensive Care Unit. During the first three days of ventilation stress was
assessed by means of the Comfort scale (CS).

Results 35 Infants received HFV and 15 CV. The HFV group was significantly younger
(p = 0.003), had a significant lower birth weight (p = 0.017) and were significant more
severely ill (p < 0.0001). Stress scores between groups were comparable, adjustment for
baseline differences revealed no differences in scores during the first 3 days of ventilation.
Of all CS assessments, 34.0% in the HFV group and 35.6% in the CV group indicated
stress (score > 20).

Conclusion Stress during the first three days of mechanical ventilation using the CS did

not reveal any difference between high frequency and conventional ventilated preterm
infants. Routine use of sedatives seems insufficient to prevent high stress scores.
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INTRODUCTION

Medical technology within Neonatology has strongly and rapidly developed the
last two decades. A wider range of intense medical treatment became available and
current ways of treatment are being improved and refined. The technical possibilities,
such as mechanical ventilation strategies, often result in rather aggressive medical and
nursing interventions. The period of mechanical ventilation can be described as a very
uncomfortable and stressful period. ™ Notwithstanding the fact that it is difficult to
prove that mechanical ventilation is painful or stressful in itself, mechanical ventilation
is accompanied by a lot of potential painful interventions like (re)intubation, endotra-
cheal suctioning, skin lesions as a result of punctures for blood samples, and change of
adhesive materials. The less mature the infant the more likely the infant will be dependent
of mechanical ventilation and the less mature the infants the more stress and painful
procedures are performed. Infants of lower gestational age (GA) are known to be more
sensitive to stress and pain.>® Repetitive pain may lead to increased cell death in the
immature brain, poor neurological outcome, abnormal behaviour as adolescents or adults
and increased vulnerability to stress, anxiety and psychiatric disorders.®2 For all these
reasons stress and pain should be prevented and minimized as much as possible.

Stress and pain are often used interchangeable in clinical practice as well as in literature.
It is stated that all pain is stressful but not all stress is painful.”®

With the introduction of high frequency ventilation (HFV) in the Neonatal Intensive
Care Unit (NICU) of the Emma Children’s Hospital / Academic Medical Center (EKZ/
AMC), nurses reported an increase in stress in newborn infants. Nurses described stress
in terms of discomfort, distress, agitation, restlessness, increase in pain and decrease in
sleep time. Nurses had the impression that the constant vibrations of the HFV were an
additional source of stress for preterm infants. Consequences of this constant vibration of
the body are unknown.'*

In the last two decades the number of ventilated infants increased from 27% for an
average time of 4 days to 40% for an average time of 8 days. We wanted to study if HFV
could be labelled as an additional stressor compared to conventional ventilation (CV) in
preterm infants, during the first 3 days of ventilation.

METHODS

An explorative prospective cohort study with a convenience sample was performed.
Infants born before 37 weeks of gestational age admitted to the level Il NICU of the
EKZ/AMC in Amsterdam, the Netherlands were consecutively included after informed
consent. They were mechanical ventilated due to respiratory distress syndrome (RDS)
confirmed by X-ray. Infants with congenital or neurological abnormalities and infants who
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were ventilated later than 72 hours after birth were excluded. The study was approved by
the Research and Ethics Committee of the hospital.

Clinical characteristics

Infant characteristics were collected on GA, birth weight, gender, and Apgar score at
five minutes. Data on illness related characteristics included cerebral ultrasound findings
(subependymal / intraventricular haemorrhage > grade 1), air-leak syndrome (confirmed
by X-Ray), sepsis (clinical symptoms and positive blood culture) or death. Treatment
related characteristics were measured as therapy-based severity-of-illness by the Neonatal
Therapeutic Intervention Score System (NTISS)."> Infant characteristics, illness, and
treatment related characteristics and the mode of ventilation were taken from the medical
and nursing charts.

Procedure

Infants were ventilated in a CV mode (Drager Babylog 8000) or in a HFV mode, either high
frequency flow interruption (Drager Babylog 8000) or high frequency oscillation mode
(Sensor Medics 3100A). The choice of ventilation mode was made according to existing
unit protocols; infants with a gestational age <30 weeks were preferably ventilated in the
high frequency mode. Infants of >30 weeks gestational age were, if CV had reached a
peak pressure of >24 cm H,0, treated with HFV as rescue therapy. All ventilated infants
were given a standard loading dose of 0.1 mg/kg morphine i.v. followed by a continuous
i.v. infusion of 0.25 mg/kg/day morphine as analgesic therapy.

Outcome

Data on stress were collected during the first 3 days of ventilation by means of the
Comfort scale, originally an instrument to measure distress in ventilated infants and
children. Scores on the Comfort scale are the observed variation of 8 items (alertness,
calmness/agitation, respiratory response, physical movement, blood pressure, heart rate,
muscle tone and facial tension) on a 1 to 5 scale.'® The total score is the sum of the 8
separate item scores (maximum 40), the higher the score the more stress. Prior to this
study we tested the Comfort scale for its reliability and validity as well as its clinimetric
properties in measuring stress in ventilated preterm infants.!” The criterion validity of the
COMFORT scale was good (Pearson’s r of 0.84). Inter observer reliability of each item
varied from good to almost perfect (weighted kappa 0.64 to 1.00). The reliability of the
total COMFORT scale score was satisfying (intra class correlation coefficient [ICC] of 0.94).
Based on the receiving operator characteristic (ROC) a score of 20 (giving a sensitivity of
100% and a specificity of 77% with an area under the curve of 0.95) was decided to
represent the cut off point for stress.!”” The Comfort scale is administered (duration + 3
minutes) after a 2-minute observation of the premature infant.
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The first measurement of stress with the Comfort scale took place immediately after
receiving informed consent. Next measurements of stress took place twice a day, before
daily care procedures, during 3 days or less if mechanical ventilation was no longer needed.
No interventions or handling one hour prior to stress measurement were performed.
Observations were performed by observers trained in the Comfort scale.

Statistical Analyses

Results are expressed as means, standard deviation (SDs) for normally distributed variables
and as medians and ranges in case of non-normal distributions. Chi-square statistics
or 