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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. 

Comfort Scale
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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.1-3 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.4,5 In the long run stress is associated with more physical 

complaints (headaches and stomach-aches) and a less appropriate motor and behavioral 

development.2,4,6-10 

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.11,12 

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)13, 

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 I).14 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 I Comfort scale

COMFORT scale Score

ALERTNESS
Deeply Asleep 
Lightly Asleep 
Drowsy
Fully Awake and Alert
Hyper-Alert

 
     1
     2
     3
     4
     5

CALMNESS/AGITATION
Calm
Slightly Anxious
Anxious
Very Anxious
Panicky

     1
     2
     3
     4
     5

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

     1
     2
     3
     4
     5

PHYSICAL MOVEMENT
No Movement
Occasional, Slight Movement
Frequent, Slight Movement
Vigorous Movement Limited to Extremities
Vigorous Movements Including Torso and Head

    
     1
     2
     3
     4
     5

____ /____ 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%

     
     1
     2
     3
     4
     5

____ /____  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%

     1
     2
     3

     4
     5

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

     1
     2
     3
     4
     5

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

     1
     2
     3
     4
     5 

TOTAL COMFORT SCORE

Comfort Scale
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of the study. Preterm infants with congenital or neurological diseases or complications 

were excluded.

For artificial ventilation a Dräger 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.15 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 16 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.17

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).18 The ICC is interpreted in the same way as a weighted kappa.17

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.19 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 /7 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
frequency

Comfort scale
range

expert
 (N = 1)

observers
(N = 9)

expert
(N = 1)

observers
(N = 9)

1 1 1  13 13

2 14 12 13 – 19 14 - 20

3 7 10 17 – 21 14 - 21

4 7 7 22 – 25 20 - 30

5 1 0  32 -

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

Item Median (range)
expert

Median (range)
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 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 II. 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.

The interobserver reliability of the clinical judgement between the expert and the nine 

observers was substantial to almost perfect (weighted kappa 0.84, 95% CI: 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 III. The 

weighted kappa varied from 0.64 (95% CI: 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 III).

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% CI: 0.85-0.98). 
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Table III 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 0.65† 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, † observed agreement of 93%

Cut off point Sensitivity Specificity 

20 1.00 0.77 (AUC 0.948)

21 0.75 0.91

22 0.50 1.00
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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% CI: 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.20,21 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.  

Comfort Scale
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