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Measuring the Sedation Level of Mechanically
Ventilated Infants by a Modified COMFORT Scale
WK LEE, BWY YOUNG

Abstract

This prospective observational study aimed to measure the internal consistency and inter-rater agreement
of the modified COMFORT scale for mechanically ventilated patients in a neonatal intensive care unit. A
sample of 15 infants requiring mechanical ventilation, generating a total of 27 observations, was recruited.
Three different observers including a doctor, a nurse and a senior nurse independently assessed the sedation
level of each patient. The measurement tool was modified from the original COMFORT scale. The
Spearman's correlation coefficients for the inter-rater agreement between doctors and senior nurses, doctors
and nurses as well as nurses and senior nurses on the total scores were 0.760, 0.626 and 0.776 respectively,
all p<0.05. The reliability coefficient alpha for the internal consistency was 0.804. We suggest that the
modified COMFORT scale may be an appropriate tool to observe sedation level for mechanically ventilated
infants. More studies may be required for validation and outcome assessment.
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Introduction
The importance of adequate sedation and analgesia in
critically ill patients was well recognised. The
administration of sedation for anxiety and agitation was
recommended in intensive care unit (ICU).1 Mechanical
ventilation was one of the common causes of discomfort
encountered in the ICU that might induce anxiety and
ventilator dys-synchrony. Despite the advances in ventilator
technology, the demand for adequate sedation still existed.2
Potential benefits of sedatives for mechanically ventilated
patients included reduction of oxygen consumption and
stress response, improved ventilation and reduced risk of
barotrauma, improved patient care and comfort.3 Unplanned
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extubation was also found to be associated with undersedation.4-9 On the other hand, potential risks of sedative
medications were present. They included cardiovascular
effects and drug interaction which might be more prominent
in patients with multiorgan failure, especially those with
hepatic and renal failure.3 Moreover, the use of continuous
intravenous sedation might be associated with the
prolongation of mechanical ventilation and ICU stay10,11 as
well as other consequences such as physical dependence,
tolerance and withdrawal.12 The use of sedation was more
controversial in neonates because of the debate of their
potential benefits to reduce complications such as intraventricular haemorrhage, pneumothorax and the stress
responses against the potential complications.13 Recently,
health care professionals have now realised that agitation
and stress have adverse effects on neonatal well being.13
The practice of administering sedation to infants requiring
mechanically ventilation is now generally accepted.
However, determination of an optimal sedation level and
quantitative measurement of this qualitative endpoints
become the new challenge.13,14 Various scoring systems have
been used in the development of practice guidelines.2 A
multidimensional scale, the COMFORT scale, was studied
for critically ill paediatric patients. 15 This study was
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performed to analyse the application of this scale to neonatal
population including premature infants.

Methods
The study was performed in our neonatal ICU (NICU)
consisting of five beds in 2002. Before the commencement
of the study, sedation level of the infants on mechanical
ventilator in our NICU was observed by subjective means.
To prepare for the study, the aim and observation method
was introduced to the medical and nursing staff. A pilot
study was also conducted beforehand.
Convenient sample of patients of any post-conceptional
age and body weight was recruited for assessment if they
were intubated and mechanically ventilated. Exclusion
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criteria included: 1) unstable cardiovascular status;
2) significant neurological impairment; 3) paralysed with
neuromuscular blockers or underlying neuromuscular
disorders. Demographic data, indication of ventilation and
the dose of the sedative medication were recorded. The
patients were each assessed by three independent observers
including a doctor, a nurse and a senior nurse working in
the NICU. All of them were not the direct caretakers of
study subjects. The assessment might be performed for more
than once for each patient on different days.
The measurement tool was modified from the original
COMFORT Scale.15 After the modification, it consisted of
seven variables: alertness, calmness, respiratory response,
movement, mean arterial pressure, heart rate and facial
expression (Table 1). A score from 1 to 5 would be assigned
to each variable according to different manifestations. The

Table 1
The modified COMFORT scale15
Variables
Scale
Alertness
Deeply asleep
Lightly asleep
Drowsy
Fully awake and alert
Hyperalert
Calmness
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, cough or choking
Movement
No movement
Occasional slight movement
Frequent slight movement
Vigorous movement limited to extremities
Vigorous movements including torso and head
Mean arterial pressure
Below baseline
Consistently at baseline
Infrequent elevations of 15% or more during observation period
Frequent elevation of 15% or more (>3 during observation period)
Sustained elevation of 15% or more
Heart rate
Below baseline
Consistently at baseline
Infrequent elevations of 15% or more during observation period
Frequent elevation of 15% or more (>3 during observation period)
Sustained elevation of 15% or more
Facial expression
Facial muscles totally relaxed
Facial muscles tone normal, no facial muscle tension evident
Tension evident in some facial muscles
Tension evident throughout facial muscles
Facial muscles contorted and grimacing

Score
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
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For individual item, the mean score ranged from 1.33
to 2.10 whereas the minimal and maximal score were 1
and 5 respectively. For the total score, the mean, minimal
and maximal values were 13.12, 7 and 25 respectively
(Table 2).
The Spearman's correlation coefficients for the inter-rater
agreement between doctors and senior nurses, doctors and
nurses as well as nurses and senior nurses on the total scores
were 0.760, 0.626 and 0.776 respectively, all p<0.05
(Figures 1-3). The agreements on the individual items are
shown in the Table 3. The reliability coefficient alpha for
all the items was 0.804. The alpha for each individual itemtotal correlation ranged from 0.38 to 0.71. The individual
alpha if item deleted ranged from 0.74 to 0.83 (Table 4).

minimum and maximum of total scores were 7 and 35
respectively. A smaller score indicated a deeper sedation
level.
Before each assessment, the observers would make an
agreement on the baseline heart rate (HR) and blood
pressure (BP) by reviewing the observation chart in the prior
six hours. The observation was then performed
independently by each observer at the same time. Eyeshields if present for phototherapy were removed for
observation of the facial expression. BP was measured with
oscillometric method if there was not a direct measurement
via arterial line.
Inter-rater agreement between any combinations of
paired observers was analysed with Spearman's correlation
coefficient. Internal consistency of the variables was
analysed with reliability coefficient alpha, item-total
correlation and alpha if item deleted. P<0.05 was regarded
as statistically significant. SPSS 11.0 was used for statistical
analysis.

Results
Fifteen patients were recruited. The primary indications
for mechanical ventilation were: respiratory distress
syndrome (6), pneumonia (3), bronchopulmonary dysplasia
(2), meconium aspiration syndrome (1), apnoea (1), sepsis
(1) and birth asphyxia (1). Each infant was assessed for
one to six times. A total of 27 episodes of assessment were
performed. At the time of assessment, the post-conceptional
age ranged from 23 to 54 weeks and the body weight ranged
from 560 to 3740 grams. Among these 27 episodes, no
sedative medication was given in the prior four hours in 15
instances. In the remaining 12 episodes, fentanyl infusion
was given at a rate from 1.2 to 4 µg/kg/hour. Midazolam
infusion at a rate from 0.02 to 0.2 mg/kg/hour in addition
to fentanyl was given in four episodes.

Table 2

Figure 1

Correlation of total score between doctors and senior

nurses.

Results of individual and total scores of the modified COMFORT scale

Variables

Mean

Minimum

Maximum

Standard deviation

Alertness
Calmness
Respiration
Movement
Mean arterial pressure
Heart rate
Facial expression

2.05
1.33
1.94
1.88
2.10
2.01
1.84

1
1
1
1
1
1
1

4
3
4
4
5
5
3

0.85
0.57
0.68
0.70
1.10
0.75
0.68

Total score

13.12

7

25

3.69
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Figure 2

Correlation of total score between doctors and nurses.

Figure 3

Correlation of total score between nurses and senior

nurses.

Table 3

Inter-rater agreement (Spearman's correlation coefficients) of the modified COMFORT scale
Doctor-senior nurse

Doctor-nurse

Senior nurse-nurse

Alertness
Calmness
Respiratory response
Movement
Mean arterial pressure
Heart rate
Facial expression

0.717*
0.319
0.719*
0.791*
0.765*
0.818*
0.546*

0.624*
0.368
0.696*
0.523*
0.705*
0.512*
0.369

0.702*
0.292
0.763*
0.559*
0.583*
0.677*
0.430*

Total score

0.760*

0.626*

0.776*

* P<0.05

Table 4

Internal consistency of the modified COMFORT scale

Alertness
Calmness
Respiratory response
Movement
Mean arterial pressure
Heart rate
Facial expression

Item-total correlation

Alpha if item deleted

0.71
0.46
0.63
0.70
0.38
0.51
0.52

0.74
0.79
0.77
0.75
0.83
0.78
0.78
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Discussion

current study from the original COMFORT study. We
included infants in the NICU only whereas infants from
newborn to aged 204 months were recruited in the original
study.
There were some differences when comparing our results
to the original study. Firstly, the alpha coefficient for the
internal consistency in our study was smaller (0.80 vs.
0.90). Alpha coefficient measures the average of reliability
of all individual items in a scale. A greater value would
indicate a greater overall reliability of the scale. Secondly,
the Pearson correlation coefficient for inter-rater agreement
of the original study was 0.84. For our study, we applied a
non-parametric test namely Spearman's correlation
coefficient because of our small sample size. Nevertheless,
the results were still quite satisfactory.
Surprisingly, the inter-rater agreement for two
physiological items, i.e., mean arterial pressure and heart
rate, were not very great (Table 3). It was expected to be
good since these parameters were apparently more
objective. However, subjective impression to score these
two items still existed for the terms like 'infrequent',
'frequent' and 'sustained', etc. The assessor might also
unreliably estimate 'elevation of 15% or more'. In addition,
the internal consistency of these two items was not as
satisfactory as expected. The item-total correlation, which
measures the correlation of each individual item to others,
was 0.38 and 0.51 only for mean arterial pressure and heart
rate respectively (A smaller value would indicate a smaller
correlation). Alpha if item deleted, which measures the
overall internal consistency of the scale if the individual
item is deleted, was greatest (0.83) for mean arterial pressure
(A greater value would indicate that the reliability of that
item is smaller) (Table 4). These results imply that the
physiological variables might not be as reliable as originally
thought. However, this result was similar to a study
performed in 18 mechanically ventilated infants and
children30 as well as to another study performed in 78 infants
and children with or without ventilation,31 in which the
correlation or reliability of these two items was the worst.
It was postulated that these physiological responses were
affected by haemodynamic disturbances and might be
independent of comfort levels.30
There were several limitations in our study. Firstly, the
patients were recruited by convenient method only. This
method was chosen because of the limitation of our existing
setting so as to minimise the effect to the patients' care.
Bias was possible in the selection of patients. Indeed the
scores of individual items as well as the total scores tended
to be small. The current result might not reflect the real

At least 20 different tools16 for assessing sedation levels
in adults was studied since Ramsay scale was first developed
in 1974.17 The Ramsay scale, which has been validated in
at least three studies involving 177 patients and more than
1100 assessments, was applied in at least 20 studies. The
scale is simple to use but the single item used in the scoring
system may lead to loss of clinically significant information
and measurement error. 16 In addition, it may not be
applicable to paediatric patients. For paediatric patients, at
least five different sedation scoring systems were
developed.15,16,18-20 However, all the studies were performed
in a wide age range from neonates to older children. The
gestational age of the neonates was not specified in the
studies. On the other hand, scoring systems for measuring
pain in neonates were extensively studied but they were
not primarily used to measure sedation level in neonates
who were mechanically ventilated. 21-28 Mechanical
ventilation is a common intervention for critically ill
neonates including premature babies. It may be necessary
to develop a sedation score for this group of patients.
Among the existing scoring systems, there was no data
to demonstrate which one was superior.16 We selected the
COMFORT scale because of several reasons. Firstly, the
number of items was not as large as in some studies such
as the Vancouver Sedative Recovery Scale (VSRS) that
consisted of 12 items. In addition, only patients after trauma
or surgery were recruited in that study.18 Secondly, as a
distinctive feature from other systems, more physiological
variables such as heart rate and blood pressure were
introduced in this scale. We thought, before the result
analysis, that the observation might then be more objective.
Thirdly, the results of inter-rater agreement for the total
score and the internal consistency were also satisfactory.15
Lastly, the scale has also been validated.29
However, we made a modification on the original scale
by deleting the item of 'muscle tone' because of three
reasons. Firstly, the result of internal consistency of this
item was found to be the worst in the original study.
Secondly, the alpha coefficient of the total COMFORT scale
was the largest when this item was deleted. This implied
that the overall performance of the scale may improve after
the deletion of this item. Thirdly, the assessment of the
muscle tone should involve handling the patients, which
may then increase the risk of nosocomial infection. Hand
washing was otherwise required and more time would then
be necessary for each assessment.
There was another difference in the study design of the
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situation when the patients were actually poorly sedated.
Secondly, we did not perform a 'validation' for the current
study. It might be difficult to identify a gold standard for
validation. As mentioned before, other scoring systems such
as the Ramsay score had their own limitations. Observation
by an 'expert' as the gold standard as applied in some studies
might be too subjective even he or she was experienced
with this aspect. Before the use of COMFORT scale, there
was no standard practice among our staff and the assessment
of sedation relied on individual knowledge, skill and
experience. In the future, the validation study of any scoring
system may require an objective tool such as the bispectral
index.32
Although the sample size of the current study was
small, it served the purpose to guide the future
application in mechanically ventilated neonates
including those were premature. After proposing a
standard tool and skill, application in patients may be
tried and further protocol may then be developed for
different interventions like adjusting sedation medication
according to the different scores. Future studies may be
considered on the effect of patients' outcomes such as
duration of mechanical ventilation and episodes of
unplanned extubation, etc. that have been performed in
adult patients. 31
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