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Validation of sedation scores in mechanically 
ventilated children admitted to a tertiary 
pediatric intensive care unit  

Validação de escalas de sedação em crianças submetidas 
à ventilação mecânica internadas em uma unidade 
de terapia intensiva pediátrica terciária 

Artigo originAl

 introDUCtion

Most patients admitted to the pediatric intensive care unit (ICU) need 
sedation and analgesia to optimize treatment. Sedation lessens agitation 
and permits better synchronization with mechanical ventilation, reduces 
oxygen demand and controls anxiety or pain caused by disease or by the 
unit environment.(1)  For an adequate assessment of the patient’s sedation 
level, a practical, objective and easy to use tool is required. Although the 
clinical opinion of physicians and nurses is important, a scale applica-
tion is required to estimate the neurophysiologic effects of sedatives and 
other interventions as well as to permit a comparison between samples of 
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ABStrACt

objectives: Sedation scores are im-
portant tools for use in pediatric inten-
sive care units. The Comfort-Behavior 
scale is a valid method for the assess-
ment of children although it is con-
sidered an extensive scale. The motor 
activity assessment scale is validated for 
an adult population. We considered it 
simpler then the one above and suit-
able for application in children. None 
of these scores had been translated into 
Portuguese. Our objective was to apply 
both scales in Portuguese to a pediat-
ric population under mechanical ven-
tilation. Secondary objectives were to 
evaluate the sedation level of children 
on mechanical ventilation in tertiary 
pediatric intensive care units and to 
compare the Comfort- Behavior and 
motor activity assessment scales in this 
population. 

Methods: After translating the 
scales into Portuguese, both were si-
multaneously applied to 26 patients by 
2 pediatricians. Each scale was applied 

116 times in total. 
results: The intraclass correlation 

coefficient was 0.90 (0.85 – 0.93 CI 
95%) for the Comfort-Behavior and 
0.94 (0.92 – 0.96 CI 95%) for the 
motor activity assessment scale. When 
applying the Comfort-Behavior scale, 
the Crombach’s alpha was 0.81 for 
observer A and 0.92 for observer B. 
The Spearman coefficient was 0.86 
for observer A and 0.91 for observer 
B. These patients were found to be 
deeply sedated, showing low values in 
both scales. 

Conclusions: The scales were suc-
cessfully translated into Portuguese 
and both were adequate to assess pain 
and sedation in the pediatric popula-
tion under mechanical ventilation. Se-
dation level was high in this sample of 
applications.
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patients.
The validated sedation scales for an adult popu-

lation are readily found in literature. However, spe-
cific scales for the pediatric population are scarce. The 
Comfort scale was described by Ambuel et al. in  1992  
and is validated for critically ill pediatric patients.(2)   
However, as this scale describes behavior and physi-
ological parameters (heart rate and arterial pressure) 
and the latter usually are controlled in  an intensive 
care environment, in 2005 the Comfort-Behavior scale 
was validated as an alternative for the first one. It was 
comprised only of behavior variables, and further had 
an item on crying for a better assessment of the child 
out of mechanical ventilation (Appendix 1).(3)  In in-
ternational literature the Comfort-Behavior scale was 
validated comparing it to the Comfort scale.(4) This is 
considered a difficult scale to apply as it is lengthy; 
and not validated for the Portuguese language. 

As opposed to the complexity of the Comfort-
Behavior scale, there are simpler and more objective 
validated scales for adults.  The Motor Activity As-
sessment Scale (MAA) ranks patients in the intensive 
care unit (ICU) by a cognitive spectrum using clear 
and concise descriptions for each category (Appendix 
2).(5)  The scale was initially validated for adult, surgi-
cal patients under mechanical ventilation. This scale 
has not yet been validated for the pediatric population 
or for the Portuguese language.

Considering the growing use of sedation in the 
PICU of the  Hospital de Clínicas de Porto Alegre 
and the need for a specific protocol to assess the pa-
tients’  level of sedation, this study was carried out 
for the primary  purpose of validating the Comfort-
Behavior and  the Motor Activity Assessment Scale 
for the Portuguese language for children submitted to 
mechanical ventilation. Secondary purposes were to 
assess the level of sedation and compare performance 
of the MAA scale with the Comfort-Behavior for the 
pediatric population under mechanical ventilation 
staying at the unit under study.

MEtHoDS

After approval by the Research Ethics Committee of 
the Hospital de Clínicas de Porto Alegre a cross section-
al, observational study was carried out at the PICU of 
the Hospital de Clínicas de Porto Alegre a tertiary ref-
erence academic general hospital with 13 beds. There, 
children from the 28th day to 16 years of age are admit-
ted for a variety of clinical and surgical treatments, with 

the exception of cardiac surgery and trauma.  Due to 
the observational characteristics of the study a written 
informed consent was not required.

All patients admitted to the PICU and under me-
chanical ventilation were eligible for the study. Patients 
with traumatic brain injury eventually admitted to the 
unit, as well as those with hypoxic-ischemic encephal-
opathy, ischemic or hemorrhagic stroke, cerebral pa-
ralysis, alterations of the muscle function, metabolic 
or induced coma by undue use of drugs or medication 
(intoxication, attempted suicide or negligence) were 
excluded from this sample.

tools

Comfort-Behavior Scale

As previously described, the Comfort-Behavior 
scale derives from the Comfort scale, the most exten-
sively used and a basis for the majority of recent com-
parative studies. This scale presents eight variables 
each one with six scores. Physiological variables, heart 
rate (HR) and arterial pressure (AP) are used to more 
objectively evaluate the level of distress; however, the 
correct use of these variables assumes that the basic 
values for HR and AP are adjusted every day. Because 
these variables are medicated and controlled in the 
PICU, their utility in the assessment of the sedation 
adequacy is questionable. The Comfort-Behavior scale 
refers only to behavior variables using in addition, an 
item regarding crying for better assessment of children 
out of mechanical ventilation. Ista et al. evaluated the 
validity of applying physiological variables in the scale 
(Comfort vs. Comfort-Behavior) and concluded that, 
without the physiological variables, the internal con-
sistency measured by the Crombach’s alpha increased 
from 0.78 to 0.84.(4)  After publication of this study, 
which concluded that the adjusted scale is a reliable 
alternative to the Comfort scale, the latter has been 
increasingly used in the PICU. The same study also es-
tablished cut-off points in the Comfort-B scale, based 
upon application by trained nurses and a comparison 
to the Nurse Interpretation Sedation Scale (NISS) was 
made. Whereupon it was suggested that a score ≤ 10 
would correspond to super-sedation and ≥ 23 to low 
sedation. Intermediate scores (11-22) could not pre-
dict the degree of sedation, requiring a more careful 
observation. This scale is considered complex because 
of the number of variables at each level, in addition to 
being an extensive scale.
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Motor Activity Assessment Scale (MAA)  

Developed in an ICU in Utah, it uses seven levels 
of consciousness characterized by response to pain and 
degree of cooperation. Each assessment must strictly 
follow the explanation corresponding to each category, 
leaving only a small margin for different interpretations 
(Appendix 2). It does not rank but classifies the sedation 
level. Thus, the MAA standardizes and facilitates record-
ing and assessment of the level of patient’s sedation, in 
addition, its application takes little time.

Protocol  

Translation of the scales into the Portuguese language 

The project started with the translation and retro-
translation of the scales into the Portuguese language. 
As such, the scales were translated from English into the 
Portuguese language and then again translated into Eng-
lish based upon their Portuguese version. After a com-
parison was made between the two scales (original ver-
sion and translated version into English based upon the 
scale in Portuguese) by a person whose native language 
is English.

Application of the scales

Application was performed by two resident physi-
cians in a pediatric intensive care unit, once a day (in the 
morning) for each patient included in the study, by se-
quential order of the beds (from “A” to “M”) Application 
of the two scales was performed in a blind and sequen-
tial way, however simultaneously by the two observers. 
For each application of the two scales, a report with the 
patient’s data was filled out with age, gender, diagnosis, 
mechanical ventilation parameters (MV), sedation used 
and doses of vasoactive drugs.

Sample calculation and statistical analysis 

The calculated sample for this study was of 113 ob-
servations for each scale, considering the identification 
of a minimum correlation coefficient of 0.3 with a two-
tailed alpha of 0.05 and a statistical power of 90%.

After collection, data were stored in a database struc-
tured in the Excel 2002, Microsoft Office program to be 
analyzed in SPSS 12.0. Frequencies of demographic data 
and medians and interquartiles for qualitative variables 
were described whenever appropriate.

Reproducibility of the scales was assessed by means 
of the interclass correlation coefficient (ICC). An ICC 
≥ 0.75 corresponds to an excellent correlation, between 
0.4 and 0.75 the ICC is considered moderate and, un-
der 0.4 the ICC is considered weak. Internal consistency 
of the Comfort-Behavior scale was assessed by using the 
Crombach’s alpha coefficient in the assessment of the 
MAA scale, no statistical tests were performed because 
it is a classifying scale.  Because there is no gold stan-
dard for the assessment of sedation in children, and the 
Comfort-Behavior scale is validated for pediatrics, con-
current validity was tested with the Spearman coefficient 
comparing assessments of each scale. 

rESUltS 

From May 15 to September 15 of 2005, 464 assess-
ments were recorded (116 paired scores for each scale), 
in a total of 26 patients. Median of age was 6 months (2 - 
12 months, IQ25-IQ75). Nineteen boys and 7 girls were 
observed and the more frequent diagnoses were those of 
respiratory disease (84%), while postoperative and sepsis 
were responsible for 8% (n=2) each (Table 1). Combina-
tion of midazolan with fentanyl was the most often used 
continued sedation and analgesia design and 100% of 
the assessed children were under the regimen of sedation 
in continuous infusion.

table 1– Demographic characteristics of the population 
studied 
Characteristics Results
Age (months)*      6 (2-12)
Gender

Male    73 (19)
Female    27 (7)

Respiratory diagnoses
Pneumonia 11.5 (3)
Bronchitis 38.5 (10)
High obstruction 11.5 (3)
Wheezing   7.7 (2)
Acute respiratory distress syndrome 15.4 (4)

Other diagnoses (postoperative and sepsis) 15.4 (4)
Results expressed  %(N) except * expressed in median (interquartile 
25% - 75%)

The interclass correlation coefficient was of 0.90 (CI 
95% 0.86 – 0.93; p < 0.01) for the Comfort-Behavior 
scale and of 0.95 (CI 95% 0.92 – 0.96; p < 0.01) for 
the MAA scale, disclosing an excellent reproducibility 
of the Portuguese version of both scales. The Crombach 
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coefficient for observer A when applying the Comfort-
Behavior scale was of 0.81 and for observer B of 0.92, 
showing a very good internal consistency. (Table 2). In 
assessing concurrent validity, the Spearman coefficient 
for observer A was of 0.88 and for observer B of 0.91 
with p<0.01 for both.

In this sample, 55% of patients had Comfort-Behavior 
scores of less than 10. The scores most often given were: 
7 by observer 1 (17.2%) and 6 by observer 2 (34.5%). 
Using cut-off points previously described in literature to 
categorize results in the Comfort-Behavior scale, scores 
of ≤ 10 were found in 62% of the times, when the scale 
was applied by observer 1 vs.  67% when it was applied 
by observer 2, with kappa of 0.69. Only one score over 
23 was fond. Regarding the MAA scale, 42% of patients 
were considered in a non-responsive state and 15% in 
a responsive state only to pain stimuli. The score most 
often given was zero for the two observers, with kappa 
of 0.64. 

DiSCUSSion

To date there were no validated scales in the Portu-
guese language. This work carried out the validation of 
scales used into Portuguese. For this purpose the referen-
tial of translation and retro-translation of the tools was 
used and tests of reproducibility (interclass correlation 
coefficient) were performed and internal consistency 
among the 116 applications carried out by each of the 
two observers in each scale. Results of the ICC and of 
Crombach’s alpha are excellent, validating this version of 
the scales translated into Portuguese.

On occasion, interpretation of results of applications 
of the Comfort-Behavior scale, that range from 8 to 40 
may not be precise and not present a clinical relevance. 
In the endeavor to solve this issue, the Ista et al.,(4)  study 
previously mentioned, suggests a cut-off points for classi-
fication of patients in super sedated (score 6-10) sedated 
(from 11 to 22) and less sedated ( more than 23). Taking 
these cut-off points as valid and analyzing our sample 
from this aspect, mean of scoring is on the limit between 

the two first cut-off points, independent from variation. 
This discloses a sample of quite sedated patients. When 
analyzing the most frequently found diagnoses in this 
population, we found 72% with pulmonary disease. 
This may reflect a need for handling (deeper sedation 
to better tolerate high MV parameters) or a tendency 
of the studied PICU team to maintain patients under 
high sedation. About 35% of patients were between the 
11 and 22 scores in this scale, scores that represent a 
population needing special attention and that cannot be 
easily classified as adequately sedated. Literature suggests 
that these patients needed another type of assessment. In 
these cases use of the bispectral index (BSI) may explain 
the patients’  level of consciousness and the level of seda-
tion and analgesia required.(6,7)

Studies seeking to compare Comfort and Comfort-B 
with new scales are not unusual(6,8) since these scales are 
considered long and complex there is an ongoing search 
for alternatives. The initial consideration for the choice 
of the MAA scale was based precisely on its simplicity, 
believing that this would lead to a more coherent and 
reproducible analysis, in addition to being a scale appli-
cable to pediatric patients. Data analyzed disclosed that 
this scale correlates well with the sedation levels of the 
Comfort-Behavior scale (with a Spearman coefficient).

ConClUSion 

The Comfort-B and MAA scales in Portuguese have 
proven to be adequate for assessment of sedation and an-
algesia of children in the ICU under mechanical ventila-
tion due to diverse diseases, and are equivalent among 
themselves.

Use of these sedation and analgesia scales for assess-
ment of therapeutic adequacy for patients is a growing 
practice in pediatrics, especially in an environment such 
as the PICU. The existence of different types of scales 
discloses the lack of international standardization. Fur-
thermore, existing scales require adequacy of the vari-
ables according to the population cared for in each spe-
cific unit (postoperative, use or not of mechanical ven-

table 2 – Validation of the Portuguese version of the scales 
Properties Comfort – B

(CI 95%)
P value MAA

(IC 95%)
P value

Reproducibility (ICC) 0.90 (0.86– 0.93) < 0.01 0.95 (0.92-0.96) < 0.01
Internal  consistency  (Crombach’s alfa)

Observer  1 0.81 Not applicable
Observer 2 0.92 Not applicable 

ICC – interclass correlation coefficient; CI -  confidence interval;  MAA- Motor activity assessment
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rESUMo

objetivos: O uso de escalas de sedação é fundamental em 
unidades de terapia intensiva pediátrica. A escala Comfort-
Behavior é validada para avaliação de crianças, contudo, é um 
instrumento extenso. A escala de avaliação da atividade motora 
está validada para adultos, é mais simples do que a anterior e 
possível de ser usada em crianças. Nenhuma dessas escalas está 
validada na língua portuguesa. O objetivo primário deste estudo 
foi validar as duas escalas traduzidas para o português em crian-
ças submetidas à ventilação mecânica. Os objetivos secundários 

foram avaliar o nível de sedação dos pacientes em ventilação 
mecânica de unidades de terapia intensiva pediátrica terciária e 
comparar o desempenho das duas escalas nesta população. 

Métodos: Após a tradução para o português, as escalas foram 
aplicadas em 26 pacientes por dois médicos, simultaneamente. 
Obteve-se um total de 116 observações por escala. 

resultados: O coeficiente de correlação intraclasse foi 0,90 
(IC95% 0,85 – 0,93) para a escala Comfort-Behavior e 0,94 (IC 
95% 0,92 – 0,96) para a avaliação da atividade motora. O alfa 
de Crombach para o observador A ao aplicar a escala Comfort-
Behvior foi 0,81 e para o observador B, 0,92. O coeficiente de 
Spearman para o observador A foi 0,86 e para o observador B, 
0,91. As aplicações das escalas revelaram pacientes bastante se-
dados, atingindo pontuações baixas em ambas. 

Conclusões: A validação das escalas Comfort-Behavior e 
avaliação da atividade motora para o português foi realizada 
com sucesso. Ambas foram adequadas para emprego em crian-
ças em ventilação mecânica. Nas aplicações avaliadas, o nível de 
sedação observado na unidade estudada foi alto. 

Descritores: Unidades de terapia intensiva pediátrica; 
Respiração artificial;  Monitorização fisiológica; Medição da 
dor/métodos; Analgésicos/padronização; Comportamento 
infantil; Criança
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Appendix 2 – Motor activity assessment score (MAA)
Non-responsive Does not move with pain stimulus 0
Responsive only 
to pain stimulus*

Opens the eyes or lifts the eyebrows or 
turns the head towards the stimulus or 
moves the limbs with pain stimulus.

1

Responsive to 
touch or name

Opens the eyes or lifts the eyebrows or 
turns the head towards the stimulus or 
moves the limbs when touched or the 
name is spoken in a loud voice.

2

Calm and coo-
perative

No external stimulus is needed to pro-
voke movement and patient  actively ar-
ranges the sheets or clothes  and follows 
commands.

3

Restless and coo-
perative

No external stimulus is needed to pro-
voke movement and patient  is pulling 
the sheets or tubes or uncovering and 
follows commands.

4

Agitated No external stimulus is needed to pro-
voke movement and tries to sit or moves 
the limbs out of the bed and does not 
consciously follow commands.

5

Dangerously agi-
tated 

No external stimulus is needed to pro-
voke movement and patient is pulling 
tubes and catheters or turning from one 
side to the other  or hitting the caregi-
vers or trying to get out of bed and does 
not calm down  when  requested.

6

*Painful stimulus: aspiration or 5 seconds of orbital, sternum or nail 
bed pressure

Appendix 1 - Comfort-B scale     
Level of consciousness: alert

Deep sleep 1
Light sleep 2
Lethargic 3
Awake and alert 4
Hyper-alert 5

Calmness / Agitation
Calm 1
Slightly anxious 2
Anxious 3
Very anxious 4
Panicky 5

Respiratory response (only if patient  is under mechanical 
ventilation)

Absence of coughs  and of spontaneous breathing 1
Spontaneous respiration with little or no response to 
ventilation

2

Coughs or occasional resistance to the ventilator 3
Active breathing against the ventilator or regular coughs 4
Fights  ventilator, coughs 5

Crying (only if patient is breathing spontaneously)
Quiet breathing,  no crying sounds 1
Mumbling/ whimpering 2
Whining (monotonous sound) 3
Crying 4
Screaming 5

Physical movement
Absence of movement 1
Occasional slight movements 2
Slight frequent movement 3
Vigorous movement restricted to the extremities 4
Vigorous movement including head and chest 5

Muscular tone
Totally relaxed 1
Reduced muscle tone 2
Normal muscle tone 3
Increased muscle tone  with flexion of fingers and toes 4
Extreme rigidity with flexion of fingers and toes 5

Facial tension 
Facial muscles totally relaxed 1
Normal facial tone, without evident tension 2
Evident tension of some facial muscles 3
Evident tension of the whole face  4
Contorted facial muscles 5


