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Introduction

Sedation is one of the essential interventions in ICU. To increase 
the patient’s comfort and reduce complications associated with 
sedation, it is essential to precisely set the target of sedation depth 
for each patient and appropriately maintain the particular depth [1-
3]. For instance, excessively deep sedation would cause difficulty in 
ventilator weaning due to the atrophy and weakness of respiratory 
muscles, which may result in prolonging a ventilator fitting period or 
developing ventilator-related pneumonia (VAP) [4]. On the contrary, 
under a shallow sedation depth, a report shows that the case of 
accidental extubation in ventilators increases, followed by restlessness 
or agitation [5]. Therefore, establishing an objective “sedation scale,” 
a common standard among medical professionals in evaluating the 
sedation depth, should be mandatory. The use of the sedation scale 
is currently recommended in practice on patients under intensive 
care management, particularly during mechanical ventilation 
management [6]. Given this situation, the use of the Richmond 
Agitation Sedation Scale (hereinafter referred to as “RASS”) has been 
recently recommended, mainly for adult patients, as an appropriate 
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sedation scale [7-9]. However, on the other hand, no recommendation 
has been made to use a specific sedation scale in the field of Pediatrics 
[10]. The cognitive and language abilities of pediatric patients are 
underdeveloped, in which the process of informed consent is often 
problematic. To make matters worse, those infants may suffer 
significant stress, not only from medical treatment or surroundings of 
a unique ICU environment but also from being separated from their 
family. Therefore, the management of pediatric patients in ICU is often 
challenging, which requires deeper sedation depth and a higher level 
of pain relief than those of adult patients [10]. However, the number 
of sedation scales assessed for their reliability and validity in pediatric 
patient management in mechanical ventilation is quite limited [11]; 
although the state behavioral scale (SBS) has been reported as a 
candidate for sedation scale of pediatric patients, no recommended 
sedation scale has been established in the treatment of pediatric 
patients as in its adult counterpart. Consequently, a simple and reliable 
scale in determining appropriate sedation depth according to each 
patient’s growth development stages is required. A pediatric hospital 
adopted the use of the Richmond Agitation-Sedation Scale (RASS) 
in 2014, and physicians and nurses have since determined optimal 
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levels of sedation based on their patients’ scores. This study was based 
on children who underwent artificial respiration management in the 
pediatric intensive care unit (PICU), and evaluated the impact on 
clinical outcomes of using RASS to evaluate their sedation levels.

Design and Methods

Patients

This study included children admitted to the hospital’s PICU 
between 2012 and 2016. All children had received artificial respiration 
management under sedation during their PICU stay. We excluded 
patients who received muscle relaxants or who underwent artificial 
respiration management using high-frequency oscillatory ventilation 
or airway pressure release ventilation. The RASS was used to measure 
the level of sedation because its reliability and validity have been 
established in adults.

Data Analysis

Univariate analysis was performed for the mean duration of stay 
in the PICU before and after the introduction of RASS, the number of 
days of artificial respiration management, the number of pneumonia 
cases associated with artificial respiration machines, and the number 
of unplanned extubations. Subsequently, multivariate analysis was 
conducted to confirm the efficacy of the RASS for each outcome 
measure, with the potential confounders found to be statistically 
significant in the univariate models included as covariates. P-values 
less than 0.05 were considered statistically significant. All tests were 
performed using SPSS ver. 27.0J (IBM Corp., Armonk, NY).

Ethical Considerations

This study was carried out in accordance with the Ethical 
Guidelines for Medical and Health Research Involving Human 
Subjects established by the Ministry of Health, Labor, and Welfare 
and was approved by the hospital’s Institutional Ethics Committee 
(Approval Number: 998). This hospital has been designated as the 
national research center for advanced and specialized medical care, 
and promotes the treatment and research of diseases during the 
reproductive cycle.

Findings

Patient Characteristics and Clinical Outcomes

A total of 1715 patients were included in the study; their median 
age was 18 months (6–60 months). The median Proviral Integrations 
of Moloney virus 2 (PIM2) was 2.3 (1.0–5.4), the median Pediatric 

Cerebral Performance Category (PCPC) before admission to the PICU 
was 1.0 (1.0–3.0), the median number of days of artificial respiration 
management was 4.0 (2.0– 8.0), and the median PICU stay was 7.0 
days (4.0–12.0) (Table 1).

Midazolam and opioids were mainly used as analgesics and 
sedatives. Dexmedetomidine, ketamine, and phenobarbital were used 
as second-line drugs or adjuvants. The dose was adjusted as necessary 
according to the instructions of the on-site intensivist.

Verification of Effectiveness of Each Variable Pre-and Post-
introduction of RASS

Study outcomes were compared for the periods pre- and post-
introduction of the RASS in 2014. Changes in the number of days of 
artificial respiration management and in the duration of PICU stay 
were assessed using the Mann–Whitney U test for non-parametric 
variables. In addition, the chi-square test was used to compare changes 
in the number of cases of ventilator-associated pneumonia (VAP) and 
of unplanned extubations. There were no significant differences in the 
number of PICU days (p=0.296), artificial respiration management 
days (p=0.499), or number of unplanned extubations (p=0.456) pre- 
and post- introduction of RASS. In contrast, a statistically significant 
difference was observed in the number of VAPs (p=0.007) (Table 2).

Verification of Effectiveness for VAP Post-introduction of 
RASS

Multivariate analysis using logistic regression was performed for 
the number of VAPs, controlling for patient sex and age (months), 
PIM2, PCPC before admission to the PICU, the number of days of 
artificial respiration management and of ICU stay, and whether RASS 
was used as an assessment tool. A variable reduction technique, based 
on the likelihood ratio test, was used to select the covariates tested 
in the models. The results indicated that patient age, PIM2, PCPC, 
the number of days of artificial respiration management, and RASS 
introduction affected the number of VAPs. Specifically, the number 
of VAPs was significantly associated with patient age (odds ratio 
[OR]=1.010, 95% confidence interval [CI]: 1.000- 1.010, p=0.002), 
number of days of artificial respiration management (OR=1.05, 95% 
CI:– 1.040-1.060, p<0.001), PIM2 (OR=1.010, 95 % CI : 1.010-1.020, 
p<0.001), PCPC (OR=0.847, 95% CI: 0.717-1.000, p=0.04), and RASS 
introduction (OR=0.518, 95 %CI: 0.296-0.905, p=0.021). The Hosmer–
Lemeshow test showed a goodness of fit for the logistic regression 
model (p=0.753). The discrimination rate between the predicted and 
actual values was 91.3% (Table 3).

 

Table.1  Patient characteristics and clinical outcomes (N=1715)
 Characteristics and clinical outcomes N(%) median  (IQR) 
Sex
  Male 944(55)
  Female 771(45)
Age(Months) 18.0(6.9-60.0)
Pediarric Index of Mortality 2, median 2.3(1.0–5.4)
Before entering the PICU, Pediartic Cerebral Peformance Category 1.0 (1.0–3.0)
Duration of mechanical Ventilation  (days) 4.0 (2.0–8.0)
PICU stay(day) 7.0 (4.0–12.0)



Integr J Nurs Med, Volume 3(3): 3–4, 2022 

Masahiro Haraguchi (2022) Evaluation of the Validity of the Richmond Agitation Sedation Scale in Critically Illness Infants and Children: A 
Retrospective Cohort Study

Discussion

Clinical sequelae of artificial respiratory management were 
compared for the periods before and after the RASS was introduced 
as an assessment tool in the PICU. After controlling for demographic 
and clinical factors, use of the RASS did not make a significant 
difference in the number of days patients spent in the PICU, the 
number of days of artificial respiration management, or the number of 
unplanned extubations. However, a statistically significant difference 
was observed in the number of VAPs, representing a 50% reduction 
in the risk of their occurrence. Analysis was performed to clarify 
the association between the number of VAPs and sex, age (months), 
PIM2, PCPC before admission to the PICU, the number of days of 
artificial respiration management and ICU stay, and the presence 
or absence of RASS. An appropriate use of sedatives contributes to 
improving outcomes in adults, such as prevention of VAP, reduction 
in the period of artificial respiration management, and improvement 
in survival [12-14]. The results of the present study demonstrated that 
using RASS to optimize sedation management significantly reduced 
the risk of VAP. Muscle weakness and functional impairments, such 

as cognitive/mental function disorder, are known complications after 
artificial respiratory management and have been labeled as ICU-
acquired weaknesses [15]. To prevent these conditions, it is necessary 
to appropriately manage the risk factors in the acute phase, with 
particular attention to the appropriate management of sedatives. 
RASS assessments are thus an important component of the PICU VAP 
prevention bundle. The reliability and validity of the COMFORT scale, 
a sedative scale for children, has been established [16]. However, this 
scale cannot discriminate between analgesic and sedative effects as it 
assesses patients’ distress as well as pain. Furthermore, the results are 
represented as the total score of each item (range: 8–40 points), making 
it difficult to set target values in advance. The reliability and validity 
of the State Behavioral Scale have been established, a Japanese version 
is also being developed [17]; however, its application in the PICU is 
complicated by the number of evaluation items. Based on the above 
facts, we used the RASS to evaluate the patients’ level of sedation in the 
PICU. Previous studies have shown that the RASS is quick, intuitive, 
and an excellent tool for use in the PICU [18,19]. In adult patients, the 
RASS is used as part of the Confusion Assessment Method (CAM- 
ICU) for delirium evaluation of ICU patients. There is also a modified 

 

Table2. Verification of effectiveness of each variable pre-and post-introduction of RASS

Variable Number of patients median days (IQR) p-value 
PICU stays (N=1715)a

Pre-introduction of RASS 1372 7(4-13) 0.296
Post-introduction of RASS 343 6(4-11)

Duration of mechanical Ventilation(N=1715)b

Pre-introduction of RASS 1372 4(2-8) 0.499
Post-introduction of RASS 343 3(2-7)

Number of unplanned extubations(N=1715)b

Pre-introduction of RASS 1349 23 0.456
Post-introduction of RASS 340 3

Non-VAPs VAPs p-value 
Number of VAPs(N=1715)b

Pre-introduction of RASS 1248 124 0.007**

Post-introduction of RASS 327 16
a Mann–Whitney U test
b the chi-square test
 p＜ 0.05*　 p＜ 0.01**

 

Table.3　 Verification of effectiveness for VAP post-introduction of RASS (N=1715)

Age(months) 0.005 0.002 9.458 1 0.002** 1.005 1.002 - 1.009
PIM2 0.015 0.004 11.698 1 0.001** 1.015 1.006 - 1.023
Number of days of artificial respiration management 0.051 0.006 70.830 1 0.000** 1.052 1.040 - 1.065
PCPC before admission to the PICU -0.166 0.085 3.869 1 0.049* 0.847 0.717 - 0.999
RASS introduction -0.657 0.285 5.318 1 0.021* 0.518 0.296 - 0.906
constant -2.960 0.212 194.664 1 0.000 0.052

Variable 95 ％  confidence interval
[CI]

B SD Wald df Significance probability
[p-value ]

odds ratio
[OR]

The discrimination rate between the predicted and actual values was 91.3% 

p＜ 0.05*　 p＜ 0.01**

The Hosmer–Lemeshow test showed a goodness of fit for the logistic regression model (p=0.753)
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version, the pCAM-ICU, for children [9,20]. pCAM-ICU is to be 
evaluated using RASS. However, assessing the consciousness level 
by eye contact and gaze, as used in the RASS scoring system, can be 
difficult in infants. Evaluating sedation and excitement using RASS 
may improve delirium evaluation in the future.

Limitations and Future Tasks

This study has several limitations. First, this was a single-center 
study. Second, we did not have information to evaluate the effects of 
nurses’ and physicians’ clinical experience or skills in RASS assessments. 
In fact, it has been suggested that RASS can be an evaluation tool for 
pediatric patients through educational intervention [21]. Further, the 
validity of the RASS for children has not been adequately evaluated. 
The RASS is adapted for children by developing evaluation criteria 
according to their age and conscious levels, and the validity of this 
scale needs to be assessed with more patients.

Conclusions

The RASS is an important measure in the adult VAP prevention 
bundle. Results of the present study suggest that its use may also be 
effective in the PICU. Further studies are needed to verify our results.
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