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Background: There is limited data about the psychometric properties of the Richmond Agitation-Sedation Scale (RASS) in children. This study aims to analyze the validity and reliability of the RASS in assessing sedation and agitation in critically ill children.

Methods: A multicenter prospective study in children admitted to pediatric intensive care, aged between 1 month and 18 years. Twenty-eight observers from 14 PICUs (pediatric intensive care units) participated. Every observation was assessed by 4 observers: 2 nurses and 2 pediatric intensivists. We analyzed RASS inter-rater reliability, construct validity by comparing RASS to the COMFORT behavior (COMFORT-B) scale and the numeric rating scale (NRS), and by its ability to distinguish between levels of sedation, and responsiveness to changes in sedative dose levels.

Results: 139 episodes in 55 patients were analyzed, with a median age 3.6 years (interquartile range 0.7–7.8). Inter-rater reliability was excellent, weighted kappa (κw) 0.946 (95% CI, 0.93–0.96; p < 0.001). RASS correlation with COMFORT-B scale, rho = 0.935 (p < 0.001) and NRS, rho = 0.958 (p < 0.001) was excellent. The RASS scores were significantly different (p < 0.001) for the 3 sedation categories (over-sedation, optimum and under-sedation) of the COMFORT-B scale, with a good agreement between both scales, κw 0.827 (95% CI, 0.789–0.865; p < 0.001), κ 0.762 (95% CI, 0.713–0.811, p < 0.001). A significant change in RASS scores (p < 0.001) was recorded with the variance of sedative doses.

Conclusions: The RASS showed good measurement properties in PICU, in terms of inter-rater reliability, construct validity, and responsiveness. These properties, including its ability to categorize the patients into deep sedation, moderate-light sedation, and agitation, makes the RASS a useful instrument for monitoring sedation in PICU.
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INTRODUCTION

International clinical guidelines recommend monitoring sedation in critically ill children with a validated and age-appropriate scale (1, 2). This allows to assess the depth of sedation in a standardized way and adjust objective-guided treatment, to better avoid over and under-sedation (1–3).

A gold standard reference scale does not exist (4, 5). The COMFORT scale, its modified version COMFORT behavior (COMFORT-B), and the State Behavioral Scale (SBS) are the most recommended in the international sedation guidelines (1, 2). The COMFORT-B scale is used the most (6–9). It has shown high reliability, construct validity and responsiveness in the pediatric intensive care unit (PICU), in ventilated and non-ventilated patients (5, 10–13). It distinguishes among 3 levels of sedation/agitation, for which the authors recommend associating it to a second scale, such as the Nurse Interpretation of Sedation Score (NISS) (3, 5). The greatest disadvantage of the COMFORT-B scale is the time required to perform it (14). The other recommended scale, the SBS, is only valid for ventilated patients (15). For these reasons, it would be useful to have a simpler alternative, capable of quickly differentiating between different levels of sedation, which would not require the use of other complementary scales, and apt to intubated and non-intubated patients.

The RASS (Richmond Agitation-Sedation Scale) is commonly used in adults admitted to critical care (16, 17). In critically ill children, RASS is used as a starting point for delirium diagnosis along with the Pediatric Confusion Assessment Method for the ICU (pCAM-ICU), Preschool Confusion Assessment Method for the ICU (psCAM-ICU) and Cornell scales, which require a RASS score ≥-3 to start assessment (18–20).

Although the RASS has not been sufficiently validated in critically ill children, some PICUs use it for sedation monitoring, due to the simplicity and quickness of the procedure (3, 21, 22). Only two previous studies have analyzed RASS inter-rater reliability in critically ill children, obtaining good results in this population (21, 22). However, these studies have their limitations, as they are single-center studies. RASS construct validity has also been explored in one of them, using the University of Michigan Sedation Scale (UMSS) as the comparator instrument, a validated sedation scale for pediatric procedures which does not include agitation (21). Agitation was only analyzed based on the expert opinion, using a visual analog sedation-agitation scale (VAS) (21).

The aim of our study was to analyze the measurement properties of the RASS in children admitted to PICU, in terms of inter-rater reliability, construct validity and responsiveness, in a prospective multi-center study.



MATERIALS AND METHODS

A prospective multi-center study was carried out, with the participation of 14 Spanish PICUs. The study was approved by the Research Ethics Committee of the promoting center. Written informed consent of parents and mature minors subjects was obtained.


Study Period

Ethics committee approval in July 2016, video recording of the episodes from August to November 2016, theoretical training in June 2018, and video evaluation (training and final) from July 2018 to February 2019.



Patients

Patients admitted to the PICU of the promoting hospital were enrolled until a minimum of 100 episodes from 50 patients was reached (following the COSMIN recommendations for an adequate sample size) (23). Patients between ages 1 month and 18 years with any level of sedation were included. Exclusion criteria were uncontrolled pain, severe psychomotor impairment, auditive or visual impairment, neuromuscular diseases, and treatment with muscle relaxants.



Research Team

The research team consisted of 14 intensive pediatric doctors, including the principal investigator, and 14 PICU nurses. The pediatricians belonged to the Analgesia and Sedation Group of the Spanish Society of Pediatric Intensive Care (SECIP). The nursing staff had more than 10 years of experience in the PICU. Eighty-four percent of the researchers had previous experience using the COMFORT-B scale.

The research team received a training course in the application of the RASS and COMFORT-B scales, following the instructions published by their authors (24, 25). The training course consisted of an in-person theoretical-practical section of 2 h, and a second non-attendance part in which every researcher applied the scales in 20 video recorded clinical cases.



Video Recordings of the Episodes

The principal investigator carried out the patients' video recordings according to the following protocol: (1st) observation of the patient without stimulation, including all parts of the body; (2nd) broadcast of auditory stimulus, calling the patient by their name, telling them to open their eyes and to look at the interlocutor; (3rd) muscle tone assessment, holding and dropping one arm; (4th) application of a tactile stimulus of increasing intensity, from a gentle touch to the shoulder to a potentially painful stimulus, following the RASS instructions. The ventilator screen and the vital signs monitor were also recorded. In order not to influence the observers, the stimulation sequence was done until the end, even if a response appeared in the first steps, except if the patient's agitation prevented it. The same patient could be analyzed once a day for several days or several times in the same day, if any change in sedation was made.



Scales Assessment

The researchers were randomly divided into 7 groups of 4 members each (2 nurses and 2 pediatricians), equally dividing the total number of episodes to be analyzed among the 7 groups, so as not to overburden the collaborators. The same episode was independently assessed by the 4 researchers. Each researcher scored the RASS (Supplemental Appendix 1) first, the COMFORT-B scale (Supplemental Appendix 2) second, and the NRS third, of their corresponding episodes.

The RASS consists of 10 levels of sedation/agitation: 5 of sedation, one of calm alertness and 4 levels of agitation (24). Each value on the RASS scale is defined in 2 complementary ways: by a term/epigraph for each sedation-agitation level and by a specific description of the expected behavior at that level. The researchers gave 2 values for the RASS scale: one based solely on the epigraph (RASSe), which corresponds to the observer's subjective opinion, and the other according to the objective description of the patient's behavior or conduct (RASSc). As the scale is based on expected behaviors in adults (RASSc), an attempt was made to see whether differences with pediatric behavior affect the level at which a child is classified, observing if they coincide with the expert's opinion (RASSe) or not. A previously published Spanish version of the RASS was used (Supplemental Appendix 3) (26).

The COMFORT-B scale is composed of 6 items (25). Each one is scored from 1-5, obtaining a minimum score of 6 points and a maximum of 30. It distinguishes among 3 levels of sedation/agitation, for which the authors recommend associating it to a second subjective scale, such as the NISS: over-sedation (6–10 points), optimum sedation (included in the range 11–22, combined with NISS = 2), and under-sedation (23–30) (3, 5). The NISS is a 3-point scale based on the nurse expert opinion, where score 1 corresponds to insufficient sedation, 2 = adequate sedation, and 3 = oversedation (5).

The NRS is a subjective scale of 11 points which represents the expert opinion of the observer, ranging 0–10: 0 corresponds to the deepest sedation state imaginable for the patient, and 10 to the maximum agitation state.



Analgosedation

The analgosedation protocol of the leading hospital was followed, based on prioritizing the adjustment of analgesia first sedation. Drugs and dosages were prospectively registered. The analgesics used were fentanyl, morphine, paracetamol, metamizole, ketorolac, and gabapentin. The sedatives used were propofol, dexmedetomidine, clonidine, midazolam, sevoflurane, ketamine, chlorpromazine, and levomepromazine.



Statistical Analysis

A descriptive analysis was performed. Qualitative variables were described by absolute and relative frequencies and quantitative variables by median and interquartile range (IQR) as they did not have a normal distribution (measured by the Kolmogorov-Smirnov test). The observations which weren't assessed by the 4 observers in each group were not included in each specific analysis.

The validation stages and their statistical analysis were made following the Consensus-based Standards for the selection of health Measurement Instrument (COSMIN) criteria (23).


Reliability

Inter-rater reliability was measured using the intraclass correlation coefficient (ICC) two-way mixed-effects model for the COMFORT-B and NRS scales, or the quadratic weighted kappa (κw) index for the RASS scale (RASSe and RASSc), among all the researchers and between the group of nurses, pediatricians, and nurses-pediatricians. Additionally for the RASS, we analyzed separately patients younger and older than 12 months. The same was done with the subgroup of restless and/or agitated patients (RASS +1 to +4), since there could be differences between anxious or agitated behavior of adults and pediatric patients. An ICC value of >0.8 and a kappa index >0.8 were considered excellent, >0.6 satisfactory or good and >0.4 moderate, according to the Landis and Koch criteria (27).



Construct Validity

To test construct validity, we explored the degree to which the RASS score was consistent with the following hypotheses: (1) The RASS score increases and decreases in the same direction as the COMFORT-B and the NRS do. This correlation was measured using the Spearman correlation coefficient (rho), expected to be ≥0.5. This analysis was repeated in the subgroup of children under 12 months of age. Following COSMIN criteria, rho ≥0.5 was considered as indicating that both instruments measure a similar construct, rho 0.3–0.5 as the construct is related but dissimilar, and rho < 0.3 as measuring unrelated constructs (23). (2) The RASS can distinguish between 3 different categories of sedation-agitation, similar to those of the COMFORT-B scale. We considered the ranks (−5 to −4, deep sedation), (−3 to +1, moderate and light sedation) and (+2 to +4, agitation) of the RASS to be similar to the ranks (6–10), (11–22) and (23–30) of the COMFORT-B. We used the Kruskal-Wallis test to analyze the ability of the RASS to discriminate among the 3 categories, and κ and κw indices to measure the agreement between RASS and COMFORT-B. (3) RASSe and RASSc measure the same construct (sedation-agitation). Spearman correlation coefficient was calculated, expected to be ≥0.5. (4) RASSe and RASSc scores match when rating an episode of sedation-agitation. The agreement between RASSe and RASSc was calculated using κ and κw.



Responsiveness

A responsiveness analysis to sedative changes was carried out, rating the differences in RASS values before and after a required intervention of increase or decrease of sedatives using the Wilcoxon test for paired samples.

All analyses were performed with SPSS and STATA statistical package and a p value < 0.05 was considered significant.





RESULTS


Patient Characteristics and Episodes

Fifty-five patients (58% female) with a median age of 3.6 years (IQR: 0.7–7.8), ranging from 44 days to 16 years of age were enrolled. We obtained 146 episodes, 7 of which were excluded due to recording failures, so that 139 episodes were finally included. The characteristics are shown in Table 1. The distribution of the scores according to the different scales used is shown in Figure 1. Ten different observations were missed for every scale. There were 5 investigators who did not assess all their corresponding episodes: 1 observer missed 4 episodes, 2 observers missed 2 episodes each, and 1 observer missed 1 episode, making a total of 10 episodes in 6 patients. The patients belonged to different age groups, with 12.8, 0.6, 16.1, 1.2, 0.8, and 6.4 years, respectively.


Table 1. Patient characteristics and episodes.

[image: Table 1]


[image: Figure 1]
FIGURE 1. Scores of the 546 observations in 139 patient episodes according to the scale used: (A) Richmond Agitation-Sedation Scale based on the epigraph (RASSe). (B) Richmond Agitation-Sedation Scale based on the description of the conduct (RASSc). (C) COMFORT Behavior Scale (COMFORT-B). (D) Numeric Rating Scale (NRS).


The assessments carried out in each Unit are shown in the (Supplementary Table 1).



Inter-Rater Reliability

For the RASS, 538 observations were analyzed, 528 for the COMFORT-B scale, and 532 for the NRS.

The median (IQR) RASSe and RASSc scores was −2 (−4 to 0), for both global nursing and global pediatrician groups (Supplementary Table 2).

For the COMFORT-B scale, it was obtained an ICC = 0.910 (95% CI, 0.883–0.931) among all researchers. Between nurses and pediatricians, the result was an ICC = 0.901 (95% CI, 0.876–0.92). For the NRS scale, an ICC = 0.913 (95% CI, 0.888–0.934) was obtained among all observers, and an ICC = 0.919 (95% CI, 0.898–0.935) between nurses and pediatricians (Supplementary Table 3).

RASS inter-rater reliability among all researchers and between nursing and pediatric groups is shown in Table 2. A similar result was achieved when taking a unique first observation of each patient (n = 55), with a κw = 0.954 (95% CI, 0.93–0.98) for RASSe, and κw = 0.961 (95% CI, 0.94–0.98) for RASSc, between nurses and pediatricians. There were no differences in inter-rater reliability between patients younger and older than 12 months [RASSe κw = 0.941 (95% CI, 0.90–0.98) vs 0.932 (95% CI, 0.914–0.949) and RASSc κw = 0.951 (95% CI, 0.917–0.985) vs. 0.944 (95% CI, 0.926–0.961)] (Supplementary Table 4).


Table 2. Inter-rater reliability of the Richmond Agitation-Sedation Scale (p < 0.001 in all cases).
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There were 27 and 28 episodes classified as restless or agitated according to RASSe and RASSc (108 and 111 observations, respectively, with RASS +1 to +4). In analyzing these observations, the inter-rater reliability of the RASS was only moderate. For RASSe, we obtained a κw = 0.527 (95% CI, 0.374–0.671), with no differences between children younger and older than 12 months [0.561 (0.637–0.755) vs. 0.478 (0.286–0.671)]. For RASSc, we observed a κw = 0.511 (95% CI, 0.345–0.678) with no differences between those younger and older than 12 months [κw = 0.509 (95% CI, 0.260–0.759) vs. 0.487 (95% CI, 0.282–0.692)].



Construct Validity

The results of the analyses undertaken to test construct validity are shown below:

The Spearman rho correlation between the COMFORT-B scale and RASSe and RASSc was analyzed in 544 observations. The results, with rho = 0.935 (p < 0.001) in the global population and in the subgroups of children younger and older than 12 months, are shown in Table 3. The correlation was also statistically significant both in nursing staff (rho = 0.927 and 0.938; p < 0.001) and among pediatricians (rho = 0.939 and 0.931; p < 0.001), for RASSe and RASSc, respectively.


Table 3. Spearman rho correlation between RASS and COMFORT-B and between RASS and NRS, in the global population and in children < or > 12 months (p < 0.001 in all cases).
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The Spearman rho correlation between RASS and NRS, in 544 observations, is shown in Table 3. It was statistically significant among nurses (rho = 0.949 and 0.948; p < 0.001) and pediatricians (rho = 0.973 and 0.970; p < 0.001), for RASSe and RASSc, respectively.

To check whether the fact that the same observer applied the 3 scales simultaneously could have facilitated the correlation between them, a randomized representative sample of procedures was analyzed ensuring that the same observer had only applied one of the scales. Similar data were obtained for all correlations (data not shown).

RASSe and RASSc scores were significantly different for the 3 sedation-agitation categories of the COMFORT-B scale (Kruskal-Wallis, p < 0.001) (Supplementary Table 5).

The agreement between RASS and COMFORT-B scores in classifying the patients into the 3 COMFORT-B categories is shown in Table 4, with a κ = 0.762 (95% CI, 0.713–0.811), in 544 observations. There were 26 observations that RASSe scored +2 to +4, and COMFORT-B scored 11 to 22. Among them, 88.4% (23/26) had a score of 17 or higher on the COMFORT-B scale.


Table 4. Agreement between the Richmond Agitation-Sedation Scale and the COMFORT behavior scale categories (p < 0.001 in all cases).
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Between RASSe and RASSc, a statistically significant correlation and agreement were observed: Spearman rho = 0.985 (p < 0.001), κ = 0.802 (95% CI, 0.766–0.839) and κw = 0.986 (95% CI, 0.984–0.90), in 546 observations (Supplementary Figure 1). This agreement was maintained considering the 3 sedation-agitation categories before mentioned, κ = 0.894 (95% CI, 0.859–0.928) and κw = 0.927 (95% CI, 0.902–0.951) (Supplementary Table 6).



Responsiveness

To test responsiveness, 45 interventions were analyzed before and after a change in the sedative dose (18 episodes of diminishing or stopping sedation and 27 of increasing or initiation of sedation). Most of them were carried out during sedation for procedures. There was a significant modification in sedation-agitation scores following both types of intervention (Table 5; Figure 2). Doses were collected but not statistically analyzed because of the large variability in the type of drugs and dose received by each patient due to the heterogeneity of the sample and are not shown in the study.


Table 5. Median scores (IQR) of the 45 episodes assessed before and after an intervention of increase or decrease in sedatives.
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FIGURE 2. Responsiveness of the RASS: Modification in sedation-agitation scores of the different scales used, before and after a sedative intervention. Increasing/initiation of sedatives (A) RASSe; (B) RASSc; (C) COMFORT-B; (D) NRS. Diminishing/stopping of sedatives (E) RASSe; (F) RASSc; (G) COMFORT-B; (H) NRS. RASSe, Richmond Agitation-Sedation Scale based on the epigraph; RASSc, Richmond Agitation-Sedation Scale based on the description of the conduct; COMFORT-B, COMFORT Behavior Scale; NRS, Numeric Rating Scale.





DISCUSSION

Our study shows that the RASS has good measurement properties in assessing sedation in critically ill children, with and without mechanical ventilation, in terms of inter-rater reliability, construct validity and responsiveness.

It confirms some of the findings of two previous studies conducted in PICU (21, 22). Furthermore, our study has certain characteristics that strengthen our results. Firstly, a multicenter study reduces the risk of bias in the application of the results. Secondly, a video recording format ensures total independence in assessments among researchers. Third, a validated scale has been used as a comparative tool of the agitation range. And lastly, a responsiveness study has been included.

We found RASS inter-rater reliability to be excellent among health professionals from different PICUs, with similar results between pediatricians and nurses, and between patients younger and older than 12 months. These findings coincide with the two previous studies, where it was found a κw of 0.825 (p < 0.0001) and 0.86 (95% CI), respectively (21, 22). The inter-rater reliability, however, resulted lower in our subgroup of agitated patients.

Inter-rater reliability among the research team was also excellent in the scales chosen as references, COMFORT-B and NRS, demonstrating the ability of the collaborators to participate in the study. The researchers were experienced PICU personnel, and all had previously received a training course to use the RASS and COMFORT-B scales. This fact coincides with that observed by Kihlstrom et al. who found an improvement in the inter-rater reliability after an educational intervention for the use of the RASS in their PICU (22).

We obtained a high correlation between COMFORT-B and RASS scales, which was similar in children younger and older than 12 months. In the study by Kerson et al. a good correlation was also obtained between the RASS and the UMSS, which exclusively includes sedation levels (21). Our study is the first to validate the agitation area of the RASS with a recommended and validated tool such as the COMFORT-B scale. A high correlation with the expert's subjective opinion was observed in both studies, using a VAS in the former and a NRS in ours (21).

This study has demonstrated the RASS capacity to classify PICU patients into 3 different categories of sedation-agitation (deep sedation: RASS−5 to−4, moderate to light sedation: RASS−3 to +1, and agitation: RASS + 2 to + 4), based on the 3 levels established by the COMFORT-B scale: over-sedation (score 6–10), optimum sedation (included in the range 11–22) and under-sedation (23–30). Good agreement was observed between the 2 scales when categorizing the patients into these 3 levels. Interestingly, 9.7% of the patients who were considered as adequately sedated according to the COMFORT-B scale (scores 11–22) were assessed as agitated by the RASS. Most of these patients (88.4%) had COMFORT-B scores ≥17. This data is consistent with the pain management algorithm published by van Dijk et al. and the results obtained by Valkenburg et al., in a study conducted to validate the COMFORT-B scale to assess pain and distress (25, 28). These authors found that the cut-off point for agitation due to pain on the COMFORT-B scale was 17 and not 22 (28). Moreover, Ista et al., in a validation study of the levels of sedation of the COMFORT-B, observed that patients classified within the range of 11–22 had a 15% probability of being under-sedated, and that the correlation with the expert opinion (using the NISS) was low in this range (5). These authors conclude that the score range from 11 to 22 on the COMFORT-B scale is a “gray area,” in which “optimal sedation” would be included, but for which final interpretation is necessary to associate a second scale, to include the subjective opinion of the professional in charge of the patient (5).

The RASS has the advantage of integrating this second subscale, which we have called RASSe in this study, and that would correspond to the expert's subjective opinion. Comparing RASSe (subjective scale) with RASSc (objective description of the behavior of the patient for each level), an excellent agreement and correlation was observed.

The percentage of agitation episodes in this study (11% in RASSc and 13% in RASSe) was similar to other studies in critically ill children, which resulted in around 10% of the total (5, 13). Our results of RASS inter-rater reliability were worse in this agitation area. This may be due to an insufficient number of patients in this range, to the difficulty in assessing agitation for professionals, or to a limitation of the scale to assess agitation in children. In the present study the RASS has demonstrated its ability to distinguish whether the child is agitated or not, but this scale may not be accurate enough in designating the exact level of agitation in the pediatric population.

Finally, our study has been the first to analyze the responsiveness of the RASS in critically ill children, showing that the scale scores varied significantly after a required intervention of increase or decrease of sedatives, which makes it useful for controlling sedation modifications in PICU.


Limitations

Our study has several limitations. The recruitment of patients was carried out according to the availability of the PI and not randomly. The sample size was not sufficient to perform an analysis by pediatric age groups. The number of patients under 9 weeks was insufficient for drawing conclusions in this age range, which is particularly important as sustained eye contact maturation is achieved at 6–9 weeks of age (29, 30). The fact that the same observer applied the 3 scales simultaneously could have facilitated the correlation between them.



Future Research

Since the duration of eye contact, greater or <10 s, is the criterion that discriminates between RASS levels−1 and−2, it would be convenient to study infants under 9 weeks of age in more detail, assessing the need to modify the scale to adapt it to their normal psychomotor development, as Kihlstrom et al. did for neonates (22).

Regarding our results in the subgroup of distressed patients, that could be interpreted as an only moderate ability of the RASS to assess the exact degree of agitation in children future research may be needed at this range of the scale. We believe a RASS modification in the agitation area, including more typical pediatric agitation behaviors, could improve distress evaluation in critically ill children.




CONCLUSIONS

In this multi-center study, we found a high inter-rater reliability, excellent construct validity and adequate responsiveness to change in sedative doses, of the RASS in PICU patients. The RASS also proved its ability to categorize the patients' level of sedation into deep sedation, moderate to light sedation, and agitation, enabling its use in a target-level of sedation-based protocol. This good measurement properties makes the RASS a useful instrument for monitoring sedation in PICU.

As inter-rater reliability was only moderate in the subgroup of agitated children, it may be necessary to extend future validation studies in this range.
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