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Objective: To investigate the impact of low versus high sedation level variability 
(SLV), measured during the first 72-h intensive care unit (ICU) stay, on clinical 
outcomes in ventilated critically ill patients.
Methods: Patients were identified from the Medical Information Mart for 
Intensive Care IV database from 2008 to 2019. The SLV was quantified by 
calculating the coefficient of variation (CV) using 18 time-series exponentially 
transformed Richmond Agitation-Sedation Scale (RASS) scores for each patient. 
Based on the median of the CV, patients were divided into the low and high SLV 
groups, which were subsequently balanced by a stabilized inverse probability of 
treatment weighting method.
Results: Compared to the high SLV group (n = 1749), the low SLV group 
(n = 1759) had a higher risk of 28-day [aHR (95% CI), 1.57 (1.36, 1.81); p < 0.001] 
and 90-day ICU mortality [aHR (95% CI), 1.51 (1.32, 1.71); p < 0.001]. However, 
these two study groups had similar outcomes regarding prolonged mechanical 
ventilation on ICU Day 14 and ventilation-free days on ICU Day 21. The negative 
impact of the low SLV on mortality was evident only in the subgroup with < 60% 
of RASS scores within the target range, but not in the subgroup with ≥ 60%.
Conclusion: A reduced SLV, measured during the first 72-h ICU stay, is associated 
with an increased risk of both 28-day and 90-day ICU mortality in ventilated 
critically ill patients. Patients with < 60% of RASS scores within the target range 
are especially vulnerable to this negative impact.
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1 Introduction

Adequate sedation is a crucial component of care for critically ill 
patients requiring mechanical ventilation in the intensive care unit 
(ICU) (1). The current guidelines recommend that light sedation 
should be performed in these patients regardless of the sedative choice 
(1, 2). The Richmond Agitation-Sedation Scale (RASS) score [from −5 
(unarousable) to +4 (combative)] is widely used to assess sedation 
levels (SLs) with a target range of −2 to +1 (3, 4). Several studies have 
investigated the effects of “light” versus “deep” sedation on clinical 
outcomes in these patients, based on mean RASS scores, median RASS 
scores, or the percentage of RASS scores within the target range 
(5–11). However, in clinical practice, RASS scores can vary widely or 
fluctuate over time in individual patients (7, 12–14). As such, an 
average or median score may not accurately represent the SL during a 
specific period (7, 13). Analysis of the SL variability may provide a 
novel measure to describe the dynamic nature of changes in the SL 
over time.

When measured, the RASS score allows practitioners to titrate a 
patient’s sedatives to a desired SL by observing the patient’s responses 
to verbal and physical stimulation (3, 15, 16). Therefore, the SL 
variability may be influenced by the types of sedatives, titration 
strategy, and patients’ conditions (1, 17, 18). For example, a small SL 
variability over time may occur in patients whose conditions allow 
them to express adequate responses to external stimuli and whose SL 
are well-controlled within the target range. A small SL variability over 
time may also occur in patients who have repeatedly uncontrolled 
deep sedation and who have poor organ functions unfavorable for the 
pharmacokinetics of sedatives (19). Several studies have reported that 
reduced variability of several physiological responses is associated 
with poor outcomes in these patients (20–22).

We conducted a retrospective cohort study to investigate the 
impact of low versus high SL variability as measured during the first 
72-h ICU stay on clinical outcomes in ventilated critically ill patients. 
The SL variability was quantified by calculating the coefficient of 
variation (CV) using time-series RASS scores for each patient (23). 
Since the CV is an inappropriate measure when data include both 
positive and negative values (24), we used transformed RASS score 
data (exponential RASS score or RASS score plus 6) for the CV 
measurements.

2 Materials and methods

2.1 Data source

This retrospective cohort study utilized the Medical Information 
Mart for Intensive Care IV (MIMIC-IV) database (25), a publicly 
available resource containing clinical data collected from 2008 to 2019 
at the Beth Israel Deaconess Medical Center in Boston, USA. It is one 
of the few internationally recognized with high-granularity database, 
specifically the longitudinal RASS scores (up to 18 measurements 
within 72 h) for calculating the CV for sedation level variability, 
which is often unavailable in traditional administrative health 
registries. Ethical approval for the use of data was granted by the 
Institutional Review Boards at the Massachusetts Institute of 
Technology. All researchers involved in this study obtained 
certification (No. 45984821). The study protocol was approved by the 

Institutional Review Board of Hualien Tzu Chi Hospital (IRB approval 
number: IRB114-153-C). The informed consent was waived in 
accordance with institutional policies. The study adhered to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology guidelines for observational research in its design, 
methodology, and reporting.

2.2 The original study cohort and design

During 2008 to 2019, we identified patients who required 
mechanical ventilation and needed intravenous infusion of sedatives 
as lorazepam, midazolam, propofol, or dexmedetomidine, both of 
which were initiated within the first 24 h after ICU admission 
(Figure 1). For patients who were admitted to the ICU more than once 
during the same study period, only data from the first ICU admission 
were included. The exclusion criteria were as follows: 1) without 
mechanical ventilation for at least 72 h since the initiation during the 
first 24-h ICU stay, 2) without the use of the sedatives for at least 72 h 
since the initiation during the first 24-h ICU stay, and 3) lack of RASS 
score records during the first 72-h ICU stay (Figure 1). This design 
ensured sufficient and consistent sedation exposure and reliable 
assessment of sedation level variability during the early ICU stay. After 
exclusion, the original study cohorts were divided into the original low 
SL (CV < 1.048) and high SL variability (CV ≥ 1.048) groups based on 
the median of the CV of the SL variability calculated from exponential 
RASS scores of the original study cohort (Figure 1).

2.3 Calculation of the CV serving as the 
descriptive proxy of SL variability

During the first 72-h ICU stay, each patient had 18 raw RASS 
score records (one record for every 4 h). The SL variability of each 
patient in the original study cohort was measured by calculation of the 
CV of time series RASS scores, which is the ratio of the standard 
deviation to the mean (23). The raw RASS score data were transformed 
exponentially (non-linear transformation) or shifted to all positive 
values by adding 6 to each score (linear transformation) for 
measurements of the CV (26). This methodology reframes the discrete 
behavioral observations into a continuous trajectory, allowing for the 
quantification of SL variability. In this context, the CV serves as a 
descriptive proxy for the magnitude of fluctuation in a patient’s SL 
variability.

2.4 Covariates

We obtained patients’ demographic data, such as age, sex, and 
body weight. The patients’ underlying health conditions, including 
congestive heart failure, chronic obstructive pulmonary disease 
(COPD), liver cirrhosis, and chronic kidney disease, were also 
recorded. Additionally, we obtained ICU-related clinical data during 
the first 24-h ICU stay, including the type and reason of ICU 
admission, presence of infection, Acute Physiology and Chronic 
Health Evaluation II (APACHE II) scores, Glasgow Coma Scale (GCS) 
assessments, the index year of admission, and partial pressure of 
oxygen/fraction of inspired oxygen (PaO₂/FiO₂) ratios based on 
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arterial blood gas data. Infection was identified based on the presence 
of antibiotic administration during the first 24-h ICU stay.

We also collected sedation-related information during the first 
72-h ICU stay to demonstrate the sedation state with baseline RASS 
score, median RASS score, and the percentage of RASS scores within 
target range (−2 to +1) to reflect how often sedation adhered to 
clinical guidelines. The baseline RASS score was determined as the 
value recorded closest to the initiation of sedation. The median RASS 
score for each patient was analyzed using all RASS records collected 
during the first 72-h ICU stay. Factors like extracorporeal membrane 
oxygenation (ECMO) use and continuous renal replacement therapy 
were also included to show if specific high-intensity interventions 
dictated the sedation patterns.

2.5 Outcome measurements and 
definitions

Outcomes measurements as 28-day mortality was chosen to 
capture acute ICU-related survival, while 90-day mortality was 
utilized to assess a long-term perspective on survival, as recommended 
by recent guidelines (27, 28). In addition, prolonged mechanical 
ventilation on Day 14 was defined based on the common clinical 

threshold for difficult weaning, and ventilation-free days on ICU Day 
21 was calculated to allow for a balanced assessment of both the 
duration of ventilation and the competing risk of death (29). For the 
analysis of prolonged mechanical ventilation on ICU Day 14, 
individuals who died within the initial 14 days of ICU admission were 
excluded. For the analysis of ventilation-free days on ICU Day 21, 
patients who died prior to Day 21 were assigned a value of zero.

2.6 Statistical analysis

The Kolmogorov–Smirnov test was used to check the distribution 
of the continuous variables. Continuous variables were compared 
using the independent two-sample t-test when the data had a normal 
distribution or the Mann–Whitney U test when the data had a 
non-normal distribution, and are presented as mean ± standard 
deviation (SD) or median with interquartile ranges (Q1, Q3), 
respectively. This approach ensures that our statistical inferences are 
both accurate and appropriate for the underlying data structure.

To minimize selection bias and control for potential confounders, 
we utilized stabilized inverse probability of treatment weighting 
(IPTW). First, we calculated propensity scores via a logistic regression 
model including age, sex, body weight, congestive heart failure, 

FIGURE 1

Flowchart of patient disposition. ICU, intensive care unit; MIMIC-IV, Medical Information Mart for Intensive Care IV; CV, coefficient of variation; RASS, 
Richmond Agitation and Sedation Scale, SL, sedation level; IPTW, inverse probability of treatment weighting.
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COPD, liver cirrhosis, chronic kidney disease, ICU admission type 
and reason, APACHE II score, presence of infection, GCS ≤ 8, and the 
index year. These variables included were selected based on their 
clinical relevance to both sedation management and mortality risk, for 
example, demographic data, comorbidities (congestive heart failure, 
COPD, liver cirrhosis, chronic kidney disease), acute disease severity 
(APACHE II score, reason of ICU admission), neurological status 
(GCS), and treatment strategy (ICU type, index year). Stabilized 
IPTW (30) was then performed to create two balanced pseudo-
populations (Figure 1). A standardized mean difference (SMD) < 0.2 
indicated a negligible difference between the two study cohorts 
after IPTW.

Multivariable Cox, multivariable logistic, and ordinary least 
squares linear regression analyses were used to evaluate the impact of 
SL variability on outcomes, yielding the adjusted hazard ratio (aHR), 
adjusted odds ratio (aOR), and adjusted mean difference (aDifference), 
respectively. The baseline RASS score was adjusted in all of the 
outcome models. The median RASS score, midazolam use, percentage 
of RASS scores within target range, and ECMO or renal replacement 
therapy use during the first 72-h ICU stay were measured after the 
initial sedatives were given, thus these variables represent as 
intermediate factors and should not be adjusted in the outcome 
models. Sensitivity analysis was performed to investigate the impact 
of the low (first quartile of CV) versus high (fourth quartile of CV) SL 
variability on the mortality outcomes. Subgroup analyses of the 
mortality outcomes were performed according to two different 
percentages (≥60% and <60%) of RASS scores within the target range 
(11). All statistical analyses were performed using SAS 9.4 for 
Windows (SAS Institute Inc., Cary, NC, USA). A two-tailed p-value 
<0.05 was considered statistically significant.

3 Results

3.1 Patient characteristics

During the study period, 69,211 patients were identified. After 
exclusion, 3,508 patients were included (Figure 1). For each patient, 
the CV, serving as a descriptive proxy of SL variability, was calculated 
using 18 exponential RASS scores as measured during the first 72 h of 
the ICU stay. The median (Q1, Q3) of the CV in this original cohort 
was 1.048 (0.620, 1.710). Patients were then evenly divided into two 
original study groups (low versus high SL variability) based on the 
median of the CV (Figure 1). Subsequently, stabilized IPTW was 
conducted to produce two pseudo-cohorts: the low (n = 1759) and 
high (n = 1749) SL variability groups. IPTW resulted in two well-
balanced study groups across all demographic and clinical 
characteristics (Table 1).

3.2 Comparisons of the first 72-h ICU 
characteristics of the two study groups

Table 2 shows the first 72-h ICU characteristics of the two study 
groups. The baseline RASS score in the low SL variability group was 
lower compared with that in the high variability group [−4 (−5, −2) 
versus −3 (−5, −1); p < 0.001]. The median RASS scores were −1 (−3, 
0) and −1 (−2, 0) in the low and high SL variability groups, 

respectively (p < 0.001). Fewer patients in the low SL variability group 
received midazolam or lorazepam infusion than the high SL variability 
group (29.33% versus 34.19%; p < 0.002). The low SL variability group 
had a higher percentage of RASS scores within the target range, 
compared with the high variability group [75.0% (0.0, 92.9%) versus 
57.1% (29.4, 77.8%); p = 0.008]. The proportion of patients with the 
use of ECMO and continuous renal replacement therapy was similar 
in the two study groups.

3.3 Impact of the low versus high SL 
variability on ICU outcomes

The low SL variability group had a higher risk of 28-day 
[aHR = 1.57 (1.36, 1.81); p < 0.001] and 90-day ICU mortality 
[aHR = 1.51 (1.32, 1.72); p < 0.001], compared with the high 
variability group (Table 3). However, there was no significant impact 
of the low SL variability on prolonged mechanical ventilation on ICU 
Day 14 [aOR = 1.20 (0.97, 1.48); p = 0.103] and ventilation-free days 
on ICU Day 21 [aDifference = −0.45 (−0.95, 0.05) days; p = 0.077] 
(Table 3). The Kaplan–Meier curve analysis revealed that the 
cumulative incidence rate of death in the low SL variability group was 
significantly higher (Figure 2; Log-Rank test, p < 0.0001) than that in 
the high SL variability group over the follow-up periods.

We performed additional analysis using the CV calculated from 
the transformed RASS scores, which were shifted to all positive values 
by adding 6. IPTW resulted in two well-balanced study groups across 
all demographic and clinical characteristics (Supplementary Table S1). 
Consistently, the low SL variability group had a higher risk of 28-day 
ICU mortality [aHR = 1.20 (1.05, 1.38); p = 0.007] and 90-day ICU 
mortality [aHR = 1.20 (1.05, 1.36); p = 0.007], compared with the high 
variability group (Supplementary Table S2).

3.4 Sensitivity and subgroup analyses

In the sensitivity analysis (Table 4), patients in the low and high 
SL variability groups had the first and fourth quartiles, respectively, of 
the CV of exponential RASS scores. Similarly, the low SL variability 
group had a higher risk of 28-day [aHR = 1.86 (1.54, 2.23); p < 0.001] 
and 90-day ICU mortality [aHR = 1.78 (1.49, 2.13); p < 0.001], 
compared with the high variability group. Additional stratified 
analysis (Table 5) revealed that, in the subgroup with < 60% of RASS 
scores within the target range, but not in the subgroup with ≥ 60%, 
the low SL variability was associated with a higher risk of 28-day ICU 
mortality [aHR = 2.60 (2.16, 3.13); p < 0.001] and 90-day ICU 
mortality [aHR = 2.50 (2.09, 2.99); p < 0.001].

4 Discussion

In this investigation, the two study groups after IPTW had similar 
clinical characteristics. Notably, as compared to patients in the high SL 
variability group, the low SL variability group showed a significant 
increase in risk of 28- or 90-day mortality. In contrast, these two study 
groups had similar outcomes regarding prolonged mechanical 
ventilation on ICU Day 14 and ventilation-free days on ICU Day 21. 
Our findings regarding mortality are consistent when analyses were 
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performed using exponential RASS scores (main data) or RASS scores 
shifted to all positive values (Supplementary material). The demographic 
and clinical characteristics of two IPTW cohorts remained well-
balanced (Supplementary Table S1), and the association between low SL 
variability and increased mortality remained statistically significant 
(Supplementary Table S2). This consistency across different calculation 
methods reinforces our conclusion that SLV serves as a robust 
descriptive marker of sedation patterns during the early ICU phase. The 
sensitivity analysis further revealed that these mortality risks increased 
among patients whose CV was in the first quartile compared with those 
with the CV in the fourth quartile significantly, suggesting the 
robustness of our findings. Subgroup analysis showed that the negative 
impact of the low SL variability on 28- or 90-day mortality was evident 
only in the subgroup with < 60% of RASS scores within the target range, 
but not in the subgroup with ≥ 60%.

The guidelines recommend using light sedation, with a target 
range of RASS −2 to +1, in the critically ill whenever possible (1–4). 
In clinical practice, it is not always feasible to predict how an individual 
patient will respond. In our study, only 53.4% of patients had ≥ 60% 
of RASS scores within the target range during the first 72-h ICU stay. 
As such, RASS scores can vary widely or fluctuate over time in an 
individual patient (7, 12–14). Our results indeed show that ICU 
patients exhibited a wide range of SL variability. Only one previous 
study reported that a greater variability in SL may increase the 
incidence of delirium in ICU patients (31). However, that investigation 
used the CV calculated from raw RASS scores, which is not valid (24).

Several randomized controlled trials and prospective studies (5, 7, 
8), as well as retrospective observational studies (6, 11) and meta-
analyses (9, 32, 33) have investigated the effects of “light” versus “deep” 
sedation on clinical outcomes, although the findings have been 

TABLE 1  Demographic and clinical characteristics of the two study groups after stabilized IPTW.

Variable Low SL variability (n = 1759) High SL variability (n = 1749) SMD

Demographics

Age, years (SD) 64.24 (16.32) 64.20 (15.94) 0.002

Sex (male), n (%) 1,035 (58.27) 1,031 (58.95) −0.002

Body weight, kg (SD) 83.53 (25.14) 83.46 (24.11) 0.003

Comorbidities

Congestive heart failure, n (%) 482 (27.40) 477 (27.27) 0.002

Chronic obstructive lung disease, n (%) 154 (8.75) 153 (8.75) 0.001

Cirrhosis, n (%) 146 (8.30) 146 (8.35) −0.001

Chronic renal disease, n (%) 647 (36.78) 642 (36.71) 0.001

Baseline ICU characteristics

Type of ICU admission, n (%) 0.024

 � CVICU/ CCU 590 (33.54) 584 (33.39)

 � MICU 335 (19.04) 334 (19.10)

 � MSICU 212 (12.05) 210 (12.01)

 � SICU 622 (35.36) 621 (35.51)

Reason for ICU admission, n (%) 0.000

 � Scheduled surgery 83 (4.72) 81 (4.63)

 � Unscheduled surgery 541 (30.76) 537 (30.70)

 � Medical 1,135 (64.53) 1,131 (64.67)

Infection, n (%) 190 (10.80) 190 (10.86) −0.002

APACHE II score (median, Q1–Q3) 29 (24, 33) 28 (25, 33) 0.0020

GCS ≤8, n (%) 962 (54.69) 957 (54.72) −0.001

Index year 0.000

 � 2008–2010 448 (25.47) 445 (25.44)

 � 2011–2013 460 (26.15) 458 (26.19)

 � 2014–2016 500 (28.43) 498 (28.47)

 � 2017–2019 351 (19.95) 348 (19.90)

PaO2/FiO2 ratio (median, Q1–Q3) 235.8 (166.9, 334.1) 225.3 (159.1, 309.5) 0.114

Low and high sedation level (SL) variability groups were classified based on the median of the coefficient of variation (CV) of time-series exponential Richmond Agitation and Sedation Scale 
(RASS) scores measured during the first 72-h ICU stay, and were created by stabilized inverse probability of treatment weighting (IPTW).
SMD, standardized mean difference; SD, standard deviation; ICU, intensive care unit; CVICU, cardiac vascular intensive care unit; CCU, coronary care unit; MICU, medical intensive care unit; 
SICU, surgical intensive care unit; APACHE, Acute Physiology and Chronic Health Evaluation; GCS, Glasgow Coma Scale; PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen; 
Q1, Q3, interquartile range. The propensity score model used for IPTW included age, sex, body weight, congestive heart failure, chronic obstructive lung disease, cirrhosis, chronic renal 
disease, type and reason of ICU admission, infection, APACHE II score, GCS ≤ 8, and index year. An SMD < 0.2 indicates a negligible difference between the two study groups.
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TABLE 3  The impact of the low versus high sedation level variability on various ICU outcomes.

28-day ICU mortality, n 
(%)

Low SL variability 
(n = 1759)

High SL variability 
(n = 1749)

HR (95% CI) aHR (95% CI) p-value

513 (29.16) 351 (20.07) 1.55 (1.36, 1.78) 1.57 (1.36, 1.81) <0.001

90-day ICU mortality, n (%)
Low SL variability 

(n = 1759)

High SL variability 

(n = 1749)
HR (95% CI) aHR (95% CI) p-value

543 (30.87) 390 (22.30) 1.48 (1.30, 1.69) 1.51 (1.32, 1.72) <0.001

Prolonged mechanical 

ventilation on ICU Day 14, n 

(%)

Low SL variability 

(n = 1,291)

High SL variability 

(n = 1,424)
OR (95% CI) aOR (95% CI) p-value

215 (16.65) 208 (14.61) 1.17 (0.95, 1.44) 1.20 (0.97, 1.48) 0.103

Ventilation-free days on ICU 

Day 21, median (Q1, Q3)

Low SL variability 

(n = 1759)

High SL variability 

(n = 1749)

Difference (95% 

CI)

aDifference (95% 

CI)
p-value

12.26 (0, 16.73) 13.38 (0.37, 16.38) −0.34 (−0.82, 0.14) −0.45 (−0.95, 0.05) 0.077

The patients who died within 14 days were excluded from the analysis of prolonged mechanical ventilation on ICU Day 14. The patients who died before day 21 were regarded as having zero 
days when analyzing the ventilation-free days on day 21. The baseline RASS score was adjusted in all of the regression models. The high SL variability group was used as the reference group. 
p-value with bold font indicates statistically significant.
ICU, intensive care unit; SL, sedation level; Q1, Q3, interquartile range; HR, hazard ratio; aHR, adjusted hazard ratio; OR, odds ratio; aOR, adjusted odds ratio; Difference, mean difference; 
aDifference, adjusted mean difference; CI, confidence interval.

FIGURE 2

Kaplan–Meier curves for 28-day (A) and 90-day (B) ICU mortality. Patients in the low sedation level (SL) variability group showed a significant increase 
in risk of death at 28 days or 90 days (Log-Rank test, p < 0.0001), compared with patients in the high SL variability group. ICU, intensive care unit.

TABLE 2  The first 72-h ICU characteristics of the two study groups.

Variable Low SL variability 
(n = 1759)

High SL variability 
(n = 1749)

p-value

Baseline RASS score, median (Q1, Q3) −4 (−5, −2) −3 (−5, −1) <0.001

Median RASS score, median (Q1, Q3) −1 (−3, 0) −1 (−2, 0) <0.001

Midazolam or lorazepam continuous infusion, n (%) 516 (29.33) 598 (34.19) 0.002

Percentage of RASS scores within the target range, % (median, Q1–Q3) 75.0 (0.0, 92.9) 57.1 (29.4, 77.8) 0.008

ECMO support, n (%) 6 (0.34) 5 (0.29) 0.745

Continuous renal replacement therapy, n (%) 193 (10.97) 188 (10.75) 0.820

The baseline RASS score was defined as the RASS score closest to the time of initial sedative administration. The median RASS score was calculated using all RASS records collected during the 
first 72-h ICU stay. The target range was defined as RASS score −2 to +1. p-value with bold font indicates statistically significant.
ICU, intensive care unit; SL, sedation level; RASS, Richmond Agitation and Sedation Scale; Q1, Q3, interquartile range. ECMO, extracorporeal membrane oxygenation.
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inconsistent. One recent meta-analysis reported that inhaled sedation 
has advantages over intravenous sedation in terms of awakening time, 
extubation time, and ICU length of stay (34). Most previous studies have 
defined “light” and “deep” sedation based on mean RASS scores (7, 8), 
median RASS scores, or the percentage of RASS scores within the target 
range (5, 6, 11). However, these measures cannot describe the dynamic 
nature of changes in the SL over time (7), and cannot accurately 
represent the SL during a specific period (7, 13). It is possible that two 
groups of patients with the same values of these measures may exhibit 
vastly different SL variability over time. In this study, the median RASS 
score calculated from the first 72-h ICU stay in the low SL variability 
group, was numerically similar to that in the high SL variability group. 
Thus, the characteristics of the low and high SL variability groups are 
irrelevant to “light” or “deep” sedation.

The exact reason why reduced SL variability had a negative 
impact on mortality remains unclear. Essentially, the RASS scoring 
system categorizes various patients’ responses to verbal and physical 
stimulation (3, 15, 16). Therefore, the SL variability may be 
influenced by the types of sedatives and titration strategy (1, 17). 
However, several patient factors should also be taken into 
consideration. For example, patients with poor physiological 
function in responding to external stimuli may exhibit lower 
degrees of SL variation. A recent study reported that impaired 
neurological and neurophysiological lower brainstem responses 
were associated with mortality in deeply sedated patients (35). 
Additionally, patients with poor blood flow and organ function may 
exhibit lower degrees of SL variation due to unfavorable alterations 
in the pharmacokinetics of sedatives, which affect absorption, 
distribution, metabolism, and excretion (19). It has been suggested 
that preserved variability of the physiological responses is frequently 
a sign of better health condition in ICU patients (20).

We additionally observed that the negative impact of low SL 
variability on mortality was not seen in the subgroup with ≥ 60% of 
RASS scores within the target range. Patients in this subgroup are 
assumed to have favorable physiological conditions responding to 
external stimuli. In these patients, the low SL variability may simply 
reflect the situation that their SL were well controlled within the target 
levels, thereby not affecting the risk of mortality. On the other hand, the 
negative impact of low SL variability on mortality was found in the 
subgroup with < 60% of RASS scores within the target range. Judging 
from the median of RASS scores, these patients may have repeatedly 
uncontrolled deep sedation most of the time during the first 72-h ICU 
stay. As such, these patients may suffer from the known detrimental 
effects of “deep” sedation on clinical outcomes (5–7). Also, the low SL 
variability in this subgroup suggests that these patients may have poor 
physiological reserve, and their SL may tend to remain deep over time. 
It is known that patients who maintain < 60% of RASS scores within the 
target range have unfavorable ICU outcomes (11). Reduced SL variability 
in this context may not represent an entirely novel construct, but rather 
a complementary metric that captures the lack of behavioral fluctuation 
often seen in patients receiving intensive or deep sedation. Our findings 
underscore the importance of further identifying patients with low SL 
variability within this subgroup, as they are at an increased risk of 
mortality compared to those with high SL variability.

In this study, we found there were no significant impacts of the low 
SL variability on prolonged mechanical ventilation on ICU Day 14 and 
ventilation-free days on ICU Day 21, in contrast to the mortality 
findings. As such, this discrepancy may suggest that the physiological 
impact of low SL variability might be more closely linked to a lack of 
physiological reserve or neurological reactivity rather than isolated 
respiratory recovery, therefore was not associated with outcomes related 
to ventilator use in ICU.

TABLE 4  Sensitivity analysis of the impact of the low (first quartile of CV) versus high (fourth quartile of CV) sedation level variability on the ICU 
mortality.

ICU 28-day mortality, n 
(%)

Low SL variability 
(n = 876)

High SL variability 
(n = 857)

HR (95% CI) aHR (95% CI) p-value

329 (37.56) 189 (22.05) 1.92 (1.61, 2.29) 1.86 (1.54, 2.23) <0.001

ICU 90-day mortality, n (%)
Low SL variability 

(n = 876)

High SL variability 

(n = 857)
HR (95% CI) aHR (95% CI) p-value

343 (39.16) 207 (24.15) 1.84 (1.55, 2.18) 1.78 (1.49, 2.13) <0.001

Patients in the low and high sedation level (SL) variability groups had the first and fourth quartiles, respectively, of the coefficient of variation (CV) of exponential RASS scores measured 
during the first 72-h ICU stay.
ICU, intensive care unit; HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval. The baseline RASS score was adjusted in the regression model. The high SL variability group was 
used as the reference group. p-value with bold font indicates statistically significant.

TABLE 5  Subgroup analysis regarding percentage of RASS scores within target range of the impact of the low versus high sedation level variability on 
ICU mortality.

28-day ICU mortality, (event/total) Low SL 
variability

High SL 
variability

HR (95% CI) aHR (95% CI) p-value

≥60% of RASS scores within the target range 126/1042 118/832 0.85 (0.66, 1.09) 0.90 (0.69, 1.17) 0.424

<60% of RASS scores within the target range 387/717 233/917 2.62 (2.23, 3.09) 2.60 (2.16, 3.13) <0.001

90-day ICU mortality (event/total)
Low SL 

variability

High SL 

variability
HR (95% CI) aHR (95% CI) p-value

≥60% of RASS scores within the target range 139/1042 134/832 0.83 (0.65, 1.05) 0.88 (0.69, 1.13) 0.305

<60% of RASS scores within the target range 404/717 256/917 2.53 (2.16, 2.96) 2.50 (2.09, 2.99) <0.001

The target range was defined as RASS score −2 to +1. The baseline RASS score was adjusted in the analysis of the subgroup with ≥ 60% of RASS scores within the target range. The baseline 
RASS score, type of ICU admission, and Glasgow Coma Scale ≤ 8 were adjusted in the analysis of the subgroup with < 60% of RASS scores within the target range. The high SL variability 
group was used as the reference group. p-value with bold font indicates statistically significant.
ICU, intensive care unit; SL, sedation level; RASS, Richmond Agitation and Sedation Scale; HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval.
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A key strength of our study is the use of a large-scale biomedical 
database that integrates comprehensive real-world clinical information 
from diverse ICU settings. The second strength is that we were able to 
collect the RASS scores immediately after sedation initiation for each 
patient, which is often omitted in prospective studies due to delay of data 
collection related to screening and enrollment. This granular approach 
captures the true dynamic nature of sedation level in critically ill patients. 
The third strength is the robust confounding control by employing 
IPTW, we were able to balance the most relevant baseline covariates 
between the low and high SL variability groups. This approach may 
reduce the selection bias and approximate the balance of a randomized 
trial in a real-world setting. However, several limitations need to be 
considered. First, this work is a retrospective study subject to several 
inherited biases between the two study cohorts. We believe that these 
biases could be minimized mostly via stabilized IPTW. However, 
unmeasured confounders may still account for our observed results. 
Refinement of the propensity score model to include indications for 
sedation will be essential to mitigate the bias associated with treatment 
intensity.” Second, we acknowledge the mathematical limitations of the 
use of CV with ordinal clinical scales and offer it as a proxy for SL 
variability. Given the ordinal nature of the RASS score, the use of CV in 
this study is presented as an exploratory descriptive tool to summarize 
the magnitude of behavioral fluctuations. Third, our study cohort 
included patients admitted to large medical centers in the U.S., which 
limits the generalizability of these findings. Future studies involving 
multi-center data from diverse geographical regions are warranted to 
validate these findings across different clinical practices.

5 Conclusion

Our study identifies that reduced SL variability in the early ICU 
phase is descriptively associated with increased 28- and 90-day mortality 
in the ventilated critically ill. Patients with < 60% of RASS scores within 
the target range are vulnerable to this negative impact of reduced SL 
variability. Rather than acting as a modifiable prognostic tool, low SL 
variability may serve as a quantified marker of a stagnant sedation 
trajectory. These findings underscore the importance of monitoring 
dynamic sedation patterns, although further prospective research is 
required to determine if these patterns can be intentionally modified to 
improve clinical outcomes.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

S-FL: Data curation, Formal analysis, Methodology, Resources, 
Software, Writing – original draft, Writing – review & editing. C-JH: 
Conceptualization, Validation, Writing – original draft, Writing – 
review & editing. R-PL: Conceptualization, Investigation, Writing – 
original draft, Writing – review & editing. T-YC: Conceptualization, 

Writing  – original draft, Writing  – review & editing. H-CW: 
Conceptualization, Investigation, Methodology, Project 
administration, Supervision, Validation, Visualization, Writing  – 
original draft, Writing – review & editing.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Acknowledgments

The authors are grateful to professor Yu-Ru Kou for his valuable 
suggestions in the preparation of this manuscript.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Correction note

This article has been corrected with minor changes. These changes 
do not impact the scientific content of the article.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2026.1755288/
full#supplementary-material

https://doi.org/10.3389/fmed.2026.1755288
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2026.1755288/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2026.1755288/full#supplementary-material


Liao et al.� 10.3389/fmed.2026.1755288

Frontiers in Medicine 09 frontiersin.org

References
	1.	Devlin, JW, Skrobik, Y, Gélinas, C, Needham, DM, Slooter, AJC, Pandharipande, PP, 

et al. Clinical practice guidelines for the prevention and management of pain, agitation/
sedation, delirium, immobility, and sleep disruption in adult patients in the ICU. Crit 
Care Med. (2018) 46:e825–73. doi: 10.1097/CCM.0000000000003299

	2.	Boncyk, C, Rolfsen, ML, Richards, D, Stollings, JL, Mart, MF, Hughes, CG, et al. 
Management of pain and sedation in the intensive care unit. BMJ. (2024) 387:e079789. 
doi: 10.1136/bmj-2024-079789

	3.	Sessler, CN, Gosnell, MS, Grap, MJ, Brophy, GM, O'Neal, PV, Keane, KA, et al. The 
Richmond agitation-sedation scale: validity and reliability in adult intensive care unit 
patients. Am J Respir Crit Care Med. (2002) 166:1338–44. doi: 10.1164/rccm.2107138

	4.	Shehabi, Y, Howe, BD, Bellomo, R, Arabi, YM, Bailey, M, Bass, FE, et al. Early 
sedation with dexmedetomidine in critically ill patients. N Engl J Med. (2019) 
380:2506–17. doi: 10.1056/NEJMoa1904710

	5.	Shehabi, Y, Bellomo, R, Reade, MC, Bailey, M, Bass, F, Howe, B, et al. Early intensive 
care sedation predicts long-term mortality in ventilated critically ill patients. Am J Respir 
Crit Care Med. (2012) 186:724–31. doi: 10.1164/rccm.201203-0522OC

	6.	Balzer, F, Weiß, B, Kumpf, O, Treskatsch, S, Spies, C, Wernecke, KD, et al. Early deep 
sedation is associated with decreased in-hospital and two-year follow-up survival. Crit 
Care. (2015) 19:197. doi: 10.1186/s13054-015-0929-2

	7.	Shehabi, Y, Bellomo, R, Kadiman, S, Ti, LK, Howe, B, Reade, MC, et al. Sedation 
intensity in the first 48 hours of mechanical ventilation and 180-day mortality: a 
multinational prospective longitudinal cohort study. Crit Care Med. (2018) 46:850–9. 
doi: 10.1097/CCM.0000000000003071

	8.	Olsen, HT, Nedergaard, HK, Strøm, T, Oxlund, J, Wian, KA, Ytrebø, LM, et al. 
Nonsedation or light sedation in critically ill, mechanically ventilated patients. N Engl J 
Med. (2020) 382:1103–11. doi: 10.1056/nejmoa1906759

	9.	Hughes, CG, Girard, TD, and Pandharipande, PP. Daily sedation interruption 
versus targeted light sedation strategies in ICU patients. Crit Care Med. (2013) 
41:S39–45. doi: 10.1097/CCM.0b013e3182a168c5

	10.	Shehabi, Y, Chan, L, Kadiman, S, Alias, A, Ismail, WN, Tan, MA, et al. Sedation 
depth and long-term mortality in mechanically ventilated critically ill adults: a 
prospective longitudinal multicentre cohort study. Intensive Care Med. (2013) 39:910–8. 
doi: 10.1007/s00134-013-2830-2

	11.	DiCesare, MA, Rech, MA, and DeMott, JM. Predictors of a response to 
dexmedetomidine in intubated, critically ill adult patients. Pharmacotherapy. (2021) 
41:191–7. doi: 10.1002/phar.2501

	12.	West, N, McBeth, PB, Brodie, SM, van Heusden, K, Sunderland, S, Dumont, GA, 
et al. Feasibility of continuous sedation monitoring in critically ill intensive care unit 
patients using the NeuroSENSE WAV(CNS) index. J Clin Monit Comput. (2018) 
32:1081–91. doi: 10.1007/s10877-018-0115-6

	13.	Devlin, JW, Seth, B, Train, S, and Needham, DM. Maintaining light sedation is 
important: next steps for research. Thorax. (2021) 76:1069–70. doi: 10.1136/
thoraxjnl-2021-217337

	14.	Anesthesiologists ASo. Statement on continuum of depth of sedation: 
definition of general anesthesia and levels of sedation/analgesia. Schaumburg: 
Committee on Quality Management and Departmental Administration American 
Society of Anesthesiologists (2024).

	15.	De Jonghe, B, Cook, D, Appere-De-Vecchi, C, Guyatt, G, Meade, M, and Outin, H. 
Using and understanding sedation scoring systems: a systematic review. Intensive Care 
Med. (2000) 26:275–85. doi: 10.1007/s001340051150

	16.	Riker, RR, and Fraser, GL. Monitoring sedation, agitation, analgesia, 
neuromuscular blockade, and delirium in adult ICU patients. Semin Respir Crit Care 
Med. (2001) 22:189–98. doi: 10.1055/s-2001-13832

	17.	Balas, MC, Burke, WJ, Gannon, D, Cohen, MZ, Colburn, L, Bevil, C, et al. 
Implementing the awakening and breathing coordination, delirium monitoring/
management, and early exercise/mobility bundle into everyday care: opportunities, 

challenges, and lessons learned for implementing the ICU pain, agitation, and delirium 
guidelines. Crit Care Med. (2013) 41:S116–27. doi: 10.1097/CCM.0b013e3182a17064

	18.	Wang, HC, Huang, CJ, Liao, SF, and Lee, RP. Effects of dexmedetomidine versus 
propofol on outcomes in critically ill patients with different sedation depths: a propensity 
score-weighted cohort study. Anaes Crit Care Pain Med. (2024) 43:101425. doi: 10.1016/j.
accpm.2024.101425

	19.	Wagner, BK, and O'Hara, DA. Pharmacokinetics and pharmacodynamics of 
sedatives and analgesics in the treatment of agitated critically ill patients. Clin 
Pharmacokinet. (1997) 33:426–53. doi: 10.2165/00003088-199733060-00003

	20.	van de Borne, P. Variability science in intensive care - how relevant is it? Crit Care. 
(2004) 8:414–5. doi: 10.1186/cc2938

	21.	Bien, MY, Hseu, SS, Yien, HW, Kuo, BI, Lin, YT, Wang, JH, et al. Breathing pattern 
variability: a weaning predictor in postoperative patients recovering from systemic 
inflammatory response syndrome. Intensive Care Med. (2004) 30:241–7. doi: 10.1007/
s00134-003-2073-8

	22.	Johnston, BW, Barrett-Jolley, R, Krige, A, and Welters, ID. Heart rate variability: 
measurement and emerging use in critical care medicine. J Intensive Care Soc. (2020) 
21:148–57. doi: 10.1177/1751143719853744

	23.	Seely, AJ, and Macklem, PT. Complex systems and the technology of variability 
analysis. Crit Care. (2004) 8:R367–84. doi: 10.1186/cc2948

	24.	Andrew, B (2024) Investopedia. Using the coefficient of variation (COV). Available 
online at: https://www.investopedia.com/ask/answers/052015/what-are-some-uses-
coefficient-variation-cov.asp. (Accessed October 26, 2024)

	25.	Johnson, ABL, Pollard, T, Horng, S, Celi, LA, and Mark, R. MIMIC-IV (version 
1.0). PhysioNet. (2021). doi: 10.13026/s6n6-xd98

	26.	Lee, DK. Data transformation: a focus on the interpretation. Korean J Anesthesiol. 
(2020) 73:503–8. doi: 10.4097/kja.20137

	27.	Angus, DC, and Wax, RS. Epidemiology of sepsis: an update. Crit Care Med. (2001) 
29:S109–16. doi: 10.1097/00003246-200107001-00035

	28.	Angus, DC, and van der Poll, T. Severe sepsis and septic shock. N Engl J Med. 
(2013) 369:840–51. doi: 10.1056/NEJMra1208623

	29.	Schoenfeld, DA, and Bernard, GR. Statistical evaluation of ventilator-free days as 
an efficacy measure in clinical trials of treatments for acute respiratory distress 
syndrome. Crit Care Med. (2002) 30:1772–7. doi: 10.1097/00003246-200208000-00016

	30.	Xu, S, Ross, C, Raebel, MA, Shetterly, S, Blanchette, C, and Smith, D. Use of stabilized 
inverse propensity scores as weights to directly estimate relative risk and its confidence 
intervals. Value Health. (2010) 13:273–7. doi: 10.1111/j.1524-4733.2009.00671.x

	31.	Ritchie, BM, Torbic, H, DeGrado, JR, and Reardon, DP. Sedation variability increases 
incidence of delirium in adult medical intensive care unit patients at a tertiary academic 
medical center. Am J Ther. (2019) 26:e92–5. doi: 10.1097/mjt.0000000000000455

	32.	Stephens, RJ, Dettmer, MR, Roberts, BW, Ablordeppey, E, Fowler, SA, Kollef, MH, 
et al. Practice patterns and outcomes associated with early sedation depth in 
mechanically ventilated patients: a systematic review and meta-analysis. Crit Care Med. 
(2018) 46:471–9. doi: 10.1097/ccm.0000000000002885

	33.	Ceric, A, Holgersson, J, May, TL, Skrifvars, MB, Hästbacka, J, Saxena, M, et al. 
Effect of level of sedation on outcomes in critically ill adult patients: a systematic review 
of clinical trials with meta-analysis and trial sequential analysis. EClinicalMedicine. 
(2024) 71:102569. doi: 10.1016/j.eclinm.2024.102569

	34.	Feng, F, Kang, H, Yang, Z, Ma, L, and Chen, Y. Safety and effectiveness of inhaled 
sedation in critically ill patients: a systematic review and meta-analysis. Syst Rev. (2025) 
14:44. doi: 10.1186/s13643-025-02791-6

	35.	Bouchereau, E, Pruvost-Robieux, E, Siami, S, Chaffaut, C, Bouglé, A, Gavaret, M, 
et al. Altered lower brainstem neurophysiological response is associated with mortality 
in deeply sedated critically ill patients. Intensive Care Med. (2025) 51:1050–61. doi: 
10.1007/s00134-025-07945-7

https://doi.org/10.3389/fmed.2026.1755288
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1097/CCM.0000000000003299
https://doi.org/10.1136/bmj-2024-079789
https://doi.org/10.1164/rccm.2107138
https://doi.org/10.1056/NEJMoa1904710
https://doi.org/10.1164/rccm.201203-0522OC
https://doi.org/10.1186/s13054-015-0929-2
https://doi.org/10.1097/CCM.0000000000003071
https://doi.org/10.1056/nejmoa1906759
https://doi.org/10.1097/CCM.0b013e3182a168c5
https://doi.org/10.1007/s00134-013-2830-2
https://doi.org/10.1002/phar.2501
https://doi.org/10.1007/s10877-018-0115-6
https://doi.org/10.1136/thoraxjnl-2021-217337
https://doi.org/10.1136/thoraxjnl-2021-217337
https://doi.org/10.1007/s001340051150
https://doi.org/10.1055/s-2001-13832
https://doi.org/10.1097/CCM.0b013e3182a17064
https://doi.org/10.1016/j.accpm.2024.101425
https://doi.org/10.1016/j.accpm.2024.101425
https://doi.org/10.2165/00003088-199733060-00003
https://doi.org/10.1186/cc2938
https://doi.org/10.1007/s00134-003-2073-8
https://doi.org/10.1007/s00134-003-2073-8
https://doi.org/10.1177/1751143719853744
https://doi.org/10.1186/cc2948
https://www.investopedia.com/ask/answers/052015/what-are-some-uses-coefficient-variation-cov.asp
https://www.investopedia.com/ask/answers/052015/what-are-some-uses-coefficient-variation-cov.asp
https://doi.org/10.13026/s6n6-xd98
https://doi.org/10.4097/kja.20137
https://doi.org/10.1097/00003246-200107001-00035
https://doi.org/10.1056/NEJMra1208623
https://doi.org/10.1097/00003246-200208000-00016
https://doi.org/10.1111/j.1524-4733.2009.00671.x
https://doi.org/10.1097/mjt.0000000000000455
https://doi.org/10.1097/ccm.0000000000002885
https://doi.org/10.1016/j.eclinm.2024.102569
https://doi.org/10.1186/s13643-025-02791-6
https://doi.org/10.1007/s00134-025-07945-7

	Sedation level variability as an indicator for mortality in mechanically ventilated critically ill patients: a propensity score-weighted cohort study
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 The original study cohort and design
	2.3 Calculation of the CV serving as the descriptive proxy of SL variability
	2.4 Covariates
	2.5 Outcome measurements and definitions
	2.6 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Comparisons of the first 72-h ICU characteristics of the two study groups
	3.3 Impact of the low versus high SL variability on ICU outcomes
	3.4 Sensitivity and subgroup analyses

	4 Discussion
	5 Conclusion

	Acknowledgments
	References

