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Pharmacological Equivalence 
For benzodiazepines we converted diazepam and lorazepam to its equivalent 
midazolam, as converted previously in the literature [1]. Based on literature values we 
also converted morphine, meperidine, remifentanil to fentanyl [1, 2]. This helped us 
evaluate the cumulative dose of benzodiazepines and opioids, based on midazolam 
and fentanyl, respectively (E-Table 1). 
 
Score Conversions 
We chose Richmond Agitation-Sedation Scale (RASS) as the standard, since is the 
most valid and reliable tool for measuring quality and depth of sedation in adult 
intensive care unit (ICU) patients [3]. We constructed an algorithm to convert Glasgow 
Coma Scale (GCS) or Ramsay Sedation Scale to RASS (E-Table 2), for those 
participants without registered RASS score based on prior data [4, 5]. If both scales 
were available for a patient, then we used the Ramsay Sedation Scale since it was 
created to evaluate sedation status. Once we obtained our new converted RASS score, 
we divided them into four categories, as shown in E-Table 3.  
 
Patient-Days Characteristics in the 1,338 Study Participants 
In E-Table 4, we show the number of patient-days that were evaluated, and how RASS 
scores and pharmacological agents were used within the study. 
 
The Berezina Plot 
We wrote all our graphics using ggplot2 package [6], in R software [7]. Our first graph, 
which we call the Berezina graph – inspired by the Berezina Battle of 1812 – is the 
applied form of a theoretical graph from our group [8]. In this graph we explore sedation 
status, while accounting for how many patients stopped requiring assisted breathing 
and those patients that died during their stay in the ICU. 
We evaluated our plots in different subpopulations from our final sample study. We 
categorized patients as having or not ARDS on admission. Their sedation status 
pattern throughout time was similar, as seen below. 
For others to recreate our graph, we are providing our code here. Please take into 
account that we also use the package reshape and data.table, which will help us 
manipulate our data appropriately. Here we have three important variables: id, dayn 
and depth. ID is the subject’s identifier in the study, dayn is the day of the study and 
depth is what we are evaluating which can be either adequate, agitated, dead, deep, 
discharged or moderate. 
 

library(ggplot2) 
library(reshape2) 
library(data.table) 
dt_data <- data.table(toty) 
dt_long <- melt( dt_data, id.vars = c("id","dayn"), 
measure.vars = c("depth")) 
dt_long <- dt_long[ !is.na(value)] 
k_len <- nrow(dt_long) 
dt_long[ , num_per_day:=length(value), by=dayn] 
dt_agg <- dt_long[, .(perc= .N/unique(num_per_day)*100 ), 
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by= .(dayn, value)] 
 
When doing this, we should get something similar to this: 
 

head(dt_agg) 
   dayn     value      perc 
1:    0      Deep 90.133125 
2:    1      Deep 86.385737 
3:    2      Deep 82.124789 

 
We advise other researchers to curate their data, every day of the study must have a 
value, so if it’s not present, we advise to do the following, to curate: 
 

alv1 <- list(0,"Dead",0) 
alv2 <- list(0,"Discharged",0) 
alv3 <- list(16,"Agitated",0) 
alv4 <- list(17,"Agitated",0) 
alv5 <- list(19,"Agitated",0) 
alv6 <- list(23,"Agitated",0) 
alv7 <- list(26,"Agitated",0) 
alv8 <- list(27,"Agitated",0) 
alv9 <- list(28,"Adequate",0) 
dt_agg1<-
rbind(dt_agg,alv1,alv2,alv3,alv4,alv5,alv6,alv7,alv8,alv9) 
dt_agg1$value = factor(dt_agg1$value,levels = 
c("Discharged","Agitated","Adequate","Light","Deep","Dead")
) 

 
Then we need to transform, and will be ready to create our graph.  

 
df2_2 <- rbind(dt_agg1, 
        transform(dt_agg1[order(dt_agg1$dayn),], 
                  dayn=dayn - 1e-9,  # required to avoid 
crazy steps 
                  perc=ave(perc, value, FUN=function(z) 
c(z[[1]], head(z, -1L))))) 
setorder(df2_2, dayn, value) 
df2_2$value = factor(df2_2$value, levels = 
rev(levels(df2_2$value))) 
g1a<-ggplot(df2_2, aes(x=dayn, y=perc, fill=value)) + 
geom_area() + scale_fill_manual(name="",labels = c(" 
","Deep","Moderate","Adequate","Agitated","  
"),values=alpha(c("white", "#003366", 
"#3399FF","#99CCFF","#FFCCFF","white"),0.7)) 
dt_aggDis = df2_2[df2_2$value=="Discharged"] 
g1b<-g1a+geom_step(data=dt_aggDis,colour='blue',linetype = 
"longdash",size=1) 
dt_aggDe = df2_2[df2_2$value=="Dead"] 
dt_aggDe$perc = 100-dt_aggDe$perc 
g1c<-g1b+geom_step(data=dt_aggDe,colour='red',linetype = 
"longdash",size=1) 
g1d<-g1c+ylab("%")+xlab("Days in 
ICU")+scale_x_continuous(breaks=pretty_breaks(n=12)) 
g1e<-g1d+annotate("text", x = 20, y = 90, label = "Death", 
colour="red")+annotate("text", x = 20, y = 20, label = 
"Unassisted breathing", colour="blue")+theme_classic() 
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The Causa Plot 
Similar to lasagna plots [9], we have created a heatmap-based graph that helps to 
evaluate longitudinal data with an important critical care outcome: death or extubation 
by 28 days. Unlike the Berezina plot, this is a subject-specific graph. However, our plot 
does not use the same code as our Lasagna colleagues, but instead we like to refer to 
a different way of writing graphs [10], which is implemented in ggplot2 [6].  

 
toty_total2 = 

toty_total[c("id","dayn","depth","deep.sum","state")] 
 
Where id is the id of each subject, dayn is the day of the study, deep.sum is how many 
days were considered “deep”, based on our previous definition. State defines if by 28 
days the patient was extubated, died, or neither. 
 

library(ggplot2) 
ggplot(toty_total2,aes(x=dayn,y=reorder(factor(id),deep.sum
),fill=factor(depth))) + geom_tile(colour='black')+ 
theme(axis.ticks = element_blank(), axis.text.y = 
element_blank())+facet_grid(state~.,scales="free") + 
xlab("Days in ICU")+ylab("1327 
Partcipants")+scale_fill_manual(name="",values=(c('red', 
"#003366","#3399FF","#99CCFF","#FFCCFF",'blue')))+scale_x_c
ontinuous(breaks=pretty_breaks(n=20)) + 
theme(legend.position="top") 

 
We like the simplicity of our plot, which given its distribution it reminds us of Peruvian 
dish: causa limeña. We recommend using this simple code to re-create and evaluate 
their ICU data or any other longitudinal data.   
 
 
Secondary Outcomes 
By using our secondary outcomes (ventilator free days, ICU free days, hospital free 
days) we constructed single and multivariable regressions. In E-Table 5, we present 
the difference between the 75th and the 25th percentile of each variable. This model 
was adjusted for age, sex, APACHE III and usage or not of antipsychotics, using linear 
regression.
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Table S1 Dose Equivalency of Benzodiazepines Relative to Midazolam and 
Opioids Relative to Fentanyl. 
 

Benzodiazepine agent Equivalent to 2.5 mg of Midazolam 
Diazepam 5 mg 
Lorazepam 1 mg 

Opioid agent Equivalent to 0.15 mg of Fentanyl 
Morphine 10 mg 

Meperidine 75 mg 
Remifentanil 0.125 mg 

 

Table S2 Ramsay Sedation and Glasgow Coma Scales conversion to the 
Richmond Agitation-Sedation Scale. 
 
 

Glasgow Coma 
Scale 

Richmond Agitation-Sedation 
Scale 

Ramsay Sedation 
Scale 

 2 1 
 1  

15 0 2 to 3 
14 -1  

12 to 13 -2 4 
9 to 11 -3  
4 to 7 -4 5 to 6 

3 -5  
 
 
Table S3 Sedation Status Corresponding to Richmond Agitation-Sedation 
Score. 
 

Sedation Status  Richmond Agitation-Sedation Score 
Agitated >1 

Adequate sedation >-1 but ≤1 
Moderate sedation >-3 but ≤-1 

Deep sedation ≤-3 
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Table S4  Sedation Status and Use of Sedatives, Antipsychotics and 
Neuromuscular Blockers. 
 
 Days Evaluated 

Variable 0-28 0-2 3-7 8-28 

Number of Patient-Days Assessed 18,645 3,910 5,429 9,306 

RASS score, mean -3.07 -3.67 -3.16 -2.76 

RASS score, median -3 -4 -3 -3 

Benzodiazepines 8,453 2,906 2,580 2,967 

Opioids 9,259 3,101 2,942 3,216 

Dexmedetomidine 114 15 27 72 

Propofol 2 0 0 2 

Barbiturates 135 35 53 47 

Neuromuscular Blockers 62 14 21 27 

Haloperidol 483 45 157 281 
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Table S5 Sedation Status and Secondary Outcomes. 
 

 Secondary 
Outcome 

Sedation 
Status (% 
Days in ICU) 

Single 
Variable  

(75th - 25th) 

p-
value 

Multivariable 
(75th - 25th) 

p-
value 

Ventilator Free 
Days 

Deep Sedation -8.73 <0.001 -7.27 <0.001 

 Agitated 0 0.88 0 <0.01 
 Moderate 

Sedation 
6.29 <0.001 1.41 <0.01 

ICU Free Days Deep Sedation -6.02 <0.001 -4.38 <0.001 
 Agitated 0 0.83 0 0.06 
 Moderate 

Sedation 
4.60 <0.01 1.68 <0.001 

Hospital Free 
Days 

Deep Sedation -9.41 <0.01 -7.00 <0.001 

 Agitated 0 0.88 0 <0.05 
 Moderate 

Sedation 
7.20 <0.01 2.06 0.02 
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Figure S1 Cumulative Incidence Plots Evaluating Sedation Status and Vital 
Status During ICU Stay stratified by ARDS Status at Enrollment. In this figure, we 
plot the cumulative incidence of death (represented by a broken red line), unassisted 
breathing (represented by a broken blue line), and sedation status (shaded areas) 
among those who are receiving assisting breathing, stratified by whether participants 
have ARDS on admission (left panel) or no ARDS (right panel). The shaded areas 
were proportional to the percentage of participants who were deeply (dark blue), 
moderately (blue) or adequately sedated (light blue), and agitated (pink).  Our 
categorization of sedation is based on the Richmond Agitation Sedation Scale score 
(RASS), and if unavailable it is based on a conversion based on the Ramsay Scale 
score or the Glasgow Coma Scale score to RASS as shown in Additional file 1: Table S2. 
 

Figure S2 Cumulative Incidence Plots Evaluating Sedation Status and Vital 
Status During ICU Stay Stratified by APACHE III Score at Enrollment. In this figure, 
we plot the cumulative incidence of death (represented by a broken red line), 
unassisted breathing (represented by a broken blue line), and sedation status (shaded 
areas) among those who are receiving assisting breathing, stratified by APACHE III 
score (0–69, 70–96, 97–179). The shaded areas were proportional to the percentage of 
participants who were deeply (dark blue), moderately (blue) or adequately sedated 
(light blue), and agitated (pink).  Finally, we plotted this graph according to their 
admission type and found a similar sedation depth pattern. Our categorization of 
sedation is based on the Richmond Agitation Sedation Scale score (RASS), and if 
unavailable it is based on a conversion based on the Ramsay Scale score or the 
Glasgow Coma Scale score to RASS as shown in Additional file 1: Table S2.  
 
Figure S3 Cumulative Incidence Plots Evaluating Sedation Status and Vital 
Status During ICU Stay Stratified by Admission Type. In this figure, we plot the 
cumulative incidence of death (represented by a broken red line), unassisted breathing 
(represented by a broken blue line), and sedation status (shaded areas) among those 
who are receiving assisting breathing, stratified by whether admission was medical 
(left) or surgical (right). The shaded areas were proportional to the percentage of 
participants who were deeply (dark blue), moderately (blue) or adequately sedated 
(light blue), and agitated (pink). Our categorization of sedation is based on the 
Richmond Agitation Sedation Scale score (RASS), and if unavailable it is based on a 
conversion based on the Ramsay Scale score or the Glasgow Coma Scale score to 
RASS as shown in Additional file 1: Table S2. 
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