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2. Introduction 
This serves as the formal Statistical Analysis Plan (SAP) for the Effect of Ketamine and 
Etomidate During RSI on Long Term Outcomes (RSI-LTO) study. RSI-LTO compares 
long-term outcomes at 3 and 12 months between ketamine vs etomidate among 
patients in the Randomized trial of Sedative choice for Intubation (RSI), the short-term 
outcomes of which were registered separately (NCT05277896) and have been 
published separately.1 This SAP was finalized before the completion of the long-term 
follow-up. The RSI-LTO study was registered at: 

https://clinicaltrials.gov/study/NCT06179485. 

 
3. Background and Rationale 
Approximately 13 million critically ill adults undergo emergency tracheal intubation 
annually worldwide.2,3 Among survivors, up to 34% experience symptoms of post-
traumatic stress disorder (PTSD) months to years after the critical illness.4 Symptoms of 
PTSD can negatively affect quality of life and ability to maintain employment.5-8 Finding 
treatments that prevent or improve PTSD symptoms and other mental health outcomes 
in intensive care unit (ICU) survivors, especially for those who receive mechanical 
ventilation, is urgently needed.9,10 

Ketamine and etomidate are the two most commonly used medications for the induction 
of anesthesia for emergency tracheal intubation in the emergency department (ED) and 
ICU.11,12 The choice between these two medications has been hypothesized to affect 
the development of symptoms of PTSD after critical illness. The development of PTSD 
following a hospitalization in the ICU is thought to be attributed to frightening memories 
and distressing experiences, such as delusions and hallucinations, experienced during 
the ICU stay.4 Ketamine may reduce the burden of PTSD by antagonizing the N-methyl-
D-aspartate (NMDA) receptor,13 which inhibits the brain’s glutamatergic system.14 This 

https://clinicaltrials.gov/study/NCT06179485
https://clinicaltrials.gov/study/NCT06179485
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system mediates stress responsivity and resiliency, and inhibiting it may mitigate the 
formation of distressing memories, which are responsible for PTSD development.15 

 
In adult outpatients with chronic PTSD, a single dose of intravenous ketamine 
(0.5mg/kg) has been shown to reduce PTSD symptoms for up to 2 weeks.16,17 
Therefore, it is possible that a single dose of intravenous ketamine (1-2 mg/kg) given for 
emergency tracheal intubation could similarly reduce the development of PTSD 
symptoms related to intubation or subsequent mechanical ventilation during critical 
illness. In a recent observational study of 141 adult patients who were intubated in the 
ED or ICU, receipt of ketamine was associated with significantly decreased symptoms 
of PTSD at 12 months, compared to receipt of etomidate.18 However, the effect of 
induction medications such as ketamine and etomidate on symptoms of PTSD has not 
been rigorously evaluated in a randomized trial. 

 

4. Objective 
We sought to compare the effect of use of intravenous ketamine versus etomidate 
for induction of anesthesia during tracheal intubation on symptoms of PTSD at 12 
months among participants in the RSI randomized trial. 

 

5. Trial Design 
The RSI trial was a multicenter, randomized trial comparing intravenous ketamine vs 
etomidate for the induction of anesthesia during emergency tracheal intubation of 
critically ill adults in the ED and ICU.1 The RSI trial was approved by the institutional 
review board at Vanderbilt University Medical Center and the US Food and Drug 
Administration (IND 141424) and conducted with Exception from Informed Consent 
Requirements for Emergency Research (EFIC). The current RSI-LTO study compares 
symptoms of PTSD and other outcomes at 3 and 12 months among participants in the 
RSI randomized trial. Patients or their surrogates provided informed consent to 
participate in the RSI-LTO study. 

 

6. Study Population 
The RSI trial and the current RSI-LTO study were conducted at 14 sites (6 EDs and 8 
ICUs) in 6 medical centers across the United States. Patients were included in the RSI 
trial if they were ≥ 18 years old and undergoing tracheal intubation with the use of a 
medication to induce anesthesia. Patients were excluded if they were known to be 
pregnant, were known to be a prisoner, were presenting with a primary diagnosis of 
trauma, or had an immediate need for tracheal intubation that precluded randomization. 
Patients were also excluded if the treating clinicians determined that the use of 
ketamine or etomidate was either necessary or contraindicated. 

RSI-LTO had a small number of additional exclusions. Patients were excluded if they 
were deaf, aphasic or non-verbal, unable to follow simple commands prior to index 
hospitalization, or non-English speaking. In addition to these exclusion criteria, patients 
were not enrolled in RSI-LTO if they did not have access to a telephone because the 
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follow-up assessments at 3 and 12 months were completed by telephone and patients 
without access to a telephone would have been unable to complete the assessments. 

 

7. Randomization 

In the RSI trial, patients were randomly assigned in a 1:1 ratio to receive either 
ketamine or etomidate for induction of anesthesia during tracheal intubation. 
Randomization was performed with the use of permuted blocks of variable size, 
stratified by trial site. Trial-group assignments were placed in sequentially numbered, 
opaque envelopes and remained concealed until after enrollment. Clinicians and 
research personnel were aware of trial-group assignments after randomization. 
However, the outcome assessors were blinded to treatment group assignment. 

 

8. Trial Interventions 
For patients assigned to the ketamine group in the RSI trial, clinicians administered 
ketamine intravenously to induce anesthesia. A nomogram provided a list of doses of 
ketamine (in milligrams) that was based on patient weight, which corresponded to a full 
dose (2.0 mg per kilogram of body weight), an intermediate dose (1.5 mg per 
kilogram), or a reduced dose (1.0 mg per kilogram). Clinicians selected the dose of 
ketamine to administer. 

 
For patients assigned to the etomidate group in the RSI trial, clinicians were instructed 
to administer etomidate intravenously to induce anesthesia. A nomogram provided a 
list of doses of etomidate (in milligrams) that was based on patient weight, which 
corresponded to a full dose (0.3 mg per kilogram), an intermediate dose (0.25 mg per 
kilogram), or a reduced dose (0.2 mg per kilogram). Clinicians selected the dose 

of etomidate to administer. 

 

9. Outcomes 
The short-term outcomes of the RSI trial were registered separately (NCT05277896) 
and have been reported previously.1 This SAP addresses the outcomes of RSI-LTO. 
In RSI-LTO, trained neuropsychological raters, blinded to treatment group assignment, 
conducted long-term follow-up at 3 and 12 months after randomization using a 
telephone battery. 

 
9.1 Primary Outcome for RSI-LTO 

The primary outcome for RSI-LTO is symptoms of PTSD at 12 months after 
randomization, as assessed using the PTSD Checklist for the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) (PCL-5), anchored to the intubation 
and mechanical ventilation events.19 The PCL-5 is a widely used 5-10 minute patient 
survey validated to characterize the severity of PTSD symptoms. Patients rate 20 
items corresponding to the DSM-5 criteria for PTSD on a 5-point Likert scale ranging 
from 0 (not bothersome) to 4 (extremely bothersome). Total scores range from 0 to 80, 
with higher scores indicating more severe symptoms of PTSD.19 
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We chose the PCL-5 over the Clinician Assessment of Post-Traumatic Stress 
Symptoms for the DSM-5 (CAPS-5), which is considered the reference standard for 
PTSD diagnosis,20 because the CAPS-5 takes 60 minutes to complete, placing a 
significant burden on easily-fatigued ICU survivors and increasing the risk of 
incomplete data. Despite its shorter length, the PCL-5 is highly correlated with the 
CAPS-5 (r=0.94); a score on the PCL-5 >30 is 94% sensitive and 94% specific for 
PTSD, as diagnosed by the CAPS-5.20 We chose PTSD symptoms rather than PTSD 
diagnosis as the primary outcome (1) to increase statistical power and (2) because 
patients who have PTSD symptoms that do not meet full diagnostic criteria for PTSD 
still have difficulty living productively,21 and experience high rates of comorbid 
psychiatric illnesses and poor quality of life.22,23 PCL-5 scores > 30 were indicative of 
possible PTSD.20 We chose to measure PTSD symptoms at both 3 and 12 months 
while prioritizing the 12-month assessment because PTSD symptoms tend to be the 
most severe at 1-3 months and then improve 6-12 months after the traumatic event. 
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9.2. Additional Outcomes for RSI-LTO (Table 1) 
Name Measure Time point 

PTSD Symptoms at 3 
months 

PCL-5 ranges from 0 (no PTSD symptoms) to 80 (most 
severe PTSD symptoms). The PCL-5 will be anchored 
to the intubation and mechanical ventilation events.20 

3 months 

Vital Status Date and location of death will be assessed from 
enrollment until 12 months after enrollment by trial 
personnel using review of electronic health records, 
telephone calls with families, and state or national 
death indices. 

3 and 12 months 

Depression The Patient Health Questionnaire-9 is a multiple-choice 
inventory used to measure the severity of depression. 
Scores range from 0 (no depression) to 27 (severe 
depression).24 

3 and 12 months 

Anxiety Generalized Anxiety Disorder-7 is a multiple-choice 
inventory used for measuring the severity of anxiety. 
Scores range from 0 (no anxiety) to 21 (severe 
anxiety).25 

3 and 12 months 

Quality of life EQ-5D-5L quantifies quality of life by characterizing 
mobility, self-care, usual activities, pain/discomfort, 
anxiety/depression, and global health status.26 EQ-5D-
5L scores will be summarized using the index value 
validated for the US population. Index scores range 
from -0.573 (quality of life worse than death) to 1.000 
(perfect quality of life).27 

3 and 12 months 

Cognition MoCA-Blind assesses naming, immediate recall, 
attention, language, abstraction, delayed recall, and 
orientation. Scores range from 0 to 22, with higher 
scores indicating better cognition.28,29 

3 and 12 months 

Executive function Oral Trail Making Test – Patient counts from 1 to 25 
and then alternates between numbers and letters (i.e., 
1-A-2-B-3-C, etc). Lower scores indicate better 
executive function.30 

3 and 12 months 

Employment Patients are asked what their employment status is 
prior to the acute illness and at follow-up. Patients will 
be considered to have lost employment if they go from: 
(1) full to partial employment, (2) full to no employment, 
or (3) partial to no employment. 

3 and 12 months 

Physical Disability Duke Activity Status Index (DASI) is an 11-item survey 
that assesses the patient's current ability to perform 
various physical activities. Scores range from 0 (poor 
physical function) to 58.2 (excellent physical 
function).31 

3 and 12 months 

Awareness of paralysis Determined by a semi-structured interview using ICU 
Memory Tool32,33 and modified Brice Questionnaire.34 

3 months 

Threat perception This 7-item questionnaire assesses the patient's 
perception of feeling threatened during the intubation 
experience. Scores range from 0 (none at all) to 21 
(extremely threatened). 

3 months 

The presence of 
factual, delusional, and 
emotional memories 

Determined by a semi-structured interview using ICU 
Memory Tool.32,33 

3 months 

Coma-and-delirium free 
days (CDFD) 

Days alive and free of coma and delirium are based on 
local delirium assessment and level of consciousness 
assessment during the first 28 days after 
randomization. If the patient died before day number 
28, they were assigned a CDFD of 0 days 

Hospitalization 

Table 1. Additional outcomes to be collected at 3 and 12 months via telephone follow-up. Telephone 
follow-up was conducted by trained neuropsychological raters blinded to treatment assignment. 
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10. Statistical Analysis 

 
10.1. Analytic Principles 
To characterize the study sample, demographic, clinical, and lab data will be described 
by treatment group, overall and among patients with data for the primary outcome of 
RSI-LTO. Categorical variables will be described using frequencies and proportions; 
continuous variables will be described using medians and interquartile ranges (IQR). 

 
10.2. Analysis of the primary outcome of RSI-LTO 
Our primary analysis will be an intention-to-treat comparison of symptoms of PTSD at 
12 months, as measured by the PCL-5, between those who were randomized to 
ketamine and those randomized to etomidate. Because a value for the PCL-5 score 
will not exist for patients who die prior to assessment, our primary analysis will use a 
composite endpoint approach, in which we will assign patients whose PCL-5 could not 
be assessed because they died a value of 81 (higher than the worst value on the 
PTSD symptom scale). We will consider death a worse outcome than being alive with 
severe PTSD because: [1] 60-80% of patients with PTSD eventually experience full 
recovery35 and [2] our patient partners with PTSD unanimously felt that, despite their 
symptoms, it was still better to have survived. Among patients who are alive at 12 
months, PCL-5 scores will be treated as missing if the score is unavailable because 
the patient was lost to follow-up, declined the assessment, or was unable to complete 
the assessment because of severe cognitive impairment or non-verbal status at the 
time of the assessment. Our primary analysis will use “complete case” analysis, 
excluding patients who have completely missing PCL-5 assessments or information 
about death. As described below, we will use multiple imputation for patients who 
partially completed the PCL-5 score. Our primary analysis will compare the PCL-5 at 
12 months between patients randomized to ketamine vs patients randomized to 
etomidate using a partial proportional odds model to permit separate estimates of the 
effect of ketamine vs etomidate on (1) death and (2) symptoms of PTSD. The partial 
proportional odds model is a flexible regression model that estimates the treatment 
effect separately for each of the ordinal outcome categories (i.e., relaxes the 
proportional odds assumption). For the partial proportional odds model, the PCL-5 
scores will be categorized to create the ordinal outcome variables as in the following 
groupings of values: 0, 1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46- 
50, 51-80, and death. The reason for groupings of 5 values is that serial changes in 
individuals of ≥5 on the PCL-5 total score are considered reliable.36 The reason for 
grouping all values of 51-80 is that few patients (<5%) will have values in this range. 

The main scientific objective is to determine whether the intervention demonstrates an 
effect in the settings where it was actually implemented. Accordingly, the primary 
analysis focuses on statistical inference about the effects of the intervention conditional 
on the observed study sites and other realized levels of clustering. Because inference 
about effects generalized beyond the observed sites requires additional assumptions 
regarding correlation and heterogeneity, we will conduct sensitivity analyses (Section 
10.3) using alternative variance estimators and correlation structures, including 
cluster-robust standard errors and mixed-effects models, to assess the robustness of 

conclusions to assumptions required for generalization to a broader population of sites 
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and other clustering units. These sensitivity analyses are intended to quantify the extent 
to which conclusions depend on assumptions required for generalization to all possible 
sites/clusters, rather than to identify a single preferred variance estimator. 

 
10.3. Sensitivity Analyses for Primary Outcome 
We will perform additional sensitivity analyses to evaluate the robustness of our 
findings. 

First, we will compare the outcome between trial groups using an unadjusted Wilcoxon 
Rank Sum Test. 

Second, we will repeat the primary analysis using cluster-robust standard errors for the 
primary estimand, where trial sites are treated as the clustering variables. 

Third, we will perform a proportional odds mixed effects model with a random effect for 
site and fixed effects for trial group and the following pre-specified covariates in order of 
importance: 

1) Age 
2) Neighborhood disadvantage as characterized by the Area Deprivation Index37 
3) Rurality as characterized by the Rural-Urban Commuter Index38 
4) Elixhauser comorbidity index39 
5) Pre-enrollment history of PTSD 
6) Pre-enrollment history of depression 
7) Pre-illness history of bipolar disorder 
8) Pre-illness history of anxiety 
9) Severity of illness, as characterized by the APACHE II score40 
10) Race 
11) Ethnicity 
12) Sex 

 
Fourth, we will repeat the primary analysis in patients who have fully completed the 
PCL-5. 

Fifth, we will compare PTSD symptoms between groups in a survivors-only analysis, 
both unadjusted and adjusted for the above variables, plus baseline measures of 
traumatic experiences (Life Events Checklist for DSM-5 [LEC-5]) and resilience (Brief 
Resilient Coping Scale), financial strain,41 social network using a survey from the Midlife 
Development in the United States (MIDUS) study,42,43 and social support from the 
ENRICHD Social Support Instrument.44,45 

 
Sixth, we will perform Survivor Average Causal Effect (SACE) analysis. We will estimate 
the principal stratum causal effect, often referred to as the SACE, defined as the 
average causal effect among a subset of subjects who would survive under either 
treatment.46 
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Seventh, we will compare possible PTSD diagnosis between trial groups using a 
generalized linear model. A possible PTSD diagnosis will be defined as a PCL-5 score 
> 30.20 

For the multivariable models, non-linear continuous variables will be modeled using 
splines. Collinearity will be assessed, and if two variables are highly correlated, the 
lesser priority covariate will be removed. Post-randomization covariates (e.g., 
interventions provided during hospitalization) will not be adjusted for because they may 
potentially be affected by the randomized intervention and be on the causal pathway. 
Multiple imputation for missing covariates based on predictive mean matching will be 
performed. As with our previous studies, multiple imputation will also be performed for 
missing scores secondary to partially completed PCL-5s.47-49 

10.4. Heterogeneity of Treatment Effects for the Primary Outcome 
Heterogeneity of treatment effect is nonrandom variation in the magnitude or direction 
of the effect of a treatment on an outcome across levels of a baseline covariate. We 
will apply two complementary approaches to analysis of heterogeneity of treatment 
effect described in the Predictive Approaches to Treatment Effect Heterogeneity 
Statement:50 (1) traditional one-variable-at-a-time subgroup analyses and (2) an effect-
modeling approach, as described in detail in the statistical analysis plan for the RSI 
trial51 (the results of which may be reported separately from the remainder of the RSI-
LTO analyses). 

Our subgroup analyses will examine whether prespecified baseline variables modify 
the effect of trial group assignment on the primary outcome of symptoms of PTSD 
using a formal test of statistical interaction in proportional odds model with the primary 
outcome of symptoms of PTSD as the dependent variable, a random effect for trial 
site, and independent variables of trial group, the proposed effect modifier, and the 
interaction between the effect modifier and trial group for each of the following 
prespecified baseline variables: 

 
1) Age 
2) Sex 
3) Neighborhood disadvantage 
4) Rurality 
5) Pre-enrollment history of PTSD 
6) Pre-enrollment history of depression 
7) Pre-illness of bipolar disorder 
8) Pre-illness history of anxiety 
9) Severity of illness 
10) Encephalopathy (altered mental status) as the induction for intubation 
11) Neuromuscular blocking agent 

 
We selected pre-illness mood disorders (PTSD, depression, bipolar disorder, and 
anxiety) as potential effect modifiers because of their high prevalence in the general 
population and their association with increased vulnerability to developing PTSD after 
trauma exposure.52-55 
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10.5. Analyses for Additional Outcomes 
Additional outcomes will be compared between trial groups using an unadjusted Chi-
square test for categorical variables, an unadjusted Wilcoxon Rank Sum Test for 
continuous or ordinal variables, and Kaplan-Meier survival analysis for survival to 12 
months. In the analysis of survival, patients who are lost to follow-up will be censored 
when they were last known to be alive and a log-rank test will be performed to 
determine if there is a significant difference (two-tailed p-value < 0.05) between trial 
groups. All functional outcomes (non-mortality outcomes) at 3 and 12 months will be 
compared between trial groups in survivors only. No adjustments will be made for 
multiple comparisons. 

 
10.6. Power and Sample Size 
Primary Analysis for the Primary Outcome of RSI-LTO 
Based on our prior trials, during the design of the RSI trial and RSI-LTO, we estimated 
that of the 2,364 patients planned to be enrolled in RSI, 1,756 patients would have 
complete data on symptoms of PTSD or death at 12 months, required for the primary 
analysis of the primary outcome of RSI-LTO. We estimated statistical power with a 
simulation-based method using the observed distribution of PCL-5 scores at 12 months 
from a recent trial in a similar patient population.56 Our sample size calculation used a 
partial proportional odds model to test for an intervention effect where the dependent 
variable was an ordinal outcome that combined PCL-5 scores and death (with death 
being the worst possible outcome). 

 
The minimum clinically important difference (MCID) in PCL-5 is generally considered to 
be 10 points,57 with MCIDs ranging from 5.7 to 18 points in the literature.36,58,59 For our 
primary analysis, we conservatively used a detectable difference of a 5-point 
improvement in the PCL-5 score,58 which is also considered the minimum reliable 
change.59 Using simulation repeated 1000 times with the null hypothesis that the 
intervention has no effect for any category, we calculated that with complete data on 
1,756 patients, we would have 98% statistical power to detect a significant 
intervention effect in the primary analysis of the primary outcome of RSI-LTO. 

 

Survivors-Only Analysis of Symptoms of PTSD 
In addition to the power calculation performed 
during the design of the trial for the primary 
outcome of RSI-LTO (symptoms of PTSD in 
which death is included as the worst value on 
the ordinal scale – a ‘composite outcome’ 
approach to handling truncation by death), at the 
time of the writing of this SAP, we added a 
description of the difference in PCL-5 score 
between trial groups that would be detectable 
across a range of total numbers of patients with 
complete data on the PCL-5 score. Assuming 
the PCL-5’s standard deviation (SD) to be 17.85 

 

 

Effect Size Sample size for 
90% power 

10 136 

9 166 

8 210 

7 274 

6 370 

5 532 

Table 2. Sample size calculations to 
detect differences in PCL-5s with 
90% power. 

points18 and a two-sided alpha of 0.05, the difference between trial groups (effect size) 
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that could be detected with 90% statistical power at each corresponding number of 
patients with complete data on PCL-5 is displayed in Table 2. These calculations 
demonstrated that even a sample size as small as 136 total patients with complete 
data on PCL-5 would allow the detection of a 10-point difference in PCL-5 scores 
between the ketamine and etomidate groups with 90% statistical power. A half a 
standard deviation (SD) of that particular test has also been used to define the 
MCID.60-63 Based on our preliminary study,18 the MCID, based on half an SD, would be 

8.93 points; a total of 166 patients would be needed to detect this difference with 90% 
power. Because the number of the 2,365 patients who were enrolled in the RSI trial 
who will survive to 12 months and provide complete data on the PCL-5 is unknown, 
these calculations provide information on the range of possible detectable differences 
depending on the final number of patients with PCL-5 values in the survivors-only 
analysis. 

 

11. Software Details 
R version 4.5.3 or above will be used for all analyses. Versions of specific packages 
used for analysis will be noted in the analysis report. The checkpoint package will be 
used to preserve R package versions throughout the manuscript submission and 
review process. 
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