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Abstract 

Objective: Prolonged disorders of consciousness are common in critically-ill patients receiving 

mechanical ventilation, and often attributed to prolonged sedative exposure in the setting of 

decreased drug clearance and/or reduced metabolism. Here in a large sample of critically-ill 

COVID patients obtained over a short period, we tested the assumption that prolonged 

unconsciousness following benzodiazepine and/or propofol sedation can be attributed to 

residual exposure. Further, we examine associations between clinical variables on time to 

recovery of consciousness (RoC) as a framework for the broader critically-ill population. 

Design: Retrospective cohort study. 

Setting: Massachusetts General Hospital, Weill Cornell Medicine, Columbia University Irving 

Medical Center. 

Patients: Seven hundred eighty-four patients with COVID-19 critical illness in Spring–Summer 

2020. 

Interventions: None. 

Measurements and Main Results: We estimated the latest expected recovery of 

consciousness (LERoC) using models of sedation exposure that account for sedative-specific 

pharmacokinetics and critical illness. Our primary exposure variable was a time-weighted dose 

of analgosedative agents at benzodiazepine and/or propofol cessation; our primary outcome 

was time to RoC. We estimated relative risks for late RoC (i.e., after LERoC) via multinomial 

logistic regression. Among individuals with late RoC, we fit a multivariate subdistribution hazard 

model for time to RoC. 73% of patients had RoC before hospital discharge, yet 34% of patients 

achieving RoC did not do so within pharmacologically plausible sedative elimination times. 

Patients with late RoC were older and exhibited hypoxemia and acute kidney injury. Patients 

with dexmedetomidine as an adjunct sedative had a disproportionately larger incidence of early 
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recovery. Patients with early versus late RoC did not have significantly different discharge 

dispositions. 

Conclusions: In our cohort, the time to RoC was commonly prolonged beyond that expected 

from sedation exposures alone. These data may aid clinicians and families with expectations of 

RoC and warrant investigation of alternative determinants of delayed RoC in this population. 
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Key Points 

Question: Can prolonged unconsciousness following benzodiazepine and/or propofol sedation 

be attributed to prolonged sedative washout in critically-ill patients? 

Finding: In 784 patients with COVID-19 critical illness, 73% had recovery of consciousness 

(RoC) before hospital discharge, yet 34% of patients who achieved RoC did so outside of 

pharmacologically plausible elimination times. Discharge dispositions were not significantly 

different among patients with late versus early recovery, suggesting patients with delayed RoC 

can progress to favorable neurological outcomes. 

Meaning: Delayed RoC following benzodiazepine and/or propofol sedation cannot be explained 

solely by drug washout, warranting investigation of alternative factors that may contribute to 

delayed RoC. 
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Introduction 

Prolonged disorders of consciousness are common in critically-ill patients receiving 

mechanical ventilation. (1-4) While the underlying basis is unknown, delayed recovery is often 

attributed to prolonged sedative exposure, as critical illness may impair drug clearance and 

promote accumulation of active compounds and/or metabolites. (5) However, the natural course 

of recovery of consciousness (RoC) after analgosedation exposure has not been systematically 

described in critically-ill populations, and expectations regarding time to RoC after sedation 

cessation rely largely on clinical judgement. 

Studies evaluating analgosedation in the intensive care unit (ICU) often group patient 

populations with different underlying etiologies, limiting interpretability and generalizability. 

Conversely, COVID-19-associated acute respiratory distress syndrome (ARDS) was the 

predominant etiology for ICU admission in metropolitan areas in the Northeastern United States 

in 2020. (6) Although sedative practices varied during the pandemic, and clinical endpoints were 

often difficult to achieve, (7) we reduced heterogeneity by studying ICU patients with 

unresponsiveness and ARDS from a single causative organism over a distinct time course. 

Propofol and benzodiazepines have similar actions at the -aminobutyric acid type A 

(GABAA) receptor and are the most commonly administered ICU sedatives, (8) including during 

the COVID-19 pandemic. (7) We previously demonstrated no association between total 

GABAergic sedative exposure and time to RoC in COVID-19 critical illness; (3) here, we 

explicitly test the hypothesis that prolonged unconsciousness following GABAergic sedative 

exposure can be attributed to sedation washout. In 784 patients across three institutions, we 

estimated the latest expected recovery of consciousness (LERoC) using a model that accounts 

for sedative-specific population pharmacokinetic elimination parameters and critical illness. 

Using LERoC as a threshold for “early” versus “late” RoC, we compared observed durations of 

unconsciousness to conservative predictions of sedative washout. Late RoC has also been 
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 6 

observed in post-cardiac arrest coma; though cerebral metabolic strain has been proposed as a 

mechanism, the contribution of individual variables to delayed RoC remains unknown. (9) Thus, 

using early RoC as a reference outcome, we examined associations between patient 

characteristics and late RoC, death, and discharge, with emphasis on disease-specific variables 

affecting neuronal downregulation (hypoxemia, impaired gas exchange, sedation duration). 

Lastly, among patients with late RoC, we examined the associations between clinical variables 

to time to RoC, which sometimes occurred weeks after GABAergic sedation cessation. 

Methods 

Patients 

We included patients admitted to Massachusetts General Hospital (MGH), NewYork-

Presbyterian Hospital/Columbia University Irving Medical Center (CUIMC), and NewYork-

Presbyterian Hospital/Weill Cornell Medicine (WCM) with: (1) ICU admission following SARS-

CoV-2 infection during Spring and Summer 2020, (2) invasive mechanical ventilation 24 hours, 

(3) intravenous infusion of GABAergic agent (propofol or benzodiazepine), (4) impairment of 

consciousness (Glasgow Coma Scale [GCS] motor subscore <6 from 6), (5) ratio of partial 

pressure of arterial oxygen (PaO2) to fraction of inspired oxygen (FiO2) (P:F ratio) 300. We 

excluded patients who (1) died at cessation of GABAergic agent (“GABA cessation”), (2) were 

transferred from an outside facility >24 hours after intubation, (3) were transferred to an outside 

hospital, (4) underwent multiple intubations, or (5) had missing data (Figure 1). This study was 

approved by the Institutional Review Board of each participating site; see Supplemental 

Methods for more information. 

Outcome 
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 7 

The primary outcome was time to recovery of consciousness (RoC), defined as the first 

GCS motor subscore of 6 following GABA cessation (Supplemental Methods). Patients were 

followed until RoC, in-hospital mortality, or hospital discharge. 
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Exposures 

Primary exposures were recency-weighted cumulative exposures (WCEs) of GABAergic 

sedatives at GABA cessation: propofol and benzodiazepines (as intravenous midazolam 

equivalents (3)). Sedative exposures were weighted by time since administration using first-

order kinetics (Supplemental Methods). (10) We additionally quantified WCEs of adjunct 

sedatives and analgesics at GABA cessation, including opioids (as intravenous fentanyl 

equivalents (11)), dexmedetomidine, and ketamine. Conservative elimination half-lives were 

used to reflect potential impaired clearance in critical illness: midazolam—24h, (5) propofol—7h, 

(12) opioids—10h, dexmedetomidine—3h, (5) ketamine—2.5h. (13) 

Additional variables were defined as follows: Hypoxemia—PaO2 <55 mmHg; acute 

kidney injury (AKI)—serum creatinine [SCr] 2x baseline on admission, SCr 4 mg/dL, or renal 

replacement therapy at any point between intubation and GABA cessation; (14) liver injury—

serum aspartate aminotransferase (AST) or alanine aminotransferase (ALT) level 5x upper limit 

of normal (using institution-specific laboratory thresholds). ARDS severity was categorized by 

the lowest P:F ratio during hospitalization: mild (201–300), moderate (101–200), severe (<100). 

(15) Duration of GABAergic sedation was defined as days from intubation to GABA cessation. 

Opioid and benzodiazepine tapers were recorded given their routine use to prevent withdrawal 

(16, 17) and potential impact on RoC (Supplemental Methods). 

Latest expected recovery of consciousness (LERoC) 

The latest expected RoC (LERoC) is a conservative threshold of when a patient is 

expected to achieve RoC based solely on their GABAergic sedative exposure. It is defined as 

the latest of four time points following GABA cessation (time 0): five elimination half-lives after 

discontinuation of (1) propofol or (2) benzodiazepine (~97% elimination), or when propofol (3) or 

benzodiazepine (4) fell below a population median-derived threshold (Supplemental Methods, 

weighted cumulative exposures and determination of LERoC sections). 
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Outcome classification 

Patients were classified into four mutually exclusive outcome categories relative to 

LERoC (Figure 2a). “Early events” occurred before LERoC, including patients who recovered 

consciousness (early RoC) and patients who either died or were discharged without RoC (early 

death/discharge). “Late events” occurred after LERoC and were also classified by outcome (late 

RoC, late death/discharge). 

Statistical analyses 

Multinomial model. We fit a multinomial regression model for outcomes of early RoC, 

early death/discharge, and late events. Early RoC was the reference category; relative risk 

ratios (RRR) were estimated for early death/discharge and late events. RRRs >1 indicate 

increased relative risk of death or prolonged unconsciousness. We adjusted for demographic 

and clinical covariates (hypoxemia, AKI, ARDS severity, intubation duration, 

benzodiazepine/opioid tapers), WCEs of opioids, dexmedetomidine, ketamine at GABA 

cessation, and their two-way interactions. Likelihood ratio tests were used to compare model fit 

with and without non-GABAergic sedative adjustment. 

Time-to-event model. Among patients with late events, we fit a Fine-Gray subdistribution 

hazard model for time from LERoC (time 0) to RoC, accounting for the competing risk of death 

or discharge. (18, 19) Hazard ratios (HR) <1 indicate delayed events (RoC, death, or 

discharge). Covariate adjustment mirrored the multinomial model, excluding ketamine due to 

low exposure prevalence (n=13). Likelihood ratio tests were used to compare model fit with and 

without non-GABAergic sedative adjustment. 

Sensitivity analyses 

We assessed the sensitivity of our findings to pharmacokinetic variations in critically-ill 

patients by varying midazolam and propofol half-lives to (a) 16 and 5 hours, (b) 36 and 7 hours, 
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and (c) 24 and 24 hours, respectively. We also (d) excluded patients with AKI, (e) excluded 

patients with liver injury, and (f) adjusted for study site. 
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Results 

784 patients were included: CUIMC (n=340), MGH (n=185), and WCM (n=259). 

Demographic and clinical characteristics by site are provided in Table 1. Mean age was 61.4 

years (SD 14.1), and 509 (64.9%) patients were male. Patients predominantly had severe 

(74.4%, n=583) or moderate (23.9%, n=187) ARDS, and a mean mechanical ventilation 

duration of 17.0 days (SD 14.8). We identified 18 patients who received extracorporeal 

membrane oxygenation. 

570 patients (72.7%) achieved RoC at a median of 1.25 days (IQR [0.21, 4.83]) following 

GABA cessation. The remaining 214 (27.3%) patients were followed for a median of 0.86 days 

(IQR [0.27, 4.12]). Among these, 195 (91.1%) died and 19 (8.9%) were discharged without RoC. 

Among patients achieving RoC, 161 (28.2%) were discharged home, 124 (21.8%) to 

skilled nursing facilities, 66 (11.6%) to long-term care facilities, 193 (33.9%) to rehabilitation 

facilities, 3 (1.0%) to hospice, and 17 (3.0%) died. 

Determinants of patient outcomes 

Outcome categories included early RoC (48.3%), early death/discharge (19.1%), late 

RoC (24.4%), and late death/discharge (8.2%) (Figure 2b). Sedative contributions to LERoC 

estimation are shown in Supplemental Table 1 and Supplemental Table 2. Demographic, 

clinical, and analgosedative characteristics stratified by outcome are provided in Supplemental 

Table 3 and Supplemental Figure 3. 

Compared to early RoC, the relative risk of late events increased by 7% per year of age 

(RRR 1.07 [95% CI, 1.05–1.08]) (Table 2). The relative risk of late events was also increased 

with hypoxemia (RRR 2.01 [1.34–3.00]), AKI (RRR 2.07 [1.42–3.00]), and opioid tapers 

following GABA cessation (RRR 1.89 [1.25–2.86]). The relative risk of late events was 

decreased with higher dexmedetomidine WCE at GABA cessation (one-SD difference RRR 
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0.77 [0.62–0.95]). Relative risks of early death/discharge with respect to early RoC are 

described in Supplemental Table 4. Likelihood ratio testing demonstrated improved model fits 

with inclusion of non-GABAergic sedatives (12 degrees of freedom (df); p<0.001). 

Discharge dispositions were not significantly different among patients with early versus 

late RoC when stratified by age, (Table 3). Dispositions stratified by outcome categories are 

provided in Supplemental Table 5. 

Predicting time to RoC in patients with late events 

HRs for time to late events are provided in Table 2; HRs <1 indicate delayed RoC. 

Among patients with late events, time to RoC was prolonged in patients with severe ARDS 

compared to mild/moderate ARDS (HR 0.44 [0.29–0.68]) and with higher opioid WCE at GABA 

cessation (one-SD difference HR 0.76 [0.62–0.94]). Higher dexmedetomidine WCE was 

associated with faster RoC (one-SD difference HR:1.21 [1.02–1.44]). 

In patients with late events, death or discharge occurred later with longer duration of 

GABAergic sedation (one-day difference HR 0.97 [0.94–0.998]), and opioid tapers at GABA 

cessation (HR 0.38 [0.20–0.74]). Conversely, death or discharge occurred earlier in patients 

with AKI (HR 2.18 [1.18–4.05]) and higher opioid WCE at GABA cessation (one-SD difference 

HR 1.56 [1.11–2.19]). Likelihood ratio testing demonstrated improved model fits with inclusion of 

non-GABAergic sedatives for early death/discharge (3 df; p=0.022) and RoC (3 df; p=0.011). 

Sensitivity analyses 

Model estimates were robust to variation in half-lives and site adjustment (Figure 3; 

Supplemental Figure 4; Supplemental Table 6). When restricting analyses to patients without 

AKI, effect directions were largely preserved, however the association between hypoxia and late 

events was no longer significant. In time-to-event models, the HR for late RoC and late 
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death/discharge was no longer significant for opioid WCE and the HR for late death/discharge 

was no longer significant for opioid taper. 

Discussion 

We used a time-weighted model of analgosedative administration and pharmacokinetic 

elimination parameters to estimate LERoC, allowing a more rigorous assessment of sedative 

effects on time to RoC than previous reports of cumulative dose or sedation duration alone. (20-

22) Consistent with prior work in critically-ill COVID patients, (3) total sedation exposure was not 

associated with time to RoC. In multinomial models, GABAergic sedation duration was 

significant but had a minimal (and negative) effect size. Model determinants were robust across 

a broad range of half-lives, suggesting that delayed RoC is not attributable to pharmacokinetic 

alterations alone. 

Marked delays in RoC (12% 10 days) occurred well beyond expected drug elimination. 

Increased age was associated with late events. While the association of AKI with late events 

could reflect prolonged terminal elimination times exceeding our longest estimates, sensitivity 

analyses encompassed published terminal elimination times for active drug and metabolites of 

critically-ill patients. (23, 24) Alternatively, this association may reflect metabolic derangements 

from renal hypoperfusion independent of renal clearance. Hypoxemia remained associated with 

late events after accounting for sedative washout; although this association was lost when 

excluding patients with AKI, the effect direction remained in the reduced (~50%) sample size, 

possibly indicating type II error. Among patients with late events, graded ARDS severity was 

associated with prolonged time to RoC, supporting a graded effect of hypoxemia on neuronal 

function. Still, other unmeasured factors, including subclinical seizures, metabolic 

derangements, and encephalopathies (e.g., COVID-related vasculitides or neuroinflammation) 

may contribute to delayed RoC. 

Delayed RoC may reflect neuronal downregulation in the setting of limited metabolic reserve 
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We hypothesize that late RoC reflects a “protective down-regulated state” (PDS), 

whereby a combination of hypoxemia, metabolic stress, and GABAergic sedation causes a 

global neuronal downregulation protecting neurons from further metabolic insults. (9) This 

phenomenon has been well characterized in anoxia-tolerant vertebrates experiencing 

hypothermia and limited oxygen supply in winter. (25, 26) The decreased cerebral metabolic 

rate of oxygen consumption from these conditions decreases ATP production and induces 

neuronal hyperpolarization via ATP-dependent potassium (K-ATP) channels. (25, 27) The 

process is maintained by marked (~80 fold) increases of endogenous GABA, which minimizes 

further ATP consumption and limits metabolic strain until conditions improve in the spring, with 

rapid recovery despite prolonged anoxia. (9) 

A potential human PDS was first suggested in post-cardiac arrest patients with 

prolonged coma and eventual functional neurologic recovery after GABAergic sedation and 

therapeutic hypothermia, with RoC occurring 3–6 weeks after sedation cessation (28). We 

hypothesize that in patients with late RoC, the metabolic stress of COVID-19 infection, impaired 

gas exchange, and high sedation requirements could represent an analogous scenario. (9) 

Consistent with this hypothesis, hypoxemia was independently associated with late events, 

replicating our prior findings. (3) The association between older age and late RoC may reflect 

age-related limits on metabolic reserve, (29) such as those demonstrated with increased 

anesthetic sensitivity in aging. (30) Notably, discharge dispositions did not differ between early 

and late RoC when stratified by age, supporting preserved functional recovery despite delayed 

awakening. While this hypothesis is speculative, this unifying framework aligns with comparative 

biology and observed clinical courses, thus warranting further investigation, ideally 

substantiated with electroencephalography, functional neuroimaging, and/or biomarkers. 

Choice of sedative regimen 
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Higher dexmedetomidine WCE at sedation cessation was associated with a decreased 

risk of late events and hastened time to RoC. This may reflect confounding by indication, as 

stable patients may better tolerate lighter sedation. However, dexmedetomidine has also been 

associated with shorter durations of delirium and coma compared to benzodiazepines, (31) 

potentially reducing ICU-related complications that may delay RoC (31-33). As a central 2-

adrenoceptor agonist, dexmedetomidine can reduce the release of neuronal inflammatory 

mediators and attenuate hypoxia-ischemia induced neuronal injury. (34, 35) Notably, in anoxia-

tolerant vertebrates, the 2 modulator adenosine plays an early role in initiating K-ATP channel 

activation in the setting of hypoxemia and increased GABA production. (36) 

Opioid administration was associated with worse outcomes independent of sedative 

exposure. Higher opioid WCE was associated with increased early death/discharge, late events, 

and increased time to RoC. Opioid tapers were associated with an increased risk of late events, 

but also a decreased risk of early death/discharge. This association likely reflected confounding 

by indication, as patients with more severe illness, analgesic requirements, or agitation may 

have increased opioid requirements and/or opioid tapers. These findings may also reflect 

unmeasured clinical severity and underscore the need to identify strategies balancing analgesia 

with neurologic recovery in ARDS management. 

Limitations 

Our retrospective design limits causal inference. Key baseline variables that could 

influence RoC and disposition were unavailable, including prior functional status, chronic illness 

burden, and comorbidity measures. Additionally, potentially relevant in-hospital variables were 

missing, including standardized delirium assessments, sepsis, subclinical seizure, and 

measures of illness severity beyond ARDS classification. Model associations may have been 

attenuated due to adjustment of other variables (e.g., sedative exposure) on the causal pathway 

for the outcome. Long-term neurologic outcomes were unavailable, limiting assessment of the 
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impact of delayed RoC on functional recovery over time; however, discharge dispositions reflect 

a patient’s clinical needs and abilities, and can provide partial insight into functional neurologic 

status. 

Sedative choice was not randomized and reflected institutional practices, drug 

restrictions, drug availability, and clinician preference, making residual confounding by indication 

likely despite multivariable adjustment. Nevertheless, our findings were robust in sensitivity 

analyses adjusting for site. We could not assess less frequently administered agents, including 

barbiturates and ketamine. Prospective, randomized studies are needed to clarify relationships 

between sedative regimens and patient outcomes. 

Due to the retrospective observational design, we were unable to determine patient-

specific sedation pharmacokinetic profiles and sedative concentrations at time of GABAergic 

cessation. WCE calculations assumed simple first-order one-compartment pharmacokinetics, 

which can be influenced by individual susceptibility of GABA, -opioid, and glutamate receptors, 

(37) GABA receptor desensitization, (38) GABAA receptor subunit plasticity after exposure, (39) 

long-acting active metabolites (e.g., 1-hydroxymidazolam glucuronide), (40, 41) peripheral drug 

accumulation, (12) and heterogeneity in CYP450-mediated metabolism. (42) Propofol is best 

characterized using a three-compartment model, and benzodiazepines by two compartment 

models in critically-ill patients. (24, 43) In sensitivity analyses, we applied half-lives 

encompassing terminal elimination half-lives for active drug and metabolites reported for healthy 

volunteers and critically-ill patients from two- and three-compartment models (23) with robust 

results. Moreover, more complex models would remain vulnerable to patient variability and 

unmeasured illness effects. 

The GCS motor subscore lacks the nuance of comprehensive behavioral assessments 

such as the Coma Recovery Scale-Revised. (44) GCS-based command following may be 

affected by delirium, sepsis, or neuromuscular weakness. Nonetheless, the GCS is the standard 
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 17 

ICU metric to assess level of consciousness, with good test-retest performance (45) and 

validated inter-rater reliability. (46, 47) In our critically-ill cohort, GCS assessments were 

performed at least every four hours, limiting RoC misclassification to hours and unlikely to 

meaningfully affect our results. Delirium is inherently fluctuating, making systematic failure to 

capture lucid intervals unlikely with this assessment frequency. Critical illness 

myopathy/polyneuropathy typically spares facial and ocular muscles, (48) allowing assessment 

of command following without limb movement. Residual neuromuscular blockade was unlikely 

as paralytics were discontinued a median of 10.3 days before GABA cessation. 

 The generalizability of our findings is limited. We focused our analysis to GABAergic 

sedatives and, in the absence of other sedatives and randomization of therapy, cannot 

comment on the clinical implications and/or utility of specific analgosedative regimens. 

Secondly, our findings reflect care delivered during the first wave of the COVID-19 pandemic, a 

period marked by a unique clinical population and clinical exigence. However, we previously 

showed consistent times to RoC in the first and second waves; (3) moreover, our observations 

are consistent with the clinical features and time course of patients with post-anoxic cardiac 

arrest coma. (28) Third, we excluded patients who died at GABA cessation and would not 

expect our findings to generalize to this sub-population. Further, our competing risks model only 

included patients who remained alive at LERoC; thus, patients in the time-to-event analysis may 

represent a more resilient subpopulation, and our findings cannot generalize to patients with 

early events. Latent frailty measures driving these processes may potentially be captured by 

joint modeling approaches which were not explored. Lastly, subgroup analyses, including time-

to-event models (n=255) and analyses excluding patients with AKI (n=431), had limited sample 

size with wider confidence intervals, underscoring the need for cautious interpretation. 

Summary 
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 18 

Among 784 critically-ill COVID patients, 73% achieved RoC before hospital discharge, 

however 34% of patients who achieved RoC did not do so within pharmacologically plausible 

elimination times. Late RoC was associated with older age, hypoxemia, and AKI. Discharge 

disposition did not significantly differ between early and late RoC when stratified by age, 

suggesting that time to RoC is uncoupled from functional status. Collectively, our results 

describe a phenomenon of late RoC that cannot be accounted for by sedation washout alone, 

may reflect profound neural downregulation, and does not by itself impair functional outcomes. 

Parallel observations in anoxia-tolerant vertebrates frame testable hypotheses for late RoC in 

critically-ill patients that go beyond sedation exposures alone. Ultimately, these data may inform 

clinical expectations and guide future studies to test determinants of neuronal downregulation 

and their functional implications for patient care. 
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Figure Captions 

Figure 1. CONSORT diagram. Counts within each box for each exclusion criterion are not 

mutually exclusive, i.e., individuals can meet multiple exclusion criteria within each box. The 

overall count of patients excluded is provided above these counts and is summarized by site.  

aSpring and Summer 2020 defined as 3/1/2020 – 6/30/2020 for MGH, 3/1/2020 – 5/16/2020 for 

WCMC, and 3/1/2020 – 9/1/2020 for CUIMC 

bWCM excluded patients with documented P:F ratio  300 between intubation and the end of 

follow up  

cPatients may be missing height and/or weight data  

dPatients with multiple ICU stays but only one intubation and GABAergic sedative record were 

included 

 

Figure 2. Outcome classification. (a) Categorization of patient outcomes with respect to Latest 

Expected Recovery of Consciousness (LERoC). Outcomes between GABA cessation and 

LERoC are referred to as “early events”, and outcomes following LERoC are referred to as “late 

events”. Early RoC (green) includes patients who experienced RoC before LERoC; early 

death/discharge (orange) includes patients who died or were discharged without RoC before 

LERoC; late RoC (red) includes patients who experienced RoC after LERoC; late 

death/discharge (blue) includes patients who died or were discharged without RoC after LERoC. 

(b) Observed outcomes relative to LERoC. Patients in the upper scatterplot experience RoC 

before death or discharge, and patients in the lower scatterplot experience death or discharge 

before RoC. Dashed diagonal lines are lines of identity and represent the time at which 

observed events would equal LERoC. Patients with time to RoC greater than 20.5 days are 

shown in dark red (n=27; maximum of 68 days) and patients with time to death without RoC 
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greater than 20.5 days are shown with dots in dark blue (n=10; maximum of 62 days). In our 

multinomial models, we compared patients with late events (both late RoC [red] and late 

death/discharge [blue]) and patients with early death/discharge (orange) to patients with early 

RoC (green) as our reference condition. In time-to-event models, only patients with late events 

(blue and red) were analyzed 

 

Figure 3. Sensitivity analysis results for multinomial and time-to-event models. For the 

multinomial model, the reference category is early RoC. Relative risk ratios > 1 indicate 

increased risk of late RoC. For time-to-event models, a hazard ratio <1 indicates delayed events 

(RoC, death, or discharge). Point estimates and 95% confidence intervals are displayed for 

each covariate for each of the different sensitivity analyses. In the primary analysis, the 

midazolam half-life is assumed to be 24 hours and the propofol half-life is assumed to be 7 

hours. Sensitivity 1, 2, and 3 refer to the three sensitivity analyses, where the midazolam and 

propofol half-lives are set as 16 and 5, 36 and 7, and 24 and 24 hours, respectively. No AKI 

refers to the sensitivity analysis where patients with acute kidney injury are excluded. An arrow 

indicates that the upper limit of the 95% confidence interval exceeds the graphical area shown. 

Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body mass index; LI, liver 

injury; SD, standard deviation; WCE, weighted cumulative exposure 
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Table 3. Discharge dispositions among patients with RoC, stratified by age 
 

Age Group <50 50-59 

Outcome Early RoC 
(n=123) 

Late RoC 
(n=17) 

Early RoC 
(n=95) 

Late RoC 
(n=32) 

Hospital LOS (median 
[IQR]) 

29.9 
[17.9, 52.9] 

46.5 
[37.6, 63.3] 

31.1 
[22.9, 42.4] 

60.6 
[39.9, 73.5] 

Discharge Status (%) 
Home 56 (45.5) 9 (52.9) 30 (31.6) 8 (25.0) 
Inpatient Rehabilitation 40 (32.5) 6 (35.3) 37 (38.9) 12 (37.5) 
Skilled Nursing Facility 8 (6.5) 2 (11.8) 14 (14.7) 10 (31.2) 
Long Term Care 16 (13.0) 0 (0) 12 (12.6) 1 (3.1) 
Hospice 1 (0.8) 0 (0) 0 (0) 0 (0) 
Death 0 (0.0) 0 (0) 1 (1.1) 0 (0) 
Other† 2 (1.6) 0 (0) 1 (1.1) 1 (3.1) 
p-value* 0.56 0.19 
Age Group 60-69 70 

Outcome Early RoC 
(n=104) 

Late RoC 
(n=68) 

Early RoC 
(n=57) 

Late RoC 
(n=74) 

Hospital LOS (median 
[IQR]) 

38.1 
[26.7, 58.3] 

64.5 
[40.2, 80.7] 

34.3 
[22.6, 60.2] 

49.2 
[39.4, 70.9] 

Discharge Status (%) 
Home 22 (21.2) 10 (14.7) 13 (22.8) 13 (17.6) 
Inpatient Rehabilitation 36 (34.6) 24 (35.3) 13 (22.8) 25 (33.8) 
Skilled Nursing Facility 29 (27.9) 20 (29.4) 18 (31.6) 23 (31.1) 
Long Term Care 13 (12.5) 11 (16.2) 5 (8.8) 8 (10.8) 
Hospice 0 (0) 1 (1.5) 1 (1.8) 0 (0) 
Death 4 (3.8) 1 (1.5) 6 (10.5) 5 (6.8) 
Other† 0 (0) 1 (1.5) 1 (1.8) 0 (0) 

p-value* 0.57 0.55 
 

*p-value estimations via Fisher exact test with Monte Carlo method (1 x 106 simulations). 
†Other category includes intercampus transfer between NewYork-Presbyterian sites 
(Columbia University Irving Medical Center/Weill Cornell Medicine), leaving against 
medical advice, and short-term care facility. Abbreviations: IQR, interquartile range; LOS, 
length of stay; RoC, recovery of consciousness 

 
 


