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Abstract

Objective: Decades-old, common ICU practices including deep sedation, immobilization, and 

limited family access are being challenged. We endeavoured to evaluate the relationship between 

ABCDEF bundle performance and patient-centered outcomes in critical care.

Design: Prospective, multicenter, cohort study from a national quality improvement 

collaborative.

Setting: 68 academic, community, and federal ICUs collected data during a 20-month period.

Patients: 15,226 adults with at least one ICU day.

Interventions: We defined ABCDEF bundle performance (our main exposure) in two ways: 1) 

complete performance (patient received every eligible bundle element on any given day) and 2) 

proportional performance (percentage of eligible bundle elements performed on any given day). 

We explored the association between complete and proportional ABCDEF bundle performance 

and three sets of outcomes: patient-related (mortality, ICU hospital discharge), symptom-related 

(mechanical ventilation, coma, delirium, pain, restraint use), and system-related (ICU readmission, 

discharge destination). All models were adjusted for a minimum of 18 a priori determined 

potential confounders.

Measurements and Results: Complete ABCDEF bundle performance was associated with 

lower likelihood of seven outcomes: hospital death within 7 days (adjusted hazard ratio, 0.32; CI, 

0.17–0.62), next-day mechanical ventilation (adjusted odds ratio [AOR], 0.28; CI, 0.22–0.36), 

coma (AOR, 0.35; CI, 0.22–0.56), delirium (AOR, 0.60; CI, 0.49–0.72), physical restraint use 

(AOR, 0.37; CI, 0.30–0.46), ICU readmission (AOR, 0.54; CI, 0.37–0.79), and discharge to a 

facility other than home (AOR, 0.64; CI, 0.51–0.80). There was a consistent dose-response 

relationship between higher proportional bundle performance and improvements in each of the 

above-mentioned clinical outcomes (all p < 0.002). Significant pain was more frequently reported 

as bundle performance proportionally increased (p = 0.0001).
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Conclusions: ABCDEF bundle performance showed significant and clinically meaningful 

improvements in outcomes including survival, mechanical ventilation use, coma and delirium, 

restraint-free care, ICU readmissions, and post-ICU discharge disposition.

INTRODUCTION

Critically ill patients experience a variety of distressing symptoms during their hospital stay 

including pain, agitation, delirium, weakness, and sleep deprivation (1–3). Because of the 

complexity of caring for ICU patients, these symptoms are often managed by keeping 

patients heavily sedated, immobilized, and often socially isolated (4−6). Historically, daily 

goals of care were organized according to specific organ dysfunction, rather than an 

integrated holistic approach, and team members worked in siloed care systems. Evidence 

increasingly suggests that symptoms, and the way the ICU team chooses to manage them, 

can have important negative prognostic implications (1−3). Given the aging population, 

rising healthcare costs, and increasing millions of patients who survive critical illness 

(7−10), society has an evergrowing public health problem related to ineffective symptom 

management that ultimately contributes to persistent and life-altering impairments in 

physical, mental, and cognitive health (often referred to as Post Intensive Care Syndrome, 

PICS) (11−13).

To our knowledge, few studies to date have specifically focused on evaluating integrated, 

interprofessional approaches to symptom management during critical illness. One such 

approach is known as the ABCDEF bundle (Assess, prevent, and manage pain; Both 

spontaneous awakening and breathing trials: Choice of Analgesia and Sedation; Delirium 

assess, prevent, and manage; Early Mobility and Exercise; Family engagement/

empowerment) (14−18). The ABCDEF bundle differs from other evidence-based, 

multicomponent ICU interventions (19−23) in several ways. First, it is applicable to every 

ICU patient every day, regardless of mechanical ventilation status or admitting diagnosis. 

Second, as it focuses on symptom assessment, prevention, and management rather than 

disease processes, it is particularly relevant early during the course of critical illness and is 

suitable for use in conjunction with other life-sustaining therapies. The team-based 

ABCDEF bundle approach is also unique in that its ultimate goal is to produce patients who 

are more awake, cognitively engaged, and physically active, which ultimately serves to 

facilitate patient autonomy and the ability to express unmet physical, emotional, and 

spiritual needs.

While the safety and efficacy of the individual elements of the ABCDEF bundle are 

supported by dozens of peer-reviewed studies published in high-impact journals (14, 24, 25), 

only a handful of investigations to date have explored the effect of executing the collective 

interventions in a consistent and coordinated manner (17, 18, 26, 27). However, limitations 

of these studies include relatively small sample size, recruitment from a single-center or 

healthcare system, and retrospectively collected data. Moreover, some used older versions of 

the bundle that did not specifically focus on pain or the importance of family engagement 

and empowerment. It is plausible that these factors may partially explain why 

implementation of this evidence-based intervention on a global level remains suboptimal 

(28−33). Therefore, there is a clear need for large prospective studies that include a diversity 
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of ICU practice settings and clearly operationalized ABCDEF bundle components, while 

exploring important yet previously uninvestigated outcomes.

This investigation provides clinical outcome results from the Society of Critical Care 

Medicine (SCCM) ICU Liberation Collaborative that was funded by the Gordon and Betty 

Moore Foundation. The collaborative included more than 15,000 patients from 68 

community, academic, federal, and private ICUs (34). The quality improvement (QI) results 

of the ICU Liberation Project (i.e., whether collaborative participation resulted in increased 

adherence to the bundle and its individual elements over time) will be reported in a separate 

article. The primary objective of this current analysis was to examine the association 

between ABCDEF bundle performance and patient-, symptom-, and healthcare system-

related outcomes. We hypothesized that complete and dose-related (i.e., proportional) 

performance of the ABCDEF bundle would be associated with improved clinical outcomes 

across these three domains.

MATERIALS AND METHODS

Overview

A description of the ICU Liberation Collaborative’s history, requirements for participation, 

and data collection procedures is provided in Supplemental Digital Content (SDC) Methods 

1 and other publications (14, 34). Guided by the Consolidated Framework for 
Implementation Research (35) and based on published trials (14) and recommendations (2, 

3, 36), a panel of 23 interprofessional ICU clinicians with expertise in QI and the bundle 

domains reached consensus on how the current version of the ABCDEF bundle should be 

operationally defined and measured in practice (SDC Table 1). The primary focus of the 

collaborative was to compile knowledge and toolkits for wide-scale dissemination and 

implementation of the ABCDEF bundle and to measure the relationship of the current 

expanded version of the bundle, which includes pain assessment and family engagement, 

with patient outcomes.

The ICU Liberation Collaborative ran from August 2015 to April 2017 and included 68 

adult academic, community, and Veterans Administration ICUs from 29 states and Puerto 

Rico. The Vanderbilt University Medical Center Institutional Review Board (IRB) served as 

the coordinating center IRB and granted the QI project expedited approval. All participating 

sites acquired site-specific IRB evaluation and approval.

Data Collection

The collaborative used Research Electronic Data Capture (REDCap), a secure, web-based 

application for validated data entry, transmission, and storage. Site staff entered de-identified 

data into the collaborative’s database from their hospitals. A total of 20 months of data were 

collected per site which included 6 months of retrospectively collected data (January 

2015−June 2015) and 14 months of prospectively collected data (January 2016–March 

2017). During the retrospective period, staff from each site entered data on the first five 

consecutively admitted ICU patients each month (30 baseline patients per site). Throughout 

the prospective period, site staff collected data on the first 15 consecutively admitted patients 
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per month. Data were collected for a maximum of seven ICU days (a limitation based on 

personnel available to conduct the collaborative) until patients either transferred out of the 

ICU, were designated non-ICU status, or died, whichever occurred first. Patients from both 

periods were included because the focus of this analysis was on the relationship between 

bundle performance and patient outcomes.

Participants

Adult patients, whether on or off mechanical ventilation, who were admitted to a 

participating medical, surgical, cardiac, or neurologic ICU were eligible to participate. We 

excluded patients who: 1) died or were discharged from the participating ICU within 24 

hours of ICU admission or 2) were undergoing active life support withdrawal and/or 

“comfort care-only” within 24 hours of ICU admission.

Main Exposure

The primary independent variable for all analyses was ABCDEF bundle performance. There 

are six ABCDEF bundle elements. Because element B has two components, there are seven 

components in total. SDC Table 1 provides the operational definitions of performance for 

each ABCDEF bundle element. We defined “complete performance” as a patient-day in 

which every eligible element of the bundle was performed (i.e., 100% of the bundle versus 

anything less). We defined “proportional performance” as the percentage of eligible 

elements a patient received on a given day (i.e., “bundle dose”). We measured complete and 

proportional bundle performance only on the days that the patient was in the ICU for a full 

24 hours.

Covariates

We adjusted all regression models for a minimum of 18 patient and institutional confounders 

chosen a priori because they previously helped explain variations in our selected outcomes. 

These confounders were demographic variables (age, sex, race, ethnicity, body mass index, 

residence before admission, mobility restriction before admission), admission features 

(diagnosis, hospital type [community vs. teaching], ICU type), and daily ICU characteristics 

on the day of bundle exposure (receipt of certain medications, including benzodiazepines, 

opioids, propofol, dexmedetomidine, typical or atypical antipsychotics; comfort care order; 

mechanical ventilation; coma). We also adjusted for delirium on the day of bundle exposure 

when analyzing the association between bundle performance and presence of delirium on the 

following day. Because the data on delirium exposure had a relatively high rate of 

missingness, we did not adjust for delirium in any other model; all other covariates had 

relatively little missing data. For ICU readmission and discharge destination models, we 

summarized ICU characteristics over the course of the original collaborative admission (e.g., 

adjusting for proportion of ICU days the patient received each medication, was on 

mechanical ventilation, experienced coma, or had comfort care orders). Because we did not 

have adequate severity of illness data to adjust for this covariate in the models, we conducted 

a “tipping point” sensitivity analysis (SDC Methods 2) (37, 38), which allowed us to 

quantify the amount of total unmeasured confounding that would be needed to render our 

analysis inconclusive. Additionally, we performed sensitivity analyses using the 6% (n = 
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950) of patients who had Acute Physiologic Assessment and Chronic Health Evaluation 

(APACHE) III scores available. To do this we ran the same models for ABCDEF 

performance as in our original analysis except that, because of the lower numbers, we did 

not cluster by site or adjust for hospital type, and collapsed variables of age, race, admission 

reason, and ICU type (SDC Methods 3).

Outcomes and Statistical Analysis

Because rates of missing covariate data generally were low (SDC Figure 1), we chose to 

limit our analyses to complete cases and to not perform multiple imputation. We analyzed 

three sets of clinical outcomes using three types of multivariable regression models. First, 

we analyzed daily performance of the ABCDEF bundle and patient-related outcomes, 

including times to ICU discharge, hospital discharge, and death, all within the 7-day data 

collection period during the original collaborative ICU stay. We used Cox proportional 

hazards models with time-varying covariates for these outcomes. All patients with at least 

one 24-hour day in the ICU were included in the models. Next, we analyzed daily 

performance of the ABCDEF bundle and symptom-related outcomes the following day. The 

outcomes included significant pain episodes, coma, delirium, physical restraint use, and 

mechanical ventilation. We defined a significant pain episode as a recorded pain numeric 

rating scale score > 3, Behavioral Pain Scale (39) score > 5, or Critical Care Pain 

Observation Tool (40) score ≥ 3. We used logistic regression for these outcomes (where, for 

example, the outcome was on mechanical ventilation vs. not on mechanical ventilation). 

Only patients with at least two consecutive 24-hour days in the ICU were included in the 

models. We summarized ABCDEF bundle performance over the entire original collaborative 

ICU stay and, using logistic regression, analyzed the association between bundle 

performance, ICU readmission, and ICU discharge to a destination other than home among 

survivors (i.e., system-related outcomes). In all models, we used robust sandwich estimation, 

clustered by study site to adjust variances, accounting for correlation among observations 

from the same site. We used R Project for Statistical Computing software version 3.4 for all 

analyses (41).

RESULTS

Of the original 17,228 patients included in the collaborative, 2,002 had no full 24-hour days. 

Because the definitions used for bundle performance require a full ICU day, those patients 

were excluded from analysis, leaving 15,226 patients. Of those patients, 10,840 (72%) had 

two consecutive 24-hour ICU days and were thus eligible to be included in our symptom-

related outcome models (33,689 patient-days); 12,756 (84%) survived hospitalization and 

thus were eligible for ICU readmission and discharge destination models.

The demographic, in-hospital, and discharge characteristics of the 15,226 patients eligible 

for any of the models are in Table 1. Most patients were 60 years of age or older (61%), 

male (58%), white (72%), and admitted to academic hospitals (63%). Admission diagnoses 

varied. The median length of time for the 54% that received invasive mechanical ventilation 

was 60 hours (interquartile range [IQR], 24–144) during their ICU stay. Median ICU and 

hospital length of stay were 3.5 (IQR, 2.5–6.0) and 9 (IQR, 5–15) days, respectively. More 
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than 85% of patients were discharged alive from the hospital, most often to home (55% of 

survivors).

A description of ABCDEF bundle-related metrics for all 24-hour days patients spent in the 

ICU is shown in SDC Table 3. Episodes of significant pain, coma, delirium, and/or use of 

physical restraint were documented on 49%, 15%, 29%, and 33% of all ICU days, 

respectively. As a proportion of ICU days, psychoactive medication exposure was common: 

opioids (63%), propofol (23%), benzodiazepines (21%), dexmedetomidine (9%), and 

antipsychotics (7%).

Table 2 shows the adjusted hazard ratios (AHRs) and adjusted odds ratios (AORs) for 

outcomes of patients with complete ABCDEF bundle performance (versus anything less), 

adjusting for covariates. Patients with complete ABCDEF bundle performance on a given 

day (8% of all ICU days, SDC Table 4) had a higher likelihood of ICU discharge (AHR, 

1.17; CI, 1.05–1.30) and hospital discharge (AHR, 1.19; CI, 1.01–1.40) and a lower 

likelihood of death (AHR, 0.32; CI, 0.17–0.62) at any given time (within the up-to-7-day 

observation period) compared with patients who did not receive 100% of all eligible bundle 

elements on that day. A patient with complete ABCDEF bundle performance on a given day 

also had a significantly lower likelihood of mechanical ventilation (AOR, 0.28; CI, 0.22–

0.36), coma (AOR, 0.35; 95% CI, 0.22–0.56), delirium (AOR, 0.60; CI, 0.49–0.72) or 

physical restraint (AOR, 0.37; CI, 0.30–0.46) on the following day. Table 2 also shows that 

hospital survivors with complete bundle performance (vs. any other patients) had a 46% 

lower likelihood of ICU readmission (AOR, 54%) and a 36% lower likelihood (AOR, 64%) 

of discharge to a destination other than home after adjusting for covariates.

As is shown in Figures 1 and 2, higher proportional performance of the ABCDEF bundle 

was consistently and strongly associated with significant improvements in most patient-, 

symptom-, and system-related outcomes after controlling for covariates. On any given 

observation day, after adjusting for covariates, a higher dose of ABCDEF bundle 

performance (i.e., a greater percentage of eligible bundle components were completed) 

yielded an increased likelihood of discharge from the ICU and/or hospital and a lower 

likelihood of death compared with days when none of the bundle elements were performed 

(p < 0.0001, p < 0.002, and p < 0.0001, respectively) (Figure 1). An increasing proportion of 

eligible ABCDEF bundle elements performed on a given day was also associated with a 

significantly decreased likelihood of mechanical ventilation, coma, delirium, or physical 

restraint the following day; the increased dose was also associated with more significant pain 

episodes (all p < 0.0001) (Figure 2).

Figure 3 shows ICU survivors’ adjusted probabilities of ICU readmission and discharge to a 

destination other than home according to the percentage of total eligible ABCDEF bundle 

elements performed during the patient’s 7 days in the ICU (or until hospital discharge, if 

before 7 days). With more ABCDEF bundle elements performed, the risk of survivor 

readmission to an ICU or discharged to a facility significantly decreased (p < 0.002 and p < 

0.0001, respectively).
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The full results of our tipping point analysis are presented in SDC Table 2. An example of 

what the analysis showed is provided by looking at the outcome of mechanical ventilation. 

An odds ratio (OR) of 0.08 between a one-unit change in severity of illness and mechanical 

ventilation would be needed to tip our observed results to inconclusivity (closer to 1, or a 

null result)–an extremely large and unrealistic effect size. Using a more conservative 

approach (SDC Methods 2), we would still need an unlikely strong OR of 0.13 to move our 

original results to inconclusivity (closer to 1).

The results of the sensitivity analysis adjusting for severity of illness among the 950 patients 

with APACHE III scores available are reported in SDC Table 3. This sensitivity analysis 

demonstrated statistically significant relationships between ABCDEF Bundle performance 

and the odds of remaining on mechanical ventilation, in delirium, or receiving restraints. The 

findings along with ICU discharge and significant pain were qualitatively similar to the 

original analyses reported above for the entire cohort. No statistically significant 

associations were seen in the sensitivity analysis between ABCDEF bundle use and hospital 

discharge or discharge disposition. The absence of a statistically significant difference in the 

latter outcomes in this small subgroup analysis could be due to lack of power in the reduced 

subset or a true confounding effect from severity of illness.

DISCUSSION

The goal of this study was to evaluate the relationship between ABCDEF bundle 

performance and patient-centered outcomes from a diverse set of ICUs that participated in 

the ICU Liberation Collaborative. We sought to determine whether the bundle benefits 

reported in other, smaller cohorts (17, 18) would be reproducible in this larger and more 

diverse cohort that included multiple ICU types (medical, surgical, neurological, trauma) 

and academic, community, and federal hospitals throughout the United States and Puerto 

Rico. These data from over 15,000 patients in 68 ICUs showed a consistent signal of 

improved outcomes regardless of whether bundle performance was complete or proportional 

(i.e., across a “dose” range). Patients who received more of the ABCDEF bundle elements 

each day had a large and significantly improved likelihood of surviving; having less coma, 

delirium, and physical restraint; being liberated from ventilation; avoiding ICU readmission; 

and being discharged home.

Considering the burden that PICS imposes on ICU survivors, their family members, and 

society as a whole (5, 7, 42−45), there is a driving unmet need to improve both ICU 

structure and culture for the more than five million patients admitted to ICUs in the United 

States each year (46−51). One obvious tactic is to bundle proven interventions together. 

While some bundles and toolkits have been successful in improving patient outcomes 

(19−21), others have not (22). When assorted interventions that had proven effective 

individually (i.e., low tidal volume ventilation, moderate sedation, central venous and 

urinary catheter use, head of bed elevation, thromboembolism prophylaxis, and nutrition) 

were bundled together and implemented in 118 ICUs in Brazil, patient outcomes did not 

change (22). By contrast, the philosophy behind building the ABCDEF bundle was that the 

features had to be interdependent and clinically synergistic.
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Despite early signals that the bundle would be advantageous, we know that clinical 

reproducibility in medical research is often poor (52, 53). When translating animal models to 

human studies, the most consistent predictor of reproducibility is the dose-response effect of 

an intervention (54). Guyatt emphasized that finding a dose-response gradient in clinical 

investigations upgrades the quality of evidence (55). Our investigation showed clear dose-

response relationships between daily ABCDEF bundle performance and outcomes (Figures 

1−3) considered important to ICU patients, families, and the clinicians caring for them. 

Similar dose-response relationships were found in a 6,000-patient cohort study that showed 

that every 10% increase in ABCDEF bundle compliance independently predicted a 15% 

improvement in both survival and days without coma and delirium (18).

In our cohort, the likelihood of a patient experiencing significant episodes of pain varied 

with bundle performance (Figure 2). Interestingly, the complete bundle performance analysis 

did not show this relationship, which could be a type II error. However, a more likely 

explanation is that, once sites had implemented bundle element A and started systematically 

assessing patients for pain using appropriate tools, significant pain that would otherwise 

have gone undetected was identified more frequently (i.e., a reporting bias as performance of 

bundle element A increased). It is also plausible that patients who received different 

elements of the bundle (i.e., proportions of the bundle rather than all or none) were at risk 

for significant pain. For example, if a patient was not receiving adequate pain assessments 

but was receiving early mobilization, staff members may not have recognized and managed 

pain appropriately. Finally, it could also be possible that patients with significant pain 

(which includes moderate and severe pain) might be more likely to have more of the bundle 

elements completed. Future research is needed in this area to better understand this 

relationship.

There are six main study limitations. First, this was not a randomized study design nor did 

we have access to concurrent controls. Therefore, unmeasured covariates may influence the 

observed associations between ABCDEF bundle performance and outcomes. For example, 

the bundle components introduce many elements of human connectedness (waking patients, 

holding their hand and walking with them, and their regaining a sense of agency) that could 

influence the outcomes and cannot be captured quantitatively. Future randomized controlled 

studies of this bundle intervention are being planned (56) .

Second, the ICU Liberation Collaborative intentionally included a variety of ICU types as 

part of a larger effort to understand the impact of the ABCDEF bundle on various types of 

critically ill patients, as well as to gain better understanding of implementation strategies that 

are unique to each setting. While this current report includes a minority of patients from 

neurologic, trauma, and cardiac settings, the results are consistent with those from the 

original ABCDE Bundle study (17), which included all medical, surgical, trauma, 

neurologic, and cardiac patients. The consistency further supports the message that the 

ABCDEF bundle can apply to all critical care patients. However, future inquiry is still 

needed to explore the full impact of the ABCDEF bundle in these specific populations as 

well as particular implementation challenges.
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Third, our patient-level outcomes are not wholly independent of one another (i.e., there is a 

relationship between analyses of hospital death and discharge), and are assessed within a 

very short time frame, during which many of our patients did not experience these outcomes 

(requiring them to be censored). Future work could consider a longer follow-up period 

alongside competing risks regression to account for patients who, for example, die before 

they are discharged.

Fourth, similarly to other collaboratives and QI projects and many studies, the ICU 

Liberation Collaborative did not have the funds to support data accuracy auditing. While all 

sites were provided with a detailed standard operating procedures manual, offered formal 

data collection training, and were provided with ongoing as needed support, it is possible 

that errors may have occurred during the data collection process, introducing the possibility 

of reporting bias.

Fifth, this cohort analysis is from patient data collected within the scope of a large QI project 

that collected a minimum and de-identified dataset, both of which limited our ability to 

answer certain questions. The site personnel in the ICU Liberation Collaborative were 

unpaid and time constraints mandated that we collect data on a limited number of 

consecutively admitted ICU patients at each participating institution for a limited period (up 

to 7 days). These data therefore may not apply to patients with longer ICU stays and 

especially those who develop chronic critical illness. Additionally, data abstraction for these 

bundle elements is cumbersome because individual elements of the ABCDEF bundle are 

often separate and disconnected in current designs of electronic medical record (EMR) 

systems (e.g., EPIC and CERNER) which often have siloed screens and standard views that 

vary significantly depending on the user and institution. User-friendly EMR platforms that 

are easily adaptable would better support ongoing QI and research in this area (26, 34, 

56−58). Additionally, data collected by multiple team members should be seamlessly 

displayed on integrated EMR dashboards accessible by all team members so that patients’ 

ABCDEF bundle progress can be monitored in a collaborative way (e.g., one-stop dashboard 

screen access for all bundle elements).

Finally, this initiative did not collect uniform severity of illness data because of funding 

limitations. Only 6% of patients had severity of illness scores from the same scoring system 

and those patients were all from six sites that already tracked the scores. This precluded 

directly adjusting for this covariate, which would help understand the very large effect sizes 

we have found previously from this bundle (18). Our sample size (over 15,000 ICU patients 

and nearly 50,000 patient-days of data) and the inclusion of 18 covariates chosen a priori, 
adjusting as possible for patient characteristics and measures of baseline health and acuity, 
are robust but do not completely remove the potential benefit of adjusting for severity of 

illness.

However, because of the importance of this limitation, we conducted two additional 

sensitivity analyses. First, we conducted a “tipping point” analysis (37, 38) which is 

described and presented in SDC Table 2. That type of analysis allowed us to quantify the 

amount of total unmeasured confounding needed to render our analysis inconclusive. The 

sensitivity analysis indicated that even if the true adjusted associations between ABCDEF 

Pun et al. Page 10

Crit Care Med. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



bundle performance and all five in-ICU outcomes were smaller than observed after adjusting 

for severity of illness, they were still likely to be clinically relevant.

Additionally, in a very small (6%) subgroup of patients who had available APACHE III 

scores reported, we conducted a sensitivity analysis that directly incorporated severity of 

illness as an additional covariate into the original modeling (SDC Table 3). While obviously 

limited in size and power, the analysis found similar changes in endpoints of ICU discharge, 

mechanical ventilation, delirium, significant pain, physical restraints, and discharge 

destination, all of which were consistent with the results of the main analysis. The likelihood 

of hospital discharge, although not significant, showed an inverse relationship with bundle 

compliance. With that exception, these two sensitivity analyses were generally consistent 

with and thus support the validity of the main findings of this report.

This cohort analysis from the ICU Liberation Collaborative demonstrates that the 

performance of the ABCDEF bundle results in significant and dose-related improvements in 

outcomes, including better survival, duration of mechanical ventilation, brain organ 

dysfunction (i.e., delirium and coma), physical restraint use, ICU readmission rates, and 

discharge disposition of ICU survivors. Additional unmeasured benefits often expressed 

during the collaborative represent excellent points for future work, such as the effect that full 

integration of the ABCDEF bundle has on making ICU care more collaborative, holistic, and 

patient centered, with an eye toward returning patients to their previous lives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association between proportional performance of the ABCDEF bundle and patient-related 

outcomes. Each panel shows the adjusted hazard ratio and 95% CI for the specified 

outcome, comparing patients with a given proportion of eligible ABCDEF bundle elements 

performed on a given day with patients with none of the bundle elements performed that 

day. The gray line at 1.0 indicates no association. Hazard ratios are adjusted for baseline, 

ICU admission characteristics, and daily covariates, measured the same day as bundle 

performance. For example, assuming all other covariates are equal, a patient who had 60% 

of the ABCDEF bundle elements for which he/she was eligible has on average about 1.4 

times the likelihood of being discharged from the ICU on a given day as a patient with none 

of the bundle elements performed. All three outcomes were significant (p < 0.0001). The 

covariates adjusted for include demographic variables (age, sex, race, ethnicity, body mass 

index, residence before admission, mobility restriction before admission), admission 

features (diagnosis, hospital type [community vs. teaching], and ICU type), and daily ICU 

characteristics on the day of bundle exposure (receipt of medications, including 

benzodiazepines, opioids, propofol, dexmedetomidine, typical/atypical antipsychotics; 

comfort care order; mechanical ventilation; coma). We also adjusted for delirium on the day 

of bundle exposure when looking at the association between the bundle and delirium. 

Patients were “eligible to receive” elements A, C, D, and E on all ICU days. Patients were 

eligible for element B if sedated (part 1, SAT) and/or mechanically ventilated (part 2, SBT), 

and were eligible for element F if family or another caregiver was present. Therefore, 

patients were eligible for a maximum of seven and a minimum of four elements on any 

given day; proportion of elements performed is the number of elements performed, divided 

by the elements the patient was eligible to receive.
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Figure 2. 
Association between proportional performance of the ABCDEF bundle and symptom-

related outcomes. These data represent the relationship between the proportion of eligible 

ABCDEF bundle elements performed on a given day and the probability of a daily clinical 

outcome the following day. For example, the upper left-hand panel represents the 

relationship between proportion of eligible elements performed on a given day and the 

probability that the patient would be mechanically ventilated the following day. Lines and 

confidence bands represent the probability of the outcomes and the 95% CI, adjusted for 

potential confounders measured at baseline, ICU admission, and daily [Au: daily what?] 

while in the ICU. Relationships between proportion of elements performed and each 

outcome were significant (all p < 0.0001). Patients were “eligible to receive” elements A, C, 

D, and E on all ICU days. Patients were eligible for element B if sedated (part 1, SAT) 

and/or mechanically ventilated (part 2, SBT), and were eligible for element F if family or 

another caregiver was present. Therefore, patients were eligible for a maximum of seven and 

a minimum of four elements on any given day; proportion of elements performed is the 

number of elements actually performed divided by the elements the patient was eligible to 

receive.
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Figure 3. 
Association between proportional performance of the ABCDEF bundle and system-related 

outcomes. These data show the adjusted probabilities of ICU readmission (p = 0.002) and 

discharge to a facility versus home (p < 0.0001), respectively, among ICU survivors, 

according to what proportion of eligible ABCDEF bundle elements were performed during 

the first 7 days of a patient’s ICU stay. Probabilities are adjusted for baseline, ICU 

admission, and summary ICU characteristics (e.g., total proportion of ICU days the patient 

received benzodiazepines). Patients were “eligible to receive” elements A, C, D, and E on all 

ICU days. Patients were eligible for element B if sedated (part 1, SAT) and/or mechanically 

ventilated (part 2, SBT), and were eligible for element F if family or another caregiver was 

present. Therefore, patients were eligible for a maximum of seven and a minimum of four 

elements on any given day; proportion of elements performed is the number of elements 

actually performed during the entire ICU stay (up to 7 days) divided by the elements the 

patient was eligible to receive during that time.
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Table 1.

Baseline, Demographic, In-Hospital, and Discharge Characteristics of Cohort

Patient Characteristics n = 15,226

Hospital type: academic, No. (%) 9,519 (63)

Age category, No. (%)

  18−29 789 (5)

  30−39 934 (6)

  40−49 1,397 (9)

  50−59 2,861 (19)

  60−69 3,889 (26)

  70−79 3,124 (21)

  80−89 1,811 (12)

  90+ 3,632 (2)

Sex: female, No. (%) 8,794 (58)

Race, No. (%)

  White 11,025 (72)

  Black/African-American 1,986 (13)

  Other/not specified 1,396 (9)

  Asian 457 (3)

  American Indian/Alaskan Native 136 (1)

  No race data entered 98 (1)

  Native Hawaiian/Pacific Islander 92 (1)

  Multiple races 36 (0)

Hispanic, No. (%)

  Hispanic 1,571 (10)

  Non-Hispanic 13,443 (88)

  No ethnicity specified 212 (1)

Body mass index, median (IQR) 28 (24−34)

Residence, No. (%)a

  Living in a facility pre-admission 2,974 (20)

  Discharged to a facility 5,677 (45)

Mobility restriction, No. (%)b

  At hospital admission 4,686 (34)

  At hospital discharge 6,264 (53)

Primary admission diagnosis, No. (%)

  Sepsis/septic shock or ARDS 3,393 (22)

  Respiratory 2,486 (16)

  Other 2,702 (18)

  Neurologic 1,534 (10)
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Patient Characteristics n = 15,226

  Cardiac 1,388 (9)

  Gastrointestinal 784 (5)

  Trauma 736 (5)

  Genitourinary 635 (4)

  Surgery 1,192 (8)

  Overdose/withdrawal 296 (2)

ICU type, No. (%)

  Mixed medical/surgical 8,469 (56)

  Medical 2739 (18)

  Surgical/trauma 1,836 (12)

  Neurologic 767 (5)

  Cardiac/surgical 865 (6)

  Cardiac 550 (4)

On invasive MV for at least part of the time, No. (%) 8,089 (54)

Time on invasive MV, median (IQR), hours 60 (24–144)

ICU length of stay, median (IQR), days 3.5 (2.5–6.0)

Hospital length of stay, median (IQR), days 9 (5–15)

Readmitted to ICU at least once 1,092 (7)

On “comfort care” at least part of the time, No. (%) 564 (4)

Discharge status, No. (%)

  Died in ICU during the collaborative admission stay 1,372 (9)

  Died in ICU, but not during the collaborative admission stay 310 (2)

  Died during hospitalization but not in an ICU 524 (4)

  Discharged from hospital alive 12,756 (85)

Abbreviations: ARDS, Acute Respiratory Distress Syndrome; IQR, interquartile range; MV, mechanical ventilation.

a
Facility was defined as residence in 1) assisted living, rehabilitation center, long-term acute care hospital, nursing home, skilled nursing facility, 

another acute care hospital, hospice, or inpatient psychiatric unit.

b
Mobility restriction was defined as patient being unable to walk independently without the use of assistive devices, including cane, walker, or 

wheelchair.
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Table 2.

Outcomes for Patients With Complete (vs Incomplete) ABCDEF Bundle Performance: Data are Adjusted 

Hazard Ratios (AHRs) and Adjusted Odds Ratios (AORs)

Outcomes
Complete Bundle
Performance p Value

Patient-Related Outcomes AHR (95% CI)

 ICU dischargea 1.17 (1.05–1.30) < 0.004

 Hospital dischargeb 1.19 (1.01–1.40) < 0.033

 Deathc 0.32 (0.17–0.62) < 0.001

Symptom-Related Outcomesd AOR (95%CI)

 Mechanical ventilation 0.28 (0.22–0.36) < 0.0001

 Coma 0.35 (0.22–0.56) < 0.0001

 Delirium 0.60 (0.49–0.72) < 0.0001

 Significant pain 1.03 (0.88–1.21) 0.7000

 Physical restraints 0.37 (0.30–0.46) < 0.0001

System-Related Outcomes Adjusted OR (95%CI)

 ICU readmissione 0.54 (037–0.79) < 0.001

 Discharge destinationf 0.64 (0.51–0.80) < 0.001

Clinical interpretation (example): The ICU discharge AHR of 1.17 indicates that a patient who had complete bundle performance on a given day on 
average had a 17% higher likelihood of ICU discharge at any point within the 7 days of data collection versus an otherwise identical patient with 
incomplete bundle performance. Likewise, the AHR of death of 0.32 indicates that a patient who had complete bundle performance on a given day 
on average had only 32% the risk of death at any point within the 7 days of data collection versus an otherwise identical patient with incomplete 
bundle performance.

a
Results from the ICU discharge analysis are from a Cox proportional hazards model that allowed time-dependent covariates. Covariates included 

demographic variables (age, sex, race, ethnicity, body mass index, residence before admission, mobility restriction before admission), admission 
features (diagnosis, hospital type [community vs. teaching], and ICU type), and daily ICU characteristics on the day of bundle exposure (receipt of 
medications, including benzodiazepines, opioids, propofol, dexmedetomidine, typical/atypical antipsychotics; comfort care order; mechanical 
ventilation; coma). Patients who died before ICU discharge were censored at the time of death; patients who remained in the ICU after day 7 were 
censored at day 8 because, at most sites, data collection on the ABCDEF bundle elements stopped on ICU day 7. The final model included 12,255 
patients, with 9,236 ICU discharges within 7 days.

b
Results from the hospital discharge analysis are from a Cox proportional hazards model that allowed time-dependent covariates. Covariates 

included demographic variables (age, sex, race, ethnicity, body mass index, residence before admission, mobility restriction before admission), 
admission features (diagnosis, hospital type [community vs. teaching], and ICU type), and daily ICU characteristics on the day of bundle exposure 
(receipt of medications, including benzodiazepines, opioids, propofol, dexmedetomidine, typical/atypical antipsychotics; comfort care order; 
mechanical ventilation; coma). Patients who died before hospital discharge were censored at the time of death; patients who remained in the 
hospital after day 7 were censored at day 8 because, at most sites, data collection on ABCDEF bundle elements stopped on ICU day 7. The final 
model included 12,212 patients, with 4,185 hospital discharges within 7 days. The tipping point analysis presented in the supplement digital 
content caused us to treat this outcome (and ICU discharge) with less emphasis, removing it from the abstract and overall conclusions of the 
manuscript.

c
Results from the mortality analysis are from a Cox proportional hazards model that allowed time-dependent covariates. Covariates included 

demographic variables (age, sex, race, ethnicity, body mass index, residence before admission, mobility restriction before admission), admission 
features (diagnosis, hospital type [community vs. teaching], and ICU type), daily ICU characteristics on the day of bundle exposure (receipt of 
medications, including benzodiazepines, opioids, propofol, dexmedetomidine, typical/atypical antipsychotics; comfort care order; mechanical 
ventilation; coma). Patients discharged before 7 days were censored at the time of discharge; patients who remained in the hospital after day 7 were 
censored at day 8 because data collection on ABCDEF bundle elements stopped on ICU day 7. The final model included 12,266 patients with 758 
deaths occurring within 7 days.
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d
For symptom-related outcomes, we assessed the relationship between ABCDEF bundle performance on a given ICU day and each of the 

outcomes the following ICU day using logistic regression models. Variance was adjusted using Huber-White sandwich estimation clustered by 
patient study site to account for correlation within each collaborative site. We allowed continuous variables to have a nonlinear association with our 
outcomes using restricted cubic splines with three knots. The covariates used were demographic variables (age, sex, race, ethnicity, body mass 
index, residence before admission, mobility restriction before admission), admission features (diagnosis, hospital type [community vs. teaching], 
and ICU type), and daily ICU characteristics on the day of bundle exposure (receipt of medications including benzodiazepines, opioids, propofol, 
dexmedetomidine, typical/atypical antipsychotics; comfort care order; mechanical ventilation; coma). We also adjusted for delirium on the day of 
bundle exposure when looking at the association between the bundle and delirium.

e
We used a logistic regression model for the ICU readmission system-related outcome to assess the relationship between ABCDEF bundle 

performance during the entire collaborative ICU stay (i.e., complete performance for 100% of ICU days vs. 0% of ICU days meeting “complete” 
criteria) and the likelihood of subsequent readmission to the ICU among patients who survived the collaborative ICU stay and had at least one full 
day in the ICU. We excluded patients who died during the initial ICU stay since they did not have the same opportunity for ICU readmission. The 
final model included 11,118 patients; 825 had an ICU readmission while 10,293 did not. We summarized ICU characteristics over the course of the 
original collaborative admission, i.e., adjusting for proportion of ICU days the patient received each medication, comfort care orders, or mechanical 
ventilation or experienced coma.

f
For the discharge destination system-related outcome, we used a logistic regression model to assess the relationship between ABCDEF bundle 

performance during the entire collaborative ICU stay (i.e. complete performance for 100% of ICU days versus 0% of ICU days meeting “complete” 
criteria) and the likelihood of discharge to any type of facility versus discharge home, among patients who survived their hospitalization and had at 
least one full day in the ICU. The final model included 10,503 patients: 4,701 were discharged to a facility while 5,802 were not. We summarized 
ICU characteristics over the course of the original collaborative admission, i.e., adjusting for proportion of ICU days on which the patient received 
each medication, comfort care orders, or mechanical ventilation or experienced coma.
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