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Research Protocol:
Determinants of Implementation Success Coordinating Ventilator, Early Ambulation
and Rehabilitation Efforts in the ICU
(DISCOVER-ICU)

SPECIFIC AIMS

Patients with heart, lung, and blood disorders severe enough to require an intensive care unit (ICU) stay
frequently experience profound physical, mental, and cognitive health impairments that may persist for months
to years after hospital discharge."? These long-term impairments are commonly acquired in the ICU and are
often initiated or exacerbated by sedation, mechanical ventilation, and symptom management decisions.®®
Indeed, ICU-acquired pain, anxiety, delirium, and weakness are associated with numerous adverse health
outcomes including prolonged mechanical ventilation, post-traumatic stress disorder, depression, functional
decline, new institutionalization, and severe neurocognitive impairment.”?° Considering millions of adults face
the challenges of ICU survivorship annually,?'%° it is essential findings from high-quality research are reliably
adopted and sustained in everyday clinical practice.

As outlined in “Clinical Practice Guidelines for the Management of Pain, Agitation, and Delirium (PAD) in Adult
Patients in the ICU,” a robust and growing body of evidence demonstrates clinical outcomes are improved when
integrated, interprofessional approaches to mechanical ventilation and symptom management are applied during
the course of critical iliness. One such approach is the ABCDEF bundle, an evidence-based, multicomponent
strategy that incorporates many PAD guideline recommendations.®?2” While previously shown safe and
effective when applied in routine ICU practice,?®3° our preliminary data demonstrate that this bundle has yet to
be widely adopted. Pain and delirium remain underdiagnosed,®*2 and ICU clinicians often fail to maintain
patients at a light level of sedation, use a protocolized mechanical ventilation discontinuation approach, get
patients out of bed, or accept flexible bedside family presence.®**3 There is, therefore, a clear need for studies
that use validated implementation frameworks and outcomes to assess strategies for improving ABCDEF bundle
adoption and the removal of long-held and potentially harmful ICU practices. This need is most critical as our
nation, and the world, face an exponential increase in the use of mechanical ventilation and ICU services to treat
victims of the COVID-19 pandemic.

In the proposed study, we will continue our three-year partnership with the Society of Critical Care Medicine’s
ICU Liberation Collaborative, a national quality improvement (Ql) network comprised of 68 ICUs. Guided by the
Consolidated Framework for Implementation Research,** the overall objective of this T4 research is to develop
multilevel implementation strategies to enhance sustainable adoption of the ABCDEF bundle in routine ICU
practice. We are particularly interested in discovering how various patient-, provider-, and organization-level
characteristics and implementation strategies effect ABCDEF bundle adoption. Using a multiphase, sequential,
mixed-methods design our “Determinants of Implementation Success Coordinating Ventilator, Early Ambulation
and Rehabilitation Efforts in the ICU (DISCOVER-ICU)” study has four specific aims (1-4).

Aim 1: Estimate the effects of patient-level characteristics on ABCDEF bundle adoption.

Aim 2: Examine unit-level variation in ABCDEF bundle adoption and associated provider- and organization-level
characteristics.

Aim 3: Determine which implementation strategies result in the greatest adoption of the ABCDEF bundle.

Aim 4: Identify and describe the micro-decisions (e.g., resource allocation, patient participation, preferences,

and agreement) involved in implementing spontaneous awakening trials (SATs), spontaneous breathing trials

(SBTs), and early mobility/exercise in everyday care. The following research questions will be addressed in this

aim:

1. What are the micro-decisions that clinicians make when implementing SATs, SBTs, and early mobility with
ICU patients receiving mechanical ventilation?



IRB Protocol Number: 2019H0092
IRB Approval date:
Version: 03/30/2022
2. How and to what extent do clinicians inform mechanically ventilated patients and consider patient
preference about the procedures involved with SATs, SBTs, and exercise/early mobility?
3. What are the primary conflicts and tradeoffs in decisions about implementing SATs, SBTs, and early
mobility/exercise with MV patients?

The results of this study will directly lead to the development of implementation strategies that are adaptable,
responsive to community needs, and account for the cultural and organizational factors necessary to increase
ABCDEF bundle adoption. The proposed work will also provide important information previously missing from
the literature regarding micro-ethical decision making in the ICU and may illuminate previously unidentified
ethical dilemmas clinicians face during a national health emergency.

RESEARCH STRATEGY

Scientific Premise

Survivorship is an emerging challenge for critical care medicine. Over five million Americans are admitted
to intensive care units (ICUs) annually, primarily for heart, lung, and blood disorders.?'234¢ This number will rise
as the number of adults with complex comorbidities grows, our population ages, and the incidence of acute
respiratory and heart failure increases.*’*® Advances in critical care medicine have improved overall survival
rates,*® but, for some, survival comes with heavy personal and financial costs. Many ICU survivors experience
profound physical, cognitive, and/or mental health impairments that often persist for months or years after
hospitalization.”? The constellation of these impairments is now referred to as post-intensive care syndrome
(PICS)."2 While the exact etiology of PICS remains unclear, its incidence and severity is likely related to both
pre-existing risk factors and commonly acquired ICU symptoms initiated or exacerbated by antiquated sedation,
mechanical ventilation (MV), and mobility practices.?®

ICU-acquired conditions significantly impact the quantity and quality of life (QOL) after critical illness. In
2013, the Society of Critical Care Medicine (SCCM) updated their “Clinical Practice Guidelines for the
Management of Pain, Agitation, and Delirium in Adult Patients in the ICU” (PAD Guidelines).” Version 3 of the
PAD guidelines is due to be released later this year and to include the most recent evidence related to ICU sleep
and immobility. Both versions highlight the importance, high incidence, and substantial physical, psychological,
and cognitive toll various symptoms play during and after critical illness. Pain, occurring in
> 70% of ICU patients,>? is one of the most prevalent, distressing, and under-treated physical symptoms
experienced by the critically ill. Pain occurs both at rest and with routine clinical activities, such as wound care,
tracheal suctioning, and turning.®® Air hunger, being dependent on health professionals, and not being able to
effectively communicate needs cause many ICU patients to feel anxiety, fear, and loneliness. These feelings
seem to depend on the ability of ICU providers and family members to be physically “present” with the patient.>
Delirium, occurring in up to 80% of patients requiring MV,%>% is recognized as a significant prognostic indicator.
A recent meta-analysis found delirious patients were 6 times more likely to experience nosocomial complications,
2.5 times more likely to be discharged to skilled placement, had longer ICU and hospital length of stay (LOS),
and spent an average of 7 days longer on MV.'® Lastly, the ICU-acquired muscle weakness often caused by ICU
medications and prolonged bedrest can be present in 25-50% of critically ill patients.5-*® The impact of ICU-
acquired pain, anxiety, delirium, and weakness extends well beyond hospitalization. ICU pain and anxiety are
associated with insufficient sleep,®® post-traumatic stress disorder,'®'” chronic pain,” depression,'® and lower
health-related QOL"" post hospitalization. Patients with ICU delirium and weakness experience substantial
functional decline,'5'5% higher risk of re-hospitalizations,®* elevated mortality risk,’®'" and severe long-term
neurocognitive impairment. 3196566 Collectively, these findings suggest ICU-acquired pain, anxiety, delirium, and
weakness are precursors to poor short- and long-term patient outcomes.

A number of proven-effective ICU sedation, mechanical ventilation, and mobility interventions exist. The
PAD Guidelines recommend a number of strategies to improve the care and outcomes of critically ill adults: (1)
the routine monitoring of pain, agitation/sedation, and delirium using valid and reliable tools; (2) maintaining
critically ill patients at a “light” levels of sedation; (3) using daily spontaneous awakening trials (SATs) or a light
“target level” of sedation; and (4) performing early mobilization when feasible. Sedation strategies recommend
nonbenzodiazepine sedatives (i.e., propofol or dexmedetomidine) versus benzodiazepines (i.e., midazolam or
lorazepam). Additional patient benefit is accrued when SATs are coordinated with daily MV discontinuation
protocols that include spontaneous breathing trials (SBTs).%” In well-designed studies, these symptom-focused
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interventions were associated with reduced ICU and hospital LOS, time spent on MV, tracheostomy placement
rates, delirium and coma, functional decline, and risk of death 7-78

Widespread adoption of the ICU PAD Guidelines recommendations remains poor. Routine monitoring of
pain, delirium, and sedation levels during an ICU stay remains inconsistent.3'3279-82 Benzodiazepines and other
potentially harmful sedative medications continue to be routinely administered,®' elevating patients’ risk for
delirium and complicating ICU providers ability to mobilize patients.”?# Patients remain on sedation and MV
longer than needed, and resistance remains high on the part of clinicians to maintain patients at a light level of
sedation, use a protocolized MV discontinuation approach, and get patients out of bed during their ICU stay.3*
38,40,41.81,84-88 Dggpite the broad consensus that liberalization of visiting hours in the ICU improves the care and
experience of patients and families, > few critical care units are open for family visits 24 hours per day.%!
Clearly, there is an important and significant gap between the discovery of proven-effective ICU interventions
and approaches that can equip ICU providers with the knowledge, skills, and tools necessary to adopt and
sustain these interventions in everyday practice.

The ABCDEF bundle facilitates the organizational and cultural changes needed to implement the PAD
guidelines. To facilitate adoption of PAD guidelines into everyday ICU care, our team members helped develop
and first-test an evidence-based, multicomponent, and interprofessional team-management framework, the
ABCDEF bundle.>626:27.359293 Based on dozens of research studies published in high-impact journals,” the
ABCDEF bundle elements are intentionally interdependent and specifically designed to improve collaboration
among ICU team members, standardize care processes, and break the cycle of over-sedation, prolonged MV,
and immobility.® These changes in care come about through daily use of: (1) the assessment tools recommended
in the PAD guidelines, (2) both SATs and SBTs, (3) select sedative medications, (4) standardized
exercise/mobility activities, and (5) family members as active participants in ICU care.

Earlier versions of the ABCDEF bundle were associated with improvements in clinical outcomes. A
number of studies and quality improvement (Ql) projects demonstrated the benefits of incorporating earlier
versions of the ABCDEF bundle into everyday clinical care. In 2014, Balas (PI) led a single-center, before/after
study?® that demonstrated bundle implementation was associated with a 3-day improvement in ventilator-free
days (p = 0.04). After adjusting for age, sex, severity of illness, comorbidity, and MV status, patients managed
with the bundle experienced a near halving of the odds of delirium (odds ratio [OR], 0.55; 95% confidence interval
[CI], 0.33-0.93; p = 0.03) and increased odds of mobilizing out of bed at least once during an ICU stay (OR, 2.11;
95% ClI, 1.29- 3.45; p = 0.003).%+%8 Both ICU (pre 16.4% vs. post 9.3%, p = 0.07) and hospital (pre 19.9% vs.
post 11.3%, p = 0.04) mortality rates were lower in the group treated with the bundle. Another single-system,
multi-site QI project conducted in 2017 by Barnes-Daly® studied over 6,000 patient days and showed a “dose-
response” relationship to bundle implementation. After adjusting for age, APACHE Il, and MV status,
multivariable analysis showed that, for every 10% increase in bundle compliance, patients had 15% higher odds
of hospital survival (OR 1.15; 95% ClI, 1.09-1.22; p < 0.001). Patients also experienced more days alive and free
of delirium and coma with increased bundle compliance (incident rate ratio, 1.15; 95% ClI, 1.09-1.22; p < 0.001).

There is a need for research exploring the complex bioethical issues involved in delivering evidence-
based ICU interventions. Critical care clinicians and implementation science researchers face unique ethical
challenges when translating scientific and technologic advances into everyday ICU practice. For example, while
ethical justification for traditional clinical trials relies heavily on individual consent, implementation research and
ICU practice often involve aspects of distributive justice, economics, and balancing beneficence/non-maleficence
principles.®® In addition to these “macro” ethical concepts, critical care delivery often involves a series of “micro”
decisions that are not always made on best evidence but rather occur in a continuous flux of relationships and
dialogues.’® Data are needed on the complex decision-making processes and/or ethical dilemmas
interprofessional teams encounter when delivering effective but time and resource-intensive clinical
interventions. These ethical considerations are intrinsic to both the responsible conduct of biomedical research
and the translation of scientific and technologic advances into ICU practice. Importantly, this knowledge will also
help inform future NIH and other federal policy decisions.

Micro-decisions and micro-ethics play an important, yet often unrecognized, role in everyday ICU
practice. Micro-decisions are decisions made at the individual patient level aimed at capturing patient
participation and preferences in care.'® A new observational study conducted in long-term acute care hospitals
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shows that well-functioning interdisciplinary teams balance tradeoffs between patient preference and clinical
practice guidelines in liberating patients from prolonged MV."*" That study, however, was conducted with patients
with a lower severity of illness who were in the chronic (vs. acute) phase of MV liberation. Importantly, this work
did not describe how, or how often, patient preferences were ascertained when implementing evidence-based
interventions. How interprofessional teams view and approach micro-decisions involving patient participation
and patient preference during ABCDEF bundle implementation may help to explain the variability in bundle
adoption rates. This area of inquiry involves micro-ethics, which is primarily concerned with the process of
communication between providers and patients as they negotiate health care decisions.'?? In terms of healthcare
providers, the degree of concern, manner in which questions are asked, content and clarity of the information
provided, suggestions/responses made to patient's doubts, vocabulary, voice tone, facial expressions, providing
comfortable, and safe environment during physical examination are few micro-ethical issues which helps in
gaining trust of the patient.'® While believed to play an important role in clinical outcomes, the field of micro-
decisions and micro-ethics remains largely unexplored in implementation science.

The complexity of decision making and challenges of patient-provider communication in the ICU may
partially explain low ABCDEF bundle performance rates. To date, consistent and regular adherence to the
ABCDEF bundle has been shown to be difficult and suboptimal.®®%3-1% Process improvements have been made
to standardize bundle processes and establish accountability through adaptations to daily rounds, nursing and
physician documentation, and medical record charting to reflect adherence to its protocols, yet ICU teams still
struggle to achieve ICU bundle adherence goals. A recent article by Stollings et al'® emphasizes the importance
of the cooperative efforts by the interprofessional team on implementing the ICU liberation bundle. Unfortunately,
these authors, along with many others on the ICU liberation topic, overlook accommodating and attending to
patient preferences and communication as a component of the bundle or implementation model. Several studies
show that the three bundle components shown to have poorest adherence are: SATs, SBTs, and early
exercise/mobility.40-103197-109 At the end of the ICU Liberation Collaborative, an average < 40% of patients
participated in early mobility and less than half of patients requiring MV received a daily SBT."®

Patient participation and preference are important considerations in the implementation of evidence-
based practices (EBP) and recommendations’’, however little attention has been given to patient
participation and preference in EBP implementation in the ICU. This is because, in early stages of critical
illness, patients are often unable to participate in care or care decisions due to illness severity, fluctuating states
of consciousness, decisional incapacity and communication impairment. Prior observational research,
conducted by Drs. Happ and Tate, found that a substantive proportion (40%) of patients on prolonged MV
participated in decisions about daily care (e.g., weaning trials, wound care, physical activity) as well as in
decisions about life sustaining treatments.’"" Recent case reports of decisional participation during MV in the
ICU provide further validation that patient preferences and input can be ascertained with the use of appropriate
assistive communication tools and techniques.’?'* As sedation use with MV patients in ICU decreases,
opportunities for patient participation in care and treatment increase. We have little systematically collected data
about how interprofessional teams interact with MV patients about planned treatments or procedures in ICU,
particularly when patients resist or disagree with the team. These interactions and micro-decisions about care
and treatment may be sources of ethical conflict. Prior research by Happ, Tate and others show that
misinterpretation of MV patients’ communication and preferences can result in care directly counter to ICU
liberation principles. 112115117

Preliminary Data

Our team has a unique opportunity to leverage and build on existing data and ongoing relationships with
a network of motivated ICUs and the Society of Critical Care Medicine. Our team recently partnered with
the SCCM to create the “ICU Liberation Collaborative," a Ql project to foster the bedside application of the PAD
Guidelines through wide-scale dissemination and implementation of the ABCDEF bundle.®?” The Collaborative
was led by an internationally recognized, multidisciplinary group with expertise in bundle-related clinical trials,
implementation and dissemination research, and large-scale QI efforts. These experts operationally defined the
new ABCDEF bundle. The SCCM provided overall project management, and each regional collaborative was
led by a team including a registered nurse (RN), medical doctor (MD), respiratory therapist (RT),
physical/occupational therapist (PT/OT), and pharmacist to mirror the interprofessionalism implicit in the bundle.
The Collaborative included 68 ICUs from academic, community, and Veterans Affairs (VA) hospitals located
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throughout the United States. Guided by the Consolidated Framework for Implementation Research (CFIR), 4
the Collaborative formally ran from August 2015 to April 2017.

Collaborative participants were required to attend four in-person meetings, monthly co-learning calls, and
database training sessions. They were also invited to participate in a listserv and select in-person site visits. All
teams submitted bundle-related performance and outcome data and completed pre- and post-implementation
questionnaires focused on assessment of teamwork, work environment, overall ICU care, and organizational
structure (see APPROACH).

Based on our prior work,?82°1® evidence-based professional behavioral change interventions and
implementation strategies were shared and used by Collaborative members. For example, during the in-person
meetings, the importance of providing audit and feedback, conducting cyclical small tests of change, changing
record systems, and providing ongoing multimodal educational offerings to ICU staff were discussed. Sites were
further encouraged to engage staff in local consensus discussions, develop a formal implementation and quality-
monitoring plan, and identify and involve bundle champions, early adopters, local opinion leaders, and former
ICU patients/families in the implementation process. The in-person meetings also helped to reinforce and provide
beneficial strategies for facilitating effective ICU communication, collaboration, and cooperation. The
heterogeneity in implementation strategies used by collaborative participants provides a rich and unique
opportunity to learn what interventions are associated with greatest bundle adoption.

Our preliminary data demonstrate that ABCDEF bundle performance is associated with improved short-
term outcomes. To date, we have explored the association between collaborative member's ABCDEF bundle
performance and patient-, symptom-, and system-related outcomes (under-review). We defined bundle
performance as either complete or proportional. This analysis included 15,226 critically ill adults with a variety of
diagnoses who spent at least one full day in a participating ICU. Adjusting for a minimum of 18 a priori determined
potential confounders, complete bundle performance was significantly associated with higher likelihood of ICU
and hospital discharge and lower likelihood of hospital death within 7 days. Complete bundle performance was
also significantly associated with lower likelihood of next day MV, coma, delirium, and physical restraint use and
lower odds of ICU readmission and discharge to a facility other than home. Consistent with prior work,?® our data
also demonstrated a dose-response relationship between higher proportional bundle performance and
improvements in each of the above clinical outcomes (all p < 0.002).

Our preliminary data also show that collaborative participation resulted in significant but highly variable
ABCDEF bundle adoption. Our next goal was to determine if collaborative participation led to increased bundle
adoption. We were interested in exploring if some sites were “better” “ABCDEF bundle adopters than others.
The presence of a substantial amount of variability in our data would present us the opportunity to learn both
from high- and low-bundle-performing sites. We calculated monthly rates of complete bundle performance,
proportional bundle performance, and element-specific performance for the 17,258 patients across 49,109 full
ICU days. We used segmented regression analysis for interrupted time series data to model the linear trend of
bundle performance rates as a function of time for each segment (1-6 months pre-Collaborative involvement and
7-20 months during the Collaborative).

Complete bundle performance levels were low in
the baseline (pre-Collaborative) period (i.e., < 4%).
Complete bundle performance increased 2.0% (SE =
0.9%, P = 0.057) immediately after joining the

Figure 1. Variation among ICUs in Unadjusted
ABCDEF Bundle Performance Rates
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adoption of elements B1, B2, and E (SATs, SBTs, and early mobility) proved far more challenging. For example,

at the end of the Collaborative, an average < 40% of patients participated in early mobility and less than half of

patients requiring MV received a daily SBT. Although overall performance was relatively poor, there were indeed
some very good bundle performers.

Understanding remains limited of the factors contributing to incomplete penetrance and variable
implementation of the ABCDEF bundle. We and others have found barriers at the patient, provider, and
organization level believed to affect ABCDEF bundle adoption.3%%640. 119128 These include: (1) intervention-
related issues (e.g., timing of SAT and SBT trials); (2) communication challenges; (3) knowledge deficits; (4)
workload concerns; and (5) documentation burden. Most studies conducted on this topic were performed in
single academic hospitals or health care systems and therefore have reduced generalizability. Moreover, prior
studies are limited by the fact that they often rely solely on what ICU providers “say they do” versus measuring
“what they actually do” in terms of bundle performance.3%3640.91.124-128 Thyjg is problematic in that “perceived” and
“actual’ performance data often differ. Data that we have captured, but not yet explored, from the Collaborative
combined with additional targeted data collection will address these important limitations.

In summary, our preliminary data show that most critically ill adults are not receiving a potentially life-
saving and QOL enhancing intervention on a daily basis. Because national ABCDEF bundle performance rates
are so low, our data also suggest that implementation efforts should, for now at least, continue to focus on ways
of increasing bundle adoption rather than on ways of improving sustainability. Finally, the variability that is
present in our data affords us the unique opportunity to learn from both high- and low-performing sites what
constitutes an optimal and sustainable bundle implementation strategy.

APPROACH

The overall objective of the DISCOVER-ICU study is to develop multilevel implementation strategies to enhance
sustainable adoption of the ABCDEF bundle in routine ICU practice. We are particularly interested in discovering
how various patient-, provider-, and organization-level characteristics and implementation strategies effect
ABCDEF bundle adoption. Results of this study will inform the development of implementation strategies to be
tested in a cluster randomized hybrid Il implementation-effectiveness trial to evaluate simultaneously the effect
that the ABCDEF bundle has on long-term patient outcomes (not yet studied) and the best methods of adopting
the bundle into practice. Congruent with the goals of the NHLBI, both the DISCOVER-ICU and future trial will
generate an improved understanding of the processes involved in translating research into practice and use that
understanding to enable improvements in public health and stimulate further scientific discovery.

Our primary process-focused outcome for Specific Aims 1, 2, and 3 is adoption. Building off the definition
offered by Proctor, '*® we operationalize adoption as the decision of an organization to commit to and perform
the ABCDEF bundle. The level of analysis for adoption in Aim 1 is the patient and for Aim 2 the provider and
organization. This process outcome is particularly salient for early to mid-implementation-stage projects such as
the ICU Liberation Collaborative. Adoption in Aims 1 and 2 will be measured through existing medical record,
administrative, and survey data. Our process outcomes for Aim 3 include acceptability, feasibility, and costs.
Acceptability is the perception among ICU stakeholders that a given implementation strategy is agreeable and
satisfactory for meeting the objective of improved ABCDEF bundle performance. Feasibility is the extent to
which a given implementation strategy can be successfully used or carried out within a particular ICU or
organization. Finally, we define cost as the perceived cost impact of a given implementation strategy.
Acceptability, feasibility, and cost will be measured through an online survey, a concept mapping exercise, and
expert panel of key ICU Liberation Collaborative and critical care leaders.

Our primary process-focused outcome for Aim 4 is micro-decision making. Through focus group
interviews with key ICU Liberation Collaborative participants, we specifically aim to describe micro-decision
making about ABCDEF bundle implementation and to determine how and to what extent patient preferences are
ascertained and considered when implementing evidenced-based ICU pain, sedation, MV liberation, and early
mobility practices.

Conceptual Framework. Our approach is guided by the Consolidated Framework for Implementation Research
(CFIR),* which provides a comprehensive taxonomy of operationally defined constructs from multiple disciplines
(e.g., psychology, sociology) that are likely to influence implementation of complex programs; 39 constructs are
organized across 5 major domains that interact to influence implementation effectiveness.

Aim 1: Estimate the effects of patient-level characteristics on ABCDEF bundle adoption.
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Design and Rationale. In Aim 1, we will use existing SCCM ICU Liberation Collaborative data to estimate the

effects that various non-modifiable factors exhibited by ICU adults at admission (i.e., patient-level characteristics)

have on ABCDEF bundle adoption. Previous surveys, qualitative investigations, and systematic reviews reported

that certain patient-level characteristics (e.g., instability, patient weight/size) may impede bundle delivery, but

these studies were limited in use of self-reported (vs. actual) rates of implementation. 3536.125.126.128 Findings from

this aim will for the first time objectively distinguish which patient-level characteristics affect delivery of the overall

bundle and its individual elements. Findings will have immediate relevance to patient care by aiding in the design
of specific implementation strategies focused on overcoming patient-level barriers.

Setting and Sample. Included in the Collaborative were adults who were (1) initially admitted to a participating
ICU and (2) designated as needing ICU level of care. Patients previously admitted to a non-participating ICU
during their current hospitalization were not included. “ICU level of care” was defined as patients who (1) needed
intensive medical and/or nursing care that not could not be delivered in a step-down and/or medical/surgical unit,
(2) were managed by an ICU team, or (3) did not have transfer orders written or downgraded to a lower level of
care. Excluded were patients who (1) died or were discharged within 24 hours of ICU admission or (2) were
undergoing life support withdrawal and/or documented comfort care only within 24 hours of ICU admission.
Aim 1 data consist of 15,226 patients who spent 24 hours in a participating ICU (~49,000 ICU patient-days).
Our sample includes patients on and off MV, ranging from 18-90+ years old, admitted with a variety of diagnoses.
Of the 15,226 patients, 63% (n = 9619) were hospitalized in academic medical centers and admitted to mixed
medical/surgical (56%), medical (18%), surgical/trauma (12%), neurologic (5%), or cardiac/surgical (10%) ICUs.

Procedures and Data Sources. The Vanderbilt University Medical Center Institutional Review Board (IRB) served
as the Coordinating Center IRB and approved the SCCM ICU Liberation Collaborative QI project. All
Collaborative participants acquired site-specific IRB evaluation and approval. No identifiable data were collected.
All data were collected by standardized medical record review and anonymous staff surveys and were managed
using a secure, web-based application designed for validated data entry, transmission, and storage (Research
Electronic Data Capture [REDCap], Vanderbilt University, 2016 - grant support [(UL1 TR000445 from
NCATS/NIH]).

Local staff who attended a training webinar and as-needed support from SCCM managers entered de-
identified data into the collaborative database at their individual hospitals. Data were collected retrospectively
during a 6-month baseline period (January 2015-June 2015) and prospectively during a 14-month
implementation period (January 2016-March 2017). During the baseline (pre-Collaborative) period, staff from
each site entered data on the first 5 consecutively admitted ICU patients each month (30 baseline patients per
site). Throughout the implementation period, site staff collected data on the first 15 consecutively admitted
patients per month. For each patient, daily data were collected for a maximum of seven ICU days (average of
3.3 ICU-days per patient) or until patients transferred out of the ICU, were designated non-ICU status, or died.

Measures. Patient-level variables include: age, sex, race, ethnicity, language, body mass index (BMI), admitting
diagnosis, severity of illness, and preadmission residence and mobility status. The severity of illness scores
collected in the Collaborative included the Acute Physiology and Chronic Health Evaluation (APACHE) II, 30
APACHE 11, and APACHE IV'32 referent to the patient's status at the time of ICU admission.

Data analysis. We will conduct similar analyses for each of the | Figure 2. Segmented logistic regression for ITS
performance measures (performed vs. not performed), including | data-A hypothetical example
complete, proportional, and each element performance. We will rrempmenistonperes mementafion period
first use descriptive statistics to examine data distribution, check ! " !
for outliers, and summarize patient characteristics. Bivariate tests
(e.g., t test or Chi-square statistics) will be used to compare
patient characteristics in the pre-Collaborative and Collaborative
periods.

Using multilevel segmented logistic regression modeling for
interrupted time series data, we can model the likelihood of
bundle performance change over time, both before and during

Logit

—— Overall

the periods of Collaborative implementation. Figure 2 showsa | | _——————-—— ~— Subgroup 1 (e.g., Male)
hypothetical example. The basic form of the level-1 model (Figure " Subgroup 2 (e.g, Female)

x, solid black line) can be written as Logit(Y;;) = Bo; + o
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By jMonth + B,;Imp + B;;Month = Imp + ¢;;, where (1) Logit(Y;;) denotes the logit (or log-odds) of receiving
bundle performance for the it*ICU-day of the j* patient; (2) Month is the month indicator of the study period (a
total of 20 months coded as -5 to 0 for pre-implementation period and 1 to 14 for implementation period); and
(3) Imp denotes an indicator variable coded as 0 for pre-implementation period and 1 for the implementation
period. Therefore, Logit(Yij) is modeled as a linear function of §,; + ;;Month for the pre-implementation period
and (Boj + B2j) + (B + B3;)Month for the implementation period. 5,; and f5; are the estimates of level and
slope changes due to the intervention implementation. A significant level change (f;) indicates an immediate
change in the level of bundle performance at the initiation of intervention implementation. A significant slope
change (Bs;) indicates different trends over time during the pre- vs. post-implementation periods. Under the
multilevel modeling framework, level-2 models will fit 5y;, B, B2;, and f5; each as a linear function of fixed-
effects of patient characteristics and patient-specific random effects. The patient-specific random terms allow for
adjustment of within-patient clustering of ICU-days. Take patient gender as an example. From the combined
multilevel segmented logistic regression model, we will (1) estimate the overall trends during the pre- and
implementation periods (solid black lines); (2) derive fixed-effect estimates by patient characteristics (Figure 4,
long dashed line and short dashed line for each gender); (3) test the significance of hypothesized subgroup
differences (e.g., older age, obese, and non-English speaking) in the these estimates; and (4) include patient-
specific random terms to allow for variability by patients (patient-specific lines not shown in Figure 4). The model
can be simplified if supported by the preliminary results. For example, if the initial analyses for an outcome (e.g.,
element E performance) suggest that (1) there are no significant level change and slope change for both male
and female patients and (2) the overall increasing trend over time does not differ by patient gender, we can
reduce the model to a parsimonious form using multilevel logistic regression to model the probability of having
an outcome as a function of fixed effect of patient gender, fixed effect of time, and patient-specific random effects.
We can also further extend the model to (1) include multiple patient characteristics simultaneously in the model
to generate multivariable adjusted estimates, (2) perform curve fitting for linear or non-linear trend, and (3) adjust
for additional clustering (e.g., within-organization clustering). The above descried multilevel segmented logistic
regression approach will be applied to analyzing complete and element bundle performance measures. For
proportional bundle performance, we will use multilevel segmented Poisson regression instead.

Power analysis. We used the simulated-based power calculation method by Zhang et al. '3 for interrupted time
series analysis to conduct power analysis for Aim 1. With the expected ~49,000 ICU-days of ~15,000 patients in
68 ICUs, we generated 1,000 simulations with various patient subgroup distributions and proportion of ICU days
with bundle performance during the pre-implementation and implementation periods. Our preliminary analyses
of the pre-implementation period data suggest that the probability of bundle performance ranged from 0.05 (for
complete bundle performance) to 0.60 (for performance of element A) at the end of the pre-implementation
period and a monthly increase in the probability ranged from zero (for element E) to 0.05 (for element D). To be
conservative in power calculation, we used a probability of 0.05 for the level and a 0.05 monthly increase in the
probability for the slope in the pre-implementation period. Our power analysis suggested that our data will have
80% power to detect an odds ratio (OR) of 1.25 (corresponding to an increase of 0.02 in the probability of
receiving bundle performance) and 80% power to detect a slope change, with an OR of 1.52 corresponding to
pre- vs. post-difference of 0.03 in the monthly increase of the probability of receiving bundle care. Based on our
preliminary data, we reasonably assumed an autocorrelation of 0.5 under the first order auto-regressive
covariance structure, a within-patient correlation of 0.5, and a within-hospital correlation of 0.6 in our simulation-
based power calculation. Under the same assumptions, we also conducted power analyses on the effects of
patient characteristics on the level and slope changes. For patient characteristics with 20:80 distribution, our
sample size will have 80% power to detect an OR of 1.73 for the effect of patient characteristics on level change
and 80% power to detect an OR of 2.65 for the effect of patient characteristic on slope change. The above power
calculation is the most conservative scenario. The study power will be greater than 80% for other cases (e.g.,
pre-probability of 0.5, patient characteristics with 50:50 distribution). Regardless of study power, we will report
point estimates, 95% confidence intervals, and use clinical significance to guide results interpretation. All above
calculations were based on multilevel segmented logistic regression with a 0.05 two-sided significance level and
adjusted for data dependencies described above.

Missing data. Data for Aim1 have a relatively low rate of missing (< 5%). We will primarily report data from
complete cases without data imputation. As a sensitivity analysis, we will examine the pattern of missingness
and repeat the analyses with multiple imputation.




IRB Protocol Number: 2019H0092

IRB Approval date:

Version: 03/30/2022

Aim 2: Examine unit-level variation in ABCDEF bundle adoption and associated provider- and
organization-level characteristics.

Design and Rationale. In Aim 2, we will use existing SCCM ICU Liberation Collaborative data to examine unit-

level variation in ABCDEF bundle adoption and associated provider- and organization-level characteristics.

Myriad provider- and organization-level characteristics are believed to affect delivery of the bundle. 35:40:124-126.128

However, there is little evidence outlining which, and to what degree, these characteristics affect bundle

performance. Given significant financial pressure, hospitals are seeking a “silver bullet” to reduce the iatrogenic

risks associated with prolonged MV, delirium, and ICU-acquired weakness. Completion of this aim would

advance knowledge by identifying provider- and organization-level characteristics amenable to implementation

interventions.

Setting and Sample. We will use provider- and organization-level data from two discrete surveys administered
before and after the Collaborative. All full- and part-time nurses (RNs and Advanced Practice), MDs (residents,
fellows, and attending), respiratory therapists, pharmacists, PT/OTs, nursing assistants, case managers, and
other health care providers practicing in an ICU participating in the Collaborative were eligible to participate in
the first survey, “Interprofessional ICU Team Survey.” The second survey, “Organizational Survey,” was
completed jointly by the nursing and medical director of a participating ICU. In total, 7,307 ICU providers (5472
pre; 3247 post) completed the Interprofessional ICU Team Survey. Organizational surveys were completed by
the nursing and medical directors of all 68 ICUs.

Procedures and Data Sources. Teamwork, communication, and a healthy work environment are fundamental to
ICU practice and specifically to effective ABCDEF bundle implementation. All collaborative in-person meetings
and co-learning calls focused on teaching about and improving these concepts to ensure that all sites had a
fundamental understanding of who comprises the team, how to evaluate team health, and what tools the teams
could use to facilitate daily work and communication. Similarly, each site had varying experience with the
individual components of the bundle, necessitating a formal assessment of providers’ knowledge and
perceptions of the bundle. To help each site develop a better understanding of their interprofessional team,
identify potential barriers and facilitators to ABCDEF bundle implementation, and foster educational and
implementation efforts, an anonymous online survey (Interprofessional ICU Team Survey) was created and
distributed to all members of the ICU team at the beginning and end of the Collaborative. Because ICU- and
hospital-level variations in structure and process play important roles in patient- and family-centered outcomes,
134 we developed an Organizational Survey modeled on the work of Checkley et al. '*° to identify characteristics
of the ICUs. This survey also provided data for comparison of performance between like hospitals as well as for
comparison of large/academic centers and community hospitals.

Measures. The Interprofessional ICU Team Survey was comprised of three discrete parts: the Assessment of
Interprofessional Team Collaboration Scale (AITCS), '*® American Association of Critical-Care Nurses (AACNs)
Healthy Work Environment Assessment tool (HWEA), '*” and the ICU Care and Perceptions Survey.

1) AITCS. The AITCS is 37-item survey designed to evaluate teamwork and collaboration. The AITCS includes
three sections (cooperation, coordination, and partnership/shared decision-making) assessed on a 5-point
Likert scale (5 = always, 1 = never). Internal consistency estimates for reliability of each subscale range from
0.80 to 0.97, with an overall reliability of 0.98."'® The AITCS survey is being used as proxy measure for the
CFIR’s “inner setting” domains of networks and communication, culture, implementation climate, and
readiness for implementation.

2) HWEA. The HWEA is an 18-item survey designed to evaluate the six AACN standards for establishing and
sustaining a healthy work environment: skilled communication, true collaboration, effective decision making,
appropriate staffing, meaningful recognition, and authentic leadership. Each standard is assessed on a scale
of three unique questions. The 18 items are assessed on a 5-point Likert scale (5 = strongly agree, 1 =
strongly disagree). The questions and scales were reviewed for face validity and tested for reliability and
showed internal consistency with identical factor structures and Cronbach's alpha scores of 20.80. The
HWEA is being used as proxy measure for the CFIR’s constructs “inner setting” and “characteristics of
individuals" domains of networks/communication, culture, implementation climate, readiness for
implementation, individual identification with organization, and other personal attributes.

3) ICU Care and Perceptions Survey. This survey, developed by Collaborative faculty, contains 83 items to
evaluate respondents’ beliefs, self-efficacy, perceptions, resources, reported practices, and awareness of
polices and protocols related to the ABCDEF bundle and its individual components. Of the 83 questions, 11
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are in a yes/no format, and the rest are based on a 5-point Likert scale (5 = strongly agree, 1 = strongly

disagree). The ICU Care and Perceptions Survey is being used as proxy measure for the CFIR’s construct

characteristics of the individuals' domains of knowledge and beliefs about the intervention, self-efficacy,

individual’s stages of change, and other personal attributes. This survey relates to the CFIR’s “intervention
characteristics” domains of evidence strength and quality, relative advantage, cost, and complexity.

The Organizational Survey collected information on (1) hospital and ICU characteristics, (2) utilization rates,
(3) ICU staffing patterns, (4) ICU organization, and (5) ICU rounding and ABCDEF bundle practices. The first
section contains questions on characteristics of the hospital (i.e., type, locale, teaching status) and ICU (i.e.,
type, training programs). The next section contains questions focused on utilization data, such as total number
of hospital, ICU, and step-down beds, and number of annual hospital and ICU admissions. The third section
collects ICU MD, advanced practice provider, RN, and additional ICU team member staffing, education, and
certification data. The fourth section has questions on the organization of the ICU, such as whether it is an
open, semi-open, or closed unit, and if the ICU has a medical and/or nursing director. The final section has
questions regarding ICU rounding and ABCDEF practices. This section collects specific data regarding the
use of daily rounds, where rounds are performed, who regularly attends rounds, use of PAD assessment tools,
which protocols and teamwork tools the ICU uses, and types of Ql experience. This survey was completed by
both the nursing and medical director of a participating Collaborative team. The Organizational Survey is being
used as proxy measure for the CFIR’s construct “inner setting” domains of structural characteristics, networks
and communication, culture, implementation climate, readiness for implementation. This survey also relates to
the CFIR’s “process” domains of planning and engaging.

Sample Size/Power Analysis. The reliability of ICU-specific performance rates depends on sample size in each
hospital (ICU days after adjusting for within-patient clustering). Using the Spearman-Brown prophecy
formula,'®13° a minimal sample size of 10 is needed to generate reliable ICU-specific estimates (reliability = 0.8),
assuming an intraclass correlation of 0.3 for between-ICU variation based on our preliminary analysis. Given the
large number of observations in our data (~49,000 ICU patient-days nested in ~15,000 patients in 68 ICUs),
there will be sufficient sample size to generate an ICU-specific performance estimate with = 0.8 reliability, even
conservatively assuming a large within-patient correlation of 0.8. We conducted power analysis for the effects of
organization-level characteristics using the same simulation-based approach described for Aim 1 power analysis.
Under the most conservative scenario (see power analysis of Aim 1), our sample size will have sufficient power
(= 80%) to detect an OR of 1.80 for the effect of an implementation strategy (used vs. not used by the site) on
level change and an OR of 2.96 for the effect of an implementation strategy in slope change, assuming 20:80
distribution of the implementation strategy (used vs. not used by the site).

Data Analysis. The overall analytic strategy for Aim 2 will be the same as described for Aim 1. That is, using
multilevel segmented logistic regression modeling for complete and element bundle performance and multilevel
segmented Poisson regression for proportional performance. First, we will examine the variation across ICUs in
bundle performance by adding ICU-specific random effects to the model. All significant patient-level
characteristics from Aim 1 will remain in the model as covariates so that ICU-level estimates are risk-adjusted
for patient case mix. From the model, we can (1) quantify the degree of ICU variation using the intra-class
correlation (ICC); (2) derive the ICU-specific adjusted rates of bundle performance at the last month of
implementation and examine their distribution (mean, variance, median, interquartile range, and range); and (3)
rank the ICU-specific adjusted rates from low to high and identify the top 5 and bottom 5 ICUs with best and
worst adjusted performance rates. Next, we will estimate the effects of organizational characteristic on bundle
adoption by adding them as fixed effects to the model. Organizational survey at the post-implementation period
will be estimated as fixed effects to model the level change (f5,;) and slope change (f5;). While data from the
pre-implementation period will be estimated as fixed effects to model pre-implementation level (f,;), pre-
implementation slope (), post-implementation level change (B,;), and slope change (f;;) (see Data Analysis
section for Aim 1). Again, multilevel clustering (within-patient clustering of ICU days and within-ICU clustering
of patients) will be adjusted in the model using random effects terms. As the provider-level data can be linked to
specific ICUs, but not linkable to specific patient and patient ICU days, we will use multilevel modeling (level-1:
time-point [pre- and post-surveyl], level-2: provider; level-3: ICU) to model the fixed effect of time, provider-level
assessments (AITCS, HWEA, *¢'37and ICU Care and Perceptions surveys), and their interactions on ICU-level
adjusted performance rates. From the model, we can derive contrast estimates on the effect of change in
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provider-level assessments on ICU-level bundle adoption. We will also extend the model to adjust for ICU-within-
organization clustering.

Missing data. All 68 ICUs before and 42 ICUs after the Collaborative completed the organizational survey. The
advantages of the multilevel model for analyzing longitudinal data lie in its flexibility in handling missing data and
more efficient use of available data. Multilevel modeling allows for varying numbers of waves of data per study
unit; the same number of waves of data is not required for all hospitals. Thus, missing data will be more easily
managed, and all available data will be used for model estimates. Nonetheless, we will carefully examine the
extent and pattern of missing data and impute missing values when appropriate. If missing not at random exists,
we will use pattern-mixture modeling. We will also conduct sensitivity analyses to examine the robustness of
study findings with and without multiple imputation or using pattern-mixture modeling.

Aim 3: Determine which implementation strategies result in the greatest adoption of the ABCDEF bundle.
Design and Rationale. Identifying feasible and effective ABCDEF bundle implementation strategies that are
contextually appropriate remains a challenge for ICU researchers and practicing clinicians. In Aim 3, we will
extend data collection and use both quantitative and qualitative approaches (i.e., using an online survey, concept
mapping exercise, and an expert panel) to gain a deeper understanding of which implementation strategies are
most likely to overcome barriers to ABCDEF bundle adoption.

Setting and Sample. Healthcare providers from the 68 sites that participated in the ICU Liberation Collaborative
will be included in the work outlined in Specific Aim 3. These healthcare providers will have experience working
in one of the ICU Liberation Collaborative units and come from various professional groups (e.g., nursing,
medicine, pharmacy, physical/occupational/respiratory therapy). We will also include a subgroup of 10-12
healthcare providers who currently serve of the SCCM’s ICU Liberation and/or Quality and Safety committee
and two members of the SCCM’s Council who are responsible for overseeing the society’s quality & safety
initiatives in an expert panel.

Procedures and Data Sources.

1. Implementation Methods Survey. We will develop an online survey based on the implementation strategies
described in the Expert Recommendations for Implementing Change (ERIC) Project.”™®' While identifying,
developing, and testing implementation strategies are important goals of implementation science, these efforts
had previously been complicated by the use of inconsistent language and inadequate descriptions of
implementation strategies in the published literature. Based on an expert panel of implementation scientists and
mental health clinical managers, the ERIC study addressed this need by publishing a final compilation of 73
implementation strategy terms and definitions. ™’

Recruitment. A letter of invitation to participate in the survey will be sent by a SCCM study team member
(Harmon) via email to healthcare providers who were primarily responsible for ABCDEF bundle implementation
efforts at the 68 sites who participated in the ICU Liberation Collaborative. The invitation letter will describe the
purpose of the study, provide instructions on how the survey may be completed, and inform recipients that
participation is voluntary, that no identifiable information will be collected, and who to contact with study-related
questions. The healthcare providers will be informed that each ICU Liberation Collaborative site will be allowed
to submit only one survey and that this survey should be completed with feedback from ICU team members
representing various disciplines (e.g., nursing, medicine, pharmacy, respiratory/physical/ occupational therapy).

The healthcare providers will be instructed that there is no set approach in garnering their team'’s survey
input. They will be encouraged to do what is best for them and their ICU team. The letter will inform potential
participants that the study team acknowledges the fact that there may be some disagreements among
professionals on various aspects of the survey and instruct them to complete the survey as well as they can and
as closely aligned with team’s consensus as possible. The following options for completing the site survey will
be suggested:

1) Conduct a meeting specifically focused on completing the online survey. During this team meeting, the
online survey could be accessed, questions discussed, and responses entered simultaneously. We
recommend this approach as it is likely to be the most comprehensive and least time consuming.

2) Print a hardcopy of the survey to discuss and complete during a regularly scheduled or small group team
meeting. Once the survey is complete, one team member would then enter the site data into the online
survey.
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3) Print hardcopies of the survey and ask each team member to complete it individually. Once responses
are received, one team member would then resolve any conflicting answers and enter the site data into
the online survey.

4) Distribute a word or PDF version of the survey via email communication to team members. Completed
surveys could then be given to one team member who would then would resolve any conflicting answers
and enter the site data into the online survey.

Each team member who participates in completing the survey, maximum of four team members per
site, will be eligible to receive a $25 Amazon gift card. In addition, the person responsible for entering the final
site data into the online survey will be eligible to receive an additional $25 Amazon gift card. Reimbursement will
occur once all survey data is entered. A maximum of 272 providers will participate in the online survey.

Methods. The first section of the survey will provide participants the name and brief description of each
of the 73 implementation strategies recommended in the ERIC project. Participants will be asked to think about
the strategies they used during the course of the ICU Liberation Collaborative to increase their units’ adoption of
the ABCDEF bundle. Participants will then be asked to review each ERIC implementation strategy and to select
“yes or no” as to whether they used the strategy during the time the spent in the ICU Liberation Collaborative. If
“no” is selected, participants will be directed to the next question. If “yes” is selected, the participants will then
be asked to rate, on a 5-point Likert scale, how (1) helpful, (2) acceptable, (3) feasible, and (4) costly it was to
use the strategy. In the next section of the survey, participants will be provided the opportunity to report any
additional implementation strategies they used to foster ABCDEF bundle adoption during their time in the ICU
Liberation Collaborative that were not included in Section 1. If participants think of any additional strategies, they
will be asked to provide the name and a short definition of the strategy. They will then be asked to rate, on a 5-
point Likert scale, how (1) helpful, (2) acceptable, (3) feasible, and (4) costly it was to use the strategy. If
participants feel the list of terms in Section 1 was adequately comprehensive, they will be instructed to leave this
section blank. The final section of this survey will collect basic information regarding site location and type of
professionals who assisted in survey completion. Because we are requesting the engagement of multiple
stakeholders, we anticipate that the time necessary to complete the survey may vary by site. We estimate it will
take approximately 20 minutes for an individual to complete the survey and approximately 40-50 minutes for
team gathering and joint completion of the survey.

2. Concept Mapping Exercise. Results of the online survey will be used to inform the development of a group
concept mapping exercise aimed at further understanding what implementation strategies result in the greatest
adoption of the ABCDEF bundle. Concept mapping is considered a substantially stronger methodological
approach for characterizing how complex concepts (like implementation strategies) are organized than less
structured group consensus methods.''%'"" Concept mapping in this project will use the Concept Systems Global
MAX® web platform for participation and data analysis.

Recruitment. A letter of invitation to participate in the concept mapping exercise will be sent by a SCCM
study team member (Harmon) via email to the healthcare providers who were primarily responsible for ABCDEF
bundle implementation efforts at the 68 sites who participated in the ICU Liberation Collaborative. The invitation
letter will describe the purpose of the study, provide instructions on how the concept mapping exercise will be
completed, and inform recipients that participation is voluntary, that no identifiable information will be collected,
and who to contact with study-related questions. The healthcare providers will be asked to invite team members
from various professions (e.g., nursing, medicine, pharmacy, respiratory/ physical/occupational therapy). A
maximum of 204 providers will participate in the concept mapping exercise.

Each participant who participates in the full concept mapping exercise will receive a $75 Amazon gift

card.

Methods. Group Concept Mapping (GCM) is a unique approach for planning and evaluation that uses
the knowledge and opinions of stakeholders and specific statistical tools to produce visual results that lead to
understanding, agreement, and action. Valuing the voices of stakeholders, experts, or other participants in the
process, GCM consolidates perspectives into a concise, readable series of graphic representations and reports.
The multi-step method involves input from stakeholders, in this case ICU providers, whose knowledge and
opinions are relevant to the problem being studied (i.e., ABCDEF bundle implementation) and the resulting maps
feed back to the group a model, or “map” of their thinking that can be used for subsequent action.



The GCM process asks participants to brainstorm
statements relevant to a topic of interest, sort the
statements into piles based on each individual’s
perception of similarity, and rate each statement on one
or more scales. People can participate either
electronically (as will be the case in the DISCOVER
ICU study) or in face-to-face sessions. GCM computes
maps and other figures and supports the investigative
team to develop agendas, strategic plans, and products.
The GCM process supports the post-map work of
determining priorities, actions, and measures to inform
the planning. GCM’s graphical representations make it
easy to identify common themes, capture and represent
priorities, and develop an implementation plan. For
example, the hypothetical Concept Map displayed in
Figure 3 illustrates the conceptual array based on
participants’ ideas and how every individual perceived
their relationships. Clusters contain many ideas and are
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Figure 3. Example Concept Map
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Figure 4. Example Pattern Match

measure their progress and success.

21

grouped into meaningful concepts by the sorting activity.

A Pattern Match (example provided in Figure 4)
uses participant ratings to illustrate the degree of
agreement between Rating 1 and Rating 2, as in this
example, or between Subgroup 1 and Subgroup 2 on a
Rating. Pattern matches help the investigative team
identify whether agreement exists, disconnects that are
evident, and whether these can be addressed.

Finally, a Go Zone shows planners the specific
items that are within a certain cluster, and describes their
relative rating values, by arraying ratings on two scales.
Figure 5 is an example for one cluster. Each point
represents a specific idea, such as item 34: Support
better family functioning and parental mental health and
wellness, which was rated high on importance but lower
on current presence, suggesting its priority in planning.
Awareness of the issues and agreement on their
priorities, emerge from the results, allowing a group to
take action, development implantation strategies, and

We anticipate that the time necessary for participants to complete all components of the concept mapping

exercise will be approximately 30 minutes. All responses -
are entered into a secure web-based program and no | Figure 5. Example Go Zone
identifying information will be collected other than

professional category (e.g., nurse, physician) and site r=o0.45

location.

3. Expert Panel. The final step for Aim 3 is to solicit input
from a panel of experts in the critical care field in order to
gain a consensus on practice and policy recommendations

for adoption of the ABCDEF bundle.

Recruitment. A letter of invitation to participate in the
expert panel will be sent by a SCCM study team member
(Harmon) via email to current members of the Society of
Critical Care Medicine’s ICU Liberation and Quality &
Safety committees. We will invite a subgroup of 10-12 ™’
interprofessional members to participate on the expert
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panel. Two members of the SCCM'’s Council responsible
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for the organizations quality & safety line will also be asked to participate. The invitation letter will describe the
purpose of the expert panel, provide instructions on how the meeting will be conducted, and inform recipients
that participation is voluntary, that no identifiable information will be collected, and who to contact with study-
related questions. Participants will not be reimbursed for participation.

Methods. Study team members with expertise in conducting focus groups and interviews with ICU
providers (Balas, Mion) will lead the expert panel of ICU providers in a live polling and consensus building
process using a web-based interactive discussion platform (i.e., Zoom). Before the webinar, panelists will be
emailed the results of the concept mapping exercise and a summary of topics that will be discussed during the
meeting. One researcher will lead the discussion and the other will record notes, monitor the discussion, and
help facilitate keeping to the agenda. We expect the expert panel meeting to last 60-90 minutes.

Data Analysis. Survey. Quantitative data of the survey will be analyzed using the same approach as in Aim 2
for organization-level characteristics. In short, implementation strategies will be estimated as fixed effects to
model the level change and slope change using multilevel segmented logistic regression modeling with
patient-, hospital-, and organization-specific random effects to adjust for multilevel clustering effects. Concept
Mapping. The study’s planned minimum enrollment of 40 is above the recommended sample size for concept
mapping (= 15).7 In this stage, multidimensional scaling and hierarchical cluster analysis will be used to
characterize how implementation terms were clustered by the healthcare provider panelists, providing the
opportunity to quantitatively characterize the categories of terms developed by the providers in terms of how
they were rated on key dimensions. Final data analyses will include visual summaries of data, including weighted
and unweighted cluster maps, ladder graphs, and go-zone graphs, all specific tools from the web platform used
for this analysis.'''** As described above cluster maps provide a visual representation of the relatedness of
concepts, and weighted cluster maps are used to depict how concepts within a cluster were rated on key
dimensions (e.g., importance). Ladder graphs provide a visual representation of the relationship between
dimensions of a concept (e.g., importance and feasibility, importance and changeability). Go-zone graphs are
useful for illustrating the concepts that are most actionable (e.g., high importance and high feasibility) and which
concepts are less actionable (low importance and low feasibility). Bridge values (i.e., quantitative
characterizations of how closely individual concepts within a cluster are related) will also be reported. Expert
Panel. Following the interactive web-based discussion, the investigator team will review the notes, summarize
the main points of discussion and include the list of recommendations that emerged from the Expert Panel
discussion. These findings and recommendations will be circulated to the participants for feedback and
validation.

Aim 4: Identify and describe the micro-decisions (e.g., resource allocation, patient participation,
preferences, agreement) involved in implementing SATs, SBTs, and early mobility/exercise in everyday
care.

Design and Rationale. We propose a qualitative dominant, mixed-methods companion study to the Discover-
ICU Study. This work will be performed in Year 2 of the Discover ICU study. We will conduct focus group
interviews with interprofessional teams from ten (5) high- and (5) low- bundle-performing ICUs. This is a modified,
positive-negative deviance approach to exploit differences between high performing and low-performing units
that will be used to identify the ethical challenges (e.g., conflicts, tradeoffs) experienced by clinicians in daily
bedside decision making about bundle implementation. Focus groups will be composed of interprofessional
members (e.g., physicians, nurses, physical therapists, respiratory therapists, pharmacists, occupational
therapists, speech language pathologists) of the ICU liberation team from each unit.

Setting/Sample. We will conduct the focus group interviews remotely via Zoom videoconferencing “rooms” (Zoom
Video Communications, Inc), a procedure used successfully for interviews with clinicians in our organization and
by others.™” A total of 50 — 80 interprofessional team members will participate (5-8 participants each for 10
selected ICUs). This sample represents nearly 15% of the ICU Liberation Collaborative and will provide a
substantive body of narrative data sufficient to address the research questions.

The OSU biostatistician, Dr. Tan, will conduct purposive selection of five ICUs that are high- performing
and five ICUs that are low- performing on SBTs based on analysis from the Discover ICU study dataset. Selection
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will also consider maximum variability on performance of SATs, early mobility/exercise, hospital geographic
location, hospital size, and annual number of ICU admissions. We are conducting maximum variation sampling
because high performing environments may have different approaches, considerations, and challenges in micro-
decisions about implementing SATs, SBTs and early mobility than low-performing units. This method will also
produce the most representative sample to ensure credibility and transferability of findings. If selected ICUs
refuse or are unable to participate, we will replace from the sampling pool. This method will also produce the
most representative sample to ensure credibility and transferability of findings.

ICU clinicians participating in focus group interviews will be full or part-time ICU physicians, nurses,
respiratory therapists, occupational and physical therapists, pharmacists and speech language pathologists who
are members of the ICU liberation team in selected ICUs. Inclusion criteria: clinicians must be in ICU practice
for at least 1 year and at least 18 years of age Exclusion criteria: unit managers and administrators will be
excluded to avoid any feelings of intimidation or fear of retribution among group members. Women of child-
bearing age or pregnant women will not be excluded from this study.

Study Procedures

Recruitment. Ms. Harmon, our SCCM research partner, will contact prospective ICU interprofessional
teams to invite their participation and ascertain interest and willingness to participate in the focus groups. Once
interest in focus group participation is obtained from the ICU teams by SCCM staff, the Ohio State University
(OSU) research team will contact the ICU team lead by email (or phone, if emails do not elicit a response) and
schedule the Zoom meeting.'*’ Electronic informed consent will be distributed by the OSU team and completed
by all participants before beginning the focus group interview.

Data Collection. Unit Organizational and Demographic Characteristics: We will collect information from
the Organizational Survey '3° data contained in the parent study database to describe the ten participating units.
This dataset includes information on (1) hospital and ICU characteristics and utilization, (2) ICU staffing patterns,
and (3) ICU rounding and ICU liberation bundle practices. We will describe the 10 units in the focus group sample
on characteristics of the hospital (i.e., type, locale, teaching status, total number of beds, annual admissions)
and ICU (i.e., type, training programs; number of ICU and step-down beds, open, semi-open, or closed unit, and
number of ICU admissions). We will also describe ICU staffing patterns (ICU MD, advanced practice provider,
RN, and additional ICU team member staffing, education, and certification data) and ICU rounding and ABCDEF
bundle practices. We will collect the following characteristics from focus group participants: profession, critical
care accreditation, highest education, years in critical care, age category, sex, race/ethnicity.

Focus Group Interviews: The focus groups will be conducted by Drs. Mary Beth Happ and Judith Tate,
experienced qualitative researchers via an online Zoom meeting platform. The advantage of this platform is that
(1) it is an affordable mechanism to access clinical teams throughout the nation and that (2) individual team
members can participate from a variety of locations (i.e., home, hospital or office) to facilitate scheduling and
attendance.'’ Both researchers have experience conducting focus groups and interviews with critical care
clinicians. 113115148152 Dr_Tate recently conducted interviews with interprofessional long term acute care teams
about their experiences with and perspectives on ICU liberation bundle components. '3

Drs. Happ and Tate have experience as critical care clinicians and credibility as critical care researchers,
but have not participated in the ICU Liberation Collaborative or in SCCM sponsored trainings. Therefore, ICU
Liberation teams may be more forthcoming during focus group interviews conducted by this pair. One researcher
will lead the discussion and the other will record notes regarding nonverbal communication, interactions, tone,
and responses. Teams will first be introduced to the focus group leaders and made to feel comfortable with brief
social dialogue. We will then orient participants to the ground rules of focus group participation (e.g.,
confidentiality, respectful dialogue and turn-taking, all opinions are valued, and nonjudgmental stance).

Participants will be asked to select a recent case of a mechanically ventilated patient eligible for SATs,
SBTs, and early mobility and to present the de-identified story of a single day in caring for the patient. We will
elicit the participants’ stories and viewpoints about considerations, conflicts, and decisions that they made about
SATs, SBTs, and early mobility/exercise. We will ask them to describe interactions with the patient including how
the patient was informed of the aforementioned interventions, what input the patient had in the process, and how
the patient responded. We will obtain clinicians’ perspectives on ascertaining and considering patient
preferences about SATs, SBTs, and early mobility/exercise bundle procedures as well as their descriptions of
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conflicts and tradeoffs in decisions to implement the procedures. See draft focus group interview guide
(Appendix A). Interview probes may change over the course of the study to address and integrate topics and
concerns raised in prior focus groups. We will also ask the participants to compare and contrast this case
experience to other cases of mechanically ventilated patients in their unit. Focus group interviews will be audio
recorded via Zoom, saved electronically as an audio file on a secure, single sign-on server, and transcribed
verbatim. These qualitative methods will allow us to comprehensively characterize patient-provider processes in
micro-decisions regarding implementing the SAT, SBT, and early mobility/exercise components of the ABCDEF
bundle, including how the interprofessional team responds when patients communicate dissent or preferences
different from the team. Focus groups are expected to last 60-90 minutes.

Data Management and Analysis. The qualitative study design and analysis follow the consolidated criteria for
reporting qualitative research COREQ guidelines.™* Focus group interview recordings will be transcribed
professionally along with researcher notes describing participant behaviors and tone. Transcripts will be
reviewed with the recordings for accuracy. We will use Dedoose (dedoose.com) secure, on-line qualitative data
management program to manage the data. Initial data coding of the focus group transcripts and notes will be
conducted by Drs. Happ and Tate using basic qualitative description and constant comparative techniques.'®
57 Coding and analysis will be initiated after the first focus group and continue during subsequent focus group
data collection. Portions of text will be labeled or coded with terms that are low inference (“data close”) and
descriptive of participant words.’® Codes will be grouped into thematic categories, and subcategories. All
transcripts will be dual coded by Happ and Tate where codes and categories will be defined and coding
discrepancies will be resolved during weekly analytic meetings. We will identify relationships between categories.
Analytic procedures will include writing individual case (unit) summaries and thematic summaries, constructing
stem-leaf plots to assess strength and distribution of themes across cases (units) and unit categories (high vs
low-performing), identifying properties of themes and subthemes and creating visual hierarchical or relational
diagrams. We will compare and contrast high and low bundle performing units through dimensional analysis and
by constructing matrices.'® Organizational Survey data will be categorically displayed and selected data from
the Organizational Survey, such as unit characteristics, rounding practices, and ICU liberation bundle practices
crossed with primary themes in a matrix analysis. Drs. Happ and Tate will share the analysis of the first four
focus groups with the larger DISCOVER group investigators to elicit their input on additional analytic directions,
alternate interpretations of focus group data and recommendations for other information to be elicited in the
remaining focus groups. Key focus group participants will be selected to provide feedback on initial findings; their
feedback will be incorporated into the final analytic product. As a final step, we will subject the focus group
thematic categories and subcategories to traditional qualitative concept mapping®® to identify relationships and
potentially actionable intervention points in micro-decision processes to improve implementation of SATs, SBTs,
and early mobility/exercise with MV patients.

Potential Problems and Alternative Approaches and Benchmarks for Success

Potential limitations of Aims 1 and 2 include the possibility of missing data and the large number of data elements
to be analyzed. Our team has intimate knowledge of the database and the key measures we are using. We have
collapsed the data into relatively broad categories based on the constructs/domains of the CFIR and will continue
to refine these measures using the experience of the entire team. Should we find key elements missing, our
continued relationship with the Collaborative sites will allow us to explore additional methods of addressing these
limitations. While we have a rigorous plan to adjust for patient case mix in deriving ICU-level risk-adjusted bundle
adoption rates, there will admittedly be unmeasured confounders (e.g., patient or caregiver preference) that may
bias the ICU-level estimate. However, it is reasonable to expect that such unmeasured confounders will be
distributed evenly across ICUs. Finally, there may be concern regarding our ability to recruit the necessary
participants to complete the work proposed in Aims 3 and 4. As demonstrated in the sample letters of support,
Collaborative members remain tremendously excited and committed to furthering the important work of bundle
adoption.

Potential Pitfalls foreseen for Aim 4 are due to selection of high and low performing units for focus group
participation will be based on data collected in 2015-2017, therefore unit characteristics may have changed and
unit adherence may have improved or regressed since the data were collected. We also recognize that ICU
environments and experiences in the care of mechanically ventilated patients are rapidly changing in response
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to the COVID19 pandemic. This reality makes the addition of this micro-ethics study aim even more important
as it will provide relevant context for the DISCOVER ICU study data integration and interpretation.
Interprofessional team members may be reluctant to fully disclose ethical concemns in group interviews with other
team members. Our experience has been that when techniques to engender social comfort are used and the
discussion focuses on patient stories, interprofessional workgroups “open up.” Participation in focus group
interviews may be low. We will employ the following strategies to boost participation in focus groups: 1) we will
offer an incentive to each unit of $50 dollar Amazon gift card to each focus group participant (payment will occur
once the focus group is completed) and 2) we will offer each group a 1-year subscription to online communication
training and toolkit in techniques to improve patient-provider communication. The SCCM connection and
membership in the ICU Liberation Collaborative provide added motivation and incentive to participate. We expect
that we will be successful in recruiting 10 units to participate in focus groups.

Expected Outcomes and Future Directions

The bioethics of implementation research is in its infancy. While patient engagement in implementation research
has been discussed, little evidence exists about the process individuals undertake to elicit patient preferences,
negotiate conflicts or include patient responses to bedside care with mechanically ventilated patients in the ICU.
The need to optimize patient recovery following treatment with MV while minimizing provider burden has never
been more important as the COVID-19 pandemic dramatically increases the number of adults of all ages who
will experience an ICU admission and MV treatment. Future research could be directed at enhancing patient
engagement with everyday micro-decisions to improve implementation of SATs, SBTs and early
mobility/exercise. An additional research direction will be to determine if improved communication and patient
engagement improves bundle performance and/or decreases moral distress of caregivers.

Study Timeline for Aim 1-4
Year 1 2 3
Quarter
Submit IRB, recruit, hire, and train study personnel X
Study team in-person meetings
Data extraction and cleaning Aim 1 and 2
Data analysis Aim 1 and 2 X [ X | X|X
Survey and concept mapping development Aim 3 X | X
Aim 3 Administer survey, concept mapping exercise, and X | X[ X[ X|X | X
expert panel
Write and submit papers, disseminate study findings XX | X | X | X | X
Aim 4 Qualitative Focus group, identify and recruit sites X
Schedule and conduct focus group interviews X | X | X
Data analysis and member checking X | X | X
Dissemination, abstract and manuscript submissions

Y

XX [X|N
x
x

XX | X
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APPENDIX A. Focus Group Interview Guide

We are going to begin by asking you to think about a patient you recently cared for on you unit who required
mechanical ventilation. We are specifically interested in learning about the decisions you and your team made
regarding SATs, SBTs, and early mobility.

Please focus on whether or not you were able to actually conduct an awakening trial, a spontaneous breathing
trial and mobility. What were some the factors you all considered in implementing spontaneous awakening trials,
spontaneous breathing trials, and early mobility/ exercise with this patient?

Take a few minutes as a group to write down perhaps in bullet points or full sentences, if you like, the de-
identified (no names) story of a single day in caring for the patient. It doesn’t have to be a perfect case — just
one that is typical or that you'd really like to talk about.

[allow 10 minutes for group discussion]

Select a member to begin telling the story. Others are encouraged to add.

Tell me about the considerations you had and decisions that you made regarding SAT for this patient?
¢ What conflicts did you encounter?

¢ What tradeoffs did you make or think about?

Tell me the considerations you had and decisions that you made regarding SBT for this patient?
¢ What conflicts did you encounter?

¢ What tradeoffs did make or think about?

Tell me the considerations you had and decisions that you made regarding early mobility for this patient?
¢ What conflicts did you encounter?

¢ What tradeoffs did make or think about?

Can you describe interactions with the patient about the SAT, SBT, and early mobility procedures?
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o How did you inform the patient?
o What methods of communication are used with MV patients during bundle implementation?

¢ Is this the same or different for other interactions in the care of patients in your unit?

What input did the patient have in the process?
o How would you describe the patient’s preferences about A, B, and E bundle procedures?
¢ How did the patient respond?

¢ In what ways did you use the patient’s preferences and responses in decisions about beginning,
continuing or stopping the A, B, or E bundle procedures?

o How did you weigh the patient’s responses in A, B, and E?

How does this patient compare with other typical patients on your unit? (ascertain if this is an extreme case)
[probe for a typical or contrasting case]
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