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Abstract

Objective—Cardiac surgery intensive care unit (ICU) characteristics and clinician staffing
patterns have not been well characterized. We sought to describe Pennsylvania cardiac ICUs and to
determine whether ICU characteristics are associated with mortality in the 30 days after cardiac
surgery.

Design—From 2012-2013, we conducted a survey of cardiac surgery ICUs in Pennsylvania to
assess ICU structure, care practices, and clinician staffing patterns. ICU data were linked to an
administrative database of cardiac surgery patient discharges. We used logistic regression to
measure the association between ICU variables and death in 30 days.

Setting—Cardiac surgery ICUs in Pennsylvania.

Patients—Patients having coronary artery bypass grafting (CABG) and/or cardiac valve repair or
replacement from 2009 to 2011.

Interventions—None

Measurements and Main Results—Out of 57 cardiac surgical ICUs in Pennsylvania, 43
(75.4%) responded to the facility survey. Rounds included respiratory therapists in 26/43 (60.5%)
and pharmacists in 23/43 (53.5%). 26.8% (11/41) reported that at least 2/3 of their nurses had a
BSN degree. Advanced practice providers were present in most of the ICUs (37/43, 86.0%), but
residents (8/42, 18.6%) and fellows (7/43, 16.3%) were not. Daytime intensivists were present in
48.8% (21/43) of responding ICUs; 18.6% (8/43) had nighttime intensivists. Among 29,449
patients, there was no relationship between mortality and nurse ICU experience, presence of any
intensivist, or absence of residents after risk adjustment. To exclude patients who may have
undergone transcatheter aortic valve replacement, we conducted a subgroup analysis of patients
undergoing only CABG, and results were similar.

Conclusions—Pennsylvania cardiac surgery ICUs have variable structures, care practices, and
clinician staffing, although none of these are statistically significantly associated with mortality in
the 30 days following surgery after adjustment.

Keywords
intensive care staffing; cardiac surgery; outcomes; administrative data

Introduction

Intensive care unit (ICU) organizational features, such as clinician staffing, constitute
modifiable risk factors for adverse outcomes that may potentially affect both organizational
resource allocation and patients’ choices about healthcare providers and facilities. Intensive
care staffing schemes have been linked to process measures of care quality(1, 2) and to
short-term outcomes such as intensive care unit (ICU) mortality(3) and length of stay.(4)
Given the apparent association between ICU organizational practices and patient outcomes,
payers and other stakeholders have set standards about how many and what kinds of
providers are needed to optimally care for critically ill patients.(5-8)
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Nonetheless, the evidence supporting specific ICU care paradigms remains heterogeneous
and conflicting, and has limited generalizability. In addition, most ICU staffing studies focus
on medical or mixed medical-surgical ICUs, with relative underrepresentation of ICUs
focusing on surgical care. Cardiac surgery is one important surgical subgroup characterized
by high elective surgical volume and highly protocolized care,(9) which might attenuate the
impact of specific organizational practices. Additionally, almost all patients undergoing open
cardiac surgical procedures are admitted to ICUs for post-surgical care, so understanding the
impact of ICU organizational practices is broadly relevant to this patient population.

The objective of this study was to characterize ICU organizational characteristics in cardiac
surgical ICUs in Pennsylvania, a large state with urban and rural, community and academic
hospitals performing cardiac surgery. Given the multidisciplinary nature of critical care, we
conducted a detailed facility survey to collect staffing data about clinicians (nurses,
advanced practice providers, respiratory therapists, pharmacists, and physicians) currently
working in Pennsylvania ICUs. Linking facility survey responses to discharge data on
patients treated in responding hospitals, we examined associations between ICU
organizational characteristics and mortality in the 30 days after cardiac surgery.

Materials and Methods

This is a retrospective cohort study of all intensive care units in Pennsylvania that care for
adult patients who have undergone cardiac surgery. We merged data from four sources: (1)
survey data (collected from 2012 to 2013) describing ICU care practices and clinician
staffing patterns, (2) administrative discharge data from Pennsylvania hospitals (2009 to
2011) obtained from the Pennsylvania Health Care Cost Containment Council (PHC4), (3)
vital status information from the Pennsylvania Department of Health, and (4) information on
hospital characteristics and hospital safety made publicly available by the American Hospital
Association Healthcare Data Viewer,(10) the Leapfrog Group, and the American Nurses
Credentialing Center (Supplemental Digital Content 1). This project was deemed exempt
from IRB review by the Perelman School of Medicine of the University of Pennsylvania
IRB.

Study population

For the facility survey, we identified Pennsylvania hospitals performing cardiac surgery,
excluding children’s hospitals, from the Pennsylvania Health Care Cost Containment
Council (PHC4) state cardiac surgery report from 2008 to 2009,18 the most recent year for
which data was publicly available at the start of this project.

Our patient sample included all patients aged 18 or older discharged from a Pennsylvania
hospital between January 1, 2009 and December 31, 2011 with a principal or secondary
International Classification of Diseases, Ninth Revision, Clinical Madification (ICD-9-CM)
procedure code for coronary artery bypass grafting (CABG, ICD-9-CM procedure codes:
36.10 — 36.17, 36.19) or cardiac valvular repair or replacement surgery (ICD-9-CM
procedure code: 35.10 — 35.14, 35.20 — 35.28, 35.33, 35.99).
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Questionnaire

Recruitment

Outcomes

We designed an instrument for this project (Supplemental Digital Content 2) based on prior
ICU facility surveys,(3) and adapted through consultation with physicians and nurses with
expertise in ICU staffing models. The study questionnaire included questions about: (A) use
of common ICU protocols; (B) access to resources to support ICU care, including
computerized physician order entry and telemedicine consultation, and (C) ICU physician
and nurse staffing characteristics, including training and shift structure. For nurse staffing,
we asked about ICU experience, the proportion of the ICU nurses who had obtained a
bachelor’s degree in nursing (BSN), and the maximum duration of a nursing shift. For
experience and education, nurse managers divided their staff into thirds, indicating that “less
than 1/3”, “between 1/3 and 2/3”, or “greater than 2/3” of their nurses had a given
characteristic. Given our intention to link survey responses to administrative data, we also
asked whether clinician staffing characteristics changed between 2009 and 2012. We pilot
tested the instrument for comprehension and construct validity with respondents from eight
cardiac surgical intensive care units in Delaware, New Jersey, and Ohio.

From September 2012 to May 2013, publicly available directory information was used to
contact each hospital’s telephone operator, who then connected research staff to the cardiac
surgery ICU, after which we attempted to reach the nurse manager. The nurse manager of
each ICU was invited to complete the survey via telephone. When nurse managers were not
available, we left call-back information with 1CU staff. If contact was unsuccessful after
several attempts, a letter of invitation was sent by postal mail and telephone contact was
attempted again. Non-responders were mailed an additional letter, along with a paper copy
of the survey, a stamped return envelope, and a US $10 bill.

Our primary study outcome was mortality at 30 days after hospital admission, as recorded in
Pennsylvania Department of Health vital statistics files.

Independent variables

The survey-derived organizational exposures of interest for the primary analysis were (1)
physician staffing (including presence of “intensivists” (physicians with critical care
fellowship training), presence of residents and interns, physician coverage during weekdays,
weeknights, and weekends), (2) nurse staffing (registered nurse (RN) training, RN ICU
experience, RN shift length, and (3) access to resources (multidisciplinary rounds,
telemedicine access, computerized physician order entry). To compare survey responders to
non-responders, we obtained hospital level variables from the American Hospital
Association Healthcare Data Viewer (http://www.ahadataviewer.com/quickreport/accessed
May 2013), the Leapfrog Group (http://www.hospitalsafetyscore.org/accessed May 2013),
and the American Nurses Credential Center (http://www.nursecredentialing.org/Magnet/
FindaMagnetFacilityaccessed May 2013); these variables were: teaching status, locality
(urban vs. rural), Magnet® status (a nursing excellence designation), number of beds, and
Hospital Safety ScoreSM (a score that tracks complications and safety practices.
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Severity adjustment

We obtained information from PHC4 on patient demographics information (e.g. age, race,
sex, residence ZIP code), and admission diagnosis, admission source, discharge disposition.
We calculated the Charlson comorbidity index(11) for each patient in the sample based on
secondary ICD-9-CM diagnosis codes for the index hospital admission. In secondary
analyses, we used the Elixhauser modification of Charlson co-morbidity scores as well as
the MediQual predicted risk of death, a proprietary score available for PHC4 discharges
before 2011.

Statistical analysis

Results

We used nonparametric univariate hypothesis tests to compare survey responders and non-
responders with respect to available facility-level characteristics. We used descriptive
statistics to characterize the distribution of responses to questionnaire items across ICUs in
our sample, and of patient-level characteristics among all patients in our final, linked dataset.
We measured the association of selected ICU organizational characteristics with the study
primary outcome using univariate hypothesis tests and via multivariable regression analysis
to adjust for potential patient-level confounders. As an exploratory aim, we stratified the
patient data by urgency of admission into emergent versus non-emergent cardiac surgical
procedures as defined by PHC4. This secondary analysis was performed in order to assess if
staffing characteristics differentially affected patient outcomes when patients were stratified
by acuity of admission. Models utilized robust standard errors to account for clustering of
patients withins ICUs.(12) The hospital was used as the level of clustering.

All data analyses were conducted with Stata IC, version 13 (StataCorp LLC, College
Station, TX). We used p=0.05 as a cutoff for statistical significance.

Based on information in PHC4 hospital performance reports, we identified 61 Pennsylvania
hospitals that reported data on cardiac surgery outcomes; of these, three were excluded
because the nurse managers of these ICUs indicated that their hospitals no longer performed
cardiac surgery and one was excluded because it did not have a unique facility identifier in
the PHC4 database. This left 57 potential participating hospitals for the facility survey. Of
these, 43 (75.4%) provided responses to the facility survey (Figure 1). Responding and non-
responding hospitals did not have statistically significant differences with respect to facility-
level characteristics (Table 1). 27/43 (62.8%) of ICUs were located in teaching hospitals
(Table 1), but only 8/27 of these ICUs (29.6% of those in teaching hospitals, or 18.6% of the
total) had residents or fellows staffing the cardiac surgery ICU (Table 2). 16/43 ICUs
exclusively admitted cardiac surgery patients, while the others admitted mixed surgical and
medical-surgical populations. More than 75% of the ICUs reported using protocols for each
one of the following indications: liberation from mechanical ventilation, management of
sedation, therapeutic hypothermia after cardiac arrest, and central venous catheter insertion.
Fewer than 50% of the ICUs, however, used protocols for low tidal volume ventilation in the
setting of acute lung injury (Table 2).

Crit Care Med. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lane-Fall et al.

Page 6

None of the respondents reported significant changes in physician or nurse staffing schemes
between 2009 and 2012. Slightly fewer than half the ICUs (48.8%, 21/43) had daytime
attending intensivists. 60.5% of the ICUs (26/43) had attending physicians present in the
hospital at night, but just 8 of these (18.6% of the total) had nighttime intensivists. In 20/43
ICUs (46.5%), attending intensivists did not staff ICUs during day or night.

Nurse BSN preparation was common: 11/42 (26.2%) reported that >2/3 of their nurses
working weekday shifts had a BSN degree and 27/42 (64.3%) reported that between 1/3 and
2/3 of their ICU nurses working weekday shifts had a BSN degree. A small number of ICUs
reported differences in nurse experience and education on nights and weekends; 6/42 ICUs
(14.3%) had less experienced nurses on nights/weekends and 4/42 1CUs (9.5%) had a higher
proportion of RNs with a BSN degree on nights/weekends. Nursing shift length was more
uniform, with 41/43 (95.4%) ICUs reporting 12 hours as a standard shift length. In 29/43
ICUs (67.4%), however, nurses were allowed to work 16 hour shifts. Full survey response
data are provided in Supplemental Digital Content 3.

38,673 hospital discharges involved CABG, valve, or combined CABG/valve surgeries from
2009 to 2011, all of which represent unique patients. Overall, 29,449 (76.1%) of these
patients received care in hospitals responding to our facility survey. There were statistically
significant differences in the patients cared for in responding versus non-responding
hospitals (Table 1); patients in responding hospitals were more ethnically diverse, had a
higher proportion of valvular surgeries, and had a higher proportion of commercial or other
non-federal insurance type. However, there were no statistically significant differences in
unadjusted outcomes for patients in responding versus non-responding hospitals.

Patients in the dataset combining facility and discharge information (n=29,449) had a
median age of 68 years, were mostly white, and had mostly Medicare or commercial
insurance (Table 1). Bivariate analyses revealed statistically significant associations between
our primary outcome and multiple ICU-level variables; these included telemedicine access,
nurse experience, and presence of residents or fellows (Table 3). However, these findings did
not persist after adjustment for patient characteristics (Table 3). We repeated all reported
analyses using both Elixhauser comorbidities and MediQual risk adjustment (for the subset
of patients, n=12,907, with available MediQual scores); although precise odds ratios were
different, the associations observed were similar.

As part of an exploratory analysis to test whether acuity influenced the association between
facility-level characteristics and short-term mortality, we separately analyzed patients
admitted electively (n=16,214) and urgently or emergently (n=13,235) (Supplemental
Digital Content 4). In the subgroup of patients admitted electively, adjusted models indicated
statistically significantly lower odds of 30-day mortality associated with presence of
nighttime intensivists (OR 0.70, 95% CI 0.49-1.00, p=0.047), and presence of a protocol for
liberation from mechanical ventilation (OR 0.73, 95% CI 0.55-0.97, p=0.030), but higher
odds of mortality associated with presence of interns and residents in the ICU (OR 1.59,
95% CI 1.06-2.40, p=0.026). In the subgroup of patients admitted for emergent procedures,
30-day mortality was associated with less experienced nurses (OR 1.25, 95% CI 1.01-1.54,
p=0.037) (Supplemental Digital Content 5).
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Of note, the transcatheter approach to valve replacement was introduced during the study
period, although hospital coding for the procedure may not have reflected distinctions in
surgical approach. Data on transcatheter valve replacement use were unavailable in the
PHC4 dataset used for this project. To test whether the observed associations held true for
non-transcatheter surgeries, we repeated analyses excluding valve-only procedures
(combined CABG-valve surgeries would not have been performed with a transcatheter
approach). Our findings were similar: while there were bivariate associations between
facility-level variables and 30-day mortality, none of these associations persisted after
adjustment (Supplemental Digital Content 6).

Discussion

In this study, we found variable organizational practices to be highly variable across
Pennsylvania cardiac surgery intensive care units. We did not identify specific practices that
were associated with 30-day mortality after risk adjustment in the full patient cohort.
However, in patients admitted electively for CABG and/or valve surgery, one ICU-level
variable (presence of nighttime intensivist) was associated with decreased mortality and two
variables (presence of a nighttime non-intensivist physician dedicated to the ICU and
presence of interns or residents) were associated with increased odds of mortality. In patients
admitted urgently or emergently, less nurse experience was associated with increased odds
of mortality. Finding associations between staffing and mortality in electively admitted
patients may seem counterintuitive. We posit that mortality in emergently or urgently
admitted patients may be driven more by acuity than by ICU staffing variables, which would
explain finding associations only in electively admitted patients. This finding, based on
exploratory analyses, will need to be addressed in future studies.

The introduction of transcatheter approaches from 2009-2012 posed a challenge to this
analysis. According to a 2015 study published in the Journal of the American College of
Cardiology, between 2011 and 2013, there were 417 centers performing transcatheter aortic
valve replacement (TAVR) on Medicare beneficiaries in the United States.(13) The median
procedures per center was 17 (range 2-46) over the three-year period, which is after the
procedures in our database. Given that there were over 9,600 valve procedures in our dataset,
it is likely that the TAVR procedures represent an extremely small component of these. We
do recognize that the TAVR patients may have different mortality rates, though the current
literature is conflicting (13, 14). Still, the volume of TAVR procedures in the years of study
were likely small enough to not have significantly skewed our calculated mortality rates. To
address this issue fully, as stated in the results, we still performed an additional analysis
excluding valve only procedures, finding no statistically significant associations between
facility-level variables and mortality.

Our findings demonstrate that cardiac ICUs in Pennsylvania have devised myriad strategies
to meet the challenge of caring for patients recovering from cardiac surgery. For example,
many of these ICUs have nurse practitioners and/or physician assistants, but some also have
residents and fellows. These clinicians have overlapping scope of practice in many
institutions, and further research is needed to understand the roles that they play in any given
setting. The presence of other clinicians, including attending physicians, pharmacists, and
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respiratory therapists, was similarly variable. Although the effects that these staffing
decisions may have on patient outcomes remains unclear, these decisions certainly have
different cost profiles. Moving forward, studies of cost-effectiveness would be useful to
inform efficient choices about staffing and resource use.

This work adds to the growing literature about associations between ICU staffing practices
and patient outcomes. Recent data suggest that ICU staffing decisions may have some effect
on patient outcomes.(1, 2, 4, 15) At the same time, the mounting number of studies finding
no association(16—18) or an inconsistent association(3) suggest that there are other factors at
play modulating the effect that ICU staffing may have on patient outcomes. Alternative
study designs, such as qualitative or mixed methods approaches, could be used to
contextualize the numeric associations observed in our and other studies. The findings
reported here may inform future research by aiding in the generation of testable hypotheses
about organizational practices and patient outcomes. Especially intriguing is the idea that
patients admitted electively may be differently impacted by organizational practices than
those admitted urgently or emergently; this finding has implications for care networks and
efforts to regionalize specialty care.

This study had several important limitations. First, our study sample was drawn from a
single state, which potentially limits generalizability. Second, facility staffing surveys and
clinical outcome data were recorded at slightly different time points, creating the potential
for misclassification. However, we asked nurse managers whether ICU practices changed in
the 2009-2011 period, and all respondents denied significant disruptions or changes in
organizational practices. Third, as we were unable to obtain data from all Pennsylvania
cardiac surgery units, our findings could be influenced by non-response bias; however, we
obtained a high response rate (75.4%) and observed no significant differences between
responders and non-responders across a range of hospital characteristics. Fourth, although
we administered a detailed survey, we do not have complete information about availability
of physicians who were not “in-house”. We did ask about nighttime non-1CU in-house
physician availability as well the use of telemedicine (Supplemental Digital Content 1),
which were not associated with 30-day mortality. Fifth, we chose to survey nurse managers
because we believed they would most accurately describe nursing attributes, and because all
ICUs in our sample did not have physician medical directors. Even though we pilot tested
our instrument, there may be remaining measurement error related to individual
respondents’ knowledge and interpretation of our survey questions. Sixth, although there
were no statistically significant differences in responding versus non-responding hospitals,
we did note that there was a higher proportion of Magnet hospitals in the responding group.
The importance of this is unclear, but there may be unmeasured structural differences
between our responding and non-responding hospitals that may attenuate our ability to
detect associations between the variables we studied. Additionally, there were differences
between responders and non-responders with respect to patient-level characteristics (e.g.
race, ethnicity, admission source, length of stay). These differences raise the concern that
non-response bias may affect the validity of our analysis. However, our response rate
(75.4%), reflecting 79.0% of cardiac surgery admissions, combined with broad
representation of hospital types and geographic areas, increases our confidence that we have
been able to provide a reasonable depiction of post-cardiac surgery ICU care. Additionally,

Crit Care Med. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lane-Fall et al.

Page 9

there were no statistically significant differences in mortality between responding and non-
responding hospitals, which increases confidence that the patient cohorts, while statistically
significantly different in other respects, may have similar risk of death after cardiac surgery.
Finally, our use of administrative data limited our ability to risk adjust beyond Elixhauser
comorbidities. Although PHC4 does collect granular clinical data about cardiac surgery
patients, these data are not available to researchers. Subgroup analyses restricted to the
group of patients with MediQual predicted risk of death scores revealed similar findings as
the overall analysis. Nevertheless, there is the possibility of residual confounding
attributable to patient illness or other characteristics. As such, these results should not be
interpreted as implying causality.

Despite these limitations, our study has several strengths. We collected detailed ICU-level
data from most of the ICUs in Pennsylvania that provide care to cardiac surgical patients.
The bivariate associations between ICU-level characteristics and patient outcomes, while not
maintained in a multivariable model, are nonetheless provocative and may enable generation
of hypotheses about the impact that policies and procedures may have on patient outcomes.
Additionally, we linked this ICU-level data to more than 29,000 patient discharges, allowing
us to generate a comprehensive picture of routine cardiac surgical care in Pennsylvania.

In conclusion, Pennsylvania cardiac surgery ICUs have variable structures, care practices,
and clinician staffing, but these do not appear to be associated with 30-day mortality after
cardiac surgery. When patients are stratified by urgency of admission, several ICU-level
characteristics were associated with outcomes, suggesting that acuity may influence the
impact that ICU organizational characteristics has on patients’ outcomes. Future research is
needed to understand the relationship between cardiac ICU staffing and patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

ICU-level characteristics of Pennsylvania cardiac surgery ICUs responding to survey instrument (n=43).

Attributes

ICUswith attribute, n (%; 95% CI)

Structural Attributes

ICU dedicated to cardiac surgery

16 (37.2%; 23.0-53.3%)

NDNQI participation

40 (93.0%; 80.9-98.5%)

Presence of protocols for:

Low tidal volume ventilation for acute lung injury *(n=42)

18 (42.9%; 27.7-59.0%)

Liberation from mechanical ventilation

36 (83.7%; 69.3-93.2%)

Sedation management

33 (76.7%; 61.4-88.2%)

Therapeutic hypothermia after cardiac arrest

37 (86.0%; 72.1-94.7%)

Checklist for central line insertion *(n:42)

41 (97.6%; 87.4-99.9%)

Respiratory therapists participate in daily rounds

26 (60.5%; 44.4-75.0%)

Pharmacists participate in daily rounds

23 (53.5%; 37.7-68.8%)

Presence of nurse practitioners or physician assistants

37 (86.0%; 72.1-94.7%)

Telemedicine access (n=41)

12 (29.3%; 16.1-45.5%)

Nursing Attributes

>2/3 weekday nurses with 2+ years of experience *(n=41)

25 (61.0%; 44.5-75.8%)

Nurses allowed to work 16-hour shift *(n=42)

29 (69.0%; 52.9-82.4%)

>2/3 weekday nurses with BSN degree *(n:41)

11 (26.8%; 14.2-42.9%)

Physician Attributes

Presence of daytime intensivists **(n=39)

21 (53.8%; 37.2-69.9%)

Presence of attending at night *(n=42)

25 (59.5%; 43.3-74.4%)

If night attending present, presence of nighttime intensivist **(n=25)

8 (18.6%; 8.4-33.4%)

Hospital has teaching affiliation

27 (62.8%; 46.7-77.0%)

Fellows present in cardiac ICU

7 (16.3%, 6.8-30.7%)

Interns or residents present in cardiac ICU

8 (18.6%, 8.4-33.4%)

ICU: intensive care unit; NDNQI: National Database of Nursing Quality Indicators

*
n<43 for these attributes due to missing data

Aok

Presence defined as some or all of attending physicians having critical care training.
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Table 3

Page 16

Association between facility-level characteristics and odds of death in 30 days after cardiac surgery in
bivariate and multivariable logistic regression models (n=29,449).

Exposure Variable Unadjusted OR (95% CI) | P-value | Adjusted OR (95% CI) | P-value
Structural attributes
ICU dedicated to cardiac surgery 1.05 (0.92-1.20) 0.484 1.09 (0.84-1.42) 0.502
NDNQI participation 0.82 (0.61-1.09) 0.167 0.94 (0.71-1.23) 0.644
Protocols ™
1 ow tidal volume ventilation™™ 0.91 (0.79-1.04) 0.153 0.92 (0.72-1.17) 0.503
Sedatfon management 1.08 (0.93-1.26) 0.290 1.29 (0.98-1.69) 0.067
Therapeutic hypothermia after cardiac arrest 1.30 (1.03-1.63) 0.025 1.19 (0.73-1.95) 0.477
Liberation from mechanical ventilation 0.98 (0.79-1.21) 0.840 0.89 (0.70-1.13) 0.345
Respiratory therapists participate in daily rounds 0.89 (0.78-1.02) 0.105 0.92 (0.70-1.22) 0.571
Pharmacists participate in daily rounds 0.84 (0.73-0.96) 0.012 0.89 (0.70-1.12) 0.317
Presence of nurse practitioners or physician assistants 1.05 (0.82-1.34) 0.715 1.00 (0.76-1.32) 0.999
Telemedicine access 0.81 (0.70-0.95) 0.007 0.87 (0.67-1.13) 0.295
Nursing attributes
Proportion of nurses with <2 years ICU experience -
<1/3 (more experienced) Referent Referent
>1/3 (less experienced) 1.18 (1.04-1.33) 0.008 1.20 (0.97-1.47) 0.090
Proportion of nurses with BSN degree
<1/3 (more experienced) Referent Referent
>1/3 (less experfenced) 1.13(0.83-1.54) 0.424 0.94 (0.76-1.17) 0.593
Physician attributes
Presence of daytime intensivist 1.21 (1.06-1.38) 0.005 1.12 (0.89-1.40) 0.351
Nighttime attending staffing:
No nighttime attending Referent Referent
Non-intensivist nighttime attending 1.09 (0.94-1.26) 0.255 0.91 (0.71-1.16) 0.439
Intensivist nighttime attending 0.90 (0.74-1.09) 0.268 0.85 (0.65-1.12) 0.259
Presence of interns or residents 1.75 (1.51-2.04) <0.001 1.34 (0.98-1.82) 0.066
Presence of fellows 1.61(1.39-1.87) <0.001 1.25 (0.89-1.76) 0.196

1duosnuen Joyiny

Cl: confidence interval; OR: odds ratio. Multivariable models accounted for patient clustering within ICUs and controlled for patient age, sex, race,
Charlson comorbidity score, insurance type, admission source, and surgery type. Odds ratios less than 1 indicate a lower risk of death in the 30
days after surgery.

*
Use of a protocol for central line insertion was excluded from multivariable analysis due to low numbers of ICUs not reporting use of this protocol
type.

*Kk
ICU uses a protocol for low tidal volumes in mechanically ventilated patients with acute respiratory distress syndrome.

Ak
Refers to nurses working during weekday shifts.
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