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to better outcomes and thus serve as a target for enhancing outcomes.
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Methods: Adult cardiac surgical procedures (n=4445) involving intraoperative providers were
evaluated at a tertiary hospital between 2016—20. Team familiarity (mean of prior cardiac surgeries
performed by participating surgeon/non-surgeon pairs within 2 years before the operation) were
regressed on cardiopulmonary bypass duration (primary - an intraoperative measure of care
efficiency) and postoperative complication outcomes (major morbidity, mortality), adjusting for
provider experience, surgeon 2-year case volume prior to the surgery, case start time, weekday and
perioperative risk factors. The relationship between team familiarity and outcomes was assessed
across predicted risk strata.

Results: Median (IQR) cardiopulmonary bypass duration was 132 minutes (91-192), and

698 (15.7%) patients developed major postoperative morbidity. The relationship between team
familiarity and cardiopulmonary bypass duration significantly differed across predicted risk strata
(p=0.0001). High (relative to low) team familiarity was associated with reduced cardiopulmonary
bypass duration for medium-risk (—24min) and high-risk (—=27min) patients. Increasing team
familiarity was not significantly associated with the odds of major morbidity and mortality.

Conclusions: Team familiarity, which was predictive of improved intraoperative efficiency
without compromising major postoperative outcomes, may serve as a novel quality improvement
target in the setting of cardiac surgery.

INTRODUCTION

Significant variation in clinical outcomes persists in the setting of cardiac surgery despite
nearly universal participation in The Society of Thoracic Surgeons Adult Cardiac Surgery
Database, advancements in technology, and adoption of safety and procedural checklists.
Prior work has shown that only 2% of interhospital variation in outcomes is explained
through existing registry data.> Other high-risk sectors outside of medicine (e.g., nuclear
power plants, off-shore oil rigs, civil aviation) have highlighted the importance of evaluating
non-technical skills, including communication and teamwork, as mechanisms for assuring
competency and achieving key outcomes given the complexity and interconnectedness of
tasks across a number of integral team members. The conduct of cardiac surgery relies
heavily on care coordination across a number of team members (surgeons, anesthesiologists,
perfusionists, physician assistants, scrub nurses), thus supporting the usefulness of
advancing measurement of intraoperative teamwork in this setting.

Surgical teamwork comprises three important and interrelated elements; information
exchange, shared understanding and the coordination of team activities.2 Team members
who have previously worked together in the operating room may be more likely to
effectively communicate and function cohesively.® Indeed, prior work has documented the
role of team training exercises on advancing non-technical skills, enhancing team member
satisfaction, and reducing patient mortality.5 While teams that function well together may
achieve improved efficiency and safety scores, less is known about the impact of team
familiarity on intra- and postoperative outcomes. Furthermore, the leveraging of registry data
as a proxy for surgical team non-technical skills is underutilized and may provide a leading
measure of team function in every surgical case without the need for human observers.
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With this in mind, the present observational, single-center study focused on associating
team familiarity (the mean of prior cardiac surgeries performed by surgeon/non-surgeon
pairs within 2 years before the operation) with intraoperative process of care efficiency and
postoperative major complications.

METHODS

Institutional Review Board approval (HUMO00162272) was obtained with waiver of patient
consent. The study team followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines throughout the conduct of this study.” Data were
extracted from The Society of Thoracic Surgeons Adult Cardiac Surgery Database (STS-
ACSD) and our institution’s local perioperative anesthesia database (Centricity ®, GE
Healthcare, Barrington, IL).

Study Population

The study population included both male and female adult patients =18 years) undergoing
cardiac surgery including valve, coronary artery bypass, and aortic procedures in isolation
or combination at one academic medical center from January 2016 to June 2020. Only

the index operation was used for patients undergoing multiple repeated procedures meeting
inclusion criteria.

Team Familiarity Measure

For ease of interpretation, a single composite team familiarity score for each surgical
procedure was derived via a multi-step process. First, the primary intraoperative providers
involved in the cardiac surgical operation were identified, defined as the cardiac surgeon
attending of record, as well as the anesthesiology attending, perfusionist, physician assistant,
scrub nurse, and surgical resident (if present) signed into the operation for the greatest
number of minutes. Next, the number of prior cardiac surgical procedures were tabulated
for each surgeon/non-surgeon pair (e.g., surgeon/anesthesiologist, surgeon/perfusionist)
performed together during the 2 years prior to the surgery date. Finally, the values for each
provider pair were averaged to arrive at the composite team familiarity score, which was
stratified into terciles: low (1.0-17.0 prior operations within 2 years), medium (17.2-27.2),
and high (>27.2). Similar measures of team familiarity have been used in the intraoperative
setting including breast,8 orthopaedic,® and cardiac surgery.1°

Intraoperative and Postoperative Study Outcomes

The duration of cardiopulmonary bypass (a measure of care efficiency) served as the
primary intraoperative study outcome. Cardiopulmonary bypass duration was selected,

given this segment of the cardiac surgical case (including the initiation and cessation of
bypass) is the critical portion involving teamwork across all intraoperative team members.

In addition, duration of bypass is less biased by factors dependent primarily on a single
team member (e.g., anesthetic induction, prepping and draping) or outside of the control of
the intraoperative team (e.g., delay in patient transport from the operating room related to
intensive care unit bed availability). In cases with multiple cardiopulmonary bypass events,
the duration was calculated as the cumulative number of minutes across all cardiopulmonary
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bypass events. Secondary binary outcomes included a composite of mortality and STS major
complications (renal failure, prolonged ventilation, deep sternal wound infection, stroke,
unplanned reoperation), as well as each individual component of the composite secondary
outcome (eMethods). Finally, continuous secondary outcomes included intensive care unit
(ICU) hours and ventilation hours.

To provide risk adjustment for studying the association between team familiarity and
outcomes, provider, patient, and surgical characteristics were included into a multivariable
model. To distinguish between team familiarity and provider seniority, adjustments for
provider seniority were made by including the number of years since the completion of
each provider’s clinical training as a study covariate. Similarly, to distinguish between team
familiarity and provider experience, adjustments for experience were made by including the
number of cardiac surgical procedures performed by each provider during the prior 2 years
before the surgery date. To account for potential differences in clinical workflow between
cases performed with and without surgical residents, the presence of a surgical resident
was also included as a single binary covariate. A priori patient demographics (including
sex), comorbidity, and preoperative characteristics, as well as characteristics of the type of
surgical procedure performed were captured as described in Table 1. Using covariate data,
the EuroSCORE-II values were calculated for all patients, as has been previously used for
risk adjustment among cardiac surgical procedures.11:12

Statistical Analysis

Categorical variables were presented as N (%) and continuous variables as median and
interquartile range (IQR). To test trends across the team familiarity terciles (low, medium
and high), Cochran-Armitage, Cochran-Mantel-Haenszel, and Janckheere-Terpstra tests for
binary, multiple-level categorical, and continuous variables were respectively used. Data
with <5% missingness were imputed to the mean for continuous variables and to the lowest
risk level for categorical variables. Data with >5% missingness was retained as a missing
level or a missing indicator. To assess for patterns within provider pairings, ramer’s V
statistics were calculated for each surgeon/non-surgeon provider pairing, ranging from 0
(completely random surgeon/non-surgeon pairings) to 1 (perfect association between pairs).

Next, risk-adjusted associations between team familiarity and outcomes were analyzed

via generalized linear regression models. The models adjusted for patients’ risk using
EuroSCORE-II, admission acuity, STS procedure type, provider experience (surgeon,
anesthesiologist, perfusionist, physician assistant, surgical residents if present), surgeon
2-year case volume prior to the surgery, procedure start time of the day, and procedure

day of week, an indicator of surgical residents’ presence. Team familiarity scores were
modeled as a continuous variable, and where appropriate for ease of interpretation, terciles
(low, medium, high). To assess the influence of underlying surgical risk on the association
between team familiarity and outcomes, the interaction between team familiarity and
EuroSCORE-II risk strata were tested as terciles (low, medium and high risk). All analyses
were performed in SAS version 9.4 (SAS Institute, Cary, NC) and R version 3.5.2.
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Sensitivity Analyses

To assess the robustness of study results, a sensitivity analysis was performed for all

study outcomes, in which primary intraoperative providers were defined as those signed

into the case while on cardiopulmonary bypass (as opposed to the entire case) for the
greatest number of minutes. Additionally, to assess the potential differential impact of
surgeon/non-surgeon pairs across non-surgeon roles, an analysis including familiarity scores
for each surgeon/non-surgeon pair as separate covariates (i.e., surgeon/anesthesiologist,
surgeon/perfusionist, surgeon/scrub nurse, surgeon/physician assistant, and surgeon/surgery
resident) was performed. Finally, a simplified analysis excluding consideration of providers
in training (i.e., surgical residents) was performed.

Subgroup Analyses

RESULTS

To assess the generalizability of study results, multiple subgroup analyses were performed
for all study outcomes, including (i) cases with a start time between 07:00 and noon in
which intraoperative handovers were rare; (ii) cases stratified by EuroSCORE-I1 weight
of surgical intervention; and (iii) cases stratified by those performed on the thoracic aorta
versus those which were not.

Study Population - Baseline Characteristics

The study cohort comprised 4,445 adult cardiac surgical procedures, Table 1. The study
population consisted of a median (IQR) age of 63 (54-71) years; 34.3% were women, and
the median (IQR) EuroSCORE Il predicted risk of mortality was 3.9% (1.7-9.5%). When
partitioned into risk strata, EuroSCORE-II risk was <2.2% for the low risk strata, 2.2-6.9%
for moderate risk, and >6.9% for the high risk strata. Valve procedures were performed

on 1,497 (33.7%) patients while procedures on the thoracic aorta occurred among 1,147
(25.8%) of patients.

Team Familiarity Measures

Cardiac surgical procedures were performed by the following providers, including cardiac
surgeons (n=12), anesthesiologists (n=24), perfusionists (n=25), physician assistants (n=13),
scrub nurses (n=72), and surgical residents (n =77 across 2,507 cases performed with
surgical residents). Median (IQR) team familiarity for each surgeon/non-surgeon pair
included surgeon-anesthesiologist (15 [9-22]), surgeon-perfusionist (18 [8-29]), surgeon-
physician assistant (33 [17-58]), surgeon-scrub nurse (12 [5-26]), and surgeon-surgery
resident (11 [5-21]) if present. Weak correlations were observed between surgeon and
anesthesiologist pairings ramer’s V statistic = 0.104), perfusionists (0.100), physician
assistants (0.173), and scrub nurses (0.269), whereas moderate correlations were observed
between surgeon and surgery resident pairings (0.347).

Intraoperative and Postoperative Study Outcomes

The median (IQR) cardiopulmonary bypass duration was 132 (91-192) minutes, Table 2.
Thirty-day mortality occurred among 2.3% of patients. Major morbidity occurred among
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15.7% of patients, including prolonged ventilation >24 hours (12.3%), postoperative renal
failure (4.1% total; among these, 56.4% receiving renal replacement therapy), unplanned
reoperation (2.5%), stroke (2.0%), and deep sternal wound infection (0.3%). Median (IQR)
ICU length of stay was 56 (29-102) hours, and ventilation duration was 5.2 (3.1-12.7)
hours.

Associations with Study Outcomes

The relationship between team familiarity and cardiopulmonary bypass duration
significantly differed across strata of predicted risk (p=0.0001). Each unit increase in team
familiarity was associated with 0.27 fewer minutes (p=0.077) and 0.98 fewer minutes
(p<.0001) perfusion time for medium-risk and high-risk patients respectively. Relative to
low team familiarity tercile, the high team familiarity tercile was associated with a decreased
cardiopulmonary bypass duration of 24.0 minutes for medium-risk patients and a decreased
duration of 27.4 minutes for high-risk patients (Figure 1).

Increasing one-unit of team familiarity was not significantly associated with renal failure
(OR=0.991, p=0.304), ICU hours (=0.173 hour decrease, p = 0.346) or 30-day mortality
(OR=0.987, p=0.243). Increasing team familiarity was associated with ventilation hours
(—0.46 hour decrease, p=0.0174) as well as a 3.4% lower odds of major morbidity
(OR=0.966, p=0.0014) for patients at lower EuroSCORE-II risk strata, 1.8% increasing
odds of major morbidity (OR=1.018, p=0.0138) for patients at medium EuroSCORE-II
risk strata, although not major morbidity (OR=0.992, p=0.186) among patients at higher
EuroSCORE-II risk strata, Table 3.

Sensitivity and Subgroup Analyses

A sensitivity analysis in which primary providers were defined as those signed into

the case for the greatest number of minutes while on cardiopulmonary bypass yielded
similar associations as with the primary analysis (Supplementary Table 1). Similar

findings were additionally observed for procedure subgroups, including morning case starts
(Supplementary Table 2), EuroSCORE-II surgical intervention weight strata (Supplementary
Table 3), and procedures performed and not performed on the thoracic aorta (Supplementary
Table 4). In a sensitivity analysis handling each surgeon/non-surgeon pairing as independent
covariates rather than averaged, surgeon/anesthesiologist and surgeon/surgery resident
pairings were observed as independently associated with cardiopulmonary bypass duration
for high surgical risk strata, whereas other pairings were not (Supplementary Table 5).
Finally, a sensitivity analysis using a simplified set of providers excluding providers

in training (i.e., surgical residents) yield similar findings as the primary analysis
(Supplementary Table 6).

DISCUSSION

This single-center observational study evaluated the relationship between team familiarity
and intra- and postoperative outcomes in the setting of adult cardiac surgery. Importantly,
higher terciles of team familiarity were associated with reduced cardiopulmonary bypass
time, with stronger effect sizes among patients at higher baseline risk. In addition, higher
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team familiarity terciles were not associated with adverse postoperative outcomes. Together,
these findings, which remained robust to multiple sensitivity and subgroup analyses,
suggest that greater team familiarity is predictive of improved intraoperative efficiency (e.g.,
cardiopulmonary bypass duration) without compromising postoperative outcomes.

Findings from this study support efforts to evaluate measures reflecting surgical teamwork.
First, this study: (i) extends the measurement of intraoperative team familiarity to broadly
include members potentially impacting operating room efficiency and outcomes, and (ii)
explores the role of team familiarity on clinical outcomes. Several prior studies have
examined the number of procedures previously performed collaboratively as a metric of
surgical team familiarity in breast,8 orthopaedic,® and cardiac surgery.19 These studies have
narrowly defined team familiarity to solely include attending surgeons, surgical fellows

and assistants; nonetheless, these reports have reported significant relationships between
familiarity and intraoperative processes (e.g., operative time). The only prior study within
cardiac surgery found a relationship between familiarity and reduced cardiopulmonary
bypass and cross clamp duration.10 By controlling for provider career experience and
pairing attending cardiac surgeons with anesthesiologists, perfusionists, physician assistants,
scrub nurses, and surgical residents our single center study: (i) mitigates the impact of
confounding from individual clinician knowledge or skill acquired over time, (ii) supports
the relationship between familiarity and cardiopulmonary bypass duration, (iii) extends prior
reports by identifying no adverse impacts on postoperative outcomes.

In the current report, cardiopulmonary bypass duration - including transition periods during
initiation and cessation of bypass - was selected as the primary intraoperative outcome.

The rationale for selecting cardiopulmonary bypass duration was: (i) as a measure of
efficiency and (ii) longer duration is associated with increased morbidity and mortality and
represents a potential target to improve surgical outcomes. Beyond a plausible mechanistic
linkage, cardiopulmonary bypass duration remains a clinically relevant study endpoint,
previously reported to be associated with mortality!® and other adverse outcomes.4 Further,
team-based interactions during (i) initiation of bypass, (ii) preparation for cessation, and (iii)
cessation of bypass remain amenable to interventions aimed at enhancing team dynamics,
including simulation training®® and establishment of verbal communication standards.18
Although team familiarity as measured in this study was simply a surrogate for team
dynamics, the significant association between team familiarity and cardiopulmonary bypass
duration (and especially among patients at highest preoperative risk) underscores the
potential importance of team dynamics for influencing efficiency and safety metrics for
cardiac surgery. Additionally, surgeon/non-surgeon familiarity during varying stages of

a cardiac surgical procedure may have lesser or greater impact on case progression; in

a sensitivity analysis examining each surgeon/non-surgeon provider role as a separate
covariate, we observed surgeon/anesthesiologist and surgeon/surgery resident pairings as
having the strongest independent association with cardiopulmonary bypass duration for high
surgical risk strata compared to other pairs. Beyond the cardiopulmonary bypass phase,
further work is needed to elucidate whether particular stages of a cardiac surgical operation
may similarly exhibit differential associations with pairwise familiarity between two specific
intraoperative team member roles. Finally, similar to the development of objective metrics
for non-technical skills, the development of objective metrics for team dynamics and
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communicationl” - and interventions for improving such metrics® - represent promising
areas for future studies.

This study importantly identified no significant associations between team familiarity

and postoperative outcomes. Nonetheless, our findings highlight non-significant reductions
in STS-ACSD reported outcomes, including post-operative renal failure. The 0.9% non-
significant reduction in the degree of renal injury is likely attributable to its relationship with
cardiopulmonary bypass duration.1 The mechanism underlying the relationship between
team familiarity and duration of cardiopulmonary bypass is not elucidated from this present
study. This finding may be due to 1) other factors such as surgical technique or postoperative
ICU duration that may have a greater impact than team familiarity on other morbidities, or
2) the study sample size may be too small to detect a significant relationship between team
familiarity and other morbid post-operative outcomes.

It is important to recognize a number of limitations associated with this study. First, while
there is limited generalizability inherent with any single-center study, this study leverages
data fields and definitions from the STS to enhance replicability of our findings. Second,
as with any observational cohort study, there is a risk of unmeasured confounding. While
this study accounts for previously identified patient and intraoperative risk factors, and
the experience of surgeon and non-surgeon team members, other important unaccounted
for covariates (e.g., team members performing other non-cardiac surgical procedures
together, occasional non-random pairing of intraoperative team members) may distort

the reported relationship between team familiarity and outcomes. Third, correlations
between the scheduling of surgeon/non-surgeon provider pairings were weak to moderate,
suggesting that provider pairings were frequently but not necessarily random. Sources

of selection bias impacting the scheduling of provider pairs were beyond the scope of

this study, but may have included patient requests, non-clinical scheduling requests (e.g.,
vacation, administrative days, conferences), and on-call preferences. Surgical residents may
additionally select cases based on clinical training requirements, potentially explaining
the slightly greater correlation between the scheduling of surgeon-surgeon resident pairs.
Finally, while our measure of team familiarity includes surgeons and non-surgeons, other
potentially impactful team members were not accounted for, including but not limited to
non-surgical trainees.

Conclusions

In summary, this large single center study reports a significant relationship between

team familiarity and reduced cardiopulmonary bypass duration without an impact on
postoperative outcomes. Given the lack of reliable measures characterizing the impact of
non-technical practices and outcomes during and following cardiac surgery, our results may
inform the design of future quality improvement targets focused on intraoperative team
interactions and interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Team familiarity (the mean of prior cardiac surgeries performed by surgeon/non-surgeon
pairs within 2 years before the operation) was independently associated with shorter
cardiopulmonary bypass duration without impacting outcomes. The importance of this
finding is that intraoperative team familiarity may serve as a novel quality improvement
target given this measure was predictive of improved intraoperative efficiency without
compromising postoperative outcomes.
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Relationship Between Team Familiarity and Cardiopulmonary
Bypass Duration by EuroSCORE-II Risk Strata

180

160

140

120

100

Cardiopulmonary Bypass
Duration (min)

80

0 20 40 60
Overall Team Familiarity

Figure 1.
The composite overall team familiarity score is represented on the x-axis, and

cardiopulmonary bypass duration on the y-axis. Patient risk was estimated using the
EuroSCORE-II mortality prediction model, with patients stratified as low (<12.2%),
medium (2.2%-6.9%) and high (>6.9%). The relationship between team familiarity

and cardiopulmonary bypass duration significantly differed across strata of predicted

risk, p=0.0001. The risk adjusted variables were fixed at the following values:

surgeon experience=13.1, anesthesiologist experience=7.5, perfusionist experience=10.2, PA
experience=17.6, surgeon volume=360, resident absence=1, admission acuity=emergent,
STS procedure type=valve, case start time=afternoon, weekdays=Friday.
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