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ABSTRACT

Objectives This systematic review aimed to assess the
role of physician’s sex and gender in relation to processes
of care and/or clinical outcomes within the context of
cardiac operative care.

Design A systematic review.

Data sources Searches were conducted in PsycINFO,
Embase and Medline from inception to 6 September 2018.
The reference lists of relevant systematic reviews and
included studies were also searched.

Eligibility criteria for selecting studies Quantitative
studies of any design were included if they were published
in English or French, involved patients of any age
undergoing a cardiac surgical procedure and specifically
assessed differences in processes of care or clinical
patient outcomes by physician’s sex or gender. Studies
were screened in duplicate by two pairs of independent
reviewers.

Outcome measures Processes of care, patient morbidity
and patient mortality.

Results The search yielded 2095 publications after
duplicate removal, of which two were ultimately
included. These studies involved various types of
surgery, including cardiac. One study found that patients
treated by female surgeons compared with male
surgeons had a lower 30-day mortality. The other study,
however, found no differences in patient outcomes by
surgeon’s sex. There were no studies that investigated
anaesthesiologist’s sex/gender. There were also no
studies investing physician’s sex or gender exclusively in
the cardiac operating room.

Conclusions The limited data surrounding the impact
of physician’s sex/gender on the outcomes of cardiac
surgery inhibits drawing a robust conclusion at this
time. Results highlight the need for primary research

to determine how these factors may influence cardiac
operative practice, in order to optimise provider’s
performance and improve outcomes in this high-risk
patient group.

INTRODUCTION

Approximately two million cardiac surgical
procedures are performed globally every
year.! Complication rates after cardiac
surgery vary from 2% to 60%, depending
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Strengths and limitations of this study

» This is the first systematic review to assess the im-
pact of physician’s sex and gender on patient out-
comes in cardiac surgery.

» The robust search strategy and screening process
identified two indirectly relevant articles, which in-
cluded cardiac surgery as one of many specialties
assessed.

» A potential limitation of this study is that only arti-
cles published in English or French were included;
however, we address two potentially relevant stud-
ies published in other languages in our discussion.

» Findings highlight an important knowledge gap
related to physician’s sex/gender in the cardiac
operating room, and in particular, as it relates to
anaesthesiologists’ practice as the included studies,
only studied surgeons.

on the outcome examined.”® Importantly,
many of these complications are prevent-
able, and are related to ineffective teamwork
in the operating room (OR).7_16 Effective
teamwork encompasses both observable
behaviours and clinicians’ perceptions of
interpersonal processes.]7 " Though all
team members play an important role, the
relationship between the surgeon—anaesthe-
siologist dyad, who ‘sometimes share, yield
or compete for leadership’, most critically
influences overall OR team performance."
Research has identified tension between
anaesthesiologists and surgeons as poten-
tially arising from misperceptions of each
other and discrepant views on which their
quality of collaboration and communication
was built.'"** Though power struggles in
the OR have often been attributed to differ-
ences in professional training or values,"
research increasingly suggests that sex (ie,
biological, anatomical and physiological
characteristics) and gender (ie, identity,
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behaviour, roles and relations) shape team interactions
in healthcare, as well as the different practice patterns
observed among female and male physicians.**

Cohesive teamwork and effective communication are
especially important in the cardiac OR given the high
acuity of cases, frequent and sudden events of haemody-
namic instability, critical moments of cardiopulmonary
bypass initiation and separation, and the need for precise
blood pressure control during key stages of operation.
Moreover, the high-risk nature of cardiac surgery makes
effective teamwork and communication even more crit-
ical in this operative setting. The predominance of male
physicians in the cardiac OR compared with other surgical
specialties35 may carry implications for operative commu-
nication and teamwork related to gendered hiearchies.
For example, studies on non-cardiac OR teams show that
female staff anaesthsiologists are challenged more often
by the respiratory therapist than their male colleagues
when an incorrect clinical decision is made.” ** This
suggests that there are implicit gender hierarchies within
the OR and a potential reduction in the professional hier-
archy gradient associated with female leadership. Another
study found that if the attending surgeon’s gender
differed from the primary gender composition of the
overall surgical team, cooperation increased and conflict
decreased.”™ Specifically, cooperation and communica-
tion were observed to decrease when more than half of the
providers in an OR were male.” The highest percentage
of conflict interactions was observed in the cardiothoracic
OR, where over 95% of staff surgeons were male.”® With
increasing gender diversity in surgery, however, it is likely
that team dynamics will also evolve.

Sex and gender may also be relevant to the perfor-
mance of individual physicians in the cardiac OR. Recent
findings also suggest that male anaesthesiologists spend a
greater proportion of time and may thus be more experi-
enced with the care of complex cardiac and/or vascular
patients than their female counterparts.”® This remains
true despite the increasing number of female providers
entering the specialty.

Although physician’s sex and gender have been shown
to influence processes of care and outcomes in non-
cardiac medical and surgical care as well as in primary
cardiac care,25 % 3742 the role of these factors within
the cardiac OR remains unclear. As such, it is necessary
to quantify the effect of physician’s sex and gender on
clinical processes of care and adverse patient outcomes
for the cardiac OR. To this end, we conducted a system-
atic review to analyse the role of anaesthesiologists’ and
surgeons’ sex and gender in relation to processes of care
and/or clinical outcomes within the context of cardiac
operative care.

METHODS
This review was conducted and reported in accordance to
the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA).* The protocol was published
in the University of Ottawa’s research repository.**

Eligibility criteria

Studies were included if they involved surgical patients
of any age who underwent a cardiac surgical procedure
requiring anaesthetic care, as long as there were specific
investigations on the impact of medical provider’s (eg,
cardiac surgeon and cardiac anaesthesiologist) sexand/or
gender on primary outcomes of process of care or patient
outcome. Processes of care include but are not limited to
hemostatic practices, antibiotic prophylaxis, selection of
coronary artery bypass conduits and harvesting of these
conduits (ie, pedicled vs skeletonised). Patient periopera-
tive outcomes include postoperative 30-day mortality and
complications (eg, chylothorax, sternal wound infection,
acute kidney injury, venous thrombosis, stroke, improve-
ment of left ventricular function, blood loss and length
of hospital stay). Studies that did not specifically inves-
tigate the impact of provider’s sex/gender on process
of care within the cardiac OR or patient outcomes, or
that focused on patient’s sex/gender differences without
considering provider’s sex/gender, were excluded.
Studies that explored the implications of surgeon sex
and/or gender in a variety of surgical specialties metinclu-
sion criteria as long as cardiac procedures were included.
Both comparative interventional (eg, randomised control
trials) and non-interventional (eg, cohort) studies of any
design were eligible for inclusion if they were published
in a peerreviewed journal. Letters, editorials, opinion
pieces, conference abstracts and reviews were excluded.
Grey literature produced outside of conventional scien-
tific publishing and distribution was not considered for
this review.

Search strategy and information sources

The search strategy was developed in collaboration with
an experienced information specialist (Alexandra Davis)
(online supplemental appendix 1). The strategy was
then reviewed by a second information specialist as per
Peer Review of Electronic Search Strategies guidelines.*
Searches were conducted in the electronic databases
PsycINFO, Embase, Medline and Medline in Process
(via OVID) from inception to 6 September 2018. Date
and language restrictions were not applied; however, we
planned to extract data from only those studies published
in English or French. We also planned to search refer-
ence lists of included articles and to submit the final list
of included studies to a group of experts (researchers,
anaesthesiologists and surgeons involved in cardiac care)
to verify relevance and accuracy.

Study selection

DistillerSR systematic review software (Evidence Partners,
Ottawa, Canada) was used to facilitate the study screening
and selection process. Screening forms were developed
and piloted by members of the review team prior to
undertaking full screening (A], FM, HS and KZ). Titles
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and abstracts were screened for eligibility in duplicate by
two pairs of independent reviewers (A], FM, HS and KZ).
The full texts of titles and abstracts deemed potentially
relevant by two reviewers were then reviewed. At each
level of screening, disagreements were resolved through
consensus or discussion with a third reviewer, if necessary.

Data items and abstraction

Data abstraction was conducted in duplicate by two pairs
of independent reviewers using an electronic form in
DistillerSR. The form included publication details (eg,
first author, year and country of data collection), clinical
context (eg, type of procedure, type of anaesthesia and
urgent or elective procedure), population demographics
(eg, sex/gender of patients/providers, patient comorbid-
ities and patient age), study details (eg, research ques-
tion/objective and methods used), outcomes assessed (ie,
process of care or patient outcomes studied, definition
and timing) and study results (ie, the reported impact
of provider’s/patient’s sex/gender on process of care/
patient outcomes). To ensure that the study was inclu-
sive of all eligible papers, we wanted to avoid limiting the
inclusion criteria by outcomes defined a priori. Meta-
analysis was not conducted, as it may not be suitable in
capturing the breadth of the clinical outcomes that arise
in eligible studies.

Risk of bias

The NIH Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies was used to assess risk
of bias.*® This tool includes 14 dichotomous items (ie, yes
or no), such as clarity of the research question, specifi-
cation of the study population, sample size justification
and measurement of confounding variables. Studies are
assigned a score of ‘1’ if the criterion is present, for a total
possible score of 14 (high quality). Reviewers assessed risk
of bias independently and in duplicate, using consensus
or third reviewer consultation to resolve disagreements
(MD and FM).

Patient and public involvement
No patients were involved.

RESULTS

Study selection

The search yielded 3296 publications. After removal of
duplicates, 2095 underwent title and abstract screening,
and 2076 were removed due to failure to meet our
eligibility criteria of assessing the impact of healthcare
provider’s sex/gender on processes of care and patient
outcomes in the setting of cardiac surgery. Nineteen
studies proceeded to full-text screening by satisfying the
inclusion criteria on abstract screening or the abstract
did not provide information to confidently be excluded
without full-text review. After full-text review, 17 were
excluded based on our predetermined inclusion and
exclusion criteria. The study PRISMA flow diagram is

shown in figure 1. A list of studies excluded at level 2 (with
reasons) is provided in (online supplemental appendix

2).

Study characteristics and synthesis

There were two eligible English studies indirectly assessing
the impact of healthcare provider’s sex or gender in
cardiac surgery in this systematic review. These studies are
described below and summarised in table 1.

An observational study by Tsugawa et al*’ done in acute
care hospitals across the USA evaluated the age and sex of
surgeons on operative mortality of 892 187 patients over
65 years of age undergoing 1 of 20 major non-elective
surgeries from 2011 to 2014, 4 of which were common
cardiovascular procedures (ie, carotid endarterectomy,
heart valve procedures, coronary artery bypass grafting
and abdominal aortic aneurysm repair). Among 45 826
surgeons across the scope of surgical disciplines, 30-day
mortality did not differ significantly between male (n=41
192) and female (n=4 634) surgeons (OR 0.97, 95% CI
0.93 to 1.01). No sub-group analysis was conducted for
cardiothoracic procedures.

A retrospective matched cohort study by Wallis et al
! explored the adverse postoperative outcomes (death,
readmission or complications) among 104 603 patients
seen by female and male surgeons in Ontario, Canada,
from 2007 to 2015, across 25 elective and non-elective
procedures, including coronary artery bypass grafting.
Overall, patients treated by female surgeons had a
small but statistically significantly lower 30-day mortality
(adjusted OR 0.88, 95%CI 0.79 to 0.99, p=0.04) and
comparable surgical outcomes (length of stay, complica-
tions and readmission), compared with those treated by
male surgeons. Among patients of female (n=4023) and
male (n=4039) cardiothoracic surgeons, there is weak
evidence towards more favourable outcomes by female
surgeons, with an OR of 0.91 (95% CI 0.82 to 1.01) for
postoperative adverse events.

2!

Risk of bias assessment

The included studies were evaluated using the NIH
Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies. The overall quality rating for the
internal validity of each study was relatively high (table 2).
Both studies mitigated risk of bias by having a well-defined
research question, pre-specified eligibility criteria,
justified duration of follow-up, consideration for key
confounding variables and insignificant loss to follow-up,
among others. Two deductions in quality rating were due
to the inability in examining different levels of exposure
as related to the outcome and in assessing exposure more
than once over time, as gender was determined to be
binary and fixed in both studies. Tsugawa et alreceived an
additional quality rating deduction for failure to provide
sample size justification, power description, or variance
and effect estimates. Detailed ratings for each study can
be found in online supplemental appendix 3.
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Figure 1 Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram.

DISCUSSION

Summary of main results

The novelty of this systematic review lies in its aim to assess
the impact of both anaesthesiologists’ and surgeons’ sex
and/or gender on perioperative cardiac processes of care
and/or clinical outcomes. Out of 2093 references that
were initially screened, we identified two English articles
that briefly refer to cardiac surgery in the discussion of
this topic in surgical specialties at large. These articles
referred only to the sex of surgeons but not to that of
anaesthesiologists.

Our inclusion criteria pre-specified publications in
English and French; however, we identified two arti-
cles published in other languages (one in Japanese and
one in Spanish) that may be relevant. We screened the
English-language abstract of the article published in Japa-
nese,* which discusses the implications of coronary artery
bypass grafting in female patients. The English language
translation of the full Spanish article was provided by a
scientific colleague who is a native Spanish speaker. This
article discusses patient sex differences in valvular surgery
outcomes.*” Neither of these foreign language articles
made clear references to provider’s sex or gender.

Explanation of the findings
Sex and gender are key determinants of healthcare
practices and their outcomes, including in patients who

undergo non-cardiac surgery.”*® Two recently published
observational studies * ' remotely investigated patient
outcomes between female and male cardiac surgeons;
however, primary statistical analyses were conducted to
include data across all surgical specialties. Tsugawa et
al included Medicare beneficiaries over 65 years of age
undergoing a variety of non-elective procedures. In this
study, only 10.1% of surgeons were female and itis unclear
how many specialised in cardiac surgery.”” Hence, sex
and gender analysis may have been underpowered in the
arena of cardiac surgery practices. Wallis et al provided
greater generalisability by considering all adult patients
undergoing 25 common elective and non-elective proce-
dures, with complete tracking of mortality and postoper-
ative complications. Interestingly, Wallis e/ al noted some
degree of evidence (OR 0.91, 95% CI 0.82 to 1.01) for
superior composite outcome of postoperative death,
readmission or complications in patients under the care
of female cardiothoracic surgeons compared with male
cardiothoracic surgeons. They attributed this finding
to female surgeons’ tendency to adhere to guidelines,
provide patient-centred care and attention to communi-
cation and teamwork.”* > Alternatively, this observation
could also be explained by effect modification, as female
surgeons were more heavily involved elective surgeries,
which were in themselves associated better postoperative
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Table 2 Risk of bias for included studies: NIH Quality
Assessment Tool for Observational Cohort and Cross-
Sectional Studies

First author, year Quality rating (/14)

Tsugawa,*” 2018 11
Wallis,?® 2017 12

outcomes as compared with urgent or emergent proce-
dures.” Overall, the study by Tsugawa and colleagues did
not provide subgroup analysis for cardiac surgery, while
both the Tsugawa and Wallis studies failed to specify the
proportion of male and female surgeons within each
specialty. These studies were also limited by shorter
lengths of postoperative follow-up (ie, 30 days), as well as
unmeasured confounders such as complexity of the oper-
ation and underlying disease severity.

Anaesthesiologist’s sex was not considered in either
studies. The fact that there are no published studies
that explicitly explore the impact of physician’s sex and
gender for both surgeons and anaesthesiologists in the
context of cardiac surgery was an unexpected finding.
Given the high-stake nature of cardiac surgery and the
crucial importance of teamwork in this context, our
finding draws attention to potentially missed opportu-
nities to optimise team and individual performance, as
well as patient outcomes. Growing evidence in cardiac
medical care and in non-cardiac surgery has shown that
physicians’ sex and gender significantly impact care. For
example, OR teamwork is integral to preventing and
treating many intraoperative and postoperative compli-
cations and can also be shaped by the sex composition
of the team as well as gender roles and norms.'! % In
addition, there is considerable imbalance of physician’s
sex in cardiac surgery as compared with other surgical
specialties, such that cardiac surgery has traditionally
been viewed as a field dominated by male physicians.35
Therefore, an in-depth understanding of how physician’s
sex and gender influence team dynamics, in addition to
individual performance, may inform future team-based
interventions and ultimately mitigate preventable adverse
events in cardiac surgery.57_60 Research in this domain
mightalso inform an integrated clinical practice approach
that moves beyond medical knowledge and experience,
to individual and social factors. For example, educational
interventions could be tailored based on provider’s sex
or cardiac OR scheduling apps could be designed to opti-
mise OR team sex composition. Such an approach will
shift the paradigm in patient safety research towards the
personalisation of provider’s characteristics, to provide
all-around personalised medical care.

Future directions

Future research should consider physician’s sex and
gender when examining physician-related factors influ-
encing surgical cardiac care. At minimum, studies should
report the sex and/or gender characteristics of both the

healthcare providers and patients involved so that future
meta-analyses may be possible.”’ In addition, sex and
gender are not the only physician characteristics rele-
vant to performance and their salience may depend on
other factors such as age, level of experience, region of
training or cultural background.”* Thus, studies that
integrate sex and gender variables may also consider how
they intersect with additional categories of social identity.
Attention to anaesthesiologist’s sex/gender, in partic-
ular, would be warranted given the lack of literature in
this area in addition to the potential interaction between
anaesthesiologist and surgeon sex/gender.

Limitations of the study

While this review has identified a critical knowledge gap
in cardiac surgical care, there are some limitations of this
review that are to be noted. First, we included only studies
published in English or French. Two other non-English/
French studies were identified and were determined not
to be relevant. Second, it is possible that studies exam-
ined physician’s sex and/or gender as control variables
but may have been excluded during title and abstract
screening based on the failure of the study to specify this
as a primary aim. Given our findings, combined with other
systematic reviews showing the paucity of sex/gender
analyses in medicine,” we believe it is unlikely that any
relevant studies were missed by our search strategy or
screening process.

Neither of the two studies included in this review specif-
ically explored the impact of surgeon’s and anaesthesiol-
ogist’s sex or gender in the context of cardiac surgery in
detail, nor did they include the processes of care as an
outcome. Furthermore, the magnitude of reduction in
adverse events and the methodology of propensity score
matching used was at times unclear within the two obser-
vational studies presented in this review.* '

CONCLUSIONS

This systematic review found no English or French
language publication directly assessing the role of physi-
cian’s sex and/or gender in cardiac operative care. Two
observational studies investigated the impact of surgeon’s
sex on patient outcomes across the full scope of surgical
specialties. These findings highlight the need for primary
research to determine how these factors may influence
cardiac surgical practice, in order to optimise provider’s
performance and improve outcomes in this high-risk
patient group.
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