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Representation of Women in Randomized
Trials in Cardiac Surgery: A Meta-Analysis

, MD; Antonino Di Franco, MD
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BACKGROUND: Women have traditionally been underrepresented in randomized clinical trials (RCTs). We performed a system-
atic evaluation of the inclusion of women in cardiac surgery RCTs published in the past 2 decades.

METHODS AND RESULTS: MEDLINE, EMBASE, and the Cochrane Library were searched (2000 to July 2020) for RCTs written in
English, comparing >2 adult cardiac surgical procedures. The percentage of women enrolled and its association with year of
publication, sample size, mean age, funding source, geographic location, number of sites involved, and interventions tested
were analyzed using a meta-analytic approach. Fifty-one trials were included. Of 25 425 total patients, 5029 were women
(20.8%; 95% ClI, 17.6-24.4; range, 0.5%-57.9%). The proportion of women dropped significantly during the study period
(29.6% in 2000 versus 13.1% in 2019, P<0.001). Women were significantly more represented in European trials (26.2%; 95%
Cl, 21.2-31.9), and less represented in trials of coronary bypass surgery versus other interventions (16.8%; 95% ClI, 12.3-22.7
versus 33.6%; 95% ClI, 27.4-40.5; P=0.0002) and in trials enrolling younger patients (P=0.009); the percentage of women
was higher in industry-sponsored versus non-industry sponsored trials (31.7%; 95% CI, 27.2-36.6 versus 15.5%; 95% Cl,
10.0-28.2; P=0.0004) and was not associated with trial sample size (P=0.52) or study design (multicenter versus monocenter:
P=0.22). After exclusion of trials conducted at Veteran Affairs centers, women representation was 24.4% (95% Cl, 21.1-28.0;
range, 10.4%-57.9%), with no significant changes during the study period.

CONCLUSIONS: The proportion of women in cardiac surgery trials is low and likely inadequate to provide meaningful estimates
of the treatment effect.
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omen have traditionally been underrepre- We have performed a systematic evaluation of the
Wsented in randomized clinical trials (RCTs) and, inclusion of women in the cardiac surgery trials pub-
despite the efforts of funding agencies and of lished in the past 2 decades.
the academic community, this has not improved in re-
cent years.! While systematic analyses of the patients’

population included in clinical trials has been published

METHODS

for many fields of cardiology,! no similar evaluation has
been published for cardiac surgery.

An adequate women representation in cardiac sur-
gical trials that supports evidence-based practice is
particularly important as female subjects have spe-
cific anatomic/functional characteristics and surgical
outcomes®™ and generalization of the surgical results
obtained in a prevalently male population may be inap-
propriate and potentially harmful.

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request. This study follows the Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses guidelines.® As no individual patient was in-
volved, ethical approval was not requested.

A comprehensive search to identify RCTs com-
paring >2 adult cardiac surgical procedures pub-
lished from 2000 was performed in July 2020 (Ovid
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CLINICAL PERSPECTIVE
What Is New?

- Women inclusion in cardiac surgery trials is low
and likely inadequate to provide meaningful
treatment effect estimates.

What Are the Clinical Implications?

- Substantial effort must be made by surgical tri-
alists and funding agencies to promote the in-
clusion of women in cardiac surgery trials.

Nonstandard Abbreviations and Acronyms

VA \Veteran Affairs

MEDLINE, Ovid EMBASE, and the Cochrane Library).
The search strategy included the following terms:
“CABG”, “off-pump coronary surgery”, “on-pump
coronary surgery”, “arterial grafts”, “bilateral internal
mammary artery”, “bilateral internal thoracic artery”,
“radial artery”, “right gastroepiploic artery”, “arterial
revascularization”, “saphenous vein graft”, “mitral

mitral valve replacement”, “tricuspid
valve”, “aortic valve replacement”, “aortic valve re-
pair’, “heart transplant”, and “ventricular assist de-
vice” (the full search strategy is reported in the Data
S1). Studies performed on patients with congeni-
tal cardiac abnormalities were not included in the
search.

Studies were included in the final analysis if they
were RCTs written in English and compared >2 adult
cardiac surgical procedures. In case of multiple pub-
lications from the same RCT, the report that better
described the study population was selected. Two in-
vestigators (A.D.F., M.D.M.) performed data extraction
independently; a third investigator (M.G.) verified data.
Extracted data included publication year, sample size,
mean age, number and percentage of women, funding
source, geographic location, number of sites involved,
interventions tested, and whether sex was tested as a
potential treatment effect modifier.

Proportions were calculated using the metaprop
function of meta package in R. Inverse variance method
was used for data pooling. Subgroup analysis was per-
formed using random effect. Logit-transformation was
performed to calculate Cls. DerSimonian-Laird estima-
tor was used to estimate between-study variance. The
Funnel plot and Egger test were used for estimation of
publication bias.

»o o«

valve repair”,
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As a sensitivity analysis, all comparisons were
repeated after the exclusion of trials conducted at
Veteran Affairs (VA) medical centers.

RESULTS

Fifty-one trials published between 2000 and 2020
were included (Table 1).6-%5 The Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses
flowchart is reported in Figure S1. The median sam-
ple size was 225 patients (interquartile range [IQR],
125-394); 21 trials (41.2%) were multicentric (median
number of sites, 13; IQR, 7-24), 3 (5.9%) involved pa-
tients from VA medical centers, 27 (52.9%) were from
Europe, 12 (23.5%) from North America, 5 (9.8%) from
Asia/Australia/South America, and 7 (13.7%) involved
multiple continents. The tested interventions were
coronary artery bypass grafting in 37 trials (72.5%),
valve surgery in 7 trials (13.7%), saphenous vein graft
harvesting for bypass surgery in 2 trials (3.9%), ven-
tricular remodeling in 2 trials (3.9%), use of mechani-
cal assistance devices in 2 trials (3.9%), and ablation
of atrial fibrillation in cardiac surgery patients in 1 trial
(1.9%). Trials received institutional support in 28 cases
(54.9%), private support in 6 cases (11.8%), or mixed
support in 3 (5.9%) cases. Primary outcomes were
clinical events in 31 trials (60.8%), patency in 12 trials
(23.5%), imaging in 7 trials (13.7%), and hemodynamic
datain 1 trial (1.9%).

Among the 25 425 patients included, there were
5029 women (20.8%, 95% Cl, 17.6-24.4, range 0.5%—
57.9%) (Figure 1).8-55

Women proportion dropped significantly between
the first and the past year of the study period (29.6%
in 2000 versus 13.1% in 2019, P<0.001) (Figure 2).6-%°

Only 3 trials (6.9%) formally tested sex as treatment
effect modifier.

Women were significantly more represented in tri-
als based in Europe (26.2%; 95% ClI, 21.2-31.9) ver-
sus North America (11.9%; 95% CI, 4.1-29.9), Asia/
Australia/South America (16.8%; 95% Cl, 12.7-21.9),
and those involving multiple continents (16.4%; 95%
Cl, 141-19.9) (P=0.003). Women were less repre-
sented in trials of coronary bypass surgery versus
other interventions (16.8%; 95% ClI, 12.3-22.7 ver-
sus 33.6%; 95% Cl, 27.4-40.5; P=0.0002) and in
trials enrolling younger patients (P=0.009; Figure 3)8-
%%; the percentage of female patients was higher in
industry-sponsored versus non-industry sponsored
trials (31.7%; 95% Cl, 27.2-36.6 versus 15.5%; 95%
Cl, 10.0-23.2; P=0.0004) and was not significantly
associated with the trial sample size (P=0.52) or study
design (multicenter versus monocenter: P=0.22). No
publication bias was found (Figure S2; Egger test P
value=0.55).
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Sensitivity Analysis Excluding the VA Trials
After the exclusion of the 3 trials conducted at VA ~ On/Off Bypass Study]),***>*" women were 5003 out
centers (Goldman et al, REGROUP [Randomized  of 21339 total patients (24.4%; 95% Cl, 21.1-28.0;
Trial of Endoscopic or Open Vein-Graft Harvesting range, 10.4%-57.9%). No significant difference in the

for Coronary-Artery Bypass], ROOBY [Randomized

Study Women, N
Myers, 2000¥ 48
Czerny, 2001 13
OCTOPUS, 20013 137
BHACAS 1-2, 2002 72
Carrier, 2003% 15
Lingaas, 2003 % 26
Muneretto, 2003 % 69
Khan, 20042 13
Légaré, 2004% 59
PRAGUE 4, 20044 225
RAPS, 2004 75
Shahin, 2004 ¢ 38
SMART, 2004 % 45
Jocri, 20052 22
ACORN, 20067 105
Al-Ruzzeh, 20068 27
Korolak, 2007 % 58
Falk, 20082 39
Pegg, 2008% 8
RSVP, 2008 5
CARRPO, 2009 39
Fattouch, 2009 2 40
ROOBY, 2009 4 14
STAND-In-Y, 200951 236
STICH, 200952 147
ART, 2010° 446
BBS, 20101 121
MASS Ill, 2010 % 65
PROMISS, 20104 24
RAPCO (RITA arm), 20104 41
RAPCO (SVG arm), 20104 43
RESTORE-MV, 20104 35
Goldman, 20112 6
Michaux, 2011* 8
CORONARY, 20121 909
DOORS, 20121 207
Lemma, 2012% 126
GOPCABE, 2013 % 755
Acker, 20148 96
CRISP, 201477 25
Michler, 2014% 96
Yu, 2014 % 25
CADENCE-MIS, 2015 2 46
Gillinov, 2016 22 120
Glineur, 20162 40
PRAGUE 6, 20164 86
REGROUP, 20194 6
COTRIP, 2019 6 36
Halfwerk, 20192 33
Vukovic, 201954 28
SUPERIOR SVG, 2019% 31

Total (95% Cl)

Heterogeneity: Tau® = 0.5244; Chi’ = 1768.75, df = 50 (P = 0); I = 97%

Total Weight
162 2.0%
80 1.8%
281 2.1%
401 21%
130 1.9%
120 1.9%
176  2.0%
103 18%
300 20%
388 2.1%
541 21%
9% 20%
197 2.0%
167 1.9%
193 20%
168 2.0%
299 2.0%
129 20%
60 1.7%
103 1.5%
331 20%
128 2.0%
2203 1.9%
409 2.1%
1000 2.1%
3102 21%
339 21%
308 2.0%
150 1.9%
394 20%
225 2.0%
147 2.0%
733 16%
50 1.6%
4752 21%
900 2.1%
an 2.1%
2394 21%
251 21%
106 1.9%
301 21%
102 1.9%
100 2.0%
260 21%
304 20%
206 2.0%
1150 1.6%
100 2.0%
125 2.0%
100 1.9%
250 2.0%
25425 100.0%

IV, Random, 95% CI IV, Random, 95% CI
0.296 [0.227; 0.373) =
0.162[0.089;0.262] -l
0.488 [0.428; 0.548)

0.180 [0.143; 0.221) .
0.115[0.066; 0.183]

0.217 (0.147; 0.301) -
0.392 (0.319; 0.468) -
0.126 (0.069; 0.206)

0.197 [0.153; 0.246)

0.580 [0.529; 0.630) e
0.139(0.111; 0.171)

0.396 [0.297; 0.501) —.—
0.132 [0.084; 0.193)

0.544 [0.471; 0.616] B

0.161 [0.109; 0.225)
0.194 [0.151; 0.243)
0.302 [0.225; 0.389) =B
0.133[0.059; 0.246) —l—
=
=
-

-
-
0.228 [0.172; 0.293) =
=
-
=

0.049 [0.016; 0.110)

0.118 [0.085; 0.158)

0.312 [0.234; 0.400)

0.006 [0.003; 0.011) [l

0.577 [0.528; 0.625) .
0.147 [0.126; 0.170) B

0.144 [0.132; 0.157] B

0.357 [0.306; 0.410) =
0.211 [0.167; 0.261) .

0.160 [0.105; 0.229) =

0.104 (0.076;0.139) [

0.191 [0.142; 0.249) -

0.238 [0.172; 0.315) =

0.008 [0.003; 0.018) &

0.160 [0.072; 0.291) —lF—

0.191 [0.180; 0.203] [+ ]

0.230 [0.203; 0.259)

0.307 [0.262; 0.354) .

0.315 [0.297; 0.334) |~

0.382 [0.322; 0.446) -
0.236 [0.159; 0.328) -

0.319 [0.267; 0.375] e
0.245 [0.165; 0.340) B

0.460 [0.360; 0.563) -
0.462 [0.400; 0.524) =
0.132 [0.096; 0.175) e

0.417 [0.349; 0.488) -
0.005 [0.002; 0.011) &

0.360 [0.266; 0.462) -
0.264 [0.189; 0.350) =B

0.280 [0.195; 0.379) -
0.124[0.086;0.171] &

0.208 [0.176; 0.244] -
1
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Figure 2. Proportions of women in cardiac surgery trials by study period.

ACORN indicates Acorn Clinical Trial; ART, Arterial Revascularization Trial; BBS, Best Bypass Surgery Trial; BHACAS, Beating Heart
Against Cardioplegic Arrest Studies; CADENCE-MIS, EDWARDS INTUITY Valve System CADENCE-MIS Study; CARRPO, Copenhagen
Arterial Revascularization Randomized Patency and Outcome trial; CORONARY, CABG Off or On Pump Revascularization Study;
COTRIP, Randomized Comparison of Trifecta and Perimount Magna Ease Supraannular Aortic Xenografts study; CRISP, Coronary
Artery Bypass Grafting in High-Risk Patients Randomised to Off- or On-Pump Surgery; DOORS, Danish On-Pump Versus Off-Pump
Randomization Study; GOPCABE, German Off-Pump Coronary Artery Bypass Grafting in Elderly Patients; JOCRI, Japanese Off-Pump
Coronary Revascularization Investigation; MASS Ill, The Medicine, Angioplasty, or Surgery Study lll; OCTOPUS, Early Outcome After
Off-Pump Versus On-Pump Coronary Bypass Surgery; PRAGUE-4; Arandomized comparison between off-pump and on-pump surgery;
PRAGUE-6, Off-pump versus on-pump coronary artery bypass graft surgery in patients with EuroSCORE >6; PROMISS, Prospective
Randomized Comparison of Off-Pump and On-Pump Multi-Vessel Coronary Artery Bypass Surgery; RAPCO, Radial Artery Patency
and Clinical Outcomes; RAPS, Radial Artery Patency Study; REGROUP, Randomized Endovein Graft Prospective Trial; RESTOR-MV,
Randomized Evaluation of a Surgical Treatment for Off-Pump Repair of the Mitral Valve; ROOBY, Veteran Affairs Randomized On/Off
Bypass Study; RSVP, Radial Artery Versus Saphenous Vein Patency Trial; SMART, Surgical Management of Arterial Revascularization
Therapies Trial; STAND-In-Y, Arterial revascularization in primary coronary artery bypass grafting: direct comparison of 4 strategies;
STICH, Surgical Treatment for Ischemic Heart Failure Trial; and SUPERIOR SVG, Surgical and Pharmacological Novel Interventions to

Improve Overall Results of Saphenous Vein Graft Patency in Coronary Artery Bypass Grafting Surgery Trial.

proportion of women was found comparing the begin-
ning versus the end of the study period (29.6% in 2000
versus 24.4% in 2019, P=0.45) (Figure S3).

Women were significantly more represented in trials
based in North America (29.8%; 95% CI, 21.0-40.3)
and Europe (26.2%; 95% ClI, 21.2-31.9) versus Asia/
Australia/South America (16.8%; 95% ClI, 12.7-21.9)
and those involving multiple continents (16.4%; 95%
Cl, 14.1-19.9) (P=0.003).

Women were less represented in trials of coronary
bypass surgery versus other interventions (21.4%;
95% Cl, 17.8-25.5 versus 33.6%; 95% ClI, 27.4-40.5;
P=0.001), but not in trials enrolling younger patients
(P=0.17); the percentage of female patients was higher
in industry-sponsored versus non-industry sponsored
trials (31.7%; 95% Cl, 27.2-36.6 versus 21.7%; 95% Cl,
171-27.0; P=0.002) and was not significantly associated
with the trial sample size (P=0.42) or study design (multi-
center versus monocenter: P=0.26). No publication bias
was found (Figure S4; Egger test P value=0.66).

DISCUSSION

Generalizability of RCT results to both sexes depends
on having a sufficient number of men and women.

However, underrepresentation of women in RCTs in
general, and in cardiac surgery trials in particular, re-
mains an unsolved issue.

For example, the available observational evidence
on the use of multiple arterial grafting in women is
conflicting, with some studies suggesting and others
refuting a clinical benefit for female patients who re-
ceive >1 arterial graft for coronary artery bypass graft
(CABG).%%-8% |In the only large RCT that has tested
the multiple arterial grafts hypothesis (the Arterial
Revascularization Trial)®" women represented only
15% of the study population and sex was not for-
mally tested as a treatment effect modifier in the main
analysis.

Similarly, the effect of off-pump surgery for CABG
in women has been associated with contradictory
results.®-64 However, the percentage of women en-
rolled in the largest off-pump trials was low (0.5%,
19.2%, and 31.5% in ROOBY,* CORONARY [CABG
Off or On Pump Revascularization Study],’® and
GOPCABE [German Off-Pump Coronary Artery
Bypass Grafting in Elderly Patients Study],?® respec-
tively). It is noteworthy that of the 3 mentioned tri-
als only 1 (ie, CORONARY)'® formally tested sex as a
treatment effect modifier.

Figure 1. Proportions of women in cardiac surgery trials.

Squares represent the study weight; diamonds represent the pooled proportion of each subgroup with Cls; dots in the squares represent the
study proportion and bars are the Cls (white when the Cl is fully within the square (ie, very small Cl, otherwise black [ie, large Cl]). The dotted
line represents the cumulative proportion. ACORN indicates Acorn Clinical Trial; ART, Arterial Revascularization Trial; BBS, Best Bypass
Surgery Trial; BHACAS, Beating Heart Against Cardioplegic Arrest Studies; CADENCE-MIS, EDWARDS INTUITY Valve System CADENCE-
MIS Study; CARRPO, Copenhagen Arterial Revascularization Randomized Patency and Outcome trial; CORONARY, CABG Off or On Pump
Revascularization Study; COTRIP, Randomized Comparison of Trifecta and Perimount Magna Ease Supraannular Aortic Xenografts study;
CRISP, Coronary Artery Bypass Grafting in High-Risk Patients Randomised to Off- or On-Pump Surgery; DOORS, Danish On-Pump Versus
Off-Pump Randomization Study; GOPCABE, German Off-Pump Coronary Artery Bypass Grafting in Elderly Patients; IV, inverse variance;
JOCRI, Japanese Off-Pump Coronary Revascularization Investigation; MASS Ill, The Medicine, Angioplasty, or Surgery Study lll; OCTOPUS,
Early Outcome After Off-Pump Versus On-Pump Coronary Bypass Surgery; PRAGUE-4; A randomized comparison between off-pump and
on-pump surgery; PRAGUE-6, Off-pump versus on-pump coronary artery bypass graft surgery in patients with EuroSCORE >6; PROMISS,
Prospective Randomized Comparison of Off-Pump and On-Pump Multi-Vessel Coronary Artery Bypass Surgery; RAPCO, Radial Artery
Patency and Clinical Outcomes; RAPS, Radial Artery Patency Study; REGROUP, Randomized Endovein Graft Prospective Trial; RESTOR-
MV, Randomized Evaluation of a Surgical Treatment for Off-Pump Repair of the Mitral Valve; ROOBY, Veteran Affairs Randomized On/
Off Bypass Study; RSVP, Radial Artery Versus Saphenous Vein Patency Trial; SMART, Surgical Management of Arterial Revascularization
Therapies Trial; STAND-In-Y, Arterial revascularization in primary coronary artery bypass grafting: direct comparison of 4 strategies; STICH,
Surgical Treatment for Ischemic Heart Failure Trial; and SUPERIOR SVG, Surgical and Pharmacological Novel Interventions to Improve
Overall Results of Saphenous Vein Graft Patency in Coronary Artery Bypass Grafting Surgery Trial.
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In the valve literature, the COTRIP (Randomized
Comparison of Trifecta and Perimount Magna Ease
Supraannular Aortic Xenografts study) trial'® tested the
use of 2 different prosthetic aortic valves in patients

Study or

Subaroup Women, N Total Weight IV, Random, 95% CI IV, Random, 95% CI
Year Group= 2000-2003

Myers, 2000 ¥ 48 162 2.0% 0.296(0.227;0.373] e
Czerny, 2001* 13 80 18% 0.162[0.089;0262) —l—
OCTOPUS, 20013 137 281 2.1% 0.488 [0.428; 0.548] -
BHACAS 1-2, 20027 72 401  21% 0.180[0.143; 0.221) =

Carrier, 2003 ™ 15 130 1.9% 0.115(0.066;0.183) -

Lingaas, 2003™ 26 120 1.9% 0.217[0.147;0.301) -
Muneretto, 2003® 69 176 2.0% 0.392[0.319;0.468] B
Total (95% CI) 1350 13.7% 0.251 [0.162; 0.366] ———
Heterogeneity: Tau® = 0.5060; Chi* = 107.86, df = 6 (P< 0.01); I =94%

Year Group= 2004-2007

Khan, 20043 13 103 1.8% 0.126[0.069;0.206) -

Légaré, 2004 59 300 2.0% 0.197[0.153; 0.246) =

PRAGUE 4, 2004 % 225 388 2.1% 0.580[0.529;0.630) =
RAPS, 20044 75 541 214% 0.139(0.111;0171)  Em

Shahin, 20044 38 96 20% 0.396(0.297;0.501) ——
SMART, 2004% 45 197 2.0% 0.228[0.172;0.293) R

Jocri, 20057 22 167 1.9% 0.132[0.084;0.193)

ACORN, 20087 105 193 2.0% 0.544 [0.471;0.616] =
Al-Ruzzeh, 2006 * 27 168 2.0% 0.161[0.109; 0.225) E &

Korolak, 20072 58 209 2.0% 0.194[0.151;0.243] =

Total (95% C1) 2452 19.9% 0.246 [0.152; 0.373] ——
Heterogeneity: Tau = 0.8967; Chi” = 329.25, df = 9 (P< 0.01); I = 97%

Year Group= 2008-2011

Falk, 2008® 39 129 2.0% 0.302[0.225;0.389) B
Pegg, 2008 = 8 60 17% 0.133[0.059:0.246) —Jl—

RSVP, 2008 5 103 15% 0.049[0.016;0.110) W

CARRPO, 2009 39 331 20% 0.118[0.085:0.158) [}

Fattouch, 2009 40 128 20% 0.312[0.234;0.400) B
ROOBY, 2008 14 2203  1.9% 0.006(0.003;0.011) [l

STAND-In-Y, 2009 236 409 2.1% 0.577(0.528; 0.625] =
STICH, 2009 147 1000 2.1% 0.147(0.126;0.170) -]

ART, 2010® 446 3102 2.1% 0.144[0.132; 0.157) [+ ]

BBS, 2010 121 339  2.1% 0.357 (0.306; 0.410] =
MASS lll, 2010 65 308 2.0% 0.211[0.167; 0.261) =
PROMISS, 2010 “ 24 150 1.9% 0.160[0.105:0229) -l

RAPCO (RITA arm), 2010« 41 394 2.0% 0.104[0.076:0.139] [

RAPCO (SVG arm), 2010« 43 225 2.0% 0.191(0.142;0.249] =
RESTORE-MV, 2010 35 147 20% 0.238(0.172;0.315) -
Goldman, 2011 6 733 16% 0.008(0.003;0018 @

Michaux, 2011 8 50 1.6% 0.160[0.072;0.2901) —l—

Total (95% CI) 9811 32.6% 0.140 [0.093; 0.207] <
Heterogeneity: Tau? = 0.9105; Chi® = 736.76, df = 16 (P< 0.01); I = 98%

Year Group= 2012-2015

CORONARY, 2012 909 4752 2.1% 0.191[0.180; 0.203] [+ ]

DOORS, 2012 207 900 2.1% 0.230 [0.203; 0.259]

Lemma, 2012* 126 411 2.1% 0.307 [0.262; 0.354) =
GOPCABE, 2013% 755 2394  2.1% 0.315(0.297;0.334) B
Acker, 2014¢ 96 251 2.1% 0.382[0.322; 0.446) E o
CRISP, 20147 25 106 1.9% 0.236(0.159;0.328) -
Michler, 2014 9 301 2.1% 0.319(0.267;0.375) =

Yu, 2014 25 102 1.9% 0.245[0.165; 0.340) B
CADENCE-MIS, 2015" 46 100 2.0% 0.460 [0.360; 0.563] ——
Total (95% Cl) 9317 18.3% 0.291[0.237; 0.352] -
Heterogeneity: Tau® = 0.1639; Chi? = 201.79, df = 8 (P< 0.01); F = 96%

Year Groups= 2016-2019

Gillinov, 20162 120 260 2.1% 0.462 [0.400; 0.524) -
Glineur, 2016 40 304 20% 0132(0.096;0175) [}

PRAGUE 6, 2016 86 206 2.0% 0.417[0.349; 0.488) -
REGROUP, 2019 6 1150 1.6% 0.005[0.002;0.011)

COTRIP, 2019" 36 100 2.0% 0.360[0.266; 0.462) B
Halfwerk, 2019% 33 125 2.0% 0.264 [0.189; 0.350) B
Vukovic, 2019 28 100 1.9% 0.280[0.195;0.379) -
SUPERIOR SVG, 2019% 31 250 20% 0.124[0.086;0.171] i}

Total (95% Cl) 2495 15.5% 0.188 [0.100; 0.326] ——
Heterogeneity: Tau? = 1.0732; Chi* = 231.63, df = 7 (P< 0.01); 1> =97%

Total (95% CI) 25425 100.0% 0.208 [0.176; 0.244]

Heterogeneity: Tau” = 0.5244; Chi° = 1768.75, af = 50 (P
Residual heterogeneity: Tau® = NA; Chi’ = 1607.29, df = 46 (P < 0.01): F=97% ©

=0); P =97%

r

-
T T T T
02 04 06 08

Proportion

with aortic stenosis undergoing aortic valve replace-
ment. Again, the majority of included patients were
men (64%) and sex was not formally tested as a treat-
ment effect modifier.
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Study or

Subgroup Women, N Total Weight IV, Random, 95% CI IV, Random, 95% CI
Age Strata 5 60 ]

Jocri, 20057 22 167 1.9% 0.132[0.084;0.193] -

ACORN, 20067 105 193  20% 0.544 [0.471:0616) i .
RSVP, 20084 5 103 1.5% 0.049(0.016:0.110) W

Falk, 20082 39 129 2.0% 0.302(0.225; 0.389] .
CARRPO, 2006 % 39 331 20% 0.118(0.085:0.158] [ °

RAPCO (RITAarm), 20104 41 394 2.0% 0.104[0.076;0.139) [

MASS IIl, 2010 65 308 2.0% 0.211(0.167: 0.261] e

Total (35% CI) 1625 13.5% 0.177[0.094;0.309] ==
Heterogeneity: Tau? = 0,9200; Chi = 174.14, df = 6 (P< 0.01); 2 = 97% :

Age Strata = 60-64 ;

Myers, 20007 48 162 2.0% 0.296(0.227: 0373 -
OCTOPUS, 2001® 137 281  2.1% 0.488[0.428; 0.548] i =
Czerny, 20011 13 80 18% 0.162[0.089;0262) —fl—
BHACAS 1-2, 20021 72 401 2.1% 0.180[0.143;0.221] -

RAPS, 20044 75 541 21% 0.139[0.111;0.171] B

SMART, 200450 45 197  2.0% 0.228(0.172;0.293) E
Légaré, 2004 % 59 300 20% 0.197[0.153; 0.246] =
PRAGUE 4, 2004 % 225 388 2.1% 0.580[0.529; 0.630] ! =
Khan, 2004 13 103 1.8% 0.126[0.069;0.206) -~

Shahin, 2004 38 96 2.0% 0.396(0.297;0.501] - ——
Al-Ruzzeh, 20068 27 168  2.0% 0.161(0.109; 0.225) R o

Korolak, 200728 58 299 2.0% 0.194 [0.151;0.243] =

Pegg, 2008% 8 60 1.7% 0.133[0.059:0246] —fl—

STICH, 20005 147 1000 2.1% 0.147 [0.126;0.170) [~

Fattouch, 2009 21 40 128 2.0% 0.312[0.234; 0.400] -
ROOBY, 20094 14 2203 1.9% 0.006[0.003; 0.011) :

ART, 2010° 446 3102 21% 0.144[0.132; 0.157] - H

Goldman, 20112+ 6 733  16% 0.008[0.003; 0.018] E

Michaux, 201134 8 50 16% 0160[0.072;0291] ——
Glineur, 20162 40 304 20% 0.132[0.096;0.175] -

Total (95% CI 10596  38.8% 0.164[0.115: 0.229] -
Heterogeneity: Tau? = 0.8290; Chi? = 806.15, df = 19 (P< 0.01); I =98%

Age Strata = 6569 H

Lingaas, 2003 26 120 1.9% 0.217 [0.147;0.301) B
Muneretto, 2003% 69 176 2.0% 0.392(0.319; 0468 = =
RESTORE-MV, 2010 35 147 2.0% 0.238[0.172:0.315] E =
PROMISS, 20104 24 150 1.9% 0.160[0.105; 0.229) -
CORONARY, 2012 909 4752 2.1% 0.191(0.180; 0.203] [+ ]

Michler, 2014% 96 301 21% 0.319[0.267;0.375] -

Yu, 2014% 25 102 1.9% 0.245([0.165; 0.340] =
Acker, 20148 96 251  21% 0.382(0.322; 0.446) I
SUPERIOR SVG, 20199 31 250 20% 0.124([0.086;0171)
REGROUP, 20194 6 1150 16% 0.005(0.002;0.011) 3

Vukovic, 2019% 28 100 1.9% 0.280[0.195; 0.379] -=
COTRIP. 20191 36 100 2.0% 0.360(0.266: 0.462] C -
Total (95% CI) 7599 23.5% 0.207 [0.152; 0.2761 -
Heterogeneity: Tau? = 0.3991; Chi? = 228.1, df =11 (P< 0.01); 2 =95% H

Age Strata = 69-74 :

Carrier, 2003 " 15 130 1.9% 0.115[0.066:0.183]
STAND-In-Y, 20095 236 409 21% 0.577[0.528; 0.625) : =
RAPCO (SVG arm), 2010 43 225 2.0% 0.191[0.142; 0.249] =

Lemma, 2012% 126 411 2.1% 0.307 [0.262; 0.354] i
CADENCE-MIS, 20152 46 100 2.0% 0.460[0.360; 0.563) : =
Gillinov, 20162 120 260 2.1% 0.462[0.400; 0.524] =
PRAGUE 6, 2016*' 86 206 20% 0.417[0.349; 0.488] =
Halfwerk, 2019% 33 125 2.0% 0.264 [0.189; 0.350] B

Total (95% CI) 1866  16.0% 0.335[0.239: 0.448] i
Heterogeneity: Tau? = 0.4416; Chi? = 153.51, df = 7 (P< 0.01); P = 95% i

Age Strata 2 75
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Figure 3. Proportions of women in cardiac surgery trials by age groups.

ACORN indicates Acorn Clinical Trial; ART, Arterial Revascularization Trial; BBS, Best Bypass Surgery Trial; BHACAS, Beating Heart
Against Cardioplegic Arrest Studies; CADENCE-MIS, EDWARDS INTUITY Valve System CADENCE-MIS Study; CARRPO, Copenhagen
Arterial Revascularization Randomized Patency and Outcome trial; CORONARY, CABG Off or On Pump Revascularization Study;
COTRIP, Randomized Comparison of Trifecta and Perimount Magna Ease Supraannular Aortic Xenografts study; CRISP, Coronary
Artery Bypass Grafting in High-Risk Patients Randomised to Off- or On-Pump Surgery; DOORS, Danish On-Pump Versus Off-Pump
Randomization Study; GOPCABE, German Off-Pump Coronary Artery Bypass Grafting in Elderly Patients; JOCRI, Japanese Off-Pump
Coronary Revascularization Investigation; MASS Ill, The Medicine, Angioplasty, or Surgery Study lll; OCTOPUS, Early Outcome After
Off-Pump Versus On-Pump Coronary Bypass Surgery; PRAGUE-4; Arandomized comparison between off-pump and on-pump surgery;
PRAGUE-6, Off-pump versus on-pump coronary artery bypass graft surgery in patients with EuroSCORE >6; PROMISS, Prospective
Randomized Comparison of Off-Pump and On-Pump Multi-Vessel Coronary Artery Bypass Surgery; RAPCO, Radial Artery Patency
and Clinical Outcomes; RAPS, Radial Artery Patency Study; REGROUP, Randomized Endovein Graft Prospective Trial; RESTOR-MV,
Randomized Evaluation of a Surgical Treatment for Off-Pump Repair of the Mitral Valve; ROOBY, Veteran Affairs Randomized On/Off
Bypass Study; RSVP, Radial Artery Versus Saphenous Vein Patency Trial; SMART, Surgical Management of Arterial Revascularization
Therapies Trial; STAND-In-Y, Arterial revascularization in primary coronary artery bypass grafting: direct comparison of 4 strategies;
STICH, Surgical Treatment for Ischemic Heart Failure Trial; and SUPERIOR SVG, Surgical and Pharmacological Novel Interventions to
Improve Overall Results of Saphenous Vein Graft Patency in Coronary Artery Bypass Grafting Surgery Trial.

Our data showed a significant drop in women pro- CONCLUSIONS
portion during the study period (2000-2020) when all
trials were included in the analysis.

It is interesting to note that when trials conducted
at VA medical centers were excluded from the anal-
ysis the temporal drop in women representation dis-
appeared and North American RCTs were found to
be those enrolling the highest proportion of women
(29.8%). The fact that trials funded by one of the most
active US agencies in cardiac surgery prevalently en-
roll male subjects (the mean prevalence of men in the
3 VA studies included was 99.4%) explains this result.

The lower representation of women in CABG RCTs
was confirmed even after the exclusion of trials con-
ducted at VA centers. While one might speculate that
these disparities could be in part because of inherent
biases within the cardiovascular care system leading to
lower referral for interventions for female patients with ARTICLE INFORMATION
coronary artery disease,* it should be noted that such g i 60 December 11, 2020: accepted June 22, 2021,
proportions are similar to those reported in large na-
tional registries like the Society of Thoracic Surgeons _ _ ‘ -
aclult cardiac surgcal database % where women rep- P ! el o o Sl Heskne e
resent ~25% of the overall CABG population. Centre, Maastricht University Medical Centre, Cardiovascular Research

Nonethe|essy as such percentages are ||ke|y inad- Institute Maastrichtt Maastricht, The Netherlands (M.D.M.); and Schulich
equate to provide meaningful estimates of treatment St G Duusen of Cariac Sugen, Desmrinent of Suse
effect, overrepresentation of female patients should be  canada (S.EF).
taken into consideration in the design of future cardiac
surgical trials.

A lower proportion of women was also found in
non-industry sponsored trials (irrespective of the ex-  Disclosures
clusion of trials conducted at VA centers). None.

Our study shows that the proportion of women included
in cardiac surgery RCTs is low and likely inadequate to
provide meaningful estimates of treatment effect. It is
particularly concerning that this proportion significantly
decreased over the past 2 decades, although this tem-
poral trend was not seen when trials conducted at VA
medical centers were excluded from the analysis. As
important sex-related differences in cardiac surgical
outcomes exist,>®” surgical results obtained in a prev-
alently male population may not apply to women and
might potentially misinform surgical decision making in
women. Substantial effort must be made by surgical
trialists and funding agencies to promote the inclusion
of women in cardiac surgery trials.
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Data S1. Full search strategy.

Database: Ovid MEDLINE (In-Process & Other Non-Indexed Citations and Ovid MEDLINE
January 2020 to July 2020), Ovid EMBASE (January 2020 to July 2020), and The Cochrane
Library (Wiley) (January 2020 to July 2020). No language restriction enforced.

Ovid MEDLINE:

(CABG) AND clinical trial [Publication type] AND (*2000/01/01"[Date - Publication] :
"2020/07/01"[Date - Publication]) OR ((off-pump coronary surgery) AND on-pump coronary
surgery) AND clinical trial [Publication type] AND (*2000/01/01"[Date - Publication] :
"2020/07/01"[Date - Publication]) OR (arterial grafts) AND clinical trial [Publication type] AND
("2000/01/01"[Date - Publication] : "2020/07/01"[Date - Publication]) OR (bilateral internal
mammary artery) AND clinical trial [Publication type] AND ("'2000/01/01"[Date - Publication] :
""2020/07/01"[Date - Publication]) OR (bilateral internal thoracic artery) AND clinical trial
[Publication type] AND (*2000/01/01"[Date - Publication] : *2020/07/01"[Date - Publication])
OR (radial artery) AND (CABG) AND clinical trial [Publication type] AND ("2000/01/01"[Date -
Publication] : "2020/07/01"[Date - Publication]) OR (right gastroepiploic artery) AND (CABG)
AND clinical trial [Publication type] AND (*2000/01/01"[Date - Publication] : “2020/07/01"[Date
- Publication]) OR (arterial revascularization) AND (CABG) AND clinical trial [Publication type]
AND (""2000/01/01"[Date - Publication] : "2020/07/01"[Date - Publication]) OR (saphenous vein
graft) AND (CABG) AND clinical trial [Publication type] AND (""2000/01/01"[Date -
Publication] : "2020/07/01"[Date - Publication]) OR (mitral valve repair) AND clinical trial
[Publication type] AND (*2000/01/01"[Date - Publication] : *2020/07/01"[Date - Publication])
OR (mitral valve replacement) AND clinical trial [Publication type] AND ("2000/01/01"[Date -
Publication] : "2020/07/01"[Date - Publication]) OR (tricuspid valve) AND clinical trial
[Publication type] AND (*2000/01/01"[Date - Publication] : *2020/07/01"[Date - Publication])
OR (aortic valve replacement) AND clinical trial [Publication type] AND (*2000/01/01"[Date -
Publication] : "2020/07/01"[Date - Publication]) OR (aortic valve repair) AND clinical trial
[Publication type] AND("2000/01/01"[Date - Publication] : *2020/07/01"[Date - Publication]) OR
(heart transplant) AND clinical trial [Publication type] AND ("2000/01/01"[Date - Publication] :
"2020/07/01"[Date - Publication]) OR (ventricular assist device) AND clinical trial [Publication
type] AND ("2000/01/01"[Date - Publication] : "2020/07/01"[Date - Publication])

Ovid EMBASE:

1 CABG.mp.

2 (off pump coronary surgery and on pump coronary surgery).mp.
3 arterial grafts.mp.

4 bilateral internal mammary artery.mp.

5 bilateral internal thoracic artery.mp.

6 radial artery.mp.

7 (right gastroepiploic artery and CABG).mp.
8 (arterial revascularization and CABG).mp.
9 (saphenous vein graft and CABG).mp.

10 mitral valve repair.mp.

11 mitral valve replacement.mp.

12 tricuspid valve.mp.

13 aortic valve replacement.mp.

14 aortic valve repair.mp.

15 heart transplant.mp.

16 ventricular assist device.mp.

17 or/1-16




18 limit 17 to ((clinical trial or randomized controlled trial or controlled clinical trial or
multicenter study or phase 1 clinical trial or phase 2 clinical trial or phase 3 clinical trial or phase
4 clinical trial) and yr="2000 - 2020")

Cochrane Trials:

((CABG OR ("off pump coronary surgery” AND "on pump coronary surgery") OR

arterial grafts OR bilateral internal mammary artery OR internal thoracic artery OR radial artery
OR (right gastroepiploic artery AND CABG) OR (arterial revascularization AND CABG) OR
(saphenous vein graft and CABG) OR mitral valve repair OR mitral valve replacement OR
tricuspid valve OR aortic valve replacement OR aortic valve repair OR heart transplant OR
ventricular assist device)):ti,ab




Figure S1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

flowchart.
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Figure S2. Funnel plot: log-transformed proportion of women versus standard error.
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Figure S3. Proportions of women in cardiac surgery trials by study period after the exclusion
of the trials conducted at Veteran Affairs (VA) centers.

IV, Random, 95% CI

-

o

T
02

T T
04 08
Proportion

T
08



Figure S4. Funnel plot: log-transformed proportion of women versus standard error after the exclusion of the trials conducted at Veteran
Affairs (VA) centers.
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