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Abstract: The sex differences in patients undergoing off-pump coronary artery bypass grafting
(OPCAB) surgery are still unclear. Our aim was to investigate the impact of gender on short-term
outcomes in males and females after off-pump bypass procedures. Our research was designed as
a double-center retrospective analysis. Generally, 343 patients (men (n = 255) and women (n = 88))
who underwent an OPCAB procedure were included in our study. To provide a statistical analysis of
unequal cohorts, we created a propensity score-based matching (PSM) analysis (men, n = 61; women,
n = 61). The primary endpoint was all-cause in-hospital mortality. Dialysis, transient ischemic attack
(TIA), low cardiac output syndrome (LCOS), reoperation due to postoperative bleeding, wound
infection and duration of hospital stay were secondary outcomes in our analysis. No significant
differences were detected within the male and female groups regarding age (p = 0.116), BMI (p = 0.221),
diabetes (p = 0.853), cardiogenic shock (0.256), STEMI (p = 0.283), NSTEMI (p = 0.555) and dialysis
(p = 0.496). Males underwent significantly more frequently (p = 0.005) total-arterial revascularization
with T-graft technique (p = 0.005) than females. In contrast, temporary pacer use was significantly
higher (p = 0.022) in females compared to males. The in-hospital mortality rate was not significantly
higher (p = 0.496) in the female group compared to the male group. Likewise, secondary outcomes
did not differ significantly between the non-adjusted and the adjusted groups. Based on our findings,
gender has no impact on short-term outcomes after OPCAB surgery.
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1. Introduction

Cardiovascular diseases, including coronary artery disease, are associated with the
highest mortality rate in western Europe [1]. Despite prophylactic and therapeutic efforts in
the last decades, the prevalence of this disease continues to grow [2]. On-pump and/ or off-
pump coronary artery bypass grafting surgery is a common and effective procedure used
to treat triple vessel disease [1,2]. The discrepancies between both procedures regarding
morbidity and mortality have been critically discussed in the last decades [3–5].

Woman generally present a higher prevalence of cardiovascular risk factors, includ-
ing arterial hypertension, diabetes, dyslipidemia, and peripheral vascular disease (PVD),
compared to men [6–8]. This could be explained by the fact that females develop coronary
artery disease much later than males due to the protective role of sex hormones [9]. In
addition, a smaller coronary artery diameter in women compared to men could influence
the higher mortality rate after cardiac surgery [10,11]. Moreover, various studies have
shown that coronary hyperreactivity, microvascular dysfunctions, plaque erosions, and
distal microembolizations are more common among women compared to men [12,13]. A
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lower use of arterial grafts in females has also been associated with adverse outcomes
and could affect survival [13]. Likewise, several studies have shown a significantly higher
morbidity rate in the female group compared to the male group after bypass surgery [14,15].
Female gender was also found to be an independent predictor of higher mortality after a
bypass procedure [16]. In contrast, other authors have mentioned that female gender was
not associated with adverse outcomes and higher mortality after a CABG procedure [17,18].
However, the majority of the above-mentioned trials referred to patients who underwent
both on-pump and off-pump CABG procedures [14–18].

Differences in gender outcomes in patients undergoing only OPCAB surgery are
controversial [9,17,19]. Fu et al. [9] mentioned that early mortality did not differ significantly
between both sex groups after OPCAB procedure. Likewise, further authors analyzed
776 patients who underwent an OPCAB procedure and showed no difference regarding
mortality between males and females postoperatively [20]. In contrast, Puskas et al. [21]
found that off-pump bypass surgery was associated with significantly lower (p = 0.001)
mortality in women compared to men.

Consequently, our aim was to evaluate whether the OPCAB technique could impact
early outcomes in both sex groups. Thus, we investigated gender-related discrepancies in
short-term outcomes in patients who underwent the OPCAB procedure in our heart centers.

2. Materials and Methods

Our study was a retrospective analysis of a double center-retrospective OPCAB cohort,
which included 343 patients who underwent off-pump coronary artery bypass procedure
for coronary artery disease from January 2017 until November 2022 in the University
hospitals in Cologne and Tuebingen. We formed two groups to investigate potential sex-
related differences in early clinical outcomes: men (n = 255) and women (n = 88). To
account for the unequal cohort sizes, we performed a propensity score-based matching
(PSM) analysis using the methods previously described [22]. The details of the analysis are
provided in Figure 1.
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cases to achieve an activated clotting time of more than 300 s. An automatic pod spreader 
was used for a better visualization of the anastomotic site. Afterwards, the coronary ar-
teries were longitudinal incised. The coronary arteries were then longitudinally incised, 
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continuous blood flow during anastomosis and to decrease the possibility of bleeding. 
Anastomosis was performed using 7-0 and 8-0 monofilament sutures. The decision to use 
temporary epicardial pacing was made by each surgeon. Standard anticoagulation pro-
tocols were used by all patients after the OPCAB procedure, which were similar in Co-
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The data were withdrawn from the institutional database of the University hospital 
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Figure 1. Study groups after OPCAB surgery before and after PSM. OPCAB: off-pump coronary artery
bypass grafting. PSM: propensity score matching. CKD: chronic kidney disease. BMI: body mass
index. STEMI: ST-elevation myocardial infarction. STEMI: non-ST-elevation myocardial infarction.
LV-EF: left ventricular ejection fraction.
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2.1. Surgical Procedure

All surgical procedures were performed using the OPCAB technique. Patients who
underwent on-pump coronary artery bypass grafting surgery were excluded from the
analysis. All patients who presented with symptoms such as chest pain (angina pectoris)
lasting for 20 min or longer despite the use of nitroglycerin were operated on within the
first 24 h after admission to our hospital.

We used the left internal mammary artery (LIMA), right internal mammary artery
(RIMA), radial artery, great saphenous vein and/or small saphenous vein for future anasto-
mosis, based on previous risk factors. Intravenous heparin was administered in all cases to
achieve an activated clotting time of more than 300 s. An automatic pod spreader was used
for a better visualization of the anastomotic site. Afterwards, the coronary arteries were
longitudinal incised. The coronary arteries were then longitudinally incised, and temporary
shunts were placed into the lumen of the targeted arteries to allow for continuous blood
flow during anastomosis and to decrease the possibility of bleeding. Anastomosis was per-
formed using 7-0 and 8-0 monofilament sutures. The decision to use temporary epicardial
pacing was made by each surgeon. Standard anticoagulation protocols were used by all
patients after the OPCAB procedure, which were similar in Cologne and Tuebingen. Our
methods were previously described [22].

2.2. Data Collection

The data were withdrawn from the institutional database of the University hospital
Cologne and the University hospital Tuebingen. All information was collected during
patients’ hospital stay and analyzed retrospectively.

2.3. Outcome Analysis

All-cause in-hospital mortality after OPCAB surgery was the primary endpoint of
our study. The secondary outcomes analyzed included dialysis, transient ischemic attack
(TIA) with symptom duration less than 60 min, low cardiac output syndrome (LCOS),
reoperation due to postoperative bleeding, wound infection, and duration of hospital stay.

2.4. Ethics

This research was conducted in accordance with the Declaration of Helsinki (revised
version of 2013). The Ethics Committee of the Medical Faculty of the University of Cologne
and the Ethics Committee of the Medical Faculty of the University of Tuebingen confirmed
that under German law, the authors did not require a separate ethical approval. All purely
retrospective clinical studies can be conducted without an ethical statement.

2.5. Statistical Methods

Statistical analysis was conducted using Student’s t-test or Mann–Whitney-U test,
depending on whether continuous variables were normally distributed or not. The Chi-
square test was used for categorical variables. Normally distributed samples were presented
as the mean ± standard deviation (SD). Fisher’s exact test was used when the minimum
expected count of cells was less than 5. The optimal cut-off values were defined as values
that provided highest sensitivity and specificity. Logistic regression was used to create the
predicted variable. The PSM analysis was applied to even groups and provide statistical
comparison. A p-value of less than 0.05 was considered significant. Statistical analysis was
performed using Statistical Package for Social Sciences, version 28.1 (SPSS Inc., Chicago,
IL, USA).

3. Results
3.1. Preoperative Data before and after PSM

Preoperative characteristics of the two groups (prior to PSM) are presented in Table 1
for men (n = 255) and woman (n = 88). Following PSM, the groups were reduced to 61 men
and 61 women. The mean age was 66 ± 9 years for men and 71 ± 8 years for women. The
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majority of patients were classified as overweight or obese, with mean BMIs of 29.3 ± 9.7
and 30.2 ± 5.1 kg/m2 for males and females. After 1:1 propensity score matching, the
groups were well balanced. No significant differences were observed between the male and
female groups in terms of age (p = 0.116), BMI (p = 0.221), diabetes (p = 0.853), cardiogenic
shock (0.256), STEMI (p = 0.283), NSTEMI (p = 0.555), or dialysis (p = 0.496).

Table 1. Preoperative data.

Before PSM After PSM

Male
(n = 255)

Female
(n = 88) p-Value Male

(n = 61)
Female
(n = 61) p-Value

Age (years), mean ± SD 66 ± 9 71 ± 8 0.237 68 ± 9 72 ± 8 0.116
BMI (kg/m2), mean ± SD 29.3 ± 9.7 30.2 ± 5.1 0.426 29.7 ± 17.4 30.4 ± 4.5 0.751

Euroscore II (%), mean ± SD 3.9 ± 2.3 4.9 ± 2.5 0.093 3.9 ± 2.0 5.1 ± 2.4 0.135
LV-EF (%), mean ± SD 48 ± 13 46 ± 13 0.274 46 ± 14 47 ± 15 0.830

Left main coronary artery disease, n (%) 107 (42.8%) 32 (36.8%) 0.326 29 (48.3%) 20 (33.3%) 0.095
NSTEMI, n (%) 86 (33.9%) 27 (30.7%) 0.585 20 (32.8%) 17 (27.9%) 0.555
STEMI, n (%) 35 (13.8%) 15 (17.0%) 0.463 6 (9.8%) 10 (16.4%) 0.283

Cardiogenic shock, n (%) 31 (12.2%) 10 (11.4%) 0.834 9 (14.8%) 5 (8.2%) 0.256
Previous stenting, n (%) 83 (32.8%) 20 (22.7%) 0.076 22 (36.1%) 13 (21.3%) 0.072
Previous stroke, n (%) 13 (5.1%) 6 (6.8%) 0.591 4 (6.6%) 6 (9.8%) 0.509

Reoperation, n (%) 23 (9.1%) 5 (5.9%) 0.353 3 (4.9%) 3 (4.9%) 0.660
Diabetes, n (%) 99 (38.8%) 39 (44.3%) 0.365 24 (39.3%) 25 (41.0%) 0.853

HbA1C (%), mean ± SD 6.5 ± 1.5 6.3 ± 0.9 0.298 6.6 ± 1.9 6.4 ± 0.9 0.429
PVD, n (%) 58 (22.9%) 17 (19.5%) 0.511 15 (24.6%) 11 (18.3%) 0.402

Arterial hypertension, n (%) 241 (94.5%) 86 (97.7%) 0.377 59 (96.7%) 61 (100%) 0.496
Pulmonary hypertension, n (%) 7 (2.8%) 6 (6.8%) 0.106 0 (0.0%) 3 (4.9%) 0.244

Hyperlipidemia 227 (89.0%) 81 (92.0%) 0.419 53 (86.9%) 57 (93.4%) 0.224
Deep vein thrombosis, n (%) 1 (0.4%) 1 (1.1%) 0.450 0 (0.0%) 1 (1.6%) 0.315
Pulmonary embolism, n (%) 4 (1.6%) 1 (1.1%) 0.765 1 (1.6%) 1 (1.6%) 1.000

Obstructive sleep apnea, n (%) 26 (10.2%) 4 (4.5%) 0.104 7 (11.5%) 2 (3.3%) 0.163
COPD, n (%) 38 (15.0%) 15 (17.0%) 0.651 9 (14.8%) 10 (16.4%) 0.803

Dialysis, n (%) 8 (3.2%) 3 (3.4%) 0.910 0 (0.0%) 2 (3.3%) 0.496
Chronic renal insufficiency, n (%) 33 (13.0%) 8 (9.1%) 0.326 9 (14.8%) 7 (11.5%) 0.592

CK, U/L, mean ± SD 157 ± 200 140 ± 164 0.902 175 ± 271 129 ± 150 0.214
CK-MB, U/L, mean ± SD 28 ± 33 31 ± 29 0.924 25 ± 26 31 ± 33 0.223
Lactate 48 h, mean ± SD 1.0 ± 0.4 0.9 ± 0.4 0.739 1.0 ± 0.4 1.0 ± 0.5 0.989

Creatinine 48 h, mg/dL, mean ± SD 1.3 ± 2.9 0.9 ± 0.3 0.182 1.0 ± 0.3 0.9 ± 0.3 0.278

LV-EF, left ventricular ejection fraction; PVD, peripheral vascular disease; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial
infarction; PSM, propensity score matching; CK, creatine kinase; CK-MB, creatine kinase MB.

3.2. Intraoperative Characteristics before and after PSM

Intraoperative data for both groups before (men, n = 255; women, n = 88) and after
PSM (men, n = 61; women, n = 61) are presented in Table 2. The use of both internal thoracic
arteries (ITA) grafts was significantly higher (p = 0.043) in the male group compared
to the female group before PSM. However, after PSM, the use of both ITA grafts was
similar in both groups (p = 0.412). Additionally, male patients underwent total-arterial
revascularization with the T-graft technique significantly more frequently than female
patients before PSM (p < 0.001) and after PSM (p = 0.005). The mean operation time was
significantly longer (p = 0.001) in the male group than in the female group. Other data did
not differ significantly between the two groups.
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Table 2. Intraoperative data.

Before PSM After PSM

Male
(n = 255)

Female
(n = 88) p-Value Male

(n = 61)
Female
(n = 61) p-Value

Use of 2 ITA grafts, n (%) 142 (56.8%) 39 (44.3%) 0.043 33 (55.0%) 29 (47.5%) 0.412
“Totally arterial”

revascularization, n (%) 129 (51.6%) 34 (39.5%) 0.005 38 (63.3%) 28 (45.9%) 0.005

T-graft technique, n (%) 131 (52.4%) 27 (31.4%) <0.001 34 (56.7%) 19 (31.1%) 0.005
Heartstring, n (%) 87 (35.1%) 40 (45.5%) 0.085 17 (28.8%) 26 (42.6%) 0.115

Temporary pacer, n (%) 142 (57.0%) 53 (60.2%) 0.601 29 (48.3%) 42 (68.9%) 0.022
IABP intraoperative, n (%) 7 (2.8%) 0 (0.0%) 0.198 1 (1.7%) 0 (0.0%) 0.315

ECMO intraoperative, n (%) 2 (0.8%) 0 (0.0%) 0.404 0 (0.0%) 0 (0.0%)
Catecholamine use, n (%) 243 (97.6%) 87 (98.9%) 0.644 56 (98.3%) 61 (100%) 0.337

Operation time, min, mean ± SD 179 ± 39 158 ± 28 0.008 184 ± 28 157 ± 30 0.001

IABP, intra-aortic balloon pump; ITA, internal thoracic artery; SVG, saphenous vein grafts; PSM, propensity score
matching; ECMO, extracorporeal membrane oxygenation.

3.3. Primary and Secondary Outcomes

Primary and secondary outcomes for both groups before (men, n = 255; women, n = 88)
and after PSM (men, n = 61; women, n = 61) are summarized in Table 3. The in-hospital
mortality rate was not significantly higher (p = 0.496) in the female group compared to the
male group. Furthermore, there was no significant difference in the mean length of ICU
(p = 0.529) or hospital stay (p = 0.930) between both groups. Likewise, in the secondary
outcomes (transient ischemic attack (p = 0.365), low cardiac output syndrome after surgery
(p = 0.644), dialysis (p = 0.496), reoperation due to postoperative bleeding (p = 0.691), and
wound infection rate (p = 0.187)), no significant differences were observed between the
unadjusted and adjusted groups.

Table 3. Postoperative data.

Before PSM After PSM

Male
(n = 163)

Female
(n = 52) p-Value Male

(n = 52)
Female
(n = 52) p-Value

TIA, n (%) 7 (2.8%) 6 (6.8%) 0.106 1 (1.7%) 4 (6.6%) 0.365
Stroke, n (%) 1 (0.4%) 0 (0.0%) 0.555 0 (0.0%) 0 (0.0%)

Postoperative delirium, n (%) 31 (12.3%) 10 (11.4%) 0.825 8 (13.3%) 7 (11.5%) 0.757
ALS with ROSC, n (%) 9 (3.5%) 1 (1.1%) 0.463 2 (3.3%) 0 (0.0%) 0.154

Low cardiac output syndrome after
surgery, n (%) 9 (3.6%) 3 (3.4%) 0.934 3 (4.9%) 3 (4.9%) 0.644

CK, 48 h, U/L, mean ± SD 798 ± 1088 531 ± 783 0.065 639 ± 815 522 ± 882 0.519
CK-MB, 48 h, U/L, mean ± SD 34 ± 117 29 ± 50 0.363 23 ± 14 28 ± 57 0.541

Lactate 48 h, mmol/L, mean ± SD 1.5 ± 1.0 1.6 ± 1.4 0.531 1.3 ± 0.4 1.7 ± 1.7 0.230
Creatinine 48 h, mg/dL, mean ± SD 1.2 ± 2.1 1.0 ± 0.5 0.452 1.0 ± 0.3 1.1 ± 0.6 0.190

Acute kidney failure, n (%) 20 (7.9%) 5 (5.7%) 0.485 5 (8.5%) 5 (8.2%) 0.956
Dialysis, n (%) 13 (5.1%) 2 (2.3%) 0.371 0 (0.0%) 2 (3.3%) 0.496

Wound infection, n (%) 26 (10.2%) 6 (6.8%) 0.343 7 (11.5%) 3 (4.9%) 0.187
Plastic covering of the wound, n (%) 4 (1.6%) 1 (1.1%) 0.768 0 (0.0%) 0 (0.0%)

Heart block requiring pacemaker
implantation, n (%) 6 (2.4%) 0 (0.0%) 0.346 2 (3.4%) 0 (0.0%) 0.240

Bleeding requiring reoperation, n (%) 10 (3.9%) 3 (3.4%) 0.823 2 (3.3%) 2 (3.3%) 1.000
ICU stay, days, mean ± SD 2 ± 3 2 ± 4 0.583 2 ± 3 2 ± 4 0.870

Hospital stay, days, mean ± SD 9 ± 7 10 ± 6 0.844 9 ± 7 9 ± 6 0.657
Mortality rate (in-hospital), n (%) 5 (2.0%) 3 (3.4%) 0.429 0 (0.0%) 2 (3.3%) 0.496

TIA, transient ischemic attack; ICU, intensive care unit; CK-MB, creatine kinase-MB; LV-EF, left ventricular ejection
fraction; ALS, advanced life support, PSM, propensity score matching, CK, creatine kinase; CK-MB, creatine
kinase MB.
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4. Discussion

We investigated gender-related discrepancies in short-term outcomes in patients who
underwent OPCAB surgery only. Our analysis showed that all-cause in-hospital mortality
rate was not significantly higher (p = 0.496) in the female group compared to the male
group. Likewise, in the secondary outcomes (transient ischemic attack (p = 0.365), low
cardiac output syndrome after off-pump surgery (p = 0.644), dialysis (p = 0.496), reoperation
due to postoperative bleeding (p = 0.691), wound infection rate (p = 0.187), and duration
of hospital stay (p = 0.930)), no significant differences were observed between the two
above-mentioned groups.

Studies on gender differences after OPCAB surgery are scarce [16–20]. Previous
retrospective trials have shown that female gender might be an independent risk factor for
operative mortality [14,23]. Similarly, Alam et al. [24] found increased operative and 30-day
mortality rates in females compared to males after bypass surgery. However, the authors
did not analyze the potential impact of the operative technique on patient’s survival, which
could affect results and lead to potential bias [24]. In general, females present more often
relevant comorbidities such as diabetes mellitus, hyperlipidemia, arterial hypertension and
peripheral vascular disease compared to males [8,25]. In addition, women suffered more
commonly from chronic renal insufficiency [14]. All of the above-mentioned factors could
lead to poor outcomes during the postoperative period [14,25]. In contrast, we could not
find any statistically significant differences regarding preoperative comorbidities between
both groups in our study.

Generally, women undergo less frequent and significantly later coronary revascular-
ization due to protective hormone levels in the premenopausal period [26]. These factors
could explain the higher mortality rate by women compared to men by cardiogenic shock
after CABG procedure [27]. In contrast, Amato et al. [28] stated that female gender was
not an independent predictor for higher mortality after CABG surgery. Ennker et al. [29]
analyzed 12,606 patients who underwent bypass surgery in their study. After adjusting
for preoperative risk factors, the authors could not find any significant difference in the
mortality rate between male and female groups [29]. Likewise, the mortality rate was not
statistically significantly different (p = 0.496) in our analysis.

Moreover, further authors showed that the operative technique had no impact on
in-hospital mortality after OPCAB surgery [30]. However, difficulties with anastomoses
due to a smaller size of the coronary artery by women could affect results [31]. The
increased risk of thrombosis, especially near the suture line, should be taken into con-
sideration [30,31]. The use of multiple arterial grafts to compensate for these risk factors
remains controversial [11,30,31]. Rocha et al. [31] showed improved outcomes in females
despite a significantly lower use of arterial grafts compared to males. Moreover, Kurlansky
et al. [32] showed no difference in survival after 12 years using propensity-matched analysis
of the female group undergoing cardiac surgery with multiple artery grafting versus single
artery grafting. The authors suggested that multiple artery grafting surgery might benefit
results by younger patients [32,33]. Likewise, in our study, the use of arterial grafts was
significantly higher (p = 0.005) in the male group compared to the female group. Despite
all of the above-mentioned factors, we were unable to identify a higher survival rate in the
male group compared to the female group in our sample.

Based on the information provided, the use of OPCAB technique to improve outcomes
has been controversially discussed in recent years [9,14,21]. Puskas et al. [21] found a
decreased rate of major adverse events among female patients undergoing OPCAB surgery
compared to on-pump CABG procedure. Others, such as one by Fu et al. [9] showed an
increased risk of major cardiac and cerebral events by female patients after the OPCAB
procedure. The authors mentioned that incomplete revascularization due to the smaller
intraluminar diameter of coronary arteries could explain an increased rate of late adverse
events in females [9]. However, the survival rate was similar in both gender groups [9,21].
Similarly, in our sample, we did not find any benefits of the OPCAB procedure with regard
to morbidity and mortality between both sexes.
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Moreover, several studies stated that female patients suffered more often from post-
operative complications after bypass surgery [9,34]. The authors stated that female sex
could be a significant risk factor for acute renal failure [9,34]. Chou et al. [34] showed that
women underwent dialysis significantly earlier compared to men after bypass procedure.
In contrast, the observational animal studies showed that male sex might be associated
with an increased incidence of acute kidney injury requiring dialysis [35,36]. Moreover,
Neugarten et al. [36] highlighted the protective role of female sex in the development of
acute renal failure in patients after open-heart surgery. The authors mentioned that this
protective effect could be explained by effects of sex hormones on cellular processes in the
pathogenesis of acute renal failure [35,36]. In contrast, we could not identify any significant
differences regarding acute kidney failure (p = 0.956) and dialysis (p = 0.456) between the
male and female group in our study.

Female gender was associated with a higher prevalence of wound infection after by-
pass surgery compared to male gender [37]. Additionally, the authors reported that female
gender remained a strong predictor of wound infection after the CABG procedure [38].
Furthermore, Patel et al. [20] observed that females had a significantly higher incidence of
wound infection (p = 0.028) compared to males after the off-pump procedure only. However,
we found no significant differences (p = 0.187) in wound infection between both genders
after OPCAB surgery.

No significant differences in primary and secondary outcomes were observed between
men and women after OPCAB surgery. Therefore, further prospective trials with larger
sample sizes are needed to identify any potential sex differences in patients after off-pump
bypass procedure.

5. Study Limitations

This purely retrospective clinical research has several limitations. Firstly, it is a retro-
spective double-center analysis with a relatively small patient cohort. Secondly, we focused
on short-term outcomes and did not pay enough attention to the long-term results. Thirdly,
specific pathophysiological conditions were not evaluated in our study. Fourthly, OPCAB
surgery was conducted by different surgeons, which may have introduced bias in our
findings. All potential biases and confounders should be taken into account in further
studies. Lastly, the sample size was not calculated, which could potentially result in lower
statistical power.

6. Conclusions

Based on our findings, gender did not have a significant impact on short-term out-
comes following OPCAB surgery. Mortality rates were similar in both male and female
groups, and secondary outcomes did not differ significantly between the two groups. As a
result, OPCAB surgery appears to be a safe procedure for both male and female patients.
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Gender differences in coronary artery diameters and survival results after off-pump coronary artery bypass (OPCAB) procedures.
J. Thorac. Dis. 2021, 13, 2867–2873. [CrossRef] [PubMed]

3. Bucerius, J.; Gummert, J.F.; Walther, T.; Borger, M.; Doll, N.; Falk, V.; Mohr, F.W. Impact of Off-Pump Coronary Bypass Grafting
on the Prevalence of Adverse Perioperative Outcome in Women Undergoing Coronary Artery Bypass Grafting Surgery. Ann.
Thorac. Surg. 2005, 79, 807–812. [CrossRef] [PubMed]

4. Hannan, E.L.; Wu, C.; Smith, C.R.; Higgins, R.S.; Carlson, R.E.; Culliford, A.T.; Jones, R.H. Off-pump versus on-pump coro-
nary artery bypass graft surgery: Differences in short-term outcomes and in long-term mortality and need for subsequent
revascularization. Circulation 2007, 116, 1145–1152. [CrossRef] [PubMed]

5. Khan, N.E.; De Souza, A.; Mister, R.; Flather, M.; Clague, J.; Davies, S.; Collins, P.; Wang, D.; Sigwart, U.; Pepper, J. A Randomized
Comparison of Off-Pump and On-Pump Multivessel Coronary-Artery Bypass Surgery. N. Engl. J. Med. 2004, 350, 21–28.
[CrossRef] [PubMed]

6. Koch, C.G.; Khandwala, F.; Nussmeier, N.; Blackstone, E.H. Gender and outcomes after coronary artery bypass grafting: A
propensity-matched comparison. J. Thorac. Cardiovasc. Surg. 2003, 126, 2032–2043. [CrossRef] [PubMed]

7. Abramov, D.; Tamariz, M.G.; Sever, J.Y.; Christakis, G.T.; Bhatnagar, G.; Heenan, A.L.; Goldman, B.S.; Fremes, S. The influence of
gender on the outcome of coronary artery bypass surgery. Ann. Thorac. Surg. 2000, 70, 800–805. [CrossRef]

8. Ahmed, W.A.; Tully, P.J.; Knight, J.L.; Baker, R.A. Female Sex as an Independent Predictor of Morbidity and Survival After
Isolated Coronary Artery Bypass Grafting. Ann. Thorac. Surg. 2011, 92, 59–67. [CrossRef] [PubMed]

9. Fu, S.-P.; Zheng, Z.; Yuan, X.; Zhang, S.-J.; Gao, H.-W.; Li, Y.; Hu, S.-S. Impact of Off-Pump Techniques on Sex Differences in Early
and Late Outcomes After Isolated Coronary Artery Bypass Grafts. Ann. Thorac. Surg. 2009, 87, 1090–1096. [CrossRef]

10. O’Connor, N.J.; Morton, J.R.; Birkmeyer, J.D.; Olmstead, E.M.; O’Connor, G.T. Effect of Coronary Artery Diameter in Patients
Undergoing Coronary Bypass Surgery. Circulation 1996, 93, 652–655. [CrossRef]

11. Sheifer, S.E.; Canos, M.R.; Weinfurt, K.P.; Arora, U.K.; Mendelsohn, F.O.; Gersh, B.J.; Weissman, N.J. Sex differences in coronary
artery size assessed by intravascular ultrasound. Am. Heart J. 2000, 139, 649–652. [CrossRef] [PubMed]

12. von Mering, G.O.; Arant, C.B.; Wessel, T.R.; McGorray, S.P.; Bairey Merz, C.N.; Sharaf, B.L.; Kerensky, R.A. Abnormal coronary
vasomotion as a prognostic indicator of cardiovascular events in women: Results from the National Heart, Lung, and Blood
Institute-Sponsored Women’s Ischemia Syndrome Evaluation (WISE). Circulation 2004, 109, 722–725. [CrossRef]

13. Burke, A.P.; Virmani, R.; Galis, Z.; Haudenschild, C.C.; Muller, J.E. 34th Bethesda Conference: Task force #2–What is the pathologic
basis for new atherosclerosis imaging techniques? J. Am. Coll. Cardiol. 2003, 41, 1874–1886. [PubMed]

14. Robinson, N.B.; Naik, A.; Rahouma, M.; Morsi, M.; Wright, D.; Hameed, I.; Di Franco, A.; Girardi, L.N.; Gaudino, M. Sex
differences in outcomes following coronary artery bypass grafting: A meta-analysis. Interact. Cardiovasc. Thorac. Surg. 2021, 33,
841–847. [CrossRef] [PubMed]

15. Guru, V.; Fremes, S.E.; Austin, P.C.; Blackstone, E.H.; Tu, J.V. Gender Differences in Outcomes After Hospital Discharge From
Coronary Artery Bypass Grafting. Circulation 2006, 113, 507–516. [CrossRef] [PubMed]

16. Blankstein, R.; Ward, R.P.; Arnsdorf, M.; Jones, B.; Lou, Y.B.; Pine, M. Female gender is an independent predictor of operative
mortality after coronary artery bypass graft surgery: Contemporary analysis of 31 Midwestern hospitals. Circulation 2005, 112, 9.
[CrossRef] [PubMed]

17. E Woods, S.; Noble, G.; Smith, M.J.; Hasselfeld, K. The influence of gender in patients undergoing coronary artery bypass graft
surgery: An eight-year prospective hospitalized cohort study. J. Am. Coll. Surg. 2003, 196, 428–434. [CrossRef]

18. Gulbins, H.; Ennker, I.C.; Malkoc, A. Female Gender Does Not Increase Perioperative Risk in Coronary Bypass Surgery. Thorac.
Cardiovasc. Surg. 2010, 58, 403–407. [CrossRef]

19. Chauhan, M.S.; Ho, K.K.; Baim, D.S.; Kuntz, R.E.; Cutlip, D.E. Effect of gender on in-hospital and one-year outcomes after
contemporary coronary artery stenting. Am. J. Cardiol. 2005, 95, 101–104. [CrossRef]

20. Patel, S.; Smith, J.M.; Engel, A.M. Gender differences in outcomes after off-pump coronary artery bypass graft surgery. Am. Surg.
2006, 72, 310–313. [CrossRef]

http://doi.org/10.1016/j.jacc.2012.11.002
http://www.ncbi.nlm.nih.gov/pubmed/23257320
http://doi.org/10.21037/jtd-20-3356
http://www.ncbi.nlm.nih.gov/pubmed/34164178
http://doi.org/10.1016/j.athoracsur.2004.06.013
http://www.ncbi.nlm.nih.gov/pubmed/15734382
http://doi.org/10.1161/CIRCULATIONAHA.106.675595
http://www.ncbi.nlm.nih.gov/pubmed/17709642
http://doi.org/10.1056/NEJMoa031282
http://www.ncbi.nlm.nih.gov/pubmed/14702424
http://doi.org/10.1016/S0022-5223(03)00950-4
http://www.ncbi.nlm.nih.gov/pubmed/14688723
http://doi.org/10.1016/S0003-4975(00)01563-0
http://doi.org/10.1016/j.athoracsur.2011.02.033
http://www.ncbi.nlm.nih.gov/pubmed/21601828
http://doi.org/10.1016/j.athoracsur.2009.01.039
http://doi.org/10.1161/01.CIR.93.4.652
http://doi.org/10.1016/S0002-8703(00)90043-7
http://www.ncbi.nlm.nih.gov/pubmed/10740147
http://doi.org/10.1161/01.CIR.0000115525.92645.16
http://www.ncbi.nlm.nih.gov/pubmed/12798554
http://doi.org/10.1093/icvts/ivab191
http://www.ncbi.nlm.nih.gov/pubmed/34476494
http://doi.org/10.1161/CIRCULATIONAHA.105.576652
http://www.ncbi.nlm.nih.gov/pubmed/16449730
http://doi.org/10.1161/CIRCULATIONAHA.104.525139
http://www.ncbi.nlm.nih.gov/pubmed/16159840
http://doi.org/10.1016/S1072-7515(02)01756-8
http://doi.org/10.1055/s-0030-1249924
http://doi.org/10.1016/j.amjcard.2004.08.070
http://doi.org/10.1177/000313480607200406


J. Clin. Med. 2023, 12, 2202 9 of 9

21. Puskas, J.D.; Kilgo, P.D.; Kutner, M.; Pusca, S.V.; Lattouf, O.; Guyton, R.A. Off-Pump Techniques Disproportionately Benefit
Women and Narrow the Gender Disparity in Outcomes After Coronary Artery Bypass Surgery. Circulation 2007, 116, I-192–I-199.
[CrossRef]

22. Krasivskyi, I.; Ivanov, B.; Eghbalzadeh, K.; Fehlau, F.; Gerfer, S.; Großmann, C.; Elderia, A.; Sabashnikov, A.; Rahmanian, P.B.;
Mader, N.; et al. Sex-Associated Differences in Short-Term Outcomes in Patients with Deep Sternal Wound Infection after
Open-Heart Surgery. J. Clin. Med. 2022, 11, 7510. [CrossRef] [PubMed]

23. Neto, J.A.D.F.; Barroso, L.C.; Nunes, J.K.V.R.S.; Nina, V.J.D.S. Sex Differences in Mortality After CABG Surgery. Rev. Bras. Cir.
Cardiovasc. 2015, 30, 610–614. [CrossRef]

24. Alam, M.; Lee, V.V.; Elayda, M.A.; Shahzad, S.A.; Yang, E.Y.; Nambi, V.; Virani, S.S. Association of gender with morbidity and
mortality after isolated coronary artery bypass grafting. A propensity score matched analysis. Int. J. Cardiol. 2013, 167, 180–184.
[CrossRef] [PubMed]

25. Weisel, R.D.; Nussmeier, N.; Newman, M.F.; Pearl, R.G.; Wechsler, A.S.; Ambrosio, G.; Pitt, B.; Clare, R.M.; Pieper, K.S.; Mongero,
L.; et al. Predictors of contemporary coronary artery bypass grafting outcomes. J. Thorac. Cardiovasc. Surg. 2014, 148, 2720–2726.e2.
[CrossRef] [PubMed]

26. Liaudat, C.C.; Vaucher, P.; De Francesco, T.; Jaunin-Stalder, N.; Herzig, L.; Verdon, F.; Favrat, B.; Locatelli, I.; Clair, C. Sex/gender
bias in the management of chest pain in ambulatory care. Women’s Health 2018, 14, 1745506518805641. [CrossRef]

27. Kasirajan, V.; Smedira, N.G.; McCarthy, J.F.; Casselman, F.; Boparai, N.; McCarthy, P.M. Risk factors for intracranial hemorrhage
in adults on extracorporeal membrane oxygenation1. Eur. J. Cardio-Thorac. Surg. 1999, 15, 508–514. [CrossRef] [PubMed]

28. Amato, V.L.; Timerman, A.; Paes, Â.T.; Baltar, V.T.; Farsky, P.S.; Farran, J.A.; Sousa, J. Immediate results of myocardial revascular-
ization. Comparison between men and women. Arq. Bras. Cardiol. 2004, 83, 14–20. [CrossRef]

29. Ennker, I.C.; Albert, A.; Pietrowski, D.; Bauer, K.; Ennker, J.; Florath, I. Impact of Gender on Outcome after Coronary Artery
Bypass Surgery. Asian Cardiovasc. Thorac. Ann. 2009, 17, 253–258. [CrossRef]

30. Cantor, W.J.; Miller, J.M.; Hellkamp, A.S.; Kramer, J.M.; Peterson, E.D.; Hasselblad, V.; Zidar, J.P.; Newby, L.; Ohman, E. Role of
target vessel size and body surface area on outcomes after percutaneous coronary interventions in women. Am. Heart J. 2002, 144,
297–302. [CrossRef] [PubMed]

31. Rocha, R.V.; Tam, D.Y.; Karkhanis, R.; Nedadur, R.; Fang, J.; Tu, J.V.; Gaudino, M.; Royse, A.; Fremes, S.E. Multiple Arterial
Grafting Is Associated with Better Outcomes for Coronary Artery Bypass Grafting Patients. Circulation 2018, 138, 2081–2090.
[CrossRef] [PubMed]

32. Kurlansky, P.A.; Traad, E.A.; Dorman, M.J.; Galbut, D.L.; Zucker, M.; Ebra, G. Bilateral internal mammary artery grafting reverses
the negative influence of gender on outcomes of coronary artery bypass grafting surgery †. Eur. J. Cardio-Thorac. Surg. 2013, 44,
54–63. [CrossRef] [PubMed]

33. Kieser, T.M.; Lewin, A.M.; Graham, M.M.; Martin, B.-J.; Galbraith, P.D.; Rabi, D.M.; Norris, C.M.; Faris, P.D.; Knudtson, M.L.;
Ghali, W.A. Outcomes Associated with Bilateral Internal Thoracic Artery Grafting: The Importance of Age. Ann. Thorac. Surg.
2011, 92, 1269–1276. [CrossRef] [PubMed]

34. Chou, Y.-H.; Huang, T.-M.; Wu, V.-C.; Wang, C.-Y.; Shiao, C.-C.; Lai, C.-F.; Tsai, H.-B.; Chao, C.-T.; Young, G.-H.; Wang, W.-J.;
et al. Impact of timing of renal replacement therapy initiation on outcome of septic acute kidney injury. Crit. Care 2011, 15, R134.
[CrossRef] [PubMed]

35. Neugarten, J.; Golestaneh, L.; Kolhe, N.V. Sex differences in acute kidney injury requiring dialysis. BMC Nephrol. 2018, 19, 131.
[CrossRef]

36. Neugarten, J.; Sandilya, S.; Singh, B.; Golestaneh, L. Sex and the Risk of AKI Following Cardio-thoracic Surgery: A Meta-Analysis.
Clin. J. Am. Soc. Nephrol. 2016, 11, 2113–2122. [CrossRef] [PubMed]

37. Nakano, J.; Okabayashi, H.; Hanyu, M.; Soga, Y.; Nomoto, T.; Arai, Y.; Matsuo, T.; Kai, M.; Kawatou, M. Risk factors for wound
infection after off-pump coronary artery bypass grafting: Should bilateral internal thoracic arteries be harvested in patients with
diabetes? J. Thorac. Cardiovasc. Surg. 2008, 135, 540–545. [CrossRef] [PubMed]

38. Gatti, G.; Maschietto, L.; Morosin, M.; Russo, M.; Benussi, B.; Forti, G.; Dreas, L.; Sinagra, G.; Pappalardo, A. Routine use of
bilateral internal thoracic artery grafting in women: A risk factor analysis for poor outcomes. Cardiovasc. Revascularization Med.
2017, 18, 40–46. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1161/CIRCULATIONAHA.106.678979
http://doi.org/10.3390/jcm11247510
http://www.ncbi.nlm.nih.gov/pubmed/36556125
http://doi.org/10.5935/1678-9741.20150073
http://doi.org/10.1016/j.ijcard.2011.12.047
http://www.ncbi.nlm.nih.gov/pubmed/22240765
http://doi.org/10.1016/j.jtcvs.2014.08.018
http://www.ncbi.nlm.nih.gov/pubmed/25218533
http://doi.org/10.1177/1745506518805641
http://doi.org/10.1016/S1010-7940(99)00061-5
http://www.ncbi.nlm.nih.gov/pubmed/10371130
http://doi.org/10.1590/S0066-782X2004001900004
http://doi.org/10.1177/0218492309104746
http://doi.org/10.1067/mhj.2002.123318
http://www.ncbi.nlm.nih.gov/pubmed/12177648
http://doi.org/10.1161/CIRCULATIONAHA.118.034464
http://www.ncbi.nlm.nih.gov/pubmed/30474420
http://doi.org/10.1093/ejcts/ezs683
http://www.ncbi.nlm.nih.gov/pubmed/23389478
http://doi.org/10.1016/j.athoracsur.2011.05.083
http://www.ncbi.nlm.nih.gov/pubmed/21958771
http://doi.org/10.1186/cc10252
http://www.ncbi.nlm.nih.gov/pubmed/21645350
http://doi.org/10.1186/s12882-018-0937-y
http://doi.org/10.2215/CJN.03340316
http://www.ncbi.nlm.nih.gov/pubmed/27797892
http://doi.org/10.1016/j.jtcvs.2007.11.008
http://www.ncbi.nlm.nih.gov/pubmed/18329466
http://doi.org/10.1016/j.carrev.2016.08.001

	Introduction 
	Materials and Methods 
	Surgical Procedure 
	Data Collection 
	Outcome Analysis 
	Ethics 
	Statistical Methods 

	Results 
	Preoperative Data before and after PSM 
	Intraoperative Characteristics before and after PSM 
	Primary and Secondary Outcomes 

	Discussion 
	Study Limitations 
	Conclusions 
	References

