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Abstract

Aims Combined coronary artery bypass grafting (CABG) and aortic valve replacement (AVR), and female sex are associated
with increased perioperative mortality in clinical risk scores. This study investigated male–female differences in short-term
outcome stratified by age groups.
Methods and results All patients undergoing AVR and CABG between January 2001 and June 2021 at our institution were
included. 1963 patients were grouped by decades into: 59 years and younger (n = 127), 60–69 (n = 471), 70–79 (n = 1070), and
80 years and older (n = 295). The primary end points of this study were 30 and 180 days mortality. Secondary end points were
influence of preoperative risk factors and impact of sex on survival and postoperative major adverse events. Female patients
showed higher 30 and 180 days mortality after combined CABG and AVR surgery (8.3% vs. 4.2%, P < 0.01; 15.8% vs. 9.4%,
P < 0.01). Stratified by age groups, 30 and 180 days mortality remained significantly higher in septuagenarians (9.6% vs.
2.5%, P < 0.01; 16.3% vs. 7.7%, P < 0.01). Females were significantly older, had better preserved left ventricular function,
and higher incidence of diabetes mellitus compared with male patients in this subgroup (P < 0.01; P = 0.01; P < 0.01). Addi-
tionally, females received significantly less internal mammary artery (IMA) conduits (P < 0.01). Female sex (OR: 3.33, 95% CI:
[1.76–6.31]; 1.93, [1.22–3.06]), higher age (1.28, [1.13–1.45]; 1.16, [1.06–1.26]), diabetes mellitus (1.93, [1.03–3.60]; 1.70,
[1.08–2.67]) and LVEF <30% (3.26, [1.48–7.17]; 2.23, [1.24–4.02]) were correlated with 30 and 180 days mortality, respec-
tively. Upon multivariable testing, sex (1.77, [1.21–2.58]) and LVEF <30% (3.71, [2.39–5.76]) remained independent predictors
for major adverse postoperative events. Infrequent use of IMA grafts was associated with increased 30 and 180 days mortality
as well as adverse events (0.47, [0.25–0.87]; 0.46, [0.29–0.72]; 0.61, [0.42–0.88]).
Conclusions Sex disparities in baseline characteristics may delay operative intervention in female patients. The inherent risk
profiles might be responsible for outcome differences in septuagenarians.
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Introduction

Heart disease remains the leading cause of mortality within
ESC member countries in men and women.1 Sex discrepan-
cies in cardiac surgery regarding morbidity and mortality
have been previously described, and female sex as a
predictor of increased risk is accounted for in clinical risk
scores.2–4 In recent years, an increasing number of female

patients are undergoing heart surgery.5 While clinical and
technical advancements have led to overall improved out-
comes in cardiac surgery, female sex as a risk factor for
short-term mortality and postoperative adverse clinical
events is still discussed.2,6,7 Several studies focused on out-
come differences after CABG.3,8,9

However, there is a scarcity of data concerning the impact
of sex on postoperative outcome after combined AVR and
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CABG surgery, which carries an increased risk of morbidity
and mortality when compared with isolated CABG or AVR
per se.10,11 The purpose of this study was to compare
male–female differences regarding risk factors and
short-term outcomes, stratified by age for concomitant CABG
and aortic valve replacement surgery.

Materials and methods

Between January 2001 and June 2021, a total of 1963 pa-
tients underwent simultaneous CABG and AVR at our insti-
tution and were included in the analysis. Patients having
other concurrent valve surgery and patients undergoing iso-
lated CABG or aortic valve surgery were excluded from this
study (Figure S1). This study was performed in accordance
with the ethical standards of the Declaration of Helsinki.
Approval was granted by the institutional review board
(IRB) of Heidelberg University (ethics approval number:
S-247/2020). We obtained written informed consent from
patients for their inclusion in the registry and the clinical and
scientific use of their data. No additional consent was re-
quired since data analysis was restricted to routine clinical
follow-up. Clinical data from pre-operative workups, opera-
tive notes, intensive care notes, and follow-up assessments
from our prospectively maintained clinical database were
analysed.

Groups were stratified by age as 59 years and younger
(group 1, n = 127), 60–69 years (group 2, n = 471), 70–79 years
(group 3, n = 1070), and 80 years or older (group 4, n = 295).
No patient was lost to follow-up within the included cohort.
Male–female differences due to biological sex rather than
gender (social role and identity) were explored.

The primary end points of this study were survival at 30-
and 180 days after operation. The secondary end points were
influence of pre- and perioperative characteristics and impact
of sex on survival as well as adverse clinical events. Major ad-
verse events (MACE) such as need for mechanical circulatory
support by ECMO or IABP, perioperative myocardial infarc-
tion or stroke, the need for postoperative reintubation or tra-
cheostomy, sepsis, and postoperative need for resuscitation
were included in the model.

Percentages are reported for categorical variables. Contin-
uous measures are summarized with median and interquar-
tile ranges (IQR) or mean with SD. The Pearson χ2 was used
when appropriate, to test for differences in categorical vari-
ables. One-way ANOVA was used to assess differences in con-
tinuous variables. Kaplan–Meier analysis of survival with log-
rank testing for statistical significance was used for survival
estimates. To assess the role of gender for early outcome, lo-
gistic regression analysis was used to explore variables asso-
ciated with survival as well as adverse clinical events as the
dependent variable. Known risk factors associated with mor-

tality and adverse clinical events as well as periprocedural dif-
ferences between genders were included in the analysis. All
variables with P < 0.2 were then included in a multivariable
regression model and eliminated in a backwards stepwise
method if P < 0.1. Results were described as odds ratio
(OR) with a 95% confidence interval (CI).

Statistical analysis was performed using SPSS version 28.0
(IBM Statistics, Armonk, NY, USA) and GraphPad Prism ver-
sion 9.0 (GraphPad Software, San Diego, CA, USA).

Results

Patients’ characteristics and risk factors

Patients’ pre-operative characteristics are shown in Table 1.
The cohort predominantly comprised male patients (73.9%).
Across the age brackets, the proportion of female patients
undergoing combined coronary revascularization and aortic
valve surgery increased steadily from group one through 4
(11.8%, 17%, 30.2%, 31.9%).

Except in the eldest age group, female patients were older
than their male counterparts. In septuagenarians, the differ-
ence was statistically significant with a mean age of
75.2 ± 2.7 versus 74.5 ± 2.8 years for female versus male pa-
tients (P < 0.01).

Female patients presented with higher average BMI in all
groups except in the youngest age group. This difference
was significant in sexagenarians (29.2 ± 6.0 kg/m2 vs.
27.9 ± 4.5 kg/m2; P = 0.02) as well as septuagenarians
(28.1 ± 5.2 kg/m2 and 27.3 ± 4.4 kg/m2; P = 0.01).

Consequently, the proportion of obese patients
(BMI ≥ 30 kg/m2) in these two groups was also significantly
higher in female patients. While 42.5% and 34.5% of females,
only 29.9% and 25.6% of males showed obesity in groups 2
and 3 (P = 0.03 and P < 0.01), respectively.

Significantly more female patients among sexagenarians
and septuagenarians suffered from diabetes mellitus (55%
vs. 39.1%; P = 0.01 and 44.9% vs. 34.9%; P < 0.01). Addition-
ally, the proportion of female diabetics was higher than that
of male patients with diabetes in all other age groups.

Conversely, in all age groups, a significantly larger propor-
tion of male patients were active or former smokers. Almost
one-third of 70- to 79-year-old men reported smoking history,
as opposed to 14.9% of women (P < 0.01).

Except in the youngest group, the prevalence of coronary
three-vessel disease at admission was higher in male, com-
pared with female patients. This difference was statistically
significant in septuagenarians, with 58.9% of men with coro-
nary three-vessel disease compared with 42.4% of women
(P < 0.01).

Left main stenosis affected predominantly male patients,
with the difference reaching statistical significance in the
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70- to 79-year-old (group 3: 22.4% of women vs. 30.4% of
men; P = 0.01).

Across all age groups, predominantly men had suffered
from previous myocardial infarction prior to surgery. Accord-
ingly, significantly more septuagenarian men presented with
a history of coronary intervention (25.6% vs. 14.9%,
P < 0.01).

Left ventricular ejection fraction (LVEF) was recorded as a
preoperative parameter for cardiac function. Male patients
presented with a LVEF less than 30% more frequently, with
the difference reaching statistical significance in septuagenar-
ians (13.7% vs. 8.4%; P = 0.01). Chronic obstructive pulmo-
nary disease (COPD) was more prevalent among males,
reaching statistical significance in septuagenarians (28.4% of
men vs. 21.1% of women, P = 0.02).

Other cardiovascular risk factors, such as arterial hyperten-
sion and hyperlipidaemia were distributed equally between
female and male patients across the study groups as pre-
sented in Table 1. An overview of the preoperative differ-
ences for the entire cohort can be found in Table S1.

Operative characteristics

Operative parameters are summarized in Table 2. Across all
age groups, the mean amount of intraoperative blood trans-
fusion was significantly higher in female patients (P-values:
0.02; <0.01; <0.01, 0.02).

Bypass time was significantly shorter in septuagenarian
women with 134.1 ± 44.5 min versus 139.8 ± 41.2 min
(P = 0.04).

While the use of internal mammary artery (IMA) as a by-
pass graft was generally more frequent in men than in
women, this difference was only significant in septuagenar-
ians, where 71.5% of men versus 59.1% of women
(P < 0.01) underwent IMA revascularization. No significant
sex-related difference was seen comparing patients who re-
ceived only arterial grafts.

Furthermore, the number of vascular grafts, as well as the
number of peripheral and central anastomoses were exam-
ined. Likewise in septuagenarians, female patients received,
on average fewer grafts with fewer anastomoses as pre-
sented in Table 2 (P < 0.01, P = 0.04, and P < 0.01).

Significantly larger valve implants were used in males than
females in all age groups (P < 0.01). The differences for the
entire cohort are summarized in Table S2.

Postoperative course

Mean follow-up time of the patients’ collective was
204.15 ± 286.83 days (median: 196 days). In addition to the
primary event, postoperative adverse clinical events are pre-
sented in Table 3. Except for the youngest age group, periop-

erative myocardial infarction occurred more often in women,
albeit not reaching statistical significance.

Circulatory arrest with the need for cardiopulmonary re-
suscitation during the postoperative course was needed in
3.4% of the entire cohort. This was more common among
women than men in all age groups- except in sexagenarians.
The difference was most distinctive in septuagenarians,
where over thrice as many women underwent CPR (7.1%
vs. 2.1%; P < 0.01).

In consequence, mechanical circulatory support (ECLS/
ECMO) was necessary in septuagenarian women more than
men (P < 0.01).

The incidence of ventricular arrhythmias postoperatively
as well as atrioventricular block (AV block) did not show sta-
tistically significant differences as detailed in Table 3.

Overall, endocarditis occurred rarely early after surgery,
and no sex-specific predominance was observed. More male
patients suffered from deep sternal wound infections (DSWI)
in all age groups except in group 4, because octogenarian
women were more affected from DSWI (2.1% vs. 0%;
P = 0.04). Postoperative course differences for the entire co-
hort can be found in Table S3.

30 day mortality and 180 day mortality

Overall, female patients showed significantly higher 30 and
180 days mortality after combined CABG and AVR surgery
for the entire cohort (8.3% vs. 4.2%, P < 0.01; and 15.8%
vs. 9.4%, P < 0.01). Stratified by age groups, 30 day mortality
in women remained higher than men, except for sexagenar-
ians. However, this difference was statistically significant only
in septuagenarians, where 30 day mortality for women was
almost 4 times that of their male counterparts (9.6% vs.
2.5%; P < 0.01). Similarly, in all age groups, except for sexa-
genarians, the 180 day mortality of females was numerically
higher than that of male patients. Consistently, statistical sig-
nificance was only observed in septuagenarians (16.3% vs.
7.7%, P < 0.01).

Survival time analysis by Kaplan–Meier estimates is shown
in Figure 1.

The cumulative survival at 30 days in females was 88.9%
(standard error 1.9%), and in males 97.1% (standard error
0.7%). At 180 days, statistical survival for women was 83.7%
(standard error 2.2%), whereas for men it was 92.3% (stan-
dard error 1.1%). The difference in cumulative statistical sur-
vival comparing the genders was significant by log-rank test
with P < 0.01. The survival estimates of the entire cohort
are provided in Figure S2.

To elucidate potential factors influencing survival, stepwise
analysis of known risk factors through binomial logistic re-
gression was carried out for septuagenarians.

Factors associated with mortality in univariable model are
summarized in Table 4.

2916 R. Krey et al.

ESC Heart Failure 2024; 11: 2913–2923
DOI: 10.1002/ehf2.14847

D
ow

nloaded from
 academ

ic.oup.com
/eschf/article/11/5/2913/8271276 by Augsburg U

niversity Library user on 10 Septem
ber 2026



Ta
b
le

2
In
tr
ao

pe
ra
ti
ve

ch
ar
ac
te
ri
st
ic
s

<
59

ye
ar
s

60
–
69

ye
ar
s

70
–
79

ye
ar
s

>
80

ye
ar
s

Fe
m
al
e
(n

=
15

)
M
al
e

(n
=

11
2)

P
Fe
m
al
e
(n

=
80

)
M
al
e

(n
=

39
1)

P
Fe
m
al
e

(n
=

32
3)

M
al
e

(n
=

74
7)

P
Fe
m
al
e
(n

=
94

)
M
al
e
(n

=
20

1)
P

U
rg
en

cy
(n
;%

)
0.
82

0.
69

0.
61

0.
14

El
ec
ti
ve

6;
40

.0
%

51
;4

5.
5%

31
;3

8.
8%

14
7;

37
.6
%

10
6;

32
.8
%

27
2;

36
.4
%

18
;1

9.
1%

65
;3

2.
3%

U
rg
en

t
8;

53
.3
%

57
;5

0.
9%

42
;5

2.
5%

21
5;

55
.0
%

19
2;

59
.4
%

42
7;

57
.2
%

66
;7

0.
2%

11
7;

58
.2
%

Em
er
ge

nc
y

1;
6.
7%

3;
2.
7%

7;
8.
8%

25
;6

.4
%

24
;7

.4
%

47
;6

.3
%

8;
8.
5%

15
;7

.5
%

U
lt
im

a
ra
ti
o/

re
an

im
at
io
n

0;
0.
0%

1;
0.
9%

0;
0.
0%

4;
1.
0%

1;
0.
3%

1;
0.
1%

2;
2.
1%

4;
2.
0%

D
ur
at
io
n
of

in
tu
ba

ti
on

(h
;

m
ea

n
±

SD
)

21
.9

±
31

.6
41

.6
±

12
9.
1

0.
56

32
.2

±
46

.8
42

.9
±

11
0.
9

0.
40

59
.6

±
12

6.
0

43
.0

±
13

5.
1

0.
06

92
.3

±
33

2.
7

59
.6

±
16

3.
7

0.
26

Bl
oo

d
tr
an

sf
us
io
n

in
tr
ao

pe
ra
ti
ve
ly

(m
L;

m
ea

n
±

SD
)

11
11

.5
±

92
1.
5

58
3.
2
±

75
0.
4

0.
02

11
71

.2
±

80
6.
3

83
2.
3
±

93
5.
3

<
0.
01

12
98

.6
±

99
8.
9

90
0.
7
±

91
1.
2<

0.
01

13
68

.3
±

92
5.
7

10
95

.4
±

86
6.
7

0.
02

Ti
m
e
on

by
pa

ss
(m

in
;

m
ea

n
±

SD
)

16
4.
1
±

84
.7

14
9.
7
±

54
.3

0.
37

14
1.
0
±

42
.4

14
3.
0
±

49
.2

0.
75

13
4.
1
±

44
.5

13
9.
8
±

41
.2

0.
04

13
5.
8
±

48
.4

13
3.
0
±

43
.6

0.
62

C
ro
ss
-c
la
m
pi
ng

ti
m
e

(m
in
;m

ea
n
±

SD
)

10
1.
1
±

33
.1

95
.3

±
28

.2
0.
47

91
.2

±
23

.4
91

.3
±

26
.2

0.
96

85
.3

±
23

.5
89

.6
±

22
.7

<
0.
01

84
.1

±
23

.4
86

.7
±

25
.8

0.
40

IM
A
as

gr
af
t
(n
;%

)
8;

53
.3
%

79
;7

0.
5%

0.
18

52
;6

5.
0%

27
7;

70
.8
%

0.
30

19
1;

59
.1
%

53
4;

71
.5
%

<
0.
01

50
;5

3.
2%

12
4;

61
.7
%

0.
17

O
nl
y
ar
te
ria

lg
ra
ft
s

(n
;%

)
4;

26
.7
%

31
;2

7.
7%

0.
93

20
;2

5.
0%

10
3;

26
.3
%

0.
80

91
;2

8.
2%

16
9;

22
.6
%

0.
05

26
;2

7.
7%

39
;1

9.
4%

0.
11

N
um

be
r
of

gr
af
ts

(m
ea

n
±

SD
)

1.
6
±

0.
8

1.
7
±

0.
6

0.
70

1.
6
±

0.
6

1.
6
±

0.
6

0.
96

1.
5
±

0.
6

1.
7
±

0.
6

<
0.
01

1.
5
±

0.
6

1.
6
±

0.
6

0.
13

N
um

be
r
of

ce
nt
ra
l

an
as
to
m
os
es

(m
ea

n
±

SD
)

0.
9
±

0.
7

0.
9
±

0.
6

0.
98

0.
9
±

0.
6

0.
9
±

0.
6

0.
92

0.
8
±

0.
6

0.
9
±

0.
6

0.
04

0.
9
±

0.
7

1.
0
±

0.
6

0.
67

N
um

be
r
of

pe
rip

he
ra
l

an
as
to
m
os
es

(m
ea

n
±

SD
)

1.
9
±

1.
2

1.
9
±

0.
8

0.
84

1.
9
±

1.
0

1.
9
±

1.
0

0.
73

1.
7
±

0.
9

1.
9
±

0.
9

<
0.
01

1.
7
±

0.
9

1.
9
±

0.
8

0.
12

D
ia
m
et
er

of
pr
ot
he

si
s

(m
m
;m

ea
n
±

SD
)

21
.8

±
1.
7

24
.0

±
1.
9

<
0.
01

21
.8

±
1.
5

23
.9

±
1.
7

<
0.
01

21
.6

±
1.
4

23
.8

±
1.
6

<
0.
01

21
.4

±
1.
3

23
.7

±
1.
6

<
0.
01

IM
A
,i
nt
er
na

lm
am

m
ar
y
ar
te
ry
;S

D
,s
ta
nd

ar
d
de

vi
at
io
n.

St
at
is
ti
ca
lly

si
gn

ifi
ca
nt

P-
va
lu
es

ar
e
in

bo
ld
.

Female sex correlates with mortality after combined coronary artery bypass grafting and aortic valve replacement surgery 2917

ESC Heart Failure 2024; 11: 2913–2923
DOI: 10.1002/ehf2.14847

D
ow

nloaded from
 academ

ic.oup.com
/eschf/article/11/5/2913/8271276 by Augsburg U

niversity Library user on 10 Septem
ber 2026



Ta
b
le

3
Po

st
op

er
at
iv
e
co

ur
se

<
59

ye
ar
s

60
–
69

ye
ar
s

70
–
79

ye
ar
s

>
80

ye
ar
s

Fe
m
al
e

(n
=

15
)

M
al
e

(n
=

11
2)

P
Fe
m
al
e

(n
=

80
)

M
al
e

(n
=

39
1)

P
Fe
m
al
e

(n
=

32
3)

M
al
e

(n
=

74
7)

P
Fe
m
al
e
(n

=
94

)M
al
e
(n

=
20

1)
P

C
ar
di
ac

in
fa
rc
ti
on

pe
rio

pe
ra
ti
ve
ly

(n
;%

)
0;

0.
0%

3;
2.
7%

0.
52

4;
5.
0%

6;
1.
5%

0.
05

9;
2.
8%

9;
1.
2%

0.
07

2;
2.
1%

3;
1.
5%

0.
69

EC
M
O

po
st
op

er
at
iv
el
y
(n
;%

)
0;

0.
0%

2;
1.
8%

0.
60

0;
0.
0%

2;
0.
5%

0.
52

1;
0.
3%

0;
0.
0%

0.
13

0;
0.
0%

0;
0.
0%

IA
BP

po
st
op

er
at
iv
el
y
(n
;%

)
0;

0.
0%

2;
1.
8%

0.
60

3;
3.
8%

20
;5

.1
%

0.
61

13
;4

.0
%

17
;2

.3
%

0.
11

4;
4.
3%

13
;6

.5
%

0.
45

Lo
w
-o
ut
pu

t-
sy
nd

ro
m
e
po

st
op

er
at
iv
el
y

(n
;%

)
1;

6.
7%

6;
5.
4%

0.
84

5;
6.
3%

41
;1

0.
5%

0.
25

34
;1

0.
5%

54
;7

.2
%

0.
07

10
;1

0.
6%

22
;1

0.
9%

0.
94

V
en

tr
ic
ul
ar

ar
rh
yt
hm

ia
s
(n
;%

)
1;

6.
7%

8;
7.
1%

0.
95

10
;1

2.
5%

41
;1

0.
5%

0.
60

36
;1

1.
1%

80
;1

0.
7%

0.
83

7;
7.
4%

22
;1

0.
9%

0.
35

Po
st
op

er
at
iv
e
A
V
-b
lo
ck

(n
;%

)
0;

0.
0%

3;
2.
7%

0.
52

1;
1.
3%

11
;2

.8
%

0.
42

17
;5

.3
%

50
;6

.7
%

0.
38

5;
5.
3%

12
;6

.0
%

0.
82

Po
st
op

er
at
iv
e
pa

ce
m
ak

er
im

pl
an

ta
ti
on

(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

6;
1.
5%

0.
27

8;
2.
5%

21
;2

.8
%

0.
76

2;
2.
1%

12
;6

.0
%

0.
15

Re
an

im
at
io
n
(n
;%

)
1;

6.
7%

3;
2.
7%

0.
41

1;
1.
3%

10
;2

.6
%

0.
48

23
;7

.1
%

16
;2

.1
%

<
0.
01

5;
5.
3%

8;
4.
0%

0.
60

In
te
ns
iv
e
re
sp

ir
at
or
y
th
er
ap

y
(n
;%

)
6;

40
.0
%

53
;4

7.
3%

0.
59

37
;4

6.
3%

21
7;

55
.5
%

0.
13

18
2;

56
.3
%

40
3;

53
.9
%

0.
47

44
;4

6.
8%

12
0;

59
.7
%

0.
04

Re
in
tu
ba

ti
on

(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

6;
1.
5%

0.
27

5;
1.
5%

14
;1

.9
%

0.
71

2;
2.
1%

3;
1.
5%

0.
69

Tr
ac
he

ot
om

y
(n
;%

)
1;

6.
7%

2;
1.
8%

0.
24

2;
2.
5%

9;
2.
3%

0.
92

15
;4

.6
%

22
;2

.9
%

0.
16

5;
5.
3%

12
;6

.0
%

0.
82

U
ns
ta
bl
e
st
er
nu

m
(n
;%

)
0;

0.
0%

2;
1.
8%

0.
60

0;
0.
0%

6;
1.
5%

0.
27

2;
0.
6%

17
;2

.3
%

0.
06

2;
2.
1%

1;
0.
5%

0.
19

D
el
iri
um

(n
;%

)
1;

6.
7%

12
;1

0.
7%

0.
63

11
;1

3.
8%

68
;1

7.
4%

0.
43

23
.8
%

27
.3
%

0.
24

18
;1

9.
1%

60
;2

9.
9%

0.
05

N
eu

ro
lo
gi
c
co

m
pl
ic
at
io
ns

(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

1;
0.
3%

0.
65

1;
0.
3%

0;
0.
0%

0.
12

0;
0.
0%

0;
0.
0%

St
ro
ke

po
st
op

er
at
iv
el
y
(n
;%

)
0;

0.
0%

1;
0.
9%

0.
71

1;
1.
3%

7;
1.
8%

0.
73

5;
1.
5%

13
;1

.7
%

0.
82

2;
2.
1%

3;
1.
5%

0.
69

Po
st
op

er
at
iv
e
ga

st
ro
in
te
st
in
al

co
m
pl
ic
at
io
ns

(n
;%

)
1;

6.
7%

3;
2.
7%

0.
41

3;
3.
8%

20
;5

.1
%

0.
61

23
;7

.1
%

40
;5

.4
%

0.
26

9;
9.
6%

9;
4.
5%

0.
09

Se
ps

is
(n
;%

)
0;

0.
0%

3;
2.
7%

0.
52

2;
2.
5%

23
;5

.9
%

0.
22

28
;8

.7
%

43
;5

.8
%

0.
08

7;
7.
4%

16
;8

.0
%

0.
88

Pn
eu

m
on

ia
(n
;%

)
0;

0.
0%

9;
8.
0%

0.
26

3;
3.
8%

31
;7

.9
%

0.
19

38
;1

1.
8%

75
;1

0.
0%

0.
40

9;
9.
6%

26
;1

2.
9%

0.
41

En
do

ca
rd
it
is
(n
;%

)
0;

0.
0%

5;
4.
5%

0.
40

3;
3.
8%

12
;3

.1
%

0.
75

4;
1.
2%

16
;2

.1
%

0.
32

1;
1.
1%

2;
1.
0%

0.
96

O
th
er

in
fe
ct
io
ns

(n
;%

)
1;

6.
7%

9;
8.
0%

0.
85

9;
11

.3
%

32
;8

.2
%

0.
38

34
;1

0.
5%

63
;8

.4
%

0.
27

13
;1

3.
8%

16
;8

.0
%

0.
12

W
ou

nd
in
fe
ct
io
ns

(n
;%

)
0;

0.
0%

2;
1.
8%

0.
60

0;
0.
0%

9;
2.
3%

0.
17

6;
1.
9%

20
;2

.7
%

0.
42

2;
2.
1%

0;
0.
0%

0.
04

Bl
ee

di
ng

(n
;%

)
0;

0.
0%

10
;8

.9
%

0.
23

2;
2.
5%

34
;8

.7
%

0.
06

29
;9

.0
%

62
;8

.3
%

0.
72

9;
9.
6%

20
;1

0.
0%

0.
92

Re
op

er
at
io
n
be

ca
us
e
of

ta
m
po

na
de

(n
;

%
)

1;
6.
7%

2;
1.
8%

0.
24

3;
3.
8%

8;
2.
0%

0.
36

13
;4

.0
%

26
;3

.5
%

0.
66

4;
4.
3%

2;
1.
0%

0.
07

Re
-t
ho

ra
co

to
m
y
(n
;%

)
0;

0.
0%

8;
7.
1%

0.
29

4;
5.
0%

23
;5

.9
%

0.
76

23
;7

.1
%

49
;6

.6
%

0.
74

8;
8.
5%

9;
4.
5%

0.
17

Re
as
on

fo
r
re
-t
ho

ra
co

to
m
y

0.
77

0.
32

0.
37

0.
38

Bl
ee

di
ng

/h
em

at
om

a
(n
;%

)
0;

0.
0%

6;
5.
4%

3;
3.
8%

19
;4

.9
%

19
;5

.9
%

27
;3

.6
%

7;
7.
4%

8;
4.
0%

LC
O
S
(n
;%

)
0;

0.
0%

0;
0.
0%

1;
1.
3%

0;
0.
0%

0;
0.
0%

1;
0.
1%

0;
0.
0%

0;
0.
0%

Ta
m
po

na
de

(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

2;
0.
5%

0;
0.
0%

6;
0.
8%

0;
0.
0%

0;
0.
0%

Is
ch

ae
m
ia

(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

1;
0.
3%

0;
0.
0%

1;
0.
1%

0;
0.
0%

0;
0.
0%

W
ou

nd
in
fe
ct
io
n/
m
ed

ia
st
in
it
is
(n
;%

)
0;

0.
0%

1;
0.
9%

0;
0.
0%

0;
0.
0%

0;
0.
0%

3;
0.
4%

0;
0.
0%

0;
0.
0%

D
is
se
ct
io
n
(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

D
ys
fu
nc

ti
on

of
pr
ot
he

si
s
(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

U
ns
ta
bl
e
st
er
nu

m
(n
;%

)
0;

0.
0%

1;
0.
9%

0;
0.
0%

1;
0.
3%

3;
0.
9%

8;
1.
1%

1;
1.
1%

1;
0.
5%

C
hy

lo
th
or
ax

(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

O
th
er

(n
;%

)
0;

0.
0%

0;
0.
0%

0;
0.
0%

0;
0.
0%

1;
0.
3%

3;
0.
4%

0;
0.
0%

0;
0.
0%

La
pa

ro
to
m
y
(n
;%

)
1;

6.
7%

1;
0.
9%

0.
09

0;
0.
0%

6;
1.
5%

0.
27

51
.5
%

13
;1

.7
%

0.
82

1;
1.
1%

0;
0.
0%

0.
14

W
ou

nd
re
vi
si
on

(n
;%

)
0;

0.
0%

3;
2.
7%

0.
52

1;
1.
3%

10
;2

.6
%

0.
48

7;
2.
2%

17
;2

.3
%

0.
91

3;
3.
2%

1;
0.
5%

0.
06

Po
st
op

er
at
iv
e
bl
oo

d
tr
an

sf
us
io
n
(m

L;
m
ea

n
±

SD
)

39
7.
4
±

16
5.
16

29
.0

±
12

4.
50

.5
1
39

5.
7
±

59
.0

92
3.
0
±

98
.8

0.
02

97
2.
6
±

94
.2

87
4.
6
±

90
.2

0.
52

12
94

.6
±

32
6.
21

06
7.
5
±

12
8.
10

.4
4

D
ea

th
fi
rs
t
30

da
ys

(n
;%

)
1;

7.
1%

2;
1.
9%

0.
23

1;
1.
3%

21
;5

.6
%

0.
12

30
;9

.6
%

18
;2

.5
%

<
0.
01

9;
9.
8%

18
;9

.3
%

0.
89

D
ea

th
fi
rs
t
18

0
da

ys
(n
;%

)
1;

9.
1%

7;
7.
9%

0.
89

5;
7.
9%

32
;1

0.
0%

0.
61

44
;1

6.
3%

48
;7

.7
%

<
0.
01

17
;2

1.
5%

25
;1

5.
0%

0.
20

Fo
llo

w
-u
p
ti
m
e
(d
ay
s;
m
ea

n
±

SD
)

15
0.
3
±

81
.7

25
1.
1
±

40
7.
80

.3
41

95
.4

±
21

8.
72

43
.5

±
44

8.
10

.3
5
19

1.
3
±

23
0.
11

98
.5

±
22

6.
2

0.
63

15
9.
0
±

76
.4

17
1.
8
±

13
5.
0
0.
39

EC
M
O
,e

xt
ra
co

rp
or
ea

lm
em

br
an

e
ox

yg
en

at
io
n;

IA
BP

,i
nt
ra
ao

rt
ic

ba
llo

n
pu

m
p;

LC
O
S,

lo
w
-c
ar
di
ac
-o
ut
pu

t-
sy
nd

ro
m
e;

SD
,s
ta
nd

ar
d
de

vi
at
io
n.

St
at
is
ti
ca
lly

si
gn

ifi
ca
nt

P-
va
lu
es

ar
e
in

bo
ld
.

2918 R. Krey et al.

ESC Heart Failure 2024; 11: 2913–2923
DOI: 10.1002/ehf2.14847

D
ow

nloaded from
 academ

ic.oup.com
/eschf/article/11/5/2913/8271276 by Augsburg U

niversity Library user on 10 Septem
ber 2026



These parameters formed the basis of a multiple binary lo-
gistic regression model. Herein, female sex retained its inde-
pendent influence on mortality within 30, as well as 180 days
(P < 0.01 and P < 0.01). The odds ratios were 3.33 and 2.04,
respectively. Older age was an independent predictor of in-
creased 30 and 180 days mortality with an odds ratio (OR)
of 1.28 (P < 0.01) and 1.15 (P < 0.01), respectively. Cardio-
vascular risk factors correlating with survival were diabetes
mellitus with an OR of 1.90 (P = 0.05) for 30 and 1.63 for
180 days (P = 0.04), creatinine levels preoperatively with an
OR of 1.26 (P = 0.02) for 30 and 1.48 for 180 days
(P < 0.01) while reduced LVEF showed an OR of 2.86
(P = 0.01) for 30 days mortality respectively. Internal mam-
mary artery grafting favourably influenced 30 and 180 days
mortality with an odds ratio of 0.46; P = 0.02 and 0.50;
P < 0.01 respectively.

Major adverse events in age group 70–79 years
old

Logistic regression analysis was performed to detect the cor-
relation with the incidence of secondary endpoints (MACE).

Univariable association with MACE is shown in Table 5.
Upon multiple regression modelling as outlined, female sex
remained independently associated with adverse clinical
events with an odds ratio of 1.87; P< 0.01. Reduced left ven-

tricular ejection fraction was also significantly associated with
major adverse events (odds ratio: 3.37; P < 0.01). Further-
more, inverse correlation with adverse events with an odds
ratio of 0.58 was noted for internal mammary artery grafting
(P = 0.01).

Discussion

Male–female-disparities in outcome after cardiac surgery re-
mains a relevant issue. Studies focusing on myocardial revas-
cularization conclude that cardiovascular disease is
understudied and underdiagnosed in women. While some re-
ports indicate that younger women are more prone to ad-
verse clinical events and increased mortality, others see fe-
males at an absolute risk.2,11–14

Similarly, although less often reported, a combination of
AVR and CABG surgery in female patients is associated with
higher perioperative mortality than in men.15,16 In addition
to age as an independent predictor, sex-related differences
in preoperative risk profiles are associated with differences
in outcome.17

Hence, this study investigated male–female differences in
short and mid-term outcome after combined CABG and AVR
surgery stratified by age groups.

Figure 1 Survival time analysis by Kaplan–Meier estimates after combined CABG and AVR surgery for male and female patients in groups stratified by
age as 59 years and younger (A), 60–69 years (B), 70–79 years (C) and 80 years or older (D).
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Several findings are noteworthy, looking at the demo-
graphics of this cohort. Patients were predominantly male
(73.9%) and only with increasing decades the proportion of
females inclined. This observation is ubiquitous throughout
different centres.12

According to the 2021 ESC cardiovascular disease statistics,
ischaemic heart disease is more common in male patients
with higher reported incidence and prevalence per 100 000
people. However, for calcific aortic valve disease the inci-
dence and prevalence estimates were higher in females.1

Yet surgical treatment for combined AVR and CABG surgery

followed a distribution pattern comparable to cardiac revas-
cularization in this study. The proportion of female patients
undergoing combined surgery raised notably from 17% in
sexagenarians to 30.2% in septuagenarians. Additionally,
across most age groups, female patients were older than
their male counterparts at the time of surgery. Hence, youn-
ger women are underrepresented as seen in the shift of sex
proportion in older decades.

The combination of later treatment and the significantly
higher mean age at operation raises the question whether
there is a referral and treatment bias between genders. This

Table 4 Potential risk factor for 30 and 180 days mortality

Potential risk factor 30 days
mortality

Binomial logistic regression Multiple binary logistic regression

Odds ratio 95% confidence interval P Odds ratio 95% confidence interval P

Female 4.19 2.30–7.63 <0.01 3.33 1.76–6.31 <0.01
Age 1.26 1.12–1.42 <0.01 1.28 1.12–1.45 <0.01
BMI 0.97 0.91–1.04 0.38
Diabetes mellitus 2.14 1.19–3.84 0.01 1.90 0.99–3.60 0.05
Smoking < 8 weeks preoperatively 0.95 0.33–2.78 0.93
Ex-smoker 1.19 0.62–2.28 0.61
COPD 0.92 0.47–1.79 0.80
Psychiatric disease 1.88 0.56–6.34 0.31
Creatinine level preoperative 1.28 0.96–1.72 0.09 1.26 0.91–1.76 0.02
3 vessel CHD 0.54 0.30–0.98 0.04 0.57 0.29–1.10 0.10
Left main vessel disease 0.78 0.39–1.56 0.49
LVEF <30% 2.29 1.14–4.62 0.02 2.86 1.25–6.53 0.01
S/P myocardial infarction 1.40 0.76–2.60 0.28
S/P coronary intervention 1.18 0.60–2.30 0.63
S/P heart surgery 1.50 0.35–6.49 0.59
Aortic cross-clamping time 1.00 0.99–1.02 0.69
Number of grafts 0.77 0.47–1.24 0.28
Number of central anastomoses 1.39 0.84–2.29 0.20
Number of peripheral anastomoses 0.97 0.70–1.35 0.87
IMA as graft 0.36 0.20–0.64 <0.01 0.46 0.25–0.87 0.02
Only arterial grafts 0.81 0.40–1.66 0.57

Potential risk factor 180 days
mortality

Binomial logistic regression Multiple binary logistic regression

Odds ratio
95% confidence

interval P Odds ratio
95% confidence

interval P

Female 2.32 1.50–3.59 <0.01 2.04 1.27–3.29 <0.01
Age 1.16 1.06–1.26 <0.01 1.15 1.06–1.26 <0.01
BMI 0.97 0.93–1.02 0.26
Diabetes mellitus 1.91 1.24–2.96 <0.01 1.63 1.02–2.61 0.04
Smoking < 8 weeks preoperatively 1.51 0.75–3.03 0.25
Ex-smoker 1.07 0.65–1.77 0.78
COPD 1.08 0.67–1.73 0.76
Psychiatric disease 1.93 0.71–5.20 0.20
Creatinine level preoperative 1.54 1.20–1.99 <0.01 1.48 1.13–1.93 <0.01
3 vessel CHD 0.80 0.52–1.24 0.32
Left main vessel disease 0.95 0.58–1.55 0.82
LVEF <30% 2.07 1.19–3.59 0.01 1.71 0.89–3.28 0.11
S/P myocardial infarction 1.44 0.90–2.29 0.13 1.15 0.69–1.91 0.60
S/P coronary intervention 0.87 0.51–1.48 0.60
S/P heart surgery 1.94 0.72–5.22 0.19 1.22 0.38–3.94 0.74
Aortic cross-clamping time 1.00 0.99–1.01 0.72
Number of grafts 0.84 0.59–1.20 0.33
Number of central anastomoses 1.43 0.98–2.09 0.07 1.05 0.67–1.65 0.84
Number of peripheral anastomoses 1.00 0.79–1.28 0.98
IMA as graft 0.40 0.26–0.62 <0.01 0.50 0.31–0.83 <0.01
Only arterial grafts 0.70 0.40–1.22 0.21

BMI, body mass index; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; IMA, internal mammary artery; LVEF,
left ventricular ejection fraction.
Statistically significant P-values are in bold.
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uneven distribution has been previously encountered in sim-
ilar studies.14,18 Female patients often report unspecific
symptoms and are thus often underrecognized and
underdiagnosed.19 Additionally, the analysis of the national
adult cardiac surgery audit by Dixon et al. found 58.3% of
isolated AVR surgery to be performed in males.11 Previous
data from a national cohort study by Mokhles et al., re-
vealed comparable in-hospital mortality for isolated AVR sur-
gery, while female patients showed significantly higher mor-
tality for combined CABG/AVR procedures.20 The severity of
cardiac disease in women might be underestimate, espe-
cially when applying the same diagnostic thresholds for male
patients. Men present more often with obvious features and
located lesions that are amenable to intervention.21 This is
reflected in the current data, with more left main and three
vessel disease as well as reduced LVEF encountered in
males.

While 30 and 180 days mortality in females were double
that for men across the entire cohort, the difference was sig-
nificant in septuagenarians with a mortality rate almost four
times as high. Interestingly in this subgroup, females pre-
sented to surgery with more preserved LVEF compared with
male patients as seen in prior studies.21–23 In this study LVEF
<30%, correlated with 30 days mortality, as well as the occur-
rence of major adverse events. Because more male patients
presented with reduced LVEF—despite having better sur-
vival—this parameter might be misleading, especially since
women outnumber men in heart failure with preserved ejec-
tion fraction (HFpEF) 2:1.24 Future efforts should be focused
on identifying thresholds and markers for disease progression
in women.

Known risk factors for cardiovascular disease differed sig-
nificantly in septuagenarians. While men showed more his-
tory of smoking and COPD, women presented with a higher
incidence of obesity and diabetes mellitus, in accordance
with other observations.12,13,25 While ESC statistics state the
median obesity prevalence in females to be 21.6% versus
23.6% in males,1 the proportion of female patients present-
ing to surgical correction carried a significantly higher burden
of these risk factors. In this cohort, these parameters corre-
lated with mortality upon multivariable regression analysis,
further supporting the assumption that women present at a
later stage of disease.19

Another important insight from the operative data depicts
treatment differences. The significantly reduced use of IMA
as a bypass graft in septuagenarian females was previously
encountered in studies focusing on revascularization
surgery.10,11 Infrequent use of the internal mammary artery
was associated with a significantly increased risk of 30 and
180 days mortality and the occurrence of major adverse
events.

Furthermore, current analysis indicates that females re-
ceive less central and less peripheral anastomosis. This is
the result of more single LIMA to LAD-anastomosis plus
surgical AVR in women, whereas males more often received
additional grafts. While male patients present more often
with left main, or three vessel disease, women are often
affected by a diffuse form of arteriosclerotic lesions. In
combination with anatomically smaller vessels, female
patients may be more likely to be undergoing incomplete
revascularization.13,26,27 Nevertheless, the number of grafts,
or the sole use of arterial conduits, did not correlate with

Table 5 Regressions for major adverse event

Potential risk factor major adverse
event

Binomial logistic regression Multiple binary logistic regression

Odds ratio 95% confidence interval P Odds ratio 95% confidence interval P

Female 1.72 1.20–2.46 <0.01 1.87 1.26–2.76 <0.01
Age 0.98 0.92–1.04 0.43
BMI 0.98 0.94–1.02 0.23

Diabetes mellitus 1.58 1.11–2.25 0.01 1.33 0.92–1.97 0.13
Smoking < 8 weeks preoperatively 1.07 0.58–1.96 0.83
Ex-smoker 0.95 0.63–1.44 0.82

COPD 1.37 0.94–2.01 0.10 1.31 0.87–1.96 0.19
Psychiatric disease 0.96 0.37–2.50 0.94

Creatinine level preoperative 1.29 1.06–1.56 0.12 1.14 0.93–1.41 0.21
3 vessel CHD 1.29 0.90–1.84 0.16 1.37 0.91–2.07 0.14
Left main vessel disease 0.94 0.63–1.39 0.76
LVEF <30% 3.57 2.34–5.47 <0.01 3.37 2.13–5.35 <0.01
S/P myocardial infarction 1.34 0.92–1.96 0.13 0.97 0.64–1.48 0.89

S/P coronary intervention 1.19 0.79–1.78 0.41
S/P heart surgery 0.94 0.33–2.74 0.92
Aortic cross-clamping time 1.00 0.99–1.01 0.61
Number of grafts 1.01 0.76–1.34 0.94

Number of central anastomoses 1.23 0.91–1.68 0.18 0.88 0.54–1.45 0.63
Number of peripheral anastomoses 1.04 0.86–1.27 0.66

IMA as graft 0.55 0.39–0.79 <0.01 0.58 0.37–0.88 0.01
Only arterial grafts 0.72 0.46–1.12 0.13 0.97 0.49–1.92 0.93

BMI, body mass index; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; IMA, internal mammary artery; LVEF,
left ventricular ejection fraction.
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mortality or the incidence of adverse postoperative events in
this cohort.

Over the entire study population, smaller aortic protheses
were implanted in female patients. To some extent, this is ex-
pected, due to innate anatomical properties. Smaller prothe-
sis sizes are often linked to the developing of patient prothe-
sis mismatch, which in turn correlates with unfavourable
outcome and higher mortality.16,28 Inadequate reduction of
pressure gradient over the aortic valve prevents adequate re-
modelling of left ventricular mass postoperatively.21 Concen-
trically, hypertrophied LV-geometry and increased relative
wall thickness are associated with worse outcome and mor-
tality following aortic valve replacement.29,30 Thus, the cur-
rent practice applying the same measurements for left ven-
tricular hypertrophy and aortic valve orifice area may not
be reflecting the progression of the disease in females ac-
cordingly. While perioperative myocardial infarction was only
numerically higher, the need for resuscitation was signifi-
cantly higher in female patients.

Especially combined with the anatomic challenges women
pose at revascularization surgery, significant ischaemia of the
severely hypertrophied myocardium is probable, possibly
leading to the observed early morbidity in septuagenarian
women.

Previous studies concerned with long-term follow-up after
CABG suggest that differences in mortality and morbidity may
be narrowing after the index procedure.31 Celik and col-
leagues reported higher age-matched long-term survival in
women after predominantly AVR.32 Further analysis of the
long-term results after concomitant CABG and AVR surgery
is needed to provide more insight regarding sex related dif-
ferences in this patient’s population.

Strength and limitations

This study is a single centre observational study and thus suc-
cumbs to the inherent bias associated with such design. How-
ever, to our knowledge, this is one of the largest studies fo-
cusing on outcome analysis for AVR and concomitant CABG,
without including other valve surgeries, stratified by age. Fur-
thermore, the data collection was complete, allowing the
testing of sex- and age-related risk factors. The inclusion of
pre- and perioperative characteristics further strengthens
the analysis.

Conclusions

This study suggests delayed operative intervention in female
patients which increases the burden of co-morbidities,
resulting in higher operative risk. Treating physicians should
be sensitive of cardiovascular disease in women, before
known risk factors for cardiovascular disease are pronounced.

Even after the indication for surgery is made, recom-
mended revascularization strategies such as use of LIMA
and maximum prothesis size are less likely to be applied in
women compared with men. This may translate into dispar-
ities in outcome, prompting us to improve medical attention
to female patients with adjusted thresholds, and therapeutic
approaches to improve outcome results.
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