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Introduction

Ischaemic Heart Disease (IHD) has been the main cause of
death in both genders worldwide for more than three decades
[1-2]. Significant differences have been described between

Abstract

During the last decades, several studies have shown improved
short- and long-time survival after Coronary Artery Bypass Grafting
(CABG). Despite the greater reduction in postoperative mortality,
there is still a concern whether cardiac surgery is primarily pallia-
tive pain relieving and delaying mortality or offers survival equal to
or better than the background population.

Method and Results: The study was based on 19,948 single
CABG patients performed from 2000-2020, obtained from the man-
datory Western Denmark Heart Registry and not previous exposed
to cardiac surgery.

Overall, the mortality declined from the first to the last 5-year
study period, with 63.6% in 1-year mortality and 41.1% in 5-year
mortality. Gender perspective evaluation revealed significant dif-
ferences. The female mortality was, except for the last 5-year pe-
riod, significantly higher than men (5.21% vs 3.73% in 1-year mor-
tality, P<0.0001), underlined further by men almost balancing the
population mortality after 5 years, while females never caught up.
Comorbidity and postoperative complications had great negative
impact on survival, but even without comorbidity or complications,
females constantly showed higher mortality than the female popu-
lation. Thus, the definitive result showed a remarkable difference
between genders, comparing the study group and population 10-
year survival, being 69.3% vs 63.8% in men and 64.3% vs 68.8% in
females.

Conclusions: Females have a substantial higher mortality than
males after CABG when compared to the background population.
Males seem to catch up with population mortality 4-5 years after
surgery, while females continue to have a lower survival than the
background population.
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women with just a decade delay with the risk of underestimat-
ing the importance of sex-specific differences, like the reported
difference of the impact of diabetes and smoking [6-7].

the genders in prevalence, treatment, and outcome of IHD [3-

5]. Previously, IHD was considered a similar entity in men and

The number of Danes with cardiovascular diseases has in-
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creased by 20% since 2006. The most frequent is IHD with ap-
proximately 1/3 of the patients, of which again, 1/3 have had
a myocardial infarction [8]. Despite the higher incidence, the
number of patients dying from cardiac diseases has been halved
during the last 25 years, presumably due to increased preven-
tion and better treatments, especially after myocardial infarc-
tion [9]. Before 2010, mortality was equal in men and women,
but since then the decline has been greatest in females [8].

Previous studies concluded that females were hit by cardio-
vascular disease 7-10 years later than males [10-11]. This delay
could not fully explain the disharmony between equal number
of deaths and the big difference in registered cardiovascular
procedures. The conclusion was that in females, both acute
and chronic presentation of IHD, was underdiagnosed and less
treated than among males [10] and additionally females more
often suffered from postprocedural complications like heart
failure, pulmonary oedema, and death [11]. This is underlined
in cardiac surgery where the EuroSCORE estimates a higher
perioperative mortality in females compared to men with equal
age and comorbidity [12-13].

Several studies have shown long time survival after Coronary
Artery Bypass Grafting (CABG) [14-15], but despite the greater
reduction in postoperative mortality after standard cardiac pro-
cedures, there is still some concern, whether cardiac surgery is
primarily palliative or extend the study group living time [16-17]

The aim of this study was to evaluate mortality after stand-
ard CABG, primarily with focus on expected survival from the
background population together with impact of age, gender,
and comorbidity factors to categorize and map factors relevant
in the treatment cardiovascular diseases.

Materials and Methods
Data Source

This study was based on adult patients undergoing single
CABG, registered in the Western Denmark Heart Registry
(WDHR). WDHR registration, mandatory for all adult cardiovas-
cular procedures, was established in 1999 with three public and
one semi-public (since 2005) cardiac surgery centre and fully

functional by the end of 2000. The clinical registry covers ap-
proximately 60% of the Danish uptake area, and holds detailed
patient-, risk-, procedure-, and care-related data, together with
in-hospital postoperative complications.

Data are collected and registered prospectively and is an
integral part of clinical practice [18]. Data quality is controlled
by automatic validation rules at data entry combined with sys-
tematic validation procedures, random spot checks and regular
updates. Major updates have been carried out twice, mainly
increasing the number of obligatory data fields, and since 2006
all data related to this study have been obligatory. Data regis-
tered before 2006 is, according to handling and procedures at
the time, considered as O or negative, if any other data was reg-
istered on the specific formulas.

All Danish citizens have a unique Civil Personal Registration
number (CPR number) assigned at birth and kept throughout
the entire life, enabling cross-linking between different Danish
health and civil registries, giving access to relevant follow up on
all procedures and medical treatments.

Patients submitted to standard CABG were considered eli-
gible for the study. Patients without valid CPR number, previ-
ous cardiac surgery were, together with a small number with
incomplete data registration, excluded from the analysis reveal-
ing a cohort of 19,948 patients (Figure 1). The study was regis-
tered by the Danish Data Protection Agency (1-16-02-455-21).
The agency's rules for the use and handling of data were met
and written consent is not required for registry-based studies
according to Danish legislation.

Factors and Outcome

The primary outcome was all cause mortality after specified
periods. The analysis was primarily based on age, gender, coro-
nary anatomy, comorbidity, and perioperative complications.
The registered complications were acute myocardial infarction,
stroke, new dialysis, re-exploration due to bleeding, prolonged
time in ICU (272 hours or return after discharge) and ventricu-
lar fibrillation/tachycardia, together with treatment factors
like perioperative inotropes and massive blood transfusion (>7
units) indicating a complicated postoperative path. Coronary

Table 1: Demographics and preoperative factors of patient cohort divided on time periods and gender. Comorbidity is EuroSCORE | minus age,
sex, and surgery factors. Statistics: #) x2-test, all other ANOVA/Students independent t-test. ASA=Acetylsalicylic Acid; APT=Anti Platelet Therapy.

Factor 2001-2005 2006-2010 2011-2015 2016-2020 p-value Male Female p-value
Number patients 6,493 4,686 5,110 3,659 16,242 3,706
Female (fraction) 1302(20.1) 923(19.7) 914(17.9) 567(15.5) <0.0001*
Age (years) 65.6+9.7 66.3+10.3 66.4+10.0 66.319.5 <0.001 65.7+9.2 68.0£9.3 <0.001
No-comorbidity 1044(16.1) 1650(35.2) 2107(41.2) 1634(44.7) 5276(32.5) | 1159(31.3)
Low comorbidity (1-2) 2669(41.1) 1358(29.0) 1604(31.4) 1225(33.5) 5671(34.9) 1185(32.0)
= <0.0001* <0.0001*
Moderate comorbidity (3-5) 2246(34.6) 1244(26.5) 1154(22.6) 694(19.0) 4283(26.4) 1055(28.5)
High comorbidity (> 5) 465(7.2) 428(9.1) 245(4.8) 106(2.9) 958(5.5) 286(7.7)
Risk score 4.87+3.14 5.05+3.47 4.68+3.21 4.41+2.96 <0.001 4.45+3.14 6.23+3.04 <0.001
Age and gender score 2.13+1.71 2.24+1.82 2.25+1.77 2.18+1.62 <0.001 1.93+1.58 3.37+1.64 <0.001
Comorbidity score 2.68+2.29 2.66%2.60 2.21+2.24 1.89+2.02 <0.001 2.35+2.31 2.68+2.38 <0.001
Surgery type/non-elective 0.09+0.94 0.15+1.03 0.21+1.07 0.34+1.11 <0.001 0.18+1.02 0.19+1.05 0.149
No diabetes 5071(78.1) 3647(77.8) 3891(76.1) 2721(74.4) 12596(77.6) = 2734(73.8)
New/diet treatment 210(3.2) 127(2.7) 128(2.5) 73(2.0) 441(2.5) 97(2.6)
<0.0001* <0.0001%
Tablet treatment 380(5.9) 356(7.6) 433(8.5) 324(8.9) 1109(6.8) 384(10.4)
Insulin dependent 447(6.9) 490(10.5) 641(12.5) 457(12.5) 1667(10.3) 368(9.9)
Off-pump surgery 1154(17.8) 1163(24.8) 1065(20.8) 602(16.5) <0.0001* 3181(19.6) 803(21.7) 0.0002%
Non-elective 289(4.5) 345(7.4) 545(10.7) 615(16.8) <0.0001* 1772(10.9) 488(13.2) 0.0001%
Pre-Dalteparin 1(0.0) 647(13.8) 382(7.5) 330(9.0) <0.0001* 1090(6.7) 270(7.3) 0.292%
Non-paused ASA 4(0.1) 1263(2.7) 2286(44.7) 2971(81.2) <0.0001*  5391(33.2) | 1133(30.6) = 0.0001*
Non-paused APT 2(0.0) 549(11.7) 468(9.2) 201(5.5) <0.0001* 959(5.9) 261(7.0) 0.009%
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Angiography (CAG) before and after the surgery was obtained
from the WDHR and grouped as preoperative examination (0-
90 days before surgery) and postoperative 30-days and 1-year
as a potential complicated path.

Background Population Mortality

Due to great differences in average living age for men and
women, and especially the relatively large change in popula-
tion average living time over the study period, all patients were
assigned the supposed risk of death, founded on the official
5-year life tables from Statistics Denmark (Figure 2) [19]. Thus,
all patients were allocated an individual 1- and 5-year mortality,
based on the time of surgery, age and gender. Following, study
group actual mortality can be analyzed against background
population mortality in a 1:1 ratio in subgroups of gender, and
selected factors in question. The approach seems a valid ap-
proach, especially due to great changes in living time in the pri-
mary surgical timespan from 60 to 80 years of age.

Statistical Analyses

The detailed statistical analysis was primarily based on pa-
tients divided on gender, comorbidity and postoperative com-
plications. To avoid too small groups, data was gathered in time
groups where appropriate. Categorical variables were primarily
analysed using the x2-test, while in longitudinal data was used
students-independent t-test or Mann-Whitney independent
test depending on data-normality in group or parameter analy-
sis, while ANOVA or Kruskal-Wallis was used for comparisons
between subgroups. When evaluating outcomes over time sta-
tistical analysis was based on Kaplan—Meier survival curves and
compared to results of individual assigned population mortal-
ity. Analyses were performed with MedCalc® software version
20.008 (Mariakerke, Belgium). A probability value of <0.05 was
used to define statistical significance.

Results

The WDHR contained 21,492 eligible procedures from 2001-
2020. A few foreigners or refugees without a valid CPR number
(136) preventing follow-up after discharge and accordingly not
eligible for survival follow-up were excluded, together with
1,204 with previous cardiac surgery and 204 with incomplete
registered data, leaving a cohort of 19,948 CABG procedures
(Figure 1).

Single CABG 20{r1-2020 ‘

21,492
Frimary axclusions 1340
Missing CPR-II 136
[ Hislory previous surge y 887
Nouble in date jase 237
2
Eligibla cahort
20,152
secondary exclusions 204
hissing pre-cats i
Missing outeo Mg dala 1#%

COHORT
19,248

Figure 1: Single CABG and Aortic valve replacement procedures
and CABG + aortic valve replacement 2001-2020. Exclusions are
in-valid ID, previous cardiac surgery and missing relevant info.

Table 2: Pre-operative CAG together with graft details divided on
gender. Statistics: * Independent t-test, all others x2-test.

Graft details Male Female p-value
CAG < 90-days before surgery
Number of vessels evaluated 4.75+1.86 4.40+1.71 <0.001*
Mean stenoses of vessels 80.1+17.1 79.2+17.5 0.007*
Number anastomosis
Number peripheral 2,75 2,46 <0.001
Number central 1,14 1,07 <0.001
Sequential ratio 2,42 2,29
Use of LIMA/RIMA
LIMA 90,9% 84,8% <0.0001
RIMA 3,8% 3,7% 0.936
Both 3,2% 2,7% 0.055
Vessel diameter <1.5 mm
Left side vessels 25,8% 32,6% <0.0001
Right side vessels 35,7% 37,1% 0.193

The patient characteristics show relatively great differences
over time in most registered parameters (Table 1). Although sta-
tistically significant, the difference in median age was low, went
up and down and was likely without clinical importance. The
fraction of females declined gradually from 20.1% to 15.5% in
last 5-year period. The number of patients without comorbidity
increased and the number with high and moderate comorbidity
declined over time. Patients with diabetes as well as patients
not discontinuing their antiplatelet drugs increased. Thus, ac-
cording to EuroSCORE, factors with both positive and negative
impact on the outcome changed over the observation time. The
risk score seemed higher in females, mainly due to the age and
gender, as the “raw” comorbidity in the study group was only
marginal higher in females.

Overall, the yearly number of procedures declined from
1,534 in 2002 to 668 in 2018, although with a prominent up
and down pattern (Figure 3), likely explained by changing surgi-
cal policies and the initiation and increase of PCl in the early
years and transcutaneous aortic valve implantation late first
decade leading to more single CABG instead of previous valve
and CABG combinations.

The grafting details in CABG and combined procedures are
given in table 2. In general, more vessels seemed affected in
men than in females (4.75 coronary vessel vs 4.40) and the
mean stenosis was marginally higher as well. Males more often
received LIMA but difference in the use of RIMA or BIMA was
seen. Further, females have significantly higher fraction of low
diameter coronary vessels (<1.5 mm) on the left side.

Survival background population

100

151719 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99

—Male 01-05 ile 01 le 06-10 le 06-10
—Male11-15 ——Female 11-15 ——Male 16-20 Female 16-20

Figure 2: Population background survival divided on 5-year peri-
ods and gender. Survival curves based on one year mortality of
the actual ages (15-99 years; Data from Danish Statistics). https://
www.dst.dk/en/
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Table 3: Per- and postoperative complications. All statistics x2-test. AMI=Acute Myocardial Infarction; ICU=Intensive Care Unit; VF/

VT=Ventricular Fibrillation/Tachycardia; RBC=Red Blood Cells.

Complication Periods Gender

2001-2005 2006-2010 2011-2015 2016-2020 p-value Male Female p-value
Re-exploration 6,3% 5,3% 5,0% 5,7% 0.011 6,6% 6,4% 0.242
Stroke 1,6% 1,4% 1,2% 1,2% 0.229 1,5% 1,8% 0.059
AMI 6,3% 4,8% 4,0% 2,4% <0.0001 4,0% 4,9% <0.0001
New Dialysis 1,9% 1,6% 1,2% 0,9% <0.0001 1,8% 2,5% 0.023
Constrictors 9,2% 24,6% 41,6% 62,6% <0.0001 34,2% 38,1% <0.014
Inotropes 9,1% 16,9% 14,8% 10,3% <0.0001 14,5% 18,4% <0.0001
Long ICU 7,6% 6,6% 3,5% 3,4% <0.0001 5,8% 8,0% <0.0001
VT/VF 2,1% 1,2% 1,0% 0,8% <0.0001 0,7% 0,9% 0.005
RBC 27 units 3,4% 3,2% 2,0% 1,0% <0.0001 2,7% 4,4% <0.0001
CAG <30-days 5,2% 10,2% 11,2% 7,5% <0.0001 8,7% 7,8% 0.0001
CAG <1-year 19,4% 30,0% 23,6% 17,4% <0.0001 23,6% 20,2% <0.0001

The registered complications were generally decreased over
the decades except re-exploration due to bleeding and stroke
higher in females (Table 3). Stroke, perioperative myocardial
infarction, postoperative new dialysis, high volume of blood
transfusion and long time in ICU declined during the observa-
tion period, while treatment with vasoconstrictors increased.
Treatment with inotropes, re-exploration due to bleeding and
ventricular fibrillation show differences between periods, but
without a clear trend. A new CAG in the postoperative period,
indicating recurrence of symptoms or new coronary disease,
was fluctuating over time, but was in general significantly high-
er in men than females (Table 3).

The study group mortality declined during the 20-year pe-
riod. Overall, the 1- year mortality declined 63.6 % and the
5-year mortality was reduced by 41.1% from the first to the last
5-year period. However, although narrowing in the last period,
the short-term study group mortality was considerable higher
than the background population mortality (Figure 4). The de-
crease in study patients correlated population mortality was
greater than the public tables and readily explained by the
changes in age patterns. Although the average age is relatively
constant around 65-67 years, the number of especially women
older than 80 years at surgery, were in the last period only 3.1%
of the patients compared to 14.8% in the first period. For men
this was more constant being 2.5% and 3.3% respectively. Fur-
ther, the study group mortality was, except for the last period,
statistically significant higher in females, in contrasts with the
population, where mortality is higher in males than in females
at all time points. Following, the fall in the study group mortality
were more pronounced in females than in males. When eval-
uating the longer perspective, it seems that study group and
population survival is almost balanced at the 5-year time point
in males, while female mortality is somewhat higher even after

CABG procedures 2001-2020
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Figure 3: Included procedures divided on gender and year.

10 years compared to background population (Figure 5). Thus,
male CABG patients had a better survival than the populations
after just four years, while females never improve their survival
to the level of the background population. The tendency with
differences between the genders might be due to the general
longer living time in females increasing the differences in old-
er ages. However, the difference between genders among the
study group and population survival after 10 year is remarkable
being 69.3% vs 63.8% in men and 64.3% vs 68.8% in females.

Detailed analysis revealed some differences when introduc-
ing procedure type, comorbidity, and perioperative complica-
tions (Figure 6). In general, both 1-year and 5-year mortality
was higher for women. The comorbidity has a tremendous im-
pact on the study group mortality as patient without comorbid-
ity showed lower actual 1- and 5-year mortality in both male
and females compared to population mortality. Further, males
with low comorbidity showed marginally lower actual mortality
while all other comorbidity groups showed higher actual mor-
tality.

1-year Actual and population mortality

7,0%
6,0%
5,0%
4,0%

3,0%

2,0%

1,0%
0,0%

5-year Actual and population mortality
20,0%

18,0%
16,0%
14,0%
12,0%

10,0%

8,0%

6,0%
2001-2005

2006-2010

2011-2015 2016-2020

=¢=Male Actual =#=Male Population =#=Female Actual =0=Female Population
Figure 4: Actual and expected 1- and 5-year mortality divided on
5-year time periods and gender. Statistically significant difference
both in periods and gender (P<0.001, 2-way ANOVA). Insignificant
actual mortality between gender in 2016-2020 (1-year, P=0.098
and 5-year, P=0.299; Independent samples t-test). Actual mortality
in men is lower than population 2016-2020 (P<0.01; Independent
samples t-test).
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10-year survival CABG
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Figure 5: Actual and population 10-year survival. Major difference 1
year is in hospital/30 day’s mortality. Women actual survival never
approach population survival in 10 years period. Males catch up
with background population four years after surgery, while females
do not reach background survival rates.

The mortality was significantly higher with just one perioper-
ative complication and was extremely high with three or more
perioperative complications, being 56.7% (1-year) and 65.2%
(5-year). There was no difference in study group mortality be-
tween the sexes if two or more perioperative complications
were present (Figure 6).

—e—Female-Actual

Discussion

In this multicentre study, the perioperative data of almost
20,000 CABGs performed between 2001 and 2020 was ana-
lysed with focus on survival in relation to gender and further
compared to the background population.

The most important findings were that females had some-
what more complications and a poorer short-term as well as
long-term survival than males. Further, readily explained pri-

marily by mortality in the near vicinity of surgery, the mortality
of study patients was considerable higher than the background
population in the first years after surgery. However, the gap nar-
rowed during the following years and the actual male survival
in the study patients surpassed the population survival after 4
years. On the contrary, compared to the background popula-
tion, females undergoing CABG never reach the background
population mortality.

Higher incidence of immediate postoperative complications,
such as prolonged ICU stay, renal failure, need of inotropes, va-
soconstrictors, and blood transfusions, as seen in the females
in our study may suggest more and severe preoperative comor-
bidities such as compromised renal and lung function, severe
atherosclerotic arteries, infarcted myocardium with poor ven-
tricular function and severe diabetes.

Overall, the risk scores were higher in females primarily due
to the female sex and a marginally higher age. Further, it is not-
ed that, females in our study showed marginally higher basic
comorbidity scores and in fact, fewer women got operated for
CABG than men, suggesting lower incidence of coronary artery
disease.

However, similar to observation in the previous studies [20-
21], Danish females needed more complicated and non-elective
surgeries than men, which may be responsible for some of the
poorer outcomes reported. This may agree with the under-
standing that cardiovascular disease is recognized later in fe-
male and may lead to delays in investigation and subsequent
treatment [22] as females are more likely to present with dif-
ferent symptoms to those thought of as “typical” [23] of cardio-
vascular disease. However, we also noted that the previously
reported great difference in age at surgery has been decreased
over the last decades but is still median 4 years in this study and
3in the last 5-year period.

An additional explanation for the higher incidence of post-

1-year mortality and comorbidity 1-year Mortality and postoperative complication
25,0% 70,00%
60,00%
20,0%
50,00%
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— 30,00%
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L d \d L d
0,0% 0,00%
No Low Moderate High None 1 Event 2 Events 3 Events
5-year mortality and comorbidity 5-year Mortality and postoperative complication
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30,0% 60,00%
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5,0% 10,00% —
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Figure 6: Actual and population 1- and 5-year mortality divided on gender and comorbidity (Left panel) and postoperative complications
(Right panel). Actual 1- and 5-year mortality were lower than the background population in both gender without comorbidity and for men
with low comorbidity. In all other comorbidity- groups the population background mortality was lower than the actual mortality. Actual 1- and
5-year mortality was marginally lower than the background population in males without complications.
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operative complications may be derived from the observa-
tions presented in the British patient register study [22] which
showed female sex as a risk factor for worse outcomes follow-
ing both CABG and valve surgery. Authors speculate this to be
related to the more challenging anatomy of female patients,
such as smaller coronary arteries for grafting, narrower con-
duits, more diffuse pattern of coronary disease in addition to
implantation of smaller sizes of valves, increasing the risk of
patient-prosthesis-mismatch [21,24]. One of the same stud-
ies further suggested that sex-related differences in operative
strategy decisions and techniques may explain sex-related dif-
ferences in cardiac surgery outcomes e.g. a higher proportion
of males compared with females received LIMA, RIMA, or BIMA
grafting [25]. Similar to these findings, LIMA use in our study
was less among females, despite the fact that, females showed
higher fraction of narrowed, although without clinically signifi-
cant blockages, left coronary arteries (Table 2), which may sug-
gest that females may get predisposed to suboptimal myocar-
dial revascularisation [26]. Similar observations are echoed in
the United States STS data, from 2011 to 2019, showing that
females are less likely to receive a LIMA to left anterior descend-
ing artery anastomosis [27]. However, as Denmark has uniform
national cardiac surgery protocols, the difference in choice of
conduit cannot be attributed to the differences in operative
strategy decisions and techniques.

While exploring the etiology of higher postoperative RBC re-
quirement midst females despite the benefits of procoagulant
effect of estrogen [28-29], it was understood that mean age of
females in the study was 74 years which indicate post-meno-
pausal population where the above-mentioned protection of
estrogen may not be present. Irrespective of higher bleeding,
interestingly, there was no difference in the incidence of re-
explorations for bleeding which along with longer stay in ICU
suggest absence of the major indications of re explorations such
as acute, profuse, and hemodynamic disturbing bleeding. This
may suggest that females may have tendency for prolonged
slow surgical blood loss through drains without creating hemo-
dynamic disturbances and need for reexploration.

The findings that, females have more immediate post opera-
tive complications, longer ICU stay, higher RBC requirement it-
self partially explain higher incidence of short-term mortality.
Besides the smaller coronaries, the approach of females in post-
operative rehabilitation may have a major role in the long-term
mortality. Cardiac rehabilitation participation was associated
with a 32% risk reduction in all-cause mortality, and this ben-
efit was independent of sex, age, socioeconomic status, and co-
morbidity [30]. It is observed that, coping with a cardiac event,
women tend to minimize or neglect the impact of their health
situation and avoid burdening their social contacts. A low at-
tendance was also observed by women, giving the impression
that women are less motivated and therefore less compliant
towards cardiac rehabilitation [31]. Further, after a first cardiac
event, women report greater psychological distress and lower
self-efficacy and self-esteem. In addition, older age, lower exer-
cise levels and reduced functional capacity or co-morbid condi-
tions such as osteoporosis and urinary incontinence are barriers
to physical activities in women with IHD [32]. The observation
of difference in mortality in the study group and the background
population may encourage us to have the discussion on ben-
efits of cardiac interventions. Apart from relief from symptoms,
cardiac surgeries are expected to offer long-term survival, not
better than but at least similar to the background population.
In contrast to the expectations, it was observed that the study

females at all times had mortality higher than the background
population, while men seemed to catch up after 4-5 years. The
understanding that, surgical interventions apart from imparting
trauma, may add or aggravate the comorbidities and in majority
of situations have no role in reversal of the native disease, may
partially explain the differences. Thus, the role of progression of
the old and new comorbidities along with advancement of na-
tive disease and its impact on vital organs in the long-term sur-
vival cannot be denied. Further, most cardiac disease has their
origin in patients” lifestyle and similar to development of new
cardiac disease, changes in the lifestyle may have positive im-
pact on the progression of the native disease [33-34]. Over the
last few decades, undoubtedly, the awareness of importance of
modification of lifestyle has increased exponentially. As the im-
pact of lifestyle modification is slow and gradual, the benefits
on survival may likewise appear slowly. This effect may be seen
in the equalization of mortality in men in the study with the
population. The missed improved survival in the female study
group, or at least being resembling the background population,
may again be the reflection of delayed restitution and different
approach in cardiac rehabilitation.

Strengths and Limitations

The authors declare full access to all registered data in the
WDHR and accountability for data integrity and analysis.

The primary strengths of this study are the use of manda-
tory and obligatory prospectively reported data from a well-
established uptake area and a database used by all institutions.
The large cohort with detailed and complete follow-up data
on all patients undergoing CABG surgery during more than 2
decades allows robust estimations of patients, results, and ad-
verse events.

However, the retrospective nature of the study has inherent
bias and carries possible confounders, but since registrations
of all procedures are mandatory and all included patients and
outcomes can be accounted for, it reduces the effect of some of
the mentioned challenges. Nevertheless, our study has intrinsic
limitations, as we cannot discard the non-randomized nature
and that the additional effects of missing covariates and the lack
of randomization, potentially increase the risk of confounding.

The surgical and anaesthesiological practice and policies
have changed over the observation time, and diverse speed in
implementations of innovations and new research potentially
could have influenced indications and treatments, but the treat-
ment in Denmark is generally very uniform, and due to the edu-
cation system, all doctors are trained in more than one center.

Conclusion

Females have a substantial higher mortality than males after
CABG compared to the background population. Males seem to
catch up with population mortality 4-5 years after surgery, while
females continue to have a lover survival than the background
population.
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