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Abstract

OBJECTIVES: The objective of this investigation was to determine the preoperative prognostic factors of long-term (10-year) mortality in
patients treated with isolated coronary artery bypass graft surgery in the arterial revascularization trial (ART).
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METHODS: A post hoc analysis of the ART was conducted. Cumulative 10-year mortality was estimated using the Kaplan–Meier method.
Prospectively collected preoperative data were used to determine the prognostic factors of 10-year all-cause mortality in patients who
participated in the ART (Cox proportional hazards model).

RESULTS: A total of 3102 patients who participated in the ART were included in the analysis. Ten-year follow-up was completed in 3040
patients (98%). A total of 644 patients (20.8%) had died by 10 years. Preoperative factors that were identified as statistically significant pre-
dictors of 10-year mortality in the multivariable analysis (all P <_ 0.01) were: left ventricular ejection fraction, atrial fibrillation, age, diabetes,
prior cerebrovascular event (stroke or transient ischaemic attack), serum creatinine and smoking status. The following variables were sig-
nificantly associated in univariable models but did not retain significance in the multivariable model for mortality: non-Caucasian ethni-
city, hypertension, peripheral vascular disease, chronic obstructive pulmonary disease and prior myocardial infarction.

CONCLUSIONS: Independent predictors of 10-year mortality in the ART were multifactorial. Several key independent predictors of 10-
year mortality in the ART were identified including: heart function, renal function, cerebrovascular disease, age, atrial fibrillation, smoking
status and diabetes. Understanding which preoperative variables influence long-term outcome after coronary artery bypass grafting may
help to target treatments to those at higher risk to reduce mortality.
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ABBREVIATIONS

AF Atrial fibrillation
ART Arterial revascularization trial
CABG Coronary artery bypass graft
CAD Coronary artery disease
CCS Canadian Cardiovascular Society
COPD Chronic obstructive pulmonary disease
Hb Haemoglobin
MI Myocardial infarction
NYHA New York Heart Association
PVD Peripheral vascular disease
TIA Transient ischaemic attack

INTRODUCTION

Coronary artery bypass graft (CABG) surgery is a well-established
and effective treatment for coronary artery disease (CAD) [1].
Fortunately, short-term mortality post-CABG occurs infrequently
(<2%) and multiple models have been established to predict
short-term mortality risk after CABG, such as The European
System for Cardiac Operative Risk Evaluation (EuroSCORE) II [2,
3]. The effects of specific risk factors on short-term outcomes of
CABG are well established. Previous studies have demonstrated
that cardiac factors, e.g. prior myocardial infarction (MI), poor
left ventricular function and urgency of operation, are critical
with regard to short-term mortality risk post-CABG as they con-
tribute to cardiovascular mortality, which is often seen within the
first year post-CABG. There is a shift towards noncardiac-related
variables, e.g. diabetes with regard to long-term mortality post-
CABG [4]. As expected, patients undergoing CABG have a higher
long-term mortality rate than the general population and less is
known about the long-term effects of preoperative characteris-
tics, such as comorbidities, for patients undergoing this surgery
and prevention factors are not yet optimal [5]. An informed deci-
sion about the best therapeutic option for a patient can be made
when the impact of risk factors of mortality can be reliably esti-
mated. Understanding factors influencing long-term mortality
post-CABG may help to better stratify patients’ risk and therefore
organize a tailored, patient-centred plan of care. The aim of this
study was to determine the prognostic factors of all-cause

mortality at 10 years following isolated CABG in the randomized
arterial revascularization trial (ART).

PATIENTS AND METHODS

Ethical statement

The ART complied with the Medical Research Council Guidelines
for Good Clinical Practice in Clinical Trials and the Declaration of
Helsinki guidelines. The trial commenced following ethical ap-
proval from participating hospitals (Northern and Yorkshire re-
search ethics committee approval MREC 04//3/006) and
informed consent was obtained from each participant.

Study population

The ART was a two-arm, prospective, randomized multicentre
trial of patients with multivessel CAD who were scheduled to
undergo urgent or elective CABG (Current Controlled Trials num-
ber, ISRCTN46552265). Patients were randomized to receive ei-
ther single or bilateral internal thoracic artery grafts in a 1:1 ratio,
with supplemental vein or radial artery grafts as required.
Patients excluded from the trial included those requiring a single
graft, evolving MI, concomitant procedures and those with prior
CABG. Isolated CABG is defined as patients undergoing only
CABG, not involving other concurrent surgery. The primary out-
come was all-cause mortality at 10 years of follow-up. All-cause
mortality is defined as death from any cause as reported by the
centre. Analysis of the primary outcome was carried out on the
intention-to-treat population and time from randomization to
death was calculated. For patients who were alive and for whom
their status was not known, the time from randomization until
they were last recorded as alive was calculated. Patients with in-
complete follow-up were censored at the date of last follow-up.
The protocol and 1-, 5- and 10-year results have been published
previously [6–9].

Prognostic factors

Potential prognostic factors were chosen based on prior litera-
ture (published CABG short-term and long-term models) and
clinical experience. Those examined were demographics (age,
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female gender and ethnicity); body mass index; creatinine; New
York Heart Association (NYHA) 3 and 4; Canadian Cardiovascular
Society (CCS) 3 and 4; the presence of comorbidities, including
treated hypertension, treated hyperlipidaemia, diabetes mellitus,
preoperative atrial fibrillation (AF), peripheral vascular disease
(PVD), chronic obstructive pulmonary disease (COPD), asthma;
history of cerebrovascular accident or transient ischaemic attack
(TIA); history of MI; left ventricular ejection fraction (LVEF); smok-
ing status (former or current smoker categories); history of percu-
taneous coronary intervention; and number of grafts. Age, serum
creatinine and body mass index were modelled as continuous
variables and a linear relationship was assumed between these
variables and mortality. The other variables (except for LVEF, CCS
angina class, NYHA classification and smoking) were dichotom-
ous, representing presence or absence of the characteristic. The
absence of the condition served as a reference group. LVEF was
categorized as >50%, 31–49% and <_30%; both CCS anginal class
and NYHA classification were subdivided into class <3 and >_3.
Smoking was categorized as never smoker, current smoker and
former smoker.

Statistical methods

A post hoc analysis of the ART was conducted. Cumulative 10-
year mortality was estimated using the Kaplan–Meier method. In
this article, categorical variables are presented as percentages
and counts and continuous variables are presented as mean and
standard deviation. For the outcome (all-cause mortality at 10
years), Cox proportional hazard regression analyses were per-
formed to estimate for each variable a hazard ratio (HR).
Univariable Cox regression models were applied to all candidate
variables. All candidate variables were then included in 1 multi-
variable model, without any variable selection. This approach to
development of the final model is called the full model approach,
where all predictors are included in the model irrespective of
their association with the outcome. A full model approach, unlike
conventional automatic variable selection strategies, avoids
excluding important variables that can contribute significantly
when they are combined and reduces the probability of selection
bias [10]. Missing data were accounted for by multiple imput-
ation with multivariate imputation by chained equations. The
number of datasets imputed was 10. The individual coefficients
from the regression model from each imputed dataset were
pooled using Rubin’s rule [11]. Statistical analyses were performed
in R software version 3.6.2.

RESULTS

The ART enrolled 3102 patients between 2004 and 2007 at 28
hospitals in 7 countries. Within the randomized ART, baseline
demographics and clinical characteristics have previously been
described [9]. The baseline characteristics are shown in Table 1.
Ten-year follow-up was complete in 3040 patients (98%). Patients
were censored at the end of the follow-up period, with the re-
mainder of censoring due to lost to follow-up. A total of 644
patients (20.8% of the overall trial population) had died by 10
years; information about death classification is available (see
Supplementary Material). There were significant differences in
preoperative comorbidities between patients who survived and
did not survive by the end of 10-year follow-up and this analysis

provides a basis to identify potential prognostic variables (see
Supplementary Material).

Table 2 shows the univariable relationships between the candi-
date prognostic factors and 10-year mortality. Among the 28 varia-
bles evaluated, 13 were significantly associated with mortality
(P <_ 0.01): non-Caucasian ethnicity, hypertension, diabetes mellitus,
AF, PVD, prior cerebrovascular accident or TIA, current smoker,
COPD, prior MI, LVEF 31–49%, LVEF <_30%, age and serum

Table 1: Preoperative clinical profiles of ART population
(n = 3102)

Characteristic Value

Age (years), mean (SD) 63.63 (8.93)
Gender, % (n)

Male 85.6 (2656)
Female 14.4 (446)

Ethnicity, % (n)
Caucasian 91.9 (2849)
East Asian 0.2 (6)
South Asian 4.8 (150)
Afro-Caribbean 0.1 (2)
African 0.2 (5)
Other 2.9 (89)

Height (cm), mean (SD) 170.24 (8.46)
Weight (kg), mean (SD) 81.93 (13.90)
BMI (kg/m2), mean (SD) 28.22 (4.03)
Creatinine (mmol/l), mean (SD) 96.82 (22.29)
CrCl (ml/min), mean (SD) 92.39 (29.09)
NYHA functional class, % (n)

1–2 78.4 (2431)
3–4 21.6 (669)

CCS anginal class, % (n)
No angina, 1–2 92.3 (2862)
3–4 7.7 (240)

Hypertension treated with drugs, % (n) 77.7 (2410)
Hyperlipidaemia treated with drugs, % (n) 93.7 (2905)
Diabetes, % (n) 23.7 (734)
Atrial fibrillation, % (n) 1.5 (45)
Smoking, % (n)

Current smoking 14.5 (451)
Former smoking 55.8 (1732)
Never smoked 29.6 (919)

COPD, % (n) 2.5 (77)
Asthma, % (n) 4.4 (135)
PVD, % (n) 7.1 (221)
Prior CVA or TIA, % (n) 6.4 (200)
LMSD, % (n)a 16.9 (225)
Number of vessels grafted

1 19
2 545
3 1520
4+ 992

Radial artery graft 639
Saphenous vein graft 2402
Previous PCI, with or without stent, % (n) 15.8 (490)
LVEF, % (n)

>_50% 75.5 (2276)
31–49% 22.4 (674)
<_30% 2.2(65)

Previous MI, % (n) 41.9 (1300)

aLMSD data were incomplete (53% missing data).
BMI: body mass index; CCS: Canadian Cardiovascular Society; COPD:
chronic obstructive pulmonary disease; CrCl: creatinine clearance; CVA:
cerebrovascular accident; LMSD: left main stem disease; LVEF: left ventricu-
lar ejection fraction; MI: myocardial infarction; NYHA: New York Heart
Association; PCI: percutaneous coronary intervention; PVD: peripheral vas-
cular disease; SD: standard deviation; TIA: transient ischaemic attack.
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creatinine. Table 3 shows the multivariable relationships. In all, 7
factors emerged as independent predictors of death over 10-year
follow-up in the multivariable analysis (all P <_ 0.01): age, creatinine,
diabetes, AF, prior cerebrovascular event (stroke or TIA), smoking
status and LVEF (see figure 1). Figure 2 is a forest plot showing the
hazard ratios of the significant multivariable correlates for mortality
at 10 years in patients undergoing CABG in the ART. The inclusion
of the as-treated groups of single or multiple arterial grafts as a risk
factor for the analysis demonstrated no change to the multivariable
model (see Supplementary Material). The following variables were
significantly associated in the univariable models but did not retain
significance in the multivariable model for mortality: non-
Caucasian ethnicity, hypertension, PVD, COPD and prior MI.

DISCUSSION

In this study, we identified the key preoperative predictors of
long-term mortality within the ART and estimated the

associations of these variables with all-cause mortality over
10 years after CABG. The multivariable model shows that there
are several independent prognostic factors on long-term survival
after CABG: age, creatinine, diabetes, AF, cerebrovascular disease,
LVEF and smoking status.

Our study demonstrates that diabetes increases the risk of 10-
year mortality by 1.28-fold. Diabetes contributes to accelerated
atherosclerosis and the development of extensive multivessel ath-
erosclerosis [12]. A study demonstrated that elevated preopera-
tive haemoglobin (Hb) A1c levels (HbA1c >8%) led to increased
long-term mortality post-CABG [13]. This supports the import-
ance of the clinician in becoming engaged in improving the care
of the high-risk population of patients with diabetes undergoing
CABG by optimizing glucose and risk factor control at all stages
of care for CABG patients. We suggest the need to improve and
standardize the quality of glycaemic control in patients with dia-
betes undergoing CABG; pre-procedure HbA1c measurement in
all patients to identify the growing number of nondiagnosed dia-
betes; preoperative and postoperative patient education of all

Table 2: Univariable associations of candidate prognostic factors with 10-year mortality in the entire population of the randomized
arterial revascularization trial (n = 3102)

CABG (n = 3102) univariable correlates of 10-year mortality Incidence of mortality, no./total (%) Hazard ratio (95% CI) P-Value

Categorical variables
Gender

Male 535/2656 (20.1) Ref
Female 109/446 (24.4) 1.28 (1.04–1.57) 0.019

Ethnicity
Caucasian 612/2849 (21.5) Ref
Non-Caucasian 32/252 (12.7) 0.56 (0.39–0.80) 0.002

NYHA class
NYHA 1 and 2 486/2431 (20.0) Ref
NYHA 3 and 4 158/669 (23.6) 1.23 (1.03–1.47) 0.025

CCS class
CCS 1 and 2 587/2862 (20.5) Ref
CCS 3 and 4 57/240 (23.8) 1.16 (0.89–1.53) 0.271

Hypertension 534/2410 (22.2) 1.41 (1.15–1.74) 0.001
Hyperlipidaemia 598/2905 (20.6) 0.85 (0.63–1.15) 0.290
Diabetes mellitus 186/734 (25.3) 1.36 (1.15–1.61) <0.001
AF 24/45 (53.3) 3.76 (2.50–5.65) <0.001
PVD 68/221 (30.8) 1.66 (1.29–2.13) <0.001
Prior CVA or TIA 75/185 (40.5) 2.30 (1.81–2.93) <0.001
Smoking

Never smoker 171/919 (18.6) Ref
Former smoker 362/1732 (20.9) 1.16 (0.97–1.39) 0.110
Current smoker 111/451 (24.6) 1.48 (1.17–1.88) 0.001

COPD 29/77 (37.7) 2.01 (1.38–2.91) <0.001
Asthma 35/135 (25.9) 1.36 (0.97–1.92) 0.075
Prior MI 296/1300 (22.8) 1.24 (1.06–1.45) 0.007
Prior PCI 107/490 (21.8) 1.08 (0.88–1.33) 0.461
LVEF

>_50% 396/2276 Ref
31–49% 199/674 (29.5) 1.82 (1.53–2.16) <0.001
�30% 28/65 (43.1) 3.36 (2.29–4.93) <0.001

Continuous variablesa

Age per increase in 1 year 68.61 (SD: 8.4) 1.08 (1.07–1.09) <0.001
BMI per increase in 1 kg/m2 27.99 (SD: 4.02) 0.98 (0.97–1.00) 0.127
Serum creatinine per increase in 1 lmol/l 104.15 (SD: 29.12) 1.01 (1.01–1.01) <0.001
Number of grafts 3.18 (SD: 0.8) 0.99 (0.90–1.09) 0.782

The variables significantly associated with mortality are in italics.
aContinuous variables are presented as mean (SD) in patients who died within 10 years.
AF: atrial fibrillation; BMI: body mass index; CABG: coronary artery bypass graft surgery; CCS: Canadian Cardiovascular Society; CI: confidence interval; COPD:
chronic obstructive pulmonary disease; CVA: cerebrovascular accident; LVEF: left ventricular ejection fraction; MI: myocardial infarction; NYHA: New York Heart
Association; PCI: percutaneous coronary intervention; PVD: peripheral vascular disease; Ref: reference; SD: standard deviation; TIA: transient ischaemic attack.
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patients with diabetes; and appropriate follow-up with patients’
general practitioner. In patients with high cardiovascular risk and
diabetes, future studies could examine whether novel interven-
tions such as sodium-glucose co-transporter 2 inhibitors and
glucagon-like peptide-1 receptor agonists and tighter glucose
control would improve the long-term survival in these patients
[14]. Glucagon-like peptide-1 receptor agonists work by improv-
ing glycaemic control in patients with severe diabetes and leads
to improved insulin sensitivity and decreased HbA1c.

In our study, LVEF <_30% was associated with poor long-term
survival. Mortality in these patients may be attributed to ven-
tricular arrythmias, progression of heart failure and recurrent is-
chaemia. Prophylactic implantation with an automatic internal
cardioverter defibrillator (e.g. during or immediately after CABG)
may reduce long-term mortality risk in patients with a prior MI
and advanced left ventricular dysfunction, but this strategy would
need to be tested in future research studies [15]. Biventricular
pacing was shown to be effective in improving outcomes and
clinical symptoms in patients with heart failure and left bundle
branch block and may be considered as a potential approach in
CABG patients with similar clinical syndromes [16].

Unlike diabetes, preoperative AF and history of cerebrovascular
disease are factors that occur infrequently in populations and was
found in only 2% and 3% of patients in the ART, respectively, yet
were found to be strongly associated with long-term mortality in
patients post-CABG. Because of their rare occurrence, they may

not be identified as important for large populations and not con-
tributing to overall mortality risk, but they represent important
variables expressing risk when present in an individual patient. AF
has previously been described as a risk factor for long-term mor-
tality with hazard ratios ranging from 1.39–1.67 [17–20]. A reduc-
tion in long-term survival in patients with AF may be due to
further thromboembolic events, bleeding risk from anticoagula-
tion therapy, tachycardia-mediated cardiomyopathy and low car-
diac output. High incidence of mortality in CABG patients with
preoperative and/or postoperative AF is attributed to ischaemic
stroke. An underuse of anticoagulation in AF patients undergoing
CABG has been found; therefore, the number of these patients
receiving anticoagulation may need to be increased [21]. This may

Table 3: Multivariable correlates of 10-year mortality in the
entire population of the randomized arterial revascularization
trial (n = 3102)

Multivariable correlates of 10-year
mortality

Hazard ratio
(95% CI)

P-Value

Female 1.20 (0.97–1.49) 0.10
BMI per increase in 1 kg/m2 0.99 (0.97–1.01) 0.369
Ethnicity

Non-Caucasian 0.97 (0.66–1.41) 0.861
COPD 1.27 (0.86–1.88) 0.225
Asthma 1.20 (0.84–1.71) 0.311
Hypertension 1.18 (0.96–1.47) 0.12
Hyperlipidaemia 0.90 (0.66–1.23) 0.505
Diabetes mellitus 1.28 (1.08–1.53) 0.006
Atrial fibrillation 2.13 (1.40–3.25) <0.001
Peripheral vascular disease 1.07 (0.83–1.40) 0.594
Prior CVA or TIA 1.60 (1.25–2.04) <0.001
Smoking

Former smoker 1.21 (1.00–1.46) 0.052
Current smoker 2.65 (2.05–3.43) <0.001

NYHA 3 and 4 1.10 (0.90–1.34) 0.363
CCS 3 and 4 1.10 (0.82–1.47) 0.525
Prior MI 1.06 (0.90–1.25) 0.470
Prior PCI 1.23 (0.99–1.52) 0.063
LVEF

31–49% 1.66 (1.39–1.98) <0.001
<_30% 2.31 (1.54–3.47) <0.001

Age per increase in 1 year 1.08 (1.07–1.09) <0.001
Serum creatinine per increase in 1 lmol/l 1.01 (1.01–1.01) <0.001
Number of grafts 1.02 (0.92–1.12) 0.768

BMI: body mass index; CCS: Canadian Cardiovascular Society; CI: confi-
dence interval; COPD: chronic obstructive pulmonary disease; CVA: cere-
brovascular accident; LVEF: left ventricular ejection fraction; MI: myocardial
infarction; NYHA: New York Heart Association; PCI: percutaneous coronary
intervention; TIA: transient ischaemic attack.

Figure 1: The prognostic factors of 10-year mortality in the arterial revasculari-
zation trial trial. ART: arterial revascularization trial; CVA: cerebrovascular acci-
dent; LVEF: left ventricular ejection fraction; TIA: transient ischaemic attack.

Figure 2: Forest plot of the significant predictors of mortality at 10 years in
the arterial revascularization trial. AF: atrial fibrillation; CVA: cerebrovascular
accident; LVEF: left ventricular ejection fraction; TIA: transient ischaemic
attack.
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also contribute to discussions about the role of ablative surgery
during CABG in improving long-term survival [22].

Benedetto et al. [23] found that postoperative AF was inde-
pendently associated with all-cause mortality at 10 years (HR
1.34; 95% confidence interval, 1.13–1.59) in patients who partici-
pated in the ART. Operative and postoperative variables have
been previously shown to be predictive of long-term mortality
post-CABG; however, the focus of our study was the assessment
of preoperative variables as potential predictors. As operative
data are not available prior surgery, surgeons can only rely on
preoperative patient characteristics for informed consent, coun-
selling and surgical decision-making. Further research is needed
to identify whether operative and postoperative variables need
to be considered in predictive models. Possible contenders in-
clude mean number and type of grafts (multiple/total arterial
grafting), postoperative AF and hospital length of stay.
Biomarkers such as postoperative creatinine-kinase myocardial
band and troponin have previously been shown to be independ-
ent predictors of long-term mortality post-CABG [24].

Current smoking was associated with the highest hazard ratio.
We must find even better ways of preventing patients from
smoking and involve the general practitioner and smoking cessa-
tion services prior to CABG to improve long-term prognosis in
current smokers undergoing CABG.

The Synergy between Percutaneous Coronary Intervention with
Taxus and Cardiac Surgery (SYNTAX) trial was a multicentre,
randomized trial in which 1800 patients with left main or three-
vessel CAD were randomized to undergo CABG or percutaneous
coronary intervention surgery and were followed up for 10 years
[25]. The following variables were identified as multivariable corre-
lates of 4-year mortality: age, PVD, chronic lung disease, serum cre-
atinine and lack of discharge aspirin [26]. Our study extends those
results to a larger sample and longer follow-up. We were able to
demonstrate that although COPD and PVD are associated with late
mortality in univariable analysis, they were not retained in the multi-
variable model. In the SYNTAX CABG model, there may not have
been enough events (78 deaths) to include all significant variables in
the multivariable model. This may result in imprecise and biased
estimates in the direction of more extreme values when the event
per variable is low. The ART is one of the largest CABG trials with
about 30 000 patient-years of follow-up and there were enough
events (644 deaths) to provide reasonable power in all of the uni-
variable correlates evaluated, although we still had several groups
with low numbers of events, such as ethnicity, which could lead to
errors. While not all variables in the model were significantly associ-
ated with all-cause mortality, they can be identified as variables to
be used for adjustment in future analyses.

Although previous studies have shown that COPD is predictive of
long-term mortality after CABG [27, 28], our study did not show
this, possibly due to the small sample size (2.5%) of patients with
chronic lung disease in the ART. The impact of gender on long-
term mortality post-CABG is debateable. Studies have shown that
being female increases the risk of operative mortality after CABG
and is not an independent predictor of long-term mortality [29, 30].
Preoperative assessment of renal dysfunction can improve postop-
erative long-term survival through lifestyle and medication man-
agement. Informing the postoperative inpatient team about
nephrotoxic medications and medications that are renally cleared
may be needed. In patients with severe renal impairment, a neph-
rology referral prior to operation may be warranted to enable
more informed decision-making regarding long-term mortality risk.
Longer-term efforts to manage renal disease should focus on

management of risk factors like hypertension and diabetes and pro-
vision of protective agents such as angiotensin receptor blockers
and SGLT-2 inhibitors in appropriate patients. We have shown that
long-term outcomes are less affected by predictors of early mortal-
ity, such as angina class III/IV and previous MI but are more strong-
ly associated with chronic conditions and comorbidities, such as
renal impairment, diabetes and heart function.

Limitations

In the analysis we did not include factors related to operative
techniques other than number of grafts. We did not examine fac-
tors associated with long-term cardiovascular mortality. We were
unable to investigate the association of left main stem disease
with long-term mortality as this variable was not included in the
analysis due to having 53% missing data (see Supplementary
Material). However, by excluding left main stem disease we
enabled a full dataset where missingness is <3%. The category ‘for-
mer smoker’ was crude and did not include details on how long it
had been after the former smokers quite their smoking behaviour
and number of cigarettes they had consumed. Hence, the hazard
ratio estimates for smoking status in this analysis may not be reli-
able. Patients with prognostic factors identified in this study, such
as diabetes, may have disparities in care received, raising the pos-
sibility of unmeasured confounding, though this may be subtle
and difficult to quantify. Our study considered a wide range of
candidate variables (demographic, cardiac and non-cardiac-
related factors), thus reducing the possibility of important un-
known confounders. There was a high rate of guideline-directed
medical therapy in ART; therefore, the possible confounding influ-
ence of medical therapy on mortality is reduced due to optimal
drug compliance in the ART. The statistical models have inherent
limitations including small sample sizes for certain variables,
which can lead to errors in estimating the strength of associations.

CONCLUSIONS

Independent predictors of 10-year mortality in the ART were multi-
factorial. Optimizing characteristics such as diabetes and athero-
sclerosis are essential for the prevention of poor outcomes and the
improvement of long-term survival. Future studies are needed to
evaluate whether specific interventions for key prognostic factors in
post-CABG patients can improve long-term survival and if more
specific risk stratification models can help to identify those CABG
patients who need more intensive management of co-morbidities.

SUPPLEMENTARY MATERIAL

Supplementary material is available at EJCTS online.
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al. Prognostic value of chronic obstructive pulmonary disease in coron-
ary artery bypass grafting. Eur J Cardiothorac Surg 2006;29:202–9.

[2] Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR et al.
EuroSCORE II. Eur J Cardiothorac Surg 2012;41:734–44, discussion 744–5.

[3] Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB et al. The
Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 1—cor-
onary artery bypass grafting surgery. Ann Thorac Surg 2009;88:S2–22.

[4] Gao D, Grunwald GK, Rumsfeld JS, Schooley L, MacKenzie T, Shroyer AL.
Time-varying risk factors for long-term mortality after coronary artery
bypass graft surgery. Ann Thorac Surg 2006;81:793–9.

[5] Adelborg K, Horváth-Puhó E, Schmidt M, Munch T, Pedersen L, Nielsen
PH et al. Thirty-year mortality after coronary artery bypass graft surgery:
a Danish Nationwide Population-Based Cohort Study. Circ Cardiovasc
Qual Outcomes 2017;10:e002708.

[6] Taggart DP, Lees B, Gray A, Altman DG, Flather M, Channon K; ART
Investigators. Protocol for the arterial revascularisation trial (ART). A rando-
mised trial to compare survival following bilateral versus single internal
mammary grafting in coronary revascularisation [ISRCTN46552265]. Trials
2006;7:7.

[7] Taggart DP, Altman DG, Gray AM, Lees B, Nugara F, Yu LM et al.; ART
Investigators. Randomized trial to compare bilateral vs. single internal
mammary coronary artery bypass grafting: 1-year results of the arterial
revascularisation trial (ART). Eur Heart J 2010;31:2470–81.

[8] Taggart DP, Altman DG, Gray AM, Lees B, Gerry S, Benedetto U et al.;
ART Investigators. Randomized trial of bilateral versus single internal-
thoracic-artery grafts. N Engl J Med 2016;375:2540–9.

[9] Taggart DP, Benedetto U, Gerry S, Altman DG, Gray AM, Lees B et al.;
Arterial Revascularization Trial Investigators. Bilateral versus single internal-
thoracic-artery grafts at 10 years. N Engl J Med 2019;380:437–46.

[10] Royston P, Moons KG, Altman DG, Vergouwe Y. Prognosis and prognos-
tic research: developing a prognostic model. BMJ 2009;338:b604.

[11] Rubin DB. Multiple Imputation for Nonresponse in Surveys. Hoboken,
NJ: Wiley-Interscience, 2004, 287.

[12] Lathief S, Inzucchi SE. Approach to diabetes management in patients
with CVD. Trends Cardiovasc Med 2016;26:165–79.

[13] Deo S, Sundaram V, Sheikh MA, Sahadevan J, Selvaganesan P, Madan
Mohan SK et al. Pre-operative glycaemic control and long-term survival
in diabetic patients after coronary artery bypass grafting. Eur J
Cardiothorac Surg 2021;60:1169–77.

[14] Brown E, Heerspink HJL, Cuthbertson DJ, Wilding JPH. SGLT2 inhibitors
and GLP-1 receptor agonists: established and emerging indications.
Lancet 2021;398:262–76.

[15] Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS et al.;
Multicenter Automatic Defibrillator Implantation Trial II Investigators.
Prophylactic implantation of a defibrillator in patients with myocardial
infarction and reduced ejection fraction. N Engl J Med 2002;346:877–83.

[16] Zhang W, Huang J, Qi Y, Wang F, Guo L, Shi X et al. Cardiac resynchroni-
zation therapy by left bundle branch area pacing in patients with heart
failure and left bundle branch block. Heart Rhythm 2019;16:1783–90.

[17] Bramer S, van Straten AH, Soliman Hamad MA, Berreklouw E, Martens
EJ, Maessen JG. The impact of preoperative atrial fibrillation on early and
late mortality after coronary artery bypass grafting. Eur J Cardiothorac
Surg 2010;38:373–9.

[18] Saxena A, Kapoor J, Dinh DT, Smith JA, Shardey GC, Newcomb AE.
Preoperative atrial fibrillation is an independent predictor of worse early
and late outcomes after isolated coronary artery bypass graft surgery.
J Cardiol 2015;65:224–9.

[19] O’Neal WT, Efird JT, Davies SW, Choi YM, Anderson CA, Kindell LC et al.
Preoperative atrial fibrillation and long-term survival after open heart
surgery in a rural tertiary heart institute. Heart Lung 2013;42:442–7.

[20] Malaisrie SC, McCarthy PM, Kruse J, Matsouaka R, Andrei AC, Grau-
Sepulveda MV et al. Burden of preoperative atrial fibrillation in patients
undergoing coronary artery bypass grafting. J Thorac Cardiovasc Surg
2018;155:2358–67.e1.

[21] Fengsrud E, Englund A, Ahlsson A. Pre- and postoperative atrial fibrilla-
tion in CABG patients have similar prognostic impact. Scand Cardiovasc
J 2017;51:21–7.

[22] Akpinar B, Sanisoglu I, Guden M, Sagbas E, Caynak B, Bayramoglu Z.
Combined off-pump coronary artery bypass grafting surgery and abla-
tive therapy for atrial fibrillation: early and mid-term results. Ann Thorac
Surg 2006;81:1332–7.

[23] Benedetto U, Gaudino MF, Dimagli A, Gerry S, Gray A, Lees B et al.; ART
Investigators. Postoperative atrial fibrillation and long-term risk of stroke
after isolated coronary artery bypass graft surgery. Circulation 2020;142:
1320–9.

[24] Søraas CL, Friis C, Engebretsen KV, Sandvik L, Kjeldsen SE, Tønnessen T.
Troponin T is a better predictor than creatine kinase-MB of long-term
mortality after coronary artery bypass graft surgery. Am Heart J 2012;
164:779–85.

[25] Thuijs DJFM, Kappetein AP, Serruys PW, Mohr FW, Morice MC, Mack
MJ et al.; SYNTAX Extended Survival Investigators. Percutaneous coron-
ary intervention versus coronary artery bypass grafting in patients with
three-vessel or left main coronary artery disease: 10-year follow-up of
the multicentre randomised controlled SYNTAX trial. Lancet 2019;394:
1325–34.

[26] Farooq V, Serruys PW, Bourantas C, Vranckx P, Diletti R, Garcia Garcia
HM et al. Incidence and multivariable correlates of long-term mortality
in patients treated with surgical or percutaneous revascularization in the
synergy between percutaneous coronary intervention with taxus and
cardiac surgery (SYNTAX) trial. Eur Heart J 2012;33:3105–13.

[27] Wang R, Tomaniak M, Takahashi K, Gao C, Kawashima H, Hara H et al.
Impact of chronic obstructive pulmonary disease on 10-year mortality
after percutaneous coronary intervention and bypass surgery for com-
plex coronary artery disease: insights from the SYNTAX Extended
Survival study. Clin Res Cardiol 2021;110:1083–95.

[28] Gatta F, Haqzad Y, Loubani M. Short-term and long-term impact of
diagnosed and undiagnosed chronic obstructive pulmonary disease on
coronary artery bypass grafting surgery. Postgrad Med J 2021. doi:
10.1136/postgradmedj-2020-139341.

[29] Bukkapatnam RN, Yeo KK, Li Z, Amsterdam EA. Operative mortality in
women and men undergoing coronary artery bypass grafting (from the
California Coronary Artery Bypass Grafting Outcomes Reporting
Program). Am J Cardiol 2010;105:339–42.

[30] Hara H, Takahashi K, van Klaveren D, Wang R, Garg S, Ono M et al.;
SYNTAX Extended Survival Investigators. Sex differences in all-cause
mortality in the decade following complex coronary revascularization.
J Am Coll Cardiol 2020;76:889–99.

1420 S. Talukder et al. / European Journal of Cardio-Thoracic Surgery


	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6

