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ABSTRACT

Objectives To describe changes in mortality among
patients undergoing coronary artery bypass grafting
(CABG) in New South Wales (NSW) Australia from 2000 to
2013.

Methods Patients undergoing CABG were identified from
the NSW Admission Patient Data Collection (APDC) registry,
linked to the NSW state-wide death registry database.
Changes in all-cause mortality over time were observed
following stratification of the study cohort into two year
groups.

Results We identified 54 767 patients undergoing

CABG during the study period. The risk profile of patients
increased over time with significant increases in age,
comorbidities and concomitant valve surgery (all p <
0.0001). During a median follow-up period of 6 years, a
total 12161 (22.2%) of patients had died. Survival curves
and adjusted analyses showed a steady fall in mortality
rate: those operated on during 2012—2013 had 40 %
lower mortality than those operated on during 2000-2001
(HR 0.61; 95% CI 0.53 to 0.69). This was contributed to
both by a fall in mortality both in hospital (HR 0.48, 95% Cl
0.37 to 0.62) and postdischarge (HR 0.73; 95%Cl 0.61 to
0.86).

Conclusions We report a consistent reduction in medium-
term mortality among a large unselected cohort of NSW
patients undergoing CABG between 2000 and 2013. This
fall is attributable both to an improvement in outcomes in
hospital and in the postdischarge period.

INTRODUCTION

Coronary artery bypass grafting (CABG) is
of proven prognostic benefit in patients with
advanced coronary disease'  and remains
one of the most commonly performed major
surgical procedures.' The risks are highest
in the perioperative period and selecting a
patient for surgical revascularisation involves
weighing up the short-term risks against the
accepted long-term benefit.'

Mortality among patients with coronary
artery disease has fallen steadily since the
1960s.”* Thus, the decision regarding whether
to subject patients to surgical revascularisa-
tion as opposed to medical therapy or percu-
taneous revascularisation would be better

Key questions
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What is already known about this subject?

» Coronary artery bypass grafts are one of the most
common major operations with significant morbidity
and mortality.

What does this study add?

» In New South Wales, Australia, medium-term mor-
tality has improved for these patients since 2000,
reflecting improved survival both in hospital and
following discharge.

How might this impact on clinical practice?

» Hospitals and clinicians should focus efforts on im-
provements in perioperative techniques, grafting
strategies and long-term secondary prevention to
ensure these improved outcomes are realised in all
surgical centres.

informed by a contemporary understanding
of both short-term risks of the procedure
and long-term benefit. Several studies have
shown an improvement in 30-day mortality in
patients following CABG in the 10 years since
2000° 6; however, while some reports have
suggested an improvement in longer-term
outcomes over time,7 others have not.’

The in-hospital mortality for CABG proce-
dures in Australia was 2.7% in 2000, compa-
rable to that reported internationally at
that time, but greater than contemporary
mortality rates.®” There are no longitudinal
data examining whether the improvements
demonstrated elsewhere have been repli-
cated locally. Furthermore, there are few
published data on longerterm outcomes
following CABG in Australia.

The health administrative data collection
system in New South Wales (NSW) houses
information from all patients admitted to
>97% of public and private hospitals. This
dataset contains information on patient
comorbidities and all hospital procedures
and is linked to the national death index.
It therefore provides a valuable resource
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enabling the aggregation of large numbers of patient
procedures and outcomes.

In this analysis, we have extracted information on CABG
procedures performed in NSW from the years 2000 to
2013 with the goal of determining whether there had
been any improvement in medium-term mortality over
this time period. We also sought to evaluate the relative
contribution of mortality during the in-hospital period
and that in the postdischarge phase to any changes over
time.

METHODS

Study population

Patients undergoing CABG between July 2000 and
December 2013 were identified by Australian Classifi-
cation of Health Interventions procedure codes from
the NSW Admission Patient Data Collection (APDC)
registry, held by the Centre for Health Record Linkage
(CHeReL) database. Patients undergoing CABG
were selected from a larger cohort of patients (n=b
97 805 admissions) undergoing a broader range of
cardiac procedures including coronary angiography,
percutaneous coronary intervention, electrophysi-
ology procedures and transoesophageal echocardi-
ography. Comparisons between this extracted dataset
and a sample NSW health dataset of all patients with
schaemic heart diseasei undergoing CABG from 2006
to 2011 (Better Cardiac Care Project)10 indicated that
our study cohort represented approximately 90% of all
CABG procedures in NSW.

Patient variables

The primary and secondary diagnoses associated with
each CABG procedure were extracted from the APDC
database. If the primary diagnosis of admission was
listed as acute myocardial infarction (AMI), the CABG
procedure was presumed to have occurred during the
course of the admission precipitated by the acute coro-
nary event. Performance of concomitant valve surgery
(both repair and replacement) at the time of CABG was
also collected.

Study outcomes

The primary outcome of the study was all-cause death at
latest follow-up. Mortality was identified from the NSW
state-wide death registry database also held by CHeReL,
linked to the APDC registry. Cases were limited to
only NSW state residents to minimise loss to follow-up
through cross-border flows. In-hospital mortality and
postdischarge mortality were also reported. Approval of
the study protocol was granted by the NSW Population
and Health Services Research Ethics Committee, refer-
ence number: 2013/09/479.

Statistical analysis

NSW residents admitted to hospital for CABG between
2 July 2000 and 28 December 2013 were included.
All continuous variables are expressed as mean+SD,

unless otherwise stated, and categorical data given in
frequency and percentages. For binary categorical vari-
ables, the Cochrane-Armitage trend test was used to
determine whether there was a trend in the proportion
across the periods. For the numeric variables, linear
regression analysis was used with the year group vari-
able treated as a continuous variable. The p value was
used to determine whether there was a linear trend in
the means.

Kaplan-Meier methods were used to determine
survival rates. This was limited to the cohort who
underwent surgery before July 2013 to ensure 6-month
follow-up for all. To compare the changes in CABG
mortality over time, the study cohort was stratified into
seven independent time groups 2000-2001, 2002-2003,
2004-2005, 2006-2007, 2008-2009, 2010-2011 and
2012-2013. Survival curves were constructed to allow
comparisons between those seven groups. Changes in
total mortality over those seven groups were compared
after adjustment for confounding effects, using Cox
regression analyses. To ascertain the relative contribu-
tion of in-hospital and postdischarge factors to changes
in the outcome, in-hospital mortality was determined,
both before and after adjustment using Cox regression
analyses. Factors used for adjustment for these analyses
included age, gender, comorbidities including prior
percutaneous coronary interventions, coronary artery
bypass graft, congestive cardiac failure, atrial fibrillation
stroke, peripheral vascular disease, diabetes, current/
ex-smoker, chronic pulmonary disease and chronic
kidney disease, indication for procedure (AMI vs not)
and performance of valve surgery at the time of CABG.

The robustness of the findings was confirmed in
additional analyses restricted to patients with complete
follow-up times. Mortality was determined at 6 months
(including the cohort to July 2013), 2 years (restricted
to the populations with complete ascertainment from
2000 to 2011) and 5 years (restricted to those with
complete ascertainment from 2000 to 2007). In an addi-
tional sensitivity analysis, long-term mortality was eval-
uated following restriction of the population to those
surviving 30 days postdischarge to be consistent with
many post-CABG survival models and quality metrics."'

All analyses were performed using SAS V.9.3 (IBM,
USA). A two-tailed probability value <0.05 was consid-
ered statistically significant. All authors had full access
to all the data in the study, and the corresponding
author had final responsibility for the decision to
submit for publication.

RESULTS

Description of study population

Our initial data extract included almost 6 00 000
patient records. From these, 54 767 patients under-
going in-hospital CABG for whom the dates of surgery
were available comprised the study cohort (figure 1).
The risk profile of the patient population steadily
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CheReL APDC registry*

1 July 2000 - 31 December
2013

N=597,805 admissions

Exclude non-CABG
admissions

CABG admissions only

1 July 2000 - 31 December
2013

N=55,054 casest

Exclude duplicate records
=l and admissions without
procedure date

CABG study cohort
1 July 2000-31 December

2013

N=54767

Figure 1 Derivation of CABG cohort. APDC, Admission
Patient Data Collection; CABG, coronary artery bypass
grafting; CheRel, Centre for Health Record Linkage.

increased over time, with significant increases noted
in age, proportion of males, cardiac comorbidities,
diabetes and chronic kidney disease (all p<0.0001). A
primary admission diagnosis of AMI among patients
undergoing CABG increased (14%-27%, p<0.0001)
during the study period. Concomitant valve surgery at
the time of CABG more than doubled over the time
period (9%-19%, p<0.0001) (table 1).

Overall mortality during the study period
During a median follow-up period of 6 years, a total
12 161 (22.2%) of patients had died. Survival curves
for each cohort showed a steady fall in mortality rate
(figure 2).

Following adjustment, this trend was more apparent.
Mortality at follow-up among those operated on during

2006-2007 was 11% lower (HR 0.89; 95% CI 0.83-0.95)
and those having CABG in 2012-2013 were 40% lower
(HR 0.61; 95% CI0.53-0.69) than those operated on
during 2000-2001 (figure 3A).

In-hospital mortality

A total of 1337 (2.4%) of patients died during their
hospital admission. There was a steady fall in in-hospital
mortality from 2004 to 2005 (2.9%) to 2012-2013 (1.6%),
p<0.0001 (table 2). When compared with that observed
in 2000-2001, the adjusted HR of death had fallen by
30% by 2008-2009 (HR 0.71, 95% CI 0.57 to 0.89), and
more than 50% by 2012-2013 (HR 0.48, 95% CI 0.37 to
0.62) (figure 3B).

Postdischarge mortality

An adjusted landmark long-term survival analysis was
performed restricted to patients surviving to hospital
discharge. Compared with patients operated on during
2000-2001, the mortality hazard was more than 25% less
among patients undergoing CABG from 2012 to 2013
(HR 0.73; 95% CI 0.61 to 0.86) (figure 3C) indicating
that postdischarge factors contributed to the improved
outcomes in this patient cohort.

Sensitivity analyses

A further landmark analysis was performed limited to
patients who survived to 30 days postdischarge. Similar
results were obtained to those observed among post-
discharge survivors (2012/2003 vs 2000/2001 adjusted
HR 0.79, 95%; CI 0.65 to 0.94) (online supplementary
appendix figure 1).

To further control for differing follow-up durations
among patients having their surgery performed at different
times, a series of analyses were performed limited to
patient cohorts for whom there was complete follow-up.
Mortality at 6 months was consistent with the longer-term
result: (2012/2003 vs 2000/2001 adjusted HR 0.64; 95%
CI 0.53 to 0.78) (online supplementary appendix figure
2). Two-year follow-up data were available for patients
operated on up to 2012 and again a benefit was apparent
for this cohort relative to those operated on earlier in the
study period (2011/2002 vs 2000/2001 adjusted HR 0.76;
95% 0.67-0.88) (online supplementary appendix figure
3). Complete 5-year follow-up was limited to the cohort of
patients undergoing surgery earlier during the study period
(latest 2007) and the benefit in mortality was attenuated in
this cohort when compared with those undergoing CABG
earlier:2000,/2001 vs 2006,/2007 (adjusted HR 0.94; 95% CI
0.86 to 1.03) (online supplementary appendix figure 4).

DISCUSSION

This large dataset of the majority patients undergoing CABG
in NSW hospitals from 2000 to 2013 shows a 40% decline
in medium-term mortality during this time period. This has
occurred despite an increase in the clinical risk profile of
this cohort. In-hospital mortality fell from 2.5% to 1.6%,
and after adjusting for patient risk, the hazard of dying in
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Table 1 Demographics and background history of patients undergoing CABG in New South Wales from 2000 to 2013

2000- 2002- 2004~ 2006- 2008- 2010~ 2012-

2001 2003 2005 2007 2009 2011 2013 Overall

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Variable N=7318 N=9563 N=8420 N=8036 N=7452 N=6782 N=7196 N=54 767 P value
Male 5524 (75) 7211 (75) 6474 (77) 6230 (78) 5815 (78) 5363 (79) 5768 (80) 42 385 (77) <0.0001
Age, mean (SD) 66.5 (10.6) 67.0 (10.5) 67.5(10.6) 67.8(10.7) 68.0 (10.7) 67.9(10.6) 67.8 (10.6) 67.5(10.6) <0.0001
Acute myocardial infarct 1018 (14) 1608 (17) 1826 (22) 1996 (25) 1951 (26) 1852 (27) 1933 (27) 12184 (22) <0.0001
indication for CABG
Atrial fibrillation & Flutter 1835 (25) 2793 (29) 2861 (34) 2853 (36) 2814 (38) 2642 (39) 2809 (39) 18 607 (34) <0.0001
Congestive heart failure 519 (7) 718 (8) 817 (10) 728 (9) 693 (9) 642 (9) 690 (10) 4807 (9) <0.0001
Cerebrovascular accident 116 (2) 161 (2) 157 (2) 140 (2) 110 (1) 112(2) 98 (1) 894 (2) 0.1376
Chronic kidney disease 361 (5) 547 (6) 643 (8) 738 (9) 678 (9) 628 (9) 715 (10) 4310 (8) <0.0001
Chronic pulmonary disease 581 (8) 664 (7) 705 (8) 531 (7) 323 (4) 273 (4) 312 (4) 3389 (6) <0.0001
Current and past tobacco use 3418 (47) 4830 (51) 4345 (52) 4421 (55) 4046 (54) 3754 (55) 4010 (56) 28 824 (53) <0.0001
Current tobacco use 780 (11) 992 (10) 1005 (12) 952 (12) 931 (12) 837 (12) 951 (13) 6448 (12) <0.0001
Diabetes 1592 (22) 2544 (27) 2410 (29) 2591 (32) 2060 (28) 1302 (19) 2290 (32) 14789 (27) <0.0001
Hypertension 4311 (59) 5981 (63) 5667 (67) 5606 (70) 4941 (66) 4322 (64) 4872 (69) 35 700 (65) <0.0001
Peripheral vascular disease 563 (8) 824 (9) 804 (10) 688 (9) 530 (7) 408 (6) 462 (6) 4279 (8) <0.0001
Prior CABG 267 (4) 387 (4) 262 (3) 214 (3) 160 (2) 143 (2) 120 (2) 1553 (3) <0.0001
Prior percutaneous coronary 461 (6) 578 (6) 561 (7) 633 (8) 565 (8) 563 (8) 619 (9) 3980 (7) <0.0001
intervention
Valve surgery at the time of 682 (9) 1021 (11) 1148 (14) 1232 (15) 1294 (17) 1219 (18) 1345 (19) 7941 (14) <0.0001

CABG

CABG, coronary artery bypass grafting.

hospital fell by 50%. There were additional mortality gains
post-hospital discharge with a 27% reduced hazard from
2000-2001 to 2012-2013, a finding which was only slightly
attenuated (21% reduced hazard) when medium- term

survival was evaluated among patients surviving 30 days
following their operation.
studies examining
outcomes following CABG have reported conflicting data

Australian

temporal
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Y2000_01
Y2002_3
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Kaplan-Meier survival estimates
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0 2 4 6 8
analysis time
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Figure 2 Kaplan-Meier survival estimates for the whole study cohort.
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Year Hazard Year Hazard
Group Ratio (95% CI) Group Ratio (95% Cl)
Y2002_3 0.97 (0.92, 1.02) Y2002_3 - 1.11(0.92, 1.35)
Y2004_5 0.94 (0.89, 1.00) Y2004_5 —= 0.95 (0.78, 1.16)
Y2006_7 - 0.89 (0.83, 0.95) Y2006_7 —ul 0.91(0.73, 1.12)
Y2008_9 - 0.82 (0.76, 0.89) Y2008_9 —— 0.71 (0.57, 0.89)
Y2010_11 - 0.77 (0.69, 0.85) Y2010_11 — 0.66 (0.52, 0.83)
Y2012_13 — 0.61(0.53, 0.69) Y2012_13 —— 0.48 (0.37, 0.62)
¥2000_01 (Excluded) ¥2000_01 (Excluded)
T T T T T
i 1 2 1 1 2

Year Hazard

Group Ratio (95% CI)

Y2002_3 0.96 (0.91, 1.02)

Y2004_5 0.94 (0.88, 1.00)

Y2006_7 [ ] 0.89 (0.83, 0.95)

Y2008_9 - 0.85(0.78, 0.93)

Y2010_11 - 0.81(0.72, 0.90)

Y2012_13 —— 0.73 (0.61, 0.86)

Y2000_01 (Excluded)

Sl 1 2

Figure 3

(A) Forest plot showing adjusted long-term mortality by year groupings. (B) Forest plot showing adjusted in hospital

mortality by year groupings. (C) Forest plot showing adjusted postdischarge mortality by year groupings.

on short-term outcomes. An early report of 8910 patients
from a Western Australian cardiothoracic surgical data-
base reported worsening 30-day mortality from 1980 to
1993 attributable to inclusion of higher risk patients.'”
However, a more recent report from the Australian and
New Zealand Society of Cardiac and Thoracic Surgeons
database including 27 hospitals nationally reported a
decline in 80-day mortality from 2009 to 2018."" These
findings are consistent with ours; it was in later years in our
study that the improvement in hospital outcomes became
apparent. Our data are also comparable to those from a
recent Danish study which reported a reduction in 30-day
mortality from 4.1% 1999-2000 to 2.4% 2011-2012,% and a
report from the US Society of Thoracic Surgeons database
which reported a fall in 30-day mortality from 2.4% in 2000
t0 1.9% in 2009.°

There have been a number of developments in anaes-
thetic and surgical technique that may have contributed to
the improvement in perioperative outcomes. These include
bleeding and transfusion avoidance strategies, accelerated

extubation and optimising perioperative analgesia.'* The
performance of procedures without cardiopulmonary
bypass (off pump) may improve short- term outcomes
in high-risk patients, although there is no evidence that
the uptake of this procedure has increased over this time
period.” ?1?

Studies that have investigated changes in longer-term
mortality have also yielded conflicting results.®” A Danish
cohort study found no improvement in l-year mortality
from 1999 to 2012 which they attributed to the increasing
age of their cohort despite adjustment. This study was
limited to only three contributing hospitals, which might
explain the disparate findings.” In contrast, a popula-
tion-based study from Sweden reported an improvement
in 4-year survival among most CABG patients from 1987
to 2006.” The finding of a decline in long-term mortality
is plausible and may be attributable to a combination of
better grafting strategies and better secondary prevention.
Improved vein graft handling has been shown to improve
graft patency.'®'” All arterial grafting has been associated

Table 2 In-hospital mortality rates
2000- 2002- 2004~ 2006- 2008~ 2010- 2012-
2001 2003 2005 2007 2009 2011 2013 Overall
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Variable N=7318 N=9563 N=8420 N=8036 N=7452 N=6782 N=7196 N=54 767 P value
In-hospital death 186 (2.5) 263 (2.8) 247 (2.9) 214 (2.7) 166 (2.2) 143 (2.1) 118 (1.6) 1337 (2.4) <0.0001
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with improved outcomes in some series'*and is increasing
in selected hospitals around Australia."* ' Continued statin
and antiplatelet therapies improve longer-term outcomes
following revascularisation.”” Increased uptake of these
medications has been documented to have occurred over
this period in Australian studies.”'

In additional analyses restricted to patients in whom
there was complete follow-up, the improvement in
mortality was attenuated in the years following CABG.
Patients undergoing surgery in 2000-2001 had a 25%
greater likelihood of death by 2 years than those having
surgery in 2012-2013; in contrast, there was no signifi-
cant improvement in 5-year survival among the patients
for whom there was complete follow-up. There are
several explanations for this. First, these patients under-
went surgery earlier in the study period, at a time when
relative improvements in mortality in our cohort were
less apparent. Second, the benefits of bypass surgery rela-
tive to medical therapy attenuate over time.> **** This is
thought to be primarily attributable to bypass graft attri-
tion** ® and may also be contributed to by competing
risk from other causes of death in older populations.* As
discussed above, improved vein preservation techniques
and increasing use of arterial conduits may improve long-
term graft patency and survival.” '® %

Several limitations of our study deserve mention. First,
the data were derived from administrative and procedural
codes which are subject to error®” * In addition, we were
limited by a lack of procedural details, such as vein graft
preservation techniques used, relative changes in the
prevalence of arterial grafting and perioperative medica-
tions. This meant we were unable to document changes
in practice that may have contributed to the observed
improvement in perioperative outcomes. Furthermore,
we did not have data on long-term medication use or
attendance at cardiac rehabilitation in our cohort. This
information would allow a determination of the contri-
bution of these factors to improving outcomes. As this
cohort was extracted from a broader group of patients
undergoing a range of cardiac procedures, it includes
only about 90% of CABG procedures performed over this
time period. However, we do not believe the method of
identification introduces any bias to the population and
so should not influence our findings.

In conclusion, we report a consistent reduction in
medium-term mortality among a large unselected cohort
of NSW patients undergoing CABG between 2000 and
2013. This fall is attributable both to an improvement in
outcomes in hospital and in the postdischarge period.
The age-standardised death rate for coronary heart
disease in Australia has fallen by 4.5% per year between
1980 and 2015. This has been attributed to improvements
in disease prevention through risk factor control, better
emergency medical care for heart attack and an increase
in specialised coronary care units.”’ In this paper, we
identify an additional important contemporary contrib-
utor to this improvement in mortality, better survival
among patients undergoing CABG.
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