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ORIGINAL ARTICLE

Trends and predictors of rehospitalisation following
an acute coronary syndrome: report from the
Australian and New Zealand population of the Global
Registry of Acute Coronary Events (GRACE)

Prashanthi V Sangu,’ Isuru Ranasinghe,” Bernadette Aliprandi Costa,' Gerard Devlin,?

John Elliot,® Jeffery Lefkovitz,* David Brieger’

ABSTRACT

Background Readmission following an acute coronary
syndrome (ACS) is frequent in our community. Patient
specific factors identifying those at risk of readmission
are poorly described.

Methods Data were analysed from 5219 patients with
an ACS enrolled in the Australian and New Zealand
population of the Global Registry of Acute Coronary
Events (GRACE) between 1999 and 2007. Patients who
were readmitted for cardiovascular disease within

6 months of discharge were identified; regression
analysis was used to predict independent patient factors
associated with readmission 1 month and 1-6 months
after discharge.

Results 1048 patients (20.1%) were readmitted within
6 months, with a significant proportion (n=434, 41.4%)
of readmissions occurring within 30 days of discharge.
Readmission within 6 months was associated with a
higher incidence of unscheduled cardiac catheterisation
(HR 25.64, 95% CI 18.41 to 35.71), unscheduled
percutaneous coronary intervention (PCl) (HR 15.78, 95%
Cl 10.56 to 23.59), stroke (HR 1.92, 95% Cl 1.08 to
3.43), and death (HR 2.40, 95% CI 1.66 to 3.49).
Recurrent ischemia in hospital and a diagnosis of S-T
elevation myocardial infarction during the index admission
were associated with the strongest risk of early
rehospitalisation, while revascularisation by PCI or
coronary artery bypass surgery (CABG) was associated
with lowest risk of early readmission. A history of heart
failure, prior myocardial infarction or angina was
associated with a greater likelihood of later
rehospitalisation, whereas revascularisation by CABG was
associated with the lowest risk of later rehospitalisation.
Conclusions Several patient and clinical factors identify
patients at higher risk of readmission. Identifying these
factors and escalating in-hospital and post-discharge care
for these higher risk patients may prevent readmission
and improve outcome.

INTRODUCTION

An acute coronary syndrome (ACS) is well recog-
nised as a major cause of death and disability and
contributes to approximately 95000 hospitalisa-
tions annually in Australia.'" ACS events carry a
high economic burden, with cardiovascular disease
related healthcare cost amounting to $5.5 million
per year; 50% of that amount is spent on care
received during hospitalisation.”

Among those who survive an ACS event, rehos-
pitalisation is a common, costly, and often pre-
ventable outcome.®™ US data suggest that 13.4%
of acute myocardial infarction (AMI) admissions
were followed by a readmission within 15 days,
accounting for 21000 admissions at a cost of
$136 million.° While late (>30 day) readmissions
have been attributed to disease specific risk factors,
early readmission following index hospitalisation is
also widely regarded as reflective of quality of care
received.® This is particularly relevant in the
context of progressive declining length of stay fol-
lowing hospitalisation and increased pressure for
early discharge of patients seen in Australia.

The Global Registry of Acute Coronary Events
(GRACE) is a large multinational ACS registry.”
The Australia and New Zealand (ANZ) population
of this registry was collected over nearly a decade
and represents the largest ACS registry population
in ANZ. We have previously shown improved util-
isation of evidence based therapies, improvement
in patient outcome and a reduction in readmission
at 6 months following an ACS event in this popu-
lation over nearly a decade.® We sought to charac-
terise patients who were readmitted following an
ACS event, and to evaluate early (<30 day) versus
later readmission (30 days to 6 months) following
ACS admission and to assess patient characteristic
that predicted early and late readmission in the
ANZ population.

METHODS

Study population

Full details of the GRACE method have been pub-
lished previously.” GRACE is designed to reflect an
unbiased population of patients with ACS.
Patients enrolled in the GRACE registry were at
least 18 years of age, and presented with symp-
toms suggestive of coronary ischaemia. In addition
to symptoms, patients were required to have either
ECG changes consistent with ACS, elevation of
serum cardiac biomarkers of myocardial necrosis or
documented coronary artery disease. ACS precipi-
tated by non-cardiovascular co-morbidity such as
anaemia or trauma was excluded. To enrol an unse-
lected population, the first 10-20 consecutive
eligible patients were recruited from each site per
month. Data were collected by trained coordina-
tors using standardised case report forms.

Heart 2012;98:1728-1731. doi:10.1136/heartjnl-2012-302532

yBLAdoo Aq pardaloid 1senb Aq £20z ‘6 [udy Uo jwod fwgesy;/:dny woly papeojumoqd "ZT0zZ Jaquaidas Gz uo ZEszos-2T0Z-ulesy/osTT 0T Se paysignd 1siy :LesH


http://heart.bmj.com/

Acute coronary syndromes

Demographic characteristics, medical history, presenting symp-
toms, biochemical and electrocardiographic findings, treatment
practices, and a variety of hospital outcome data were collected.
Selected study outcomes were assessed at 6 months post-
discharge. These included unscheduled readmission rates,
unscheduled procedures (coronary angiography, percutaneous
coronary intervention (PCI), coronary artery bypass surgery
(CABG)) and 6 month complications.

Standardised definitions for all patient-related variables and
clinical diagnoses were used. For this analysis we limited our
study to the ANZ population enrolled in the GRACE registry
between 1999 and 2007. We included all patients with a dis-
charge diagnosis of confirmed ACS.” We included patients who
directly presented to hospital as well as patients transferred
from an outlying hospital.

Statistical analysis

Data are summarised as frequencies and percentages for cat-
egorical variables. Continuous variables are presented as mean
and standard deviation if normally distributed; otherwise data
are presented as medians and 25th and 75th percentiles. For
comparative evaluation of temporal trends, we divided the
period of enrolment into 3-yearly groups (1999-2001,
2002-2004 and 2005-2007). Patients were also stratified accord-
ing to their level of risk at presentation (low, intermediate and
high risk) according to the GRACE risk model for in-hospital
death using previously published cut-off values.”

The log rank y? statistic was used to evaluate for difference
between risk groups for each year group. We further evaluated
the temporal trend (increase or decrease) in the outcome vari-
able across year groups for each risk category. The double sided
Cochran—-Armitage test for trend or logistic regression was used
to evaluate temporal trends. Stepwise logistic regression ana-
lysis was performed to evaluate for independent predictors of
readmission. All univariate predicators of readmission with
p values of <0.10 were included in the regression analysis.
Adjusted OR and 95% Cls were reported for the independent
predictors of readmission and outcome associated readmissions.
The adequacy of the regression model was assessed with the
Hosmer—Lemeshow goodness-of-fit test. A p value of <0.05
was used as a cut-off for statistical significance. The analysis
was performed using SAS V.9.1. Data were >98% complete for
all variables, with the exception of referral for cardiac rehabili-
tation where complete data are only available from year 2000
onwards.

RESULTS

A total of 5615 patients with a confirmed diagnosis of ACS
(S-T elevation myocardial infarction (STEMI), non-STEMI or
unstable angina pectoris) were enrolled into the study from
11 hospitals in ANZ, of whom 5219 patients were discharged
alive from the index hospitalisation. Of these patients, 1048
(20.1%) were readmitted within 6 months of discharge from
index hospitalisation, with 434 readmissions (41.4%) occurring
with the first month and the remaining 634 (68.6%) occurring
at 2-6 months. Over the 9-year enrolment period, overall rehos-
pitalisation rates declined from 23.7% to 15.6% (p for trend
<0.001) (figure 1). This decline was observed in both early
rehospitalisation (p for trend 0.002) and in later rehospitalisa-
tion (p for trend <0.001).

Baseline characteristics
The baseline characteristics of readmitted patients and those

who were not readmitted are shown in table 1. Patients who
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Figure 1 Rates of rehospitalisation post-discharge, 1999-2007. For

comparative evaluation of temporal trends the period of enrolment was
divided into 3-yearly groups (1999-2001, 20022004 and 2005-2007).
p Value for change in total readmission (p<0.001), early readmission
(p=0.002) and late readmission (p<0.001).

were readmitted were older, more likely to be male, and had a
greater burden of cardiac risk factors and prior cardiac disease
at index hospitalisation. Readmitted patients were more likely
to have had evidence of heart failure (as indicated by the higher
Killip class) and were generally at higher risk of further events
at index hospitalisation as indicated by the GRACE risk score
(all p<0.001).

Table 1 Baseline characteristics
Readmission No readmission
Characteristic group, % group, % p Value
Demographic
Number 1048 4081
Age 67.8 65.7 <.0001
Males 64.0 35.7 0.001
Past medical history
AMI 441 32.1 <0.0001
Angina 63.2 49.9 <0.001
CHF 16.7 8.5 <0.001
PCI 19.0 14.9 0.001
CABG 20.0 15.3 0.0002
Diabetes 30.4 24.0 <0.001
Hypertension 64.0 55.2 <0.001
Elevated lipids 59.3 55.2 0.016
Smoking 61.4 63.6 0.19
Presentation on arrival
Mean GRACE risk score 131.7 124.6 <0.0001
on arrival
Killip class >1 25.6 17.0 <.0001
Elevated cardiac 64.9 68.0 0.06
enzymes
S-T changes 47.2 45.0 0.19
Diagnosis
STEMI 28.1 30.5 0.12
NSTEMI 36.6 321
Unstable angina 35.3 321
Enrolment year
1999-2001 23.7 76.7 <0.0001
2002-2004 21.0 79.0
2005-2007 15.6 84.4
2005-2007 15.6 84.4

AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CHF, congestive
heart failure; NSTEMI, non S-T elevation myocardial infarction; PCI, percutaneous coronary
angiography; STEMI, S-T elevation myocardial infarction.

1729

ybuAdoo Aq parosioid 1sanb Aq 202 ‘6 |udy uo jwod fwg-ueay//:dny woll papeojumoq "ZT0z Joqualdas Gz Uo ZEGZ0s-210Z-|ulieay/9eTT 0T Se paysiignd 1s11 :1esH


http://heart.bmj.com/

Acute coronary syndromes

Table 2 Outcome among readmitted patients

HR 95% CI
6-month death 2.40 1.66 to 3.49
Stroke 1.93 1.08 to 3.43
Unscheduled coronary angiogram 25.63 18.41 to 35.71

Unscheduled percutaneous Coronary intervention 15.78 10.56 to 23.59

Six-month events associated with readmission (table 2)
Readmission following discharge from index hospitalisation
was associated with a marked increased incidence of unsched-
uled cardiac catheterisation (HR 25.64, 95% CI 18.41 to 35.71)
and unscheduled PCI (HR 15.78, 95% CI 10.56 to 23.59).
Additionally, readmission at any time post-discharge was asso-
ciated with adverse patient outcome at 6 months, including
increased risk of stroke (HR 1.93, 95% CI 1.08 to 3.43) and
death (HR 2.40, 95% CI 1.66 to 3.49) following adjustment for
baseline clinical characteristics and differences in treatment and
management at index hospitalisation (table 2). The possibility
that the clinical threshold for readmission changed during the
study period was explored by comparing the prognostic impact
of readmission between patients enrolled in the first
2 years (1999-2000) with those enrolled in the last 2 years
(2006-2007). Although these data are limited by small
numbers, there was no statistically significant difference in like-
lihood of death, stroke or unscheduled PCI when the first
2 years were compared to the last 2 years as reflected by overlap
of ClIs in all of measures (table 3).

Independent predictors of early rehospitalisation

(<30 days after index ACS admission)

Female gender, background history of hyperlipidaemia at index
hospitalisation, in-hospital prescription of calcium channel
antagonists, recurrent ischaemia in hospital, a diagnosis of
STEMI and high risk status by the GRACE risk score were asso-
ciated with a higher risk of first rehospitalisation within
30 days of discharge from the index ACS admission (table 4). In
contrast, revascularisation (PCI or CABG), echocardiography in
hospital, and admission during the most recent year group
(2005-2007) were associated with a lower risk of rehospitalisa-
tion within the first 30 days of discharge from the index
admission.

Independent predictors of late rehospitalisation

(2-6 months after index ACS admission)

Patients with a greater burden of cardiac disease at index pres-
entation, including prior history of AMI, angina and hyperten-
sion were at increased risk of late rehospitalisation (table 5).
Prior history of heart failure (OR 1.69, 95% CI 1.30 to 2.19)
and clinical evidence of heart failure at index admission (as
assessed by Killip class >1) (OR 1.31, 95% CI 1.05 to 1.63)
were strongly associated with increased risk of late rehospitali-
sation. Higher diastolic blood pressure at index presentation

Table 3 Prognostic impact of readmission during the study period
1999-2000, HR (95% CI) 2006-2007, HR (95% ClI)
Death 1.85 (0.97 to 3.52) 5.22 (244 t0 11.2)

Stroke 4.25 (1.44 t0 12.5) 2.02 (0.2 to 19.16)
Unscheduled PCI 13.05 (6.34 to 26.8) 13.6 (5.45 to 33.8)

6-month outcome

The referent group for all HR indicated in the table is the patients who did not experience
a readmission during the same time period.
PCI, percutaneous coronary angiography.
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Table 4 Independent predictors of early rehospitalisation (first
hospitalisation within 30 days)

0dds ratio (95% Cl)

Predictor
Female sex 1.33 (1.062 to 1.67)
History of hyperlipidaemia 1.67 (1.32 to 2.11)
In-hospital PCI 0.65 (0.48 to 0.87)

In-hospital CABG

In-hospital echocardiography

In-hospital use of Ca channel blocker

Recurrent ischemia in hospital
Discharge diagnosis

0.35 (0.17 to 0.69)
0.72 (0.56 to 0.91)
1.41 (112 t0 1.79)
1.69 (1.36 to 2.11)

UAP 1.00

NSTEMI 1.28 (0.97 to 1.70)

STEMI 1.76 (1.29 to 2.40)
GRACE risk score

Low risk 1.00

Intermediate 1.07(0.82 to 1.39)

High risk 1.65 (1.17 to 2.31)
Year of admission

1999-2001 1.00

2002-2004 1.32 (1.03 to 1.69)

2005-2007 0.65 (0.48 to 0.88)

CABG, coronary artery bypass graft; NSTEMI, non S-T elevation myocardial infarction;
PCI, percutaneous coronary angiography; STEMI, S-T elevation myocardial infarction;
UAP unstable angina pectoris.

and more recent year of enrolment were associated with a
lower risk of late rehospitalisation. Revascularisation by CABG
was associated with the lowest risk of later rehospitalisation
(OR 0.43, 95% CI 0.25 to 0.75).

DISCUSSION
Our study suggests that rehospitalisation for heart disease fol-
lowing an ACS remains a significant problem in the ANZ popu-
lation. While both early and late rehospitalisation promisingly
declined over the 9-year study period, even in the most recent
year group, 15.6% of patients (ie, nearly 1 in 6 patients)
required rehospitalisation within 6 months of discharge, with
more than a third occurring within 30 days. The high asso-
ciated rates of unscheduled procedures and adverse outcome
suggests a persisting burden on both patients and health
service providers.

Early rehospitalisation within 30 days of discharge is poten-
tially preventable. As such it is widely regarded as measure of

Table 5 Independent predictors of late rehospitalisation (first
hospitalisation with 2—-6 months)

Predictor

0dds ratio (95% CI)

Prior history of cardiac disease at index hospitalisation
History of AMI
History of CHF
History of angina
History of hypertension
Killip class >1 at index presentation
In-hospital CABG
Diastolic blood pressure (per 10 mm Hg increase)
Year of admission
1999-2001 1.00
2002-2004 0.59 (0.47 to 0.74)
2005-2007 0.71 (0.57 to 0.87)

1.27 (1.04 to 1.54)
1.69 (1.30 to 2.19)
1.39 (1.14 to 1.71)
1.24(1.02 to 1.50)
1.31 (1.05 to 1.63)
0.43 (0.25 to 0.75)
0.94 (0.89 to 0.99)

AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CHF, congestive
heart failure.
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quality care and often reported as a hospital performance
measure. Early readmission rates reported in the literature vary
substantially due to the heterogeneity in study types and
reported outcomes measure. Accepting this limitation however,
the 30-day readmission rate of 5.66% reported in our study
in the most recent enrolment period is substantially lower than
the 11.3-28.1% 30-day readmission rate reported in systematic
reviews of rehospitalisation.® While this may suggest compara-
tively better quality of care within the hospitals included in
this analysis, there remains the potential for further reduction
in early rehospitalisation. Recurrent ischaemia in hospital and
presentation with STEMI were strongly associated with rehos-
pitalisation, whereas revascularisation (by PCI or CABG) was
associated with reduced early rehospitalisation. This suggests
that better detection and aggressive treatment of underlying
cardiac ischaemia (by revascularisation where appropriate) may
potentially prevent early rehospitalisation. This is in keeping
with a substantial amount of literature which suggests
improved outcome for patients with significant ischaemia who
are revascularised following an ACS event. The association
between female sex and increased risk of early rehospitalisation
may also be related to underlying ischaemia. More common
atypical and complex ACS presentations and a more conserva-
tive approach to revascularisation among women are well docu-
mented in the ACS literature.'

In contrast to early rehospitalisation, late rehospitalisation
(>30days) is generally attributed to disease specific risk
factors. In our analysis, past history of AMI, hypertension,
angina and heart failure prior to index hospitalisation (or at
presentation) were all associated with increased risk of late
rehospitalisation. While late readmissions may seem less pre-
ventable, it is important to note that they form nearly
two-thirds of all readmissions. There are two broad ranges of
interventions proven to reduce readmission in this cohort.
Cardiac rehabilitation is well established in reducing mortality,
revascularisation and readmission following an AML! *2
Specialised heart failure programmes, including dedicated heart
failure clinics and heart failure home visits programmes, are
known to reduce readmission and cost, and improve outcome
among heart failure patients. However, contemporary data
from Australia suggest that only approximately 50% of patients
are referred to cardiac rehabilitation on discharge.? Furthermore,
only 6.5% of hospitals in Australia have heart failure
management programmes, with many not adhering to expert
management guidelines,'® suggesting that these preventative
interventions are significantly underutilised.

Our analysis suggests that both early and late rehospitalisa-
tion have declined over the 9-year enrolment period, even when
adjusted for differences in patient presentation and manage-
ment. We have previously shown that the presentation risk (as
measured by the GRACE risk score) remained unchanged in
this population over this enrolment period.® Furthermore, the
lack of difference in prognostic impact of readmission over the
study period suggests that a higher threshold for readmission
was not a factor, and the observed decline in readmission is
likely to represent improvement in patient management and
outcome. While we did not find any association between indi-
vidual treatments and improved readmission rates (other than
for PCI and CABG), it is likely that this observational study
was underpowered to detect effects of individual agents on

Heart 2012;98:1728-1731. doi:10.1136/heartjnl-2012-302532

rehospitalisation rates. Furthermore, GRACE did not systemat-
ically collect data on post-discharge care, which may have influ-
enced rehospitalisation rates over the enrolment period.

CONCLUSION

Rehospitalisation for heart disease remains frequent despite
advances in management of ACS patients over nearly a decade
and is associated with adverse patient outcome. There are
clearly identifiably patient characteristics which are associated
with a high likelihood of rehospitalisation. Better identification
of these characteristics, ensuring equity of access to revasculari-
sation for high risk patients and implementation of interven-
tions proven to reduce rehospitalisation, are strategies to ensure
continued improvement in readmission rates in the future.
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