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Background: Non-ST elevation myocardial infarction (NSTEMI) has higher post-discharge mortality
than ST-elevation myocardial infarction (STEMI). Prognosis worsens in those with multivessel coronary
disease (MVD). However, information about the prevalence and extent of MVD in NSTEMI is limited, in
turn limiting insights into optimal treatment strategies. This study aimed to define the prevalence and extent
of MVD, preferred treatment strategies and the predictors of MVD in a real-world NSTEMI population.
Methods: The Coronary Angiogram Database of South Australia (CADOSA) was used to identify
consecutive patients presenting to major teaching hospitals with NSTEMI between 2012 and 2016.
Obtaining clinical and angiographic details, patients were stratified by the number of significantly diseased
vessels (0,1,2,3-VD), defined by a stenosis of >70%, or >50% in the left main coronary artery. Data was
analysed retrospectively.

Results: The prevalence of MVD (2- or 3-VD) was 42% amongst 3,722 NSTEMI presentations.
Multivariate logistic regression modelling showed age, male gender, diabetes, dyslipidaemia and prior
myocardial infarction predicted MVD over 1-VD or 0-VD. Percutaneous coronary intervention (PCI) was
performed in 42% of patients with MVD. This comprised 61% of 2-VD patients and only 22% of 3-VD
patients, with 24% and 66% of each group referred for coronary bypass grafting, respectively. Among MVD
patients treated with PCI, 76% had their culprit lesion treated alone in the index admission.

Conclusions: In this NSTEMI cohort, over 40% had MVD. Notably, a minority of patients with MVD
undergoing PCI received multivessel revascularisation. This real-world practice emphasises that further
evaluation is required to determine whether complete revascularisation is beneficial in NSTEMI, as reported
for STEMI.
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Introduction

Although the overall incidence of acute myocardial
infarction (AMI) has declined in many developed countries
over recent decades (1,2), the incidence of non-ST-elevation
myocardial infarction (NSTEMI) in comparison to ST-
elevation myocardial infarction (STEMI) continues to
increase (3). This has important implications as NSTEMI
carries a greater long-term mortality burden after hospital
discharge than STEMI (4,5). Among patients suffering
AMI, the presence of multivessel coronary artery disease
(MVD) also confers a poor prognosis (6,7). However,
information about the prevalence and predictors of MVD
in NSTEMI is surprisingly limited compared to STEMI
and stable coronary artery disease (CAD) cohorts (8,9), as
are guidelines relating to the optimal management of non-
culprit coronary lesions (10,11). This study aims to define
the prevalence and key clinical predictors of MVD in a
large Australian cohort of consecutive NSTEMI patients
undergoing invasive coronary angiography and define the
mode and pattern of revascularisation in these patients.
We present the following article in accordance with the
STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-21-518/rc).

Methods
Study design, population and variables

This study is based upon the Coronary Angiogram
Database of South Australia (CADOSA) which captures all
patients undergoing coronary angiography in participating
institutions. It is based on the National Cardiovascular Data
Registry (NCDR) CathPCI registry, using the same data
definitions including for NSTEMI and each traditional
cardiovascular risk factor (12). NSTEMI was defined as a
typical rise and fall in cardiac biomarkers with ST-segment
depression or t-wave abnormalities and/or ischaemic
symptoms. Dyslipidemia was defined as a documented
history of dyslipidemia diagnosed and/or treated by
a physician. Hypertension was defined as a history of
hypertension being actively treated, a blood pressure
greater than 140mmHg systolic or 90 mmHg diastolic or
current use of anti-hypertensive pharmacologic therapy.
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Smoking was defined as a confirmed history of smoking at
any time in the past. Diabetes was defined as a documented
history of diabetes including a need for anti-diabetic agents,
or a fasting blood sugar >7 mmol/L. Family history was
defined as any blood relative with a history of angina, AMI
or sudden cardiac death at an age less than 55 years.

CADOSA is endorsed by the American College of
Cardiology. Data is collected prospectively, in real time, by
trained data officers ensuring high quality data. The primary
role of these data officers is collecting and maintaining the
registry data at their respective sites. Audits are undertaken
on the registry data. Data collection is performed using a
standard data collection form and guided with extensive data
specifications. The registry data elements and specifications
are compatible with the American College of Cardiology
CathPCI registry. Individual consent for this retrospective
analysis was waived and the study was approved by the
Central Adelaide Local Health Network Human Ethics
Committee (HREC reference number HREC/15/
TQEH/252). The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

"This study included consecutive patients presenting with
NSTEMI to three tertiary hospitals in Adelaide, South
Australia, between the 17 of January 2012 and the 31"
of December 2016, captured by CADOSA. For patients
who had undergone multiple admissions and coronary
angiograms during the recruitment window, only the first
visit was used. Patients with a history of previous coronary
artery bypass grafting (CABG) were excluded from this
study. The selection of patients is summarized in Figure 1.

Patient characteristics, including traditional risk factors
for atherosclerosis, were extracted from the clinical
record. Patients were grouped by the number of coronary
arteries with a significant stenosis, defined as a lesion of
angiographic severity >50% in the left main coronary artery
(LM) or 270% in the left anterior descending (LAD), left
circumflex (LCx) or right coronary artery (RCA) systems.
Lesion severity was determined by experienced operators
using visual assessment and all lesions were described
quantitatively as part of standard clinical practice. One-
vessel disease (1-VD) was defined as significant narrowing
in one of the LAD, LCx or RCA or its first-order branches.
Two-vessel disease (2-VD) was defined as significant
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Figure 1 Patient selection flow diagram. This flow diagram shows the number of NSTEMI presentations screened, how many were

included in the final analysis, and the number of presentations in each analysed group. NSTEMI, non-ST elevation myocardial infarction.

VD, vessel disease; CABG, coronary artery bypass grafting.

narrowing in the LM, or two of the LAD, LCx and RCA.
Three-vessel disease (3-VD) was defined as significant
narrowing in the LM and the RCA, or in each of the
LAD, LCx and RCA. Zero-vessel disease (0-VD) was
defined as no coronary lesions satisfying the above criteria.
Information about the location and severity of all coronary
artery lesions was collected, along with the recommended
treatment plan. This was classified as medical management
only, percutaneous coronary intervention (PCI), CABG or
“indeterminate”, which encompassed any treatment not
readily categorised into the other three groups, including
deferral of treatment pending functional ischaemic testing,
myocardial viability assessment or multi-disciplinary team
discussion. Where patients went on to receive PCI, the
number of treated vessels during the index admission or
within 90 days of discharge were recorded. Finally, the
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incidence of in-hospital mortality was also determined.

Statistical analysis

Continuous data were tested for normality of distribution and
are presented as mean = SD or median and range. One-way
ANOVA was used for comparison of continuous variables and
Chi-square tests for categorical variables. Two-sided P values
<0.05 were considered to indicate statistical significance. To
identify clinical predictors of MVD in NSTEMI patients, all
statistically significant variables from the univariate analyses
were entered into a logistic regression model. In an iterative
process, covariates were removed if they were non-significant
and a non-confounder. Confounding was defined as a change
in any remaining parameter estimate of 15% or greater.
At the end of this iterative process, the model contained
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Table 1 Characteristics of NSTEMI patients categorised by number of coronary arteries containing significant angiographic disease
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0-VD (n=882) 1-VD (n=1,278) 2-VD (n=793) 3-VD (n=769)

Characteristics P value

No. % No. % No. % No. %
Age (mean + SD) 62.2+14.0 62.5+12.8 65.2+12.2 66.3+12.4 <0.001
Male 374 42.4 882 69.0 590 74.4 585 76.1 <0.001
Indigenous 56 6.4 78 6.1 51 6.4 64 8.3 0.24
Ever smoked 500 58.6 827 66.8 519 67.4 489 67.0 <0.001
Diabetes 215 24.7 364 28.7 316 40.1 355 46.6 <0.001
Hypertension 547 63.0 814 64.8 547 70.1 564 745 <0.001
Dyslipidaemia 449 52.6 745 59.7 508 66.2 520 69.8 <0.001
Family history CAD 300 38.2 503 44.3 296 41.4 285 41.4 0.07
Absent risk factors (%) 70 7.9 41 3.2 19 2.4 24 3.1 <0.001
Risk factors (mean + SD) 2.3+1.3 2.5+1.2 2.8+1.2 2.9+1.2 <0.001
Prior Ml 107 12.6 220 17.7 177 23.0 182 24.5 <0.001
Prior PCI 56 6.5 183 14.5 122 15.5 101 13.3 <0.001
Prior stroke 58 7.0 89 7.2 69 9.1 71 9.7 0.1
Prior heart failure 46 5.5 39 3.2 41 5.3 52 7.0 0.001
Renal dialysis 25 2.9 25 2.0 26 3.3 25 3.3 0.19
Depression 225 27.2 260 21.5 142 18.9 156 21.6 0.001

NSTEMI, non-ST elevation myocardial infarction; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary

intervention.

significant predictors and confounders. At this point any
variable not selected for the original multivariate model was
then added in one at a time, to identify variables that may
not be significantly related to the outcome variable but make
an important contribution in the presence of other variables.
Variables that were significant at the 0.1 level were then
included in the model, and the model was again iteratively
reduced but only for the variables that were added at the
end. Statistical significance was defined as a 2-sided P values
of <0.05. All statistical analyses were performed with the use
of STATA software (version 15, StataCorp 2017). Data is
reported according to the number of data points available.
We do not use statistical techniques, such as imputation, to
replace missing data with substituted values. We also do not
default missing values to any category.

Results
Patient characteristics

We identified a total of 3,722 consecutive index admissions

© Cardiovascular Diagnosis and Therapy. All rights reserved.

for NSTEMI where coronary angiography was performed
and there was no prior CABG. Of these, 1,278 (34%) had
1-VD, 793 (21%) had 2-VD and 769 (21%) had 3-VD,
meaning that 1,562 (42%) had MVD. 883 (24%) patients
had 0-VD. The patient characteristics for each subgroup
are presented in Tuble 1. The 0-VD group were mainly
female while all other groups were predominantly male.
An increasing number of significantly diseased vessels was
associated with older age, a history of diabetes mellitus,
hypertension, dyslipidaemia, smoking and prior MI. The
number of traditional atherosclerotic risk factors present
increased with the number of diseased vessels. Notably only
3.2% of 1-VD, 2.4% of 2-VD and 3.1% of 3-VD patients
had no traditional risk factors recorded, compared to 7.9%
of patients with 0-VD (P<0.001) (Figure 2).

Characteristics of patients with MVD in comparison to
patients without MVD are shown in 7able 2. A multivariate
logistic regression model showed that age, male gender,
diabetes, dyslipidaemia and prior MI all independently
predicted MVD over and above having single vessel or no
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Figure 2 Prevalence of traditional cardiovascular risk factors. Graph shows the number of traditional cardiovascular risk factors presented

Prevalence of risk factors by number of affected vessels

0-VD

by the number of severely stenosed vessels.

Table 2 Characteristics of NSTEMI patients categorised by the presence or absence of multi-vessel coronary artery disease

® 0 risk factor

1-vD

= 1 risk factor

2-VD

m 2 risk factors
3risk factors M4 risk factors ®5 risk factors

3-VD

081-VD (n=2,160)

283-VD (n=1,562)

Characteristics P value
n % n %

Age (mean + SD) 62.4+13.3 65.8+12.3 <0.001
Male 1,256 58.2 1,175 75.2 <0.001
Indigenous 134 6.2 115 7.4 0.16
Ever smoked 1,327 63.5 1,008 67.2 0.02
Diabetes 579 271 671 43.3 <0.001
Hypertension 1,361 64.0 1,111 72.3 <0.001
Dyslipidaemia 1,194 56.8 1,028 67.9 <0.001
Family history CAD 803 41.8 581 41.4 0.80
Absent risk factors (%) 111 5.1 43 2.8 <0.001
Risk factors (mean + SD) 2.4+1.2 2.8+1.2 <0.001
Prior MI 327 15.7 359 23.7 <0.001
Prior PCI 239 11.2 223 14.4 0.004
Prior stroke 147 7.1 140 9.4 0.01
Prior heart failure 85 4.1 93 6.2 0.004
Renal dialysis 50 23 51 3.3 0.07
Depression 485 23.8 298 20.2 0.01

NSTEMI, non-ST elevation myocardial infarction; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary

intervention.
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Table 3 Multivariate logistic regression model of predictors of MVD over zero or one vessel disease

0 & 1 vessel disease

2 & 3 vessel disease

Predictor (n=1,986) (n=1,425) OR (95% Cl) P value
Age 62.2+13.3 65.7+12.3 1.02 (1.02-1.03) <0.001
Male 58.3% 76.4% 2.50 (2.13-2.94) <0.001
Ever smoked 63.5% 67.2% 1.11 (0.95-1.30) 0.174
Diabetes 26.3% 42.8% 1.92 (1.64-2.24) <0.001
Dyslipidaemia 55.9% 67.6% 1.27 (1.09-1.48) 0.003
Prior MI 15.1% 23.6% 1.31 (1.08-1.57) 0.005

MVD, multivessel coronary disease. MI, myocardial infarction.

significant coronary artery stenosis (1able 3).

The distribution of angiographically-defined coronary
artery narrowings is shown in 7able 4. In patients with at
least 1-VD, the LAD was the most commonly involved
vessel, with similar rates of severe stenosis found in the LCx
and RCA. Angiographically significant left main disease was
present in only 3% of patients with 2-VD, but in 229 (30%)
of those with 3-VD.

Management and in-hospital mortality

The most common recommendations for management
were PCI in the 1-VD and 2-VD groups (69% and
55% respectively) and CABG in the 3-VD group (66%)
(Figure 34). PCI was performed in 649 out of 1,562 (42%)
patients with MVD, including 482 of 793 (61%) patients
with 2-VD and 167 of 769 (22%) patients with 3-VD
(Figure 3B). Of the 649 patients with MVD who underwent
PCI, 491 (76%) received single-vessel PCI alone. In those
with 2-VD receiving PCI, 388 patients (81%) had single-
vessel PCI, while only 92 (19%) had PCI to two vessels.
Two patients in the 2-VD group had PCI to three vessels,
due to stenting of an angiographically moderate lesion, with
or without FFR guidance. In patients with 3-VD receiving
PCI, 103 patients (62%) had single-vessel PCI, 45 (27%)
had two-vessel PCI and only 19 (11%) had PCI to all three
coronary artery territories.

With respect to staged procedures, 546 patients with
MVD had PCI during their initial procedure. In this cohort,
repeat procedures were performed in 38 (7.0%) patients, 21
(4.0%) during the index admission and 16 (2.9%) beyond
discharge at an average of 15+21days. Of patients having a
second procedure, 32 (84.2%) were planned and 31 (81.6%)
were non-culprit interventions. No patient in the entire

© Cardiovascular Diagnosis and Therapy. All rights reserved.

studied cohort had three procedures within 90 days, thus
excluding 1,016 patients with MVD who had an initial
coronary angiogram without PCI.

During the index admission, 35 (0.9%) patients died with
in-hospital mortality increasing in concordance with the
number of diseased vessels (0.3 % for 0-VD, 0.5% for 1-VD,
1.3% for 2-VD and 2.0% for 3-VD, P=0.002).

Discussion

This retrospectively analysed contemporary registry study
found that the prevalence of MVD in patients undergoing
coronary angiography for NSTEMI was 42%. A previous
Portuguese study reported a prevalence of 18% for
MVD (13), but others have observed a similar prevalence
of 40-60% in non-consecutive patients with NSTEMI who
are selected for management by PCI (14-16). Although
underpowered to determine the effect of MVD on clinical
outcomes, our data suggest that it is associated with higher
inpatient mortality, a finding well established with respect
to all acute coronary syndromes (17).

Whereas complete revascularisation has been shown
to be beneficial in prospective randomised STEMI
trials (18), it is still unclear whether this strategy is of
benefit in NSTEMI (8). Recent large retrospective studies
have shown a reduction in long-term all-cause mortality
with single-session, multivessel (complete) PCI compared
with culprit-lesion PCI alone (15,19). Our study has
shown that MVD is prevalent among Australian NSTEMI
patients but that where PCI is performed, revascularisation
to all significantly diseased vessels occurred in only 19%
of 2-VD and 11% of 3-VD patients. It should be noted
our data was collected before the seminal COMPLETE
trial showed benefit for multi-vessel PCI in the STEMI
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A Initial treatment plan in patients presenting
with NSTEMI by number of affected vessels
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Figure 3 Inpatient management of MVD in NSTEMI. (A) Pie-charts show the initial treatment plan by number of severely stenosed vessels.

(B) Pie-charts show the number of vessels stented among patients treated with percutaneous coronary intervention in the 2-VD and 3-VD

groups. NSTEMI, non-ST elevation myocardial infarction; MVD, multivessel coronary disease. VD, vessel disease; PCI, percutaneous

coronary intervention.

AMI has been estimated to be approximately 6% (26) but is
more frequent in NSTEMI, where it rises to 8-10% (27,28).
In addition, the 0-VD group in our study also included
patients with at worst angiographically moderate stenoses of
50-69% severity. Finally, other non-atherosclerotic causes
of NSTEMI, such as coronary vasospasm or spontaneous
coronary dissection would also have been captured. This is
reflected by the lower prevalence of traditional risk factors
for atherosclerosis, younger age and female predominance
(57.6%) that we observed in the 0-VD group. Taken
together, the relatively high prevalence of 0-VD in our
study highlights the heterogenous basis of NSTEMI and
underscores the necessity that future research addresses
the fundamental pathophysiological mechanism in each
individual patient.

Unsurprisingly, we have demonstrated inpatient mortality
increases significantly with the number of severely stenosed
vessels. However, it should be noted that the inpatient
mortality rate we observed is lower than that described
in previous studies of NSTEMI cohorts, in part due to a
younger population (29,30). Furthermore, as our study only
included patients undergoing angiography, it likely excluded
many elderly, frail or co-morbid patients who would likely
have been deemed inappropriate for coronary angiography
because of their high risk, poor quality of life or poor
prognosis. Inclusion of these patients in an all-comers
registry would have almost certainly resulted in a higher

© Cardiovascular Diagnosis and Therapy. All rights reserved.

mortality rate. As a comparison, one recent study that
included all patients presenting with NSTEMI, only 80%
of whom underwent angiography, reported 30-day inpatient
mortality of 6.29% (30). Another study included not only
patients undergoing angiography but also required them
to have undergone PCI (29), thus excluding patients with
0-VD. This would explain their higher inpatient mortality
rate of 2.0%, given that patients with 0-VD have a more
favorable inpatient prognosis, as revealed by our own data.

The CADOSA registry is a comprehensive clinical
quality registry with extensive details, but since data
collection was not prospectively designed to address some
of the variables of interest for this study, there are some
limitations. Thus, while angiographic lesion severity
and risk factors were captured, the characteristics of the
lesions and the severity of individual risk factors were
not. Furthermore, data pertaining to whether CABG or
multivessel PCI constituted ‘complete’ revascularisation
were not captured, nor were long term outcomes.

Conclusions

MVD in NSTEMI has a prevalence of approximately
40% in a real-world population. In patients undergoing
PCI, culprit-lesion only revascularisation during the
index admission has been preferred in our practice. As
the question of whether multivessel PCI confers superior
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outcomes in these patients remains largely unanswered,
future prospective trials are needed to investigate optimal
revascularisation strategies.
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