
Introduction
Non-ST elevation myocardial infarction (NSTEMI) is the
most common presentation of acute coronary syndrome
and a leading cause of hospital admissions.1,2 Many
patients with a diagnosis of NSTEMI get a coronary
angiography done during the index hospitalisation
through early invasive strategy.3 Timing of angiography is,
however, much delayed compared to those with ST
elevation MI(STEMI).4 The rationale behind emergency
angiography with the intent of doing angioplasty in
STEMI is that blood flow in one of the major coronary
artery is acutely disrupted due to vessel occlusion by a
thrombus and the downstream myocardial tissue is at risk
of necrosis unless the flow in the involved vessel is
restored.5 Earlier the flow is restored, the more are the
chances of reducing the infarct size and related
complications of STEMI.6,7 In NSTEMI it is believed that
either one or more vessel is transiently occluded or that
the blood flow is critically reduced in a patent vessel i.e.
subtotal occlusion. In addition there is lack of supportive

evidence in favour of emergency angioplasty in patients
with NSTEMI.8,9 For these reasons, doing emergent
angiography and angioplasty is not mandatory in all
patients with NSTEMI, according to current American
Heart Association (AHA) guidelines.10

In clinical practice, electrocardiogram (ECG) criteria is
used to differentiate STEMI from NSTEMI, but ECG has
been shown to have a very low sensitivity in detecting
acute MI (AMI)11 and thus occlusion of a coronary vessel. It
has been shown in various studies that in NSTEMI,
angiography may reveal totally occluded coronary
arteries (OCAs), further reinforcing that coronary artery
occlusion can occur despite the absence of ST elevation in
standard 12-lead ECG.12 Studies have shown that in
patients with NSTEMI, myocardial function deteriorates
and the damage becomes irreversible as the time to
angiography and re-vascularisation increases, especially
in those who have occluded coronaries on angiogram.13

There is limited data on frequency and distribution of
occluded coronary vessels in NSTEMI14 and whether there
is any difference in outcome of NSTEMI patients with OCA
on angiography compared to those NSTEMI patients with
non-OCA.
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Abstract
Objective: To calculate the frequency and distribution of occluded coronary artery in patients with recent non-ST
elevation myocardial infarction undergoing coronary angiography, and to compare major adverse cardiovascular
events during hospitalisation with patients suffering from non-occluded coronary artery.
Methods: The cross-sectional analytical study was conducted at Tabba Heart Institute, Karachi, from July2013 to
March 2014. Patients of both gender and all ages undergoing angiography with non-ST elevation myocardial
infarction were included. Data on patient demographics, angiographic findings and in-hospital complications was
collected. Frequency of occluded vessels and their distribution was reported. Multivariate logistic regression
modelling was used to examine variables associated with an occluded coronary artery in non-ST elevation
myocardial infarction. Major adverse cardiovascular events were compared between patients of occluded and non-
occluded coronary aetery. A two sided p-value of < 0.05 was taken as significant.
Results: In 703 patients studied, occluded coronary artery was present in 277(39%). Predictors of having an
occluded coronary artery were increasing age (57.6±11.2 vs. 60.0±10.0; p: 0.03) and low left ventricular ejection
fraction (43.9±12.2 vs. 50.1±10.1; p: 0.000). There was no significant difference in terms of major adverse
cardiovascular events in patients with occluded and non-occluded coronary arteries (Hazard Ratio: 0.53, 95%
confidence interval: 0.14-1.98; p=0.33).
Conclusion: Totally occluded coronary vessel is a frequent finding in non-ST elevation myocardial infarction,
highlighting the need for angiography and re-vascularisation to salvage at-risk myocardium in selected patients.
Keywords: Non-ST elevation myocardial infarction, NSTEMI, Occluded coronary artery, Major adverse cardiovascular
events, MACE. (JPMA 66: 504; 2016)
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The current study was planned to estimate the frequency
and distribution of OCA in patients with recent NSTEMI.
Also, we planned to explore in-hospital outcomes of
patients admitted with NSTEMI based on their angiographic
findings of occluded vs. non-occluded vessels.

Patients and Methods
The analytical cross-sectional study was done at Tabba
Heart Institute, Karachi, and comprised records of
consecutive patients coming for coronary angiography
between July 1, 2013, and March 31, 2014, after ethical
approval was obtained from the institutional review
board.

Consecutive patients with recent NSTEMI were defined as
NSTEMI within the preceding four weeks referred for
coronary angiography. NSTEMI by definition excluded
patients with ECG findings of ST segment elevation, new
or presumed new left bundle branch block (LBBB) and
true posterior MI within four weeks. Assessment of Q
waves on ECG is not routinely recorded in the data
registry. Both inpatients and outpatients were included.
Patients of both genders and all age groups were
included. Patients with prior coronary artery bypass
grafting (CABG) were excluded. NSTEMI inpatients not
undergoing angiography for any reason were also
excluded. In case of patients with repeated procedures
during the study period, only first procedure was counted
to avoid duplication. Data for all the variables was derived
from acute coronary syndrome (ACS) and Cath
Percutaneous Coronary Intervention(PCI) registry, based
on National Cardiovascular Data Registry(NCDR) Cath PCI
registry format that is routinely maintained at the institute
for data collection about all patients with ACS since 2012.
Demographic data, including age, gender, diabetes
mellitus, hypertension, family history of premature
coronary artery disease (CAD), dyslipidaemia, prior known
MI, smoking status and troponin I levels, was recorded.
Percent left ventricular ejection fraction (LVEF) was also
recorded. Angiographic findings, including dominance
(left, right or co-dominant), numbers and types of
coronary vessels involved, including left main (LM), left
anterior descending (LAD) artery, left circumflex (LCX),
Ramus Intermedius (RI) and right coronary artery (RCA),
were retrieved. Based on the percent stenosis, LM with
more than 50% stenosis (obstruction) and all other vessels
with more than 70% stenosis were counted as significant
CAD, while any vessel with less than 30% stenosis was
counted as non-obstructive coronary artery. An OCA was
defined as presence of a lesion with 100% stenosis or
thrombolysis in myocardial infarction (TIMI) flow grade 0
to 1 in one or more major coronary vessels on invasive
coronary angiography. Major branch occlusion was

incorporated in the major vessel territory.

For admitted NSTEMI patients with index hospitalisation,
in-hospital events data (re- infarct, heart failure or stroke)
was retrieved. Vital status at discharge was also recorded.
A major adverse cardiovascular event (MACE) was defined
as composite of death, re-myocardial infarction, heart
failure and stroke during hospital stay.

SPSS 17was used for statistical analysis. Mean values and
standard deviations were calculated for continuous
variables, and frequencies and percentages were
calculated for categorical variables. Continuous variables
were included as such if they had a normal distribution
checked through histogram and Q-Q plot. Frequency of
occluded vessels and their distribution in NSTEMI patients
were reported as frequencies and percentages. Clinical
characteristics and re-vascularisation outcomes were
compared between occluded and non- occluded coronary
artery groups. Continuous variables were compared using
student's independent t-test, whereas nominal categorical
variables were compared using Chi square test.

Multivariate logistic regression modelling was used to
examine the relation between predictor variables and an
occluded coronary artery in NSTEMI patients and also to
assess possible confounding and interaction. Variable
found to be statistically significant in univariate analysis,
or those which were clinically relevant, were included in
the model.

MACE was compared between occluded and non-
occluded coronary arteries and significance was tested
using chi square test. A two sided p-value of 0.05 was
taken as significant. Also, 95% confidence intervals (CI)
were calculated for the outcome measures wherever
indicated.

Results
During the study period, 2409 cases had been entered in
the registry. A total of 703(29.2%) patients were included
in the study. Of them, 299(43%) were outpatients and
404(57%) were inpatients. Overall, 70(10%) patients had
non-obstructive CAD, 213(30%) had single-vessel CAD,
and 420(60%) had multi-vessel coronary involvement. The
frequency of one or more occluded coronary artery i.e.
100% stenosis among all NSTEMI patients undergoing
coronary angiography was 277(39%), while the remaining
426(60.6%) were non-OCA (Table-1). Significant
obstructive CAD in multiple vessels was more common in
the occluded group (n=36; 13%) compared to non-
occluded (n=21; 15%) (p<0.001).Of the OCA patients,
202(73%) had single-vessel occlusion and 75(27%) had
more than one occluded coronary artery.
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The distribution of occlusion was also noted (Table-2).

Re-vascularisation using PCI or CABG during index
hospitalisation was done in 334(47.5%) patients'
125(37.4%) from the OCA group and 209(62.5%) from the
non-OCA group. This difference was not statistically
significant. (odds ratio [OR]: 0.85; 95% confidence interval
[CI]: 0.60-1.16; p=0.30). However, mode of re-
vascularisation was different between the two groups.
More patients underwent CABG in OCA group (n=66;
24%) compared to non-OCA (n=40; 9.4%)(OR: 3.0;95% CI:
1.97-4.62; p<0.001).PCI was more common in non-OCA
patients (n= 170; 40%)compared to OCA (n=60; 39.9%)
(OR: 2.4; 95% CI: 1.70-3.39; p<0.001).

For multivariate logistic regression model, variables
initially entered included age, gender, having diabetes or

hypertension, history of prior MI, LVEF and troponin
levels. However, in the final model, only two variables
were found to have statistical significance. These included
increasing age (57.6 ±11.2 vs. 60.0 ±10.0; p=0.03) and low
LVEF (43.9 ±12.2 vs. 50.1± 10.1; p<0.001). However, there
was no meaningful clinical significance due to very small
OR values.

Total in-hospital MACE rate was 13(3.2%) and in-hospital
mortality was 9(2.2%) (Table-3). MACE rate was somewhat
higher among non-OCA group, but it was not statistically
significant (3.6% vs. 2.5%; Hazard Ratio: 0.53; 95% CI: 0.14-
1.98; p=0.33).

Discussion
Having an occluded coronary vessel on an angiogram in
patients with NSTEMI is not infrequent. The current study
has shown that around 39% of the NSTEMI patients who
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Table-1: Patients characteristics.

NSTEMI undergoing Subgroups
coronary angiography. Any Occluded coronary artery Non occluded coronary artery p-value

N=703 (percentage) N=277 (percentage) N=426 (percentage)

Age (years) 58.6 ± 10.8 60.0 ±10.0 57.6 ±11.2 0.003
Gender (male) 565 (80.4) 235 (84.8) 330 (77.4) 0.01
Diabetes mellitus 379 (53.9) 167 (60.2) 212 (49.8) 0.006
Hypertension 459 (65.3) 192 (69.3) 267 (62.7) 0.07
Dyslipidaemia 237 (33.7) 100 (36.1) 137 (32.2) 0.28
Current smokers 150 (21.3) 59 (21.3) 91 (21.4) 0.98
Positive family history of premature CAD 156 (22.2) 55 (19.8) 101 (23.7) 0.23
History of Prior MI 160 (22.8) 78 (28.2) 82 (19.2) 0.006
Prior PCI 67 (9.5) 31 (11.1) 36 (8.4) 0.23
Peak Trop I levels ng/mL 15.7 ± 34.7 18.2 ±37.2 14.0± 33.0 0.15
LV Ejection fraction (%) 47.7 ± 11.4 43.9 ±12.2 50.1± 10.1 ?0.001

NSTEMI: Non-ST elevation myocardial infarction
CAD: Coronary artery disease
MI: Myocardial infarction
PCI: Percutaneous coronary intervention.

Table-2: Distribution and frequency of occluded coronary arteries in NSTEMI.

Occluded Coronary artery, N=277 Number *Frequency (%)

Left main 2 0.7
LAD 121 43.7
Circumflex, OM 106 38.3
Right CA 132 47.6
Ramus Intermedius 5 1.8

NSTEMI: Non-ST elevation myocardial infarction
LM: Left main
LAD: Left anterior descending artery
LCX: Left circumflex
RCA: Right coronary artery
*Please note that the frequencies do not add up to 100% as more than one vessel were occluded
in about 10.7% patients.

Table-3: Comparison of in-hospital adverse events in patients with index
hospitalisation.

Events NSTEMI with NSTEMI with p-value
Occluded Non- Occluded

CADN=154 (%) CAD, N=249 (%)

In hospital MACE (composite) 4 (2.5) 9 (3.6) 0.33
Death 2 (1.2) 7 (2.8) 0.31
Re-infarction 0 (0) 2 (0.8) 0.26
Heart failure 2 (1.2) 0 (0) 0.07
Stroke 0 0 NA

NSTEMI: Non-ST elevation myocardial infarction
CAD: Coronary artery disease
MACE: Major adverse cardiovascular events.



underwent angiography had coronary occlusion. Also, the
occlusion was fairly uniformly distributed among all the
three major coronary vessel branches. There was no
significant difference in the clinical outcome of patients
during hospital stay in relation to having an OCA in our
study. Important predictors of having an OCA in NSTEMI
patients included increased age and low LVEF.

Our findings correlate in many aspects with prior data. In
one study done in the USA this frequency was around
24%14 but the study population was restricted only to
patients undergoing PCI. Also, a single occluded culprit
was identified per patient. Further studies have shown
variable findings and, depending upon the difference in
patient selection, the percentage of occluded coronaries
was found to be around 29%15 to 63%.16 The reason for
having higher OCA prevalence in our study might be late
presentation of patients to a medical facility, prior
undetected MI, or missed STEMI due to lack of early
identification of ischaemic heart disease in a developing
world setup. The distribution of OCA was heterogeneous
with no predominance of any particular major coronary
vessel unlike that of STEMI where LAD is usually the most
common culprit. A few studies have shown a
predominance of LCX occlusion17,18 or postero-lateral
vessels being more common than LAD in NSTEMI likely
due to missed posterior infarct,12 while one study has
shown uniform distribution of occluded vessels.14 In our
setup, due to routine use of posterior ECG in emergency
room in patients with precordial ST-T changes, LCX
occlusion may not have predominated.

As in an earlier study, important predictors in initial
analysis in our study included male gender, higher age,
having diabetes and low LVEF.12 Most of these, except age
and LVEF, were found to be non-significant in the adjusted
model.

Most of the studies have shown increased in-hospital
short- and long-term mortality in NSTEMI with OCA
compared to non-OCA CAD.19 Though our study did not
have any long-term follow-up, but in-hospital MACE rates
were not statistically different between the two groups.
Mortality rate is also quite similar in the two groups;
absolute rate being on the lower side compared to prior
studies of overall in-hospital mortality in NSTEMI and in
relation to having occluded vessels.20,21

The NSTEMI population is quite heterogeneous both in
relation to clinical presentation and angiographic
findings. Despite this fact, the results of our study can be
applicable to the population of NSTEMI patients with
high-risk features in whom early invasive strategy
(coronary angiography in addition to medical treatment)

is planned from the start. Especially in patients with high
risk of coronary occlusion, such as those found to have a
low LVEF, clinical heart failure, implied LV pump failure,
and increased age, emergent angiography as in STEMI
with intent of doing early re-vascularisation can be a
viable option to salvage the compromised myocardium.

Use of non-invasive tests in the emergency room as an
adjunct to traditional tools for diagnosing MI may be
helpful in making decisions in selected high-risk ACS
patients. These include 80-lead body surface potential
mapping (BSPM)22 and transthoracic echo for LV function,
Coronary computed tomography (CT) angiogram or
strain rate echocardiography.23

There are certain limitations to our study that should be
kept in mind while interpreting the results. The study was
done at a single centre, and about half of the patients with
NSTEMI had not undergone coronary angiogram due to
several reasons that were beyond the scope of the study.
Reasons for conservative management plan could have
been multiple. Either those patients were low-risk
NSTEMI, thus managed medically (more likelihood of
having non-obstructed and non-occluded coronaries); or
they might have been very high-risk for coronary
angiogram due to high-risk profile such as extreme age or
renal failure (more likely to have multi-vessel obstruction
and occlusion). This inherent selection bias can have an
effect in both directions. About half of the patients with
NSTEMI were outpatients in whom acute event had
passed earlier. This might affect the angiographic findings
in the sense that coronary lesions might have become re-
canalised with initial medical therapy. This will undermine
the frequency of occlusion in NSTEMI population. Patients
with known prior MI were included in the study so caution
should be exercised in interpreting the results. There
might have been patients with old, silent MI that can
cause an occluded coronary vessel on angiogram. This
may further overestimate the frequency of occluded CAD
in our NSTEMI patients. More extensive ECG analysis for
presence or absence of Q waves would have been more
helpful in this differentiation.

Conclusion
More than one-third of patients undergoing coronary
angiography for NSTEMI had one or more OCA.
Probability of having an occlusion was equally distributed
among all major coronary artery branches with no clear
predominance for any one vessel. There was no difference
between the groups in terms of in-hospital MACE. Major
predictors of having an occluded vessel were age of the
patient and LVEF. Further studies with better study design
are needed to elaborate this relationship.
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