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Abstract

Objective: To determine the correlation of cardiac troponin | (cTnl) 10 folds upper limit of normal (ULN) and
extent of coronary artery disease (CAD) in Non-ST-elevation myocardial infarction (NSTEMI).

Methods: A cross-sectional study was conducted on 230 consecutive NSTEMI patients admitted in Tabba Heart
Institute, Karachi between April to December 2008. cTnl was measured using MEIA method. All patients
underwent coronary angiography in the index hospitalization. Stenosis > 70% in any of the three major epicardial
vessels was considered significant CAD. Extent of CAD was defined as significant single, two or three vessel
CAD. Chi-square test was applied to test the association between cTnl levels and CAD extent.

Results: Out of 230 patients, in 111 patients with cTnl levels < 10 folds upper limit of normal (ULN), 25 (22.52%)
had single vessel, 40(36%) had two vessel and 34(30.6%) had three vessel significant CAD, whereas in 119
patients with cTnl levels > 10 folds ULN, 23(19.3%) had single vessel, 37(31.1 %) had two vessel and 55(46.2%)
had three vessel significant CAD. The results suggest that there was an insignificant association between the
cTnl levels and single vessel, two vessel and the overall CAD extent (p= 0.35, p= 0.21 and p= 0.13 respectively),
however there was a statistically significant association between the cTnl levels and three vessel CAD (p < 0.04).
Conclusion: Higher cTnl levels are associated with an increased proportion of severe three vessel CAD
involvement. Prompt identification and referral of this patient subset to early revascularization strategies would

improve clinical outcomes (JPMA 60:423; 2010).

Introduction

Among patients presenting with acute coronary
syndrome (ACS), multiple segments of the coronary arterial
tree exhibit plaque disruption or frank rupture, which is
possibly related to a pan-inflammatory process,! hence it is
uncommon to see non-obstructive coronary artery disease
(CAD) or a normal coronary angiogram in patients
undergoing coronary angiography for ACS.2 As the number of
hospital admissions with acute coronary syndromes is
increasing, there has been a concomitant increase in the
incidence of multi-vessel CAD in the setting of non-ST-
elevation myocardial infarction (NSTEMI). Recently,
American College of Cardiology National Cardiovascular
Database Registry reported that 42% of NSTEMI patients had
multi-vessel CAD.3

The testing for cardiac troponins in the clinical setting
of acute coronary syndromes is considered a class I indication
for early risk stratification as per American College of
Cardiology/American Heart Association (ACC/AHA)
guidelines, as it improves clinical outcomes in these patients.*
Guideline updates of ACC/AHA and Spanish Society of
Cardiology for the management of patients with NSTEMI
have established that the magnitude of troponin elevation is a
determining factor in prognosis, such that patients with
markedly elevated troponin levels ( > 10 times the upper
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normal limit) should be stratified initially as high-risk
patients.>

Both short and long term prognoses in patients with
ACS are related to the magnitude of cardiac biomarker
release.b A group of patients with acute coronary syndromes
have 'minor' or borderline troponin elevation.” It has been
demonstrated that this subset of patients have extensive CAD
and that they derive prognostic benefit from aggressive
medical therapy as well as an early invasive strategy
compared to patients with undetectable troponins. 8-

Fernandez and colleagues studied NSTEMI patients
who underwent coronary angiography and stratified their
study population into two groups based on the cardiac
troponin I levels. They found patients with higher troponin I
levels ( > 10 folds ULN) had more three vessel CAD
involvement (39%), p = 0.001 on coronary angiography as
compared to patients with troponin I levels <10 folds ULN.10
It is essential to further elucidate whether the degree of
increase in troponin levels in the setting of NSTEMI equates
with a greater proportion of such patients found to have severe
multi-vessel CAD or significant left main coronary artery
stenosis on coronary angiography? This finding will have
important therapeutic and prognostic implications as early
identification of severe and extensive CAD and subsequent
referral to early coronary revascularization would result in
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clinical benefit. This would also help minimize the risk of
major adverse cardiac events in the risky waiting period of
initial medical therapy alone. To test this hypothesis, we
sought to determine whether there is an association between
cardiac troponin I levels and the extent of CAD in NSTEML.

Patients and Methods

We conducted a prospective, cross sectional study of
230 consecutive patients admitted to coronary care unit of
Tabba Heart Institute, Karachi between April 2008 and
December 2008 with the diagnosis of non-ST-elevation
myocardial infarction. Patients included had history of chest
discomfort within the past 48 hours of presentation or angina
equivalent symptoms and a positive cardiac troponin I test,
defined as a level above the upper limit of normal (0.4 ng/ml)
on admission. The exclusion criteria included ST-segment
elevation on electrocardiography (ECG) indicative of acute
ST elevation myocardial infarction, pathologic Q waves, new
or presumed new left bundle branch block or paced rhythm,
previous history of coronary artery disease, prior coronary
revascularization procedures either CABG or angioplasty or
coronary stenting, renal insufficiency - serum creatinine > 1.4
mg/dL (upper limit of normal), serious intercurrent disease
and patients who refused to undergo coronary angiography
during the hospitalization. Written informed consent was
obtained in all cases for recruitment in the study and the
procedures. Study protocol was approved by the ethical
review committee.

NSTEMI was defined as positive biomarkers of
myocardial necrosis (troponin-I) with or without
electrocardiographic ST-segment depression (> 0.5 mm) or
prominent T wave inversion in the absence of ST-segment
elevation. All patients received standard medical therapy for
NSTEMI. Blood samples for cardiac troponin I were
immediately drawn in lithium heparin bottles upon
presentation to the emergency room and a second sample was
drawn 8 hours later after admission. Cardiac troponin I was
determined using AXSYM Troponin-I ADV (Abbott
Laboratories, Abbott Park, Illinois) which is a three-step
assay, based on the micro-particle enzyme immunoassay
(MEIA) technology with an analytical sensitivity of 0.02
ng/ml and a diagnostic cutoff for myocardial infarction of
0.40 ng/ml. The 99th percentile was 0.04 ng/ml as described
by the manufacturer. The assay was designed to have a
precision < 10% total coefficient of variation with 95%
confidence for concentration from 0.27 ng/ml upto 4.00
ng/ml. All assays were done by technologists unaware of the
clinical and angiographic data.

All recruited patients underwent invasive evaluation
by coronary angiography within 72 hours of the same hospital
admission. Diagnostic coronary angiography was performed
via either the trans-femoral or trans-radial approach using
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standard techniques. Cine angiographic films were analyzed
independently by two experienced operators who had no
knowledge of the patients' clinical information and cTnl
status. Differences were mediated by consensus. The lesions
were assessed in two orthogonal views that had the least vessel
overlap and foreshortening. End-diastolic frames assessment
was used and the projection revealing the smallest lumen
diameter was selected for stenosis assessment. The mean of
three measurements of minimal lumen diameter and
angiographically normal reference diameters proximal and
distal to the lesion were used to calculate the percent diameter
stenosis.

Significant CAD was defined as > 70% stenosis in any
of the three major epicardial coronary arteries or a left main
coronary artery stenosis > 50%. Branch vessel CAD was
defined as > 70% stenosis in a major side branch of an
epicardial artery (if > 2 mm in diameter). Angiograms
revealing coronary artery stenosis < 70% in major epicardial
coronary arteries were termed as non-obstructive CAD. Extent
of CAD was defined as significant single, two or three vessel
CAD involvement.

A proforma was designed to record patient
demographics including cardiac risk factors, ischaemic ECG
changes, values of cardiac troponin I levels and the different
coronary artery segments for stenosis documentation.

Statistical Analysis:

The collected data was entered and analyzed by the
Statistical Package for Social Sciences version 15.0 Software
(SPSS Inc., Chicago, Illinois)

Continuous variables such as age and troponin I levels
were expressed as mean = SD and categorical variables
including diabetes, hypertension, dyslipidemia, cigarette
smoking, positive family history of CAD, ECG ischaemic
abnormality, extent of CAD , significant left main artery
stenosis and number of occluded vessels were presented as
frequencies and percentages.

Chi-square test was used to evaluate the relation
between cardiac troponin I levels and CAD extent in the two
cutoff levels of cardiac troponin 1. All significance tests were
2 sided, and the results were considered statistically
significant when p value > 0.05.

Results

A total of 230 patients were included in the study.
There were 169 (73.4 %) males and 61 (26.5 %) females, age
range 30-86 years, mean 59.35 + 11.08 years and cTnl levels
ranged between 0.41-88 ng/mL, mean 10.31 = 15.91 ng/ml.
115 (50 %) patients had diabetes, 160 (69.5 %) had
hypertension and 147 (63.9 %) had dyslipidaemia. There were
64 (27.8 %) smokers and 51(22.2 %) patients had positive
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Table-1: Baseline characteristics of patients according
to the cardiac troponin I level status.

Table-3: Relation between cardiac troponin I levels
and the site of coronary lesion.

Variable ¢Tnl <10 folds ULN ¢Tnl > 10 folds ULN Site of coronary lesion ¢Tnl <10 folds ULN ¢TnI> 10 folds ULN
(n=111) (n=119) (n=111) (n=119)
Age (years) 59.40 +9.81 59.30 £ 12.18 LMCA 6(5.4) 12 (10.0)
30-44 years 3 (15.8) 16 (84.2) LAD 97 (87.3) 104 (87.3)
45-59 years 54 (57.4) 40 (42.6) Proximal 42 (37.8) 50 (42.0)
60-74 years 50 (47.2) 56 (52.8) Mid-distal 55 (49.5) 54 (45.3)
75-89 years 4 (36.4) 7 (63.6) Diagonal 23 (20.7) 37 (31.0)
Gender (male) 82 (73.8) 87 (73.1) LCX 46 (41.4) 74 (62.1)
(female) 29 (26.1) 32 (26.8) Proximal 24 (21.6) 40 (33.6)
Troponin I level (ng/mL) 1.67 £ 1.06 18.38 £ 18.83 Mid-distal 22 (19.8) 34 (28.5)
Cardiac risk factor Obtuse Marginal 34 (30.6) 33 (27.7)
Diabetes mellitus 55 (49.5) 60 (50.4) LPLB 6 (5.40) 10 (8.4)
Hypertension 76 (68.4) 84 (70.5) LPDA 0 4(3.3)
Dyslipidaemia 78 (70.2) 69 (57.9) RCA 79 (71.1) 82 (68.9)
Cigarette smoking 27 (24.3) 37 (31.0) Proximal 28 (25.2) 29 (24.3)
Positive f/h of CAD 25 (22.5) 26 (21.8) Mid-distal 51 (45.9) 53 (44.5)
ECG ischemic abn. 74 (66.6) 75 (63.0) RPLB 6(5.4) 5(4.2)
Data expressed as the mean value + SD or number (%) of patients. RPDA 8(72) 8(6.7)
CAD-= Coronary artery disease, cTnl= cardiac troponin I. RI 3(2.7) 9(7.5)

f/h= family history.
ECG ischaemic abn. = ECG ischaemic abnormality i.e. ST segment
depression (> 0.5 mm ) or prominent T wave inversion.

Table-2: Extent of coronary artery disease and number of totally
occluded vessels in the study population.

¢Tnl <10 folds cTnl> 10 folds p value

ULN (n=111)  ULN (n=119)
Extent of CAD 0.13
Single vessel CAD 25 (22.5) 23 (19.3) 0.35
Multi-vessel CAD 74 (66.6) 92 (77.3) 0.05
Two vessel CAD 40 (36.0) 37 (31.0) 0.21
Three vessel CAD 34 (30.6) 55 (46.2) 0.04
Left Main Stenosis (> 50%) 6(5.4) 12 (10.0) NA
Branch Vessel CAD 7 (6.3) 3(2.5) NA
Non-obstructive CAD 2(1.8) 0(0) NA
Normal Coronary Angiogram 3 (2.7) 1(0.8) NA
Total occlusions NA
Single vessel 27 (24.3) 40 (33.6) 0.12
Two vessel 15 (13.5) 23 (19.3) 0.23
Three vessel 5(@4.5) 54.2) 0.91

Data expressed as the number (%) of patients.
CAD= Coronary artery disease, cTnl= cardiac troponin I.
Extent of CAD= significant CAD > 70% stenosis of major epicardial vessels.
NA = not applicable.

family history of premature CAD. c¢Tnl was > 10 folds ULN
in 111 (48.2 %) patients and >10 folds ULN in 119 (51.7 %)
patients. Cardiac troponins I levels ranged from 0.43 - 3.94
ng/ml, with mean 1.67 + 1.06 ng/ml in the cTnl < 10 folds
ULN group and ranged from 4.09 - 88 ng/ml, with mean 18.38
+ 18.83 ng/ml in the ¢Tnl > 10 folds ULN group.

The frequencies of the variables including cardiac risk
factors and ischaemic ECG changes are shown in Table-1.
Patients with troponin I level < 10 folds ULN tend to be more
dyslipidaemic 78 (70.2 %) versus 69 (57.9 %), while patients
with troponin I level > 10 folds ULN had a higher incidence
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Data are expressed as number (%) of patients.
cTnl= cardiac troponin I, LMCA= left main coronary artery, LAD= left anterior
descending artery, LCX= left circumflex artery, LPLB= left postero-lateral branch,
LPDA= left posterior descending artery, RCA= right coronary artery, RPLB= right
postero-lateral branch, RPDA= right posterior descending artery, RI= ramus
intermedius artery.

of cigarette smoking 37 (31.1 %) versus 27 (24.3 %), a higher
proportion of younger patients (age less than 45 years), 16
(84.2 %) versus 3 (15.8 %) and also of older patients (age
greater than 75 years), 7 (63.6 %) versus 4 (36.4 %). The two
groups were otherwise similar.

Table-2 compares the extent of CAD and the number
of occluded vessels among the two cutoff levels of cardiac
troponin 1. At coronary angiography, among the 111 patients
with cTnl levels < 10 folds ULN, the rates of significant (>
70% stenosis) single, two and three vessel CAD were 25 (22.5
%), 40 (36 %) and 34 (30.6 %) respectively. While among the
119 patients with cTnl levels >10 folds ULN, the rates of
significant single, two and three vessel CAD were 23 (19.3
%), 37 (31.1 %) and 55 (46.2 %) respectively, (p= 0.35, p=
0.21 and p <0.04 respectively). When association of the two
cutoff levels of cTnl with the overall extent of CAD was
considered, this was not statistically significant (p= 0.13).
Furthermore, in patients with cTnl > 10 folds ULN, there were
also a greater proportion of patients with left main coronary
artery stenosis (> 50% stenosis) and a greater number of
totally occluded vessels.

Table-3 summarizes the angiographic characteristics
of patients in the two cutoff levels of cTnl with respect to the
site of significance (> 70%) coronary stenosis. The left
anterior descending artery (LAD) was the vessel most
commonly involved with significant stenosis in both the
groups. In patients with cTnl levels < 10 folds ULN, LAD was
the commonest vessel 97 (87.3%), followed by right coronary
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artery (RCA) 79 (71.1%) and then left circumflex artery
(LCX), 46 (41.4%). While in patients with cTnl levels >10
folds ULN, LAD was the commonest vessel, 104 (87.3%),
followed by RCA 82 (68.9%) and then LCX artery 74
(62.1%). In patients with c¢Tnl levels > 10 folds ULN, there
was also more involvement of the diagonal branch, left
posterior descending artery and left posterolateral branches.

Discussion

The present study provides insight into the association
between the two cutoff levels of cardiac troponin I (< 10 folds
ULN and >10 folds ULN) in NSTEMI and the number of
major epicardial coronary vessels that have significant luminal
narrowing (> 70 % stenosis). The study demonstrated that
among patients with ¢Tnl levels < 10 folds ULN, 22.5 % of
the patients had single vessel, 36 % had two vessel and 30.6
% had three vessel significant for CAD, while among patients
with ¢Tnl levels > 10 folds ULN, 19.3 % of the patients had
single vessel, 31.1 % had two vessel and 46.2 % had three
vessel significant CAD. We found a statistically significant
relationship only between cTnl level > 10 folds ULN and
severely affected three vessel CAD.

The burden of NSTEMI is increasing globally as
compared to ST-elevation MI.!! In acute coronary syndromes,
it has been shown that plaque disruption or frank rupture
occurs at multiple segments of the coronary artery tree,
presumably related to a heightened thrombotic and
inflammatory state.!12 Despite the presence of studies which
have evaluated the association of troponins to angiographic
findings of culprit lesion morphology in the setting of ACS,
studies evaluating angiographic correlations in terms of the
number of significantly narrowed coronary arteries and the
exact incidence of multivessel CAD with different cardiac
troponin levels have been extremely limited in international
literature and there is no local data for such an association.
Cardiac specific troponins show small elevations above the
ULN in small infarctions, eg. in NSTEMI compared with large
infarctions characteristic of STEMI in which troponin levels
can be more than 20-50 times ULN.# Studies on plasma brain
natriuretic peptide (BNP), another cardiac biomarker in ACS,
have demonstrated a progressive increase in BNP levels in
relation to the extent of coronary atherosclerosis. Palazzuoli
and colleagues studied the relation of plasma BNP levels in
NSTEMI and their association with the number of involved
coronary vessels. They excluded patients with heart failure and
ejection fraction <50%. Analysis of BNP levels in relation to
the number of involved vessels showed significantly higher
BNP levels in patients with three vessel than in those with
single or two vessel coronary artery disease. There was also
more left anterior descending artery involvement with higher
levels.!3 Whether such a relationship exists for different cardiac
troponins I levels in NSTEMI needs to be fully explored.
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Absence of CAD is an uncommon finding in patients
undergoing coronary angiography for ACS.2 Our study
revealed that 3 (2.7 %) patients with cTnl < 10 folds ULN and
only 1 (0.84%) patient in the cTnl > 10 folds ULN group had
a perfectly normal coronary angiogram. There were more
females with normal coronary angiograms in the lower
troponin I level group. The TACTICS-TIMI-18 sub study
involving 895 patients revealed that in patients who present
with symptoms of ACS and have no critical epicardial CAD
angiographically, the presence of an elevated troponin was
still associated with an adverse prognosis.!4 The use of
angiography provides an invasive approach to risk
stratification. In patients with NSTEMI, angiographic data
suggest that there are more acute and more complex plaques,
more extensive or multivessel disease, more thrombi and
reduced Thrombolysis in Myocardial Infarction (TIMI) flow
grades when troponin levels are elevated.!>16 Fernandez et
all0 studied 219 consecutive patients admitted with NSTEMI
who underwent coronary angiography. Patients were divided
into two groups based on a cut-off level of cardiac troponin I
of 10 folds ULN. They analyzed clinical and angiographic
variables and found patients with troponin I levels (< 10 folds
ULN), frequently had higher Braunwald Class angina,!” more
severe ECG changes, higher proportion of three vessel CAD
(39%) involvement on coronary angiography and greater
severity of the culprit lesion. However, only 41 (19%) patients
constituted the higher troponin I level group and the majority
178 (81%) patients had lower troponin values. In contrast, the
distribution of patients to both the troponin- I cutoff levels was
almost equal in our present study.

The prognosis in patients with NSTEMI differs
depending on cardiac troponin levels and a quantitative
relationship exists between the amount of elevation of cardiac
troponins and the risk of death.!® The elevated levels of
troponins are an adverse prognostic indicator, even after
adjustment for clinical predictors and electrocardiographic
findings. These effects are both short term and long term.6 The
optimal troponin thresholds for risk stratification and
therapeutic decision making remain a subject of debate,
however, in almost all series, even minor elevations in troponin
levels presage short and long term events.819 The prognostic
value of cardiac troponins I and T appear equivalent.20 The
cardiac troponins have high sensitivity, as yet unsurpassed, for
the detection of even microscopic zones of myocardial necrosis
(less than 1 gram of myocardial tissue).82! One issue with the
use of cTnl is the multiplicity of existing assays that have
different analytical sensitivities, some being unable to detect
lower values with a reasonable precision. Results obtained with
different cTnl assays vary considerably because of differences
in standardization and in the antibodies used.?2 In the present
study, we used a quantitative, third generation assay to
determine the cTnl levels which conforms to the European
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Society of Cardiology/ American College of Cardiology
(ESC/ACC) committee recommendations for the diagnosis of
myocardial infarction (MI).23

Troponin elevation has important therapeutic
implications as well. It permits the identification of high-risk
patients and of subsets of patients who will benefit from
specific therapies, e.g. platelet glycoprotein IIb/Illa
inhibitors.2* Randomized studies have confirmed that early
coronary intervention also attenuates the adverse prognostic
impact of troponin elevations.2> Although an early invasive
strategy improves outcome in these patients, there are limited
data on culprit-only stenting versus multivessel stenting in the
NSTEMI. More recently, in the large ACC National
Cardiovascular Database Registry report involving 105,866
patients with no prior bypass graft surgery, multi-vessel CAD
was found to be present in 42% of patients with NSTEMI. In
about one third of these patients, multi-vessel percutaneous
coronary intervention (PCI) was performed and the remaining
patients had culprit single vessel PCI only. With the exception
of peri-procedural MI, none of the other complications were
significantly different from those patients undergoing culprit
single vessel PCI.3

Overall, the results of our study suggest that elevated
troponin I levels are associated with a greater severity and
extent of myocardial ischaemic territory during the index
event of NSTEMI. Patients were excluded if they had a prior
history of CAD or revascularization procedures; hence the
reported findings represent the actual status of the CAD
severity and extent, not confounded by progression of
previously known coronary lesions.

The limitations of this study include that it represents a
single institution experience. The severity and location of the
coronary lesions was based on the operator visual estimation
without quantitative or physiological evaluation, however
inter-observer agreement between angiographic images was
taken into account in order to minimize bias. The study
evaluated the extent of CAD in terms of the number of
severely diseased major coronary arteries and was not
designed to identify the culprit vessel or to assess the coronary
lesion morphology-complex lesions, presence of intra-
coronary thrombus, TIMI flow grades or collateral vessels
with respect to the two cutoff levels of cTnl. Our conclusions
should not be extended to cardiac troponin T or to the other
assays available for Troponin I without further validation.

Conclusions

In acute coronary syndromes, it is essential to know
the cardiac troponin status of a patient as early as possible as
this would enable rapid triage of these patients and improved
utilization of intensive care facilities in terms of the length of
stay. Early coronary angiography should be considered
especially in NSTEMI patients having higher troponin levels.
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These patients tend to have severe multi-vessel CAD and need
prompt coronary revascularization.

Further studies should evaluate the relationship
between different levels of cardiac troponins in NSTEMI and
the in-hospital or follow-up cardiovascular events, the length
of hospital stay and referral for PCI versus CABG surgery.
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