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Abstract

Background: Cardiovascular disease is the leading cause of mortality in the western world and its treatment should be
optimized to decrease severe adverse events.

Objective: To determine the effect of previous use of angiotensin-converting enzyme inhibitors on cardiac troponin I measurement
in patients with Non-ST-Elevation Myocardial Infarction (NSTE-ACS) and evaluate clinical outcomes at 180 days.

Methods: Prospective, observational study, carried out in a tertiary center, in patients with Non-ST-Elevation Myocardial
Infarction (NSTE-ACS). Clinical, electrocardiographic and laboratory variables were analyzed, with emphasis on previous use
of angiotensin-converting enzyme inhibitors and cardiac troponin I. The Pearson chi-square tests (Pereira) or Fisher’s exact
test (Armitage) were used, as well as the non-parametric Mann-Whitney’s test. Variables with significance levels of <10%
were submitted to multiple logistic regression model.

Results: A total of 457 patients with a mean age of 62.1 years, of whom 63.7% were males, were included. Risk factors such
as hypertension (85.3%) and dyslipidemia (75.9%) were the most prevalent, with 35% of diabetics. In the evaluation of events
at 180 days, there were 28 deaths (6.2%). The statistical analysis showed that the variables that interfered with troponin
elevation (> 0.5 ng/ mL) were high blood glucose at admission (p = 0.0034) and ST-segment depression = 0.5 mm in one or
more leads (p = 0.0016). The use of angiotensin-converting inhibitors prior to hospitalization was associated with troponin
< 0.5 ng/ mL (p = 0.0482). The C-statistics for this model was 0.77.

Conclusion: This study showed a correlation between prior use of angiotensin-converting enzyme inhibitors and reduction
in the myocardial necrosis marker troponin I in patients admitted for Non-ST-Elevation Myocardial Infarction (NSTE-ACS).
However, there are no data available yet to state that this reduction could lead to fewer severe clinical events such as death and
re-infarction at 180 days. (Arq Bras Cardiol. 2014; 103(6):513-520)

Keywords: Angiotensin-Converting Enzyme Inhibitors; Troponin; Acute Coronary Syndrome.

Introduction was based on the fact that the reduction in cardiac troponin
I in patients with NSTE-ACS could provide a modulation of
the renin-angiotensin-aldosterone system (RAAS), preventing
the deleterious actions of angiotensin Il on myocardial
ischemia, such as cardiac hypertrophy and dilation, coronary
vasoconstriction, increased oxidation of Low-Density
Lipoproteins (LDL) cholesterol, stimulus for PAI-1 release,
among others'", which may be alleviated by the use of ACE
inhibitors, of which benefits have been demonstrated?-'*.

Recent records have shown that approximately 1 million
individuals are hospitalized in the United States due to
Non-ST-segment elevation acute coronary syndrome
(NSTE-ACS)'? and an increase in its prevalence has been
observed, when compared to ST-segment elevation acute
coronary syndrome (STE-ACS)?, along with the increased
use of medications such as beta-blockers, Angiotensin-
Converting Enzyme (ACE) inhibitors, angiotensin receptor
lI-blockers, thienopyridines and statins® - all associated with
the use of troponin as a marker of myocardial necrosis*. Methods

The elevation in this biomarker increases the risk of death This is a prospective, observational study carried out in a

and re-infarction in the first six months, when compared to tertiary center from September 8, 2009 to October 10, 2010,
troponin-negative patients™'°. Thus, the rationale for this study in patients with a diagnosis of NSTE-ACS, with a minimum age

of 18 years. Patients with ST-segment elevation were excluded,
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Laboratory measurements of glucose, hemoglobin,
hematocrit, leukocytes, creatinine, potassium and cardiac
troponin | were performed at admission. Electrocardiographic
changes, such as ST-segment depression when = 0.5 mm in at
least two contiguous leads or > 0.5 mm in one lead, in both,
except aVR, were analyzed. We also analyzed the inversion of
T waves, with amplitude = 1.0 mm in two or more contiguous
leads, except aVR. Inpatients were followed until a clinical
outcome occurred or until discharge; after that, they were
reassessed by telephone contact or by medical record for clinical
outcomes at 180 days.

Regarding the statistical methods, descriptive statistics
of absolute (n) and relative (%) frequencies were used for
qualitative measures, whereas summary statistics of mean,
median, standard deviation (SD) and 25" and 75" percentiles
(interquartile range) were used for quantitative variables.
Associations between qualitative measures and the groups were
carried out as follows: positive (> 0.5 ng/mL) and negative
troponin (< 0.5 ng/mL) and the use and non-use of ACE
inhibitors before hospital admission were assessed by Pearson’s
chi-square' or Fisher’s exact test'®.

The nonparametric Mann-Whitney test'” was applied to
compare the quantitative measures between the two groups,
due to non-normality of data

The variables for the logistic regression model were selected
among those that has at least 70% of the observations (n = 319),
with absolute frequency of at least five occurrences per category,
when qualitative measure, with a significance level < 15%
(p < 0.15) in the two-dimensional analysis (univariate), and
those which the researcher believed to be of clinical relevance
for the assessed outcomes: Systemic Arterial Hypertension (SAH);
dyslipidemia; unstable angina (UA); Acute Myocardial Infarction
(AMI); prior Coronary Artery Bypass Surgery (CABG); congestive
heart failure (CHF); cerebrovascular accident (CVA); typical pain
on admission; creatinine and glycemia on admission; medications
prior to admission (acetylsalicylic acid - aspirin, beta-blockers,
statins, ACE inhibitors); and ST segment depression > 0.5 mm.

The stepwise backward method selected the variables
for the final model. The results are shown as odds ratio (OR)
and 95% Confidence Interval (95%Cl) and descriptive level
(p value). For the final model in the logistic regression analysis,
only the variables with a significance level < 10% (p < 0.10)
were maintained. The fit of the models was evaluated using
C statistics (area under the Receiver Operating Characteristic
curve - ROCQ)™®. The level of significance was set at 5%.
The software used was the Statistical Package for Social Sciences
(SPSS), release 19.

Results

A total of 457 patients hospitalized with NSTE-ACS were
included, of which 288 (63.0%) had UA and 169 (37.0%)
non-ST-elevation myocardial infarction (NSTEMI). Among the
study population, 291 were males (63.7%) with a mean age of
62.17 years (= 11.04), 390 patients (85.3%) had SAH, 347 (75.9%)
had dyslipidemia and 160 (35.0%) were diabetics, in addition to
other conditions (Table 1). Regarding medications, 242 patients
(53.3%) received ACE inhibitors, 337 (73.9%) AAS, 289 (63.4%)
received beta-blockers and other medications (Table 2).

Table 1 - Baseline characteristics of the study population

Characteristic Patients (n = 457)

n (%)
Age, mean (SD) 62.2 (11.0)
Male gender 291 (63.7)
Personal history
Systemic arterial hypertension 390 (85.3)
Dyslipidemia 347 (75.9)
Congestive heart failure — (NYHA > 1) 294 (64.3)
Previous acute coronary syndrome 275 (60.2
Previous revascularization 226 (49.5)
Only PCI 118 (25.8)
Only CABG 67 (14.7)
Diabetes mellitus 160 (35.0)
Family history of coronary artery disease 172 (37.6)
Smoking 110 (24.1)
Cerebrovascular accident 30 (6.6)
Coronary artery disease = 50% 287 (62.8)
Presentation at admission
Symptoms
Typical chest pain 391 (85.6)
Atypical chest pain 66 (14.4)
Dyspnea* 14 (3.1)
Syncope* 4(0.9)
Precordial pain at admission 281 (61.5)
Number of pain episodes in the last 48 hours
Two or more episodes 253 (55.4)
One episode 204 (44.6)
Hemodynamic instability at admission** 8(1.8)
Heart rate (bpm) 75.86 ( 16.56)

Systolic blood pressure (mmHg) 139.61 (+ 28.24)

Diastolic blood pressure (mmHg) 82.69 (+ 17.07)
Congestive heart failure - Killip-Kimball class

| 451(98.7)

[ 2(0.4)

Il 3(07)

\Y 1(02)

Diagnosis

NSTEMI 169 (37.0)
Unstable Angina Ill B 287 (62.8)
Unstable Angina Ill C 1(0.2)

* Symptoms associated to chest pain; ** systolic blood pressure < 90 mmHg.
SD: standard deviation; NYHA: New York Heart Association classification;
CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention;
NSTEMI: non-ST-elevation myocardial infarction
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Table 2 — Medications used prior to hospital admission

Patients (n = 457)

Medication n (%)

Acetylsalicylic acid 337 (73.9)
Beta-blockers 289 (63.4)
Statins 278 (61.0)
Angiotensin-converting enzyme inhibitors 242 (53.3)
Nitrates 174 (38.2)
Diuretics 164 (36.1)
Calcium-channel blockers 89 (19.6)
Clopidogrel 32(7.1)

Digitalis 14 (3.1)

Others 276 (60.4)

Table 3 shows the demographic characteristics taking
into account the previous use of ACE inhibitors or not,
demonstrating that among the users, there were more
hypertensive individuals (91.3% vs. 78.6%, p <0.001), with
a previous history of congestive heart failure (CHF), according
to the New York Heart Association (NYHA) = I FC (69.0% vs.
59.1%, p <0.027), of ACS (69.0% vs. 50.2%, p <0.001) and
revascularization procedures (55.8% vs. 42.3%, p = 0.004),
among others.

Due to the relevance of troponin in this study, the
patients’ demographic characteristics were observed, taking
into account the cutoff value of this biomarker. Thus, it was
observed that the troponin-positive patients were older
(63.9% vs. 61.2%, p = 0.006), had more previous myocardial
revascularization procedures (49.7% vs. 49.3% p = 0.034)
and had ST-segment depression = 0.5 mm in one or more
leads, among others (Table 3).

Of the 457 patients in the study, 319 (69.8%) underwent
coronary angiography, of which 103 (32.3%) were submitted
to percutaneous coronary intervention (PCl) and 43 (13.5%)
to CABG.

According to the TIMI risk score', 124 patients were
classified as low risk (27.2%), 216 (47.2%) as intermediate risk,
and 117 (25.6%) as high risk, showing that this is a population
at high risk for cardiovascular events.

During hospitalization, 51 patients (11.2%) had
complications, of which ten (19.6%) died, ten (19.6%)
developed CHEF, six (11.8%) had significant nonfatal cardiac
arrhythmias, six (11.8%) had cardiogenic shock (CS), five
(9.8) had re-infarction, four (7.8%) AMI, three (5.9%)
acute pulmonary edema, three (5.9%) reversed cardiac
arrest, two (3.9%) recurrent or refractory angina and two
(3.9%), cerebrovascular accident (CVA). The cause of death
was CS, AMI and septic shock (SS) in five, three and two
patients, respectively. Within 180 days, the primary outcome
measures were death from all causes and re-infarction, with
a predominance of CS in 11 patients (39.2%) and AMI in
eight patients (28.5%).
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A statistical analysis model was created according to which
troponin levels were compared (> 0.5 ng/dL vs. < 0.5 ng/dL),
patients who used ACE inhibitors prior to hospitalization
had, a negative beta coefficient (-0.520) and OR = 0.59,
95% ClI = 0.35 to 0.99, with p = 0.048.

Discussion

This prospective study carried out in patients with NSTE-ACS
demonstrated an association between prior use of ACE
inhibitors and reduction in the levels of myocardial necrosis
biomarker cardiac troponin I.

Previous studies have demonstrated the role of ACE inhibitors
in preventing cardiac events in patients at high cardiovascular
risk, with consequent reduction in morbidity and mortality'>'*.

Troponin is considered the most sensitive and specific marker
of myocardial necrosis for the diagnosis of AMI?°, although this
marker can be elevated in other clinical situations and thus
hinder the differential diagnosis of patients with chest pain
that seek emergency care?'. In the 1990s, troponin caused a
paradigm shift in the diagnosis?? and prognostic implications
in these patients when evaluated in the short, medium and
long term?3-28,

In this sense, this study sought to correlate the use of ACE
inhibitors with the release of cardiac troponin I in patients with
NSTE-ACS, of which modulation of the RAAS would attenuate
the harmful effects associated with excessive production of
angiotensin 1l, both local and systemic. The several benefits
would cover a broad spectrum, such as improved coronary and
peripheral vasodilator activity, reduction of platelet activity,
increased endogenous fibrinolysis and reduced inflammatory
activity, among others, providing what might be called a
cardioprotective effect®-3".

The first report on this subject occurred in a 2001 study
by Kennon et al*?, who evaluated the correlation between
the use of ACE inhibitors and the reduction of troponin in
patients with NSTE-ACS, associated with a genetic component
(gene polymorphisms: DD, II, DI or ID). The population
studied had demographic characteristics that were different
from those observed in our study, as although there was a
considerable percentage of previous AMI and diabetes, there
were low rates of medication use prior to hospitalization,
such as aspirin, beta-blockers, ACE inhibitors and statins,
which is currently unacceptable for patients with this degree
of cardiovascular risk.

Kennon et al*? concluded that the use of ACE inhibitors
reduced troponin levels by approximately 75% and that
there might be an association between this reduction and
the beneficial effects, both on vascular reactivity and the
coagulation system. The genetic assessment showed no
association between troponin levels and gene polymorphism
(similar in the three groups). In contrast, patients in our study
have higher cardiovascular risk, with history of prior ACS
(60.2% vs. 27.3%); previous myocardial infarction (39.8%
vs. 35.9%); previous revascularization procedures (49.5% vs.
16.5%); and diabetes (35.0% vs. 23.2%).

Medications were also used in higher proportion prior
to hospital admission, such as ASA (73.9% vs. 55.1%),
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Table 3 - Baseline characteristics according to troponin values
Tnl < 0.5 ng/mL Tnl > 0.5 ng/mL
Characteristic Patients (n =288) Patients (n = 169) T=o o p value
(n = 457)
n (%) n (%)
Age
Mean (SD) 61.2 (10.6) 63.9 (11.6) 62.2
Median (11Q) 60.0 (53;69) 64.0 (56;72) - 0008
Male gender 176 (61.1) 115 (68.0) 291 0.137
Personal history
Dyslipidemia 227 (78.8) 120 (71.0) 347 0.059
Diabetes mellitus 110 (38.2) 50 (29.6) 160 0.063
SAH 252 (87.5) 138 (81.7) 390 0.088
Smoking 69 (24.0) 41(24.3) 10 0.942
Family history of CAD 113 (39.2) 59 (34.9) 172 0.357
Previous ACS 180 (62.5) 95 (56.2) 275 0.185
Previous revascularization procedures 142 (49.3) 84 (49.7) 226 0.034
Only PCI 78 (27.1) 40 (23.7) 18 0487
Only CABG 37 (12.8) 30(17.8) 67 0.196
Cerebrovascular accident 24 (8.3) 6(3.6) 30 0.046
CHF (NYHA 2 11) 199 (69.1) 95 (56.2) 294 0.006
Coronary artery disease = 50% 183 (63.5) 104 (61.5) 287 0.669
Clinical presentation at admission
Symptoms
Typical chest pain 254 (88.2) 137 (81.1) 391 0.036
Two or more pain episodes in the last 48 hours 169 (58.7) 84 (49.7) 253 0.062
CHF - Killip-Kimball class = I 0 6 (3.6) 6 0.002F
Treatment performed
Clinical 210 (72.9) 89 (52.7) 299 <0.001
PCI 56 (19.4) 51(30.2) 107 0.012
CABG 22(7.6) 29(17.2) 51 0.003
Medications at admission
Acetylsalicylic acid 222 (77.1) 115 (68.0) 337 0.043
Beta-blockers 193 (67.0) 96 (56.8) 289 0.035
Statins 190 (66.0) 88 (52.1) 278 0.004
ACEI 160 (55.6) 82 (48.5) 242 0.146
Calcium-channel blockers 53 (18.4) 36 (21.3) 89 0.442
ECG alterations
ST-segment depression = 0.5 mm (one or more leads) 45 (15.6) 54 (32) 99 <0.001
T -wave inversion = 1.0 mm 97 (33.7) 59 (34.9) 156 0.789
Biochemical analysis
Glycenia Mean (SD) 121.4 (54.6) 141.9(71.7) - 0,008
Median (IQR) 105.5 (89;132) 116.0 (95;165) -
Creatining Mean (SD) 1.13(0.42) 1.25 (0.59) - 0,048
Median (IQR) 1.0(0.9;1.3) 1.1(0.9;1.4) -

Tnl: troponin I; SD: standard deviation; IQR: interquartile range; SAH: systemic arterial hypertension; CAD: coronary artery disease; ACS: acute coronary syndrome;
CABG: coronary-artery bypass grafting; PCI: percutaneous coronary intervention; CHF: congestive heart failure; NYHA: New York Heart Association classification;
ACEI: angiotensin-converting enzyme inhibitors; ECG: electrocardiogram.
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beta-blockers (63.4% vs. 23.1%), ACE inhibitors (53.3% vs.
14.8%) and statins (61.0% vs. 15.6%). Therefore, considering
the most recent and national®* and North-American? guidelines,
patients with increased cardiovascular risk should be under
more intensive medical therapy.

At the end of 2009, dos Santos et al** developed the
first national risk score for patients with NSTE-ACS. In this
study, it was observed that the use of ACE inhibitors prior to
hospitalization conferred “protection” to patients, which was
confirmed by the presence of this variable in the final risk score
model. The population of this research came from a database
that was similar to that of the present study, both regarding
the degree of cardiovascular risk and the use of medications
prior to admission. However, those authors did not intend to
correlate the use of ACE inhibitors and the presence of the
biomarker cardiac troponin | and its possible clinical events
during hospitalization, as well as in the medium and long term.

The benefits of using ACE inhibitors in patients with NSTE-
ACS and STE-ACS have been widely confirmed in large clinical
trials, especially in those with large infarcts and consequent left
ventricular dysfunction'*'*. Despite the obvious differences
in their physiopathology, interesting results were observed
in a retrospective study published in 2010 in patients with
STE-ACS carried out in a single center in the United States,
with 511 patients enrolled between 2004 and 2008%.
Patients with a history of cardiovascular disease, either in the
coronary, cerebral or peripheral beds, as well as those with
diabetes were excluded; therefore, the study was on the margin
of the exclusion criteria found in the real world. Nevertheless,
it was the first study that attempted to correlate the benefit
of ACEI prior to an STE-ACS event. Its results confirmed that
patients taking ACE inhibitors, when compared to non-users,
had lower levels of troponin at admission (79.8 ng/dL vs.
120.0 ng/dL, p = 0.016). From a medical viewpoint, this
beneficial effect remained, regardless of the concomitant use
of aspirin and statins.

In 2010, in a study carried out in Sweden, 87,241 patients
that did not take ACE inhibitors prior to hospitalization (40,549
with STE-ACS and 46,692 with NSTE-ACS) were assessed in the
period between 1995 and 2005%. At hospital discharge, ACE
inhibitors were prescribed to 36.5 % of the patients, whose
clinical outcomes were evaluated up to a one-year period.
The results corroborate previous studies'*', with a mortality
reduction of 24% in the period (p < 0.001). The risk of death
at 1 year was lower in patients receiving ACE inhibitors (10.6%
vs.12.1%, p < 0.001). Limitations of this study were not-
randomized registration data, lack of control of comorbidities
and treatments used (type and dose of ACE inhibitors), and
the fact that clinical outcome evaluation was performed only
in patients who survived hospital discharge.

In comparison, our study was prospective and 242 (53.3%)
of the patients admitted used ACE inhibitors. Of a total of 28
deaths in 180 days, ten (6.2%) occurred during hospitalization,
being higher in ACE inhibitor users (p = NS), in the elderly
(p < 0.001), those with a history of CHF (NYHA = 1) prior to
hospitalization (p = 0.042) and those with higher creatinine
(p < 0.001). As limitations, we did not perform left ventricular
dysfunction measurement and did not control comorbidities.
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In 2011, researchers from the GRACE, GRACE2 and
CANRACE studies performed a retrospective analysis from 1999
to 2008 with 13,632 patients”, correlating prior ACE inhibitors
to hospitalization from STE-ACS (3,817 patients) and NSTE-ACS
(9,815 patients), aiming to assess the proportion of in-hospital
major clinical events.

Users of ACE inhibitors were compared with nonusers by
analyzing demographic characteristics such as medical history,
current medications, clinical presentation, electrocardiographic
changes on admission and laboratory tests, including troponin
and creatine kinase MB isoenzyme (CK-MB). When compared
to our study, also high-risk, and taking into account the period
when data were obtained, the treatment did not follow the
most current guidelines for these ischemic syndromes and
approximately 20% of patients with ACS and diabetes mellitus
did not receive ACE inhibitors. As for the results, users of ACE
inhibitors, when compared to non-users, had lower release
of biomarkers within the first 24 hours (76.3% vs. 67.3%,
p <0.001). Hospital mortality was higher in ACE inhibitor
users (p = 0.012), but this became non-significant when the
model was adjusted for other prognostic factors and use of
other medications. The authors concluded that the prior use
of ACE inhibitors is not independently associated with reduced
in-hospital major clinical events, such as death or re-infarction
after NSTE-ACS or STE-ACS. There was underutilization of
antiplatelet and anticoagulant agents, as well as of coronary
angiographies and percutaneous coronary interventions in
patients using ACE inhibitors and in many patients with renal
dysfunction, leading to a smaller number of hemodynamic
studies and consequently, to the reduction of percutaneous
coronary intervention.

Factors such as non-randomization, exclusion of patients
who did not survive hospitalization, incomplete data on the
use of other antagonists of the renin-angiotensin-aldosterone
system, non-reported dose of medications, duration of prior
treatment with ACE inhibitors, adherence to medication and
peak myocardial necrosis marker, which was not established by
the study protocol (and may underestimate its true magnitude
and diagnosis of re-infarction) may have affected the results.

In comparison, our study was prospective and observational,
did not exclude any patient during the specified period,
regardless of age, creatinine level or any other demographic
characteristic, and included a population at high cardiovascular
risk (Table 1), fully medicated, according to the national®* and
North-American guidelines® (Table 2).

Historically, it is known that patients with renal dysfunction
and the elderly are often excluded from clinical trials, as they
increase the risk of severe clinical events and difficulties in
therapeutic management, thus interfering with its optimization,
as well as the fact that percutaneous treatment is not
contemplated when indicated. In this study, no patient was
excluded during the stipulated period and the best approach
was used on admission, either percutaneous or surgical,
always in agreement with the medical staff, patients and their
families. However, patients with renal dysfunction and the
elderly showed a significant increase in mortality at 180 days
(p < 0.001).
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The present study was designed in an attempt to demonstrate
whether there would be a reduction in myocardial necrosis
marker troponin | associated with the use of ACE inhibitors,
taking into account other variables that could interfere with
this biomarker’s release.

In the proposed statistical model, when troponin levels
were compared (> 0.5 ng/dL vs. < 0.5 ng/ dl) in patients
who used ACE inhibitors, a “protective effect” was observed,
as the statistical analysis of final model showed a negative beta
coefficient (- 0.520) and OR = 0.59, 95%Cl = 0.35 to 0.99,
p = 0.048) (Table 4). Considering these results, the correlation
between the use of ACE inhibitors and lower release of troponin
in patients with NSTE-ACS was evident.

However, this correlation has not translated into a reduction
in severe clinical events such as death and re (infarction) at
180 days. In our series, in-hospital mortality of 2.2% and
mortality at 180 days of 6.2% are considered low; thus, it is
observed that the use of ACE inhibitors prior to hospitalization
was not associated with the decrease in death rates.

Some authors observed that the beneficial clinical effects
from the use of ACE inhibitors became apparent only after about
1 year®. In this research, we used a minimum of 30 days prior
to admission as time of medication use for inclusion criteria
in the study.

Another matter concerns the differences between ACEls
because, in our study, these drugs were considered as belonging
to a “class”. A Canadian study evaluating different classes of ACE
inhibitors used after an AMI, used for a one-year period, showed
benefits in survival according to the ACE inhibitor used in patients
aged > 65 years* However, the three major groups of ACE
inhibitors show important pharmacological differences due to their
chemical structure, and thus it can lead to different clinical effects*.

However, despite this correlation of cardiac troponin |
with the use of ACE inhibitors, many demographic, clinical
and laboratory factors are implicated in this broad-spectrum
population with NSTE-ACS to significantly correlate it with
the reduction in serious clinical events, such as and death
re-infarction within a period of 180 days.

The study of other populations, different from the one
evaluated by this study, could lead to other results, but at present
there is no record in the medical literature of another study that

Table 4 - Multiple logistic regression analysis for troponin > 0.5 ng / mL

includes a population with such significant cardiovascular risk
or using such comprehensive therapy, widely recommended
by the main worldwide renowned cardiology societies and that
demonstrates such a statistically significant association between
the use of ACE inhibitors and necrosis marker tropinin 1 in
patients with NSTE-ACS.

However, when interpreting this research, in spite of the
correlation of cardiac troponin | with the use of ACE inhibitors,
many demographic, clinical and laboratory factors would be
implicated in this broad-spectrum population with NSTE-ACS,
to correlate it significantly with the reduction in severe clinical
events such as death and re (infarction) at 180 days.

Conclusion

This study demonstrated that patients hospitalized for
NSTE-ACS that had previously used ACE inhibitors showed
decreased levels of the myocardial necrosis marker troponin
I. However, there are no data available yet to affirm that this
reduction could lead to a smaller number of severe clinical
events, such as death and re-infarction at 180 days.
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Analyzed variable Effect SE OR 95%Cl p value
Typical pain at admission -0.878 0.375 0.416 0.199;0.867] 0.0193
Glycemia at admission 0.008 0.003 1.008 1.003 - 1.013 0.0034
Clinical treatment - - - - 0.0002
PCI 1.089 0.325 2973 1,572 -5.622 0.0008
CABG 1.400 0.413 4.055 1.806 - 9.103 0.0007
Previous ACEI use at admission -0.520 0.263 0.594 0.355- 0.996 0.0482
ST-segment depression = 0.5 mm 0.971 0.307 2.641 1.447-4.818 0.0016

SE: standard error; OR: odds ratio; 95%Cl: 95% confidence interval; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting;

ACEI: angiotensin-converting enzyme inhibitors.

Arq Bras Cardiol. 2014; 103(6):513-520

518



519

Minuzzo et al.
Association between ACEI and Troponin in NSTE-ACS

Original Article

References

Lloyd-Jones D, Adams R, Carnethon M, Simone CD, Ferguson B, Flegal K,
etal; American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart disease and stroke statistics—2009 update: a report
from the American Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Circulation. 2009;119(3):480-6. Erratum in:
Circulation. 2009;119(3):e182.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE Jr,
et al. American College of Cardiology; American Heart Association Task
Force on Practice Guidelines (Writing Committee to Revise the 2002
Guidelines for the Management of Patients With Unstable Angina/Non
ST-Elevation Myocardial Infarction); American College of Emergency
Physicians; Society for Cardiovascular Angiography and Interventions;
Society of Thoracic Surgeons; American Association of Cardiovascular
and Pulmonary Rehabilitation; Society for Academic Emergency
Medicine. ACC/AHA 2007 guidelines for the management of patients
with unstable angina/non ST-elevation myocardial infarction: a report
of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Writing Committee to Revise the
2002 Guidelines for the Management of Patients With Unstable Angina/
Non ST-Elevation Myocardial Infarction): developed in collaboration
with the American College of Emergency Physicians, the Society for
Cardiovascular Angiography and Interventions, and the Society of Thoracic
Surgeons: endorsed by the American Association of Cardiovascular and
Pulmonary Rehabilitation and the Society for Academic Emergency
Medicine. Circulation. 2007;116(7):e148-304. Erratum in: Circulation.
2008;117(9):e180.

Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population trends
in the incidence and outcomes of acute myocardial infarction. N Engl ]
Med. 2010;362(23):2155-65.

White HD. Evolution of the definition of myocardial infarction: what are
the implications of a new universal definition? Heart. 2008;94(6):679-84.

Heidenreich PA, Alloggiamento T, Melsop K, McDonald KM, Go AS,
Hlatky MA. The prognostic value of troponin in patients with non-ST
elevation acute coronary syndromes: a meta-analysis. ] Am Coll Cardiol.
2001;38(2):478-85.

Ottani F, Galvani M, Nicolini FA, Ferrini D, Pozzati A, Di Pasquale G, et
al. Elevated cardiac troponin levels predict the risk of adverse outcome in
patients with acute coronary syndromes. Am Heart ). 2000;140(6):917-27.

Morrow DA, Antman EM, Tanasijevic M, Rifai N, de Lemos JA, McCabe
CH, et al. Cardiac troponin | for stratification of early outcomes and the
efficacy of enoxaparin in unstable angina: a TIMI-11B substudy. ] Am Coll
Cardiol. 2000;36(6):1812-7.

Newby LK, Goldmann BU, Ohman EM. Troponin: an important prognostic
marker and risk-stratification tool in non-ST-segment elevation acute
coronary syndromes. ] Am Coll Cardiol. 2003;41(4 Suppl 5):315-36S.

de Godoy MF, Braile DM, Purini Neto J. A troponina como marcador de
injaria celular miocdrdica. Arq Bras Cardiol. 1998;71(4):629-33.

. Kavsak PA, Newman AM, Lustig V, MacRae AR, Palomaki GE, Ko DT, et

al. Long-term health outcomes associated with detectable troponin |
concentrations. Clin Chem. 2007;53(2):220-7.

. Ferrario CM, Strawn WB. Role of the renin-angiotensin-aldosterone system

and proinflammatory mediators in cardiovascular disease. Am J Cardiol.
2006;98(1):121-8.

. Yusuf S, Sleight P Pogue J, Bosch J, Davies R, Dagenais G. Effects of an

angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. The Heart Outcomes Prevention Evaluation
study investigators. N Engl) Med. 2000;342(3):145-53. Erratum in: N Eng|
J Med. 2000;342(10):748

. Effect of ramipril on mortality and morbidity of survivors of acute

myocardial infarction with clinical evidence of heart failure. The
Acute Infarction Ramipril Efficacy (AIRE) Study Investigators. Lancet.
1993;342(8875):821-8.

Arq Bras Cardiol. 2014; 103(6):513-520

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kober L, Torp-Pedersen C, Carlsen JE, Bagger H, Eliasen P, LyngborgK; etal.
Aclinical trial of the angiotensin-converting enzyme inhibitor trandolapril
in patients with left ventricular dysfunction after myocardial infarction.
Trandolapril Cardiac Evaluation (TRACE) Study Group. N Engl ] Med.
1995;333(25):1670-6.

Pereira JCR. Bioestatistica em outras palavras. Sao Paulo: EDUSP; 2010.

Armitage P Berry G. Statistical methods in medical research. 3" ed. Oxford:
Blackwell Science; 1994.

Siegel S, Castellan NJ Jr. Non parametric statistics for the behavioral science.
2" ed. New York: McGraw-Hill; 1988.

Ohman EM, Granger CB, Harrington RA, Lee KL. Risk stratification
and therapeutic decision making in acute coronary syndromes. JAMA.
2000;284(7):876-8.

Antman EM, Cohen M, Bernink PJ, McCabe CH, Horacek T, Papuchis G, et
al. The TIMI risk score for unstable angina/non-ST elevation MI: a method for
prognostication and therapeutic decision making. JAMA. 2000;284(7):835-42.

Thygesen K, Alpert]S, White HD; Joint ESC/ACCF/AHA/WHF Task Force for
the Redefinition of Myocardial Infarction. Universal definition of myocardial
infarction. ) Am Coll Cardiol. 2007;50(22):2173-95.

Korff S, Katus HA, Giannitsis E. Differential diagnosis of elevated troponins.
Heart. 2006;92(7):987-93.

Braunwald E, Antman EM, Beasley JW, Califf RM, Cheitlin MD, Hochman
JS, etal. ACC/AHA Guidelines for the management of patients with unstable
angina and non-ST-segment elevation myocardial infarction. A report of the
American College of Cardiology/ American Heart Association Task Force
on Practice Guidelines (Committee on the Management of patients with
Unstable Angina. ] Am Coll Cardiol. 2000;36(3):970-1062. Erratum in:
Am Coll Cardiol. 2001;38(1):294-5.

Antman EM, Tanasijevic MJ, Thompson B, Schactman M, McCabe CH,
Cannon CP, et al. Cardiac-specific troponin | levels to predict the risk
of mortality in patients with acute coronary syndromes. N Engl ] Med.
1996;335(18):1342-9.

Antman EM, Grudzien C, Sacks DB. Evaluation of a rapid bedside assay for
detection of serum cardiac troponin T. JAMA. 1995;273(16):1279-82.

Bakker AJ, Koelemay MJ, Gorges JP, van Viles B, Smits R, Tijssen JG, et al.
Failure of new biochemical markers to exclude acute myocardial infarction
atadmission. Lancet. 1993;342(8881):1220-2.

Falahati A, Sharkey SW, Christensen D, McCoy M, Miller EA, Murakami MA,
etal. Implementation of serum cardiac troponin | as a marker for detection
of acute myocardial infarction. Am Heart ). 1999;137(2):332-7.

Tanasijevic MJ, Antman EM. Diagnostic performance of cardiac troponin l'in
suspected acute myocardial infarction: Implications for clinicians [editorial].
Am Heart ). 1999;137(2):203-6.

Ohman EM, Armstrong PW, Christenson RH, Granger CB, Katus HA, Hamm
CW, etal. Cardiac troponin T levels for risk stratification in acute myocardial
ischemia. GUSTO A Investigators. N Engl ) Med. 1996;335(18):1333-41.

Probstfield JL, O’Brien KD. Progression of cardiovascular damage: the role of
renin-angiotensin system blockade. AmJ Cardiol. 2010;105(1Suppl): T0A-20A.

Lonn EM, Yusuf S, Jha P Montagne TJ, Teo KK, Benedict CR, et al. Emerging
role of angiotensin-converting enzyme inhibitors in cardiac and vascular
protection. Circulation. 1994;90(4):2056-69.

Asselbergs FW, van Gilst WH. Angiotensin converting enzyme inhibition in
cardiovascular risk populations: a practical approach to identify the patient
who will benefit most. Curr Opin Cardiol. 2007;22(4):267-72.

Kennon S, Barakat K, Hitman GA, Price CP, Mills PG, Ranjadayalan K, et
al. Angiotensin-converting enzyme inhibition is associated with reduced
troponin release in non-ST elevation acute coronary syndromes. ] Am Coll
Cardiol. 2001;38(3):724-8. Erratum in: ] Am Coll Cardiol. 2002;39(8): 1407



Minuzzo et al.
Association between ACEI and Troponin in NSTE-ACS

Original Article

33.

34.

35.

36.

Nicolau JC, Timerman A, Piegas LS, Marin-Neto JA, Rassi A Jr. Guidelines
for unstable angina and non-ST-segment elevation myocardial infarction
of the Brazilian Society of Cardiology (Il Edition, 2007). Arq Bras Cardiol.
2007;89(4):€89-131.

dos Santos ES, Timerman A, Baltar VT, Castillo MT, Pereira MP, Minuzzo L, et
al. Escore de risco Dante Pazzanese para sindrome coronariana aguda sem
supradesnivelamento do segmento ST. Arq Bras Cardiol. 2009;93(4):343-51,
336-44.

Shariff N, Dumbar C, Matsumura ME. Relation of pre-event use of inhibitors
of the renin-angiotensin system with myocardial infarct size in patients
presenting with a first ST-segment elevation myocardial infarction. Am
Cardiol. 2010;106(5):646-9.

Milonas C, Jernberg T, Lindbach J, Agewall S, Wallentin L, Stenestrand U; RISK-
HIA Group. Effect of angiotensin-converting enzyme inhibition on one-year
mortality and frequency of repeat acute myocardial infarction in patients with
acute myocardial infarction. Am J Cardiol. 2010;105(9):1229-34.

37.

38.

39.

40.

Singh SM, Goodman SG, Yan RT, Dery JP, Wong GC, Gallo R, et al;
Canadian GRACE, GRACE2 and CANRACE Investigators. Relation
between previous angiotensin-converting enzyme inhibitor use and
in-hospital outcomes in outcomes in acute coronary syndromes. Am J
Cardiol. 2012;109(3):332-6.

Hansen ML, Gislason GH, Kober L, Schramm TK, Folke F, Buch P, et
al. Different angiotensin-converting enzyme inhibitors have similar
clinical efficacy after myocardial infarction. BrJ Clin Pharmacol.
2008;65(2):217-23.

Pilote L, Abrahamowicz M, Rodrigues E, Eisenberg MJ, Rahme E. Mortality
rates in elderly patients who take different angiotensin-converting
enzyme inhibitors after acute myocardial infarction: a class effect? Ann
Intern Med. 2004;141(2):102-12.

Shah AD, Arora RR. Tissue angiotensin-converting-enzyme inhibitors:
are they more effective than serum angiotensin-converting enzyme
inhibitors? Clin Cardiol. 2005;28(12):551-5.

Arq Bras Cardiol. 2014; 103(6):513-520

520



