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Background: Myeloperoxidase (MPO) plasma values predict major adverse cardiac events (MACE) in cases of
acute coronary syndrome. The effect of serial testing in patients who are suspected for acute coronary ischemia
is unclear.

Hypothesis: We hypothesize that sequential MPO measurement may improve prediction of MACE in patients
with suspected acute coronary ischemia.

Methods: The present prospective observational study examined the prognostic significance of MPO in 917
patients with suspicion of acute coronary syndrome. Blood samples were taken at cardiac catheter laboratory
admission and the day after coronary angiography. We recorded patients’ mortality, the occurrence of cardiac
ischemia, and repeated percutaneous coronary intervention through the next 6 months.

Results: Mortality among patients with increased MPO plasma levels the day after coronary angiography was
increased significantly (P < 0.01). Patients with MPO values above 306.3 pmol/L had a significantly higher
incidence of 6-month MACE (P < 0.0001) than patients with lower plasma values. Cox proportional hazards
multivariate regression analyses revealed that MPO was an independent marker for MACE after suspected
acute coronary ischemia (P = 0.048). However, MPO plasma levels at cardiac catheter laboratory admission
showed no prognostic significance.

Conclusions: In patients with suspected myocardial infarction, MPO levels above 306.3 pmol/L measured 24

hours after onset of symptoms were independent predictors of 6-month mortality and MACE.

Introduction

Atherosclerosis is known as a chronic inflammatory disease
leading to acute coronary syndromes (ACS).}2 Today,
early risk stratification strategies use clinical markers and
highly sensitive assays of myocardial necrosis to predict
major adverse cardiac events (MACE). The ability to detect
patients at increased risk for MACE among individuals with
existing atherosclerotic heart disease by using markers of
progression and rupture of atherosclerotic plaques is of con-
siderable interest for the treatment of patients at high risk.
Despite actual and aggressive treatments, the incidence of
MACE after myocardial infarction (MI) still remains high.?

Myeloperoxidase (MPO), an enzyme derived from acti-
vated neutrophils and monocytes, possesses proinflamma-
tory and pro-oxidative properties that has been shown
as being involved in the development and rupture of
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atherosclerotic plaques.* MPO catalyzes oxidative modi-
fications of lipoproteins,® enhances bioavailability of nitric
oxide,%” and promotes plaque instability.? MPO is sug-
gested as a solid marker to predict mortality in patients at
risk for MACE.?~12 MPO concentrations reliably correlate
with the degree of endothelial dysfunction.” Systemic MPO
concentrations have been shown to provide prognostic infor-
mation among patients with chest pain,®!® asymptomatic
patients,'® or patients with present ACS.%!415 However,
additional studies found that MPO was not able to predict
the risk of short- or long-term mortality,'®!7 and is not a
reliable marker for detecting ACS.!8

Several investigations reported the influence of prean-
alytic handling on MPO plasma concentration. Increased
plasma MPO levels have been shown after the admission
of heparin in vivo and in vitro.!%% Furthermore, the use of
different blood collecting tubes influences the measurement
of MPO plasma levels. MPO concentrations appeared to be
reliably stable in ethylenediaminetetraacetic acid (EDTA)
plasma.?! Time dependent changes of MPO serum concen-
tration were also shown after primary percutaneous coro-
nary intervention (PCI) in patients with MI presenting ante-
rior ST-segment elevation.?2 However, so far there exists no
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standardized laboratory MPO test pattern for routine clinical
use. Risk scores and clinically used biomarkers were proven
to predict mortality among patients with suspected ACS.2%24

In the current study, in patients with suspected myocardial
ischemia, we examined the predictive value of a sequential
MPO measurement at 2 different time points for the
prediction of mortality and the occurrence of myocardial
ischemia within the next 6-months.

Methods
Study Population

From October 2004 until December 2006, a 2-center,
prospective cohort study was performed. The study group
consisted of 917 consecutive patients with suspected ACS
who were admitted to the cardiac catheter laboratory
at the Department of Cardiology at the University of
Giessen or to the Department of Cardiology at the Kerkhoff
Klinik, Bad Nauheim, Germany. All included patients (273
women and 644 men, age 65413 years) met clinical
criteria for ACS. ACS was defined according to the criteria
of the American College of Cardiology/American Heart
Association (ACC/AHA) guideline for the management
of patients with unstable angina and non-ST-segment
elevation MI in 2002, the ACC/AHA guidelines for the
management of patients with acute MI (AMI) in 1999, and
the ACC/AHA/American College of Physicians—American
Society of Internal Medicine guidelines for the management
of patients with chronic stable angina from 1999.25:26

Baseline data were recorded for standard cardiac risk
factors including hypertension, diabetes, hypercholes-
terolemia, cigarette smoking, and familial disposition. Bio-
metric data of patients, such as weight and height, were
also recorded for calculation of body mass index. Addition-
ally, we recorded the presence of acute cardiogenic shock
and the need for surgical intervention. Coronary angiogra-
phy was performed according to standard practice, and the
examination results were reported. All study subjects gave
informed consent, and the local ethics committee approved
the study protocol in accordance with the guidelines in the
Declaration of Helsinki 2000.

End Points

MACE were defined as death by any cause or nonfatal
MI during the observation period after enrollment into
the study. The end point MI was defined as reported MI
during the 6 months after hospital admission. The end
point information was collected by prospective follow-up
examination and direct contact by study staff or standardized
interviews by phone. We used information given from
patients, their relatives, or from medical data provided by
the families’ physicians. We ascertained patients’ outcome
over the next 6 months after enrollment.

Plasma MPO Assay

Venous blood samples were collected at cardiac catheter
laboratory admission and 24 hours after admission in EDTA
tubes, processed, and frozen at —80°C until further analysis.
After completion of the patient recruitment phase, blood
samples were analyzed centrally to avoid multiple freeze

and thaw cycles. MPO concentrations were determined
by using the Abbott Architect system (Abbott Diagnostics,
Abbott Park, IL). The Architect MPO assay is an automated
chemiluminescent microparticle immunoassay using MPO-
specific monoclonal antibodies in a 2-step sandwich
format. The assay has a limit of detection <20.0 pmol/L,
functional sensitivity of 125 pmol/L (total coefficient of
variation [CV] =10%), and a range of 277 to 3457 pmol/L
(CV =2.6%—6.8%) 2127

Statistical Analysis

The study end points were defined as 6-month composite
occurrence of MACE including reinfarction, repeated PCI,
or 6-month mortality. Continuous variables are presented as
mean (&standard deviation) or median (with interquartile
range [IQR]), and categorical variables as number and
percentage. The relationship between mortality and MPO
concentration was analyzed by using the Mann-Whitney
test. Receiver operating characteristic (ROC) curves were
generated to identify the threshold level for MPO that
provided the highest predictive value to stratify patients
according the risk of adverse cardiac events. The area
under the curve (AUC) was calculated with estimated risk.
The optimal cutoff was chosen to maximize AUC values.
The rates of overall survival and the quartile analysis were
determined by using Kaplan-Meier analyses. Youden index
was used for the detection of the correct MPO cutoff level 28

The corresponding P value of the Kaplan-Meier curves
was calculated by using the log-rank test. The Wilcoxon
rank sum test was used to compare between the different
patient groups for nonparametric data. Comparisons
between groups were analyzed by ¢ test. Multivariate
Cox proportional hazards model analysis was performed
to determine associations between MPO and established
risk factors (gender male, age, hypertension, dyslipidemia,
diabetes mellitus, cigarette smoking, ST-segment elevation
MI [STEMI], cardiogenic shock, need for coronary artery
bypass graft [CABG], PCI, elevated creatinine) and survival.

Comparisons of categorical variables were generated
by the Pearson x22 test or Fisher exact test. Probability
P values <0.05 were considered statistically significant.
The entire statistical analysis were performed using SPSS
version 19.0.0 (IBM, Armonk, NY).

Results

Baseline Characteristics

A total number of 917 consecutive patients with suspected
cardiac ischemia were enrolled in this study. Baseline
characteristics of the study population are shown in Table 1.
The mean age of these patients was 65 years, and 70% were
male. The median time from onset of symptoms until the
first collected blood sample was 6.1 hours (IQR =2.6-14.5).
The median time from onset of symptoms until the second
blood sample collection was 26.1 hours (IQR=20.5-34.5)
(Figure 1). Percentage of patients representing 6-month
MACE was 8.5%. Six-month mortality was 7% in the
observation group.

Plasma MPO and MACE

In the baseline group (n=917), median MPO concentration
was 893.5 pmol/L compared to a median concentration of
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Table 1. Baseline Characteristics

Characteristic Value
No. of patients 917

Gender, female, no. (%) 273 (30%)
Age, y (SD) 65 (13)
Hypertension, no. (%) 628 (69%)
Dyslipidemia, no. (%) 386 (42%)
Diabetes mellitus, no. (%) 196 (21%)
Current smoking, no. (%) 305 (33%)
ACS family history, no. (%) 182 (20%)
STEMI, no. (%) 393 (43%)
No cardiac ischemia 108 (12%)

Time from onset of chest pain to first 6.1 (2.6-14.5)

blood sample, h, median (IQR)

Time from onset of chest pain to second
blood sample, h, median (IQR)

26.1(20.5-34.5)

MACE, no. (%) 78 (8.5%)

6-month mortality, no. (%) 65 (7%)

Abbreviations: ACS, acute coronary syndrome; IQR, interquartile range;
MACE, major adverse cardiac event; SD, standard deviation; STEMI,
ST-elevation myocardial infarction;

Data are mean, median and IQR, or number (%) of patients.

400 —

3504

SE 300

=
250 w ‘(
200 J— l l
5d ps3] p21] po7] prs]

T T T
=21 21-26 26-34 34+

Time from onset of symptoms (h)

Figure 1. Bar chart demonstrating the time-dependent changes in
myeloperoxidase (MPO) levels at day 1 after suspected acute coronary
syndrome. MPO values shown are mean with standard deviation (pmol/L)
and time from onset of the symptoms (hours).

234.4 pmol/L in the 24-hour group (n=663). The baseline
median MPO plasma levels were not predictive for 6-month
mortality (P=0.35). However, in blood samples taken 24
hours following admission, MPO levels were significantly
elevated in patients who died during the next 6 months
(P=0.016).

ROC curve analyses were generated to identify the opti-
mal MPO cutoff value as described. Kaplan-Maier-analysis
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Figure 2. Kaplan-Meier analysis for 6-month major adverse cardiac
events after suspected cardiac ischemia. Myeloperoxidase (MPO) values
at 24 hours after hospital admission are shown. Cutoff MPO values were
>306.3 pmol/L. Log-rank P < 0.0001.

revealed that MPO plasma level >306.3 pmol/L was
the most powerful predictive factor for 6-month MACE.
(log-rank test P < 0.0001) (Figure 2). In this regard, patients
representing MPO plasma level >306.3pmol/L in 24-hour
blood samples were categorized into the high MPO level
group (group 1). Patients representing MPO plasma levels
<306.3 pmol/L were assigned to the low MPO level group
(group 2). Patients of these 2 groups were similar in age,
gender, vascular risk factors, blood sampling time, and
history of PCI and CABG. The incidence of STEMI, cardio-
genic shock, chest pain, and PCI did also not differ between
the 2 groups (Table2). However, the groups showed
significant differences in the number of troponin I-positive
(>0.05ng/mL) patients (72.5% vs 81.3; P =0.009) and in the
need for CABG (2% vs 7.1%; P =0.001). The 2 groups also
differed in mortality (3.5% vs 9.1%; P =0.003) and MACE
(3.8% vs 10.9%; P =0.001) during the next 6 months.

MPO Plasma Level as an Independent Predictor of Risk
Cox proportional hazards multivariate regression model
for death and nonfatal myocardial infarction during the
6 months of follow-up was further explored to assess the
predictive value of MPO. MPO plasma levels ranging
above 306.3 pmol/L at day 1 after admission (hazard ratio
[HR] =1.946, 95% confidence interval [CI]: 1.008-3.756;
P =0.048) and serum creatinine baseline level above 1.1
mg/dL (HR=2.585, 95% CI: 1.334-5.012; P =0.005) were
identified as independent predictive markers of 6-month
MACE in patients who were suspected for cardiac ischemia
(Table 3).

Discussion

Clinical criteria and established laboratory tests do not pre-
dict the exact risk of fatal cardiovascular events and mortality
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Table 2. Comparison of Baseline Characteristics: Laboratory Findings and
6-Month Clinical Outcomes Between Patients With High and Low MPO
Levels of the Second Blood Sample

MPO <306.3 MPO >306.3
pmol/L, pmol/L,
n=396 n=267 P Value
Age, y, mean £+ SD 63.7 £13.0 65 +12 0.199

Male gender 69.7% (276) 68.9% (184) 0.83

Body mass index 28+ 4 27+ 4 0.483

Hypertension 70.9% (280) 67.8% (181) 0.722

Hypercholesterolemia 44.8% (177) 37.5% (100) 0.06

Diabetes mellitus 19.2% (76) 23.6% (63) 0.177

Currently smoking 32.9% (130) 33% (88) 0.99

ACS family history 20.5% (81) 17.2% (46) 0.293
Previous MI 11.6% (46) 11.3% (30) 0.885
Previous PCI 12.2% (48) 11.7% (31) 0.847
Previous CABG 5.8% (23) 6.8% (18) 0.622

Angina pectoris 92.9% (367) 87.6% (233) 0.21

STEMI 42.5% (168) 42.5% (113) 0.99

Cardiogenic shock 0.3% (1) 3.8% (10) 0.001
Blood sampling time, h 31.8 £20.4 30.4+19.6 0.633
ACS negative 11.6% (46) 9.8% (26) 0.449
PCI 78.7% (311) 76.7% (204) 0.535
CABG 2% (8) 7.1% (19) 0.001
6-Month mortality 3.5% (14) 9.1% (24) 0.003
Reinfarction 0.8% (3) 1.9% (5) 0.195
MACE 3.8% (16) 10.9% (29) 0.001
LVEF, % 5012 47 £12 0.274

Troponin |, >0.05 ng/mL  72.5% (287) 81.3% (217) 0.009

MPO, pmol/L 162.7 +67.0 1775.1+£2627.9 <0.0001

Abbreviations: ACS, acute coronary syndrome; CABG, coronary
artery bypass graft; LVEF, left ventricular ejection fraction; MI,
myocardial infarction; MPO, myeloperoxidase; PCl, percutaneous
coronary intervention; SD, standard deviation; STEMI, ST-elevation
myocardial infarction.

Data are mean £ SD or % (no.) of patients. Continuous variables were
analyzed using the Wilcoxon rank sum test. Categorical variables were
analyzed by using the 2 test or Fisher exact test.

in patients with suspected cardiac ischemia. Previous stud-
ies found that inflammation is highly related to endothelial
dysfunction, progression, and formation of atherosclerotic
plaque, which leads to ischemic coronary disease.** MPO
and its oxidants are believed to be involved in the forma-
tion and propagation of atherosclerotic disease.* MPO is
also associated with plaque instability and rupture.3® Pre-
vious studies have identified the prognostic value of MPO

Table 3. Multivariate Cox Proportional Hazards Regression Model for
Death and Nonfatal Myocardial Infarction During 6 Months of Follow-Up

HR 95% Cl P
Gender male 0.724 0.334-1.569 0.414
Age >65 years 1.270 0.602-2.677 0.530
Hypertension 0.879 0.424-1.826 0.730
Dyslipidemia 0.565 0.278-1.151 0.116
Diabetes mellitus 1.582 0.795-3.149 0.192
Cigarette smoking 1.051 0.477-2.316 0.902
STEMI 0.849 0.447-1.611 0.616
Cardiogenic shock 2.762 0.753-10.127 0.125
CABG 2.151 0.511-9.055 0.297
PCI 1.77 0.609-5.141 0.294
Creatinine, >1.1 mg/dL 2.585 1.334-5.012 0.005

MPO, 24 hours, >306.3 pmol/L 1.946 1.008-3.756 0.048

Abbreviations: CABG, coronary artery bypass graft; Cl, confidence
interval; HR, hazard ratio; MPO, myeloperoxidase; PCl, percutaneous
coronary intervention; STEMI, ST-elevation myocardial infarction.

after AMI,%10 acute heart failure,! and chronic stable heart
failure.?? Following ACS and stenting, patients are at high
risk for cardiovascular events during the next month.?* MPO
could help to identify patients presented with chest pain but
without evidence of myocardial necrosis who are at risk for
further myocardial ischemia.l® The present study investi-
gated the predictive value of MPO on mortality, PCI, and
MI during the next 6 months. Therefore, we used a 2-times
sequential MPO measurement at admission to the cardiac
catheter laboratory (6.1 hours, IQR = 2.6-14.5) and the day
after (26.1 hours, IQR=20.5-34.5). The relative risk for
MACE by 6 months was significantly higher when the MPO
value was above the established cutoff value 24 hours after
cardiac catheter laboratory admission. Overall, our findings
for a heterogeneous group of patients, who are suspected for
cardiac ischemia at hospital admission, suggest that MPO
might serve as a predictor of further cardiovascular risk.

The impact of preanalytic conditions and collection tubes
on MPO measurement is a very important fact, as it may
cause falsely increased results. We used an automated US
Food and Drug Administration-cleared MPO assay (Abbott
Architect research assay; Abbott Diagnostics) for the MPO
measurement and EDTA plasma sample tubes, in which
MPO concentrations have been shown to be stable.?!
Previous studies reported that MPO concentrations were
elevated by using serum or heparinized plasma samples 2!

Our findings also revealed that in addition to the
prognostic information generated by MPO for 6-month
MACE, we found that elevated serum creatinine was an
independent predictor of risk.

The fact that MPO plasma levels at admission to the
cardiac catheter laboratory did not correlate with 6-month
mortality or MACE differs from previous studies. MPO
values at admission were significant higher than 24 hours
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after admission. Nevertheless, we do not see our findings
as in contrast to previous MPO outcome studies. Table 1
shows that the median times from onset of symptoms to
MPO measurements were 6.1 hours vs 26.1 hours. Mocatta
et al reported that they collected study blood samples 24 to
96 hours after admission.?* They also identified high MPO
level as a risk factor for long-term mortality. Stankovic et al
demonstrated that in sequential MPO measurements during
a period of 168 hours after hospital admission, only MPO
levels at 24 hours were independent predictors of in-hospital
mortality.2> Morrow et al reported in their MPO outcome
study that plasma samples were obtained in patients within
24 hours after onset of clinical symptoms but did not provide
the mean time to MPO measurement.®

All patients were treated according to the ESC/AHA
guidelines for management of AMIL*~37 In the present
study, all patients of the cohort undergoing coronary
angiography received high-dose unfractionated heparin.
Heparin was identified to increase endothelial nitric oxide
bioavailability by liberating vessel-immobilized MPO.19-20
This effect leads to a dose-dependent increase of MPO
plasma values in patients with or without symptoms of
AMI.?038 We suggest that high-dose heparin application
before MPO measurement caused elevated MPO plasma
values at hospital admission and led to the lack of predictive
significance. Until now, there were no studies that exam-
ined the time- and dose-dependent dynamic of MPO after
heparin treatment. Further investigations are necessary
to generate these data, but it seems that preclinical blood
sample collections before the administration of heparin
could be another option for generating valid data.

Nevertheless, we did not include MPO in established car-
diac risk score systems (Global Registry of Acute Coronary
Events, Thrombolysis in Myocardial Infarction). Therefore,
further prospective trials are needed to investigate the pre-
dictive value of MPO levels 24 hours after onset of symptoms
in addition to these proven risk scores.

Conclusion

In patients with suspected myocardial infarction, MPO
levels above 306.3 pmol/L measured 24 hours after onset
of symptoms were independent predictors of 6-month
mortality and MACE. These results highlight the use of
plasma MPO for risk stratification of patients with suspected
AMI undergoing primary coronary angiography.
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