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Background:A significant proportion of patients develop heart failure (HF) after acutemyocardial infarction (MI).
Predicting this development with novel biomarkers would allow tailoring healthcare to each individual. We
recently identified a circular RNA called MICRA which was associated with HF development after MI. Here, we
tested whether MICRA was able to risk stratify MI patients.
Methods:MICRAwas assessed inwhole blood samples collected at reperfusion in 472 patients with acuteMI. Left
ventricular ejection fraction (EF) was evaluated by echocardiography at 4 months. Multivariable analyses with
ordinal regression were conducted to determine the ability of MICRA to classify patients into 3 EF groups:
reduced EF (≤40%), mid-range EF (4149%) and preserved EF (≥50%).
Results: Eighty seven patients (18%) had a reduced EF, 106 (22%) had a mid-range EF and 279 (59%) had a
preserved EF at 4 months. MICRA classified patients into EF groups with an adjusted odds ratio [95% confidence
interval] of 0.78 [0.64–0.95]. MICRA improved the predictive value of a multivariable clinical model as attested
by a decrease of the Akaike Information Criteria (p = 0.012). Bootstrap internal validation confirmed the incre-
mental prognostic value of MICRA.
Conclusion:Wereport that the circRNAMICRA improves risk classification afterMI, supporting the added value of
this novel biomarker in future prognostication strategies.
© 2017 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Acute myocardial infarction (MI) is a widespread event worldwide
with a 30-day mortality rate close to 10% in most European and North
American countries [1,2]. Despite modern reperfusion strategies, MI
survivors are not exempted of further difficulties, amongwhich left ven-
tricular (LV) remodelling leading to heart failure (HF) could complicate
the prognosis in approximately one fifth of the patients. Identification of
patients at high risk of developing HF after MI would allow tailoring
healthcare to each individual and reduce the associated socio-
economic burden. However, currently available prognostication strate-
gies lack accuracy and would benefit from novel biomarkers. Indeed,
markers of myocardial injury (creatine phosphokinase, CPK; cardiac
troponin, cTn) ormarkers of stress (brain natriuretic peptide, BNP), suf-
fer some limitations to predict outcomeafterMI due to low specificity or
fluctuations of circulating levels in the post MI setting [3,4].

Whilemost of current biomarkers are circulating proteins, recent in-
vestigations suggest that the blood transcriptomemay also represent an
ability and freedom from bias of
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invaluable, yet poorly explored, source of novel biomarkers [5]. Among
the different types of protein-coding RNAs or non-coding RNAs, circular
RNAs (circRNAs) are particularly attractive biomarkers due to their re-
sistance to degradation by exoribonuclease. It appeared that circRNAs
may have some potential biomarker value for HF [6,7]. We identified a
circRNA, named MICRA for Myocardial Infarction-associated Circular
RnA, which was associated with outcome after MI [8]. In this previous
study, patient outcome was determined using the ejection fraction
(EF) at 4-month follow-up. Patients were classified as having LV dys-
function (4-month EF ≤40%) or no LV dysfunction (4-month EF N40%)
and the ability of MICRA to classify patients between these 2 groups
was determined.

The last guidelines of the European Society of Cardiology [9]
presented a novel classification of HF patients in three groups: EF
below 40% named reduced EF (rEF), 40–49% named mid-range EF
(mrEF) and 50% and higher as preserved EF (pEF). In the present
study, we aimed to determine whether MICRA was able to risk stratify
patients after MI using this 3-group classification.

2. Methods

2.1. Patients

We enrolled 472 acute MI patients (78% ST-elevation MI and 22%
non-ST-elevation MI) of the Luxembourg Acute Myocardial Infarction
e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Registry [10]. At the time of reperfusion after percutaneous interven-
tion, whole blood samples were withdrawn via an arterial catheter
into PAXgene™ RNA tubes (BD Biosciences, Erembodegem, Belgium).
Left ventricular EF was determined after 4 months using echocardiogra-
phy and patients were classified according to the 3-group classification
of the ESC guidelines for HF patients (rEF ≤ 40%; mrEF 41–49%; pEF
≥ 50%) [9]. The protocol has been approved by the ethics committee of
Luxembourg and all patients signed an informed consent.

2.2. MICRA measurement

Total RNA was extracted from PAXgene™ RNA tubes with the
PAXgene™ blood RNA kit (Qiagen, Venlo, Netherlands) as described
previously [11]. MICRA was measured using quantitative RT-PCR with
divergent primers (forward: GCTAAAGAAAGTCAAGTC; reverse: TCAA
GGACATCTTAGAGT) allowing for amplification of circRNA. SF3a1 was
used as housekeeping gene for normalization of PCR results.

2.3. Statistical analysis

One-way analysis of variance on Ranks followed by all pairwisemul-
tiple comparison procedures using the Holm-Sidakmethodwas used to
compare continuous variables between the 3 EF groups. Chi-square test
was used for qualitative data. A P value b0.05 was considered signifi-
cant. Multivariable analysis with ordinal regression was used to assess
the ability of MICRA in combination with various demographic and
clinical parameters to classify patients into EF groups. All right skewed
continuous data were log2 transformed and then all continuous data
were scaled before analysis. Missing values were filled using 100-fold
multiple imputation. To address the incremental predictive value of
MICRA to a multi-parameter clinical model, the Akaike Information
Criteria (AIC) was calculated. Contrarily to the area under the curve,
the AIC is adjusted for the multiplication of variables into the model,
avoiding for overfitting. A lower AIC indicates a better model fit. The
Wald chi-square test was used to measure the significance of models
and the likelihood ratio test was used to compare the models with
and without MICRA. Bootstrap internal validation was used to estimate
the robustness of the models with MICRA. All prediction analyses
were performed on the R version 2.14.2 statistical platform using the
packages Hmisc, PredictABEL, bootStepAIC and rms.

3. Results

Clinical characteristics of the 472 patients enrolled in the present
study are displayed in Table 1. 87 patients (18%) had a rEF 4 months
Table 1
Clinical parameters and biomarker levels.

rEF
n = 87

m
n =

Age, yrs 65 (37–89) 60
Sex, male 65 (75%) 85
BMI, kg/m2 28 (19–51) 27
Diabetes 26 (30%) 22
Hypertension 43 (51%) 46
Hypercholesterolemia 37 (45%) 41
Smoking 37 (44%) 53
WBC, ×109 cells/L 11.9 (3.7–29.0) 11
Previous MI 11 (13%) 16
Ischemic time (1 = 24 h) 0.15 (0.04–0.62) 0.1
CPK, U/L 3109 (34–12,096) 21
cTnT, μg/L 6.94 (0.03–26.93) 5.1
NT-proBNP, pg/mL 578 (5–13,977) 17

Data are expressed as median (range) for continuous variables and as number of patients (per
rEF: reduced ejection fraction (≤40%); mrEF: mid-range EF (41–49%); pEF: preserved EF (≥50%
BMI: BodyMass Index;WBC:White Blood Count; ischemic time: delay in hours between chest
NT-pro-BNP: N-Terminal pro-Brain Natriuretic Peptide.
P values b0.05 are shown in bold.
afterMI, 106 (22%) had amrEF and 279 (59%) had a pEF. Patients within
the3 groupswere similar in terms of age, gender ratio, and other cardio-
vascular risk factors. Patients with decreased EF had higher blood cell
counts, CPK, cTnT and Nt-proBNP levels as compared to patients with
preserved EF. Expression levels of MICRA were lower in patients with
rEF compared to patients with mrEF or pEF, and were comparable
between patients with mrEF and pEF (Fig. 1A).

Multivariable analyses were conducted with ordinal regression to
assess the ability of MICRA to classify patients into the 3 EF groups. All
demographic and clinical parameters and biomarkers displayed in
Table 1 were included in the models. We observed that patients
with an antecedent of MI (odds ratios (OR) [95% confidence intervals
(CI)] 2.11 [1.13–3.93]), elevated levels of CPK (1.67[1.17–2.38])
or NTpro-BNP (1.62[1.27–2.07]) were at high risk of decreased EF
(Fig. 1B). Patients with lower levels of MICRA were also at high risk
of decreased EF (0.78[0.64–0.95]). The AIC of the model including
all clinical parameters and biomarkers was 849.34. Adding MICRA
to this model leads to a significant improvement of the AIC (845.07,
p=0.012). To identify the optimal predictive biomarkers,we conducted
a bootstrap internal validation and we observed that MICRA was
selected in 86% of themodels (Fig. 1C), being present in the top 3 selected
models. Nt-proBNP was selected in all models. The model selected the
highest number of times out of the 150 bootstrap samples (46% of
times) was a model including the clinical parameters, Nt-proBNP, CPK
and MICRA.

4. Discussion

Wereport that the circRNAMICRA is associatedwith the extent of LV
dysfunction after MI.

In our past study, MICRA was identified for its value to predict the
development of HF as assessed by a 4-month EF ≤40%. In the present
study,we extend thisfinding and show thatMICRA is able to risk stratify
patients after MI. Although the 3-group classification recommended by
the 2016 ESC guidelines [9] relates to the severity of HF in HF patients,
we chose to apply this classification to test the risk stratification value
of MICRA after acute MI. Our data confirm the association between
MICRA and outcome after MI, as well as the inverse relationship be-
tween MICRA and the EF. A functional association between MICRA and
LV remodelling remains hypothetical at this stage and may involve a
sponge effect of microRNA-150 which has been shown to be associated
with the development of HF after AMI [12,13].

We observed that MICRA was absent in plasma and serum samples
and was mostly expressed by peripheral blood cells (data not shown).
In the present cohort, white blood cells count was higher in patients
rEF
106

pEF
n = 279

p value

(30–88) 60 (30–91) 0.09
(80%) 206 (74%) 0.43
(18–37) 27 (19–47) 0.33
(21%) 52 (19%) 0.07
(44%) 135 (49%) 0.61
(39%) 126 (46%) 0.53
(50%) 125 (45%) 0.59
.1 (5.0–22.8) 10.4 (3.1–29.0) 0.001
(15%) 23 (8%) 0.11
5 (0.03–0.94) 0.14 (0.03–0.94) 0.42
67 (119–13,038) 1172 (76–9574) b0.001
7 (0.03–21.97) 2.71 (0.01–25.66) b0.001
0 (19–35,000) 170 (10–15,679) b0.001

centage) for qualitative variables.
).
pain onset and revascularization; CPK: Creatine PhosphoKinase; cTnT: cardiac Troponin T;



Fig. 1. A. Expression levels of MICRA in patients with reduced EF (rEF), mid-range EF
(mrEF) and preserved EF (pEF) 4 months after acute MI. Log2-transformed and scaled
values are shown. B. Multivariable analyses. Displayed forest plot shows the odds ratios
with 95% confidence intervals (CI) for the 3-group classification. Cholesterol =
hypercholesterolemia; HT = hypertension. C. Representation of the bootstrap internal
validation showing the number of times (in percentage of the 150 bootstrap samples) a
model containing the clinical parameters and the indicated biomarkers is selected.
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with a decreased EF compared with patients with a preserved EF,
although this parameter was not associated with outcome in multivar-
iable analyses. Since MICRA was less expressed in patients with a de-
creased EF, the association between MICRA and LV dysfunction may
not be a simple mirror of the activation of inflammation that occurs
within the few hours after MI and which is a sign of poor outcome.
This is consistent with the belief that transcriptomic signatures of
blood cells can inform about prognosis [5] and most importantly can
provide an incremental predictive value to classical markers.

To address this added value, we conducted specific statistical ap-
proaches developed and validated in previous studies [14,15]. These
analyses were weighted to avoid model overfitting due to the multipli-
cation of predictive variables. In the present study, we used ordinal
regression to classify patients into the 3 EF groups, when logistic re-
gression is suitable for dichotomous outcomes. Together with boot-
strap internal validation, ordinal regression analysis attested for the
incremental value of MICRA to risk stratify MI patients. This result is
clinically relevant since, in the era of personalized medicine, identifying
patients at risk of developing HF shortly after MI may help adapting
healthcare. However, currently availablemarkers suffer from important
limitations which preclude their clinical application.

Other types of long non-coding RNAs than circRNAs are associated
with HF development after MI [11,16]. As compared to linear long
non-coding RNAs, circRNAs are abundant, conserved and resistant to
degradation by exoribonucleases, which confers them with significant
advantages for their potential future as biomarkers [6,17,18]. The devel-
opment of novel techniques to measure gene expression such as digital
droplet PCR may help refining the use of MICRA towards clinical appli-
cation. This study is limited by the choice of the 3-group classification
of the ESC which was designed for HF patients. However, our data sug-
gest that biomarkers (MICRA and Nt-proBNP) may help in fine tuning
risk stratification after MI in addition to predicting whether or not a
patient will develop LV dysfunction. It has to be noted that in our
study patients with an EF equal to 40% were included in the rEF group.
Considering the estimated inaccuracy above 6% of the echocardiography
used to assess EF [19], the boundaries between groups are difficult to
define. In our patient population, the inclusion of patients with an EF
of 40% in the mrEF subgroup leads to an increase of the odds ratio of
MICRA in the multivariable analyses (0.83[0.69–1.01]; p = 0.066),
reflecting a loss of statistical power due to a very small group of rEF
patients (n = 41). Another limitation resides in the lack of EF determi-
nation shortly after AMI which reflects infarct size and influences the
extent of LV remodelling and the development of HF. However, cardiac
injury markers CPK and cTnT measured at admission were entered in
multivariable models to account for the effect of infarct size. In this
study, MICRA was measured at the time of reperfusion. Further studies
are required to determine the time-point allowing the best predictive
value, to characterize the day-to-day variability, and to evaluate the
reproducibility of MICRA measurement.

In conclusion, we show that MICRA provides an incremental value
to risk stratify patients after MI. Further prospective studies are war-
ranted to confirm this predictive value and the clinical usefulness of
this finding.
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