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To the Editor:

Despite the efficacy of primary percutaneous coronary intervention (PCI), contractile 

dysfunction after ST-segment elevation myocardial infarction (STEMI) remains a persistent 

issue. Early detection of high-risk patients could help improve disease management during 

the initial time-period after infarction, when patients are most at risk for sudden cardiac 

death. The aim of this preliminary study was to investigate whether end-systolic (ES) 

global circumferential strain (GCS), measured with cardiac magnetic resonance (CMR) 

feature-tracking, would be a stronger predictor of functional recovery than peak GCS or late 

gadolinium enhancement (LGE).

Methods

Patient Population

This retrospective study was conducted at a single center. The study consisted of 31 patients 

with STEMI and baseline ejection fraction (EF) < 50%, who were enrolled between 2014 

and 2019. A list of study exclusions is provided in the Methods section of the Supplement 

(Figure S1). The study protocol complies with the Declaration of Helsinki and was approved 

by our Institutional Review Board and Ethics Committees. Due to the retrospective nature 

of this study, CMR data was only available at baseline, while echocardiogram data was 
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available at follow-up. Baseline CMR was performed within 1–2 days after primary PCI. 

Follow-up imaging via echocardiogram was conducted a median of 105 days (interquartile, 

75–253 days) after initial onset of symptoms. The primary endpoint of this study was 

functional recovery at follow-up, as defined by an EF ≥ 50% quantified by echocardiogram.

CMR Imaging

CMR imaging was performed on a 1.5T MR scanner (Magnetom Aera, Siemens Medical, 

Erlangen, Germany) with 18-channel body coil and 12-channel spine coil. Patients 

underwent breath-held steady-state free precession cine imaging in the 2-, 3-, 4-chamber 

long axis view, and full left ventricular (LV) coverage with short axis stack from base 

to apex (scanner parameters provided in the Methods section of the Supplement). All 

patients received 0.2mmol/kg gadolinium-based contrast agent (GBCA). After 10 minutes, 

inversion time scout was performed to determine the inversion time needed to null the 

myocardium. Breath-held gradient echo inversion recovery LGE images were obtained in 

the same prescription as the cines.

Follow-up Echocardiogram Imaging

Echocardiogram images were acquired with Philips (EPIQ 7C or IE33, Netherland) as 

per standard clinical protocol (1). LV-EF was calculated by modified biplane method 

in the apical 4 and 2 chamber views. All images were interpreted by a board certified 

echocardiographer who was blinded to the clinical data.

CMR Image Processing

All CMR analyses were performed by a level-3 trained CMR reader on CMR42 v5.6.2 

(Circle Cardiovascular Imaging, Inc., Calgary, Canada). The readers were blinded to the 

clinical data. The specific details related to the calculation of baseline EF, strain from 

feature-tracking, and infarct size are provided in the Methods section of the Supplement.

Statistical Analysis

Data analysis and visualization were performed using SAS (Version 9.4) and Excel (Version 

2005). Continuous variables are expressed as mean ± standard deviation (SD) or median 

(Q1, Q3), depending on distribution. Details related to the logistic regression models, as 

well as the intraobserver and interobserver variability studies, are provided in the Methods 

section of the Supplement.

Results

The clinical characteristics of the included patients (Table S1), as well as the predicted 

probability curves (Figures S3–S8), are provided in the Supplement. A representative 

example of the circumferential strain vs. time curves is shown for a single patient in Figure 

1.

Receiver Operating Characteristic Analysis

A summary of the analysis is given in Table 1. Briefly, the ROC analysis determined 

that ES GCS (AUC=0.910, 95% CI=0.786–1.0, p=0.008) and peak GCS (AUC=0.803, 
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95% CI=0.640–0.967, p=0.012) were predictive of a follow-up EF ≥ 50%, whereas LGE 

(AUC=0.667, 95% CI=0.465–0.868, p=0.131) was not predictive. Comparing the ROC 

curves revealed that ES GCS was a superior predictor to peak GCS (p=0.040) and LGE 

(p=0.018). The difference between peak GCS and LGE in predicting functional recovery 

was not significant (p = 0.261).

An additional analysis was conducted where pain to balloon time (PTBT) was added to each 

model as a second predictor. Details of this analysis can be found in the Results section of 

the Supplement (Figure S2).

Univariate and Multivariate Analysis

The estimated odds ratio (OR) was computed relative to a one SD increase in the variable 

of interest (Table 2). The ES GCS was found to be highly predictive of functional recovery, 

where the estimated OR for a 2.6 unit increase in strain was observed to be 0.046 (95% 

CI=0.005–0.453, p=0.008). The peak GCS (OR=0.252, 95% CI=0.086–0.742, p=0.012) was 

found to be somewhat predictive of functional recovery. However, the LGE (OR=0.532, 95% 

CI=0.234–1.209, p=0.131) was not found to be a useful predictor of recovery.

An additional analysis was conducted where PTBT was added to each model as a second 

variable. Details of this multivariate analysis can be found in the Supplement (Table S2).

Intra- and Interobserver Variability of Strain

The strain calculations were highly reproducible. Details of this analysis are in the Results 

section of the Supplement.

Discussion

The key finding of this study is that ES GCS, which is measured 1–2 days after primary 

PCI via CMR feature-tracking, can be used as a predictor of functional recovery in STEMI 

patients. Moreover, ES GCS was found to be a superior predictor to peak GCS and LGE, 

even after adjusting for PTBT. The results of the current study support the increasing 

accumulation of evidence that GCS is a valuable predictor of functional recovery and 

clinical outcomes in MI patients (2–9). However, a key difference is that all of these prior 

studies focused on the use of peak GCS rather than ES GCS, which has been shown 

here to be a superior predictor. Another benefit of utilizing ES GCS is that it does not 

require the administration of contrast agents to make a predictive measurement. GBCA is 

contraindicated in patients with renal failure, due to increased risk of nephrogenic systemic 

fibrosis (10).

Limitations of this study include the retrospective design, imbalance of gender ratio, echo 

for follow-up EF, and sample size. However, the patient cohort was representative of the 

typical STEMI population in terms of culprit vessels and comorbidities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Example of circumferential strain vs. time curves measured in a single patient. Each curve 

represents the strain in one of the 16 AHA segments. The solid black dot indicates the peak 

value of strain in that segment. The vertical line at 300 ms indicates the ES time point where 

the ES value of strain was measured. Panel (a) represents the basal segments, (b) represents 

the mid-ventricular segments, and (c) represents the apical segments. Note that due to the 

dysfunctional MI region, the peak value of strain in each myocardial segment can occur at a 

different time point during the cardiac cycle. Thus, global averages of peak strain are based 

on inconsistent time points.
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Table 1.

Overview of receiver operating characteristic analyses of individual parameters for predicting follow-up 

ejection fraction ≥ 50%.

Variable Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC 95% CI P value

LGE 19.2% 69.2% 61.1% 56.2% 73.3% 0.667 0.465–0.868 0.131

Peak GCS −12.4% 69.2% 83.3% 75.0% 78.9% 0.803 0.640–0.967 0.012

ES GCS −10.3% 84.6% 77.8% 73.3% 87.5% 0.910 0.786–1.0 0.008

LGE: Late Gadolinium Enhancement, GCS: Global Circumferential Strain, ES: End-Systolic, PPV: Positive Predictive Value, NPV: Negative 
Predictive Value, AUC: Area Under the Curve, CI: Confidence Interval

J Magn Reson Imaging. Author manuscript; available in PMC 2022 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Leung et al. Page 7

Table 2.

Univariate logistic regression analyses for predicting follow-up ejection fraction ≥ 50%.

Variable OR per + 1 SD 95% CI P value

LGE 0.532 per + 15.5 0.234–1.209 0.131

Peak GCS 0.252 per + 3.3 0.086–0.742 0.012

ES GCS 0.046 per + 2.6 0.005–0.453 0.008

OR: Odds Ratio, SD: Standard Deviation, CI: Confidence Interval, LGE: Late Gadolinium Enhancement, GCS: Global Circumferential Strain, ES: 
End-Systolic
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