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Background: Over the past few decades, left ventricular (LV) dysfunction in ST-segment elevation 
myocardial infarction (STEMI) patients has been the focus of research. Recently, co-occurring right 
ventricular (RV) dysfunction has received more attention in clinical practice. We aimed to assess RV function 
using cardiac magnetic resonance (CMR) imaging and identify factors that may contribute to RV dysfunction 
in STEMI patients.
Methods: We retrospectively studied 189 patients with STEMI who underwent CMR 1–7 days after 
successful percutaneous coronary intervention (PCI). The ejection fraction (EF), wall thickening rate 
(WTR), peak radial strain (RS), circumferential strain (CS) and longitudinal strain (LS) of the LV, 
interventricular septum (IVS) and RV were measured with cine images. The location and extent of the 
infarct were determined using late gadolinium enhancement (LGE) imaging. The differences of function 
between STEMI patients with right ventricular ejection fraction (RVEF) <50% and those with RVEF ≥50% 
were compared using an independent-sample t-test. Linear regression analyses were used to determine 
independent predictors of RVEF.
Results: RVEF <50% was observed in 32.28%% STEMI patients, who also demonstrated significantly 
lower left ventricular ejection fraction (LVEF), WTR, RS, CS, LS and larger infarct sizes than those with 
RVEF ≥50%. Patients with RVEF <50% also demonstrated a higher incidence of RV infarction, higher RV 
end-systolic volume (ESV) index, and lower RV RS and CS. Multivariable linear regression analysis revealed 
LV EF, IVS WTR and IVS RS as significant predictors for RVEF, while male gender, the culprit lesion in the 
right coronary artery (RCA), peak troponin were negative predictors for RVEF. Notably, peak troponin, LV 
EF, LV RS, LV CS, LV WTR, and IVS WTR demonstrated higher area under the curve (AUC) values for 
predicting RV dysfunction.
Conclusions: RV dysfunction was detected in 32.28% of STEMI patients. Patients with acute STEMI and 
RVEF <50% had impaired LV and IVS functions. Systolic function of the LV and IVS, peak troponin, and 
culprit lesions in the RCA were independent predictors of RV dysfunction in STEMI patients.
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Introduction
 

Patients with acute ST-segment-elevation myocardial 
infarction (STEMI) and impaired left ventricular (LV) 
function have been the focus of considerable research and 
risk assessments over the past few decades (1,2). However, 
in clinical practice, it has been observed that some 
STEMI patients not only exhibit impaired LV function, 
but also suffer from right ventricular (RV) dysfunction. 
A reduced RV ejection fraction (EF) in patients with 
STEMI can lead to inadequate preloading of the LV and 
a corresponding decrease in cardiac output, resulting in 
systemic hypoperfusion. Therefore, when RV dysfunction 
occurs in patients with STEMI, timely assessment and 
appropriate treatment adjustments are crucial to prevent 
further complications. In addition to conventional 
revascularization and anticoagulant therapy, these patients 
should receive sufficient amounts of intravenous fluids, 
avoid medications that reduce the preload (such as opioids, 
nitrates, and diuretics), and abstain from taking medications 
with negative inotropic and chronotropic effects (3,4). It 
is also important to explore which factors contribute to 
RV dysfunction in STEMI. This would have significant 
implications to actively prevent the occurrence of right 
heart dysfunction. 

Echocardiography has been used to evaluate the 
cardiac function in previous clinical and research settings. 
However, echocardiography has limitations such as a 
poor contrast-to-noise ratio, substantial inter-operator 
variability and limited acoustic window (5-7). Conversely, 
cardiac magnetic resonance (CMR) is considered the gold 
standard for comprehensive cardiac structure, function, and 
tissue characterization assessments. It offers an accurate 
quantitative evaluation of the RV function (8). Notably, the 
CMR feature-tracking, a novel post-processing method, 
can evaluate not only global LV and RV functions but also 
regional functions such as the interventricular septum  
(IVS) (9-11).

Although several studies have utilized CMR to evaluate 
RV function in patients with STEMI, these studies have 
predominately focused on the prognosis of patients with 
RV dysfunction (12,13). Only few studies have further 
explored the potential predictors associated with reduced 
right ventricular ejection fraction (RVEF) (14), knowledge 
of which can enhance our understanding of RV dysfunction 
and guide its treatment. Moreover, an animal study has 
suggested an anatomical correlation between the LV and 
RV, with the IVS playing a significant role in the RV’s 

systolic function. However, there is a lack of quantitative 
data illustrating the relationship between the RV, IVS and 
LV functions (15). Therefore, this study is novel in that it 
aims to assess the RV structure and function using CMR 
imaging and identify factors that may contribute to RV 
dysfunction in patients with STEMI. We hypothesize 
that LV and IVS functions, biventricular structures, and 
infarct characteristics are associated with reduced RVEF. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-1804/rc).

Methods

Study population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the local ethics committee of the 
Chinese People’s Liberation Army General Hospital (No. 
S202256701) and individual consent for this retrospective 
analysis was waived.

Two experienced radiologists (each with three years of 
CMR experience) searched the local picture archiving and 
communication system. They identified consecutive patients 
diagnosed with STEMI who underwent CMR imaging 
following a successful primary percutaneous coronary 
intervention (PCI) treatment between January 2012 and 
December 2020. STEMI diagnosis adhered to the criteria 
set forth by the European Society of Cardiology/American 
College of Cardiology (ESC/ACC) committee (16). 
Additional inclusion criteria were a diagnosis of STEMI for 
the first time, successful treatment via PCI and receipt of 
CMR during hospitalization (≤7 days after successful PCI). 
Exclusion criteria were as follows: a history of myocardial 
infarction and revascularization procedures (coronary artery 
bypass graft or PCI), unsuccessful PCI, severe arrhythmia, 
and insufficient CMR scan quality, obvious artifacts or 
incomplete magnetic resonance imaging (MRI) coverage. 
Ultimately, 189 patients were included in this study (Figure 1).

CMR protocol

CMR studies  were carr ied out  us ing a  1 .5-Tesla 
scanner (Multiva, Philips, Netherlands) employing 
electrocardiographic gating and breath-holding during 
expiration and utilizing an 8-element cardiac phased-array 
surface coil. The standard protocols included balanced turbo 

https://qims.amegroups.com/article/view/10.21037/qims-23-1804/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1804/rc
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field echo cine imaging and late gadolinium enhancement 
(LGE) imaging (Gadopentetate Dimeglumine, BeiLu, 
Beijing, China). LGE imaging was only used if the estimated 
glomerular filtration rate was ≥30 mL/min/1.73 m2.

The imaging sequences were procured on consecutive 
short slices covering the LV and RV and LV 2-, 3-, 4-chamber 
orientations following a standardized protocol (17). The data 
acquisition parameters for cine imaging were as follows: 
cardiac phases, 25; slice thickness, 8 mm; repetition time,  
3.7 ms; echo time, 1.87 ms; flip angle, 60°; the typical in-
plane resolution was 1.40×1.44 mm2. The acquisition 
parameters for LGE imaging included: slice thickness,  
8 mm; repetition time, 6.2 ms; echo time, 3 ms; flip angle, 
25°; and a typical in-plane resolution of 1.60×1.65 mm2.

Image analysis

Cardiac MR images were analyzed using custom software 
(cvi42 Version 5.12.1; Circle Cardiovascular Imaging, 
Calgary, Alberta, Canada). Cardiac structure and function 
were evaluated using CMR cine imaging. The myocardial 
strain was computed using an automated feature-tracking 
post-processing method from continuous short axis and 

three long axis views (2-, 3-, 4-chamber orientations) of 
the cine image dataset. The cardiac phases of end-diastole 
and end-systole were automatically detected by identifying 
the largest and smallest cavity sizes in the LV and RV, 
respectively. The endocardial and epicardial contours 
of the LV and the endocardial contours of the RV were 
automatically traced with manual correction at end-diastole 
and -systole in short slices cine imaging by an experienced 
investigator blinded to clinical data. The epicardial contours 
of the RV were manually traced at the end-diastole and 
-systole by the same investigator (Figure 2). From these, the 
global and regional peak radial strains (RS), circumferential 
strain (CS); longitudinal strain (LS) of the LV and RV were 
calculated, representing the absolute maximum value of 
myocardial deformation in the radial, circumferential and 
longitudinal directions over the entire cardiac cycle. The 
segmental wall thickening rate (WTR) was computed by 
comparing the end-diastole and end-systole wall thicknesses 
in short-axis cine imaging according to the 17-segment 
model of the American Heart Association (15), excluding 
segment 17 (apex) (8). The global LV WTR was obtained 
by averaging the WTR values of all myocardial segments (8). 
The mass of the biventricular myocardium was calculated 
using outlined endocardial and epicardial contours. The 
biventricular end-diastolic volume (EDV), end-systolic 
volume (ESV), and EF were calculated using Simpson’s 
rule according to the endocardium of the cardiac phases of 
end-diastole and end-systole (18). Papillary muscles were 
included in the ventricular cavity volume. Biventricular 
EDV, ESV, and myocardial mass were indexed to body 
surface area (18).

The location of LV infarction, RV infarction (presence 
or absence), and microvascular obstruction (MVO) of the 
LV infarction were determined using LGE imaging. Two 
radiologists (each with three years of CMR experience), 
blinded to the clinical data, independently identified the 
segments of LV infarction, RV infarction (Figure 3), and 
MVO of LV infarction. Any discrepancies in their readings 
were noted. In case of disagreement, a final decision 
was made by a third experienced observer. The infarct 
myocardium of the LV was visually evaluated and quantified 
using a semi-automated algorithm based on signal intensity 
5 standard deviations above the mean signal intensity of the 
normal myocardium, as previously reported (19,20). The 
MVO of the LV was defined as the hypo-enhanced region 
within the infarct myocardium. The contours of the MVO 
were manually traced within the infarct myocardium; thus, 

Figure 1 Study flowchart. STEMI, ST-segment elevation 
myocardial infarction; PCI, percutaneous coronary intervention; 
CABG, coronary artery bypass graft; CMR, cardiac magnetic 
resonance; RVEF, right ventricular ejection fraction.

STEMI patients with CMR  
(n=189)

STEMI patients after PCI  
(n=259)

70 cases excluded:
•  41 previous myocardial infarction 

and previous revascularization 
procedure (CABG or PCI)

•  4 unsuccessful PCI
•  2 severe arrhythmia
•  23 poor image quality

Patients with RVEF ≥50%  
(n=128)

Patients with RVEF <50%  
(n=61)
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Figure 2 An illustrative example of endocardial and epicardial contours of the RV and LV at end-diastole were shown in short-axis cine 
imaging. The endocardial (red circles) and epicardial (green circles) contours of the LV and the endocardial (yellow circles) contours of the 
RV were automatically traced with manual correction. The epicardial contours of the RV were manually traced at end-diastole to ensure 
accurate delineation. The blue highlighted areas were the RV myocardium. RV, right ventricle; LV, left ventricle. 

Figure 3 Typical example of RV inferior and free wall infarction on a patient with RCA occlusion by CMR LGE imaging. (A) RV inferior 
and free wall infarction (blue arrows) on short-axis view; (B) RV free wall infarction (blue arrows) on four-chamber view; (C) RV free wall 
infarction (blue arrows) on three-chamber view. RV, right ventricle; RCA, right coronary artery; CMR, cardiac magnetic resonance; LGE, 
late gadolinium enhancement.

A B C
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the size of the MVO was included in the infarct size (21,22) 
(Figure 4). 

For the systolic function and infarct size of the IVS, 
we used the 17-segment model of the American Heart 
Association (8) to analyze. In the 17-segment model, the RS, 
CS, LS, WTR of IVS were equivalent to the average values 
of LV myocardial segments 2, 3, 8, 9, and 14 (Figure 5).  
Infarct size of IVS was the sum of segments above.

To assess the intra- and inter-observer variabilities for 
LV EF, LV RS, LV WTR, RVEF and RV RS, we used the 
intraclass correlation coefficient (ICC) in 20 randomly 
selected patients with acute STEMI. Intra-observer 
variability was assessed on cine images three months later, 
and inter-observer variability was assessed on the cine 
images by two independent radiologists. 

Statistical analysis

Continuous variables were expressed as either the mean 
± standard deviation or the median with the interquartile 
range, while categorical variables were presented as 
frequencies and percentages. The differences in continuous 
variables between STEMI patients with RVEF <50% 
and those with RVEF ≥50% were compared using the 
independent-sample t-test or Wilcoxon rank-sum test. 
In contrast, the chi-square test or Fisher’s exact test was 
employed to compare categorical variables. Univariate and 
multivariate linear regression analyses were performed to 
identify independent predictors of RVEF. According to the 
research, we defined RVEF <50% as RV dysfunction (23).  
The area under the curve (AUC) was evaluated using 
receiver operating characteristic (ROC) curve analysis 
to predict RV dysfunction. All statistical analyses were 
conducted using the SPSS statistical package (SPSS 
Statistics 23.0; IBM, Armonk, New York, USA). All tests 
were two-sided, and P values less than 0.05 was considered 
statistically significant.

Figure 4 A prototypical instance of MVO (blue arrows) within the 
infarct LV inferoseptal and inferior wall due to RCA occlusion was 
depicted through cardiac magnetic resonance LGE imaging. MVO 
was clearly visible as a hypointense core within the hyperintense 
infarct region. MVO, microvascular obstruction; LV, left ventricle; 
RCA, right coronary artery; LGE, late gadolinium enhancement. 

Figure 5 Schematic diagram illustrating the measurement of left ventricular segmental wall thickening rate and strains. (A) Schematic 
diagram of the IVS, the IVS were the segments 2, 3, 8, 9 and 14 on the 17-segment model. (B) Representative bull’s eye maps for wall 
thickening rate. (C) Representative bull’s eye maps for radial peak strain. IVS, interventricular septum.
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Results

Study population

A total of 259 consecutive patients with STEMI were 
screened between January 2012 and December 2020. Of 
these, 70 patients were excluded for various reasons, as 
shown in Figure 1. Finally, 189 patients with STEMI were 
included in the analysis. 

Baseline characteristics 

The baseline characteristics of the study population are 
presented in Table 1. Most of the study population was male 
(87.83%), with a mean age of 55.92±10.92 years. Using 
a cut-off value of RVEF =50%, the study population was 
divided into RVEF <50% or RVEF ≥50% groups, and 
32.28% (61/189) of patients had RVEF <50%. Compared 
with those RVEF ≥50%, patients with RVEF <50% were 
also more likely to have a culprit lesion in the right coronary 
artery (RCA) (59.02% vs. 37.50%; P=0.01) and to have a 
drinking habit (40.98% vs. 25.78%; P=0.03). The group 
with RVEF <50% also had a higher proportion of male 
patients (95.08% vs. 84.38%; P=0.04). Furthermore, patients 
with RVEF <50% had higher maximum creatine kinase-
MB (CK-MB) levels (274.37±213.33 vs. 207.33±154.89; 
P=0.02) and peak troponin levels (10.43±10.83 vs. 6.53±6.20; 
P=0.01) compared to patients with RVEF ≥50%. Notably, 
more patients with RVEF <50% used diuretics during 
treatment (60.66% vs. 42.19%; P=0.02).

Comparison of LV, IVS, and RV CMR characteristics 
between the groups with RVEF <50% and RVEF ≥50%

In patients with RVEF <50%, there was a significantly 
higher LV end-systolic volume index (ESVI) (49.74±18.78 
vs. 40.50±11.51 mL/m2; P<0.001) and LV myocardial mass 
index (MMI) (62.94±11.73 vs. 58.88±11.49 g/m2; P=0.03) 
compared with those RVEF ≥50% (Table 2). Moreover, 
patients with RVEF <50% exhibited a significantly lower 
LVEF (41.42%±10.11% vs. 49.22%±8.17%; P<0.001), LV 
RS (19.95%±6.20% vs. 23.91%±6.33%; P<0.001), LV CS 
(−12.78%±3.27% vs. −14.76%±2.82%; P<0.001) and LV 
WTR (38.63%±14.59% vs. 46.90%±13.06%; P<0.001). 
Although the LV MVO size did not differ significantly 
between the groups (1.59±3.84 vs.  0.92±1.93 mL;  
P=0.11), the LV infarct size was greater in the group 
with RVEF <50% (30.51±17.92 vs. 22.35±15.15 mL; 
P=0.001). Regarding the IVS, the group with RVEF <50% 

demonstrated a significantly lower WTR (25.80%±13.37% 
vs. 32.19%±14.46%; P<0.001) than the group with RVEF 
≥50%. 

Patients with RVEF <50% also displayed a significantly 
higher RV ESVI (27.88±9.56 vs. 26.47±6.95 mL/m2; 
P<0.001), lower RV RS (20.28%±6.43% vs. 29.71%±8.09%; 
P<0.001), RV CS (−12.18%±3.47% vs. −15.69%±4.77%; 
P<0.001) and RV LS (−16.94%±6.77% vs. −19.61%±9.13%; 
P=0.04) compared with those with RVEF ≥50%. Among 
the 189 STEMI patients, RV infarction was detected in 
42 patients (22.22%, 42/189), with 26 of these patients 
(61.90%, 26/42) having an infarct-related artery RCA and 
16 patients (38.10%, 16/42) with a non-RCA. Besides, of 
the 42 STEMI patients with RV infarction, the incidence 
of RV infarction was higher in the group with RVEF <50% 
(32.79%, 20/61) compared to the group with RVEF ≥50% 
(17.19%, 22/128) (P=0.02). 

Predictors of RVEF 

Table 3 presents the results from univariate and multivariate 
linear regression analyses, identifying the predictors 
of RVEF. Male gender, the culprit lesion in the RCA, 
maximum CK-MB, peak troponin, LV ESVI, LV EF, 
LV WTR, LV RS, LV CS, LV LS, LV infarct size, the 
presence of LV MVO, IVS WTR, IVS RS, IVS LS and the 
presence of RV infarction were found to be independently 
associated with RVEF in the univariate linear analysis. The 
univariate analysis informed the selection of covariates for 
the subsequent multivariate analysis, including those with 
P<0.05. Multivariable linear regression analysis identified 
LV EF, IVS WTR and IVS RS as significant predictors for 
RVEF, while male gender, the culprit lesion in the RCA, 
peak troponin were negative predictors for RVEF.

Based on the previous research, we defined RVEF 
<50% as RV dysfunction (23), and then used the ROC 
curve to evaluate the predictive ability of clinical and CMR 
parameters for RV dysfunction. Notably, peak troponin 
[AUC 0.62; 95% confidence interval (CI): 0.54–0.71], LV 
EF (AUC 0.72; 95% CI: 0.64–0.80), LV RS (AUC 0.66; 
95% CI: 0.58–0.75), LV CS (AUC 0.67; 95% CI: 0.58–
0.76), LV WTR (AUC 0.68; 95% CI: 0.60–0.76), and IVS 
WTR (AUC 0.63; 95% CI: 0.54–0.72) demonstrated higher 
AUC values for predicting RV dysfunction (Figure 6).

Reproducibility assessment

The reproducibility of LV EF, LV RS, LV WTR, RVEF 
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Table 1 Demographic characteristics according to RVEF

Characteristic All patients (n=189) RVEF ≥50% (n=128) RVEF <50% (n=61) P

Clinical parameters

Age (years) 55.92±10.92 55.90±10.89 55.95±11.08 0.98

Male  166 (87.83) 108 (84.38) 58 (95.08) 0.04*

Body mass index (kg/m2) 25.88±3.43 25.93±3.21 35.79±3.87 0.80

Family history of CAD 24 (12.70) 17 (13.28) 7 (11.48) 0.73

Hypertension 98 (51.85) 63 (49.22) 35 (57.38) 0.30

Hypercholesterolemia 43 (22.75) 33 (25.78) 10 (16.39) 0.15

Diabetes mellitus 30 (15.87) 21 (16.41) 9 (14.75) 0.77

Smoking 117 (61.90) 78 (60.94) 39 (63.93) 0.69

Drinking 58 (30.69) 33 (25.78) 25 (40.98) 0.03*

Heart rate, beats/min 71.36±11.59 70.79±11.23 72.57±12.33 0.32

Systolic blood pressure (mmHg) 131.13±19.16 128±130.68 61±132.07 0.63

Killip class >I 18 (9.52) 12 (9.38) 6 (9.84) 0.92

Intervention

Door-to-balloon time (min) 119.08±125.93 108.71±84.31 140.86±184.20 0.20

Multivessel disease 126 (66.67) 87 (67.97) 39 (63.93) 0.58

Culprit lesion in the RCA 84 (44.44) 48 (37.50) 36 (59.02) 0.01*

TIMI flow pre-PCI ≤2 177 (93.65) 119 (92.97) 58 (95.08) 0.75

TIMI flow post-PCI ≤2 3 (1.59) 2 (1.56) 1 (1.64) 1.00

Stents, total number, n 1.65±0.91 1.64±0.90 1.67±0.93 0.83

Blood results

NT-pro BNP, pg/mL (IQR) 1,678.13±1,526.31 1,653.87±1,452.15 1,729.03±1,682.86 0.75

Maximum CK-MB (U/L) 228.96±178.10 207.33±154.89 274.37±213.33 0.02*

Peak troponin (mg/L) 7.79±8.17 6.53±6.20 10.43±10.83 0.01*

Medication use

Aspirin 188 (99.49) 127 (99.22) 61 (100) 0.68

Clopidogrel/ticagrelor 188 (99.49) 127 (99.22) 61 (100) 0.68

Statin 188 (99.49) 127 (99.22) 61 (100) 0.68

ACEI/ARB 78 (41.27) 47 (36.72) 31 (50.82) 0.07

Beta-blockers 164 (86.77) 112 (87.50) 52 (85.25) 0.67

Diuretic 91 (48.15) 54 (42.19) 37 (60.66) 0.02*

Results are reported as mean ± SD or number (frequency). *, P<0.05. RVEF, right ventricle ejection fraction; CAD, coronary artery disease; 
RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary intervention; NT-pro BNP, N-terminal 
pro b-type natriuretic peptide; IQR, interquartile range; CK-MB, creatine kinase-MB; ACEI, angiotensin-converting enzyme inhibitors; ARB, 
angiotensin receptor blocker; SD, standard deviation.



Zhao et al. RV function and determining factors of dysfunction in STEMI6902

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(9):6895-6907 | https://dx.doi.org/10.21037/qims-23-1804

and RV RS was assessed for both intra- and inter-observer 
agreement. The results showed high agreement for intra- 
and inter-observer reproducibility for all parameters (Table 4).

Discussion

In this study, we evaluated the structure, function, and 
tissue characteristics of the RV, LV, and IVS using CMR 
and investigated the factors affecting RVEF in patients 
with acute STEMI. Our key findings can be summarized as 
follows: first, 32.3% of patients with acute STEMI exhibited 
reduced RVEF, alongside impaired LV and IVS functions. 

Second, systolic function of the LV and IVS, peak troponin, 
and culprit lesions in the RCA were strongly associated with 
RV systolic function. 

Assessment of cardiac function and myocardial tissue 
characteristics by CMR

Assessing the structure and systolic function of the right 
ventricle (RV) has been challenging due to its complex 
geometry and thin wall thickness of only 3–4 mm (24). 
Despite these hurdles, advancements in CMR technology, 
such as feature tracking technology, have enabled 

Table 2 CMR features of the study population

Characteristic All patients (n=189) RVEF ≥50% (n=128) RVEF <50% (n=61) P

LV EF (%) 46.70±9.55 49.22±8.17 41.42±10.11 <0.001*

LV EDVI (mL/m2) 80.86±19.29 79.40±17.66 83.93±22.18 0.13

LV ESVI (mL/m2) 43.48±14.86 40.50±11.51 49.74±18.78 <0.001*

LV myocardial mass index (g/m2) 60.19±11.69 58.88±11.49 62.94±11.73 0.03*

LV RS (%) 22.63±6.54 23.91±6.33 19.95±6.20 <0.001*

LV CS (%) −14.12±3.11 −14.76±2.82 −12.78±3.27 <0.001*

LV LS (%) −11.75±3.75 −12.06± 3.70 −11.10±3.78 0.10

LV WTR (%) 44.23±14.07 46.90±13.06 38.63±14.59 <0.001*

LV infarct size (mL) 24.99±16.50 22.35±15.15 30.51±17.92 0.001*

LV MVO 67 (35.45) 40 (31.25) 27 (44.26) 0.08

LV MVO size (mL) 1.13±2.71 0.92±1.93 1.59±3.84 0.11

IVS RS (%) 22.5±10.0 23.39±10.09 20.59±9.64 0.07

IVS WTR (%) 30.12±14.40 32.19±14.46 25.80±13.37 <0.001*

IVS infarct size (mL) 19.45±18.80 18.76±18.09 20.89±20.29 0.47

RV EF (%) 53.29±11.15 59.28 ±6.76 40.71±7.43 <0.001*

RV EDVI (mL/m2) 66.56±19.18 65.68±18.86 68.40±19.87 0.37

RV ESVI (mL/m2) 31.00±11.43 26.47±6.95 27.88±9.56 <0.001*

RV myocardial mass index (g/m2) 12.36±4.07 12.23±3.89 12.62±4.46 0.54

RV RS (%) 26.66±8.77 29.71±8.09 20.28±6.43 <0.001*

RV CS (%) −14.55±4.68 −15.69±4.77 −12.18±3.47 <0.001*

RV LS (%) −18.75±8.51 −19.61±9.13 −16.94±6.77 0.04*

RV infarction 42 (22.22) 22 (17.19) 20 (32.79) 0.02*

Results are reported as mean ± SD or number (frequency). *, P<0.05. CMR, cardiac magnetic resonance; RVEF, right ventricle ejection 
fraction; LV, left ventricle; EF, ejection fraction; EDVI, end-diastolic volume index; ESVI, end-systolic volume index; RS, radial peak 
strain; CS, circumferential peak strain; LS, longitudinal peak strain; WTR, wall thickening rate; MVO, microvascular obstruction; IVS, 
interventricular septum; SD, standard deviation.
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Table 3 Univariate and multivariate linear regression analysis for the RVEF

Characteristic
Univariate Multivariate

P β (CI) P β (CI)

Age (years) 0.99 −0.001 (−0.15 to 0.15)

Male 0.01 6.55 (1.74 to 11.37) 0.001 −6.20 (−9.87 to −2.53)

Body mass index (kg/m2) 0.17 −0.32 (−0.79 to 0.14)

Family history of CAD 0.36 2.25 (−2.56 to 7.06)

Hypertension 0.46 −1.18 (−4.32 to 1.97)

Hypercholesterolemia 0.26 2.18 (−1.63 to 5.99) 

Diabetes mellitus 0.9 −0.27 (−4.66 to 4.12)

Smoking 0.37 −1.50 (−4.80 to 1.80)

Drinking 0.15 −2.41 (−5.68 to 0.86)

Door-to-balloon time (min) 0.23 0.15 (−0.10 to 0.39)

Culprit lesion in the RCA 0.001 −5.20 (−8.34 to −2.06) <0.001 −8.33 (−10.88 to −5.81)

NT-proBNP (pg/mL) 0.28 −0.001 (−0.002 to 0.00)

Maximum CK-MB (U/L) 0.004 −0.01 (−0.02 to −0.004)

Peak troponin (mg/L) 0.000 −0.40 (−0.57 to −0.20) 0.033 −0.18 (−0.34 to −0.02)

LV EDVI (mL/m2) 0.866 0.01 (−0.08 to 0.09)

LV ESVI (mL/m2) 0.000 −0.21 (−0.3 to −0.11)

LV myocardial mass index (g/m2) 0.284 −0.08 (−0.21 to 0.06)

LV EF (%) <0.001 0.56 (0.42 to 0.71) <0.001 0.71 (0.53 to 0.89)

LV WTR (%) <0.001 0.28 (0.18 to 0.39)

LV RS (%) <0.001 0.69 (0.46 to 0.91)

LV CS (%) <0.001 −1.44 (−1.91 to −0.97)

LV LS (%) <0.001 −0.65 (−1.07 to −0.23)

LV infarct size (mL) 0.01 −0.14 (−0.23 to −0.04)

LV MVO 0.002 −5.12 (−8.39 to −1.85)

LV MVO size (mL) 0.09 −0.52 (−1.11 to 0.74)

IVS WTR (%) <0.001 0.24 (0.14 to 0.35) 0.03 0.13 (0.02 to 0.25)

IVS RS (%) 0.01 0.21 (0.05 to 0.37) 0.002 0.30 (0.48 to 0.11)

IVS CS (%) 0.75 −0.01 (−0.04 to 0.03)

IVS LS (%) 0.03 −0.32 (−0.61 to −0.03)

IVS infarct size (mL) 0.06 −0.47 (−0.96 to 0.03)

RV Infarction 0.01 −5.44 (−9.23 to −1.66)

RVEF, right ventricle ejection fraction; CI, confidence interval; CAD, coronary artery disease; RCA, right coronary artery; NT-pro BNP, 
N-terminal pro b-type natriuretic peptide; CK-MB, creatine kinase-MB; LV, left ventricle; EDVI, end-diastolic volume index; ESVI, end-systolic 
volume index; EF, ejection fraction; WTR, wall thickening rate; RS, radial peak strain; CS, circumferential peak strain; LS, longitudinal peak 
strain; MVO, microvascular obstruction; IVS, interventricular septum; RV, right ventricle. 
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objective and quantitative evaluation of RV myocardial  
deformation (25). Furthermore, CMR-FT can assess global 
and regional myocardial function (8,26,27). In this study, we 
evaluated the regional RS and WTR of the IVS. We found 
that the IVS WTR was more impaired in STEMI patients 
exhibiting RVEF <50% than those with RVEF ≥50%. This 
suggests a potential relationship between the function of the 
IVS and RV function. Additionally, CMR can detect LGE 
in the RV, a feature not achievable using echocardiography 

(19,20). In this study, we discovered RV infarction in 42 
(22.22%, 42/189) STEMI patients, with the RCA identified 
as the culprit vessel in 26 cases (61.90%) and non-RCA in 
16 cases (38.10%). Our findings also supported ideas from 
previous study that RV infarction can occur in patients with 
an RCA culprit vessel and those with non-RCA culprit 
vessels (28). For the diagnosis and evaluation of the extent 
of myocardial infarction, previous studies have found that 
necrosis-avid agent has provided unique advantages in 
single photon emission computed tomography. Although 
this is preclinical evidence, it still has high clinical value and 
research prospects (29,30).

The factors affecting the RVEF

Compared with STEMI patients without RV dysfunction, 
those exhibiting RV dysfunction have shown a more than 
4-fold increase in long-term mortality (12). Therefore, 
identifying factors influencing RV function in patients with 
STEMI is crucial. Our study found that peak troponin was a 
crucial determinant of RV dysfunction, which was attributed 
to patients with elevated troponin having larger myocardial 
infarct sizes, so relatively more severe impairment of 
myocardial contraction. Roifman et al.’s previous study (14) 
reported diabetes as an independent predictor of reduced 
RVEF post-STEMI. However, our study did not find a 
correlation, possibly due to a lower incidence of diabetes 
in our cohort (15.87%) compared with that of Roifman’s 
study (30.0%). Besides the peak troponin, we found a 
strong correlation between the culprit lesion in the RCA 
and RVEF, a finding that could be attributed to the RV’s 
perfusion characteristics. As the RCA supplies 70.0–80.0% 
of the RV’s perfusion, its occlusion, leading to RV ischemia, 
is associated with reduced RVEF (31). Although patients 
with reduced RVEF had a high incidence of RV infarction, 
there was no significant relationship between RV infarction 
and reduced RVEF in multivariate regression analysis. 
In our study, the size of RV infarction was usually small, 
therefore its impact on myocardial contractility was slight.

Previous anatomical studies have shown an interactive 
relationship between RV and LV shape and function, 
suggesting that alterations in one ventricle can influence 
the other (29,30). Recently, experimental models have 
demonstrated that LV contraction can contribute 20.0% 
to 40.0% of RV stroke volume (13,32,33). Remarkably, 
in addition to LVEF, IVS WTR was also associated with 
RVEF in our study, this correlation remained even after 
adjusting for other crucial determinants such as the culprit 

Table 4 Reproducibility analysis of some cardiac magnetic 
resonance parameters

Characteristic
ICC (intra-observer 

reproducibility)
ICC (inter-observer 

reproducibility)

LV EF (%) 0.97 0.86

LV RS (%) 0.98 0.82

LV WTR (%) 0.96 0.85

RV EF (%) 0.92 0.85

RV RS (%) 0.91 0.82

ICC, intra-class correlation coefficient; LV, left ventricle; EF, 
ejection fraction; RS, radial peak strain; WTR, wall thickening 
rate; RV, right ventricle.

Figure 6 Discriminative RV dysfunction power of peak troponin, 
LV EF, LV RS, LV CS, LV WTR, and IVS WTR. AUC, area 
under the curve; LV, left ventricle; EF, ejection fraction; RS, radial 
peak strain; CS, circumferential peak strain; WTR, wall thickening 
rate; IVS, interventricular septum; RV, right ventricle.

1.0 

0.8 

0.6 

0.4 

0.2 

0.0

S
en

si
tiv

ity

1−Specificity
0.0 0.2 0.4 0.6 0.8 1.0

AUC peak troponin =0.62 (95% CI: 0.54–0.71)

AUC LV EF =0.72 (95% CI: 0.64–0.80) 

AUC LV RS =0.66 (95% CI: 0.58–0.75)

AUC LV CS =0.67 (95% CI: 0.58–0.76)

AUC LV WTR =0.68 (95% CI: 0.60–0.76)

AUC IVS WTR =0.63 (95% CI: 0.54–0.72)

Reference line



Quantitative Imaging in Medicine and Surgery, Vol 14, No 9 September 2024 6905

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(9):6895-6907 | https://dx.doi.org/10.21037/qims-23-1804

lesions in the RCA. Additionally, Popescu et al. (34) found 
that an improvement in IVS performance correlated with 
the recovery of RV function. 

The implications of the study’s findings

The study has found that there are some factors that can 
affect RVEF in STEMI patients. These include systolic 
function of the LV and IVS, peak troponin, and culprit 
lesions in the RCA. Moving forward, more research could 
be conducted to check the accuracy of these predictors 
and improve the risk stratification models for identifying 
people who may be at a higher risk of suffering from 
RV dysfunction after experiencing an acute ST-segment 
elevation myocardial infarction. Such improved prediction 
models could also help with clinical decision making and 
choosing ideal treatment strategies.

Limitations 

Despite these significant findings, there are two limitations 
in this study. First, we conducted only a qualitative analysis 
of RV infarction, because it was difficult to quantitatively 
explore RV infarct size. Therefore, the relationship 
between reduced RVEF and RV infarction may have been 
underestimated. Second, this study was retrospective and 
conducted at a single site; therefore, prospective studies 
conducted across multiple centers are needed to validate the 
current findings.

Conclusions 

In conclusion, RV dysfunction was detected in 32.28% of 
STEMI patients. Patients with acute STEMI and reduced 
RVEF had impaired LV and IVS functions. Systolic function 
of the LV and IVS, peak troponin, and culprit lesions in 
the RCA were independent predictors of post-MI RV 
dysfunction. These findings support the systemic evaluation 
of RV function using CMR in patients with acute STEMI.
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