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Abstract: Objectives: Right ventricular infarction (RVI) poses as an added risk factor in patients presenting with acute ST 

elevation inferior wall myocardial infarction (IWMI) with considerable high mortality. An early interventional therapeutic 

strategy after a prompt and accurate non-invasive investigative correlate is needed. Material and methods: We sampled 104 

patients diagnosed with inferior wall infarction presenting with angina within 12 hours of angina. Investigations included 

routine blood investigation, 12 lead and right precordial lead electrocardiography, right ventricular (RV) systolic 

echocardiographic indices, and coronary angiography. Results: Majority of the patients had angiographic evidence of a 

dominant distal right coronary artery (RCA) culprit lesion. Those patients having ST elevation in RV4 lead had significantly 

higher incidences of RVI and high-grade atrio-ventricular (AV) blocks. Elderly diabetic patients with azotemia and deranged 

liver function predicted RVI among the study population. RV systolic indices like TAPSE was most accurate and S’ was found 

to be most specific in detecting RVI. Chi square test and multivariate regression analysis of echocardiographic parameters like 

RVDD, RVMPI, and S’ proved excellent surrogate non-invasive surrogate markers for specific angiographic culprit lesions. 

Conclusion: RV systolic echocardiographic indices shows a diagnostic accuracy of variable degrees in detecting right 

ventricular involvement in IWMI patients and also act as a surrogate marker in predicting the culprit lesion. 

Keywords: Inferior Wall Myocardial Infarction, Right Ventricular Infarction, Coronary Angiography,  

Right Ventricular Systolic Indices, Atrio-ventricular Block 

 

1. Introduction 

Inferior wall myocardial infarction (IWMI) is generally 

regarded as a low-risk entity, compared with anterior wall MI. 

However, right ventricular infarction (RVI), precordial ST-

segment depression and complete atrio-ventricular (AV) 

block have been proved as the three high-risk subsets in 

IWMI cases. [1] Isolated RVI is rare and usually occurs in 

association with IWMI. [2, 3] The incidence is considerably 

higher in autopsy series. [4] A possible explanation for this 

discrepancy is the ambiguity in diagnosing the disease 

occurrence in living cohorts. Currently ST-segment elevation 

in electrocardiographic lead V4R is the single most powerful 

predictor of right ventricular involvement in the setting of 

IWMI. [5] When complicated by RVI, in-hospital mortality 

is higher, as compared with isolated inferior MI. [6] Early 

diagnosis and prompt treatment of this association carries 

considerable prognostic importance. 

The clinical consequences of right ventricular involvement 

were first described by J N Cohn only in 1974, which vary 

from no hemodynamic compromise to severe hypotension 

and cardiogenic shock. [7] Diagnosis is based on physical 

examination, electrocardiography, echocardiography and 
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coronary angiography. Because the standard 12-lead 

electrocardiogram is insufficient for the assessment of RV 

involvement, right-sided precordial leads should always be 

included. [8] Right ventricular involvement appears to be an 

independent prognostic factor that dramatically increases in-

hospital mortality, due, in part, to a significantly higher risk 

of hemodynamically compromising arrhythmias. [9] 

In this study, we aim to interrogate the angiographic 

correlates of inferior wall myocardial infarction with or 

without right ventricular involvement with various 

electrocardiographic and echocardiographic parameters. 

2. Methodology 

One hundred and four consecutive patients presenting with 

acute onset chest for the first time and diagnosed with 

inferior wall myocardial infarction within 12 hours of onset 

of angina, who gave positive response to informed consent 

were included in the study. It was an institutional, 

observational study conducted in a tertiary care teaching 

hospital of India over 6 months’ duration. Exclusion criteria 

were previous history of documented angina or myocardial 

infarction, smoker, known case of bronchial asthma, chronic 

airway disease or pulmonary hypertension, any valvular or 

congenital heart disease heart disease. 

A brief clinical history was taken and routine blood 

investigations were sent. Twelve lead electrocardiography 

(ECG) with right sided leads were obtained in each case. 

Point of care echocardiography done bedside to assess 

following parameters: wall motion abnormalities, left 

ventricular ejection fraction, RV functions like RV mid-

ventricular diastolic diameter (RVDD), Tricuspid annular 

plane systolic excursion (TAPSE), RV Myocardial 

Performance Index (RVMPI), RV Fractional Area Change 

(RVFAC), and peak lateral tricuspid annular systolic 

velocity (S’). 

Echocardiography was done on Philips EPIQ CVxi 

(795232) model by the same physician for all patients to 

minimise inter-observer bias and results noted in data sheets, 

according to protocol standardised by American Society of 

Echocardiography. RVDD was considered abnormal with 

value exceeding 35 mm. Similarly abnormal cut-off values of 

the following were taken into consideration: TAPSE if less 

than 16 mm, Pulse Doppler RVMPI if more than 0.4, 

RVFAC if less than 0.35, S’ if less than 0.1. 

Coronary angiography was done for each patient as soon 

as possible but within 24 hours of hospitalisation as a 

measure of revascularisation procedure with primary 

percutaneous coronary intervention (PCI) or pharmaco-

invasive or rescue PCI strategy. With angiography done, we 

tried to delineate the culprit vessel responsible for the 

presenting acute coronary syndrome. Angiogram showing 

acute vascular flow cut off or subtotal stenosis with less than 

TIMI 3 flow related perfusion were considered as culprit 

lesion. Lesions were detailed as the artery involved: whether 

Right coronary artery (RCA) or left circumflex artery (LCX), 

whether the culprit vessel is dominant or non-dominant, 

whether the lesion is at proximal or distal site. 

Patients were managed with standard latest guidelines of 

acute coronary syndrome (ST elevation) as recommended by 

American College of Cardiology with antiplatelets and 

antithrombotic agents. Those patients who were given 

fibrinolysis were sampled for echocardiographic evaluation 

either before the initiation or during the thrombolytic 

procedure. All data were tabulated in MS Excel data sheet in 

tabulated fashion and subjected for statistical analysis with 

the help of NCSS 2020 statistical calculator. 

3. Result 

The mean age of the study population was 54 years. 

Majority of the patients were male (84%). Risk factors like 

hypertension were noted in 68% patients and 37% had 

history of diabetes mellitus. On ECG, 72 (69%) patients had 

a higher amplitude of ST segment elevation in lead III than 

lead II. On right sided ECG lead interrogation, ST elevation 

in RV4 was noted in 32 (30%) patients with the diagnosis of 

inferior wall infarction patients indicating definitive right 

ventricular involvement. High grade atrio-ventricular (AV) 

block was seen in 34 patients (32%). 

ST segment elevation in RV4 lead had a significant 

correlation with the trend of ST segment amplitude being 

higher in lead III than lead II. (Ƴ
2
 = 13.04, p = 0.0003) On 

chi square analysis, it was also noted that those patients who 

had ST elevation amplitude in lead III greater than lead II 

and ST elevation in lead RV4 had more incidence of high-

grade AV blocks (p = 0.001; p = 0.039 respectively). 

Multivariate regression analysis of demographic data 

revealed elderly (age group above 60 years) and diabetic 

cohort (with history of diabetes or currently having 

uncontrolled hyperglycaemia) associated with significant 

incidence of AV block. (p = 0.02; p = 0.001 respectively). 

Similarly, on routine blood investigation it was found that 

high grade AV block were predominantly significant with 

patients presenting with azotaemia and increased SGPT 

levels (p = 0.005; p = 0.016 respectively). 

Point of care bedside echocardiography parameters of 

various RV functions were noted. 

Table 1. RV echocardiographic systolic indices data. 

Parameters Value Mean ± SD Percentage 

RVIDD 33 ± 4.2 mm  

Normal < 35 mm  70% 

Abnormal >= 35 mm  30% 

TAPSE 19 ± 3.6 mm  

Normal >= 16 mm  75% 

Abnormal < 16 mm  25% 

RVMPI 0.42 ± 0.12  

Normal < 0.43  61% 

Abnormal >= 0.43  39% 

S’ 0.12 ± 0.03  

Normal >= 0.1 m/s  86% 

Abnormal < 0.1 m/s  14% 

IVA 3.36 ± 1.7  

Normal >= 3 m/s2  50% 

Abnormal < 3 m/s2  50% 



 Cardiology and Cardiovascular Research 2022; 6(1): 45-49 47 

 

Considering ST elevation in RV4 lead as confirmed right 

ventricular infarction (n = 32) among the study population of 

acute inferior ST elevation myocardial infarction the 

prevalence of RVI was calculated as 30%. Consequently, the 

various right sided echocardiographic parameters were 

analysed statistically to assess their ability to detect RVI in 

the study cohort. 

Table 2. Diagnostic potential of echocardiographic parameters to detect right ventricular infarction. 

Parameters Sensitivity Specificity Positive predictive value Negative predictive value Accuracy 

RVIDD 25% 68.1% 25.8% 67.1% 54.8% 

TAPSE 31.3% 79.2% 40% 72% 64.4% 

RVMPI 28.1% 55.6% 22% 63.5% 47% 

S’ 12.5% 86% 28.6% 69% 41.3% 

IVA 50% 50% 30.8% 69.2% 50% 

 

The above table depicts that TAPSE remains to be the 

single echocardiographic parameter diagnosing RVI among 

patients with acute inferior MI with an overall accuracy of 

64.4%. However, IVA has the highest sensitivity (50%) to 

detect RVI when compared to other parameters; and S’ 

showing the highest specificity (86%) 

Coronary angiography of study population was analysed 

which revealed that the culprit lesion was in Right coronary 

artery (RCA) in 85 patients (82%), and left circumflex (LCx) 

artery was involved in the rest. Site and dominance of the 

culprit lesion and the coronary system was also considered. 

Of the 104 angiographies analysed, right dominance was 

noted in 85 patients (82%). Majority of the culprit lesions 

(55%) were located at distal segment of a dominant RCA 

system. Thirteen patients in the study population reported 

with left dominant coronary system having the dominant LCx 

being the culprit artery. 

Table 3. Coronary angiography characteristics of study population. 

Site of lesion Rt. dominant Lt. dominant N=104 

RCA 
proximal 22 4 

85 
Distal 57 2 

LCx 

proximal 2 6 
19 

Distal 
4 7 

85 19  

On analysing angiographic results obtained as in above 

table, it was noted that those patients diagnosed with RVI 

with ST elevation in RV4 had significantly higher incidence 

of culprit lesion in RCA than LCx, irrespective of coronary 

dominance and site of lesion. (Chi square test statistics = 

4.47; p = 0.034) ST elevation in RV4 showed a sensitivity 

rate of 93.7% to detect RCA as the culprit artery in the study 

population. Moreover, when analysing only dominant RCA 

lesions, ST segment elevation in RV4 could too statistically 

indicate the probability of the stenosis location being in the 

proximal rather than distal segment. (Chi square statistics = 

6.76; p = 0.009) 

Incidence of high grade AVB were correlated to the culprit 

artery lesion. Chi square analysis showed that AVBs were 

significantly predominant in culprit lesions involving RCA 

than LCx, irrespective of coronary dominance and site of 

lesion. (Chi square test statistics = 5.19; p = 0.022) The 

presence of AVB could also statistically predict the site of 

lesion being in proximal rather than distal, when right 

dominant RCA is the culprit artery. (Chi square test statistics 

= 9.69; p = 0.001) 

Individual RV echocardiographic indices were compared 

with angiographic data of the study population. Chi square 

analysis revealed that an abnormal RVDD value could 

statistically predict the culprit lesion to be in the distal RCA 

irrespective of the coronary dominance in comparison to 

other lesion sub-types. Pulse wave RVMPI values when 

obtained > 0.43 indicated a proximal stenosis when 

compared with the cohort of patients having right dominant 

RCA lesion. Similarly, low S’ measurement significantly 

correlated with the culprit lesion being found in patients 

having LCx artery stenosis when compared to RCA lesions 

with respective coronary dominance. 

Table 4. Echocardiographic parameters as angiographic correlates to predict culprit site lesion (with p values). 

Parameters 
RCA V/S LCx Prox. v/s Dist. RCA Culprit Segment 

Chi sq stat P value Chi sq stat P value Chi sq stat P value 

RVDD 0.85 .35 0.09 .89 11.58 .02 

TAPSE 0.19 .66 0.29 .59 6.14 .104 

RVMPI 0.07 .79 4.81 .02 2.70 .609 

S’ 6.55 .01 0.18 .66 6.17 .103 

IVA 1.61 .20 0.63 .42 4.32 .364 

 

4. Discussion 

Clinical description of right ventricular myocardial infarction 

was first given by Saunders in 1930 when he reported a case 

with triad of hypotension, elevated jugular veins, and clear lung 

fields and extensive RV necrosis in autopsy. [10] The incidence 

of RVMI in inferior wall MI varies from 20% to 50% in various 

studies, and in less than 10% of patients RVMI is 

hemodynamically significant. [11] In-hospital mortality rate for 

IWMI with RV infarction is 31% compared to 6% in IWMI 

without RVMI. [12] Right ventricular infarction typically occurs 

when there is an occlusion of the right coronary artery proximal 

to the acute marginal branches or of the left circumflex artery in 
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patients with a dominant left coronary system. [13] Assessment 

of RV function remains challenging because of the complex 

geometry of the right ventricle, its asynchronous contraction 

pattern, and its mechanical interaction of the LV. [14] 

An electrocardiogram (ECG) is the first diagnostic test 

performed in patients complaining of chest pain. If the left 

ventricle is involved, evidence of inferior lead 

ischemia/infarction in leads II, III, and AVF is generally 

evident. Disproportionate ST-elevation in lead III>II is 

almost pathognomonic for RVMI and warrants further 

investigation. [15] ST elevation in the V1 lead is also highly 

suspicious for RVMI and is even more specific when 

associated with ST depression in lead V2. Overall, 

conventional left-sided electrocardiography is a poor 

indicator of RV ischemia/infarction due to the position of the 

right side of the heart. If right side dysfunction is suspected, a 

right-sided ECG is the most sensitive and specific, as ST 

elevation in V4R >1.0 mm has 100% sensitivity, 87% 

specificity, and 92% predictive accuracy. [16] Conduction 

abnormalities such as right bundle branch block, bradycardia, 

or complete heart block can also manifest themselves in the 

ECG but may also be non-specific. [17-19] 

In our study, we sampled 104 patients presented with acute 

onset chest pain diagnosed with inferior wall ST elevation 

myocardial infarction presenting within 12 hours of onset 

angina. All patients were subjected to right sided ECG 

evaluation along with standard 12 lead rhythm strip. Those 

having ST segment elevation of at least 1 mm were 

considered as confirmed cases of RVI among the study 

population as previous studies have showed 100% sensitivity 

of RV4 lead to detect RVI. We found that 30% of the 

patients were having RVI as comparable to previous studies 

done by Overgaard et al, Ashmawy et al and Klein et al. [20-

22] Those diagnosed with RVI had higher incidence of high-

grade AV blocks and ST segment elevation in lead III more 

than lead II. Other risk factors for predicting the incidence of 

AV block in this population were elderly patients, diabetics, 

and patients presenting with azotaemia and high SGPT levels. 

Such predictors of RVI complications were concurrently also 

reported by El Rabat et al and Chhapra et al. [23, 24]. 

Meticulous echocardiographic assessment of RV indices 

was performed in all patients during the acute setting to avoid 

sampling delay or bias. We incorporated predominantly 

parameters testing RV systolic function to assess the extent 

of RV myocardial injury during the event of acute ST 

elevation inferior wall infarction with or without RVI. It was 

observed that 30% of the patients had abnormally high RV 

diastolic dimension signifying RV dilatation. Similarly, 25% 

patients had abnormally low TAPSE values, 39% had higher 

RVMPI measurement than the reference value, 14% had 

lower tricuspid systolic peak velocity S’, and 50% of the 

patients had decreased isovolumic acceleration of tricuspid 

valve motion during systole among the study population. 

However, when the 5 echocardiography indices of RV 

systolic function were compared with the two group of 

patients with or without RVI, it was noted that IVA proved to 

have the best sensitivity and S’ to have the best specificity to 

detect RVI among all patients of the study. Overall accuracy 

to detect RVI was obtained best from TAPSE measurement 

of the population. Sethumadhavan et al too studied 

echocardiographic indices of RV systolic function in their 

study of two groups of patients presenting with IWMI with or 

without RVI. It showed that patients with RVI had 

statistically significant lower values of S’ and TAPSE 

compared to those with no RV involvement. [25] 

We sub-classified coronary angiography report according 

to the culprit lesion in question into the artery involved, the 

site of the artery affected and the coronary dominance of the 

patient. Accordingly, 8 groups of culprit lesions were 

obtained, of which right dominant RCA distal stenosis had 

the maximum incidence (55%). In our study, majority of the 

patients (85%) had right dominant coronary anatomy, 

however 68% of LCx lesions causing IWMI had left 

dominance system. Proximal dominant RCA stenosis as the 

culprit lesion was proved to be statistically significant in 

causation of RVI in our study population. It was also seen 

that RCA lesions irrespective of the site or dominance were 

responsible for RVI on chi square statistical analysis. 

Furthermore, it was also appreciated that high grade AV 

blocks were also associated with a preponderance of RCA 

disease, more commonly with right dominant proximal 

lesions, though acute occlusion of a dominant LCx at its 

proximal site was also associated with blocks. 

Statistical analysis further done to investigate the culprit 

lesion segment revealed that among the 5 indices of RV 

systolic function interrogated, a higher RVMPI (Tei’s index) 

value could statistically predict lesion being in the proximal 

segment when RCA was the culprit vessel but increasing 

dimension of RVDD indicated distal RCA lesion when 

compared to the entire cohort with multivariate analysis. A 

lower peak systolic tissue doppler tricuspid valve velocity S’ 

proved to be a surrogate marker of left dominant LCx as a 

culprit artery than a right dominant RCA within the study 

population. In previous studies done by Thirumurugan et al, 

TAPSE and RVMPI TDI were the echocardiographic indices 

of RV systolic function as laid down by ASE which predicted 

proximal RCA lesions in RVI. [26] Mezzulin et al 

demonstrated that if the lower limit value of S’ is considered 

less than 11.5 cm/s then there is a significant correlation to 

detect RVI among IWMI cohorts with RVEF < 45%. [27] 

5. Conclusion 

IWMI with RVI is associated with a poor prognosis 

especially when elderly and diabetic patients present with 

renal and hepatic dysfunction and frequently is associated 

with high grade AV blocks. RV systolic echocardiographic 

indices like IVA and TAPSE has shown modest accuracy and 

adequate sensitivity in detecting RVI among patients of 

IWMI. ST elevation in RV4 proves to be a surrogate marker 

of predicting proximal dominant RCA lesion, moreover when 

complicated with conduction blocks. Echocardiographic 

parameters too were found to predict the culprit lesion. 

Lower S’ values suggested more of proximal dominant LCx 
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rather than RCA lesion; on the other hand, a high RVMPI 

value was found to be indicative of a proximal stenosis 

within RCA culprit vessel cohort, and greater RVDD value 

predicted for dominant distal RCA lesion on multivariate 

regression analysis of the entire population of IWMI with or 

without RVI. 
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