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Abstract 
Objectives: Right ventricular myocardial infarction as assessed by various diagnostic methods ac-
companies inferior wall myocardial infarction in 30% to 50% of patients. Acute right ventricular 
myocardial infarction is associated with higher in-hospital morbidity and mortality related to 
life-threatening hemodynamic compromise and arrhythmias. Since there is scarcity of literature 
regarding epidemiology of clinical profile as well as in-hospital outcomes of patients with right 
ventricular myocardial infarction in the Indian population, this study is carried out with a goal of 
identifying the same in our hospital setting, to fulfill this void. Methods: We examined the inci-
dence of risk factors in patients (n = 100) with inferior wall myocardial infarction and 100 pa-
tients with inferior wall myocardial infarction having right ventricular involvement. Results: The 
mortality rate was found to be 12% in patients with inferior wall myocardial infarction and 28% 
in patients having right ventricular involvement in inferior wall myocardial infarction. Conclu-
sions: From the above study, it can be concluded that patients with inferior wall myocardial in-
farction who have right ventricular myocardial involvement are at an increased risk of death, and 
cardiogenic shock. 
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1. Introduction 
Right ventricular myocardial infarction (RVMI) as assessed by various diagnostic methods accompanies infe-
rior-posterior wall myocardial infarction in 30% to 50% of patients. Recognition of the syndrome of right ven-
tricular involvement is important as it defines a significant clinical entity, which is associated with considerable 
immediate morbidity and mortality and has a well-delineated set of priorities for its management.  

Looking into the pathogenesis of the disease, right and left ventricles differ markedly in their anatomy, me-
chanics, loading conditions, and metabolism, and therefore it should not be surprising that they have strikingly 
different oxygen supply and demand characteristics and thus manifest disparate responses to ischemic insults 
[1]-[3]. Patient may be clinically present with hypotension, elevated jugular venous pulse (JVP), and occasio-
nally shock, all in the presence of clear lung fields [4]. The ST-segment elevation of ≥0.1 mV in the right pre- 
cordial leads (V4R) of the Electrocardiograph (ECG) is a readily available electrocardiographic sign used for 
diagnosis of RVMI. Hence ECG has always been the first choice of investigation to detect RVMI. The method 
is easy and cost-effective too. 

Patients with inferior wall myocardial infarction (IWMI) who have right ventricular myocardial involvement 
appear to have a worse prognosis than those who do not have right ventricular involvement [5]-[7]. Since there 
is scarcity of literature regarding epidemiology of clinical profile as well as in-hospital outcomes of patients 
with RVMI in the Indian population, this study is carried out with a goal of identifying RVMI in our hospital 
setting. 

2. Methods 

2.1. Study Methodology 
A prospective observational study was conducted at the department of cardiology, medical college, Kottayam 
during December 2007 to November 2008. The protocol of the study was approved by institutional ethics com-
mittee of the hospital before the commencement of the study. Informed consents were obtained from all the pa-
tients enrolled in the study.  

All the patients with definitive evidence of acute IWMI as proved by 12-lead ECG with right precordial leads 
and window period of chest pain less than 24 hours were considered in our study. It included a total of 200 pa-
tients, 100 consecutive patients with only IWMI and 100 patients of right ventricular involvement in IWMI. Pa-
tients with anterior wall myocardial infarction were excluded from the study. 

A detailed case history was taken and careful physical examination was done with special reference to JVP, 
hypotension, S3/S4 and cardiac murmur. ECG monitoring was done during the stay in the intensive cardiac care 
unit for the identification of arrhythmia and conduction blocks. Routine serum investigations like random blood 
sugar, serum lipid profile, renal function test, blood routine, cholesterol along with cardiac enzymes and serum 
glutamic oxaloacetic transaminase were done at the time of admission. ECG was monitored in all the cases. 

Acute myocardial infarction was treated with or without thrombolytic therapy. During the study period pri-
mary percutaneous coronary intervention facility was not available in our setup. In cases with RVMI who were 
haemodynamically compromised, volume loading was done using normal saline (and inotropes in unresponsive 
cases). Arrhythmia was treated accordingly. 

2.2. Statistical Analysis 
Descriptive statistical analysis was performed to express the results of the study. We applied Student T test for 
continues variable, and for categorical Chi Square and Fisher Exact test. 

3. Results 
The results obtained from the study are shown in Table 1. 

Analysing the gender of the patients, males mostly predominated both the classes of patients. Average age of 
the patient was found to be 52 years in patients with IWMI and 64 years in the other class.  

Smoking was found to be the most significant risk factor. Ninety percentages of patients with IWMI, and 96% 
of RVMI were found to be smokers. 

Thirty-eight out of 100 patients of RVMI died because of hypotensive shock whereas cardiogenic shock was  
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Table 1. Clinical and echocardiographic changes in patients with IWMI and RVMI. 

Variables Inferior wall myocardial infarction 
(n = 100) 

Right ventricular myocardial 
infarction 
(n = 100) 

p value 
 

    

Demographic parameters 

Male:Female 60:40 62:38 0.77 

Average age, years, (mean) 52 64 <0.001 

Co-morbidities 

Hypertension 28 38 0.13 

Diabetes mellitus 36 42 0.38 

Family history of CAD 18 26 0.17 

Chronic renal failure 3 16 <0.01 

Peripheral occlusive vascular disease 22 24 0.74 

Cerebrovascular accident 8 12 0.35 

Anemia 5 12 0.08 

Clinical features 

Hypotension 8 38 <0.001 

Kussmaul’s sign 0 42 <0.001 

Jugular venous pressure elevation 0 52 <0.001 

Arrthymia patterns 

Sinus bradycardia 26 34 0.22 

Sinus tachycardia 22 26 0.51 

Tertiary heart block 11 16 0.3 

Primary ventricular tachycardia 6 20 <0.01 

Supra ventricular tachycardia 3 4 1 

 
responsible for the death of 20 patients suffering from RVMI. In patients with IWMI, hypotension was respon-
sible for the death of 8 out of 100. Two out of 100 patients suffering from IWMI died from cardiogenic shock. 
Hence we conclude hypotension as a sign of clinical presentation in patients with RVMI is more jeopardizing. 
Among electrical disturbances primary ventricular tachycardia was frequently seen in patient with RVMI. The 
mortality rate was found to be 12% in patients with IWMI and 28% in patients with RVMI. From the above 
study, it was found that mortality rates are quite high in the patients with RVMI. 

4. Discussion 
Based on early experiments of right ventricular performance, it was felt for many years that right ventricular 
contraction was unimportant in the circulation and that, despite loss of right ventricular contraction, pulmonary 
flow could be generated by a passive gradient from a distended venous system and active right atrial contraction. 
However, recognition of the profound hemodynamic effects of right ventricular systolic dysfunction became 
evident during the 1970s with the description of severe RVMI, resulting in severe right heart failure, clear lungs, 
and low-output hypotension despite intact global left ventricular systolic function [8]. 

It has been very well noted in the study that significant RVMI nearly always occurs in association with acute 
transmural inferior-posterior left ventricular myocardial infarction, and the right coronary artery (RCA) is al-
ways the culprit vessel [9] [10], typically a proximal occlusion compromising flow to one or more of the major 
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right ventricular branches. 
Acute RVMI is associated with higher in-hospital morbidity and mortality related to life-threatening hemo-

dynamic compromise and arrhythmias during acute occlusion and abruptly with reperfusion, complications 
which have implications for interventional management [11]. 

In 1981, the sensitivity and specificity of ST-segment elevation in the right precordial lead V4R as an early 
indicator of right ventricular infarction were examined in a consecutive series of 110 patients admitted for acute 
inferior myocardial infarction. Some other studies have also showed this type of observations [12] [13]. The 
sensitivity was 82.7%, the specificity was 76.9% and the positive predictive value was found to be 70% in 58 
patients with RVMI. Because of its simplicity and its high sensitivity and specificity, recording of V4R should 
be an intrinsic part of the early evaluation and electrocardiographic examination of acute IWMI [14]. In combi-
nation to the ECG, the triad of hypotension, elevated jugular venous pressure and clear lung fields have been 
recognised as markers of RVMI in IWMI [8] [15] [16]. 

Thirty-two patients with RVMI were reported to have hypotension in our study. On the other hand, only 8 pa-
tients of IWMI were found to have a hypotensive condition.  

Elevated JVP is usually present with a Y descent greater than or equal to X descent, implying that the right 
ventricle is poorly complaint. Using a haemodynamic gold standard, Italia et al. found elevated JVP to be 88% 
sensitive, yet only 69% specific for RVMI in IWMI. Caution must be exercised in relying on such findings since 
they are readily masked by volume depletion and emerge only after volume loading [17]. 52% of the study pop-
ulation suffering from RVMI in our study showed this sign.  

Kussmaul’s venous sign (distension of the jugular vein on inspiration), has also been shown to be highly sen-
sitive and specific for RVMI. Cintron and associates detected Kussmaul’s sign in 16 of 45 patients with inferior 
or posterior transmural infarctions (not seen with anterior or lateral events) [18]. Out of 16, 9 had heamodynam-
ically significant right ventricular involvement in the study done by Cintron et al. [18]. In one series, 11 of 46 
patients with Kussmaul’s sign had a right sided 4th heart sound and 4 had right sided 3rd heart sound [19]. In 
our study, 42 patients with RVMI showed this sign, whereas no patient of IWMI showed a positive Kussmaul’s 
sign.  

Patients with acute RVMI are at an increased risk for high-grade atrio-ventricular (AV) block, bradycardia 
and hypotension without AV block. Recent findings now document that during acute coronary occlusion, bra-
dycardia hypotension and AV block are far more common in patients with proximal RCA lesions inducing right 
ventricle and left ventricle inferior-posterior ischemia [10]. 

In the present study, average age of incidence was 64 years in RVMI group and 52 years in the group which 
consisted of patient with RVMI along with IWMI. S. Khan et al. reported 100 cases of IWMI in which 86% 
were males and 14% females [20]. In our study, males predominated in RVMI and non-RVMI groups, 62% and 
60% respectively. As reported in the study by S. Khan, in-hospital mortality (23.5%) was higher in RVMI group 
than isolated IWMI (18.1%) [20]. Other major complications were also higher in RVMI group than isolated 
IWMI. Similar observation was obtained in our study which reported mortality rate of 28% in patients with 
RVMI and 12% in patient with IWMI. Right ventricular infarction was found in approximately one-third of 
IWMI. RVMI was associated with considerable morbidity and mortality, and its presence defines a higher risk 
subgroup of patients with IWMI. 

References 
[1] Ohzono, K., Koyanagi, S., Urabe, Y., Harasawa, Y., Tomoike, H. and Nakamura, M. (1986) Transmural Distribution 

of Myocardial Infarction: Difference between the Right and Left Ventricles in a Canine Model. Circulation Research, 
59, 63-73. http://dx.doi.org/10.1161/01.RES.59.1.63 

[2] Santamore, W.P., Lynch, P.R., Heckman, J.L., Bove, A.A. and Meier, G.D. (1976) Left Ventricular Effects on Right 
Ventricular Developed Pressure. Journal of Applied Physiology, 41, 925-930.  

[3] Shiraki, H., Yoshikawa, T., Anzai, T., Negishi, K., Takahashi, T., Asakura, Y., Akaishi, M., Mitamura, H. and Ogawa, 
S. (1998) Association between Preinfarction Angina and a Lower Risk of Right Ventricular Infarction. The New Eng-
land Journal of Medicine, 338, 941-947. http://dx.doi.org/10.1056/NEJM199804023381402 

[4] Haji, S.A. and Movahed, A. (2000) Right Ventricular Infarction—Diagnosis and Treatment. Clinical Cardiology, 23, 
473-482. http://dx.doi.org/10.1002/clc.4960230721 

[5] Mehta, S.R., Eikelboom, J.W., Natarajan, M.K., Diaz, R., Yi, C., Gibbons, R.J. and Yusuf, S. (2001) Impact of Right 
Ventricular Involvement on Mortality and Morbidity in Patients with Inferior Myocardial Infarction. Journal of the 

http://dx.doi.org/10.1161/01.RES.59.1.63
http://dx.doi.org/10.1056/NEJM199804023381402
http://dx.doi.org/10.1002/clc.4960230721


S. George et al. 
 

 
463 

American College of Cardiology, 37, 37-43. http://dx.doi.org/10.1002/clc.4960230721 
[6] Goldberg, R.J., Gore, .J.M., Alpert, J.S., Osganian, V., de Groot, J., Bade, J., Chen, Z., Frid, D. and Dalen, J.E. (1991) 

Cardiogenic Shock after Acute Myocardial Infarction. Incidence and Mortality from a Community-Wide Perspective, 
1975 to 1988. New England Journal of Medicine, 325, 1117-1122. http://dx.doi.org/10.1056/NEJM199110173251601 

[7] Berger, P.B. and Ryan, T.J. (1990) Inferior Myocardial Infarction. High-Risk Subgroups. Circulation, 81, 401-411. 
http://dx.doi.org/10.1161/01.CIR.81.2.401 

[8] Cohn, J.N., Guiha, N.H., Broder, M.I. and Limas, C.J. (1974) Right Ventricular Infarction. Clinical and Hemodynamic 
Features. American Journal of Cardiology, 33, 209-214. http://dx.doi.org/10.1016/0002-9149(74)90276-8 

[9] Bowers, T.R., O’Neill, W.W., Pica, M. and Goldstein, J.A. (2002) Patterns of Coronary Compromise Resulting in 
Acute Right Ventricular Ischemic Dysfunction. Circulation, 106, 1104-1109.  
http://dx.doi.org/10.1161/01.CIR.0000027566.51212.3F 

[10] Goldstein, J.A., Lee, D.T., Pica, M.C., Dixon, S.R. and O’Neill, W.W. (2005) Patterns of Coronary Compromise 
Leading to Bradyarrhythmias and Hypotension in Inferior Myocardial Infarction. Coronary Artery Disease, 16, 265- 
274. http://dx.doi.org/10.1097/00019501-200508000-00002 

[11] Goldstein, J.A. (2012) Acute Right Ventricular Infarction: Insights for the Interventional Era. Current Problems in 
Cardiology, 37, 533-557. http://dx.doi.org/10.1016/j.cpcardiol.2012.05.001 

[12] Kosuge, M., Ishikawa, T., Morita, S., Ebina, T., Hibi, K., Maejima, N., Umemura, S. and Kimura, K. (2009) Posterior 
Wall Involvement Attenuates Predictive Value of ST-Segment Elevation in Lead V4R for Right Ventricular Involve-
ment in Inferior Acute Myocardial Infarction. Journal of Cardiology, 54, 386-393.  
http://dx.doi.org/10.1016/j.jjcc.2009.06.006 

[13] Lopez-Sendon, J., Coma-Canella, I., Alcasena, S., Seoane, J. and Gamallo, C. (1985) Electrocardiographic Findings in 
Acute Right Ventricular Infarction: Sensitivity and Specificity of Electrocardiographic Alterations in Right Precordial 
Leads V4R, V3R, V1, V2, and V3. Journal of the American College of Cardiology, 6, 1273-1279. 
http://dx.doi.org/10.1016/S0735-1097(85)80213-8 

[14] Klein, H.O., Tordjman, T., Ninio, R., Sareli, P., Oren, V., Lang, R., Gefen, J., Pauzner, C., Di Segni, E., David, D. and 
Kaplinsky, E. (1983) The Early Recognition of Right Ventricular Infarction: Diagnostic Accuracy of the Electrocardi-
ographic V4R Lead. Circulation, 67, 558-565. http://dx.doi.org/10.1161/01.CIR.67.3.558 

[15] Lorell, B., Leinbach, R.C., Pohost, G.M., Gold, H.K., Dinsmore, R.E., Hutter Jr., A.M., Pastore, J.O. and Desanctis, 
R.W. (1979) Right Ventricular Infarction. Clinical Diagnosis and Differentiation from Cardiac Tamponade and Peri-
cardial Constriction. American Journal of Cardiology, 43, 465-471. http://dx.doi.org/10.1016/0002-9149(79)90001-8 

[16] Dell’Italia, L.J., Starling, M.R. and O’Rourke, R.A. (1983) Physical Examination for Exclusion of Hemodynamically 
Important Right Ventricular Infarction. Annals of Internal Medicine, 99, 608-611.  
http://dx.doi.org/10.7326/0003-4819-99-5-608 

[17] Dell’Italia, L.J., Starling, M.R., Crawford, M.H., Boros, B.L., Chaudhuri, T.K. and O’Rourke, R.A. (1984) Right Ven-
tricular Infarction: Identification by Hemodynamic Measurements before and after Volume Loading and Correlation 
with Noninvasive Techniques. Journal of the American College of Cardiology, 4, 931-939. 
http://dx.doi.org/10.1016/S0735-1097(84)80053-4 

[18] Cintron, G.B., Hernandez, E., Linares, E. and Aranda, J.M. (1981) Bedside Recognition, Incidence and Clinical Course 
of Right Ventricular Infarction. American Journal of Cardiology, 47, 224-227.  
http://dx.doi.org/10.1016/0002-9149(81)90389-1 

[19] Kontos, M.C., Jesse, R.L., Schmidt, K.L., Ornato, J.P. and Tatum, J.L. (1997) Value of Acute Rest Sestamibi Perfusion 
Imaging for Evaluation of Patients Admitted to the Emergency Department with Chest Pain. Journal of the American 
College of Cardiology, 30, 976-982. http://dx.doi.org/10.1016/S0735-1097(97)00264-7 

[20] Khan, S., Kundi, A. and Sharieff, S. (2004) Prevalence of Right Ventricular Myocardial Infarction in Patients with 
Acute Inferior Wall Myocardial Infarction. International Journal of Clinical Practice, 58, 354-357. 
http://dx.doi.org/10.1111/j.1368-5031.2004.00030.x 

http://dx.doi.org/10.1002/clc.4960230721
http://dx.doi.org/10.1056/NEJM199110173251601
http://dx.doi.org/10.1161/01.CIR.81.2.401
http://dx.doi.org/10.1016/0002-9149(74)90276-8
http://dx.doi.org/10.1161/01.CIR.0000027566.51212.3F
http://dx.doi.org/10.1097/00019501-200508000-00002
http://dx.doi.org/10.1016/j.cpcardiol.2012.05.001
http://dx.doi.org/10.1016/j.jjcc.2009.06.006
http://dx.doi.org/10.1016/S0735-1097(85)80213-8
http://dx.doi.org/10.1161/01.CIR.67.3.558
http://dx.doi.org/10.1016/0002-9149(79)90001-8
http://dx.doi.org/10.7326/0003-4819-99-5-608
http://dx.doi.org/10.1016/S0735-1097(84)80053-4
http://dx.doi.org/10.1016/0002-9149(81)90389-1
http://dx.doi.org/10.1016/S0735-1097(97)00264-7
http://dx.doi.org/10.1111/j.1368-5031.2004.00030.x

	Clinical Profile and In-Hospital Outcome of Patients with Right Ventricular Myocardial Infarction
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Study Methodology
	2.2. Statistical Analysis

	3. Results
	4. Discussion
	References

