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                          ABBREVIATIONS AND ACRONYMS 

IW - Inferior wall 

RV- Right ventricle 

LV-Left Ventricle 

MI-Myocardial Infarction 

ACS-Acute Coronary Syndrome 

CAD-Coronary Artery Disease 

TR- Tricuspid Regurgitation 

MINCA- Myocardial Infarction with Normal Coronary Arteries 

RCA – Right Coronary Artery 

LAD- Left Anterior Descending Artery 

LCX-Left circumflex coronary artery 

CK – Creatine Kinase 

ECG -Electrocardiography 

TAPSE-Tricuspid Annular Peak Systolic Excursion 

TDI - Tissue Doppler imaging. 

IVS – Interventricular septum. 

RV WM – Right ventricle Wall Motion. 

EF – Ejection fraction. 

ET- Ejection time 

MPI – Myocardial Performance Index 

LBBB- Left Bundle Branch Block 



PCI- Percutaneous Coronary Intervention  

CABG-Coronary Artery Bypass Graft 

VT-Ventricular Tachycardia 

TCFA- Thin-Cap FibroAtheroma 
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INTRODUCTION 

 
  

                 Acute coronary syndrome with Inferior wall myocardial infarction is a 

commonly encountered medical emergency. Infarction of the inferior (diaphragmatic) 

portion of left ventricle is indicated by ST elevation in leads II, III, aVF and is mostly 

due to occlusion of right coronary artery and less commonly due to occlusion of left 

circumflex coronary artery. Right Ventricular Myocardial Infarction (RVMI) is a 

common complication of acute inferior MI. RVMI is suggested by ST-segment 

elevation of 1 mm or more  in V1 or any of the right precordial leads V4R- V6R with 

V4R being  more sensitive. Presence of discordant relationship where there is ST 

elevation in V1 with ST depression in lead V2 also indicates presence of right 

ventricular infarction
(1).

 

 

               In recent years, right ventricular MI seems to be under-diagnosed in most 

cases of Acute coronary syndrome, despite its frequent association with inferior wall 

MI
(13)

 Right ventricular dysfunction adversely affects left ventricular function by 

decreasing preload and by the phenomenon of ventricular interdependence. The 

presence of right ventricular poses a higher risk of adverse events (hemodynamic 

compromise and arrhythmias) in inferior wall myocardial infarction and thus right 

ventricular involvement in a patient with IWMI is an independent prognostic factor 

that increases in-hospital mortality rate
(3)

 . 
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                       Clinically patients with RVMI may have elevated central venous 

pressure (distended neck veins) due to abnormally high diastolic filling pressure at the 

right heart. If damage to right ventricle is severe, hypotension and cardiogenic shock 

may result. Hypotension at presentation or sudden drop in BP after nitrate 

administration should always suggest a diagnosis of RVMI in patients with IWMI. In 

addition, patients with right ventricular infarction may display the Kussmaul sign (an 

increase in jugular venous pressure with inspiration) and pulsus paradoxus (a fall in 

systolic pressure >10 mm Hg with inspiration). Kussmaul sign in the setting of 

inferior STEMI is highly predictive of right ventricular involvement
(3) 

 

                Treatment modalities vary because medications routinely prescribed for left 

ventricular infarction- like nitrates or diuretics may produce profound hypotension in 

patients with right ventricular infarction and should be avoided. Initial treatment 

would be fluid challenge to increase right ventricular preload and cardiac output. 
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AIMS AND OBJECTIVES 

 

• Aim of the study: The aim of present study is to assess right ventricular 

function in inferior wall myocardial infarction patients using echocardiogram. 

• Primary objective: To assess right ventricular function in inferior wall 

myocardial infarction patients using echocardiogram indices like RV Diastolic 

dysfunction, TAPSE (tricuspid annular plane systolic excursion), Myocardial 

Performance Index and RV wall motion abnormality. 

• Secondary objective: To assess the mortality in patients with IWMI with 

associated Right Ventricular dysfunction. 
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REVIEW OF LITERATURE 

BACKGROUND 

Coronary artery disease (CAD) is the major cause of morbidity and mortality 

worldwide. Although left ventricular myocardial infarction (LVMI) is extensively 

studied and sought for, Right ventricular (RV) myocardial infarction (MI) is often 

overlooked. About 30% of patients with inferior left ventricular myocardial infarction 

have some amount of right ventricular involvement
(3).

 RVMI is much rare when 

compared to LVMI. This is because the right ventricle has lower oxygen demand and 

increased supply. Right ventricle has comparatively lower muscle mass and less 

workload and hence the oxygen demand is low. In addition, coronary perfusion to RV 

myocardium occurs during both systole and diastole along with more extensive 

collateralization thereby increasing the supply
(14)

 . Right ventricular myocardial 

infarction should be suspected in patients presenting with a combination of normal left 

ventricular filling pressure and depressed cardiac index
(13)

 . Emphasis is laid on RVMI 

as these patients have greater incidence of hypotension, bradycardia requiring pacing 

support, and in-hospital mortality than those with isolated inferior infarctions and thus 

RVMI serves as an independent risk factor of in-hospital mortality
(3).

 

              

                  Acute myocardial infarction
(1)

 is characterized by myocardial necrosis with 

features suggestive of myocardial ischemia. 
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Progression of ST Elevation Myocardial Infarction (STEMI) has been put forth and is 

as follows:
(3)

 

ACUTE: Initial few hours up to 7 days following infarct 

HEALING: Occurring within 7 to 28 days. 

HEALED: Lasting beyond 29 days 

 

                             DEFINITION OF MYOCARDIAL INFARCTION
(3)

 

  

Criteria for Acute Myocardial Infarction: 

Presence of any of the following criteria is required for the diagnosis for acute MI 

(1) A rise and/or fall of cardiac biochemical markers of myocardial necrosis 

(preferably cardiac troponin cTn, with at least one value above the 99
th

 percentile 

upper reference limit) and with at least one of the following: 

 Ischemic symptoms. 

 New or presumed new significant ST-segment T-wave (ST-T) changes or 

new left bundle branch block (LBBB). 

 Development of pathological Q waves in the electrocardiogram ECG. 

 Imaging evidence of new loss of viable myocardium or new regional wall 

motion abnormality. 

 Detection of intracoronary thrombus by angiography or autopsy. 

(2) Cardiac death with symptoms suggestive of myocardial ischemia and presumed 

new ischemic ECG changes of new LBBB. 
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Also included are defining criteria for myocardial infarction related to percutaneous 

coronary intervention (PCI)-related MI, stent thrombosis associated with MI and 

Coronary artery bypass grafting (CABG)-related MI. 

 

 Criteria for Prior Myocardial Infarction: 

Any one of the following criteria satisfies the diagnosis for prior MI: 

(1) Pathological Q waves with or without symptoms in the absence of non-ischemic 

causes. 

(2) Imaging evidence of a region of loss of viable myocardium in the absence of non-

ischemic causes. 

(3) Pathological findings of a prior myocardial infarction. 

 

               CLASSIFICATION OF MYOCARDIAL INFARCTION
(3)

 

Type 1:  

Spontaneous Myocardial Infarction 

Type 2:  

Myocardial Infarction Secondary to Ischemic Imbalance  

Type 3: 

Myocardial Infarction Resulting in Death When Biomarker Values Are Unavailable 

Type 4a 

Myocardial Infarction Related to Percutaneous Coronary Intervention 

Type 4b 

MI related with stent thrombosis. 
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Type 5 

Myocardial infarction associated with CABG. 

 

Etiological classification
(1)

 : 

1. Coronary Atherosclerosis (most common cause). 

2. Non atherogenic causes : 

 CAD other than Atherosclerosis 

• Arteritis. 

• Trauma to coronary arteries. 

• Coronary mural thickening with metabolic disease or intimal proliferative disease 

• Luminal narrowing: due to either spasm or dissection. 

 

 Emboli to Coronary arteries. 

 Congenital coronary artery anomalies. 

 Myocardial oxygen demand-supply disproportion. 

 Hematological (in situ thrombosis): Disseminated Intravascular 

Coagulation, Polycythemia vera, Thrombocytosis. 

 Miscellaneous: Cocaine, Myocardial contusion, Myocardial infarction with 

normal coronary arteries MINCA, Complication of cardiac catheterisation. 
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PATHOPHYSIOLOGY: 

             Myocardial infarction is most often the result of an imbalance between 

oxygen supply and demand. The right ventricle has a thinner wall when compared to 

the left-about 3–5 mm, such that the ratio of the thickness of the right and left 

ventricular walls is about 1:3
(2) 

 

MYOCARDIAL OXYGEN SUPPLY
(3)

 

            Myocardial oxygen supply necessitates both a sufficient level of oxygen-

carrying capacity of the blood (this is again a function of inspired level of oxygen, 

pulmonary gas exchange, and haemoglobin concentration) along with appropriate 

coronary blood flow. 

 

THE CORONARY CIRCULATION
(2)

: 

             There are 2 coronary arteries the right and left which provide major blood 

supply to the heart. Blood flow into the coronary arteries is predominantly during 

diastole. The right ventricle is perfused by both right and left coronary arteries. The 

following brief the course and branches of these: 

 

1. Right coronary artery (RCA) 

             This is the dominant artery in 85% of patients. Dominance is dependent upon 

the artery which gives off the posterior descending artery (PDA). In the remaining 

15% of persons, the posterior descending artery arises from the left circumflex artery- 

here the circulation is Left Dominant. 
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               The right coronary artery originates from the right (anterior) aortic sinus of 

the ascending aorta. Though single most often, multiple right coronary arteries as 

much as four have been noted. Its initial course is anterior and to the right between the 

right auricle and pulmonary trunk, reaching the atrioventricular groove. It courses in 

the atrioventricular groove vertically to the right (acute) cardiac border. Here it curves 

around it reaching the posterior part of the groove at its junction with interatrial and 

interventricular grooves, which is called the “crux” of the heart. Here it ends by 

anastomosing with the circumflex branch of the left coronary artery.  

              The right coronary artery provides blood supply to most of the right ventricle 

(except a small portion adjacent to the anterior interventricular groove), inferior wall 

of the left ventricle, posteroinferior one-third of the intraventricular septum, right 

atrium and some portion of the left atrium and the sino-atrial and atrioventricular 

nodes. 

It gives off the following branches during its course: 

 The first branch is the conus artery or the “arteria coni arteries”, which is given 

off at its origin. There may be a similar branch arising from the left anterior 

descending artery, both of which can anastomose to form the „annulus of 

Vieussens‟, which supplies the right ventricular outflow tract by forming an 

anastomotic „circle‟ around it. 

 It then gives off the atrial and ventricular branches. The atrial branches of the 

right coronary artery are grouped as: anterior, lateral (right or marginal) and 

posterior. 
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 The right anterior and lateral branches provide blood supply to the right atrium 

whereas the posterior branch provides blood supply to the right and left atria. 

 A nodal artery arises from the anterior atrial branch, passes in the groove 

between the right auricle and ascending aorta, winds around the base of the 

superior vena cava and supplies the myocardium of both atria especially the 

right, including the sino-atrial node; 

 It then gives off the septal branches which are usually numerous. The largest 

of these is the posterior septal artery which provides blood supply to the 

atrioventricular node in 80% of persons. 

 It then terminates by giving off its final major branch, the posterior 

interventricular branch or the posterior descending artery which runs in the 

posterior interventricular sulcus supplying it. Here it anastomosis with the 

anterior interventricular artery which is a branch of the left coronary artery. 

The posterior descending artery provides blood supply to the inferior wall of 

both right and left ventricles. 

 

2. Left coronary artery (LCA): 

                  The left coronary artery arises from the left posterior aortic sinus (left 

„coronary‟ sinus) of the ascending aorta. It initially lies between the pulmonary trunk 

and the left atrial auricle and then runs into the atrioventricular groove, where it 

divides into its two major branches – the left circumflex and the anterior 

interventricular (left anterior descending) arteries.  
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                The left anterior descending artery LAD runs forward in the interventricular 

groove to reach the apex. It winds around the apex into the posterior interventricular 

groove where it anastomosis with the posterior interventricular branches of the right 

coronary artery. The anterior interventricular artery provides the following branches: 

the right and left anterior ventricular and anterior septal branches, along with 

corresponding posterior branches. 

 

                The left circumflex artery LCX curves left in the atrioventricular groove, 

courses down the left cardiac border into the posterior part of the groove and 

terminates left of the crux in most people. In about 15% of cases it gives off the 

posterior interventricular artery, which is then called a left dominant circulation.  

Another major artery is the left marginal artery which arises at right angles from the 

circumflex artery and supplies most of the nearby left ventricle. 

                Left coronary supplies most of the left ventricle and left atrium, some parts 

of the right ventricle and the anterior two-thirds of the interventricular septum. 

                Like stated earlier, in a „right dominant‟ circulation, the posterior 

interventricular artery is a branch of the right coronary artery whereas in a „left 

dominant‟ circulation it is derived from the left coronary artery. There is a „balanced‟ 

pattern wherein branches of both arteries supply the posterior interventricular groove. 

The term dominance is actually misleading since the left coronary artery invariably 

supplies a major portion of the cardiac tissue when compared to the right. 
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MYOCARDIAL OXYGEN DEMAND 
(3)

 

              The myocardial oxygen demand (MVO2) is determined by one‟s heart rate, 

myocardial contractility, and myocardial wall tension (stress).  

As the myocardium has a high oxygen extraction rate, the coronary resistance is 

altered in order to ensure a constant oxygen supply. 

There are three sets of coronary arteries which govern the coronary resistance to flow: 

(1) large epicardial arteries (Resistance 1 = R1) 

(2)  prearteriolar vessels (R2), and  

(3) arteriolar and intramyocardial capillary vessels (R3). 

Atherosclerosis predominantly affects the epicardial arteries, and so if there is 

significant atherosclerosis, it can increase the resistance R1 compromising blood flow. 

In those without significant atherosclerosis, the prearteriolar vessels contribute to 

majority of the coronary resistance. 

             The intramyocardial resistance vessels exhibit the maximum capacity for 

dilation decreasing R2 and R3 in response to exercise and emotional stress called 

“metabolic regulation” and in response to physiologic changes in blood pressure 

termed “autoregulation”. 

            Presence of atherosclerosis adversely affects this increase in demand by 

narrowing the arterial lumen and limiting the increase in perfusion in response to 

conditions that increase the demand. The basal myocardial perfusion is compromised 

if the obstruction to the lumen is severe enough.  
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              Proximal occlusion of the right coronary artery RCA, occlusion of the Right 

ventricular branch, acute marginal branch or occlusion of the left circumflex coronary 

artery may result in Right Ventricular Myocardial Infarction. 

               Right Ventricular Myocardial Infarction compromises the right ventricular 

systolic contraction as well as its diastolic function leading to an elevated right 

ventricular filling pressure. This elevated filling pressure results in a decreased RV 

output and thereby decreased blood supply to the lungs. This consequently raises the 

right atrial pressure which in turn raises the jugular venous pressure (JVP) and 

increased systemic venous pressure can cause peripheral edema. 

                The decreased pulmonary flow results in a decreased pulmonary venous 

return to left atrial (LA) and the left ventricle. This decreased preload to the left 

ventricle results in a decreased cardiac output and reduced systolic blood pressure 

(BP) despite the presence of normal left ventricular contraction. 

               Also right ventricular infarction can result in its dilatation which alters the 

movement of the interventricular septum- there is bulging of the septum into the left 

ventricle during diastole which affects LV filling and further leads to a reduced 

cardiac output. In addition to these, presence of conduction blocks like AV block can 

result in atrio-ventricular dyssynchrony and further decrease the cardiac output. 

Functional tricuspid regurgitation can result with severe right ventricular infarction as 

a result of dilatation of the RV enlarging the tricuspid annulus. This would 

compromise the RV output and in turn the cardiac output. 
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Thus the hallmark of right ventricular myocardial infarction is presence of elevated 

right-sided filling pressures along with normal pulmonary artery pressure and left-

sided filling pressure. 

 

ATHEROSCLEROSIS
(4)

 

               The most important cause of myocardial infarction is atherosclerosis of the 

coronary vessels and coronary arteries are more susceptible to atherosclerosis when 

compared to other vessels. Atherosclerosis is a chronic inflammatory condition 

characterized by deposition of lipid with accumulation of macrophages in the intima 

resulting in the formation of a plaque. This is usually at sites predisposed to 

endothelial shear stress as in bifurcations of arteries or the inner wall of curvatures. 

The disease progresses over decades and so clinically evident disease occurs in the 

setting of advanced atherosclerotic lesions. 

               At sites of endothelial dysfunction, there is extravasation of apoprotein B–

containing lipoproteins into the intima. Here they are transformed by oxidization into 

substances which are cytotoxic, pro-inflammatory, chemotaxic, and highly pro-

atherogenic. There is also recruitment of leukocytes- monocytes and T cells as a result 

of endothelial dysfunction. 

               After this the macrophages which are derived from monocytes drive the 

initiation, propagation, and destabilization of atheromatous plaques. Because of this, 

the presence of macrophages within these atheromatous plaques may serve as markers 

of disease activity. As lesions advance, there is predominant fibrosis, extracellular 

lipids, necrosis, and calcification with little active inflammation. 
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               In addition to these, there is recruitment of vascular smooth muscle cells 

(SMCs) which transform into fibroblasts. There is resultant proliferation and synthesis 

of the extracellular matrix, like collagen, which confers stability to plaques. 

 

VULNERABLE PLAQUE: 

                A vulnerable plaque is one that predisposes to the formation of thrombus 

within the artery, leading to occlusion of one of the coronary arteries which can result 

in myocardial infarction. There are two types of vulnerable plaques- 

a) Plaques that are rupture prone 

b) Plaques that are erosion prone 

 

a) Rupture prone plaque: 

 

           These are plaques with inflamed fibrous cap which is thin with a large and soft 

lipid-rich necrotic core. This is also associated with larger plaque size, presence of 

neovascularization, expansive remodelling, bleed into the plaque, adventitial 

inflammation, and presence of spotty calcifications. 

 

b) Erosion prone plaque: 

           These plaques do not have any characteristic morphology but in contrast to 

rupture prone plaque, expansive remodelling, and inflammation are not prominent. 
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Rupture of a vulnerable plaque: 

            The rupture of a vulnerable plaque is determined by the necrotic core, fibrous 

cap, cap inflammation, expansive remodeling, neovascularization and spotty 

calcification. Of these the two most important determinants are size of the necrotic 

core and the thickness of the fibrous cap. 

 

 

Necrotic core: 

                A necrotic core is one which is predominantly composed of lipids -

cholesterol crystals without any supporting collagen and cells. This is because the 

atherogenic lipoproteins within the intima attract macrophages that release proteolytic 

enzymes leading to engulfment of lipid. This plaque is now called an atheroma or 

fibroatheroma. 

 

Fibrous cap: 

                A fibrous cap is the fibrocellular portion of the plaque lying between the 

necrotic core and the lumen. A “thin-cap fibroatheroma” (TCFA) is one with a thin 

fibrous cap and in most ruptured plaques the fibrous cap has a thickness of less than 

65 μm. Such plaques are characterized by predominant inflammation. 
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Inflammation of the cap: 

                Atherosclerosis is a progressive inflammatory condition with inflammation 

being an invariable component of all lesions. But inflammation within the thin fibrous 

cap alone is considered a risk factor for plaque rupture. 

 

Remodeling: 

               There are two types of arterial remodeling occurring as a result of the plaque: 

expansive and constrictive. Expansive remodeling is considered a compensatory 

response where there is expansion of the vessel diameter which retards luminal 

narrowing. Thus the rupture prone plaques will appear non-obstructive on 

angiography despite having a larger size. Constrictive remodeling is the opposite 

phenomenon where is there is constriction and luminal narrowing due to the plaque. 

                 Eugen Ivan et al, 2002 
(5)

 proposed that expansive arterial remodeling is 

facilitated by macrophages as a result of increased matrix degradation by matrix 

metalloproteinases.  

 

Neovascularization: 

 

                  In addition to inflammation there is angiogenesis occurring in advanced 

plaques. The vasa vasorum in adventitia serves a source for the new vessels. These 

vessels are fragile and vulnerable to rupture due to the lack of supporting tissue which 

predispose to intraplaque bleeds that can result in rapid progression of the plaque. 
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 Spotty calcification: 

 

                   Atheromatous calcifications are prone for calcification which increases as 

age advances. It was generally considered that calcified atherosclerotic plaques are 

quiescent.  

                   Yu Kataoka,et al,2012
(6)

  proposed that presence of spotty calcification is 

a risk factor for accelerated atherosclerosis progression as it was associated with more 

extensive and diffuse coronary atherosclerosis. 

                 Matthew J. Budoff et al, 2013
(7)

 in the MESA (Multi-Ethnic Study of 

Atherosclerosis) proposed that Coronary artery calcium score can be used to assess 

and predict progression of atherosclerotic disease. 

                 Once a plaque rupture occurs, there is a dramatic sequence of events with 

exposure of the plaque contents to the flowing blood leading to the activation of 

platelets and coagulation cascade resulting in the deposition of fibrin- the thrombus 

thus formed limits the coronary flow resulting in myocardial ischemia and infarction. 

                 Two other factors deciding the manifestation of ischemia are location of the 

vessel and acuteness of the event. 

                 Thrombosis involving major vessels like the left main coronary artery 

would disturb blood flow to a larger portion of myocardium and can prove to be fatal. 

                 When the coronary vessel narrowing occurs chronically over a period of 

time, there is development of collateral vessels which provide adequate blood supply 

to ensure myocardial viability at rest, but these may not be sufficient to sustain 

myocardial perfusion with increasing demands. 
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CLINICAL FEATURES OF MYOCARDIAL INFARCTION
(1)(3)(4)

 

 

 SYMPTOMS 

 

                  In contrast to other medical conditions where eliciting a proper history and 

careful physical examination are the initial approaches in a patient, obtaining an 

electrocardiogram takes precedence over detailed history taking in a patient with 

suspected myocardial infarction. 

 

                 The predominant symptom in a patient developing acute myocardial 

ischemia is angina which is a central chest pain over the precordium or retrosternal. 

This nature of the pain is essentially a constricting or crushing type of pain or 

sometimes felt as aching, or burning sensation. The pain reaches its maximum 

intensity within several minutes. The duration of chest pain in acute myocardial 

infarction is usually more than or equal to 30 minutes. It can radiate to the jaw, neck, 

back, epigastrium or the inner aspect of the either upper limb. The pain may be 

precipitated by exercise or some psychological stimuli or most often occurs in the 

absence of any precipitants at rest or in recumbent position (angina decubitus). The 

pain does not subside with cessation of the activity. 

                 Other symptoms include shortness of breath, nausea or vomiting, 

diaphoresis and jaw or shoulder pain without any chest pain. These are considered 

“angina equivalents” which are features of myocardial ischemia other than angina. 

                 Sometimes patients may present with palpitations, syncope, acute confusion 

or agitation, generalized weakness, and a fear of impending doom. Myocardial 

infarction may be painless in elderly, women, those with neuropathy as in diabetes 
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mellitus, and postoperative patients. Such patients may present with frank congestive 

cardiac failure as their presenting complaint. 

                  John G. Canto et al, 2000
(8)

 proposed that a large proportion of patients 

presenting with myocardial infarction lack chest pain and these patients have higher 

in-hospital mortality due to delays in seeking medical attention or as a result of less 

aggressive treatments. 

                     Though STEMI can occur at any time of the day or night, certain studies 

have found an association between STEMI and circadian rhythm variations. David R. 

Holmes, et al
(9)

 2010, proposed that there was a significant association between the 

time of onset of acute MI and the circadian cycle, with the majority of patients 

developing chest pain between 8 AM and 3 PM. Those patients experiencing chest 

pain between 12 AM to 5:59 AM had significant prehospital delays and longer door-

to-balloon times. However, they found no significant association between circadian 

variations of time of onset and in-hospital death. 

                 As per the American College of Cardiology (ACC) and American Heart 

Association (AHA), patients presenting with the following features are unlikely to 

have myocardial ischemia- pleuritic pain, localized pain indicated by tip of one finger, 

pain associated with chest wall tenderness, constant nature of pain, pain in the mid or 

lower abdomen or pain that radiates to the lower limbs. Any pain below the umbilicus 

or above the aorta is rarely related to MI
(1).

 

              In addition to the presenting complaints, a family history of premature 

Ischemic Heart Disease (<55 years in first-degree a male relative and <65years in a 

female relative) is to be looked for. Comorbidities like diabetes mellitus, 
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hyperlipidemia, hypertension, cigarette smoking, and other risk factors for coronary 

atherosclerosis should be addressed as well. 

         Other differentials like peptic ulcer disease, aortic dissection, pericarditis, 

pulmonary embolism and pneumothorax should be kept in mind while ruling out a 

coronary event. 

 

SIGNS
(3)

 

                 Patients are usually anxious looking and apprehensive, sometimes irritable. 

Diaphoresis is common and the extremities may be cold. Any person presenting with a 

substernal chest pain that lasts more than 30 minutes along with presence of 

diaphoresis is to be evaluated for ST elevation myocardial infarction. Mostly pulse 

rate and blood pressure are normal initially but in those with transmural myocardial 

infarction, drop in systolic blood pressure by 10-15 mm Hg can be expected. They 

may have a low volume carotid pulse due to a reduction in stroke volume. In some 

patients with anterior wall myocardial infarction there may be sympathetic nervous 

system hyperactivity and present with tachycardia and/or hypertension whereas some 

of those with inferior wall myocardial infarction will have features of parasympathetic 

hyperactivity and present with bradycardia and/or hypotension.  

             Patients may assume certain gestures to suggest chest pain. The Levine sign, 

named after the American cardiologist Samuel A. Levine, is used to describe holding 

of a clenched fist to the chest in patients with ischemic chest pain. Marcus GM et 

al
(10)

 2007 observed certain  gestures in those presenting with chest pain- Levine Sign 

(clenched fist to the chest), the Palm Sign (palm of the hand to the chest), the Arm 
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Sign (touching the left arm), and the Pointing Sign (pointing with 1 finger). They 

proposed that the sensitivities of these signs were low, but the Pointing sign had a 

higher specificity and is an indicator of non-ischemic chest discomfort. 

               The apical impulse may be normal or difficult to appreciate. An abnormal 

systolic pulsation over the periapical area caused by the dyskinetic bulging of 

infarcted myocardial tissue may be seen in some patients with anterior wall 

myocardial infarction. This may resolve over days. Decreased intensity of the first 

heart sound, paradoxical splitting of the second heart sound, presence of third and 

fourth hearth sounds which are suggestive of ventricular dysfunction may be seen. 

Ischemia involving the mitral valve apparatus or papillary muscle or presence of a 

ventricular septal rupture can produce a systolic murmur at the mitral area. A 

transmural STEMI may also produce a pericardial friction rub. In elderly persons or 

diabetics the initial presentation may be with acute pulmonary edema and the patient 

here is tachypneic, tachycardic, with presence of pulmonary crepitations and third 

heart sound. 

 

 

Killip-Kimball Classification of heart failure severity in acute myocardial 

infarction
(4)(11) 

          Thomas Killip III and John T. Kimball, 1967 proposed this classification based 

on physical findings as a bedside measure in patients with acute myocardial infarction 

to identify those at the highest risk of death. 
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Class  Clinical feature Mortality  

I 

 

 

 

No clinical signs of heart 

failure 

6% 

II 

 

 

 

Rales in the lungs,  

third heart sound (S3), and 

elevated jugular venous 

pressure 

17% 

III 

 

 

 

Acute pulmonary edema 38% 

IV Cardiogenic shock or 

arterial hypotension (as 

evidenced by systolic 

blood pressure < 90 

mmHg), along with 

evidence of peripheral 

vasoconstriction (oliguria, 

cyanosis, and diaphoresis) 

81% 

                 

                   As the Killip-Kimball classification stratified and assessed the in hospital 

mortality in acute myocardial infarction, Bruno Henrique Gallindo de Mello,et al
(11)

 

2014, published a study in order to assess the value of Killip-Kimball classification in 

those with NSTEMI and STEMI and to assess the total mortality in long term follow 

up. 

                   The Forrester classification
(4) 

uses invasive monitoring to assess the 

hemodynamics and severity of left ventricular dysfunction in patients with acute 

STEMI. This was used to guide management and to optimize intravascular volume 

status to achieve pulmonary artery capillary wedge pressure of 18 to 20 mm Hg and 

optimize cardiac output with inotropic and/or vasodilating agents. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Mello%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=25014060
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Class  Pulmonary capillary wedge 

pressure mm Hg 

Cardiac index L/min/m
2
 

I <18 >2.2 

II >18 >2.2 

III <18 <2.2 

IV >18 <2.2 

 

 

INFERIOR WALL MYOCARDIAL INFARCTION: 

                   Inferior wall myocardial infarction occurs due to occlusion of the coronary 

circulation supplying the diaphragmatic/inferior portion of the left ventricle. In 

majority (85%) of the population, inferior wall receives its blood supply from the 

posterior descending artery (PDA) which is a branch of right coronary artery (right 

dominant circulation). In the remaining 15% of people, inferior wall MI occurs as a 

result of left circumflex artery (left dominant circulation). 

                    Matthew J. Warner et al
(12)

 2019 proposed that inferior wall myocardial 

infarctions comprise about 40% of total MI. Inferior MIs are found to have a relatively 

better prognosis when compared to anterior wall infarctions with the mortality rate of  

inferior wall MI being less than 10%. The factors contributing to mortality in inferior 

wall MI include right ventricular infarction, bradycardia, heart block, hypotension, 

and cardiogenic shock. 
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RIGHT VENTRICULAR MYOCARDIAL INFARCTION
(3)

 

                    Right ventricular MI complicates about one third to one half of cases of 

inferior wall MI as evidenced by several studies over the past few decades. Out of 

these cases of RVMI about half of them may be hemodynamically compromised
(13)  

 

i.e. RVMI may be asymptomatic or present with features of severe hypotension and 

cardiogenic shock based on the extent of RV ischemia.
 

                   The exact incidence of right ventricular ischemia and infarction vary 

based on the methodology and criteria used as in pathology, haemodynamics, 

echocardiography, electrocardiography, or by cardiac magnetic resonance (CMR) 

(Taku Inohara et al 2013 
(15)

). RV involvement had been identified in about 59% of 

patients presenting with IWMI based on echocardiography and radionuclide 

techniques. 

                     Saunders et al,1930 
(16)

 (Robert AO'Rourke MD) reported the first case 

of right ventricular infarction following postmortem examinations in those who 

presented with a clinical syndrome of hypotension, elevated jugular venous pressure, 

and clear lung fields. The autopsies revealed extensive RV necrosis and minimal left 

ventricular (LV) involvement. 

                   This was again reinforced by Jay N. Cohn et al
(17)

 in 1974 when they 

observed six patients with acute myocardial infarction who had hemodynamic 

evidence of predominant right ventricular failure with distended neck veins, 

hypotension and heart block and autopsy was done in two of them which revealed 

right and left ventricular infarction. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
https://www.sciencedirect.com/science/article/abs/pii/S0146280603000616#!
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                  Right ventricular infarction in IWMI is characterized by the classical triad 

of hypotension, clear lung fields, and elevated jugular venous pressure) due to 

abnormally high diastolic filling pressure at the right heart (Taku Inohara et al 

2013
(15)

). Though this triad has a high specificity of 96%, it had a very low sensitivity 

of about 25%. If damage to right ventricle is severe, hypotension and cardiogenic 

shock may result. Other clinical signs elicited in RVMI include Kussmaul‟s venous 

sign which is the paradoxical inspiratory rise in jugular vein pressure (a feature of 

constrictive pericarditis) and Pulsus paradoxus (a fall in systolic pressure >10 mm Hg 

with inspiration). Presence of Kussmaul sign in the setting of inferior STEMI is highly 

predictive of right ventricular involvement. The low sensitivity of the physical signs 

mandates other investigations as in electrocardiography and echocardiography.  Some 

patients may demonstrate a pan-systolic murmur at the left lower sternal border 

suggestive of tricuspid regurgitation, but this may not always be present in view of the 

lower filling pressures of the right heart (Jeremiah L. Jeffers at al, 2019 
(18) 

) 

                     S.R. Mittal et al, 1996 
(19)

 studied the jugular venous pressure and pulse 

wave form in patients with acute myocardial infarction. They found that an elevated 

jugular venous pressure had a high specificity (96.8%) with a low sensitivity (39%) in 

the diagnosis of right ventricular infarction. Specificity of a Positive Kussmaul's sign 

was equal but it had a lower sensitivity of 26.1%. The specificity of rapid „y‟ descent 

was 100% but it had very low sensitivity of 17.3% in the diagnosis of right ventricular 

infarction. Moreover the extent of damage to the interventricular septum and left 

ventricular free wall affect the jugular venous pressure and pulse wave form. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
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                     Guy S. Reeder, 1995 
(20) 

stated that patients with inferior wall infarction 

who are presenting with hypotension or appearance of hypotension in those who 

initially had normal blood pressure after small amounts of preload reducing agents 

like nitates, nitroglycerin or morphine sulfate, provide clues to the presence of 

significant right ventricular involvement. 

                    LOUIS J. DELL'ITALIA at al, 1983
(21)

 analyzed the physical findings 

in patients with IWMI with and without associated right ventricular infarction. 

Presence of right atrial pressure of 10 mm Hg or more and a right atrial: pulmonary 

artery wedge pressure ratio of 0. 80 or more were consistent with right ventricular 

infarction. They also observed that the absence of both an elevated jugular venous 

pressure and a Kussmaul's sign in inferior myocardial infarction patients made the 

presence of a hemodynamically significant right ventricular infarction less likely. 

                        Andersen HR et al, 1987 
(22) 

analyzed right ventricular infarction in 

the autopsies of patients who had died of coronary artery disease and made the 

following observations. They found that though right ventricular infarctions were 

observed in 84%, isolated right ventricular infarcts were seen in only three hearts. 

Anterior and posterior infarction had equal proportion of Right ventricular 

involvement but posterior right ventricular infarcts were found to be much larger in 

size. Proximal right coronary artery occlusion was associated with larger right 

ventricular infarction than distal occlusion of the right coronary artery. With respect to 

location, anterior right ventricular infarcts were found to be located near the apex of 

the heart (to the left of the sternum) and posterior right ventricular infarcts were 

predominantly situated near the atrioventricular groove (along the right sternal 

javascript:void(0);
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=3680789
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border). Posterior infarction was associated with much greater right ventricular 

involvement and most of the left ventricular myocardium was intact. This would 

explain the reason why right ventricular involvement is only rarely associated with 

anterior infarction. When comparing anterior and posterior infarcts of equal size, left 

ventricular function and prognosis are better with posterior than anterior infarcts. 

 

CARDIAC BIOMARKERS: 

                     Daniel Chan et al, 2010
(23)

 -The two commonly used biomarkers in the 

diagnosis of acute myocardial infarction include Creatine-Kinase-MB isoform and 

Cardiac Troponin. 

                      Since 2000, CK-MB has been replaced by Cardiac Troponin as the 

biomarker of choice for diagnosing a myocardial infarction. Troponin is a protein 

released from myocytes following irreversible myocardial damage and is highly 

specific for cardiac muscle and so helps in the accurate diagnosis of myocardial 

infarction in a patient with a history of ischaemic pain or ECG changes suggesting 

ischaemia. Elevation of Cardiac troponin is dependent on the size of the infarct and 

helps give an idea on the prognosis following an infarct. Troponin level peaks at 12 

hours, and remains elevated for 10 or more days. Moreover presence of a positive 

Troponin has been associated with increased risk of an adverse outcome at 30 days. 

                      Some of the novel cardiac markers in the diagnosis of myocardial 

infarction are as follows: Heart-type Fatty Acid Binding Protein and copeptin along 

with cardiac troponin help in the early diagnosis of myocardial infarction or acute 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20529285
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coronary syndrome. An elevated N-Terminal Pro-B-type Natriuretic Peptide has been 

shown to predict death and heart failure following acute myocardial infarction. Mid-

regional pro-Atrial Natriuretic Peptide, ST2, C-Terminal pro-endothelin 1, Mid-

regional pro-Adrenomedullin and copeptin also provide additional information in 

predicting death and heart failure. Other markers that can predict following an acute 

coronary syndrome include Growth differentiation factor-15 and high-sensitivity C-

reactive protein. An elevated Pregnancy associated plasma protein A level following 

chest pain helps predict risk of myocardial infarction and revascularisation. In 

apparently healthy people, elevated biomarkers like myeloperoxidase and high-

sensitivity C-reactive protein can be used to predict risk of coronary disease and help 

initiate early preventative treatment. Though these seem promising, their use in 

clinical practice is to be ascertained by more studies.  

 

ELECTROCARDIOGRAM: 

                    It was previously concluded from several studies that patients with Acute 

Myocardial Infarction (AMI) who had normal or nonspecific ECGs had a lower in-

hospital mortality rates than those of patients with diagnostic ECGs, though the 

absolute rates still remained high. But a study by Welch RD et al, 2001
(24)

 found that 

those patients with AMI who had a benign initial ECG and later develop diagnostic 

ECGs were more prone to in-hospital life-threatening complications. This was in part 

due to the absence of typical symptoms and non- specific ECG changes leading to 

delay in presentation and treatment. 
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                       S H Braat et al
(25)

1983 studied the value of ECG in the diagnosis of 

right ventricular MI in those with an acute inferior wall MI. In their study, all patients 

admitted with acute inferior wall myocardial infarction underwent electrocardiogram 

with four right precordial leads (V3R, V4R, V5R, and V6R) in addition to the 

standard 12 lead ECG. The ECG was repeated every eight hourly for three 

consecutive days. Thereafter patients underwent 99mtechnetium pyrophosphate 

scintigraphy and a dynamic flow study to assess right ventricular involvement. They 

found that ST segment elevation in lead V4R had the greatest sensitivity and 

predictive accuracy of about 93% each. Thus right ventricular infarction can be easily 

made out by analyzing lead V4R in patients presenting with an acute inferior wall 

infarction within 10 hours of the onset of chest pain. But in about 50% of patients with 

right ventricular involvement, they observed that the ST segment elevation in the right 

precordial leads was short lived, and had disappeared within 10 hours after the onset 

of chest pain. They also stated that presence of a QS pattern in lead V3R and V4R or 

ST elevation greater than or equal to 1 mm in lead V1 had a much lower diagnostic 

significance. 

                     Lopez-Sendon J et al
(26)

 1985 proposed a study to analyze the 

significance of ECG changes in anterior right ventricular infarction and posterior right 

ventricular infarction. They found that posterior right ventricular necrosis can be 

picked up by the presence of a Q wave or ST segment elevation in the right sided 

chest leads, but there was no particular Electrocardiographic criteria to identify 

patients with anterior right ventricular necrosis. ST segment elevation in lead V4R has 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Braat%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=6299315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez-Sendon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=4067105
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a higher sensitivity and specificity than ST elevation in leads V1 to V3 in the 

diagnosis of RVMI. 

                    Birnbaum Y et al
(27) 

1996 tried to analyze the correlation between ST 

segment depression evident in the precordial leads V1to V6 on the initial 

electrocardiogram (ECG) and the in-hospital mortality in patients with an inferior 

myocardial infarction treated with intravenous thrombolytic therapy. They found a 

greater mortality in those patients with inferior wall myocardial infarction with 

maximal ST segment depression in precordial leads V4 to V6 when compared to 

precordial leads V1 to V3. 

                 Turhan H et al
(28)

2003 proposed a study to assess the significance of ST-

segment depression in lead aVL in an Electrocardiogram and its role in predicting 

right ventricular involvement in patients with acute inferior MI. They found that ST-

segment depression greater than 1 mm in lead aVL had a high sensitivity (87%), 

specificity (91%), high positive and negative predictive value (90% and 88% 

respectively), with greater diagnostic accuracy (89%) to predict right ventricular 

involvement in those with acute inferior MI.  

                  Gupta A et al
(29)

 1999 in their study on “Electrocardiographic 

differentiation between right coronary and left circumflex coronary arterial occlusion 

in isolated inferior wall myocardial infarction” stated that right coronary artery 

occlusion in a patient with inferior wall myocardial infarction can be ascertained by  

the presence of atrioventricular block and ST segment elevation in lead V4R. Right 

coronary involvement is characterized by ST segment elevation in lead III greater than 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Birnbaum%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8800103
https://www.ncbi.nlm.nih.gov/pubmed/?term=Turhan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14510651
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10624066
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in lead II with a sensitivity of 99 percent and a specificity of 100 percent. Also the 

presence of  upright T wave in lead V4R and ST segment depression in lead I  are 

suggestive of right coronary artery as the culprit vessel. Left circumflex artery 

involvement is characterized by ST segment elevation in lead II greater than in lead III 

which had a sensitivity of 93 percent and a specificity of 100 percent. Thus, ECG can 

provide an easy tool for the identification of the culprit vessel in inferior myocardial 

infarction. 

                      RV infarction is to be looked for in all cases of inferior wall MI as it can 

be easily missed. Dr Ed Burns
(30)

 2019 proposed the following ECG changes to be 

highly suggestive of RVMI: 

 ST elevation in V1: V1 is the only major ECG lead facing the right ventricle 

directly.  

 ST elevation in V1 > V2 

 ST elevation in lead III > lead II – as lead III is more oriented to the right than lead 

II and therefore picks up right ventricle infarction better than lead II. 

 Presence of ST elevation in V1 and ST depression in V2 which is highly specific 

for RV MI. 

 V1 having isoelectric ST segment with V2 showing predominant ST depression. 

 In order to confirm right ventricular infarction, right ventricular leads are required. 

These are obtained by placing V1 to V6 in a mirror image position on the right side 

of the chest. ST elevation in the leads V3R-V6R is confirmatory for right 

ventricular infarction. . 

https://litfl.com/author/edward-burns/
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 ST elevation in V4R is the most important of these with a sensitivity of 88%, 

specificity of 78% and diagnostic accuracy of 83% in the diagnosis of RV MI - it 

involves placing the V4 electrode in the 5th right intercostal space in the mid-

clavicular line. 

 

                    Celik T et al
(31)

 2006, stated that isolated right ventricular myocardial 

infarction (RVMI) is a rare phenomenon accounting for about 3% of all acute 

myocardial infarction. They described a case of isolated RVMI wherein there was 

marked ST-segment elevation in leads V1 to V4 along with ST-segment elevation in 

the inferior leads (III, aVF). This was found to be due to occlusion of a non-dominant 

small right coronary artery proximal to the conus branch. 

                   RVMI is much rarer when compared to left ventricular MI
(13)

. RVMI as an 

isolated event is again rare and is most often associated with LVMI
(13)

. It usually 

occurs with inferior wall MI and less commonly with anterior wall MI. Tomas 

Ondrus, et al
(32)

 2013 observed this and stated that the incidence of RVMI was lower 

due to the right ventricular muscle mass being smaller such that its oxygen 

requirements and workload are lesser. Also right ventricle receives increased blood 

flow during both diastole and systole. Right ventricle receives extensive collateral 

blood supply especially from the left coronary artery. Due to its thin wall, diffusion of 

oxygen occurs from intrachamber blood into the wall of RV and into the Thebesian 

veins. 

                       H M Haupt et al 1983
(33)

 studied patients presenting with acute 

myocardial infarcts and found to have proximal right coronary artery occlusions. They 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Celik%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16777516
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ondrus%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ondrus%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
https://www.ahajournals.org/doi/abs/10.1161/01.cir.67.6.1268


 

34 
 

observed that the right ventricle is protected against massive infarction even in the 

presence of proximal right coronary artery occlusion due to collateral blood flow to 

the right ventricular myocardium, from the left anterior descending coronary artery 

especially through the moderator band artery.  

                      Showkat A. Haji et al 2000
(34)

 stated that right coronary artery 

occlusion which has occurred proximal to the right ventricular branches would result 

in right ventricular dysfunction. Though the presence of right ventricular infarction in 

those with inferior wall myocardial infarction had hemodynamic consequences, there 

was complete recovery over a period of weeks to months in most patients. This 

prompted them to suggest that rather than necrosis of right ventricle it was just right 

ventricular “stunning” which had occurred. This throws light on the need for timely 

reperfusion therapy. This phenomenon was also put forth by Taku Inohara et al 

2013
(15)

 who found that most patients diagnosed with Right Ventricular myocardial 

infarctions based on electrocardiographic findings of ST segment elevation in the right 

sided precordial leads or pathological Q waves did not progress to an actual infarction 

(with presence of myocardial necrosis and scar formation). Hence they stated that 

these electrocardiographic findings actually represent an early, transient phenomenon.  

                   The imaging measures to assess right ventricular function can be divided 

into non-invasive and invasive monitoring. Non-invasive techniques include the 

echocardiography, radionuclide angiography, cardiac computed tomography and 

cardiac magnetic resonance. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
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ECHOCARDIOGRAPHY: 

                       Taku Inohara et al 2013
(15)

 - Echocardiography being a widely 

available universal tool which is also inexpensive, provides for a comprehensive 

evaluation of the size and function of the right ventricle. But presence of a complex 

right ventricular chamber shape poses certain difficulties in its assessment by a simple 

two-dimensional (2D) echocardiography. It is difficult for complete visualization of 

right ventricle in any single two-dimensional (2D) echocardiographic view. Moreover 

in RV infarction the echocardiographic abnormalities can be transient and resolve 

within a few hours. A complete assessment of the right ventricle requires all available 

acoustic windows to be visualized which can be accomplished by a three-dimensional 

(3D) echocardiographic technique. They found that the accuracy of 3D 

echocardiographic technique in the assessment of RV volumes was comparable to 

CMR and more accurate than 2D echocardiography. 

                      Raghothaman Sethumadhavan et al, 2018
(14)

 also addressed the 

difficulties in echocardiographic assessment of the right ventricle and stated the 

following reasons- the right ventricle being crescentic in shape and truncated into 

separate inflow and outflow portions, difficulty in localizing the endocardial boundary 

of the right ventricle due to its variable trabeculation pattern, complex wall motion 

with the inflow portion contracting before the trabecular and outflow portion, location 

of the right ventricle behind the sternum and therefore inaccessible to imaging and the 

phenomenon of inter-dependence between right and left ventricle which influences the 

RV ejection. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
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                    Sanjiv Kaul et al, 1984
(35)

 studied the use of two-dimensional 

echocardiography (2DE) in the assessment of right ventricular (RV) function and 

compared it with RV ejection fraction (RVEF) obtained by radionuclide angiography. 

They observed that a simple echocardiographic measurement of tricuspid annular 

plane systolic excursion (TAPSE) had a close correlation with RVEF. They also 

observed that RV end-diastolic area (RVEDA) and percentage of systolic change in 

area in the apical four-chamber view also correlated with RVEF but the entire RV 

endocardium could not be traced in many patients. On comparing the 

echocardiographic views in assessing RV function, they stated that the apical four-

chamber view was superior to the subcostal view if the endocardial outlines could be 

traced. 

                  Rudski LG et al, 2010
(36)

 stated that TAPSE is considered to be a measure 

of RV longitudinal function and found to correlate well with techniques assessing RV 

global systolic function, like radionuclide-derived RV EF, 2D RV FAC, and 2D RV 

EF. RV systolic dysfunction is indicated by a TAPSE < 16 mm. 

                  Gopalan Nair Rajesh, et al, 2013
(37)

 observed that TAPSE was 

significantly lower in those patients with proximal RCA lesion and TAPSE less than 

or equal to 16 had a sensitivity of 92.3% and specificity of 100% in predicting 

proximal RCA lesion. They observed that TAPSE had certain limitations as the 

measurement is restricted to longitudinal function of RV free wall and because the 

functional status of LV may affect the measurement. 

                  Samad BA et al, 2002
(38)

 stated that TAPSE was an independent predictor 

of mortality in those with inferior wall MI. 

https://www.sciencedirect.com/science/article/abs/pii/0002870384900954#!
https://www.sciencedirect.com/topics/nursing-and-health-professions/systolic-dysfunction
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                 Myocardial Performance Index (MPI/Tei Index) based on flow wave 

Doppler involves both systolic and diastolic time intervals and helps to assess the 

global cardiac dysfunction. This was initially used by Tei and his co-workers in 1995.  

 This index is also used in amyloidosis, dilated cardiomyopathy, and congestive heart 

failure (Manjunath Goroshi et al, 2016
(39)

). 

                  Anand Chockalingam et al, 2004 
(41)

 assessed the significance of Doppler 

time interval‐ derived myocardial performance index (MPI) in assessing acute right 

ventricular myocardial infarction (RVMI). They observed that in the presence of acute 

inferior wall MI, an RV MPI ≥ 0.30 had a high sensitivity (82%) and specificity 

(95%) to diagnose RVMI. Thus MPI may be in the diagnosis of RV infarction as well 

as in the quantification of right ventricular dysfunction and for assessing acute 

improvements in RV function. 

               The Tei index was less often affected by age, heart rate, and preload than 

conventional Doppler measurements. The disadvantage with Tei index was that it was 

affected by heart block and arrhythmias and by the presence of primary valvular 

diseases. (Soney Manuel et al, 2013
(41)

) 

                Gopalan Nair Rajesh,et al, 2013
(37)

 observed that Myocardial performance 

index by pulsed wave Doppler (MPI-PW) had correlation with proximal RCA 

occlusion. 

               Raghothaman Sethumadhavan et al, 2018
(14)

 observed that RV MPI 

values greater than 0.65 were associated with an increased mortality. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Goroshi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26896273
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                Right ventricular diastolic function can be assessed using Doppler 

transtricuspid flow velocity using the following parameters: peak velocity of early 

filling (E velocity), peak velocity of late filling due to atrial contraction (A velocity), 

E/A ratio and deceleration time of early filling (Edt).  These parameters are not 

affected by age but respiration can cause pronounced variability and so the 

measurement should be made at end expiratory apnoea
(13).

  

According to the ACE guidelines
(13),

 RV diastolic dysfunction was graded as follows: 

1. Grade 1 dysfunction or impaired relaxation (tricuspid E/A ratio <0.8) 

2. Grade 2 dysfunction (tricuspid E/A ratio of 0.8–2.1) and 

3. Grade 3 dysfunction or restrictive filling (tricuspid E/A ratio >2.1) 

 

                Gopalan Nair Rajesh, et al, 2013
(37)

 observed that the LV ejection 

fraction and systolic and diastolic blood pressure measured were significantly 

lower in those with proximal RCA occlusions due to the hemodynamic 

significance of right ventricular infarction in IWMI, but it had poor predictive 

value in diagnosing proximal right coronary artery occlusion. 

 

       Other modalities:  

                Some of the radionuclide imaging techniques used in patients with 

suspected STEMI include -Myocardial perfusion imaging with 99mTc-sestamibi and 

Radionuclide ventriculography, carried out with 99mTc-labeled red blood cells. But 

these are used less often due to the technique being cumbersome and also their poor 

sensitivity and specificity. 
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                 Taku Inohara et al 2013
(15)

 studied the use of Cardiac Magnetic 

Resonance imaging using late gadolinium enhancement for the accurate 

characterization of ischaemic myocardial injury. Studies using CMR show that RV 

infarction occurs in a high number of cases in patients with IWMI (47–57%) and in 

some patients with anterior MI (11–65%) as well.  

 

  Clinical significance of right ventricular infarction: 

               William P. Santamore et al, 1998
(42)

 observed the phenomenon of 

ventricular interdependence wherein right ventricular function is affected by the 

function of the left. Left ventricular contraction contributes to about 20% to 40% of 

the right ventricular systolic pressure and volume outflow. Right ventricular response 

to volume overload, pressure overload, and myocardial ischemia were also attributed 

to this dependency of the right ventricle on the left ventricle. 

                 Jeremiah L. Jeffers at al, 2019
(18)

 -The clinical significance of RV 

ischemia and infarction are the result of a reduced Right Ventricular contractility. This 

resulted in a reduced right ventricular compliance, reduced filling, and reduced right 

ventricular stroke volume. Consequently there is reduced left ventricular filling and 

a fall in cardiac output which may result in systemic hypotension and shock. This is 

manifested by elevated right sided heart pressures, elevated pulmonary artery (PA) 

systolic pressures, and a reduced left ventricular preload. These may be exacerbated 

by some of the complications associated with right ventricular infarction like atrial 

infarction, sinus bradycardia, atrial fibrillation, and atrioventricular block. They 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
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also threw light on the phenomenon of biventricular interdependence. The dilation of 

right ventricle alters the motion and function of the interventricular septum. 

Symptoms of hypotension and cardiac failure would result if the dilation of RV is 

secondary to overload or if the septal myocardium is compromised due to the presence 

of a simultaneous left ventricle (LV) ischemia. A shifting of the septum leftward 

during diastole would impede left ventricular filling and a resultant reduction in 

cardiac output.  This is termed loss of biventricular interdependence. 

                James A. Goldstein, 2003
(43)

 made the following observations.  He stated 

that there are some compensatory and aggravating factors that alter the hemodynamic 

manifestations of RVI. A decreased RV free wall contraction leads to LV septal 

contractions with mechanical displacement of the septum into the RV cavity 

generating RV systolic pressure. Any depressed LV septal function would hence 

affect global RV systolic performance. Another compensatory mechanism to improve 

RV performance and the cardiac output is the augmented contraction of right atrial 

(RA) contraction which acts like a booster pump. When there is RA infarction leading 

to its decreased contractility as a result of very proximal RCA occlusions or the 

presence of atrioventricular dyssynchrony, RV performance is markedly hampered 

and results in severe hemodynamic compromise and higher mortality. He also 

compared cardiogenic shock associated with both right and left ventricular 

dysfunction and found that those with RV shock seemed to be younger than those 

with LV shock and had a decreased prevalence of both multivessel disease (more 

likely to have single- and double vessel disease)and prior MI. But the mortality rates 

were similar in both RV and LV shock despite this favorable clinical profile. A similar 
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observation was made by Alice K.Jacobs et al, 2003
(44)

who stated that patients with 

RV shock were relatively younger, had a lower rate of anterior MI, and higher 

prevalence of single-vessel coronary disease of RV on comparing with LV shock 

patients, and had a similar benefit with revascularization.  

                   Kukla et al
(45)

, 2006 studied treatment and mortality in right ventricular 

infarction and found that RVMI had been associated with poor prognosis and 

increased number of in-hospital complications. The mortality from RVMI was 18.5% 

when compared to 2.12% in those with inferior wall MI without RVMI. 

                   Right ventricular involvement was an adverse prognostic factor in inferior 

wall MI as evidenced by previous studies. Abid R. Assali et al, 2007
(46)

 tried to assess 

this in those who had undergone primary Percutaneous Coronary Intervention. They 

stated that presence of right ventricular infarction in those with inferior wall 

myocardial infarction is an independent risk factor for increased mortality even in 

those treated with primary PCI. Hence timely and intensive medical therapy in order 

to restore blood flow into the right coronary artery had a major role in improving 

outcomes in such patients. 

                 Taku Inohara et al, 2013
(15)

 also proposed that acute IWMI had an 

increased risk of mortality during hospitalization if RV involvement was present with 

a mortality of 17% for RV infarction and 6.3% in its absence. High incidence of 

refractory cardiogenic shock was the major cause of mortality with RV infarction.  

                  Kinn JW et al, 1995
(47)

 studied the value of reperfusion on hemodynamic 

status and assessment of hospital course in patients with right ventricular infarction. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/coronary-artery-disease
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinn%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=7594036
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They demonstrated that there was significant improvement of right atrial pressure, 

pulmonary capillary wedge pressure and right atrial/pulmonary capillary wedge 

pressure ratio as early as 8 h after successful reperfusion, and there was no 

hemodynamic improvement over 24 h in those without reperfusion. Increased 

mortality was observed in those persistently raised right atrial pressure. 

                 Dilip Pandurang Patil, 2018
(48)

 studied the complications of right 

ventricular infarction and stated that only less than 10% of the cases of RVMI are 

hemodynamically significant. They observed that the major complication was Left 

ventricular failure seen in 49.09% of cases. This was followed by Hypotension seen in 

about 23.64%, A.V. Block in 20.00%, Bundle Branch B. -16.36%, Ventricular 

Premature Beat in 10.91%, Ventricular Tachycardia in 3.64%, V.fibrillation in 3.64%, 

A.V. Dissociation and Atrial arrhythmia in 1.82%. Death occurred in 1.82%. Other 

complications include tricuspid regurgitation, right ventricular free wall rupture, and 

cardiac tamponade. They also observed that the presence of unexplained hypoxia 

despite administration of 100% oxygen in any patient with right ventricular infarction 

suggests the presence of right-to-left shunting at the atrial level either via a patent 

foramen ovale or an atrial septal defect, as a result of right ventricular failure and 

increased right atrial pressure. Moreover catheter–related perforation of the right 

ventricle is a major risk in those with extensive right ventricular necrosis and so 

insertion of pacemaker in these patients requires great attention to avoid this life 

threatening complication. 
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Management: 

 

                     The cornerstone in the management of RV infarction with hypotension 

has been volume loading as evidenced by studies in the past two decades. The central 

venous pressure was measured and if the estimated central venous pressure was <15 

mmHg in a patient with RV infarction with hypotension without pulmonary 

congestion the initial therapy had been volume expansion. This has been questioned 

by Taku Inohara et al 2013
(15)

 who studied the clinical implications of biventricular 

interdependence and the detrimental effect of excessive volume loading in those with 

RV infarction. The phenomenon of Biventricular interdependence is due to the shared 

interventricular septum and the surrounding pericardium. Following excess volume 

loading, there is disproportionate elevation of RV filling pressure which can lead to 

marked RV dilatation, elevation of intrapericardial pressure, and resultant equalization 

of RV and LV diastolic pressures. This would compromise the LV filling and 

precipitate a low-output state. Moreover, in isolated RV infarction, RV performance is 

predominantly due to a force generated by the interventricular septum. Those with 

intact LV-septal contraction were found to have a better prognosis. Damage to the 

interventricular septum significantly impairs RV emptying and worsens diastolic 

dysfunction, with an elevated filling pressure. RV infarction with associated septal 

dysfunction lacks the compensation from LV-septal contraction transmitted through 

systolic ventricular interaction, and so these patients present with hypotension and low 

cardiac output which are refractory to initial volume loading. In these situations, 

inotropic stimulation of contractility, using dobutamine usually, has consistently 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
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improved RV performance by enhancing global LV contraction and increasing 

paradoxical septal displacement into the right ventricle. The importance of the 

interventricular septum on RV performance was further stressed by the improvement 

of the interventricular septum wall contributing to recovery of RV function. 

 

                      Iqbal MZ et al, 1981
(49)

 assessed the efficacy of fluids and inotropes in 

a patient with right ventricular infarction complicated by cardiogenic shock. They 

found that volume expansion along with high doses of dopamine hydrochloride was 

insufficient and the patient required simultaneous use of counterpulsation and 

dobutamine therapy which lead to a substantial increase in cardiac output.  

                 Taku Inohara et al 2013
(15)

 assessed other treatment modalities in the 

management of RVMI patients, in addition to optimization of RV and LV preload 

with intravenous fluids, the administration of inotropic agents, and revascularization. 

These include maintenance of atrioventricular synchrony, intra-aortic balloon pump 

counterpulsation, and more intensive mechanical support, such as an emergent 

cardiopulmonary bypass and use of a ventricular assist device (VAD). The newer 

modalities in the management of RV shock can be grouped as such: (1) electrical 

stabilization device, including adequate heart rate and maintaining atrioventricular 

synchrony, (2) percutaneous implantable VAD (Tandem-Heart) and (3) percutaneous 

cardiopulmonary support (PCPS). 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24222834
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MATERIALS AND METHODS 

             75 patients who presented to the emergency department and intensive 

coronary care unit of Stanley Medical College with Inferior wall myocardial infarction 

between May 2018 and October 2018 were chosen for the study. This was a single 

centered cross-sectional study. 

 

INCLUSION CRITERIA 

• New inferior wall myocardial infarction 

• Within 12 hours of symptom onset 

• New ST elevation with ≥0.1 mV  at the J point in two or more  contiguous 

inferior leads (II, aVf , III)  

• Elevated cardiac biomarkers above the 99
th

 percentile Upper Reference Limit 

 

 

EXCLUSION CRITERIA 

• Anterior wall myocardial infarction 

• Prior heart failure  

• Chronic lung diseases like chronic obstructive pulmonary disease  

• Pulmonary hypertension 
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• Structural heart disease 

• Electrolyte disturbances 

• Pericarditis  

• Early repolarisation  

• Intracranial hemorrhage   

                                      

 

  METHODOLOGY 

               The study was carried out in patients admitted to the emergency department 

and intensive coronary care unit of Stanley medical college hospital with the first 

episode of acute coronary syndrome – IWMI, within 12 hours of symptom onset. 

Patients were chosen after applying inclusion and exclusion criteria till the sample size 

was achieved. After obtaining informed consent, patients‟ history and clinical 

examination findings were noted. Blood investigations like complete blood count, 

blood sugar, renal function tests, fasting lipid profile, cardiac biomarkers like creatine 

kinase MB and cardiac troponin I were carried out. A standard 12 lead ECG along 

with right sided leads was taken to determine associated RVMI/PWMI or both in 

those with IWMI. ST elevation in the leads V3R-V6R was taken as evidence of 

RVMI. Based on ECG criteria, patients were divided into 2 groups-those with isolated 

IWMI (n=46) and those with IWMI+RVMI/PWMI (n= 29). 
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                 A transthoracic echocardiogram was done in all patients within 24 hours of 

admission. Measurements were made using two dimensional, M-mode and 

conventional Doppler echocardiography as per American Society of 

Echocardiography guidelines. The measurements were repeated thrice with the mean 

values being taken. Right ventricular function was assessed using 2-D 

Echocardiogram by taking indices like RV Diastolic dysfunction, TAPSE (tricuspid 

annular plane systolic excursion), Myocardial Performance Index and RV wall motion 

abnormality. 

 

RV WALL MOTION ABNORMALITY 

                The presence or absence of RV wall motion abnormality was assessed 

qualitatively using different echocardiographic views. The wall motion of anterior and 

inferior wall of RV being assessed using the parasternal view of RV inflow. Wall 

motion of right ventricular outflow tract assessed using the parasternal short axis view 

of RVOT and a parasternal short axis view at the level of papillary muscle was used to 

assess anterior, lateral and inferior walls of RV. Wall motion of the lateral wall was 

assessed using the apical 4-chamber view. Based on these, the regional wall motion 

findings were labelled as akinetic, hypokinetic or normal. 

 

MYOCARDIAL PERFORMANCE INDEX (MPI) 

              The unique feature of myocardial performance index when compared to other 

indices of systolic function is that it is load independent and hence can be used in 

many volume overload conditions
(13).
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           In the apical 4 chamber view, the pulse wave Doppler records velocities at 

tricuspid inflow. This involves aligning the Doppler beam parallel to RV inflow and 

measurements were taken at the end of expiration. The following indices were noted- 

Trans-tricuspid early rapid filling velocity (E), peak atrial filling velocity (A), 

E/A ratio and E wave deceleration time. 

                The end of A wave which marked the tricuspid valve closure and the 

beginning of E wave which marked the tricuspid valve opening in the next cardiac 

cycle in the pulse wave Doppler tracing. The time interval between these gave the 

Tricuspid valve closure opening time (TCO).  

                Similarly, Pulsed Doppler recording at the RV outflow was done and the 

Ejection time (ET) was noted as time from onset to cessation of flow. TCO-ET 

divided by ET gave the myocardial performance index. 0.18–0.35 is taken as the 

normal reference value for RVMPI and a value of more than 0.44 is suggestive of RV 

dysfunction. A pulsed tissue Doppler velocity from the anterior tricuspid annulus was 

taken to avoid any variation in RR interval affecting the RVMPI. 0.34–0.46 is taken as 

normal value and a value of more than 0.54 is suggestive of RV dysfunction.  

 

RV DIASTOLIC DYSFUNCTION 

           A Trans-tricuspid E/A ratio was taken to assess RV diastolic dysfunction. 

According to the ACE guidelines
(13),

 RV diastolic dysfunction was graded as follows: 

1) Grade 1 dysfunction or impaired relaxation (tricuspid E/A ratio <0.8) 

2) Grade 2 dysfunction (tricuspid E/A ratio of 0.8–2.1) and 

3) Grade 3 dysfunction or restrictive filling (tricuspid E/A ratio >2.1) 
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TAPSE (Tricuspid Annular Plane Systolic Excursion) 

 

         The apical 4-chamber view was used to calculate TAPSE where the M-mode 

cursor was placed through tricuspid annulus at lateral RV free wall such that the 

annulus moved along with the M-mode cursor. At the peak of systole, the amount of 

longitudinal motion of annulus using the M-mode tracing was measured in millimetres 

to give the value of TAPSE.  

 

 

 STATISTICAL ANALYSIS 

             Data was entered in excel sheet and the analysis will be done using SPSS 

version 17. For numerical data mean and standard deviation were used, for continuous 

variable chi square was used and to find out the association of the two variables 

students‟„t‟test was used. P value < 0 .05 was accepted as statistically significant 
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                                                                     RESULTS: 

The results of clinical and echocardiographic evaluation of the 75 patients in the study 

are given below. 

 

 

I. CHARACTERISTICS OF STUDY POPULATION 

 

1.  FREQUENCY 

Table 1 and fig 1 show the distribution of cases of IWMI based on ECG. 

                                           

                                              Table 1 
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                                                 Fig 1 

 

 

Out of 75 patients with IWMI enrolled in the study the proportion of cases with 

associated RVMI was 28% and those with both RVMI and PWMI was 11% with the 

remaining 61% constituting isolated IWMI. 

 

2. AGE DISTRIBUTION 

The Table 2 and Fig 2 show the age wise distribution of all the patients in this study.     
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                                                       Table 2 

 

 
                                                    

                                                        Fig 2 

 

 
 

As it can be seen majority (41%) of patients were in the age group between 55- 65 

years. 
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The Table 3 and Fig 3 show the age wise distribution of those with isolated IWMI 

and those with associated RVMI in this study. 

                                                  

 

                                                           Table 3 
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                                                            Fig 3

 

 

On comparing the age distribution of patients with isolated IWMI and IWMI+RVMI, 

there was no statistical significance with respect to age groups. 

 

3. GENDER 

  

The table 4 and figure 4 show the sex distribution of the IWMI patients. 
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                                                        Table 4 

 

 

                                                          Fig 4 

 

In this study, 57% of population comprised of males and 43% comprised of females. 
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The Table 5 and Fig 5 show the sex distribution of those with isolated IWMI and 

those with associated RVMI in this study. 

                                           

                                                            Table 5 

                                    

                                                    

 

 

 

 



 

57 
 

 

                                                               Fig 5 

 

 

On comparing the sex distribution of patients with isolated IWMI and IWMI+RVMI, 

there was no statistical significance with respect to gender. 

 

4. SYMPTOMS  

CHEST PAIN:  

The table 6 and figure 6 show the distribution of the IWMI patients who 

presented with chest pain as the initial symptom of IWMI. 
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                                                   Table 6 

 

                                                    Fig 6 

 

Out of 75 patients, 59% of cases had chest pain as their presenting complaint. 
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OTHER SYMPTOMS: 

Table 7 shows the symptom (in addition to chest pain) analysis of the patients in the 

study. Some of them had more than one complaint and chest pain was seen in more 

than half of them. 

                                               

                                                       Table 7 
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5. KILLIP’s Class on admission 

The table 8 and figure 7 show the Killip‟s class of the IWMI patients on 

admission. 

                                                      Table 8 

 

                                                        Fig 7 
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Majority (85.3%) of patients with IWMI presented in Killip class I. 

 

6. RISK FACTORS 

The table 9 shows the risk factor characteristics of the patients enrolled in the 

study. Majority had more than one risk factor. 

                                          Table 9 
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The Table 10 shows the distribution of the presenting symptoms and risk factors of 

those with isolated IWMI and those with associated RVMI in this study. 

                                                         Table 10 
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On comparing the distribution of symptoms and risk factors of patients with isolated 

IWMI and IWMI+RVMI, there was no statistical significance found. 

 

II. ECHOCARDIOGRAPHY 

 

1. RIGHT VENTRICULAR WALL MOTION 

ABNORMALITIES 

Table 11 and fig 8 show the Right ventricular wall motion abnormalities observed in 

the population. 

                                                   Table 11 
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                                                 Fig 8 

 

The Table 12 and Fig 9 show the comparison of right ventricular wall motion 

abnormalities observed in those with isolated IWMI and those with associated RVMI 

in this study. 
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                                                    Table 12 

 

                                                   Fig 9 
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Abnormalities in wall motion were seen in 35 patients (47%). Out of which Akinesia 

was observed in 7 persons with IWMI+RVMI but none in the IWMI group. 

Hypokinesia was observed in 22(71%) persons with IWMI+RVMI and 6 persons 

(13.6%) with IWMI. Thus echocardiography was able to identify RV dysfunction in 

13.6% of patients without evidence of RVMI on ECG. 

The difference in wall motion between the two groups was statistically significant (P 

value< 0.001) 

 

2. MYOCARDIAL PERFORMANCE INDEX(MPI) 

Table 13 and Fig 10 show the Myocardial performance indices of the IWMI patients 

observed in this study. 

                                                          Table 13 
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                                                          Fig 10 

 

 Table 14, Fig 11 and Fig 12 show the comparison of Myocardial performance 

indices observed in those with isolated IWMI and those with associated RVMI in this 

study. 
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                                                       Table 14 

 

                                                         

                                                       Fig 11 
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                                                Fig 12 

 

Statistically significant (P value 0.001) increase in MPI values was seen in those with 

IWMI+RVMI (mean 0.72) compared to those with IWMI alone (mean 0.43) 

 

3. TRICUSPID ANNULAR PLANE SYSTOLIC EXCURSION 

(TAPSE) 

Table 15 and Fig 13 show the distribution of Tricuspid annular plane systolic 

excursion (TAPSE) values of the IWMI patients observed in this study. 

                         

 

 

 

 

 



 

70 
 

                                Table 15 

 

                                                          Fig 13 

 

 

Table 16, Fig 14 and Fig 15 show the comparison of Tricuspid annular plane systolic 

excursion (TAPSE) values observed in those with isolated IWMI and those with 

associated RVMI in this study 
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                                                          Table 16 

 

 

                                                        Fig 14 
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                                                         Fig 15 

 

Statistically significant (P value 0.001) decrease in TAPSE values was seen in those 

with IWMI+RVMI (mean 16.17) compared to those with IWMI alone (mean 21.76) 

 

 

4. RIGHT VENTRICULAR DIASTOLIC DYSFUNCTION  

Fig 16 shows the comparison of Right ventricular diastolic dysfunction using E/A 

ratio values of the IWMI patients observed in this study. 
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                                                       Fig 16 

 

The mean E/A ratio was lower (1.12) in those with IWMI compared to 1.45 in those 

with IWMI+RVMI. 

5. LEFT VENTRICULAR EJECTION FRACTION (LVEF) 

Fig 17 shows the comparison of Left ventricular ejection fraction LVEF values of the 

IWMI patients observed in this study. 
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                                                       Fig 17 

 

 

The mean left ventricular ejection fraction was 57.7 in those with IWMI and 50.2 in 

those with IWMI+RVMI. Thus the LVEF was significantly lower in those with RV 

dysfunction.. 

 

Table 17 sums up the comparison of the echocardographic parameters of RV diastolic 

dysfunction, Myocardial performance index, Tricuspid annular plane systolic 

excursion (TAPSE) and Left ventricular ejection fraction in those with IWMI and 

IWMI+RVMI, all of which are statistically significant(p value<0.001). 
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                                                    Table 17 
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3. OUTCOME 

Table 18 and Fig 18 show the outcome of the IWMI patients observed in this 

study. 

                                                    Table 18 

 

                                                        Fig 18 

 

Out of 75 patients admitted with IWMI, 71(95%) patients were discharged and 4(5%) 

patients had in hospital mortality. 
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Table 19 shows the comparison of the outcomes among those with IWMI and 

IWMI+RVMI. 

                                             

                                                            Table 19 

 

Though the mortality rate was lower in the IWMI group as compared to those with 

IWMI+ RVMI, the difference in mortality between the two groups was not 

statistically significant (P value 0.125) 
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DISCUSSION 

                   The most common cause of death worldwide is ischemic heart disease 

Murray CJL et al,1997
(50)

 .  It was observed that those who presented with ST-

segment elevation myocardial infarction had a higher risk of mortality at 30 days than 

those without ST elevation-Gusto IIb trial 
(51). 

 

                  Sanders et al,1930
(16)

 reported the first case of right ventricular infarction 

following postmortem examinations in those who presented with a clinical syndrome 

of hypotension, elevated jugular venous pressure, and clear lung fields. The autopsies 

revealed extensive RV necrosis and minimal left ventricular (LV) involvement.    

                  About 20% to 50% of cases of inferior wall MI are associated with RVMI 

as evidenced by several studies. Hemodynamically significant RVMI was found in 

less than 10% (Gopalan Nair Rajesh,et al, 2013)
(37) 

In our study out of 75 patients 

with IWMI enrolled, the proportion of cases with associated RVMI was 28% and 

those with both RVMI and PWMI was 11% with the remaining 61% constituting 

isolated IWMI(Table1 and fig1). 

                    Our study shows an increased prevalence of IWMI and RVMI in patients 

aged 55- 65 years (41% and 48% respectively) (Table2 and fig 2).On comparing the 

age distribution of patients with isolated IWMI and IWMI+RVMI, there was no 

statistical significance with respect to age groups (Table 3 and fig 3). Kumar et al, 

2013
(52)

 in their study on inferior wall myocardial infarction in a semi urban 

population in India found that the mean age of the population was 47 years.  Alice K. 



 

79 
 

Jacobs et al, 2003
(44)

 observed that patients with RV shock were relatively younger 

when compared to those with LV shock. 

                   57% of study population comprised of males and 43% comprised of 

females (Table 4 and fig 4). According to Sony Manuel et al, 2013
(41)

 80% of the 

cases in their study were males and the M: F was 4:1, and in the GUSTO IIb study
(51)

 

the M: F ratio was 3:1 ratio. On comparing the sex distribution of patients with 

isolated IWMI and IWMI+RVMI, there was no statistical significance with respect to 

gender (Table 5 and fig 5). 

•                    The most common symptom of any patient presenting with MI is 

central chest pain lasting >20 minutes. This was seen in 59 % of our patients 

(Table 6 and fig 6). Other common presenting symptoms included diaphoresis 

(33%), dyspnea (29 %) and epigastric pain (21%) (Table 7). As it can be seen 

from Table7, atypical symptoms of epigastric pain and vomiting were seen in a 

substantial proportion of patients. On comparing the distribution of presenting 

symptoms of patients with isolated IWMI and IWMI+RVMI, there was no 

statistical significance found (Table 10). In a study MICEVSKI V.,1997
(53)

 on 

symptomatology of myocardial infarction, he found that chest pain was the 

most common presenting complaint in both women and men, followed by 

dyspnea and there was no statistical significance in these. Whereas on 

analysing the atypical complaints, it was noted that females often presented 

with more back discomfort and less frequently with arm discomfort. Vomiting 

was frequently noted as a presenting feature in women, whereas men presented 

more often with diaphoresis. 
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                 Majority of patients (85.3%) in our study presented in Killip‟s class I stage 

with Killip‟s class IV observed in 6% of patients (Table 8 and Fig 7). This was similar 

to the pattern observed by Sony Manuel et al, 2013
(41)

 and CC Escosteguy et al, 

2003
(54)

 where 77% and 82.6% of patients presented in Killip‟s class I respectively. 

                 On comparing the risk factors for CAD, hypertension was present in 56%, 

diabetes was present in 64%. 33% of the population had both diabetes and 

hypertension. Smoking as a risk factor was present in 26.7 % and 29.3% were chronic 

alcoholics (Table 9). Whereas in the Gusto II b trial
(51)

, hypertension and tobacco use 

were present in 30–40% of patients with an ACS and diabetes was present in 15–20%. 

On comparing the distribution of symptoms and risk factors of patients with isolated 

IWMI and IWMI+RVMI, there was no statistical significance found(Table 10). 

 

ECHOCARDIOGRAPHY 

                 In our study, echocardiography was able to identify RV dysfunction in 

13.6% of patients without evidence of RVMI on ECG. This mandates the need for 

echocardiographic assessment of right ventricular function due to the poor sensitivity 

of ECG. But echocardiographic assessment of RV function has its own fallacies 

because of the complex geometry of RV and the fact that contraction of both the 

septum and the RV free wall would contribute to the RV ejection fraction. 

                 Abnormalities in right ventricular wall motion were seen in 35 patients 

(47%). Out of which akinesia was observed in 7 persons with IWMI+RVMI but none 

in the IWMI group. Hypokinesia was observed in 22(71%) persons with 

IWMI+RVMI and 6 persons (13.6%) with IWMI (Tables 11, 12 and fig 8, 9). The 
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difference in wall motion between the two groups was statistically significant (P value 

<0.001). In a study by Gopalan Nair Rajesh,et al, 2013
(37) 

right ventricular wall 

motion abnormalities was found in 73% of patients in group 1 in this study and found 

to correlate with proximal RCA stenosis. But the disadvantage is that assessment of 

RV wall motion abnormalities is subjective and difficult when echocardiographic 

windows are poor. Moreover this is not specific since RV wall motion abnormalities 

can be present in other conditions like pulmonary embolism and pulmonary 

hypertension
(52)  

. Raghothaman Sethumadhavan et al,2018
(14)

 in their study showed 

that Right ventricular contractility was insignificant in detecting RVMI.  

              Statistically significant (P value 0.001) increase in MPI values was seen in 

those with IWMI+RVMI (mean 0.72) compared to those with IWMI alone (mean 

0.43) (Tables 13, 14 and fig 10, 11, 12). Gopalan Nair Rajesh, et al, 2013
(37) 

MPI-

TDI greater than or equal to 0.55 was indicative of RV systolic dysfunction and an 

MPI-TDI greater than or equal to 0.69 had a sensitivity of 94.7% and specificity of 

93.5% in predicting RV dysfunction which was similar to the findings in our 

study.  Raghothaman Sethumadhavan et al, 2018
(14)

  stated that Myocardial 

performance index was raised to nearly two-fold the reference values in patients with 

RVMI and was found to correlate with increase in mortality in those with RV 

dysfunction. 

                TAPSE is considered to be a measure of RV longitudinal function and 

found to correlate well with techniques assessing RV global systolic function, like 

radionuclide-derived RV EF, 2D RV FAC, and 2D RV EF. RV systolic dysfunction is 

indicated by a TAPSE < 16 mm (Rudski LG et al, 2010
(36)

). On assessing TAPSE in 

https://www.sciencedirect.com/topics/nursing-and-health-professions/systolic-dysfunction
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patients with IWMI in our study, statistically significant (P value 0.001) decrease in 

TAPSE values was seen in those with IWMI+RVMI (mean 16.17) compared to those 

with IWMI alone (mean 21.76) (Tables 15, 16 and fig 13, 14, 15). Gopalan Nair 

Rajesh,et al, 2013
(37) 

 observed that TAPSE was significantly lower in those patients 

with proximal RCA lesion and TAPSE less than or equal to 16 had a sensitivity of 

92.3% and specificity of 100% in predicting proximal RCA lesion.  

 

                  A Trans-tricuspid E/A ratio was taken to assess RV diastolic dysfunction.  

According to the ACE guidelines
(13),

 RV diastolic dysfunction was graded as follows: 

1. Grade 1 dysfunction or impaired relaxation (tricuspid E/A ratio <0.8) 

2. Grade 2 dysfunction (tricuspid E/A ratio of 0.8–2.1) and 

3. Grade 3 dysfunction or restrictive filling (tricuspid E/A ratio >2.1) 

                  The mean E/A ratio was lower (1.12) in those with IWMI compared to 

1.45 in those with IWMI+RVMI. (Fig 13) Right ventricular diastolic dysfunction was 

significantly higher in those with associated RVMI and the results were statistically 

significant. (p value<0.001). This was similar to the results obtained by Sony Manuel 

et al, 2013
(41)

. 

 

                    The mean left ventricular ejection fraction was 57.7 in those with IWMI 

and 50.2 in those with IWMI+RVMI. Thus the LVEF was lower in those with RV 

dysfunction which was statistically significant (p value<0.001). ). Gopalan Nair 

Rajesh,et al, 2013
(37) 

  also noted in their study that left ventricular ejection fraction 

was significantly lower in those with RV dysfunction. 
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OUTCOME  

 

                  Out of 75 patients admitted with IWMI, 71(95%) patients were discharged 

and 4 (5%) patients had in hospital mortality, the causes of death being cardiogenic 

shock or ventricular tachycardia. Though the mortality rate was lower in the IWMI 

group as compared to those with IWMI+ RVMI, the difference in mortality between 

the two groups was not statistically significant (P value 0.125). 

 

                  In a study by Maynard C et al, 1992
(55)

 it was found that women with 

myocardial infarction were older with previous history of hypertension and congestive 

heart failure. They were less often subject to thrombolytic therapy. Moreover they less 

often subject to coronary angiography and angioplasty despite the presence of high 

levels of risk factors and mortality.  

 

                 Conduction disturbances were noted in 21 persons with IWMI+RVMI 

(28%) and in only 6 persons (8%) with isolated IWMI. These conduction disturbances 

were in the form of atrioventricular blocks (in the majority) and ventricular 

tachycardia (noted in 2 persons). This was similar to the observations noted by 

Raghothaman Sethumadhavan et al, 2018
(14)

 with conduction disturbances 

complicating 28% of those with IWMI+RVMI and 10% in those with isolated RVMI.  
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                   Cardiogenic shock was observed in 9.3% of people with IWMI+RVMI 

but none in those with isolated IWMI. This was in keeping with the observation made 

by Raghothaman Sethumadhavan et al, 2018
(14)

 wherein cardiogenic shock was 

observed in 7% with IWMI+RVMI.  
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CONCLUSION: 

 

 There was no significant difference with respect to age, sex or symptoms at 

presentation in those with right ventricular myocardial infarction. 

 Electrocardiography in the diagnosis of RVMI is not as sensitive which mandates the 

need for echocardiography.  

 Right ventricular wall motion abnormalities, of RV diastolic dysfunction, Right 

ventricular Myocardial performance index, Tricuspid annular plane systolic excursion 

(TAPSE) are useful echocardiographic parameters in the assessment of right 

ventricular dysfunction. Of these, the RV MPI had a higher sensitivity in predicting 

right ventricular involvement and mortality. 

 RV involvement in a patient with IWMI is an independent risk factor for major 

complications like conduction disturbances and cardiogenic shock.  

 Though the in-hospital mortality after acute inferior MI did not differ much in those 

with IWMI and IWMI+RVMI in our study, this was probably attributed to the smaller 

sample size of the study group. 
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LIMITATIONS: 

There were some limitations to our study which are as follows: 

1. The sample size of the study population was relatively small in our study. 

2. Patients with evidence of inferior wall myocardial infarction on ECG were 

categorized into those with isolated IWMI and those with IWMI+RVMI. Thus 

those with isolated RVMI could not be picked up and included in the study. 

3. No coronary angiographic correlation was done to assess the actual sensitivities 

and specificities of the various echocardiographic parameters. 
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PROFORMA 

 

NAME 

AGE                         SEX                              ADDRESS 

CONTACT 

PRESENTING COMPLAINTS 

Chest pain,epigastric pain or pain that radiates to the shoulders, upper extremities, 

neck, jaw, and interscapular region 

Palpitations 

Syncope 

Dyspnea 

Cough with pink frothy or blood streaked sputum 

Diaphoresis  

Nausea and vomiting 

Profound weakness, dizziness  

Altered mental status 

 

PAST HISTORY 

 

PERSONAL HISTORY 

 

DRUG HISTORY 

 

GENERAL EXAMINATION 
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Vitals  

RELEVANT SYSTEMIC EXAMINATION 

 CVS 

 RS 

 ABDOMEN 

 CNS 

 

LAB INVESTIGATIONS: 

 

Standard 12 lead ECG 

 

ECHOCARDIOGRAM 

 

Cardiac biomarkers 
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MASTER CHART 

Patient Age Sex

Chest 

pain 

Diaphore

sis

Palpitati

ons Dyspnea Syncope vomiting 

epigastri

c pain

Killips 

class

Time 

lapse

Troponin 

I ECG

RV wall 

motion

RV 

diastolic 

dysfuncti

on(E/A)

Myocardi

al 

performa

nce 

index TAPSE LVEF SBP DBP SHT DM Smoking Alcohol

conducti

on 

disturban

ces Outcome

P1 57 M yes yes yes no no no no 1 4hours positive

IWMI+RV

MI

Hypokine

tic 1.36 0.75 17 52 100 70 no yes yes yes yes

Discharg

ed

P2 53 F yes no no yes no no no 1 8.5 hours positive

IWMI+RV

MI+PWM

I akinetic 1.42 0.81 16 48 100 60 no yes no no yes

Discharg

ed

P3 49 M yes no no no no no no 1 5.5 hours positive IWMI normal 1.12 0.38 23 55 140 80 yes yes yes no yes

Discharg

ed

P4 51 F no no no yes no no no 2 10 hours positive IWMI

Hypokine

tic 1.36 0.62 16 50 105 60 no yes no no no

Discharg

ed

P5 72 F no no no yes no no no 4 9 hours positive

IWMI+RV

MI+PWM

I

Hypokine

tic 1.56 0.85 17 40 80 60 no yes no no yes Death

P6 66 M yes yes no no no no no 1 5 hours positive IWMI

Hypokine

tic 1.57 0.64 16 52 130 80 yes no no yes no

Discharg

ed

P7 62 F yes yes yes yes no yes no 2 6 hours positive

IWMI+RV

MI akinetic 1.55 0.67 15 48 100 70 yes yes no no no

Discharg

ed

P8 34 M yes yes yes no no no no 1 4 hours positive IWMI normal 1.1 0.46 24 60 120 80 no no no no no

Discharg

ed

P9 45 M yes no no no no no no 1 4.5 hours positive IWMI

Hypokine

tic 1.54 0.67 16 52 130 90 no no yes yes yes

Discharg

ed

P10 61 F no no no yes no no no 1 7.5 hours positive IWMI normal 1.24 0.38 23 55 110 70 no Yes No No no

Discharg

ed

P11 48 M yes no no yes no no no 1 10 hours positive

IWMI+RV

MI

Hypokine

tic 1.04 0.66 16 50 110 70 yes no no no no

Discharg

ed

P12 60 M no yes yes no no no no 1 11 hours positive IWMI normal 1.04 0.38 24 60 120 70 yes yes no yes no

Discharg

ed

P13 58 M no no no no no no yes 1 4 hours positive IWMI normal 0.91 0.49 20 60 160 100 yes yes no yes no

Discharg

ed

P14 54 F no no no yes no no no 2 9 hours positive

IWMI+RV

MI

Hypokine

tic 1.48 0.6 17 52 90 60 yes no no no yes

Discharg

ed

P15 73 M yes no no no no no no 1 7 hours positive IWMI normal 1.12 0.43 22 64 140 90 yes yes yes yes no

Discharg

ed

P16 52 F yes yes yes no no no no 1 4 hours positive IWMI normal 1.14 0.44 24 62 130 90 no yes no no no

Discharg

ed

P17 44 M no no no no no yes yes 1 9 hours positive

IWMI+RV

MI normal 1.24 0.58 16 50 106 50 yes no no yes yes

Discharg

ed

P18 54 F yes no no yes no no no 1 5 hours positive

IWMI+RV

MI

Hypokine

tic 1.15 0.65 16 52 140 90 yes yes no no yes

Discharg

ed

P19 51 M no no no no no no yes 1 6.5 hours positive IWMI normal 1.06 0.38 24 57 130 80 yes no yes no no

Discharg

ed

P20 53 F yes no no no no no no 1 8 hours positive IWMI

Hypokine

tic 1.46 0.62 17 51 120 80 no yes no no no

Discharg

ed

P21 59 M yes yes yes no no no no 1 9 hours positive

IWMI+RV

MI akinetic 1.58 0.74 16 50 120 80 yes yes no no no

Discharg

ed

P22 44 M no yes no no no no no 1 4 hours positive IWMI normal 0.94 0.45 22 62 100 70 no yes no no yes

Discharg

ed

P23 45 M no yes no no no no no 1 4.5 hours positive IWMI normal 1.04 0.38 23 60 120 60 no yes no no no

Discharg

ed

P24 49 F yes no no no no yes no 1 11 hours positive

IWMI+RV

MI akinetic 1.64 0.88 16 52 130 90 yes no no no yes

Discharg

ed

P25 55 M yes yes no no no no no 1

10.5 

hours positive IWMI normal 1.26 0.42 25 58 120 80 yes yes yes yes no

Discharg

ed

P26 50 M yes no no no no no no 1 9 hours positive IWMI normal 1.21 0.36 24 56 130 80 yes no no yes no

Discharg

ed

P27 55 F no no no no no yes yes 4 11 hours positive

IWMI+RV

MI+PWM

I akinetic 1.53 0.82 15 48 90 50 no yes no no yes

Discharg

ed

P28 56 M yes no no no no no no 1 4 hours positive

IWMI+RV

MI

Hypokine

tic 1.48 0.71 18 51 100 70 yes no no no no

Discharg

ed

P29 68 F no no no yes no no no 1 5 hours positive IWMI normal 1.13 0.39 23 60 120 80 no no no no no

Discharg

ed

P30 62 M no yes no no no no no 1 9 hours positive IWMI normal 1.04 0.38 24 62 130 90 no no yes yes no

Discharg

ed

P31 50 M no no no no no no yes 1 5.5 hours positive

IWMI+RV

MI

Hypokine

tic 1.42 0.62 16 52 140 90 yes yes no yes yes

Discharg

ed

P32 58 F no no no no no yes yes 4 9 hours positive

IWMI+RV

MI+PWM

I

Hypokine

tic 1.59 0.74 16 54 90 60 no yes no no yes

Discharg

ed

P33 59 M yes no no no no no no 1 4.5 hours positive IWMI normal 1.05 0.44 24 55 130 90 no yes yes no no

Discharg

ed

P34 66 M no no no yes no no no 1 6 hours positive IWMI normal 1.23 0.39 23 58 120 80 yes yes no yes no

Discharg

ed

P35 51 M yes no no no no no no 1 8 hours positive IWMI

Hypokine

tic 1.55 0.61 16 51 110 80 yes yes no no no

Discharg

ed

P36 53 F yes no no yes no no no 2 7.5 hours positive

IWMI+RV

MI

Hypokine

tic 1.58 0.81 15 48 110 80 no yes no no yes

Discharg

ed

P37 65 F yes no no no no no no 1 9 hours positive IWMI normal 1.08 0.46 24 60 140 90 yes no no no no

Discharg

ed

P38 59 M no no no no no no yes 1 5 hours positive

IWMI+RV

MI

Hypokine

tic 1.36 0.69 16 52 130 70 no no no no no

Discharg

ed

P39 53 F yes no no no no no no 1 4 hours positive

IWMI+RV

MI+PWM

I

Hypokine

tic 1.53 0.64 16 50 130 70 yes yes no no yes

Discharg

ed

P40 60 M no no no yes no no no 1 8.5 hours positive IWMI normal 1.11 0.38 25 64 120 70 no no yes no no

Discharg

ed

P41 44 M yes no no no no no no 1 6 hours positive

IWMI+RV

MI akinetic 1.38 0.85 16 48 140 80 yes yes no yes yes

Discharg

ed

P42 67 F yes yes no no no no no 1 5.5 hours positive IWMI normal 1.38 0.36 23 58 140 90 yes yes no no no

Discharg

ed

P43 55 M yes no no no no no no 1 8 hours positive

IWMI+RV

MI

Hypokine

tic 1.55 0.68 18 52 100 70 no yes yes yes no Death

P44 53 F yes yes no no no no no 1 12 hours positive IWMI normal 1.04 0.42 22 55 130 80 yes yes no no yes

Discharg

ed

P45 56 F yes no no no no yes no 1 8 hours positive IWMI normal 1.43 0.38 24 57 110 70 no no no no no

Discharg

ed

P46 60 M yes no no yes no no no 1 4.5 hours positive

IWMI+RV

MI

Hypokine

tic 1.46 0.59 16 53 150 80 yes yes yes no yes

Discharg

ed

P47 62 F yes yes yes no no no no 1 5 hours positive IWMI normal 1.19 0.38 24 55 140 90 yes yes no no no

Discharg

ed

P48 59 M yes yes no yes no no no 1 10 hours positive IWMI normal 1.06 0.44 22 60 110 70 yes no yes no no

Discharg

ed

P49 54 M yes yes yes yes no no no 4 7.5 hours positive

IWMI+RV

MI+PWM

I

Hypokine

tic 1.44 0.65 16 48 80 50 yes yes no no yes

Discharg

ed

P50 60 M yes yes no yes no no no 1 11 hours positive IWMI normal 1.05 0.4 20 57 110 70 no yes yes yes no

Discharg

ed

P51 66 F no yes no yes no no no 1 10 hours positive IWMI normal 1.33 0.37 18 55 130 80 no no no no yes

Discharg

ed

P52 65 M no no no no no no yes 1 4 hours positive IWMI

Hypokine

tic 1.57 0.59 16 52 110 80 no yes no no no

Discharg

ed

P53 53 F yes yes no no no no no 1 6 hours positive IWMI normal 1.36 0.41 22 60 140 80 yes no no no no

Discharg

ed

P54 51 M yes no no no no no no 1 9.5 hours positive IWMI normal 1.24 0.43 24 62 150 90 yes yes yes yes no

Discharg

ed

P55 55 F no no no yes no yes yes 4 11 hours positive

IWMI+RV

MI+PWM

I

Hypokine

tic 1.62 0.87 16 52 50 ? no yes no no yes Death

P56 54 M yes yes no no no no no 1 10 hours positive IWMI normal 1.05 0.38 24 64 120 90 no no yes yes no

Discharg

ed

P57 57 F yes yes no yes no no no 2 4.5 hours positive

IWMI+RV

MI

Hypokine

tic 1.51 0.74 18 51 140 80 yes yes no no no

Discharg

ed

P58 47 M no yes no no no no no 1 5 hours positive

IWMI+RV

MI

Hypokine

tic 1.45 0.63 16 50 130 80 no yes no yes yes

Discharg

ed

P59 58 M no no no no no no yes 1 7.5 hours positive IWMI normal 1.12 0.43 24 65 130 70 yes no yes no no

Discharg

ed

P60 50 F yes no no no no no no 1

10.5 

hours positive IWMI normal 1.54 0.4 22 62 110 70 no yes no no no

Discharg

ed

P61 52 F yes no no yes no no no 1 4.5 hours positive IWMI normal 1.42 0.39 16 60 110 70 yes yes no no no

Discharg

ed

P62 69 M no no no yes no no yes 1 5 hours positive

IWMI+RV

MI

Hypokine

tic 1.51 0.59 16 52 110 80 yes no yes no yes

Discharg

ed

P63 70 M no no no no no yes yes 1 8.5 hours positive IWMI normal 1.45 0.41 24 60 130 80 yes yes no no no Death

P64 59 F yes no no no no no no 1 7 hours positive IWMI normal 1.06 0.37 20 58 120 80 no no no no no

Discharg

ed

P65 54 M yes yes yes no no no no 1 5.5 hours positive IWMI normal 1.08 0.38 24 55 110 70 yes no no yes no

Discharg

ed

P66 57 F no no no no yes yes yes 4 9 hours positive

IWMI+RV

MI+PWM

I

Hypokine

tic 1.42 0.83 16 52 70 50 yes yes no no yes

Discharg

ed

P67 61 M yes no no no no no no 1  5 hours positive IWMI normal 1.56 0.42 22 58 130 80 no no no yes no

Discharg

ed

P68 68 F no yes no no no no no 1 10 hours positive IWMI normal 1.49 0.44 18 56 120 80 yes yes no no yes

Discharg

ed

P69 69 F yes no no no no no no 1 7.5 hours positive

IWMI+RV

MI akinetic 1.58 0.9 15 48 140 90 yes yes no no no

Discharg

ed

P70 55 M no no no yes no no no 1 4 hours positive

IWMI+RV

MI

hypokine

tic 1.64 0.57 16 50 110 80 no yes yes yes no

Discharg

ed

P71 54 F no no no no no no yes 1 5 hours positive IWMI normal 1.49 0.45 24 55 100 70 no no no no no

Discharg

ed

P72 63 M yes no no no no no no 1 4.5 hours positive IWMI normal 1.08 0.39 20 56 150 90 yes no no yes yes

Discharg

ed

P73 69 F no yes no no no yes yes 1 6 hours positive IWMI normal 1.46 0.37 22 58 160 90 yes no no no no

Discharg

ed

P74 58 M yes no no no no no no 1 3 hours positive

IWMI+RV

MI

Hypokine

tic 1.75 0.74 16 50 110 70 no yes yes no yes

Discharg

ed

p75 43 M no no no no no no yes 1 9 hours positive IWMI normal 1.48 0.42 24 55 120 80 yes yes yes no no

Discharg

ed

 






