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Introduction

Inferior wall myocardial infarction in complicated by right 
ventricular infarction (RVMI) in as much as 50% of  cases. In 
a series by Anderson et al., in 1989, the incidence of  RVMI in 
patients with inferior wall myocardial infarction was between 10 – 
50%. Isolated infarction of  the right ventricle is extremely rare [1].

Although right ventricular infarction is clinically evident in a 
sizable number of  cases, the incidence is considerably less than 
that found at autopsy.1 A major reason for the discrepancy is the 
difficulty in establishing the presence of  RVMI in living patients 
[2, 3].

In patients with RVMI, the risk of  death in the hospital is high 
and major complications are greater. Right ventricular infarction 
contributes markedly to hemodynamic instability, atrio-ventricular 
conduction blocks, and in-hospital mortality in patients with 
inferior wall myocardial infarction. Systolic right ventricular 

function is an important predictor in the course of  myocardial 
infarction. Despite this initial observation nearly two decades 
ago, this condition has received little clinical attention until recent 
years [4, 5].

According to the Shock Trial Registry 38, despite the younger 
age, lower rate of  anterior MI, and higher prevalence of  single 
vessel coronary disease of  RV compared with LV shock patients, 
and their similar benefit from revascularization, mortality is 
unexpectedly high in patients with predominant RV shock and 
similar to patients with LV shock [6].

Cardiogenic shock and the requirement for temporary transvenous 
cardiac pacing are more common in patients with right ventricular 
dilatation. Furthermore, by implying multivessel coronary artery 
disease, the presence of  right ventricular dysfunction carries 
an adverse prognosis irrespective of  infarct location [7]. The 
demonstration of  right ventricular dysfunction is important 
because it is often associated with a distinct clinical syndrome 
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requiring specific management. In the presence of  low cardiac 
output volume loading to restore left ventricular filling pressure is 
required [8, 9]. Inappropriate vasodilator and/or diuretic therapy 
may prove fatal. Information about right ventricular function 
can be applied in thrombolysis decision making when a relative 
contraindication is present. In fact, the findings of  one study 
suggested that patients with inferior myocardial infarction derived 
no benefit from thrombolysis in the absence of  right ventricular 
involvement. Interest in recognizing right ventricular infarction 
non-invasively has grown because of  the therapeutic implications 
of  distinguishing patients with right ventricular dysfunction from 
those without right ventricular dysfunction [10].

Materials and Methods

The present study was carried out period from November-2017 to 
October 2018 in Department of  Cardiology, Meenakshi Medical 
College and Research Institute, Kanchipuram. Ethical clearance 
was obtained from institution ethical committee. The study is a 
prospective case control study involved 124 patients. Both male 
(78) and female (26) patients are selected for the study. There was 
no age limit in our study population with a first Q wave acute 
inferior myocardial infarction with or without RVMI.

Experimental Design

The patients were divided into two groups:

Group 1 - Patients with IWMI with RVMI (n = 51)
Group 2 - Patients with IWMI without RVMI (n = 73)

Out of  the 124 patients, 20 patients (7 from Group 1 & 13 from 
Group 2) were excluded from the study due to various reasons 
described below.

20 patients were excluded from the study due to- Delayed 
presentation >2 days after onset of  chest pain (n=8) and Presence 
of  preexisting cardiac dysfunction due to myocardial infarction, 
corpulmonale, DCM or valvular heart disease (n=6)-Atrial 
fibrillation (n=1) - Technically inadequate echo (n=5).

Finally, Group 1 (IWMI with RVMI) consisted of  44 patients and 
Group 2 (IWMI without RVMI) consisted of  60 patients, and 
these 104 patients underwent clinical evaluation, investigations 
including EKG, Echocardiography and coronary angiography in 
whom-ever it was feasible.

Electrocardiography

ECG changes, including an ST segmental elevation of  greater 
than 0.1 mV with or without Q waves in at least two of  the leads 
II, III, and aVF, also were required. In all patients, a standard 12 
lead ECG and right precordial leads (V3 to V6R) were recorded 
at hospitalization. A 1mm ST segment elevation with or without 
Q waves in V4R lead was required to diagnose the involvement 
of  the right ventricle.

Echocardiography

Transthoracic echocardiography was performed in each patient 
using a Philips HD7.

echocardiography machine with a 3.5 MHz transducer including 
second harmonic and tissue Doppler imaging technology. 
Echocardiography was done within 24 hours of  symptom onset 
whenever technically possible and in all patients within 48 hours 
of  symptom onset. Subjects were examined in supine, left-
lateral position. They underwent conventional M-mode and two 
dimensional echocardiography from a left parasternal and apical 
window. The baseline LV volumes and ejection fraction were 
calculated by Simpson’s biplane method.

The following measurements were done using Philips HD7. RT 
echo machine:

- RV dimensions
- RV contractile function & Inter-ventricular septum movement
- Tricuspid regurgitation jet & Pulmonary artery systolic pressure
- Tricuspid annular movement - M-mode
- Doppler tissue imaging – lateral & septal wall systolic/early, late 
diastolic velocities
- Myocardial performance index (Tei index)

RV Dimensions

Right and left ventricular end diastolic diameters in the supine 
position using the same M-mode cross-section in the parasternal 
long axis view. Normal values were defined as less than 26 mm for 
the right ventricular end diastolic diameter, greater than 37 mm 
for the left ventricular end diastolic diameter, and less than 0.5 for 
the ratio of  the right ventricular diameter to the left ventricular 
diameter 26.

Right ventricular contractile function

Right ventricular wall motion was assessed in parasternal long 
axis, parasternal short axis, RV inflow and apical four chamber 
views. The right ventricle was divided into anterior wall of  RVOT, 
anterior free wall, lateral free wall and inferior wall. Each segment 
was analyzed as normal, hypokinetic, akinetic and dyskinetic.

Results

During the study period, 104 patients were evaluated and 
underwent a complete echo-Doppler examination. Among these 
patients, 44 had an RVMI, and constituted Group 1, and the 
remaining 60 patients had an inferior wall myocardial infarction 
without right ventricular involvement (Group 2).

Most of  the patients were in the age group of  40-60 years (68/104 
= 65%).

Most of  the study population were male patients, with 78 out 
of  the 104 patients being male (75%), the rest 26 patients were 
female.

As far as the history was concerned, 40/104 (38%) were 
hypertensives, 48/104 (46%) had a history of  diabetes mellitus, 
60/104 (58%) of  patients were smokers, and a family history of  
ischemic heart disease was evaluated in 24/104 patients (23%).

Various complications were noted in the study patients, the 
commonest being conduction disturbances. Conduction 
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disturbances were noted in 15/44 patients (34%) of  Group 1, and 
in only 6/60 (10%) of  patients in Group 2. Cardiogenic shock 
complicated 3/44 patients (7%) of  Group 1, and none of  the 
patients in Group 2.

Pulmonary artery systolic pressures >30mmHg were noted in 
30/44 (69%) of  Group 1, while in Group 2 patients, only 1/60 
patients (2%) had PASP exceeding 30mmHg.

8 patients died due to complications of  which 7 patients belonged 
to Group 1 and 1 patient belonging to Group 2 died. All patients 
died within 1 week of  the acute event. Elevated pulmonary 
artery pressures were noted in 7/8 patients who died with a 
mean pulmonary artery systolic pressures of  40mmHg. We can 
hypothesize that patients with persisting sign of  pulmonary 
hypertension did not experience reperfusion of  the related artery 
and had an unfavorable course.

Patient’s characteristics.

Characteristics Group I (n=44) Group II (n=60) Total

Age  
<40yrs 

 40-60yrs
 >60 yrs

6
28
10

7
40
13

104

Male 34 44 78 (75%)
Female 10 16 26 (25%)

Hypertension 18 22 40 (38%)
Diabetes 26 22 48 (46%)

Dyslipedemia 17 13 30 (29%)
Smoking 32 28 60 (58%)

F/Hof  CAD 13 11 24 (23%)

Patient’s clinical profile.

Clinical Parameters Group I (n=44) Group II (n=60)
Average age (yrs) 54 + 11.3 51 + 10.5

Systolic BP (mmHg) 108 +14 114 + 12
Diastolic BP (mmHg) 74 + 8 76 + 10
Heart rate (per min) 70.1 + 7.4 68.3 + 8.4

Thrombolysis with SK 30 42
CK-MB Values 115 + 40 75 + 26

Electrocardiography

12 lead electrocardiography was done in all patients. Right sided 
chest leads and posterior wall leads were also placed and ECG 
recorded in all patients. By using the criteria described in methods, 
the culprit artery was identified as Proximal RCA – 42 patients, 
Distal RCA – 45 patients, Left circumflex – 17 patients

Evidence of  right ventricular involvement as defined by 1mm ST 
elevation in V4R was fund in 38 patients (of  which, 34 patients 
had proximal RCA as the culprit vessel on ECG and 4 had left 
circumflex as the vessel causing myocardial infarction).

Echocardiography.

Echocardiography was done in all 104 patients within 48 hours 
after the onset of  the acute event, of  which, echocardiography 
was done within 24 hours of  symptom onset in 48 patients. The 
results of  the investigation is as below:

-RV end-diastolic diameter was increased in patients with RVMI, 
compared with those without RV involvement (Picture 9), 
although it failed to achieve statistical significance (p=0.1).

RV contraction abnormalities and IV septal motion abnormalities 
were noted in 41% of  patients with RVMI, and only in 3% of  
patients without it. Significantly, the wall motion abnormalities 
were noted in those patients who had their echo done within 24 
hours of  symptom onset, stressing the fact that, the right ventricle 
recovers fast after an ischemic insult.

Tricuspid regurgitation was noted in nearly half  of  the patients 
with right ventricular involvement; this regurgitation, when 
quantified by colour doppler, was mild in a majority of  cases, 
moderate in some and severe in none.

The pulmonary artery systolic pressure was slightly elevated and 
above normal in patients of  Group 1, compared to Group 2, 
statistically not significant (p=0.2).

The tricuspid annular excursion was statistically significantly 
decreased in patients with right ventricular myocardial infarction, 
signifying that RV systolic function was depressed in those 
patients (p=0.05).

Myocardial performance index was found to be statistically 
significant, it is raised to nearly two fold the reference values in 
patients with RVMI; the values were not much high compared to 
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controls in those without right ventricular involvement. (p=0.01).

Tissue doppler was done in the right ventricular free wall and 
the septal regions and the systolic (Sm), early diastolic (Em) and 
late diastolic (Am) velocities were noted. It was found that the 
right ventricular free wall Sm and Em values were statistically 
significantly depressed in patients with right ventricular 
myocardial infarction (p=0.02). The values were near normal in 
those without RV involvement. However, the RV free wall late 

diastolic velocities (Am) and the septal velocities did not differ 
much in patients with and without right ventricular myocardial 
infarction. (p=0.22)

Discussion

In patients with RVMI, the risk of  death in the hospital is high 
and major complications are greater. Right ventricular infarction 

Figure 1.

Figure 2. Measurement of  RV systolic pressure using continuous wave Doppler across tricuspid regurgitation jet; showing 
normal pressure.

Figure 3. Measurement of  Tricuspid annular movement by M-mode in apical 4 chamber view; reduced excursion in a pa-
tient of  IWMI with associated RVMI.
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contributes markedly to hemodynamic instability, atrio-ventricular 
conduction blocks, and in-hospital mortality in patients with 
inferior wall myocardial infarction. Systolic right ventricular 
function is an important predictor in the course of  myocardial 
infarction. The poorer outcomes among patients with RVMI are 
not mediated entirely by RV dysfunction.

Recent research points towards a new explanation for the higher 
complications even when the extent of  RV infarction is small. 
Stimulation of  RV vagal afferents by stretch leads to cardio-
inhibitory Bezold- Jarish reflex resulting in higher than expected 
incidence of  complications especially in the first few days after 
acute coronary event with RV involvement.

The use of  electrocardiography for the diagnosis of  right 
ventricular infarction, which is the most common modality 
used, also lacks sensitivity and specificity and the changes are 
also transient in nature. Hence, the need for other non-invasive 
modalities for the assessment of  right ventricular function in the 
presence of  right ventricular myocardial infarction.

Tissue Doppler Imaging

In an extensive adult patient population, a Swiss study [11] 
demonstrated that TDI of  the systolic lateral tricuspid annular 

long axis velocity (TVlat) is accurate to characterize systolic RV 
function independent of  most, pathophysiologically meaningful 
cofactors. A velocity of  12 and 9 cm/s differentiates among 
normal and moderately reduced RV ejection fraction, respectively 
between moderately and severely impaired RV EF.

Since it is only above 40 mm Hg that pulmonary artery pressures 
impacts on TVlat, it affects the relationship between TVlat and 
RV EF especially in patients with pure PAHT in whom the former 
cannot be used for RV function assessment. With regard to the 
specific TVlat threshold value of  12 cm/s for the distinction 
between normal and impaired RV function in our investigation, 
the study by Oezdemir [12] and coworkers using RV TDI has to 
be cited, because it found an identical cut-off  with almost identical 
sensitivity and specificity of  81 and 82% for the diagnosis of  RV 
myocardial infarction. The limitations of  TDI is that it represents 
myocardial motion only in the longitudinal direction, and not in 
the circumferential plane.

Furthermore, on the basis of  the correlation between isovolumic 
contraction velocity at basal segment and right atrial mean pressure, 
we tested the sensitivity and specificity of  a cut off  value below 
6 cm/s indicating an increased right atrial pressure (>6mmHg). 
The sensitivity and specificity were 100% and 78%, respectively 
[13]. These findings may be of  importance as disturbance of  

Figure 4. Measurement of  Tricuspid annular movement by M-mode in apical 4 chamber view; normal excursion in a pa-
tient of  IWMI without RVMI.

Figure 5.
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myocardial motion occurs predominantly during the isovolumic 
phases (i.e. contraction and / or relaxation), and may therefore be 
a sensitive marker for myocardial dysfunction.

Alam et al., [14] in his study from Sweden, patients with RV 
infarction had a significantly decreased peak systolic tricuspid 
annular velocity (13.3 and 10.3 cm/s, P<.001) and peak early 
diastolic velocity (13 and 8.2 cm/s, P<.001) when compared 
with patients with inferior wall myocardial infarction without RV 
involvement.

Mustafa Yilmaz et al., [15] in his study of  forty-eight patients with 
acute inferior myocardial infarction and 24 age- and sex-matched 
healthy controls were included in this study. Twenty-four patients 
had electrocardiographic signs of  inferior myocardial infarction 
without right ventricular infarction (group I), and the other 24 
patients had electrocardiographic signs of  inferior myocardial 
infarction with right ventricular infarction (group II). From the 
echocardiographic apical four-chamber view, peak systolic, early 
diastolic, and late diastolic velocities of  the tricuspid annulus 
at the right ventricular free wall were recorded with the use of  
pulsed-wave Doppler tissue imaging. 

The tricuspid annular peak tissue Doppler imaging systolic 
velocity was significantly lower in group I (14.03 ± 2.57 cm/s, 
P<0.005) and in group II (8.50 ± 0.84 cm/s, P<0.005) than in 
controls (16.63 ± 2.31 cm/s).

Conclusion

In the present study we conclude that the tissue doppler imaging, 
right ventricular free wall systolic velocity and early diastolic 
velocity in patients with RVMI was less compared to patients 
without RVMI and the correlation was statistically significant.
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