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Summary: Right ventricular infarction (RVI) as assessed by
various diagnostic methods accompanies inferior-posterior
wall myocardial infarction (MI) in 30 to 50% of patients.
Recognition of the syndrome of RVI is important as it defines
a significant clinical entity, which is associated with consider-
able immediate morbidity and mortality and has a well-delin-
eated set of priorities for its management. Patients may clini-
cally present with hypotension, elevated jugular venous pulse
(JVP), and occasionally shock, all in the presence of clear lung
fields. The ST-segment elevation of ≥0.1mV in the right pre-
cordial leads V4R is a readily available electrocardiographic
sign used for diagnosis of RVI. Other diagnostic approaches
for assessing RVI include echocardiography, radionuclide
ventriculography, technetium pyrophosphate scanning, and
hemodynamic measurements. The proper management of
RVI includes volume loading to maintain adequate right ven-
tricular preload, ionotropic support, and maintenance of atri-
oventricular synchrony. Reperfusion therapy should be initiat-
ed at the earliest signs of right ventricular dysfunction. Finally,
complete recovery over a period of weeks to months is a rule
in a majority of patients, suggesting right ventricular “stun-
ning” rather than irreversible necrosis has occurred.
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Introduction

Although right ventricular infarction (RVI) was described
earlier in the autopsy studies,1–3 Cohn et al.4 in 1974 gave the

initial description of the clinical syndrome of right ventricular
failure in patients of RVI. Since then RVI has been recognized
more frequently and continues to be a diagnostic and thera-
peutic challenge. Acute myocardial infarction (MI) involving
only the right ventricle is a rare event.1, 5–7 Right ventricular in-
volvement in the setting of an acute inferior wall MI is much
more common. Recognition of the syndrome of RVI is impor-
tant as it identifies a significant clinical entity, which is associ-
ated with considerable immediate morbidity and mortality8–11

and has a well-delineated set of priorities for its management.
Its presence defines a high-risk subgroup of patients with acute
inferior left ventricular infarction who should be considered
high-priority candidates for reperfusion. Ischemia or infarc-
tion of the right ventricle results in decreased right ventricular
compliance, reduced filling, and decreased right ventricular
stroke volume. In turn, these changes lead to diminished left
ventricular filling and drop in cardiac output that could result
in systemic hypotension and shock. Frequent accompani-
ments may include atrial infarction, sinus bradycardia, atrial
fibrillation, and atrioventricular block. Hence the presence of
RVI should raise a clinical alert for its potential immediate life-
threatening consequences.

Acute occlusion of the right coronary artery, proximal to the
right ventricular branches, results in right ventricular dysfunc-
tion.12–16 However, many right coronary artery occlusions do
not result in significant right ventricular necrosis.11, 17, 18 This
may be due to lesser right ventricular myocardial oxygen de-
mands (the right ventricle has much smaller muscle mass than
the left ventricle); coronary perfusion of the right ventricle oc-
curs both in systole and diastole; and the presence of more ex-
tensive collateral vessels from left to right. Right ventricular
hypertrophy may predispose a patient to RVI when coronary
artery disease is present.13, 19–21

The incidence of RVI is variable depending on the criteria
used for detection.1, 7, 13, 22 Autopsy studies1, 13 suggest that
right ventricular infarction accompanies fatal inferior left ven-
tricular infarction in 24 to 34 percent of cases. Noninvasive
studies22–25 suggest that RVI occurs in more than 30 percent of
patients with acute inferior-posterior left ventricular MI. Ana-
tomic evidence of RVI is more common than expected hemo-
dynamic pattern.15, 16, 22, 23

A spectrum of right ventricular systolic and diastolic dys-
function in the setting of inferior wall MI has been recognized.
Although there are potentially life-threatening acute hemody-
namic and clinical consequences in some, most patients with
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right ventricular dysfunction after MI have spontaneous re-
covery of right ventricular function, leading some clinicians26

to believe that the term “right ventricular infarction” is a mis-
nomer and represents viable but “stunned” myocardium. The
following review gives an insight into the various diagnostic
modalities and treatment of RVI.

Clinical Presentation

Clinical recognition of acute RVI is extremely important, as
appropriate therapy for hypotension and shock must be started
prior to consideration of noninvasive tests or invasive monitor-
ing. Right ventricular infarction should be suspected in any
patient with acute inferior wall MI. Even in patients who do
not present with hypotension, the potential of RVI should be
recognized to avoid therapy that will further lower right heart
preload. Ischemia or infarction of the right ventricle results in
decreased right ventricular compliance, reduced filling, and
decreased right ventricular stroke volume. These changes lead
to diminished left ventricular filling and drop in cardiac out-
put. In addition, acute right ventricular dilatation causes a left-
ward shift of interventricular septum, increasing left ventricu-
lar end-diastolic pressure with a decrease of left ventricular
compliance and cardiac output.8, 27–29 These changes in left
ventricular compliance are further aggravated by increased
intrapericardial pressure27, 30–32 as a result of right ventricular
dilatation. In a recent study, Brookes et al.33 demonstrated that
the geometric changes in the left ventricle, caused by right
ventricular dilatation due to RVI, resulted in a significant im-
pairment of left ventricular contractile function in addition to
the diastolic filling abnormalities and changes in compliance.
Therefore, although the patient has clinical signs of increased
right-sided pressure, the left ventricular filling and systolic
function may be below normal. The symptoms of RVI may be
more pronounced in the presence of combined right atrial in-
farction with associated rate and rhythm disturbances.16 When
the culprit coronary artery lesion is distal to the right atrial
branches, augmented right atrial contractility enhances right
ventricular performance and offsets some of the hemodynam-
ic consequences of RVI.

The triad of hypotension, elevated jugular venous pressure
(JVP), and clear lung fields has been recognized as marker of
RVI in acute inferior-posterior wall MI.4, 34, 35 Pulsus para-
doxus (decrease in size, or even momentary disappearance of
the pulse during inspiration) and Kussmaul’s sign36(an inspi-
ratory increase in JVP) have also been reported in patients with
RVI. The presence of elevated JVP and Kussmaul’s sign in the
setting of an acute inferior wall infarction indicate a hemody-
namically significant RVI35 (sensitivity = 88% and specificity
= 100%), particularly when it is associated with significant
damage to the left ventricle and/or interventricular septum.
Elevated JVP alone was found to be more sensitive (88%) but
less specific (69%) in the same study in detecting a hemody-
namically significant RVI. Therefore, a careful bedside exam-
ination of the jugular venous pulse serves as an important di-
agnostic tool in determining the severity of RVI and raising the

clinical alert of its acute hemodynamic consequences and the
caution for the judicious use of drugs like morphine and ni-
trates. Patients with intact right atrial perfusion manifest aug-
mented atrial contraction resulting in enhanced A wave and X
descent, but diminished Y descent in the jugular venous pul-
sations. In contrast, patients with depressed right atrial func-
tion have higher right atrial and systemic venous pressures, but
depressed A wave, X descent, and Y descent.16 Finding of di-
minished A wave in patients with hemodynamically important
RVI, signifying right atrial infarction, has been proven to be a
bad prognostic indicator even in the presence of preserved left
ventricular function.16

Auscultation may reveal a right-sided S3 and S4.36 Tricuspid
regurgitation may be identified because of dilatation of right
ventricular chamber, which may be severe when related to
papillary muscle dysfunction.37, 38 Right ventricular infarction
occasionally may be accompanied by ventricular septal de-
fect,39, 40 identified by a systolic murmur that increases with in-
spiration, and is accompanied by profound hemodynamic
compromise. It is important to recognize that findings of RVI
may be masked by global left ventricular systolic dysfunction
with hypotension and pulmonary congestion. Finally, high-
grade atrioventricular blocks may occur and result in loss of
atrial ventricular synchrony with exacerbation of hypotension
and shock.41

Noninvasive Diagnosis of Right Ventricular Infarction

Since right ventricular function can improve rapidly, diag-
nostic tests should be performed soon after presentation. Vari-
ous noninvasive methods have been used for diagnosis of right
ventricular infarction, including chest x-ray, electrocardio-
gram, two-dimensional echocardiogram, radionuclide ven-
triculogram, and technetium-99m pyrophosphate myocardial
scintigram.

Chest Roentgenogram 

The chest x-ray is not particularly helpful in the diagnosis of
RVI. The suggested radiographic findings of right atrial and
ventricular enlargement have a very low sensitivity and speci-
ficity for right ventricular infarction.42

Electrocardiogram

Electrocardiography is recognized as the most simple and
readily available diagnostic tool for identification of RVI.
Therefore, an increasing number of electrocardiographic crite-
ria for RVI24, 43–53 have been studied (Table I) with variable
sensitivity and specificity.24, 48 The right ventricular involve-
ment can be diagnosed with a predictive accuracy well above
80% by the presence of ST-segment elevation of ≥1 mm in the
right-sided precordial lead, V4R, in the presence of an acute in-
ferior or inferioposterior MI.24, 25, 43–47, 54 The ST-segment ele-
vation in V4R is a strong independent predictor of major com-
plications and in-hospital mortality.48, 55–58 Zehender et al.,48
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in a prospective study of 200 patients, demonstrated that the
ST-segment elevation in lead V4R identified patients with in-
creased hospital mortality and major complications, including
cardiogenic shock, ventricular fibrillation, and third-degree
atrioventricular block. It is important to recognize that ST-seg-
ment elevation in right precordial leads is transient24, 44 and
may be absent in one half of patients with RVI after 12 h of on-
set of chest pain. Furthermore, conditions other than RVI may
produce ST-segment elevation in lead V4R, including acute
pulmonary embolism, left ventricular hypertrophy, acute ante-
rior septal myocardial infarction, pericarditis, and previous an-
terior myocardial infarction with aneurysm formation.

There are reports of RVI presenting as ST-segment eleva-
tion in leads V1–V5 mimicking anterior wall MI.59–63 It is of
note that the distribution of ST-segment elevation in the anteri-
or leads is greater in leads V1–V2 and decreased toward V5–V6
in RVI compared with anterior wall MI.59 The two infarcts can
be separated when vector concepts are used.64 As explained in
a recent article by Hurst, in the case of RVI the ST-segment
vector is directed anteriorly and is more than + 90˚ to the right
(producing a downward displacement of the ST-segment in
lead I), while in the case of anteroseptal left ventricular infarc-
tion the vector is also anterior, but is usually located from !30˚
to !90˚ to the left in the frontal plane (producing an elevation
of the ST segment in lead I).64

Right bundle-branch block and complete atrioventricular
block are the most frequent conduction abnormalities associ-
ated with RVI.54 Disturbances of rhythm such as atrial fibrilla-
tion65 and sinus bradycardia16, 66, 67 may be present.

Thus electrocardiogram serves as a very important tool for
the diagnosis of RVI, and it is imperative to record right-sided
precordial leads in all patients with inferior wall MI as soon as
possible.

Echocardiogram

As in other fields of cardiology, echocardiography has ex-
panded its implications in the diagnosis of RVI. Abnormal
findings include right ventricular dilatation, right ventricular
wall akinesis or dyskinesis, reversed septal curvature caused
by the reversal of the transseptal pressure due to increased
right ventricular end-diastolic pressure, and the presence of se-
vere right atrial enlargement. The presence of interatrial septal
bowing indicating a concomitant right atrial infarction is an
important prognostic marker and is predictive of more hypo-
tension, atrioventricular blocks, and higher mortality in RVI.68

In a study on 53 patients with inferior wall MI, Dell’Italia et
al.,22 using right ventricular akinesis or dyskinesis as a marker
for RVI, found that echocardiography was a highly sensitive
technique for detecting hemodynamically significant RVI.
However, it also detected wall motion abnormalities in pa-
tients who never developed hemodynamic evidence of RVI.
This reduced specificity may be due to a superior sensitivity of
echocardiography in detecting right ventricular ischemia or in-
farction that may or may not be associated with hemodynamic
derangement. Lopez-Sendon et al.69 obtained similar results.

The addition of Doppler echocardiography has increased
the diagnostic utility of this technique by detecting complica-
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TABLE I Electrocardiographic criteria for diagnosing right ventricular infarction

Electrocardiographic No. of Sensitivity Specificity Positive predictive Reference 
criteria patients (%) (%) value (%) Nos.

ST elevation
V3R > 0.05 mV 43 79 68 — 47
V3R > 0.1 mV 110 59 90 89 47, 53
V4R > 0.05 mV 181 81 76 75 44, 46, 47
V4R > 0.1 mV 255 80 88 87 24, 43, 45, 46, 48
V5R > 0.1 mV 110 72 88 86 24, 49
V6R > 0.1 mV 110 67 90 88 24, 49
V4R–V6R > 0.1mV 33 90 91 82 50

Q wave
V3R 43 37 87 83 49
Q /QS V4R 71 85 59 — 46, 47
QS V3R–V4R 28 78 100 94 46

ST elevation
V1 > 0.05 mV 115 38 40 27 47, 51
V1 > 0.1mV 183 28 65 47 24, 50, 51
V2 > 0.05 mV 115 33 18 20 47, 51
V2 > 0.1mV 105 20 38 19 45, 50
ST elevation V2 / ST 
depression aVF < 50% 68 79 91 82 52

ST elevation >0.1mV:
In II+ III/II >1 24 63 88 91 53
In III+ III/II >1 24 65 57 79 53
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tions of RVI such as tricuspid regurgitation, ventricular septal
defect, and shunt flow across a patent foramen ovale. Doppler
echocardiography can also detect premature opening of the
pulmonic valve, indicating a noncompliant right ventricle.70

Radionuclide Angiogram

Radionuclide angiography is a useful technique for deter-
mination of right ventricular ejection fraction. Right ventricu-
lar dilatation or right ventricular ejection fraction of <45% has
been demonstrated in 40 to 50% of patients with inferior wall
MI using both first pass and gated equilibrium technique.71, 72

However, because of a wide range of normal values for right
ventricular ejection fraction, a reduction of right ventricular
ejection fraction alone cannot be used as a specific marker of
RVI. When low ejection fraction is combined with right ven-
tricular wall motion abnormalities, together they had a sensi-
tivity of 92% and a specificity of 82% in detecting hemody-
namically important RVI.22

Technetium-99m Pyrophosphate Scintigram

In various studies using this technique, the incidence of RVI
associated with acute inferior wall MI is variable, ranging
from 20 to 40%.73 Although highly specific, technetium-99m
pyrophosphate scintigraphy is not very sensitive, especially
for detecting hemodynamically important RVI. The sensitivi-
ty of this method to detect this clinically important presenta-
tion of RVI approaches 25%.22 Also, application of this tech-
nique is limited in the acute setting because scans should be
obtained 24 to 36 h after the onset of the infarct.

Hemodynamic Measurements

Invasive hemodynamic measurements provide a reliable in-
formation about the extent and severity of right heart involve-
ment. The diagnosis of RVI can be confirmed by hemodynam-
ic data when the right atrial pressure exceeds 10 mmHg and
the ratio of right atrial pressure to pulmonary capillary wedge
pressure exceeds 0.8 (normal value < 0.6).22, 23 Cohn et al.4 ob-
served an elevated right atrial pressure in excess of pulmonary
artery wedge pressure in 6 (8%) of the 78 patients with acute
myocardial infarction who underwent hemodynamic monitor-
ing as part of their clinical management. Lorell et al.34 de-
scribed 12 (4%) of the 306 patients with inferior wall MI who
had elevated right heart filling pressures compared with left
heart filling pressures. Lopez-Sendon et al. reported that right
atrial pressure > 10 mmHg and within 1–5 mmHg of pulmon-
ary artery wedge pressure had a sensitivity of 73% and a speci-
ficity of 100% in identifying hemodynamically important
RVI.23

A prominent Y descent in the right atrial waveform was
considered a hallmark of RVI in earlier studies.23, 43, 45, 46

These studies did not correlate their observations with the ex-
tent of concomitant left ventricular infarction, and as these
waveforms were related to electrocardiographic criteria the

results were confounded by atrioventricular dyssynchrony.
Goldstein et al.,16 by timing right atrial waveforms to right
ventricular mechanical events, demonstrated that the predom-
inant descent was the X descent. Patients with intact right atri-
al perfusion manifest augmented atrial contraction resulting in
enhanced A wave and X descent, but diminished Y descent,
reflecting reduced right ventricular compliance and increased
impedance to ventricular filling throughout diastole. In con-
trast, patients with depressed right atrial function have de-
pressed A wave, X descent, and Y descent. Other workers also
observed a diminished Y descent in RVI.15, 74, 75 Patients who
develop tricuspid incompetence have prominent V wave and a
rapid Y descent. The right ventricular waveform shows a di-
minished peak systolic pressure that appears broad and slug-
gish. Elevated right ventricular end-diastolic pressures, right
ventricular “dip and plateau,” and equalization of diastolic fill-
ing pressure indicate right ventricular diastolic dysfunction.
This equalization of pressure is partly due to elevated in-
trapericardial pressure caused by dilatation of the right ventri-
cle.27, 30 The elevated intrapericardial pressure may be partly
responsible for the low output syndrome of RVI.

Treatment

Earlier experiments on animal models suggested that the
right ventricle functions as a passive conduit and its contrac-
tion was not important in the maintenance of circulation.76–79

In 1974, Guiha et al.,80 working on a canine model of RVI,
demonstrated an increase in right heart filling pressures and a
decrease in cardiac output in experimentally induced right
ventricular damage, and that progressive volume loading pro-
duced an increment in right heart filling pressures, as well as
an increase in systolic arterial pressure and cardiac output.
This study provided the rationale behind volume loading in
the treatment of RVI. In the absence of any other pathogenic
mechanisms, volume loading, by restoring left ventricular fill-
ing pressures, should improve the cardiac output. However
clinical studies failed to show uniform benefits with volume
loading,8, 15, 29, 81 indicating that other mechanisms might be
responsible for the hemodynamic alterations in RVI.

In 1983, Goldstein et al.27 demonstrated that right ventricu-
lar infarction in dogs caused a fall in cardiac output which
could be improved by volume loading and further augmented
by pericardiotomy, highlighting the role of an intact pericardi-
um in hemodynamic changes of RVI. It is thought that acute
right ventricular dilatation as a result of RVI in a closed peri-
cardial space is responsible for decreased left ventricular com-
pliance due to pericardial restraining effects. In addition, acute
right ventricular dilatation causes a leftward shift of interven-
tricular septum, increasing left ventricular end-diastolic pres-
sure with a decrease of left ventricular compliance and cardiac
output.8, 27–29 Furthermore, recent experiments on pigs by
Brookes et al.33 showed that the alteration of septal curvature
as a result of acute right ventricular dilatation in RVI changes
the left ventricular geometry and that this has a direct impact
on left ventricular contractile function, which is independent
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of the effects of left ventricular inferior wall ischemia or left
ventricular compliance.

Therefore, volume loading in the context of right ventricu-
lar dilatation may not improve cardiac function. Volume load-
ing may further dilate the right ventricle, causing a further de-
crease in left ventricular compliance and systolic function. The
discrepancy in responding to fluid therapy may reflect a spec-
trum of initial volume status in patients with acute RVI with
hypovolemic right heart infarcts who are definitely benefiting
from fluid therapy. 

As a result, the therapeutic options for RVI differ from
those in a patient with isolated or predominant left ventricular
infarction (Table II).

Optimization of Ventricular Preload

The initial therapy of a patient with RVI, who has hypoten-
sion and no pulmonary congestion, should start with volume
expansion, often by infusion of isotonic saline to increase the
filling of the right ventricle which in turn will increase the fill-
ing of the underfilled left ventricle and increase cardiac output.
For patients who are unresponsive to initial trial of fluids, he-
modynamic monitoring may be necessary, and subsequent
volume challenge may be appropriate if the estimated central
venous pressure is < 15 mmHg. As the right and left ventricles
are preload dependent, any interventions that reduce the pre-
load (diuretics, nitrates, and vasodilators) should be avoided
even in the absence of hypotension. This treatment strategy
would differ from therapy for pump failure caused by acute
left ventricular infarct due to the need for maintaining the right
ventricular preload in acute RVI.

Treatment of isolated or predominant left ventricular dys-
function due to acute MI in a patient with systolic arterial
pressure > 100 mmHg, cardiac index < 2.5 l/min/m2, and ele-
vated left side pressures of > 18 mmHg would include modest
diuresis and afterload and preload reduction using intra-
venous nitroglycerin and an angiotensin-converting enzyme
(ACE) inhibitor.82 In contrast, treatment of RVI includes ear-
ly maintenance of right ventricular preload with intravenous
fluid administration and avoidance of diuretics, nitrates, and
ACE inhibitor. When RVI is accompanied by severe left ven-
tricular dysfunction and pulmonary congestion, the right ven-
tricle is further compromised by increased afterload. In this
circumstance, the use of afterload-reducing agents such as
sodium-nitroprusside or an intra-aortic counterpulsation de-

vice is often necessary to unload the left and subsequently the
right ventricle.

Ionotropic Stimulation

Parenteral ionotropic stimulation has been shown to im-
prove both right and left ventricular function in the setting of
an acute RVI.8, 16, 83, 84 Dell’Italia et al.8 studied the effect of
dobutamine in nine patients with RVI after volume loading
with normal saline and found that dobutamine produced an in-
crease in cardiac index and right ventricular stroke volume.
Further animal experiments83, 85 confirmed these results, and it
was thought that ionotropic stimulation enhances right ven-
tricular performance by increasing ventricular septal contrac-
tion. This acts in a pistonlike fashion and contributes to right
ventricular systolic pressure generation and an increase in car-
diac output. Recent experiments by Brookes et al.33 showed
that dobutamine also acts by enhancing left ventricular systolic
pressure, exaggerates septal movement toward the right ven-
tricle in systole, reducing right ventricular cavity dilatation,
thus maintaining left ventricular cavity geometry and enhanc-
ing its contractile performance. Dobutamine also can diminish
pulmonary vascular resistance and therefore reduce right ven-
tricular afterload.

Thus, ionotropic support with dobutamine should be initiat-
ed if the cardiac output fails to improve after 1–2 litres of fluid
administration. Although dobutamine is the preferred initial
drug of choice, patients with severe hypotension may require
agents with pressor effects such as dopamine for restoration of
adequate coronary pressure.

Optimization of Rhythm

Even in the absence of right ventricular infarction, patients
with inferior wall MI are prone to develop bradycardia,
thought to be mediated by Bezold-Jarisch reflex.86, 87 Brady-
arrhythmias may precipitate severe hemodynamic compro-
mise in patients with RVI. Bradyarrhythmias resulting in atri-
oventricular dyssynchrony and loss of right atrial contribution
may also lead to severe hemodynamic compromise.16, 66, 67, 85

The development of high-degree atrioventricular block has
been reported to occur in as many as 48% of patients with
RVI.41 Although atropine may restore physiologic rhythm 
in some patients, atrioventricular sequential pacing may be
necessary for increasing the cardiac output and reversing the
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TABLE II Sequels of right ventricular ischemia

RV systolic dysfunction ➡↓RV cardiac output ➡↓LV filling ➡↓LV cardiac output
RV dilatation ➡Septal shift toward LV ➡↓LV compliance ➡↓LV cardiac output

➡↑Pericardial pressure ➡↓LV compliance ➡↓LV cardiac output
➡Change in LV geometry ➡↓LV systolic function ➡↓LV cardiac output

Atrioventricular dyssynchrony ➡Loss of atrial contribution to ventricular filling ➡↓ LV cardiac output
Concomitant LV infarction ➡↓LV systolic function ➡↓LV cardiac output

Abbreviations: RV = right ventricle, LV = left ventricle.
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shock associated with atrioventricular dyssynchrony in RVI.88

There are reports that aminophylline may restore sinus rhythm
in patients with acute atrioventricular block, suggesting the
role of ischemia-induced adenosine.89, 90 This pharmacologic
maneuver may restore atrioventricular synchrony and thereby
obviate the need for transvenous pacing. In patients with atrial
fibrillation, prompt cardioversion and restoration of atrioven-
tricular synchrony should be considered at the earliest sign of
hemodynamic compromise.

Reperfusion

The salutary effects of reperfusion in patients with inferior
wall MI have been less impressive than in patients with anteri-
or wall MI.91 Whether the presence of RVI in patients with in-
ferior wall MI is an indication for reperfusion is less clear
(Table III). Some studies suggest that right ventricular function
recovers only after successful reperfusion,9, 26, 92, 95, 96, 98

whereas others report improvement even in the absence of a
patent infarct-related vessel.15, 93, 94, 99, 100

Zehender et al.,9 studied 107 patients with RVI, identified
by the presence of ST-segment elevation in the right precordial
lead V4R. They found that both mortality and major in-hospi-
tal complications were lower in patients who received throm-
bolytics than in those who did not.

In the second phase of the Thrombolysis in Myocardial
Infarction trial,95 there was a reduction in the incidence of RVI
(identified by wall motion abnormality on a predischarge ra-
dionuclide angiogram) among patients with inferior MIs who
had patent infarct-related arteries, compared with those whose
arteries remained occluded (14 vs. 48%). This finding sug-
gests that successful thrombolysis may prevent RVI. 

In another related study, Bowers et al.26 studied the role of
primary angioplasty in 53 patients with RVI (identified by
echocardiographic evidence of a combination of right ventric-
ular dilatation, depressed right ventricular global function, and
wall motion abnormalities). They found that patients with
right ventricular dysfunction who had incomplete reperfusion
had higher mortality (58%) and a higher rate of untoward in-
hospital events (83%).

In a recent study, Zeymer et al.97 studied the prognostic im-
pact of RVI in streptokinase-treated patients with acute inferi-
or wall MI. They found that patients with inferior wall MI and
“small ST” (sum of ST-segment elevations of ≤0.8 mm on
standard 12-lead ECG) had a very low cardiac mortality re-
gardless of whether RVI (identified by the presence of ST-seg-
ment elevation in right precordial lead V4R) was present or
not. The authors concluded that reperfusion therapy in patients
with acute inferior wall MI and “small ST,” indicating a small
infarction, is not indicated irrespective of the presence of RVI,
unless advanced heart block or hemodynamic instability indi-
cates a large infarct. 

O’Rourke,101 in a recent editorial, states that since different
methods are used to diagnose RVI and failure to randomize
patients with RVI to thrombolytic or primary angioplasty ver-
sus nonreperfusion therapy, it would be difficult to determine
which patients with inferior wall MI and RVI are likely to do

better with reperfusion therapy. O’Rourke recommends that
patients with evidence of RVI by ECG criteria or by other non-
invasive methods, who have clinical evidence of depressed
right ventricular function, are candidates for coronary angio-
plasty (if available), thrombolytic therapy (if not contraindi-
cated), or volume and dobutamine infusion (if necessary)
when reperfusion therapy is unavailable or contraindicated.

Conclusion

Right ventricular infarction occurs in more than one-third of
patients with acute inferior wall MI. A spectrum of disease
from asymptomatic mild right ventricular dysfunction to car-
diogenic shock has been recognized. Frequent accompani-
ments may include atrial infarction, sinus bradycardia, atrial
fibrillation, and atrioventricular block. Only 10 to 15% of pa-
tients show hemodynamic abnormalities. Patients with hemo-
dynamically significant RVI usually present with hypotension,
elevated JVP, and occasionally shock, all in the presence of
clear lung fields. All patients with inferior wall MI should have
right-sided precordial leads recorded for evidence of RVI.
Patients with RVI who are hemodynamically unstable should
be managed with volume loading to maintain adequate right
ventricular preload. Early recognition and prompt reperfusion
with thrombolytic therapy or coronary angioplasty, rate and
rhythm control, and ionotropic support with dobutamine may
also be warranted. Patients who survive the acute phase have
no long-term consequences, and complete recovery over a pe-
riod of weeks to months is the rule in a majority of patients,
suggesting right ventricular “stunning” rather than irreversible
necrosis has occurred.
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Background

Right ventricular infarction was first recognized in a subgroup of patients with inferior wall myocardial infarctions who
demonstrated right ventricular failure and elevated right ventricular filling pressures despite relatively normal left
ventricular filling pressures. Increasing recognition of right ventricular infarction, either in association with left
ventricular infarction or as an isolated event, emphasizes the clinical significance of the right ventricle to total cardiac
function.

Interest in recognizing right ventricular infarction noninvasively has grown because of the therapeutic implications of
distinguishing patients with right ventricular dysfunction from those with the more usual clinical presentation of left
ventricular dysfunction. Patients with right ventricular infarctions associated with inferior infarctions have much higher
rates of significant hypotension, bradycardia requiring pacing support, and in-hospital mortality than isolated inferior
infarctions.[1]

For more information, see Myocardial Infarction.

Pathophysiology

The right ventricle is a thin-walled chamber that functions at low oxygen demands and pressure. It is perfused
throughout the cardiac cycle in both systole and diastole, and its ability to extract oxygen is increased during
hemodynamic stress. All of these factors make the right ventricle less susceptible to infarction than the left ventricle.

The posterior descending branch of the right coronary artery usually supplies the inferior and posterior walls of the
right ventricle. The marginal branches of the right coronary artery supply the lateral wall of the right ventricle. The
anterior wall of the right ventricle has a dual blood supply: the conus branch of the right coronary artery and the
moderator branch artery, which courses from the left anterior descending artery.[2]

Interestingly, right ventricular infarction noted at necropsy usually involves the posterior septum and posterior wall
rather than the right free wall. The relative sparing of the right ventricular anterior wall apparently arises from a high
degree of collateralization. This collateral blood flow is thought to be derived from the thebesian veins and diffusion
of oxygen directly from the ventricular cavity. A direct correlation exists between the anatomic site of right coronary
artery occlusion and the extent of right ventricular infarction. Studies have demonstrated that more proximal right
coronary artery occlusions result in larger right ventricular infarctions.[3] On occasion, the right ventricle can be
subjected to infarction from occlusion of the left circumflex coronary artery.[4]

Because the right ventricle is considered a low-pressure volume pump, its contractility is highly dependent on
diastolic pressure. Hence, when contractility and associated diastolic dysfunction are impaired attendant to right
ventricular infarction, the right ventricular diastolic pressure increases substantially and systolic pressure decreases.
In such a scenario, concomitant left ventricular dysfunction, with increase in right ventricular afterload, is possible. In
such a setting, right ventricular output can decrease dramatically, and the only driving force remaining is elevated
right atrial pressure. In such a circumstance, the right ventricle serves as a poorly functioning conduit between the
right atrium and the pulmonary artery.

Elevation of right atrial pressure secondary to right ventricular infarction has been noted to serve as a stimulus for
secretion of atrial natriuretic factor. Increased levels of this polypeptide can be detrimental to normal left ventricular
filling pressures. This occurs by virtue of the potent vasodilating, natriuretic, diuretic, and aldosterone-inhibiting
properties of atrial natriuretic factor. Inappropriately elevated levels of atrial natriuretic factor may worsen the clinical
syndrome of right ventricular infarction.[5] The potential hemodynamic derangements associated with right ventricular
infarction render the afflicted patient unusually sensitive to diminished preload (ie, volume) and loss of
atrioventricular synchrony. These 2 circumstances can result in a severe decrease in right and, secondarily, left,
ventricular output.[6, 7, 8]

Early thrombolysis or mechanical reperfusion of an occluded coronary artery resulting in right ventricular infarction is
associated with prompt reduction in right atrial pressure. This is extremely important because persistently elevated
right atrial pressure has been associated with increased in-hospital mortality when associated with myocardial
infarction. The extent of right ventricular infarction varies greatly and is dependent on the site of occlusion of the right
ventricular arterial supply. If occlusion occurs before the right ventricular marginal branches and if collateral blood
flow from the left anterior descending coronary artery is absent, then the size of infarction generally is greater. Extent
of infarction depends somewhat on flow through the thebesian veins.[9, 10] In general, any major reduction in blood
supply to the right ventricular free wall portends an adverse prognosis in association with this disorder.

Epidemiology

Isolated infarction of the right ventricle is extremely rare; right ventricular infarction usually is noted in association
with inferior wall myocardial infarction. The incidence of right ventricular infarction in such cases ranges from
10-50%, depending on the series.[11]

The frequency of right ventricular infarction, which can be detected by right-sided precordial leads, in association
with non–ST-segment elevation or non–Q-wave myocardial infarction, is not known and currently is being
investigated. Although right ventricular infarction is clinically evident in a sizable number of cases, the incidence is
considerably less than that found at autopsy.[10, 12, 13, 14] A major reason for the discrepancy is the difficulty in
establishing the presence of right ventricular infarction in living subjects. Additionally, right ventricular dysfunction
and stunning frequently are of a transient nature, such that estimation of the true incidence of right venticular
infarction is even more difficult.

Criteria have been set forth to diagnose right ventricular infarction; even when strictly employed, however, the criteria
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lead to underestimation of the true incidence of right ventricular infarction.[15, 16, 17]

 

 

Contributor Information and Disclosures
Author
Claudia Dima, MD, FACC  Interventional Cardiology

Disclosure: Nothing to disclose.

Coauthor(s)
David L Coven, MD, PhD  Assistant Professor of Clinical Medicine, Columbia University College of Physicians
and Surgeons; Director, Cardiology Outpatient Clinic, St Luke's Site, Attending Physician, Department of
Medicine, Division of Cardiology, St Luke's-Roosevelt Hospital Center

David L Coven, MD, PhD is a member of the following medical societies: American College of Physicians,
American Medical Association, and Massachusetts Medical Society

Disclosure: Nothing to disclose.

Kenneth B Desser, MD  Clinical Professor, Director of Cardiology Fellowship, Banner Good Samaritan Medical
Center, Phoenix, Arizona

Disclosure: Nothing to disclose.

Ashish Pershad, MD  Consulting Staff, Heart and Vascular Center of Arizona

Ashish Pershad, MD is a member of the following medical societies: American College of Cardiology

Disclosure: Nothing to disclose.

Specialty Editor Board
George A Stouffer III, MD  Henry A Foscue Distinguished Professor of Medicine and Cardiology, Director of
Interventional Cardiology, Cardiac Catheterization Laboratory, Chief of Clinical Cardiology, Division of Cardiology,
University of North Carolina Medical Center

George A Stouffer III, MD is a member of the following medical societies: Alpha Omega Alpha, American College
of Cardiology, American College of Physicians, American Heart Association, Phi Beta Kappa, and Society for
Cardiac Angiography and Interventions

Disclosure: Nothing to disclose.

Francisco Talavera, PharmD, PhD  Adjunct Assistant Professor, University of Nebraska Medical Center College
of Pharmacy; Editor-in-Chief, Medscape Drug Reference

Disclosure: Medscape Salary Employment

Chief Editor
Eric H Yang, MD  Associate Professor of Medicine, Director of Cardiac Catheterization Laboratory and
Interventional Cardiology, Mayo Clinic Arizona

Eric H Yang, MD is a member of the following medical societies: Alpha Omega Alpha

Disclosure: Nothing to disclose.

Additional Contributors
The authors and editors of Medscape Reference gratefully acknowledge the contributions of previous author Rex
C Liu, MD, to the development and writing of the source article.

References

Chockalingam A, Gnanavelu G, Subramaniam T, Dorairajan S, Chockalingam V. Right ventricular
myocardial infarction: presentation and acute outcomes. Angiology. Jul-Aug 2005;56(4):371-6. [Medline].

1. 

Forman MB, Goodin J, Phelan B, Kopelman H, Virmani R. Electrocardiographic changes associated with
isolated right ventricular infarction. J Am Coll Cardiol. Sep 1984;4(3):640-3. [Medline].

2. 

Garty I, Barzilay J, Bloch L, Antonelli D, Koltun B. The diagnosis and early complications of right ventricular
infarction. Eur J Nucl Med. 1984;9(10):453-60. [Medline].

3. 

Giannitsis E, Potratz J, Wiegand U, Stierle U, Djonlagic H, Sheikhzadeh A. Impact of early accelerated dose
tissue plasminogen activator on in-hospital patency of the infarcted vessel in patients with acute right
ventricular infarction. Heart. Jun 1997;77(6):512-6. [Medline]. [Full Text].

4. 

Haupt HM, Hutchins GM, Moore GW. Right ventricular infarction: role of the moderator band artery in5. 

Right Ventricular Infarction http://emedicine.medscape.com/article/157961-overview

2 of 4 14/01/2015 22:03

John Vogel




determining infarct size. Circulation. Jun 1983;67(6):1268-72. [Medline].

Hirsowitz GS, Lakier JB, Goldstein S. Right ventricular function evaluated by radionuclide angiography in
acute myocardial infarction. Am Heart J. Oct 1984;108(4 Pt 1):949-54. [Medline].

6. 

Hurst JW. Comments about the electrocardiographic signs of right ventricular infarction. Clin Cardiol. Apr
1998;21(4):289-91. [Medline].

7. 

Iqbal MZ, Liebson PR. Counterpulsation and dobutamine. Their use in treatment of cardiogenic shock due
to right ventricular infarct. Arch Intern Med. Feb 1981;141(2):247-9. [Medline].

8. 

Kinn JW, Ajluni SC, Samyn JG, Bates ER, Grines CL, O'Neill W. Rapid hemodynamic improvement after
reperfusion during right ventricular infarction. J Am Coll Cardiol. Nov 1 1995;26(5):1230-4. [Medline].

9. 

Bates ER. Revisiting reperfusion therapy in inferior myocardial infarction. J Am Coll Cardiol. Aug
1997;30(2):334-42. [Medline].

10. 

Andersen HR, Nielsen D, Falk E. Right ventricular infarction: larger enzyme release with posterior than with
anterior involvement. Int J Cardiol. Mar 1989;22(3):347-55. [Medline].

11. 

Andersen HR, Falk E, Nielsen D. Right ventricular infarction: frequency, size and topography in coronary
heart disease: a prospective study comprising 107 consecutive autopsies from a coronary care unit. J Am
Coll Cardiol. Dec 1987;10(6):1223-32. [Medline].

12. 

Andersen HR, Nielsen D, Lund O, Falk E. Prognostic significance of right ventricular infarction diagnosed by
ST elevation in right chest leads V3R to V7R. Int J Cardiol. Jun 1989;23(3):349-56. [Medline].

13. 

Birnbaum Y, Wagner GS, Barbash GI, Gates K, Criger DA, Sclarovsky S, et al. Correlation of angiographic
findings and right (V1 to V3) versus left (V4 to V6) precordial ST-segment depression in inferior wall acute
myocardial infarction. Am J Cardiol. Jan 15 1999;83(2):143-8. [Medline].

14. 

Braat SH, Brugada P, den Dulk K, van Ommen V, Wellens HJ. Value of lead V4R for recognition of the
infarct coronary artery in acute inferior myocardial infarction. Am J Cardiol. Jun 1 1984;53(11):1538-41.
[Medline].

15. 

Braat SH, Brugada P, de Zwaan C, Coenegracht JM, Wellens HJ. Value of electrocardiogram in diagnosing
right ventricular involvement in patients with an acute inferior wall myocardial infarction. Br Heart J. Apr
1983;49(4):368-72. [Medline]. [Full Text].

16. 

Elkayam U, Halprin SL, Frishman W, Strom J, Cohen MN. Echocardiographic findings in cardiogenic shock
due to right ventricular myocardial infarction. Cathet Cardiovasc Diagn. 1979;5(3):289-94. [Medline].

17. 

Lisbona R, Sniderman A, Derbekyan V, Lande I, Boudreau R. Phase and amplitude imaging in the
diagnosis of acute right ventricular damage in inferior infarction. Clin Nucl Med. Nov 1983;8(11):517-20.
[Medline].

18. 

Martin W, Tweddel A, McGhie I, Hutton I. The evaluation of right ventricular function in acute myocardial
infarction by xenon-133. Nucl Med Commun. Jan 1989;10(1):35-43. [Medline].

19. 

Mittal SR. Isolated right ventricular infarction. Int J Cardiol. Aug 1994;46(1):53-60. [Medline].20. 

Silverman BD, Carabajal NR, Chorches MA, Taranto AI. Tricuspid regurgitation and acute myocardial
infarction. Arch Intern Med. Jul 1982;142(7):1394-5. [Medline].

21. 

Nader DA, Ceretto WJ, Vieweg WV. Atrial pacing in the management of right ventricular infarction. South
Med J. Mar 1981;74(3):362-3. [Medline].

22. 

Pfisterer M, Emmenegger H, Müller-Brand J, Burkart F. Prevalence and extent of right ventricular
dysfunction after myocardial infarction--relation to location and extent of infarction and left ventricular
function. Int J Cardiol. Sep 1990;28(3):325-32. [Medline].

23. 

Sugimoto T, Ogawa K, Asada T, Mukohara N, Higami T, Obo H, et al. Surgical treatment of ventricular
septal perforation with right ventricular infarction. J Cardiovasc Surg (Torino). Feb 1996;37(1):71-4.
[Medline].

24. 

Mavric Z, Zaputovic L, Matana A, Kucic J, Roje J, Marinovic D, et al. Prognostic significance of complete
atrioventricular block in patients with acute inferior myocardial infarction with and without right ventricular
involvement. Am Heart J. Apr 1990;119(4):823-8. [Medline].

25. 

Lahm T, McCaslin CA, Wozniak TC, Ghumman W, Fadl YY, Obeidat OS, et al. Medical and surgical
treatment of acute right ventricular failure. J Am Coll Cardiol. Oct 26 2010;56(18):1435-46. [Medline].

26. 

Singhal AM, Ilangovan S, Mehta S, Portaluppi F. Isolated right ventricular infarction followed by posterior left
ventricular infarction after a few days. Acta Cardiol. 1984;39(4):307-12. [Medline].

27. 

Strauss HD, Sobel BE, Roberts R. The influence of occult right ventricular infarction on enzymatically
estimated infarct size, hemodynamics and prognosis. Circulation. Sep 1980;62(3):503-8. [Medline].

28. 

Dokainish H, Abbey H, Gin K, Ramanathan K, Lee PK, Jue J. Usefulness of tissue Doppler imaging in the
diagnosis and prognosis of acute right ventricular infarction with inferior wall acute left ventricular infarction.
Am J Cardiol. May 1 2005;95(9):1039-42. [Medline].

29. 

Chockalingam A, Gnanavelu G, Alagesan R, Subramaniam T. Myocardial performance index in evaluation
of acute right ventricular myocardial infarction. Echocardiography. Aug 2004;21(6):487-94. [Medline].

30. 

Robalino BD, Petrella RW, Jubran FY, Bravo EL, Healy BP, Whitlow PL. Atrial natriuretic factor in patients
with right ventricular infarction. J Am Coll Cardiol. Mar 1 1990;15(3):546-53. [Medline].

31. 

Roth A, Miller HI, Kaluski E, Keren G, Shargorodsky B, Krakover R, et al. Early thrombolytic therapy does
not enhance the recovery of the right ventricle in patients with acute inferior myocardial infarction and
predominant right ventricular involvement. Cardiology. 1990;77(1):40-9. [Medline].

32. 

Schuler G, Hofmann M, Schwarz F, Mehmel H, Manthey J, Tillmanns H, et al. Effect of successful
thrombolytic therapy on right ventricular function in acute inferior wall myocardial infarction. Am J Cardiol.
Nov 1 1984;54(8):951-7. [Medline].

33. 

Right Ventricular Infarction http://emedicine.medscape.com/article/157961-overview

3 of 4 14/01/2015 22:03



 

Medscape Reference © 2011 WebMD, LLC

 

Sharpe DN, Botvinick EH, Shames DM, Schiller NB, Massie BM, Chatterjee K, et al. The noninvasive
diagnosis of right ventricular infarction. Circulation. Mar 1978;57(3):483-90. [Medline].

34. 

Zorio E, Arnau MA, Rueda J, Almenar L, Osa A, Martínez-Dolz L, et al. The presence of epsilon waves in a
patient with acute right ventricular infarction. Pacing Clin Electrophysiol. Mar 2005;28(3):245-7. [Medline].

35. 

Sugiura T, Iwasaka T, Shiomi K, Nagahama Y, Takehana K, Inada M. Clinical significance of right ventricular
dilatation in patients with right ventricular infarction. Coron Artery Dis. Dec 1994;5(12):955-9. [Medline].

36. 

Tan HC, Yeo TC, Lim YT, Chia BL. A case of unusual electrocardiographic presentation of right ventricular
myocardial infarction. Ann Acad Med Singapore. Nov 1997;26(6):844-7. [Medline].

37. 

Tobinick E, Schelbert HR, Henning H, LeWinter M, Taylor A, Ashburn WL, et al. Right ventricular ejection
fraction in patients with acute anterior and inferior myocardial infarction assessed by radionuclide
angiography. Circulation. Jun 1978;57(6):1078-84. [Medline].

38. 

Lupi-Herrera E, González-Pacheco H, Juárez-Herrera U, et al. Primary reperfusion in acute right ventricular
infarction: An observational study. World J Cardiol. Jan 26 2014;6(1):14-22. [Medline]. [Full Text].

39. 

Reynolds HR, Hochman JS. Cardiogenic shock: current concepts and improving outcomes. Circulation. Feb
5 2008;117(5):686-97. [Medline].

40. 

Vesterby A, Steen M. Isolated right ventricular myocardial infarction. A case report. Acta Med Scand.
1984;216(2):233-5. [Medline].

41. 

Yoshino H, Udagawa H, Shimizu H, Kachi E, Kajiwara T, Yano K, et al. ST-segment elevation in right
precordial leads implies depressed right ventricular function after acute inferior myocardial infarction. Am
Heart J. Apr 1998;135(4):689-95. [Medline].

42. 

Zeymer U, Neuhaus KL, Wegscheider K, Tebbe U, Molhoek P, Schröder R. Effects of thrombolytic therapy
in acute inferior myocardial infarction with or without right ventricular involvement. HIT-4 Trial Group. Hirudin
for Improvement of Thrombolysis. J Am Coll Cardiol. Oct 1998;32(4):876-81. [Medline].

43. 

Inglessis I, Shin JT, Lepore JJ, Palacios IF, Zapol WM, Bloch KD, et al. Hemodynamic effects of inhaled
nitric oxide in right ventricular myocardial infarction and cardiogenic shock. J Am Coll Cardiol. Aug 18
2004;44(4):793-8. [Medline].

44. 

Right Ventricular Infarction http://emedicine.medscape.com/article/157961-overview

4 of 4 14/01/2015 22:03


