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Acute coronary artery disease is a real obsession to any practitioner because of its heavy
complications. Right ventricular infarction is a pathological entity distinguished by several diagnostic,
therapeutic and prognostic features. These differences can be explained by the anatomical structure of
the right ventricle and the physiopathological peculiarities in the occurrence of an infarction. Recent
literature has focused on the subject in its details with sometimes inconsistent results. The ECG (18
leads) echocardiography and especially coronary angiography contribute intensively to the diagnosis.
Urgent management of ventricular infarction is based on urgent recanalization, maintenance of a good
right ventricular pre-load, it tends to reduce the high intra-hospital mortality.
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INTRODUCTION

Coronary artery disease and its consequences on the heart
pump largely predominate in the incidence of various heart
diseases in developed countries and, presumably, more and
more in developing countries; their impact on morbidity and
mortality is subject to countless studies and researches. Unlike
left ventricular infarction, which has been extensively
described and studied since antiquity, right ventricular
infarction has been described as a distinct clinical entity since
1974 (Cohn, 1974). The variability of clinical expression and
the peculiarities of the management of right ventricular
involvement during myocardial infarction are based on a
pathophysiology that is gradually better and better understood.

History Epidemiology: The pioneering autopsy study
published in 1986 accurately quantified the frequency and
importance of the mural extension of right ventricular
infarctions; 107 patients (out of 131) who died of coronary
pathology in cardiology intensive care unit, in fourteen
months, were autopsied; there were 211 aftermath of left
ventricular infarction (85 anterior, 56 lateral, 70 posterior). The
frequency of right ventricular involvement was the same (64
versus 66%) in anterior and posterior infarction (near zero
frequency in lateral infarction), but the size of right ventricular
necrosis was very different (11% of the right ventricle was

infarcted in anterior infarction; 50% of infarcted right ventricle
in posterior infarcts), which explains why right ventricular
involvement goes unnoticed in anterior infarcts (Andersen,
1987). The distinction between bi-ventricular involvement
(extension to the right ventricle of the myocardial infarction),
which is generally quite frequent during inferior infarction, is
of the order of 26 to 50% depending on the series and 6 % in
anterior infarction; whereas isolated right ventricular infarction
remains exceptional in the literature (Ondrus et al., 2013).

Physiopathology: The right coronary is dominant in 60 to
90% of human hearts, vascularizing the atrio-ventricular node
and the posterior walls of both ventricles as well as the
posterior third of the septum, the sinus node, and the tricuspid
sub-valvular apparatus. The anterior ventricular artery (AIV)
provides vascularization of the tip and anterior wall of the right
ventricle. The classic right ventricular infarction (RV)
complicating inferior infarction is therefore due to proximal
occlusion of the right coronary artery; Occlusions of the
anterior inter ventricular artery are often accompanied by a
small right ventricular infarction that goes unnoticed and has
no clinical consequences. The sensitivity of the right ventricle
to ischemia is low compared with that of the left ventricle; this
is explained by several factors: in particular its low muscular
mass with reduced oxygen requirements, systolic-diastolic
vascularization with numerous collateralities as well as oxygen
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diffusion from the ventricular chamber directly to the parietal
thickness (Ondrus et al., 2013). Overgaard et al. explained that
the occurrence of hemodynamic complications are frequent
during right infarctions, resulting from the confluence of
several mechanisms (Christopher Overgaard, 2002):

* An immediate dilatation of the RV limited by the
pericardial envelope.

* Acute ischemic dilatation of RV leading to a decrease in
LV pre-load which will aggravate reduction of the
ejection fraction (mimicking the consequences of
tamponade).

» Paradoxical displacement of the inter ventricular septum
and atrio-ventricular asynchrony actively contribute to
the alteration of left ventricular preload and therefore to
the collapse of the ejection fraction.

e The frequent occurrence of rhythmic and conductive
complications aggravates left ventricular dysfunction.

Nevertheless, the CABIN and then the ISNER experimental
models indicated that cardiac output depression associated
with RV infarction is largely dependent on pericardial
integrity, which means that inter-ventricular dependence rather
than the systolic function of RV is the main mechanism of
hemodynamic disorders (Figure 1) (Cabins, 1987; Isner, 1988;
Wellens, 1993). As on (Figure 1): Two physiological concepts
explaining the harmful effects of a volume overload. (a)
Normal ventricle: at the end systole, the free wall of the right
ventricle (RV) moves towards the septum. (b) Pericardial
Restriction Effects (Above: Before Volume Overload; Below:
After Excessive Volume Loading): Right Ventricular (RV)
dilatation, due to volume overload, may cause elevation intra
pericardial pressure, an increase in pericardial stress (red
arrow) and a change in geometry because of the inter
ventricular septum. These changes contribute to the reduction
of ejection fraction by decreasing the distensibility of the left
ventricle (LV), preload and ventricular elastance. (c, d) Role of
the inter ventricular septum (c: pure infarction of RV, d:
infarction of RV with septal ischemia). (c) at the end of the
systole, the free wall of the RV moves towards the septum. At
the end of the diastole, the RV dilates during the diastole and
the septum is reversed with respect to the reduced volume of
the left ventricle. At the end of the systole, the septum thickens
but moves paradoxically into the right ventricle, displacing the
volume of the right ventricle despite its parietal dyskinesia. (d)
Septal ischemia depresses septal contraction and overall
function of the left ventricle, resulting in dilatation of the left
ventricle. Non-thickening of the septal wall is associated with
further displacement to the right ventricle. Septal thinning Pan-
systolic and paradoxical displacement extension are associated
with additional depression of the right ventricle performance.
All these abnormalities are aggravated by the frequent
occurrence of conduction and rhythm disorders (Ondrus, 2013;
Philippe Meurin, 1995).

Diagnosis: Diagnosis is essentially based on clinical
examination data, ECG, echocardiography and measurements
of hemodynamic values (Boxt, 1999). According to many
larges studies,Magnetic resonance imaging (MRI) is the gold
standard for the exploration of RV dysfunction (Melissa Lyle,
Ryan, 2016). Considering their indisputable contribution and
their availability, ECG and echocardiography are the basic
examinations for the diagnosis of RV. During a myocardial
infarction of the inferior territory, the appearance of a triad,
made of hypotension with increased jugular pressure and

clarity on the chest X-ray, is considered as a base of orientation
towards a right extension of the infarction with a sensitivity of
25% and a specificity of 96% (Dell’Italia, 1983); nevertheless,
a Kussmaull sign or a paradoxical pulse can be revealing
(Cintron, 1981). Physical examination may reveal signs of
right heart failure, galloping noises, a functional or ischemic
tricuspid regurgitation murmur or persistent hypoxia despite
oxygenation (Takeuchi, 1989; Haji, 2000; Crawford, 2006).

The electrocardiogram: The new AHA / ESC
recommendations call the completion of an 18-lead ECG as a
recommendation I C (Patrick, 2013; Gabriel steg, 2012). On
classical derivations, V1 and V2 can point to a straight
extension (17). The ST elevation associated or not with Q
waves on the V3R-V6R leads is strongly suggestive of the
diagnosis of RV infarction (Ondrus, 2013; Erhardt, 1976;
Braat, 1983; Yoshino, 1998). On 3 different studies, Braat et
al. underlined the particular interest of V4R ST elevation as a
diagnostic component of RV infarction by proximal coronary
artery stenosis and as an indicator of poor prognosis (Braat,
1988; Braat, 1984; Braat, 1984). Indeed, it has been shown that
ST elevation in V4R is strongly associated with RV
dysfunction, hemodynamic impairment and elevated intra-
hospital mortality (Braat, 1983; Braat, 1988; Braat, 1984;
Braat, 1984; Candell-Riera, 1981; Klein, 1983); this elevation
is generally absent after 12 hours of installation (Fijewski,
2002). It can occur during pulmonary embolism, antero-septal
infarction, LV aneurysm, left ventricular hypertrophy and
Brugada syndrome (Onur Baydar, 2016; Hsu, 2003). Other
electrical manifestations related to RV infarction have been
reported (Figure 2), higher D III than D II ST elevation,
progressive V1 to V3 without necrosis and under-shift beyond
2 mm in DI and aVL with QRS widening in right leads
(Turhan, 2003; Rashduni, 2003; Mittal, 1997; Verouden,
2009).

Echocardiography: Manyanatomical difficulties (complicated
geometry and trabecular) limit the contribution of the 2D
echocardiography during the RVinfarction (O’Rourke, 2004),
it gives information about bi-ventricular functions, the cinetic
disorder and associated valvularabnormalities. The presence of
segmented cinetic disorders of the walls of the VD
(hypokinesia or akinesia(that are quantified by a score index or
echocardiography Strain) associated with its dilation defined
more accurately the RV infarction than the only presence of
cinetic disorders (Lebeau, 2004; Dell’Italia, 1984; Lopez-
Sendon, 1983) Echocardiography is recommended to watch a
paradoxical septum (Lopez-Sendon, 1983), a tricuspid
regurgitation with right atrial dilatation (Yilmaz et al., 2003)
and a deviation of the inter auricular septum in convexity
towards the left auricle in more than 80% cases and even a re-
permeabilization of the foramen oval seen with Doppler
(Mattioli, 2000) .The measurement of the TAPSE (tricuspid
annular plane systolic excursion) inTM mode informs on the
systolic function of the RV (longitudinal shortening). On their
study, Ghio and al have documented the prognostic impact of
TAPSE impairment in cardiac failure regardless of etiology
(Ghio, 2000), while, Engstromand al. (on a large scale) a
TAPSE value less than 14 mm in patients admitted for
myocardial infarction complicated by shock is correlated with
significant long-term mortality (Engstrom, 2010). This
echocardiographic parameter also informs about the systolic
function of the LV and can be altered in case of impairment of
just LV function (Kjaergaard et al., 2005; Kidawa, 2005;
Lopez-Candales, 2006).
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Figure 1. Pathophysiology of pressure effects during VCD infarction compared with other situations (5).
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Figure 2. Different manifestations on the ECG of RV infarction (28).
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Figure 3. Various hemodynamic aspects possible during right ventricular infarction (5).
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Figure 4. Proximal obstruction of the right coronary (with upwards the departure of the
artery of the conus) (one of our patients)

Tissue Doppler provides objective information on the overall
function of the right ventricle (Ho, 2006; Meluzin, 2001;
Vogel, 2002). Several studies have highlighted the reduction in
lateral systolic velocities of the tricuspid ring following RV
infarction, which is correlated with RV dysfunction (Oguzhan
et al.,, 2003; Alam et al., 2008; Ozdemir et al., 2003). The
reduction in diastolic velocity is also related to the onset of RV
dysfunction (49).

The alteration of the myocardial perfusion index (Tei index) is
highly sensitive and specific for the extension of the inferior
infarction to the RV (Ozdemir, et al., 2003; Kakouros, 2009).
This index is considered by El Sebaie as the most significant
echocardiographic index of proximal coronary involvement in
the case of inferior infarction (Maha, 2016). 3D
echocardiography has no additional contribution compared to
conventional imaging techniques (Tamborini, 2008), however
its results are in good agreement with those of cardiac MRI
(Leibundgut, 2010); its necessity in case of RV infarction
remains to be proven. Echocardiography helps to eliminate
differential diagnosis in the presence of adiastolia, such as
constrictive pericarditis and tamponade; and guides to
diagnosis if right ventricular dysfunction.

The right catheterization (figure 3): is justified only if signs
of bad tolerance, it can objectify (Philippe Meurin, 1995):

e  Adiastolia: high right ventricular pressure with
pressure of the right atrium (RAP) often greater than
or equal to capillary pressure (in fact the elevation of
the right atrium pressure which becomes close to the
capillary pressure with a difference of less than 5 mm
Hg is already a diagnostic criteria) and elevation of
the diastolic right ventricle pressure (DRVP), a
diagnostic criteria being the DRVP/ Cp ratio <0.8. We
note the tendency to equalize diastolic pressures
without pulmonary arterial hypertension.

e  We will also look for the dip-tray aspect. The search
for these signs of adiastolia can be sensitized by a
filling test.

e On the right atrial pressure curve, a prominent "Xx"
depression and a blunted "y" descent reflect a right
ventricular filling disorder; the appearance of the
wave "a" (atrial contraction) which is either increased
(the atrial pressure curve thus taking on a "W"
appearance) is lowered (the curve thus taking on the
appearance of "M") makes it possible to differentiate
two populations: when atrial systole is very effective
("W™) the prognosis is better than when it is not very
effective ("M"), which underlines the importance of
atrial systole in this pathology.

e A decrease in cardiac output (colorimetric or thermo
dilution) is often associated.

e At the same time, right ventriculography can be
performed for the study of the segmental cinetic of the
right ventricle and the search for tricuspid
insufficiency.

The radionuclear techniques were considered as the basic for
evaluation of the different volumes and the systolic function of
the RV, currently they are overlaid by the cardiac MRI which
is considered "the gold standard", its different acquisition
techniques associated Gadolinium injection can detect early or
late (aftermath of necrosis) ischemic lesions of RV and any
associated lesions (Kjaer A, Lebech , 2005; Kumar, 2006;
Younger, 2006). Chest tomography is mediocre in terms of
RV infarction outside congenital coronary anomalies (He,
2006; Saremi, 2009).

Therapeutic particularities

Revascularization: Urgent revascularization by primary
angioplasty improves the early normalization of ventricular
function and reduces intra-hospital mortality (Hanzel, 2006); it
contributes to the improvement of LV ejection fraction
(Goldstein, 2002). At the same time, successful thrombolysis
has a positive impact on the recovery of RV function and
overall survival (Ramzy, 2009), but is frequently unsuccessful
especially in cases of associated hypotension or proximal right
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coronary involvement. (which is the case quite often (Figure
3). Drug dissolution in case of right ventricular MI is described
as providing of several cases of reocclusion (Zehender, 1994).
Thrombolysis, thereby, finds its place electively in case
undoable primary angioplasty. Although the occurrence of
shock state is quite common in RV infarctions compared to
LV, cardiogenic shock mortality remains equivalent in both
cases according to the Pfister and Jacobs studies (Pfisterer,
2003; Jacobs, 2003), but the occurrence of other potentially
lethal complications (rhythmic, conductive and hemodynamic)
further aggravates the prognosis (Mehta, 2001). Many studies
have reported the progressive recovery of right ventricular
function after 03 to 12 months, even without revascularization
(Jacobs, 2003; Yasuda, 1990).

Other treatments: Given the physiopathological features of
RV infarction, therapeutic behavior and prognosis differ from
those of LV infarction, so, the use of diuretics, nitrates,
angiotensin-converting enzyme inhibitors and opiates reduce
RV preload of and may compromise the hemodynamic state
(Ondrus, 2003). In a series of 300 cases,Ternacle states that the
use of diuretics may be beneficial in case of RV infarction
especially associated with oliguria and exceeds the filling
effect alone (Hein, 2009), it remains of remarkable clinical
interest as soon as the blood pressure begins to fall and it
depends on the afterload of the RV and the fluid load status of
the patient (Goldstein, 2002). Dobutamine is the drug of choice
for cardiogenic shock in RV infarction, it improves the
performance of RV and afterload with reduction of pulmonary
vascular resistance and improves of atrio-ventricular
conduction (Ferrario, 1994). Milrinone provides significant
cardio-protection but may exacerbate hypotension (Hein, 2009;
Ternacle, 2013); In this case the introduction of Dopamine
sustains good coronary perfusion (Ferrario, 1994).
Concomitant use of Levosimendan appears to improve LV
function, decrease post-loading RV, and improve coronary
perfusion (Ikonomidis et al., 2007; Follath, 2002), and these
findings have been endorsed by the results of Russ and al
(Russ, 2002). The intra-aortic balloon pump helps, among
other things, to better infuse coronary arteries and contributes
to the success of thrombolysis in RV infarction complicated by
hypotension or shock (Kiernan, 2010; Giesler et al., 2006).
The recovery of the physiological rhythm in case of conductive
disorders after a RV infarction is essential. Bradycardia can be
temporarily treated with atropine (Altun, 1998), especially
associated with aminophylline or even the use of a stimulation
probe or pace maker (Strasberg, 1991; Topol, 1982).

Prognosis

Short term: Right ventricular extension during myocardial
infarction significantly increases intra-hospital mortality; a
meta-analysis deduced that short-term mortality increased from
6.3% in the absence of right ventricular involvement to 17% in
the presence of a right extension with an increased relative risk
of mortality of 2.6 (Hamon, 2008). The frequent occurrence of
refractory cardiogenic shock and conduction disorders explains
this aggravation relatively. Primary angioplasty has improved
short-term prognosis compared to fibrinolysis, although
mortality remains high, cited in many publications in diverse
populations (Keeley, 2003; Takulnohara, ?).

Long term: Counter to the short-term prognosis, the long-term
one seems not to be influenced by the extension of MI to the
right ventricle (Gumina, 2006). An average survival of 9
deaths per 100 patient-years after revascularization of the right

ventricle MI; results comparable to those of infarction without
RV extension (Philippe Meurin, 1995).

Conclusion

The right ventricle is distinguished by its anatomo-
physiological peculiarities responsible for its
physiopathological singularity explaining the advent of various
complications. this implies an adequate diagnostic procedure
and requires urgent and specific management with the
validation of more and more new therapeutic methods to
combat short-term prognosis.
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