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Assesment of Right Ventricular Function Using Contrast
Echocardiography in Patients with Myocardial Infarction
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Objective. To evaluate right ventricular size, motility, and
ejection fraction (RVEF) by contrast echocardiography.

Methods. We studied consecutive patients admitted to
the coronary intensive care unit with acute inferior myo-
cardial infarction, without prior infarction and with or with-
out right ventricle involvement, according to accepted
electrocardiographic findings. Polygelin, 3.5% solution,
was used for contrast echocardiography. The reference
standard was equilibrium radionuclide angiography.

Results. We studied 44 patients using contrast echo-
cardiography, average patient age 60.8 + 10.6 years, 38
men and 6 women. Abnormal right ventricular size (more
than 25 mm) yielded a sensitivity of 79%, specificity of
87%, positive and negative predictive values of 92 and
68%, respectively, and a likelihood ratio of 6. Abnormal
right ventricular motility had a sensitivity of 70%, specifi-
city of 94%, positive and negative predictive values of 95
and 67%, respectively, and a likelihood ratio of 11.6.
Right ventricular ejection fraction < 30% with contrast
echocardiography had a sensitivity of 69%, specificity of
97%, positive and negative predictive values of 90 and
88% respectively, and a likelihood ratio of 6.9.

Conclusion. In patients with acute inferior myocardial
infarction, contrast echocardiography with the area-length
method is a valid and reproducible technique for evalua-
ting right ventricular ejection fraction, which is easy to per-
form and can be done at the patient’s bedside.
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Valoracién de la funcion ventricular derecha
mediante ecocardiografia de contraste en pacientes
con infarto agudo de miocardio

Objetivo. Evaluar el valor diagnéstico del tamafo, la
motilidad y la fraccion de eyeccion del ventriculo derecho
(FEVD) con ecocardiografia de contraste (EC).

Métodos. Incluimos a pacientes consecutivos con el pri-
mer acontecimiento de infarto agudo de miocardio inferior
con o sin extensiéon eléctrica al ventriculo derecho.
Usamos solucion de poligelina al 3,5% para la EC y se
compar6 con la angiografia de equilibrio con radionuclidos
(AER).

Resultados. Estudiamos con EC a 44 pacientes,
38 varones y 6 mujeres, con una edad promedio de 60,8
*+ 10,6 afos. Para el tamafno anormal del ventriculo dere-
cho (més de 25 mm) encontramos una sensibilidad del
79 + 4% y especificidad del 87 + 3%, los valores predicti-
vos positivo y negativo fueron del 92 + 3 y el 68 * 4%,
respectivamente, y el cociente de probabilidad fue de 6.
Para la motilidad alterada del ventriculo derecho la sensi-
bilidad fue del 70 £ 5% y la especificidad del 94 + 2%, los
valores predictivos positivo y negativo fueron del 95 £ 2 y
el 67 + 5%, respectivamente, y el cociente de probabili-
dad fue de 11,6. Para la fraccion de eyeccion del ven-
triculo derecho (FEVD) menor del 30% con EC, la sensi-
bilidad fue del 69 + 3% y la especificidad del 97 + 2%,
mientras que los valores predictivos positivo y negativo
fueron del 90 + 2 y el 88 * 4%, respectivamente, con un
cociente de probabilidad de 6,9.

Conclusion. En los pacientes con infarto agudo de
miocardio inferior la EC con el método de area longitud
es una técnica valida y reproducible para evaluar la fun-
cion ventricular derecha, es simple de realizar, segura y
se puede hacer en la cabecera del paciente.

Palabras clave: Ecocardiografia de contraste. Infarto
de miocardio. Funcidn ventricular derecha.

INTRODUCTION

The complex and mutable form of the right ventricle
makes it difficult to use a simple geometric model to
evaluate its function, as is possible with the left ventri-
cle. Various techniques have been used to this end
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ABBREVIATIONS

ERA: equilibrium radionuclide angiography.
CE: contrast echocardiography.

RVEEF: right ventricular ejection fraction.
RVF: right ventricular function.

—initially, conventional angiography, followed by nu-
clear medicine, echocardiography, and recently, mag-
netic resonance (MR), with no gold standard yet esta-
blished. It is accepted that nuclear medicine studies,
specifically equilibrium radionuclide angiography,
avoids dealing with the problem of the complexity of
the cavity a certain degree, although it has the disad-
vantage of exposing the patients to radiation and is not
always available. Echocardiography, in its various
forms, has been explored as a better method for stud-
ying right ventricular function. There are currently 4
imaging that try to imitate a geometric model (single
plane, Simpson’s rule, area-length method, and geo-
metric contour models), which have been compared
with angiographic studies, nuclear medicine studies,
and hemodynamic monitoring.! The area-length met-
hod is thought to have the greatest practical applica-
tion and some studies with MR have confirmed the va-
lidity of this method.?

The literature has described 68% sensitivity and 82%
specificity when the area-length method is compared to
2-dimensional echocardiography and conventional an-
giography.* Two-dimensional echocardiography has also
been compared to first-transit radionuclide angiography
to estimate right ventricle ejection fraction (RVEF), no-
ting a correlation of between 0.74 and 0.784.

The first transit equilibrium radionuclide angio-
graphy study (ERA) established the presence of a right
ventricular infarct with hemodynamic repercussions.’

Right ventricular function (RVF) is important in the
clinical course of some diseases, as is the case in patients
with an acute myocardial infarct and right ventricle da-
mage in whom evaluation of RVF at various time inter-
vals is crucial, given its prognostic and therapeutic va-
lue.®

The aim of our study was to evaluate the diagnostic
value of RVF with the parameters of size, motility, and
RVEF in patients with an acute inferior myocardial in-
farct with or without electrical spread to the right ven-
tricle using contrast echocardiography (CE).

METHODS

We studied 44 consecutive patients admitted to the
Coronary Intensive Care Unit in the Hospital de
Cardiologia del Centro Médico Nacional Siglo XXI
with an acute inferior myocardial infarction with or
without involvement of the right ventricle. The inclu-
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sion criteria were:

— Patients identified as having acute myocardial in-
farction, based on 2 of the following criteria: a) op-
pressive precordial pain equal to 30 minutes duration;
b) ST segment elevation equal to 1 mm in at least 2
continuous leads in the inferior area; in order to esta-
blish a diagnosis of involvement of the right ventricle,
an ST segment elevation greater than 1 mm in right
V3 or V4, or both, and ¢) an enzyme creatinphospho-
kinase elevation of twice or more its normal value.

— Patient consensus.

We did not include patients with previous myocar-
dial infarction, a history of chronic serious pneumono-
pathy requiring hospitalization or oxygen therapy,
congenital cardiopathy or previous valve disease,
constrictive pericarditis, or pulmonary arterial hyper-
tension.

We used the ERA as a standard of reference to com-
pare with CE in accordance with the opinion of a
group of experts from the hospital. All patients under-
went both studies, with an average of 4 hours (range,
1 to 12 hours) between the 2 tests. The studies were
performed and interpreted blindly and independently.
We evaluated the size, motility, and the RVEF in order
to evaluate RVF.

Equilibrium radionuclide angiography

ERA was performed by marking erythrocytes with
radioactive material and administration of stannous
pyrophosphate and 35 minutes later technetium 99m
(20 millicuries-mCi) intravenously. Fifteen minutes
after reaching intravascular radioactivity equilibrium,
emission left anterior oblique projection, left lateral,
and anteroposterior images were acquired. In the first
projection a caudal inclination of approximately 10°
was made to achieve adequate separation of the cavi-
ties. The images were acquired on a gamma camera
(Elscint Apex Cardial) via the Elscint Gated module.
Each cardiac cycle was divided into 24 quadrants and
stored on a 64x64 pixel matrix for automatic, semi-au-
tomatic, and manual processing by medical software,
with which we created a volume curve, with calcula-
tion of the first curve made to obtain the systole and
diastole intervals and in order to calculate the ejection
fraction of both ventricles (Figure 1), as well as the re-
gional motility of the walls.” In order to evaluate the
size of the right ventricle this was done qualitatively
whether there was a change or not.

Conventional echocardiography

Before or after the nuclear medicine study (less than
12 hours before or after) a 2-dimensional transthoracic
study was performed on a Toshiba model Sonolayer
SSA-270 unit, with a 2.5 MHz transducer. The size
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Fig. 1. Equilibrium radionuclide angiography. Note in the left anterior
oblique projection the images acquired with the calculation of the right
ventricle ejection fraction.

and motility of both ventricles were evaluated with the
patient in the left lateral decubitus position in the left
longitudinal and transverse parasternal axis planes.
The apical axis 4-chamber plane was also used to eva-
luate the motility of the ventricles and to calculate the
area of the right and left ventricles. In the dorsal decu-
bitus position with the knees flexed at subxiphoid
height in the sub costal axis plane for the outlet tract
of the right ventricle, we measured the length in both
systole and diastole and calculated the RVEF by the
area-length method (Figure 2).

Contrast echocardiogram

A contrast echocardiogram was performed after the
standard echocardiogram. In order to calculate the
RVEF in the 4-chamber apical axis, we traced the are-
as of the right ventricle in systole and diastole (Figure
3), after introduction of a 3.5% polygeline solution
manually recorded by the Tei techniquex® via the ve-
nous approach and we measured the length of the ou-
tlet tract (Figure 4). With the coefficient of the diffe-
rence in volumes we calculated the percentage of the
corresponding RVEF in each case. We considered a
contrast image to be adequate when the grey scale was
greater than 70 pixels in a graphic design program
(Corel 8; Figure 3).

Contrast preparation

We prepared 10 solutions normally reserved for tre-
ating hospitalized patients to evaluate which would be
the best echocardiography contrast material, evalua-
ting the homogeneity of the micro bubbles, their distri-
bution, and life in suspension under examination with
a Reichert Polivar brand microscope at 100X magnifi-
cation after manual agitation in two 5-mL syringes
using the Tei technique.® The solutions tested were: a)
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Fig. 2. Calculation of right ventricular volume using the area-length
method. The image shows, on the left, the subxiphoid projection of the
length (L) of the outlet tract of the right ventricle, measured from the
apical region to the pulmonary valve (PV); the right side shows the api-
cal 4-chamber projection the area (A) of the right ventricle (RV). RA in-
dicates right atrium; LA, left atrium; AV, aortic valve; LV, left ventricle.

Fig. 3. Note the evident delineation of the right ventricle in the 4-
chamber apical projection with contrast echocardiography, which faci-
litates the measurement of its area in the different phases of the car-
diac cycle. LA indicates left atrium; LV, left ventricle; MV, mitral valve.

Fig. 4. The outlet tract of the right ventricle can be seen from the api-
cal region to the pulmonary valve in the subxiphoid projection. AV in-
dicates aortic valve; TPA, trunk of the pulmonary artery; RV, right ven-
tricle; TV, tricuspid valve.
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a 3.5% polygeline solution; ») Hartman solution; c)
50% glycosylated solution; d) 10% glycosylated solu-
tion; ¢) human albumin; f) vascoray; g) 20% manitol;
h) Optiray; i) 5% glycosylated solution, and j) 0.9%
sodium chloride solution. We found that the 3.5%
polygeline solution had a more homogeneous distribu-
tion, as well as a longer life in suspension. We obser-
ved afterwards that the 3.5% polygeline solution and
the human albumin solution were better visualized on
echocardiography and had less reverberation; we the-
refore decided to use the 3.5% polygeline solution as
echocardiography contrast.

Statistical analysis

Quantitative variables were expressed as mean *
standard deviation and qualitative variables in percenta-
ges. Intra- and inter-observer concordance was evalua-
ted with the Kappa index. We determined a cut-off
point for the RVEF with a COR curve so that it could be
used as a line of demarcation for important change in
the RVE. We calculated the sensitivity (a/a+c), specifi-
city (d/d+b), positive predictive values (a/a+b), and ne-
gative predictive values (d/d+c) with a 95% confidence
interval (CI) and probability quotient. We also evaluated
the correlation of the RVEF with the CE and the ERA.
We used the SPSS statistical package, version 10.

RESULTS

We studied 44 patients with ERA and CE, 38 men
(86%) and 6 women (14%), with a mean age of 60.8
years10.6 years. Mean time elapsed between the acu-

TABLE 1. General data on patients with acute inferior
myocardial infarction with or without involvement

of the right ventricle studied with contrast
echocardiography and equilibrium radionuclide
angiography

Variable Frequency

60.8+10.6
38/44 (86%)

Age, years+SD
Sex, male
Risk factors
Diabetes mellitus 13/44 (30%)
Systemic arterial hypertension 25/44 (57%)
(

Smoking 33/44 (75%)
Dyslipemia 9/44 (21%)
Clinical data

Right ventricular infarct 24/44 (55%)
Jugular inguritation 17/44 (39%)
Pulmonary rales 3/44 (7%)
Hepatomegaly 5/44 (11%)
Echocardiography data

FEVI, %+SD 48.8+6.8
RVEF, %+SD 38.6+9.6
Pericardial hemorrhage 18/44 (41%)
Paroxysmal septal movement 6/44 (14%)

Permeable fossa ovale 7/44 (16%)

SD indicates standard deviation; LVEF, left ventricle ejection fraction; RVEF,
right ventricle ejection fraction.
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Fig. 5. Note that upon introducing the contrast medium into the right
cavities, it passed into the left cavities via the permeable fossa ovale.
RA indicates right atrium; LA, left atrium; RV, right ventricle; LV, left
ventricle.

te myocardial infarct and the performance of the stu-
dies was 3.8 days+1.7 days. Both studies were perfor-
med on the same day less than 12 hours apart.

We observed involvement of the right ventricle in
24 patients (55%). The left ventricular ejection frac-
tion was 48.8%+6.8%, and for the right ventricle it
was 38.6%+9.6%. In 18 patients (41%) we observed
pericardial hemorrhage with no signs indicative of car-
diac tamponade (Table 1).

In 7 cases (16%) we corroborated permeability of
the fossa ovale which indirectly indicated an elevation
in the right atrium and ventricle pressures (Figure 5).

Intra- and inter-observer concordance of the echo-
cardiographic studies was evaluated by the kappa in-
dex in 22 patients. Regarding size, they were 0.84 and
0.84, respectively, and for the altered motility of the
right ventricle they were 0.84 and 0.79. For RVEF
they were 0.94 and 0.84, respectively. For improved
visualization of the endocardium, the kappa index was
0.84 and 0.79, respectively. The best cut-off point for
RVEF with CE was 30% (Figure 6).

Conventional echocardiography

For abnormal size of the right ventricle (>25 mm),
we found a sensitivity of 79%=+4% and a specificity of
87%+3%. The positive and negative predictive values
were 92%+3% and 68%+4%, respectively. The proba-
bility quotient was 6. For changed motility of the right
ventricle we found a sensitivity of 70%+5% and speci-
ficity of 94%=+2%, and the positive and negative pre-
dictive values were 95%=+2% and 67%=5%, respecti-
vely. The probability quotient was 11.6 (Table 2).

Contrast echocardiography

Using the area-length method, RVEF of less than
30% with CE we found a sensitivity of 69%+3% and a
specificity of 97%+2%; the positive and negative pre-
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Fig. 6. Receptor operative characteristics curve (ROC) of the right
ventricular ejection fraction (RVEF) with contrast echocardiography
(CE) compared to equilibrium radionuclide angiography.

dictive values were 90%+2% and 88%=+4%, respecti-
vely. The probability quotient was 6.9 (Table 2). The
correlation between CE and equilibrium angiography
for RVEF was 0.529 (Spearman r), and P=.0001.
Additionally, the CE improved in a semi-quantitative
manner the visualization of the right ventricular endo-
cardium. We established a scale of 0 when there was no
improvement, 1 if the improvement was suboptimal,
and 2 if it was optimal. We studied 176 segments from
44 patients: the anterior segment (41 with a scale of 2
and 3 with a scale of 1), the lateral segment (39 with a
scale of 2 and 5 with a scale of 1), the posterior seg-
ment (36 with a scale of 2 and 8 with a scale of 1), and
the outlet tract segment (34 with a scale of 2 and 10
with a scale of 1). The total was 150 segments (85.2%)
achieving optimal visualization of the endocardium
and 26 segments (14.8%), suboptimal visualization.

DISCUSSION

Evaluating the right ventricle is a challenge given its
complex and variable morphology, depending on the
volume. Nevertheless, its clinical importance requires
assiduous study, which results in the continuous crea-
tion of new techniques aimed at improving existing

techniques. At present, these improved methods do not
include silicone molds or radiograph angiographic stu-
dies whose use has now been surpassed by other tech-
niques. In nuclear medicine studies ventricular geo-
metry does not have much of an impact,**° and may
be considered as more of a reference guide given that
with such studies a time-activity curve in systole and
diastole can be obtained independently of the type of
right ventricle studied. Nuclear medicine studies, ho-
wever, have some technical limitations that require
strict quality control in addition to experience, inclu-
ding the transfer of the patient to a special room at a
specific time, even in third tier hospitals, which makes
this type of study somewhat difficult. Conventional
echocardiography, on the other hand, has been widely
used for the study of the right ventricle because it pro-
vides accessibility and reproducible results, although
this technique also has limitations. The primary limita-
tion is that it does not have a geometric model as the
left ventricle does, so that ventricular volumes are un-
derestimated because the outlet tract is not taken into
account as it is in single plane, Simpson’s, and geome-
tric contour methods.! Another limitation is the diffi-
culty in visualizing the endocardium and, conse-
quently, the difficulty in adequately tracing the
ventricular area in the various phases of the cardiac
cycle 1% In our study, the use of contrast semi-quanti-
tatively improves the visualization of the endocardium
and the delineation of the 3 parts of the right ventricle
(inlet tract, body, and outlet tract). This facilitates the
measurement of the ventricle areas in systole and dias-
tole, as well as the outlet tract, without excluding pa-
tients who have a poor acoustic window,"' and provi-
des a real estimate of the ventricular volumes when
used with the method based on area-length of a pyra-
mid, which is the most accepted and has the broadest
clinical application.! This method was initially used by
Ferlinz et al,'? Levine et al,’* and Gibson et al,'° alt-
hough with the change of taking a subcostal image
(designed specially for this purpose) of the entire
length of the outlet tract (Figure 2). The visualization
of the endocardium of the right ventricle was optimal
in 85.2% of the segments with EC, which to a certain
degree avoids the problem of a poor echocardiogra-
phic window; although it would be of greater help to

TABLE 2. Diagnostic value of right ventricular function on contrast echocardiography in patients with acute
inferior myocardial infarction with or without involvement of the right ventricle, compared with equilibrium

radionuclide angiography

Variable Sensitivity Specificity PPV (%) NPV (%)

(%) (95% Cl) (%) (95% Cl) (95% CI) (95% CI) PQ
Size of the RV>25 mm 79+4 87+3 92+3 68+4 6.0
Altered motility 7045 9442 9542 6745 11.6
RVEF on EC<30% 69+3 97+2 90+2 88+4 6.9

Cl indicates confidence interval; PPV, positive predictive value; NPV, negative predictive value; PQ, probability quotient; RV, right ventricle; RVEF, right ventricular

ejection fraction; CE, contrast echocardiography.
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perform the study quantitatively with second harmonic
and contrast imaging, as has been done in the left ven-
tricle.'* The contrast study allows us to evaluate the 3
parameters that we consider adequate for RVF (size,
motility, and RVEF) in all the patients included in the
study. In addition, there are other important findings,
such as the movement of the interventricular septum
(which is relevant in the evaluation of ventricular in-
terdependence), the presence of pericardial hemorrha-
ge, and, above all, the permeability of the fossa ovale,
which indirectly reveal a final elevated diastolic pres-
sure of the right ventricle (Figure 5). The sensitivity
and specificity obtained for RVEF are better than tho-
se reported by Niederle et al,? but this is not true of
those reported by Dell Ttalia et al.'

Recently, 3-dimensional echocardiography'' has
been used to evaluate the right ventricle, and this tech-
nique could be the future gold standard. In contrast to
other studies with CE,'®!® our study included a speci-
fic group of patients in whom the clinical application
of CE was very valuable; we determined the diagnos-
tic value of CE with the area-length method vs ERA.

In patients with acute inferior myocardial infarction
and its affect on the right ventricle, it is important to
control the clinical and hemodynamic status, which
varies according to resistance and degree of involve-
ment; as has been observed experimentally. An unaf-
fected right ventricle can change its peristaltic contrac-
tion to contractile synchronization, as is true of the left
ventricle, when its load is increased,'*?° but when the-
re is damage we still have a long way to go. CE can be
helpful during the first week postinfarct, given that
right ventricular function can be evaluated thoroughly
without the need for transferring patients from the co-
ronary intensive care unit to a special unit to perform a
nuclear medicine study, particularly if they require
breathing support, a temporary pacemaker, or he-
modynamic monitoring.

The use of this technique may be useful in other ill-
nesses in which establishing the RVF is indispensable,
such as in congenital cardiopathy that requires surgical
repair.

CONCLUSION

In patients with acute inferior myocardial infarction,
CE using the area-length method is a valid and repro-
ducible technique for evaluating RVF, is simple to per-
form, is safe, and can be performed out at the patient’s
bedside.
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