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Right ventricular function and ventricular perfusion defects in
adults with congenitally corrected transposition: correlation of
echocardiography and nuclear medicine
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Martin Rosas,! Candace Keirns'
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Abstract We undertook our study in order to evaluate right ventricular function and perfusion by conven-
tional and contrast echocardiography in adults with congenitally corrected transposition who had not under-
gone cardiac surgery, comparing the echocardiographic findings with those obtained using equilibrium
radionuclide ventriculography and gated single-photon emission computed tomography with Technetiumc-
99 m sestamibi.

We discovered severe tricuspid regurgitation in 8 patients (61%). Right ventricular ejection fraction, as cal-
culated by nuclear medicine, had a correlation of 0.67 (p = 0.059) with area fractional shortening and 0.84
(p = 0.01) with ejection fraction calculated by the method depending on descent of the tricuspid ring. All
patients with severe tricuspid regurgitation also had right ventricular dysfunction. Of these 8 patients, 7 had
persistent perfusion defects, while 6 also had ischemic perfusion defects.

Echo contrast had a high sensitivity, at 91%, and also specificity and positive predictive value, both at
100%, for persistent defects, and a negative predictive value of 66% compared to methods depending on
nuclear medicine. The sensitivity of contrast echocardiography for detection of ischemic defects was 66%, the
specificity 100%, the positive predictive value 100%, and the negative predictive value 77% compared to the
methods involving nuclear medicine.

The method depending on descent of the tricuspid ring had the highest correlation with equilibrium
radionuclide ventriculography in evaluation of right ventricular function in patients with congenitally cor-
rected transposition.

We conclude that contrast echocardiography is extremely valuable when assessing right ventricular
myocardial perfusion, having high sensitivity and specificity for detecting persistent defects, although sensi-
tivity was less for detection of ischemic defects than that of gated single-photon emission computed tomo-
graphy with Technetium-99 m Sestamibi.

Persistent and ischemic perfusion defects, together with chronic volume overload from tricuspid regurgita-
tion, are the determining factors of right ventricular dysfunction.
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dysfunction. The mechanism of such dysfunction is
still unknown, but it is believed to be the result of
structural alterations of the myocardium, or myocar-
dial ischemia, since the supply of oxygen provided
by the right coronary artery is inadequate when the
right ventricle is hypertrophic or hyperplastic.! Other
authors have suggested, however, that tricuspid
regurgitation is the most important risk factor.

There are studies in the literature that have evalu-
ated right ventricular function using gated equi-
librium radionuclide ventriculography,®* along with
isolated case reports of unoperated patients with con-
genitally corrected transposition studied with resting/
stress single-photon emission computed tomogra-
phy with Technetium-99 m Sestamibi’ that suggest
myocardial perfusion defects as a possible mechanism
for the dysfunction. Advances in techniques using
contrast echocardiography have now made it possible
to examine left ventricular perfusion.® When looking
for perfusion defects in patients with concordant
atrioventricular and ventriculoarterial connections,
the latter technique has high sensitivity, high nega-
tive predictive value, and a 92% agreement with
single-photon emission computed tomography.’

The aim of our study was to evaluate right ven-
tricular function and perfusion in unoperated patients
with congenitally corrected transposition using
conventional and contrast echocardiography, and to
correlate the findings with those obtained using
equilibrium ventriculography and gated resting/stress
single-photon emission computed tomography using
Technetium-99 m Sestamibi.

Materials and methods

We studied 13 adults with congenitally corrected
transposition, 7 being men and 6 women. The mean
age was 31.5 = 14.88 years. All patients were seen
in the Adult Congenital Heart Disease out-patient
clinic of the Instituto Nacional de Cardiologfa
“Ignacio Chdvez” in the period between March, 2000
and December 2001. Clinical histories were taken
from all patients, and all underwent conventional
transthoracic and contrast echocardiography, gated
equilibrium radionuclide ventriculography, myo-
cardial perfusion studies using gated resting/stress
single-photon emission computed tomography using
Tecnetium-99 m Sestamibi, and coronary angiogra-
phy. Coronary arterial obstruction was considered
significant when it was more than 50%.

Echocardiographic study

Standard transthoracic cross-sectional and colour
coded Doppler echocardiography was performed in
all patients utilizing the Agilent Technologies Sonos
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5500 ultrasound system in order to assess tricuspid
valvar morphology and function, and right ventricu-
lar function. Echocardiograms were recorded on
videotape for subsequent off-line analysis.

Tricuspid valvar and morphologically right ventricular
function. The state of the tricuspid valve was deter-
mined by transthoracic echocardiography. The degree
of tricuspid insufficiency was determined qualita-
tively in a four-chamber view by taking into account
the ratio of area of the jet of tricuspid insufficiency to
the area of the left atrium, and the distance the jet
extended into the left atrium. If there was evidence of
reversal of systolic flow in the pulmonary veins, the
ratio of the area of the jet was more than 40%, and
the jet extended 4.5 cm into the left atrium, tricuspid
insufficiency was considered to be severe.®?

The tricuspid valve itself was classified as being
morphologically abnormal if there was echocardio-
graphic evidence of a structural abnormality, such as
thickened or redundant leaflets, or an Ebstein-like
malformation.'® Right ventricular function was eval-
uated by echocardiography and radionuclide angiog-
raphy and classified as either normal or abnormal.
The right ventricular area was calculated from apical
four chamber images in telediastole and telesystole
and area fractional shortening by the formula:

Right ventricular
area fractional
shortening

__area in diastole —area in systole

S X100
area in diastole

The right ventricular area fractional shortening
was considered normal when it was equal to or
greater than 45%. The right ventricular ejection
fraction was calculated by measuring the descent of
the tricuspid ring in diastole and systole from the
same apical four-chamber projection. The systolic
value was subtracted from the diastolic value, and
the difference was multiplied by 3.2. A normal ejec-
tion fraction was considered to be equal to or greater

than 44%.'!

Radionuclide technique

Ventricular function was calculated using equilib-
rium radionuclide ventriculography with ultra-tag
in vitro red blood cell technique with 20 mCi of
Technetium-99 m. Imaging was performed with a
one single head orbiter Siemens gammacamera equip-
ped with a high-resolution, low-energy, parallel-hole
collimator and recorded on a dedicated nuclear
machine computer system. The study was acquired
in left anterior oblique position to obtain maximal
separation of ventricular chambers. The R wave of
the electrocardiogram served as the synchronizing
impulse. The cardiac cycle was divided into 8 frames
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per cycle, with an acquisition time of 10 min.
Statistically reliable information was obtained by sum-
ming the radioactivity in the ventricle during many
beats. Ejection fraction was averaged from all beats
recorded.

Processing. Each gated study was displayed as an
endless-loop movie on a video display to visualize the
ventricles. A region of interest was outlined over the
right and left ventricles, and a time/activity curve was
obtained. End-diastolic and end-systolic frames were
identified, and the activity over the aorta and pul-
monary trunk was excluded. Ventricular ejection frac-
tions were calculated as 100 X (end-diastolic counts —
end-systolic counts)/end diastolic counts. A study was
defined as abnormal if the ejection fraction was less
than 45% for the morphologically right ventricle, and
50% for the morphologically left ventricle.

Right ventricular myocardial perfusion

Right ventricular myocardial perfusion was evalu-
ated by two methods: contrast echocardiography at
rest and at peak pharmacological stress with dobuta-
mine, and nuclear scanning using a one day gated
single photon emission computed tomography ses-
tamibi rest and stress protocol, gating only the stress
images.

Myocardial contrast echocardiography

Myocardial perfusion was assessed using equipment
with perfusion harmonics software and power
Doppler. Apical four and two chamber views were
used, and each dose of the contrast agent (Optison)
was intravenously administered as a bolus of 0.4 ml
into a cubital vein, followed by a rapid flush of 5 ml
of saline. Optison (Mallinckrodt Medical Inc, St. Louis,
MO) is a perfluoropropane filled albumin shell with
a diameter of 3.7 wm. The injection rate did not
exceed 1 ml/s. Optison was injected at baseline and
at peak stress with dobutamine. The protocol of
dobutamine stress echocardiography was performed
as previously described.'? Triggered imaging at end-
systole at intervals of 1 to 3,and 1 to 5, was performed.
Visual judgement mainly relies on the signal
intensities of myocardial contrast. When no contrast
enhancement was observed, it was graded as 0, 0.5
when contrast enhancement was patchy, and 1 when
strong contrast enhancement was observed. A perfusion
defect is a relative decrease in contrast enhancement
in one region compared with other regions with
the same or worse imaging conditions. Fixed perfusion
defects appear at rest, with no or patchy contrast
enhancement. Reversible perfusion defects were
defined as those defects that appeared during stress
after images that were normal at rest. They showed
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a relative decrease in signal intensity compared to
adjacent normal myocardium.

Single photon emission computed tomography
Sestamibi study

Mpyocardial perfusion was assessed with the
Technetium-99m  Sestamibi  (Technetium-99 m
methoxy isobutyl isonitrile) using a one day rest-
stress, either physical or pharmacological. Patients
exercised on a treadmill to maximum exercise capac-
ity according to a standard Bruce protocol. At peak
exercise, 20mCi of Sestamibi was injected intra-
venously. Single-photon emission computed tomo-
graphic images were acquired one hour after rest and
stress injection using an orbiter Siemens single head
camera, undergoing rotation to 180°, for 32 frames
with a 64 X 64 matrix. Stress studies were obtained
with gated technique; images were gated dividing
the cardiac cycle into 8 frames using an R wave trigger.
Quantitative gated single photon emission computed
tomography software was employed automatically to
evaluate the ejection fraction of the morphologically
right ventricle. A high resolution, low energy, parallel-
hole collimator was used.

Perfusion scans were read by two expert observers
blinded to the clinical state and echocardiographic
data of each patient. We divided the heart into 20
segments to evaluate perfusion: anterior, antero-
septal, inferoseptal, inferior, inferolateral, and antero-
lateral at apical, mid-ventricular and basal levels, and
anteroapical and inferoapical segements in the verti-
cal long axis view. Tracer uptake in each segment
was scored on a 5-point scale, with O being normal
and 4 showing absence of uptake. Gated single-photon
emission computed tomographic images were read
in one mode to assess mural motion and thickening,
and in a 3-dimensional view.

Statistical analysis

Quantitative data were expressed as means plus or
minus the standard deviation. A t-test or U Mann-
Whitney test was used as indicated to compare two
independent mean values. When factors associated
with ventricular function were sought, the t-test, or
Kruskal-Wallis analysis of variance, were used. The
correlation of anatomical and functional characteris-
tics with age were each tested by Cox’s univariate
proportional hazard regression modeling. A p value of
less than .05 was set as the level of statistical signifi-
cance. Spearman’s correlation coefficient was used to
determine the degree of agreement between the values
for the ejection fraction obtained by echocardiography
and radionuclide ventriculography. Kappa's index was
used to evaluate the degree of concordance between
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contrast echocardiographic and single-photon emis-
sion computed tomographic Sestamibi studies.

Results

Clinical characteristics

We evaluated 13 adults, including 7 (53.8%) men
and 6 (46.2%) women. The mean age of the patients
was 31.5 = 14.88 years, with a range from 17 to 72
years. The heart was right-sided in 5 of the patients,
with four of these having usual atrial arrangement
and the other a mirror-imaged arrangement. The
heart was left-sided in the 8 remaining patients, 6 of
whom had usual arrangement and 2 mirror-imagery.
Of the 13 patients, 7 (53.8%) had small ventricular
septal defects.

The morphologically tricuspid valve, guarding the
junction between the left atrium and the morpholog-
ically right ventricle, was normal in only one case
(7.7%), while 9 demonstrated some degree of dyspla-
sia, and 3 showed overt evidence of Ebstein’s malfor-
mation. Mild tricuspid regurgitation was found in 4,
and severe tricuspid regurgitation in 8 (Fig. 1). Only
one patient had no tricuspid regurgitation.

In 7 patients (53.8%), we also found abnormali-
ties of the aortic valve and the outlet from the mor-
phologically right ventricle, with 4 of the patients
having aortic valvar stenosis, 3 with subvalvar steno-
sis, and one with stenosis of mixed origin.

Functional class. All patients were in functional
classes IT (77%) and 111 (23%) of the grading system
of the New York Heart Association.

Ventricular function. The mean of ejection fractions
calculated by the regression equation method was
45% * 11%, with the comparable value calculated by

Figure 1.

Apical echocardiographic view of a patient with atrioventricular
discordant connections. Colour flow mapping detects a severe tricus-
pid regurgitation (arrows) and mild mitral regurgitation (arrow
head). LV: left ventricle; RA: right atvium; RV: right ventricle.
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area fractional shortening method being 43% * 11%.
When we used equilibrium ventriculography, the
mean was 45% * 11%. Right ventricular systolic
function was depressed in 7 patients (53.8%) using area
fractional shortening, in 8 (61%) by ejection fraction
as calculated using the descent of the tricuspid ring,
and in 9 (69%) with equilibrium ventriculography
(Table 1).

Right ventricular ejection fraction calculated by
nuclear medicine had a Pearson correlation of 0.67
(p = 0.05) with area fractional shortening, and of
0.84 (p = 0.01) with the ejection fraction calculated
by the regression equation. The correlation coefficient
of the two echocardiographic methods was 0.87.

Nuclear medicine versus contrast echocardiography. A total
of 11 (84%) nuclear medicine studies were positive
for persistent perfusion defects (Table 2). Of these,
10 (76%) were also positive in resting contrast echo-
cardiographic studies, giving a kappa index of diag-
nostic agreement of 0.76 (p = 0.005) (Figs 2a—c).

The sensitivity of echo perfusion for detection of
persistent defects was 91%, the specificity 100%,
the positive predictive value 100%, and the negative
predictive value 66% in comparison to nuclear med-
icine studies.

In 9 (61%) of the nuclear medicine studies, we
found evidence of ischemic defects, of which 7
(53.8%) were also positive by dobutamine contrast
echocardiography (Table 3). This gave a kappa index
of diagnostic agreement of 0.68 (p = 0.009).

In comparison with nuclear medicine, the sensi-
tivity of the perfusion echo for detection of ischemic
defects was 66%, the specificity 100%, the positive
predictive value 100%, and the negative predictive
value 77%.

All of the 8 patients with severe tricuspid regur-
gitation also had right ventricular dysfunction, with
7 of these patients having persistent perfusion
defects, and 6 also having ischemic perfusion defects
(Figs 3a—c).

Coronary angiography. No significant atheroscle-
rotic lesions were found in any patients.

Discussion

Dysfunction of the systemic morphologically right
ventricle is a part of the natural history of congenitally
corrected transposition. It is associated with advanced
stages of clinical deterioration, and carries an ominous
prognosis.>'>!* For this reason, adequate evaluation
of right ventricular function is particularly important.
The gold standard for evaluation in the setting of the
normal heart is equilibrium ventriculography. Studies
of right ventricular function using this technique in
patients with congenitally corrected transposition
subsequent to surgical correction have demonstrated
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its value in the diagnosis of right ventricular systolic
dysfunction.'>!® Cineangiography has also been used.
Thus, Graham and colleagues'” studied 19 patients
using cineangiography, and found that the right ven-
tricular ejection fraction was abnormal in only 15% of
patients less than 10 years of age. In patients older
than 17 years, in contrast, the incidence of right ven-
tricular dysfunction was as high as 33%. These data
suggest that right ventricular function assessed by
ejection fraction deteriorates with age because of the
limited capacity of the morphologically right ventri-
cle to support the systemic circulation. Right ventric-
ular ejection fraction obtained by cineangiography in
their patients showed excellent correlation with equi-
librium ventriculography, with an r value of 0.98."

Espinola-Zavaleta et al: Right ventricular function and perfusion defects 179

Cineangiography, nonetheless, is an invasive proce-
dure. Another consideration is that a substantial per-
centage of these patients have dysplasia of the leaflets
of the morphologically tricuspid valve that leads to
regurgitation and right ventricular volume overload,
with dilation and right ventricular dysfunction over
time. Nowadays, magnetic resonance imaging dobut-
amine stress testing can be used to assess systemic
right ventricular function in patients with congeni-
tally corrected transposition either prior to surgery, or
after physiological correction. Larger systemic right
ventricular volumes, diminished ejection fraction, and
an appropriate response to dobutamine were demon-
strated in relation to the left ventricles of healthy con-
trols.'® In our study, we evaluated right ventricular

Table 2. Table 3.
Nuclear medicine Nuclear medicine
+ - + -
Contrast + 10 0 10 Contrast + 7 0 7
echocardiography — 1 2 3 echocardiography - 2 4 6
11 2 13 9 4 13
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Figure 2.

Contrast  echocardiographic - study — using
harmonic power Doppler at rest. A, B. In the
Jour-chamber and two  apical images a
patched perfusion defect in the basal and
medial portion of the ventricular septum
(arrow heads) and a perfusion defect in the
infero-lateral wall (black arrows) of the right
ventricle in its basal and medial portion are
visualized. C. Short axis view of right ven-
tricular perfusion at rest and stress with
sestamibi  single-photon emission computed
tomography in the medial and basal portion.
Fixed non-transmural inferolateral perfusion
defect and mild septal perfusion abnormality
with mild reversibility are observed.
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function in 13 adults with congenitally corrected trans-
position by transthoracic echocardiography using two
methods: areas fractional shortening and ejection
fraction with descent of the tricuspid ring. Right
ventricular ejection fraction calculated by radionuclide
ventriculography showed good correlation with ejec-
tion fraction (r = 0.76) and area fractional shortening
(r = 0.67). These results indicate that transthoracic
echocardiography is a useful technique to evaluate the
function of the morphologically right ventricle in
patients with congenitally corrected transposition. Its
great advantages include low cost, and the fact that it
can be used at the bedside. The calculation of ejection
fraction using descent of the tricuspid ring has a bet-
ter correlation with equilibrium ventriculography.
The literature includes nuclear medicine studies
that assessed defects in right ventricular myocardial
perfusion in patients with congenitally corrected
transposition who have not undergone cardiac surgery.
They suggest that these defects may play an important

April 2004

role in the development of progressive right ventric-
ular dysfunction.'®=%!

We examined right ventricular microvascular
myocardial perfusion with contrast echocardiography
(Optison), and compared our findings with those
obtained with single-photon emission computed
tomography. High levels of sensitivity, specificity
and positive predictive value were achieved for detec-
tion of persistent defects, although the negative pre-
dictive value was less. Sensitivity for ischemic defects
was lower than that for persistent defects, but speci-
ficity and positive predictive value were unchanged.

We found that the three patients with Ebstein’s
malformation developed right ventricular dysfunc-
tion. Eidem and colleagues'? showed that such
patients had a tendency to develop severe dilation
and right ventricular dysfunction. The Tei Doppler
index is significantly higher compared to the control
group and to patients with atrial septal defects and
pulmonary stenosis.'?*°

Figure 3.
Contrast echocardiography images with Doppler angio at vest. A. In the four-chamber and two apical views a patched perfusion defect in the
basal and medial portion of the interventricular septum (arvows) and a perfusion defect in the apical portion of antero-lateral wall are observed.
B. With dobutamine also a perfusion defect in the basal portion of the anterior wall was found (arrow). C. Short axis view of right ventricu-
lar perfusion at rest and stress with sestamibi single photon emission computed tomography. Fixed non-transmural perfusion defect in the basal
and medial portion of the ventricular septum and in the apical portion of the anterolateral wall is visualized. Also a mild ischemic perfusion
defect in the basal portion of the anterior wall is observed.
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In summary, over nine-tenths of our patients with

congenitally corrected transposition had dysplasia of
the tricuspid valve that caused tricuspid regurgitation,
with significant hemodynamic repercussion in almost
two-thirds. Our findings suggest that persistent and
ischemic perfusion defects, together with chronic
volume overload from tricuspid regurgitation, are the
determining factors of right ventricular dysfunction.
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