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THE MORPHOLOGICALLY RIGHT VENTRICLE IS

subjected to excessive high pressures in
patients who have undergone an intra-atrial

repair, such as the Mustard or Senning procedure, for
transposition, as it is for those with congenitally cor-
rected transposition. These patients with a systemic
morphologically right ventricle are at risk of heart
failure, accompanied by high mortality.1–3 To our
knowledge, it is not known whether both groups

carry a similar risk for developing right ventricular
dysfunction. Cardiac anatomy and clinical history dif-
fer greatly between the groups. Dobutamine stress
cardiovascular magnetic resonance appears to be a
promising tool for early detection of right ventricu-
lar dysfunction.4 Furthermore, analysis of segmental
ventricular function may give insight into patho-
physiology.5,6 Finally, measurement of the levels of
brain natriuretic peptide, a cardiac neurohormone,
may be useful as an early marker for heart failure.7

The purpose of our study, therefore, was to compare
these markers for right ventricular dysfunction in
patients having systemic morphologically right ven-
tricles in the settings of transposition and congeni-
tally corrected transposition.
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Abstract The aim of the study was to evaluate segmental and global right ventricular function at rest and dur-
ing stress in patients having a systemic morphologically right ventricle. We studied 17 patients after atrial cor-
rection for transposition, 13 with congenitally corrected transposition, and 11 age-matched controls using
cardiovascular magnetic resonance at rest and during stress with dobutamine given at 15 micrograms per kilogram
per minute. Blood was drawn to obtain levels of brain natriuretic peptide. Right ventricular ejection fraction was
calculated, and wall-motion and wall-thickening were assessed, in 4 segments of a midventricular slice. The find-
ings for the systemic right ventricle were compared to the left ventricle in controls. Patients with transposition
showed a decreased ejection fraction at rest (57 percent versus 69 percent, p equal to 0.005), decreased wall motion
of the anterior, lateral and septal wall (p less than 0.01, p less than 0.01, and p less than 0.01) and decreased thick-
ening of the lateral wall (p less than 0.01). Patients with congenitally corrected transposition showed normal ejec-
tion fraction, wall thickening, and wall motion at rest. During dobutamine stress, we found no significant
differences in wall motion and thickening between the two groups. Ejection fraction, also increased to compara-
ble values during stress, at 67 percent versus 66 percent, p not being significant. In both groups, we observed sim-
ilarly increased levels of brain natriuretic peptide (p equal to 0.02 and 0.03, respectively). We conclude that only
patients with transposition showed segmental wall motion and wall thickening abnormalities at rest. After dobu-
tamine stress, however, segmental and global right ventricular dysfunction was similar in both groups.
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Patients and methods

Study subjects
We studied 30 consecutive patients, from 3 tertiary
referral centres, with chronic right ventricular pres-
sure overload due to congenital cardiac disease, and
having a mean age of 28 years, with a range from 17
to 65 years, comparing them to 11 healthy control
subjects with a mean age of 31 years, and a range from
21 to 59 years. The patients consisted of 13 with con-
genitally corrected transposition, that is discordant
atrioventricular and ventriculo-arterial connections,
and 17 patients after atrial correction for transposi-
tion defined on the basis of discordant ventriculo-
arterial but concordant atrioventricular connections.
The patients with isolated transposition had under-
gone an atrial inflow repair using the Mustard or
Senning techniques, while 6 of those with congeni-
tally corrected transposition had undergone multiple
surgical procedures on the path to physiological
repair (Table 1). Data on the type and number of sur-
gical procedures, and follow-up, were obtained from
the records. Patients with a pacemaker were excluded
from the study because of the contraindication for
cardiovascular magnetic resonance. Informed consent
was obtained from all subjects and the ethical reviews
boards of the institutions approved the study.

Dobutamine stress cardiovascular magnetic resonance
Subjects were studied using a 1.5 Tesla scanner with
high power gradients (Vision, Siemens, Erlangen,

Germany) between March 1999 and May 2001. We
created a stack of 12 to 14 contiguous images, at a
thickness of 10 millimetre with no gap between
slices, in the short axis of the ventricle from the base
to the apex using an electrocardiographically trig-
gered, ultra fast turbo field echo imaging sequence.
The repetition time was based on the R-R interval,
the echo time was 4.8 milliseconds, flip angle was 20
degrees, and the spatial resolution better than 1.6 by
1.6 by 10 millimetres.8 Dobutamine was adminis-
tered through an intravenous line by a digital infu-
sion pump, using an initial dose of 5 micrograms per
kilogram per minute, and increasing the infusion
after 3 minutes by 5 micrograms per kilogram per
minute to a maximum of 15 micrograms per kilo-
gram per minute. Three minutes after reaching the
maximal dose, the protocol was repeated with an
acquisition time of approximately 10 minutes. The
electrocardiogram, heart rate, and blood pressure
were monitored continuously throughout the proto-
col. Patients with an irregular rhythm did not
undergo dobutamine stress because of the danger for
developing tachyarrhythmias.

Image analysis
MASS (Medis, Leiden, The Netherlands) image
analysis software was used to display multislice,
multiphase images individually and in a movie 
loop mode. Ejection fraction and ventricular mass
were determined by manual outlining of the endo-
cardial and epicardial contours of end-diastolic and

Table 1. Clinical characteristics of the study population.

Congenitally
corrected 

Controls Transposition transposition

n – rest 11 17 13
n – dobutamine 11 16 9
Male/female 5/6 9/8 7/6
Age (mean), 31 (11) 25 (4) 29 (13)
Age (range) 21–59 17–31 17–65
n with previous cardiac surgery – 17 6*

Surgery: 15/2
Mustard/Senning
Reoperation: Mustard/Senning 4/–
Valvotomy 1 1
Septostomy 9
Shunt procedure 1
Pulmonary banding/debanding 1/1
ASD/VSD closure –/1 2/3
Closure oval foramen 1
Right ventricular myectomy 1
Artificial valve 2
Pulmonary arterial homograft 1

Systemic ventricular mass (grams/meter2) 64 (10) 75 (20) 74 (20)

*Significant difference in transposition versus corrected transposition patients, p less than 0.05
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end-systolic frames. Ejection fraction was defined as
100 times stroke volume, this being the end-dias-
tolic minus the end-systolic volume, divided by the
end-diastolic volume. When calculating the ventric-
ular mass, we considered the ventricular septum to
be part of the systemic ventricle.

Segmental systemic ventricular function was ana-
lyzed with wall thickening and wall motion at rest
and during stress using the endocardial and epicar-
dial contours of a midventricular slice. Beginning
from the posterior attachment of the right ventricle,
100 equally divided chords were created using the
modified centreline method (Fig. 1).9 Wall motion
was calculated as the motion of each chord relative to
the centre of the systemic ventricle. Wall thickening
was defined as the percentage change of end-
diastolic and end-systolic wall thickness. Wall motion
and thickening were analyzed for 4 regions by aver-
aging the values of chords present in that region,
choosing the septal, anterior, lateral, and inferior
regions.

Brain natriuretic peptide
At the time of enrolment, blood specimens were col-
lected in citrated tubes and centrifuged for 15 min-
utes. The plasma was stored at minus 80 degrees
Celsius and at the end of the study. Concentrations of
the peptide were determined with immunoradio-
metric assay kits (Shionoria, Osaka, Japan) without

knowledge of the clinical outcome. Levels of less
than 10 picomoles per litre were considered normal.

Statistical analysis
Data are described as means with standard deviation.
Differences between baseline characteristics were
sought with independent samples t-testing, and chi-
squared testing, when appropriate. Differences in
global and regional ventricular function were sought
with the independent samples t-test. Reaction to
dobutamine stress was sought with a paired t-test. A
p value of less than 0.05 was considered statistically
significant.

Results

Resting segmental and global function
At rest, end-diastolic wall thickness was lower in the
setting of transposition in comparison to controls
and congenitally corrected transposition, with p values
of less than 0.001, and less than 0.001, respectively,
for all segments (Fig. 2). Ejection fraction was sig-
nificantly decreased, with a p value of 0.005, in
patients with transposition, at 57 percent with stan-
dard deviation of 11 percent, in comparison to con-
trols where values were 69 percent with standard
deviation of 10 percent. They tended to be lower than
the values of 64 percent with standard deviation of 
13 percent for those with congenitally corrected trans-
position, this not being statistically significant.
Similarly, there was decreased motion of the lateral,
anterior and septal wall in those with transposition
when compared to controls (p less than 0.01, p equal
to 0.01, and p less than 0.01, respectively) and com-
pared to those with congenitally corrected transposi-
tion (p less than 0.01, p less than 0.01, and p less than
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Figure 1.
The figure shows how we determined wall motion and wall thick-
ening. Endocardial and epicardial contours were drawn in a mid-
ventricular slice of the systemic ventricles (white lines). Using the
centreline method, 100 equally divided chords (black line) were cre-
ated clockwise beginning at the posterior junction of both ventricles
(arrow). These chords were obtained during end-diastole and end-
systole yielding end-diastolic wall thickness (EDWT) and end-
systolic wall thickness, respectively. The chords were divided into
four segments, septal, anterior, lateral, and inferior. The septal seg-
ment was included in the estimation of systemic ventricular mass.
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Figure 2.
End-diastolic wall thickness of the systemic ventricle for control sub-
jects, those with transposition, and those with congenitally corrected
transposition. Note the decreased wall thickness of those with trans-
position in all segments of the systemic ventricle.
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0.01, respectively; Fig. 3a). Thickening of the lateral
wall was decreased compared to controls (p less than
0.01) and those with congenitally corrected transpo-
sition (p less than 0.05; Fig. 3b). Increased levels of
brain natriuretic peptide were observed in both
groups of patients (Fig. 4).

Reaction to dobutamine stress
Those with congenitally corrected transposition failed
to increase their ejection fraction when stressed with
dobutamine, levels changing from 64 percent 
with standard deviation of 13 percent to 66 percent
with standard deviation of 7 percent, this change not
being statistically significant. The ejection fraction of
those with transposition, at 67 percent with a stan-
dard deviation of 8 percent, increased to similar levels

as those with congenitally corrected transposition,
with values of 66 percent and standard deviation of 
7 percent. This difference was not statistically signifi-
cant, albeit that both values were lower when com-
pared to the controls, at 67 percent with standard
deviation of 8 percent versus 83 percent with standard
deviation of 5 percent, this giving a p value of less
than 0.001. Wall thickening and motion in both
groups of patients was similarly decreased compared
to controls, except for the motion of the lateral wall,
which was lower in those with transposition compared
to the patients with congenitally corrected transposi-
tion (p equal to 0.01; Figs 3a and 3b). We could find
no significant differences in wall motion, wall thick-
ening, and ejection fraction between the patients with
congenitally corrected transposition who had or had
not undergone previous cardiac surgery.
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Figure 3.
Differences in wall motion (a) and wall thickness (b) are depicted between those with transposition, congenitally corrected transposition and
healthy controls at rest and during dobutamine stress.
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Discussion

To our knowledge, ours is the first study to compare
segmental wall motion in patients with systemic 
morphologically right ventricles. At rest, the patients
with isolated transposition, in other words discordant
ventriculo-arterial but concordant atrioventricular
connections, showed decreased segmental and global
systemic ventricular function, in contrast to the
patients with congenitally corrected transposition
defined as discordant connections at atrioventricular
and ventriculo-arterial junctions. During stress,
nonetheless, those with congenitally corrected trans-
position failed to increase segmental and global ven-
tricular function, having comparable values during
stress as observed in the patients with transposition.
Elevated levels of brain natriuretic peptide levels were
also observed in both groups of patients.

Making the assumption that the perfect result
after anatomic repair entails normalization of sys-
temic ventricular function and reserve, we used the
left ventricle of our healthy controls to compare with
the systemic morphologically right ventricle.
Abnormal thickening and motion of the wall of the
systemic morphologically right ventricle have previ-
ously been reported.6,10,11 The presence of pre- and
peri-operative hypoxia in the clinical history of
patients with transposition may underscore some of
the differences we observed when comparing them
to patients with congenitally corrected transposition
at rest. In the setting of congenitally corrected trans-
position, however, Hornung et al.,6 using echocardio-
graphy, showed reduced resting wall motion and
thickening in 4 children with congenitally corrected

transposition. We could not confirm these findings
in our 13 patients using cardiovascular magnetic res-
onance. Even in the 6 patients with congenitally cor-
rected transposition who had undergone previous
surgical procedures, we found no significant differ-
ences from our controls.

When stressed with dobutamine, nonetheless, the
patients with congenitally corrected transposition
showed remarkably reduced wall motion and wall
thickening. The patients with isolated transposition,
in contrast, were able to increase their segmental and
global right ventricular function to comparable values
to those observed in the setting of congenitally cor-
rected transposition. During stress, demand ischemia
may play an important role in patients with a sys-
temic ventricle. Demand ischemia, as a result of
excessive right ventricular hypertrophy, may lead to
right ventricular dysfunction.12,13 Such demand
ischemia may play a greater role in the setting of
congenitally corrected transposition, as end-diastolic
wall thickness is more outspoken in these patients
when compared to those with isolated transposition.

During stress, right ventricular function was
decreased to comparable levels in both groups of
patients. This is consistent with the equally increased
levels of brain natriuretic peptide. This suggests that
a comparable state of chronic heart failure may be
present in both categories.14,15 A limitation of our
study is the relatively small number of patients in
each group, which entails loss of statistical power.
Our current study, therefore, requires validation
using larger groups of patients.
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