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Abstract
Background—While volume derived global indices of right ventricle (RV) function are
frequently abnormal after the Mustard procedure, the mechanism for these abnormalities is
poorly understood. RV muscle fibres are predominantly arranged longitudinally and thus indices
derived in the long axis may better describe RV function.
Methods—20 survivors of the Mustard operation were studied (age 7.8–37.3 years, median 14.2
years). Long axis recordings from the apical four chamber view were obtained with the M mode
cursor positioned through the lateral angle of the tricuspid valve annulus. M mode traces were
recorded on paper and later digitised to derive total atrioventricular ring excursion, peak length-
ening rate, and peak shortening rate. These data were averaged and compared with control data
for the normal RV and left ventricle (LV).
Results—RV total atrioventricular ring excursion was lower than that for the RV (p < 0.0001) or
LV (p < 0.005) of controls. Peak lengthening rate was lower than the normal RV (p < 0.0001)
and LV (p < 0.0001) rates. Furthermore, peak shortening rate was less than that of normal RV
(p < 0.0001) and normal LV (p < 0.005) controls.
Conclusion—Systemic RV long axis function is notably reduced compared with that of either
the normal subpulmonary RV or the systemic LV. This presumably reflects the response of the
predominantly longitudinally arranged myocardial fibres to increased afterload. However, such
measurements may provide a more sensitive marker for progressive changes in global function
during long term follow up.
(Heart 2001;86:203–206)
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Atrial diversion procedures1 2 revolutionised
the outlook for patients with transposition of
the great arteries. Although these procedures
have largely been superseded by the arterial
switch operation,3 there is a large number of
teenaged and adult survivors of both the Mus-
tard and the Senning operations under long
term follow up.

Impaired function of the systemic right ven-
tricle (RV) has been inferred from the almost
universal finding of increased RV volumes and
reduced ejection fraction in mid term survivors
of atrial diversion procedure. The reported
incidence of ventricular dysfunction is
variable,4–6 and this probably relates to diYcul-
ties with the assessment of global function. Our
own group has previously shown that segmen-
tal wall motion abnormalities are common in
these patients before and after the Mustard
procedure and that they are related to global
RV dysfunction.7

Some patients develop progressive systemic
ventricular dysfunction and may be considered
for further surgery, either a late arterial switch
or cardiac transplantation,8 but prediction of
failure in these patients is diYcult. Conven-
tional assessment of global systemic left ventri-
cle (LV) function is based on analysis of the
basal component, influenced mainly by the
deep circumferential myocardial fibre layer.9

Myocardial fibres also run in a longitudinal
fashion in the subendocardial and sub-
epicardial planes of the LV. Analysis of these
myocardial fibres is sensitive for showing LV

disease.10 The majority of RV myocardial fibres
originate at the apex of the heart and insert into
the right atrioventricular junction, such that
the main bulk of the RV myocardium is
composed of longitudinally arranged fibres.9

Thus the analysis of longitudinal myocardial
fibres may be especially relevant to the descrip-
tion of systemic RV function.

Methods
The Mustard operation, with the modification
of Quaegebeur and Brom,11 was the preferred
operation for transposition of the great arteries
performed at the Royal Brompton Hospital
during the era preceding the introduction of
the arterial switch. We prospectively recorded
echocardiographic data from these patients
attending the outpatient clinic. Patients were
excluded if they did not have resting sinus
rhythm or were shown to have significant baZe
obstruction. Control data were drawn from
subjects matched for age and sex, identified
retrospectively from the echocardiography de-
partment records. These subjects had attended
for investigation of a cardiac murmur or as part
of a family screening programme and were
found to have normal echocardiographic ex-
aminations.

ECHOCARDIOGRAPHIC EVALUATION OF

VENTRICULAR FUNCTION

Echocardiograms were performed with pa-
tients lying in the semilateral left supine
position. A 3.5–5.0 MHz probe linked to a
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Hewlett-Packard Sonos 2000 echocardio-
graphy system (Agilent Technologies, Palo
Alto, California) was used in all cases. Long
axis M mode recordings of the RV were made
simultaneously with superimposed ECG, res-
piratory trace, and phonocardiogram. M mode
recordings were taken from the apical four
chamber view with the cursor positioned
through the lateral angles of the tricuspid and
mitral valves.

The resulting M mode traces were recorded
onto a continuous paper strip at 100 mm/s and
later digitised and analysed using a custom
made computerised system to derive total
excursion, peak shortening, and peak lengthen-
ing rates. For each M mode recording two or
where possible three heartbeats were digitised
and mean values were calculated.

STATISTICAL ANALYSIS

Unpaired t test was used to assess diVerences
between the patients and controls and the null
hypothesis was rejected if p < 0.05.

Results
Table 1 shows the demographic details of the
study patients. There were 13 male and seven
female study patients (median age 14 years),
and 13 male and seven female control subjects

(median age 13 years). All patients had
undergone Rashkind balloon atrial septostomy
in the newborn period. The median age at
operation was 8 months. Five patients had sur-
gery for additional lesions at the time of the
Mustard repair and six patients required cath-
eter intervention on at least one occasion for
intra-atrial pathway stenosis.

Figure 1 shows sample M mode traces in the
long axis of the systemic RV, and the normal
LV and RV. Table 2 shows their absolute values
of total excursion, peak shortening rate and
peak lengthening rate of the atrioventricular
valve ring in the long axis of the systemic RV
following Mustard repair, also expressed as a
percentage of the matched controls.

Total excursion of the systemic RV was less
than the excursion of the normal subpulmo-
nary RV in 20 of 20 patients and less than the
excursion of the normal systemic LV in 17 of
20. Peak shortening velocity of the systemic RV
was less than that of the subpulmonary RV in
19 of 20 patients, and less than that of the nor-
mal systemic LV in 15 of 21 patients. Peak
lengthening rate in the systemic RV was less
than that in the subpulmonary LV in all
patients and less than that of the systemic LV in
19 of 20 patients.

There were no relations between indices and
history of additional cardiac surgical proce-
dures, catheter intervention, or age at repair.
However, there was a weak but significant cor-
relation between the age of the patient and peak
shortening rate of the systemic RV, when
expressed as a percentage of both the normal
LV peak shortening rate (p < 0.05) and normal
RV peak shortening rate (p < 0.05). Total
excursion of the systemic ventricle as a percent-
age of normal LV total excursion was also cor-
related with the age of the patient (p < 0.05).

Discussion
Ejection fraction has traditionally been the
means of assessing systemic ventricular func-
tion in patients with a systemic circulation
dependent on a morphological RV. Various

Table 1 Demographic data for study patients

ID Sex
Age at operation
(years)

Age at study
(years)

Height
(cm)

Weight
(kg) BaZes Other lesion Catheter intervention

1 M 1.1 7.8 134 27.6 AutP
2 F 0.4 8.1 21.6 AutP
3 F 0.6 8.5 136 29.2 AutP
4 M 0.5 9.3 112 18.4 AutP SubPS; vascular ring
5 F 0.7 10.6 138.5 29.3 BovP BD 1989, 1993
6 M 0.2 11.0 140 29.0 Dura
7 M 0.7 12.9 167 54.2 NR
8 M 13.2
9 M 0.6 13.3 149 43.2 Dacron

10 M 1.6 14.5 170 50.8 Dura
11 M 0.4 14.8 158 49.2 Dura VSD, mild subPS BD IVC 1985
12 F 0.5 15.0 162 67.2 BovP BD IVC 1991, 1997
13 M 1.0 15.4 161 54.1 BovP BD IVC 1991
14 F 1.1 16.7 164 63.1 Dura
15 M 1.8 16.8 171.5 68.8 Dacron
16 M 1.9 19.4 161 48.1 Dacron VSD BD IVC 1994
17 M 2.4 22.2 160 59.2 Dacron VSD
18 M 10.6 25.1 160 42.6 Dura
19 F 5.4 31.4 166 66.9 Dacron
20 F 10.7 37.4 163 50.8 Dacron VSD BD & stent IVC 1997
n M13, F7 19 20 18 19 5 6
Mean 2.2 16.2 154.1 46.0

AutP, autologous pericardium; BD, balloon dilatation; BovP, bovine pericardium; Dura, dura mater; ID, patient number; IVC, infe-
rior vena cava; NR, not recorded; SubPS, subpulmonary stenosis; VSD, ventricular septal defect.

Figure 1 Sample M mode echocardiographic traces in the long axes of the systemic right
ventricle (RV), the normal left ventricle (LV), and the normal RV. PCG, phonocardiogram.
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methods of assessment have been described
that use echocardiography, angiography, first
pass or gated radionuclide studies, and latterly
magnetic resonance imaging. The correlations
between the diVerent methods of ejection frac-
tion estimation are, however, relatively weak,12

reflecting the diYculties in applying accurate
endocardial border detection techniques to the
entirety of the complex geometric shape of the
RV.

Nonetheless, most published data show
increased systemic RV end diastolic volume
and reduced ejection fraction after intra-atrial
repair of transposition. Our previous study
showed that reduced global function was
related to the presence of regional abnormali-
ties of RV wall motion, which, in turn,
appeared to be present before the Mustard
procedure.7 There is other evidence that the
substrate for later global dysfunction exists, in
the form of myocardial damage, before the
Mustard procedure.13 14

Clearly, though, there are no “normal”
values of RV ejection fraction under these
circumstances. Furthermore, it must remain
uncertain whether altered ejection fraction, our
previous findings of increased globularity of the
RV, and the data presented here simply reflect
the chronic response of the RV to its loading
conditions. Ejection fraction, for example, can
remain remarkably constant over long term
follow up,5 15 and prediction of RV failure is
diYcult. In the normal RV and LV, total excur-
sion of the atrioventricular valve annulus is well
correlated to ejection fraction.16 However, one
previous study of tricuspid annular plane
systolic excursion after Mustard operation
showed no correlation with RV ejection
fraction.12 This should not undermine the util-
ity of this method of assessment since ejection
fraction itself may be a poor indicator of
dysfunction in this group of patients. Long axis
indices in the normal heart show an age related
decline in systolic and diastolic atrioventricular

valve ring velocity.17 Our data show a correla-
tion between peak shortening rate, corrected to
the matched control, and the age of the patient.
Thus, peak shortening rate in the long axis of
the systemic RV may decline faster than in the
normal population over time.

We have recently shown that load independ-
ent indices of RV function respond appropri-
ately to inotropic stimulation.18 Failure to aug-
ment stroke volume seems to be the primary
abnormality under these circumstances and is
related to abnormalities of atrioventricular
coupling rather than intrinsic RV contractile
failure. While long axis function is not immune
to the problems of load dependency, our data
showing reduction in diastolic excursion of the
systemic atrioventricular ring may provide
some insights into these abnormalities of atrio-
ventricular coupling. Indeed it is likely that
reduced reservoir function, lack of atrial systo-
lic function, and reduced atrioventricular valve
ring motion may all, independently or in
co-related fashion, contribute to the abnormal
diastolic properties in these patients. It remains
to be seen whether longitudinal assessment of
RV long axis function is a more sensitive non-
invasive method of detecting systolic or diasto-
lic dysfunction in these patients, but the
predominantly longitudinally arranged myo-
cardial fibres of the morphological RV make
this intuitively a potentially more robust index
for monitoring systemic RV function over time.

CONCLUSION

RV function is abnormal after the Mustard
procedure. Systolic shortening and diastolic
lengthening are both notably reduced com-
pared with that in either the subpulmonary RV
or the systemic LV of controls. While systolic
abnormalities may be reactive to the
chronically raised afterload, the diastolic ab-
normalities may contribute to the abnormal
atrioventricular coupling previously described
in these patients.

Table 2 Right ventricular long axis indices versus control data

ID Sex
Age
(years)

Measured RV

Age and sex matched controls

Percentage of control RV Percentage of control LV

TE PSR PLR TE PSR PLR TE PSR PLR

1 M 7.8 1.0 4.4 5.2 96.0 108.7 58.9 76.6 97.5 48.7
2 F 8.1 1.6 7.5 7.2 63.2 64.0 51.1 125.6 150.0 80.7
3 F 8.5 1.1 4.9 3.9 42.7 41.8 28.0 85.0 97.9 44.2
4 M 9.3 0.8 3.6 5.0 55.3 52.3 61.5 55.3 40.4 38.1
5 F 10.6 1.9 8.9 12.2 76.1 76.0 86.7 151.2 178.1 136.8
6 M 11.0 1.5 7.7 9.3 51.6 58.4 57.4 92.9 102.2 76.6
7 M 12.9 1.2 6.7 4.6 42.3 51.2 28.4 76.2 89.6 37.8
8 M 13.2 1.2 5.4 5.4 42.0 41.1 33.2 75.7 71.9 44.2
9 M 13.3 1.2 6.7 6.8 40.7 51.0 41.9 73.3 89.2 55.9

10 M 13.5 1.3 6.3 7.9 45.6 47.6 48.6 82.2 83.3 64.7
11 M 14.8 1.2 4.9 5.3 59.7 41.9 48.5 75.2 43.6 40.5
12 F 15.0 1.3 6.6 5.0 61.0 79.2 48.5 100.0 123.5 50.0
13 M 15.4 0.8 3.5 5.7 42.6 30.1 52.2 53.6 31.4 43.6
14 F 16.7 1.2 6.0 9.0 55.2 72.5 87.3 90.5 112.9 90.0
15 M 16.8 1.5 8.1 9.4 55.8 60.0 51.1 84.1 77.0 66.7
16 M 19.4 1.0 4.7 7.1 31.1 35.7 58.1 64.1 83.3 56.7
17 M 22.2 0.9 4.5 4.7 28.3 35.8 37.0 40.3 48.3 37.7
18 M 25.1 1.6 7.3 11.9 50.3 57.9 93.7 71.7 78.1 95.5
19 F 31.4 1.2 3.5 7.4 53.0 21.0 25.7 56.7 31.5 45.5
20 F 37.4 1.1 4.9 7.1 52.0 29.2 24.9 55.7 43.8 44.0
n 20 20 20 20 20 20
Mean 52.2 52.8 51.1 79.3 83.7 59.9
p Value < 0.0001 < 0.0001 < 0.0001 < 0.0005 < 0.005 < 0.0001

LV, left ventricle; PLR, peak lengthening rate; PSE, peak shortening rate; RV, right ventricle; TE, total excursion.
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IMAGES IN CARDIOLOGY

Left atrial myxoma supplied from the right
coronary artery

A 54 year old woman was admitted to hospital
because of worsening eVort dyspnoea during
the previous six months. She was hypercholes-
terolaemic without any family history of
cardiac disease or malignancies. Physical exam-
ination revealed a diastolic murmur, ECG was
normal, and chest x ray showed signs of mod-
erate pulmonary congestion. Transoesophageal
echocardiography showed a large left atrial
myxoma (51 × 31 × 37 mm), arising from the
atrial septum (arrow) and protruding into the
mitral valve orifice during diastole. Coronary
angiography was performed to exclude the
presence of treatable coronary artery disease.
Right coronary artery angiogram revealed a
large artery (internal diameter about 2.0 mm)
that supplied the myxoma (arrow) through
neoformed clusters of small tortuous vessels
(arrow heads).

The mass was successfully removed by
surgical excision of the root of the myxoma and
the surrounding interatrial septum followed by
closure of the residual septum defect with a
Dacron patch. Pathological analysis of the
tumour confirmed the clinical diagnosis of left
atrial myxoma.
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