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SUMMARY Forty-nine patients with transposition of the great
arteries who underwent a Mustard atrial baffle repair between 1964
and 1971 were assessed late postoperatively. There have been five late
deaths: two related to baffle obstruction, two from noncardiac
causes, and one sudden and unexpected. Hemodynamic data were
available in 42 patients and autopsy in four. Obstruction of the lower
venous channel was not encountered. Three patients had severe
obstruction of the upper venous channel and in four there was mild
restriction. Two patients had severe pulmonary venous obstruction
resulting in late death; mild asymptomatic obstruction could not be
excluded with certainty in six patients. Tricuspid incompetence was

ALTHOUGH THERE IS CONSIDERABLE INFOR-
MATION concerning the early results of the Mustard atrial
baffle operation for complete transposition of the great
arteries, the frequency of late complications is less well
defined.' Reports of baffle obstruction to either pulmonary
venous or caval return have been largely confined to patients
presenting with clinical problems,'-"i and little is known of
the incidence of tricuspid incompetence and pulmonary
stenosis."1 In an attempt to provide information on the fre-
quency of these complications, this report presents the
results of routine follow-up cardiac catheterization and
autopsy data in a reasonably large group of infants and
children following the Mustard operation. The hospital mor-
tality during this entire period in patients with an intact ven-
tricular septum was 14% falling to 3% in the last 34 patients
operated upon."

Materials and Methods

All 49 patients with complete transposition of the great
arteries who were discharged from Green Lane Hospital be-
tween 1964 and 1971 after a Mustard atrial baffle repair
have been reviewed. Forty-two of the 49 patients had es-
sentially uncomplicated transposition although in eight of
the 42 either a patent ductus arteriosus or a small ven-
tricular septal defect was present. In six patients the trans-
position was complicated by a large ventricular septal defect
which was closed through a right ventriculotomy. In two of
these, and in an additional patient with an intact ventricular
septum, pulmonary stenosis was relieved through a pul-
monary arteriotomy.
Twenty-two patients, aged 21 to 58 months were operated

upon using cardiopulmonary bypass and 27 patients less
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infrequently encountered in patients with an essentially intact ven-
tricular septum. Left ventricular outflow tract obstruction was found
in eight patients. In three it was present after satisfactory but in-
complete surgical relief and in five it had not been recognized prior to
operation. In only one of the latter patients was the obstruction
important.

Seventeen patients were operated on prior to one year of age.
While baffle obstruction was confined almost entirely to these
patients, the five youngest patients, aged one to nine weeks at opera-
tion, had adequate pulmonary and caval compartments at restudy two
to three years later.

than 11 kg in weight (aged 11 days to 36 months) with
profound hypothermia and circulatory arrest.'4 The atrial
baffle consisted of pericardium in each instance. It was
shaped and positioned in a manner similar to that described
by Mustard,t' except that in the first seven patients the baf-
fle suture line was placed anterior to the coronary sinus onto
the tricuspid ring. In the remainder the coronary sinus was
opened downward into the left atrium and the suture line
was carried across its floor. The right atriotomy was closed
directly without inserting a patch. Further technical details
have been presented in a report on the late rhythm changes
in this same group of patients.'" One patient was reviewed
elsewhere, the remainder at Green Lane Hospital. Cardiac
catheterization, which usually included cineangiocardio-
graphy was performed in 42 patients from four to 67 (aver-
age 28) months postoperatively. In one of these little useful
information was obtained, as technical problems prevented
the insertion of a venous catheter. Seven patients were not
catheterized, either because of complete heart block (one),
late death (four), or parental refusal (two).

Results

Clinical Features

The five late deaths are listed in table 1. They include two
patients who developed cardiac symptoms from baffle
obstruction. Case 4 developed increasing dyspnea and facial
edema and in Case 2 death occurred six hours after admis-
sion to hospital with dyspnea. In cases 3 and 5 death was
considered unrelated to the heart, while in case I an ar-
rhythmia could not be excluded. Among the survivors one
patient with significant narrowing of the superior vena caval
compartment complained of syncope, but the remainder
were asymptomatic. The electrocardiographic findings have
been published elsewhere.'6
A short, grade 1-2/6 systolic parasternal ejection murmur

was a common finding. In 11 of 12 patients a systolic mur-
mur of greater intensity and longer duration was associated
with left ventricular outflow obstruction, tricuspid incom-

525

D
ow

nloaded from
 http://ahajournals.org by on M

ay 16, 2023



VOL. 53, No. 3, MARCH 1976

TABLE 1. Late Deaths
Age at Death
repair Associated (mo. Cardiac

Case (m6) defects postop) Cause abnormality

1 1 Large VSD 9 ? Sudden None
arrhythmia

2 3 3 PVO PVO

3 3 - 26 Infection No autopsy

4 4 - 11 PVO PVO
uVco

5 4 Large VSD 8 Subdural UVCO
hemorrhage

Abbreviations: PVO = pulmonary venous obstruction; UVCO = upper
venous channel obstruction; VSD = ventricular septal defect.

petence, or a trivial ventricular septal defect which had been
too small to warrant surgical closure.

Cardiac Catheterization Data

Cardiac indices at the time of study were 2.2-5.6 (average
3.3) L/min/M2. Data regarding pulmonary vascular
resistance have been detailed elsewhere.'7
Upper Venous Channel (UVC). Objective information

was available in 38 of the 49 patients (table 2). In 34 this was
obtained at cardiac catheterization and in four at autopsy.
The cineangiocardiographic depiction of both upper and
lower venous channels was best in a shallow (200) left anter-
ior oblique (LAO) view. Right anterior oblique (RAO),
lateral and steep LAO views projected these channels partly
end-on, while in the frontal projection the overlying spine in-
terfered.

In 31 patients the UVC was widely patent. This was
judged by cineangiocardiography alone in one, at autopsy in
two, and on pressure withdrawal tracings in 28 patients
where the mean pressure difference between systemic venous
atrium (SVA) and superior vena cava (SVC) was 0-1 mm
Hg in 22 and up to 2 mm Hg in six patients. Marked
differences between SVC and SVA phasic pressures were
not seen in this group of patients without obstruction (fig. 1
left) although a lower y descent, up to 4 mm Hg, was oc-
casionally seen in the SVA. In 12 of the 28 patients with
pressure withdrawals cineangiocardiograms were also

TABLE 2. Upper (UVC) and Lower (LVC) Venous Channels

Age at op Obstruction
(mos) No. cases No. studied* Absent Mild Severe

0-2 5 Uvc 5 4 1 0
LVC 4 4 0 0

3-5 7 UVC 6 3 1 2
LVC 6 6 0 0

6-11 5 UVC 4 3 1 0
LVC 4 4 0 0

> 12 32 UVC 23 21 1 1
LVC 18 18 0 0

Total 49 UVC 38 31 4 3
LVC 32 32 0 0

*= At catheterization or autopsy.

available. In nine the SVC and the narrowest part of the
UVC were of similar widths and in three the SVC was a
little wider (fig. 1 right).
Four patients had mild restriction of the UVC as judged

by a mean pressure difference of 3 mm Hg between the SVC
and SVA (fig. 2 left). Cineangiocardiography in two of these
showed a ridge projecting into the lumen (fig. 2 right) which
did not impede the flow of contrast and corresponded in
position to the upper part of the excised atrial septum. In the
other two patients the cineangiocardiographic appearances
were not significantly different from those seen in patients
with a gradient of 1-2 mm Hg.

Severe obstruction was encountered in three patients. In
two it was discovered at autopsy but appeared unrelated to
their death (table 1) and in one was revealed at catheter-
ization (fig. 3). This child had syncopal attacks and un-
derwent successful re-operation because of the possibility
that symptoms were related to the obstruction.
Lower Venous Channel (L VC). Objective data were

available in 32 patients (table 2). The LVC was widely pa-

tent in all 21 patients where pressure withdrawals were made
(less than mm Hg mean gradient between SVA and in-
ferior vena cava in 19 patients, and 1-2 mm Hg mean gra-
dient in two patients) and in an additional seven patients
where cineangiocardiographic evidence only was available.
It was also unobstructed in the four patients at autopsy.
Absence of clinical signs makes obstruction unlikely in the
remainder.

Pulmonary Venous Atrium (PVA). Objective data were

available in 36 patients (table 3). During the period of study
retrograde entry to the PVA was achieved infrequently and
the estimation of pulmonary venous obstruction (PVO) was

therefore based in most patients on pulmonary artery wedge
pressures (PAW) obtained with a Swan Ganz catheter, plus
follow-through cineangiocardiograms in a lateral projection
after left ventricular injection. The junction between left and
right atrial components of the PVA, the common site of
potential obstruction, was profiled in this view. The two
atrial components overlapped in oblique and frontal projec-
tions.

Twenty-eight patients were considered free of PVO. In ten
this opinion was based on an end-diastolic pressure gradient
of 0-2 mm Hg between PAW and PVA (or right ventricle)
(fig. 4) and in three of these cineangiocardiograms con-

firmed a widely patent PVA. In a further 16 the mean PAW
was 8 mm Hg or less and in two of these the cineangio-
cardiogram confirmed the absence of obstruction (fig. 5). In
the remaining two patients the PVA was widely patent at
autopsy, the narrowest part of the channel measuring 12 x 7
mm and 13 X 12 mm at 10 and 12 months of age respec-

tively (fixed specimens).

TABLE 3. Pulmonary Venous Atrium

Age at op Obstruction
(mos) No. studied* Absent < Mild Severe

0-2 5 4 1 0
3-5 5 2 1 2
6-11 3 3 0 0
> 12 23 19 4 0

Total 36 28 6 2
* = At catheter or autopsy.
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FIGURE 1. Unrestricted upper venous channel.Left) Phasic withdrawal pressuresfrom superior vena cava (SVC) to sys-

temic venous atrium (SVA) Mean pressures were identical. Right) SVC cineangiocardiogram in 200 LAO projection in
patient whose pressures are shown. The upper venous channel between SVC and SVA is ofgood caliber, though slightly
narrower than the SVC. Some reflux of contrast into the inferior vena cava (IVC) shows a good caliber lower venous

channel. The left atrial appendage (LAA) is included in the SVA. PVA = pulmonary venous atrium.

In six patients the recording of the PAW was not entirely
satisfactory and minor obstruction could not be excluded
with certainty. None, however, showed evidence of pul-
monary venous congestion on the chest X-ray and on

cineangiocardiography there was prompt passage of con-

trast through the lungs and from the PVA to the right ven-

tricle. In these respects the cineangiocardiograms were in-
distinguishable from those in patients without evidence of
PVO on pressure gradients. Two were taken in the lateral
projection and showed only slight "waisting" between the
left and right atrial components of the PVA (fig. 6).

Two patients, aged three and four months at the time of
operation, showed PVO at autopsy (tables 1 and 3). The
waist in the pulmonary venous atrium measured 3 X 2 mm
and 3 x 4 mm (fixed specimens). A chest X-ray in both of
these patients prior to death showed evidence of pulmonary
venous congestion and an angiocardiogram performed
elsewhere in one showed the site of obstruction (fig. 7).

Direct evidence of unobstructed pulmonary venous return
was not obtained in 12 surviving patients, although lack of
symptoms and satisfactory chest X-rays would seem to ex-

clude important obstruction. Seven of these patients were

!.f0S:;:EEp

SVA

SVA SVC t l"
FIGURE 2. Slight stenosis of upper venous channel. Left) Phasic withdrawal pressures from systemic venous atrium
(SVA) to superior vena cava (SVC). Mean pressures were 4 and 7 mm Hg respectively. Right) SVC cineangiocardiogram
in 20° LAO projection in a patient whose pressures are shown on the left. Slight restriction of the upper venous channel
(arrow) at the site of the interatrial groove. The dotted line crossing the upper venous channel indicates the position ofa
faint radiolucent band representing continuation of the stenosing ridge profiled superiorly. Reflux shows a good caliber
lower venous channel to the inferior vena cava (IVC). LAA left atrial appendage; L V = left ventricle; P = pulmonary

artery; PVA = pulmonary venous atrium.
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SVA Svc

FIGJURE 3. Severe stenosis of the upper venous channet. Left) Phasic withdrawal pressures from systemic venous atrium
(SVA) to superior vena cava (SVC). Mean pressures were 5 and 20 mm Hg respectively. Right) SVC cineangio-
cardiogram in 20°LA 0 projection in a patient whose pressures are shown on the left. The upper venous channel shows
marked restriction at the site (lower arrow) corresponding to the interatrial groove. The azygos vein (A ) is filling and the
direction offlow (upper arrow) indicates its function as a venous collateral pathwaY from the SVC.

studied without obtaining PAW but main pulmonary artery
or left ventricular systolic pressures ranged from 14-30 mm
Hg.

Tricuspid Incompetence. Right ventricular cineangio-
cardiograms were obtained in 15 patients 4-67 (average 30)
months after operation (table 4). All but one patient, who
had a shifting atrial focus, were in sinus rhythm and all had
normal atrioventricular conduction.

Mild tricuspid incompetence was found in only one of I1
patients with an essentially intact ventricular septum. It may
be significant that this patient was one of seven (only three
of whom had right ventricular cineangiocardiograms) where
the atrial baffle was sutured along the base of the tricuspid
valve. All 11 patients showed good right ventricular con-
tractility.

In four of the 15 patients a large ventricular septal defect
had been closed through the right ventricle at the time of
atrial baffle repair. In two there was good right ventricular

20 -._
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F
E10PV
E
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FICGJRE 4. Simultaneous phasic pressures wedge (W) and pul-
mnonary venous atrium (PVA). No end-diastolic gradient is present.

contractility and no evidence of tricuspid incompetence. One
had a large poorly contractile right ventricle and mild tri-
cuspid incompetence. The other showed moderate tricuspid
incompetence associated with impaired ventricular con-
tractility and an aneurysm at the ventriculotomy site.
Pulmonary Stenosis. Resting withdrawal pressures from

main pulmonary artery to left ventricle were obtained in 34
patients. Twenty-seven of these did not have significant left
ventricular outflow obstruction although minor systolic
pressure differences (5-10 mm Hg) were noted in 13. Seven
patients had pressure gradients of 14-70 mm Hg (table 5). In
two of these and in an additional patient whose pulmonary

FIGURE 5. Unrestricted pulmonary venous atrium. Follow-
through after left ventricular cineangiocardiogram. lateral projec-
tion. The pulmonary venous atrium (PVA) is of good caliber
between the originally left atrial part (L) receiving the pulmonary
veins and the right atrial part containing the tricuspid ring (T) and
right atrial appendage (RAA). The tricuspid ring is viewedpartly en
face and overlaps the right ventricle (RV). The aorta (AO) is
already filled. The greater part of the RAA is included in the PVA.
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FIGURE 6. Possible slight restriction in pulmonary venous atrium.
Follow-through after left ventricular cineangiocardiogram, lateral
projection. A slight waist in the pulmonary venous atrium between
left atrial (L) and right atrial (R) parts is shown in this patient. The
catheter with its tip in the left ventricle shows the position of the up-

per venous channel in relation to these parts. RAA - right atrial
appendage, R V right ventricle; T = position of tricuspid valve.

artery pressure was not measured the stenosis had been in-
completely but adequately relieved at operation (cases 1-3,
table 5). Pre- and postoperative findings are detailed in table
5.

In eight patients pressures were measured at rest and dur-
ing infusion of isoproterenol after a steady state had been
achieved (table 6). Four of these had no systolic pressure

difference between the main pulmonary artery and the body
of the left ventricle at rest or after isoproterenol, one

developed a small gradient with the infusion, and three
patients showed an increase in a small resting gradient.

Residual Intra-cardiac Shunts. None of 40 patients had
evidence of an interatrial shunt as judged by oxygen sat-

FIGLJRF 7. Severe restriction in pulmonary venous atrium. Follow-
through after left ventricular angiocardiogram, lateral projection.
Severe narrowing at the connection between left atrial (L) and right
atrial (R) parts of pulmonary venous atrium is shown.

uration data and the baffle was completely intact in the four
autopsied patients. However, on cineangiocardiography
seven patients were noted to have a tiny communication,
usually between the UVC and PVA in the region of the
trabeculated base of the right atrial appendage. In one of
these and in one other patient where no shunt was demon-
strated, the baffle was crossed by the catheter.

There was no evidence of any interventricular com-
munication on right ventricular cineangiocardiograms in
three of the six patients who underwent surgical closure of a
large ventricular septal defect, but one of the six patients had
residual small multiple muscular ventricular septal defects
which were unsuspected prior to operation despite two ap-
parently satisfactory preoperative studies. In the remaining
two patients the defect was shown to be securely closed at
autopsy. In two other patients a small ventricular septal
defect, present prior to operation and not closed, remained
open at restudy.
Anomalously draining pulmonary veins were present in

two patients. One was demonstrated at postoperative cath-
eterization to drain part of the left mid-lung field into the
SVA, and the other was found at autopsy to enter the SVC
from the right upper lung field.

Results in Infants Less Than 12 Months ofAge

The results in the 17 patients who were operated upon in
the first year of life are summarized in table 7. Their ages
varied from 11 days to 11 months. Associated lesions re-
quired attention in seven.
There were five late deaths, two of which were unrelated

to the cardiac malformation (see also table 1). Baffle ob-
struction (UVC or PVA or both) was seen in three of these
patients. The 12 survivors are asymptomatic. Eight of the 11
survivors studied had no important hemodynamic abnor-
mality, although in six of the eight a 3 mm Hg mean gra-
dient across the UVC, possible mild PVO or mild pul-
monary stenosis, was present. Tricuspid valve function was
assessed in six patients. In two, both following closure of a
large ventricular septal defect via a right ventriculotomy,
there was incompetence which appeared to be related to
right ventricular dysfunction. Significant pulmonary sten-
osis was found on restudy in one patient. All but one were in
sinus rhythm'6 and the pulmonary vascular resistance where
measured was normal.'7

Discussion

The over-all incidence of late baffle obstruction in this
series of patients is small: significant pulmonary venous
obstruction has occurred in 4% and significant caval
obstruction in 6%. Lesser degrees of obstruction were also

TABLE, 4. Tlricuspid Incomt petence
Age at repair

(mos) No. sttu(tiedi Triciispiil incompetenice

0-2 3 (1) 1 (1) mioderatew
3-5 1(1) I (t) mild

6-11 1 0
>12 10 (2) 1 mild

Total 15 (4) 3 (2)
Figures in parentlheses refer to pat ienits whohiad1 surgical clostire of

ventricular septal defect.
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uncommon and not hemodynamically significant, although
the evidence regarding PVO was often indirect as retrograde
entry of the catheter to the pulmonary veins was seldom
achieved. The results indicate that significant baffle obstruc-
tion is usually clinically evident, so that if the child is well
important pulmonary or inferior vena caval obstruction
both are unlikely. Superior caval obstruction may, however,
be silent9 18 and is more common than inferior caval ob-
struction; in this series the latter has not occurred. This and
other reports suggest that "late" baffle obstruction is usually
apparent within the first year after operation (and often
within the first few months).5, 10 112 The little data available
in patients studied both early and late postoperatively would
suggest that, at least in relation to the UVC, late progres-
sive changes are unlikely."' "I Our five youngest patients,
operated upon at 1-9 weeks of age, had adequate pul-
monary and caval compartments at restudy two to three
years later, despite a period of very rapid growth. Although
the atrial baffle can function well in the very young it must
be noted that in this series significant baffle obstruction has
been virtually confined to infants operated on when they
were under five months of age. Others with experience in in-
fants have also noted a high incidence particularly of caval
obstruction, in the infant group,'0 presumably because the
atria are small. It is not the purpose of this paper, nor indeed
is it possible at the moment, to assess the relative impor-
tance of the numerous technical factors involved. The
method of excision of the atrial septum, including the open-
ing of the coronary sinus downward to the left atrium, the
material used for the baffle and its size, shape, position and
tension are all important to varying degrees, particularly
when the operation is undertaken in the first six months of
life. This matter assumes added importance when it is
realized that, to achieve a high salvage without serious mor-
bidity in transposition, elective baffle repair should probably
be undertaken in the majority between three and six months
of age or, when progress has been unsatisfactory following
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TABLE 6. Effect of Isoproterenol on Left Ventricular Outflow
Tract

SP
CI Isop (mm Hg) Site of

Case (L/min/m2) (jAg/Kg/min) PA LV gradient

1 R 3.6 45 45
I 6.5 0.09 50 50

2 R 2.6 25 25
I 5.0 0.05 26 26

3 R 3.6 32 34
I 5.0 0.05 32 36

4 R 2.9 30 30 -
I 4.3 0.12 36 40 -

5 R 3.4 35 35
I 6.5 0.17 52 65 Uncertain

6 R 3.2 14 24 Uncertain
I 4.7 0.05 26 46 Uncertain

7 R 4.9 32 42 Uncertain
I 6.3 0.06 30 65 Subvalve

8* R 3.0 30 50 Subvalve
I 4.6 0.09 30 80 Subvalve

Abbreviations: CI = cardiac index; Isop = isoproterenol; SP = systolic
pressure; R = resting; I = following isoproterenol; LV = left ventricle;
PA = pulmonary artery.

* = Case 7, table 5.
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TABLE 7. Results Following Atrial Baffle Repair in Infants: Postoperative Findings

Age- Associated Study (mos SVC SVA IvC PS (systolic Clinical status
Case repair lesions postop) (mean pressure mm Hg) PVO TI gradient, mm Hg) (months postop)

1 11 d. Large PDA 36 5.5 5 6 No No + (70) Asymptomatic (36)
2 4 w. Large VSD 9A * * No - Late death (9)
3 6 w. Small PDA 37 6 4 4.5 <mild No No Asymptomatic (37)
4 7 w. Large PDA 26 6 3 4 No No No - Asymptomatic (26)
5 9 w. Large VSD 22 7 6 - No Moderate + (21) Asymptomatic (38)
6 3 m. None - - - - - - Late death (26)
7 3 m. Large VSD 25 * 7 7.5 - Mild Asymptomatic (25)
8 3 m. None 3A * * Severe Late death (3)
9 4 m. None 31 6 3 * <mild + (14) Asymptomatic (31)
10 4 m. None 11A Sten * Severe Late death (11)
11 4 m. Large VSD 8A Occ * No Late death (8)
12 5 m. None 34 6 4.5 6 No - No Asymptomatic (34)
13 7 m. None 23 5 5 6 No + (45) Asymptomatic (38)
14 7 m. None - - Asymptomatic (44)
15 8 m. None 21 5.5 5 No - Asymptomatic (33)
16 8 m. None 29 6 6 8 No No - Asymptomatic (29)
17 11 m. None 25 8 5 6 No - No Asymptomatic (25)
*Widely patent at angi ography or autopsy.
Abbreviations: A = autopsy only; d = days; IVC = inferior vena cava; LVC = lower venous channel; m = months; Occl = occlusion; PDA = patent

ductus arteriosus; PS = pulmonary stenosis; PVO = pulmonary venous obstruction; Sten = stenosis; SVA = systemic venous atrium; SVC = superior vena
cava; TI = tricuspid incompetence; VSD = ventricular septal defect; w = weeks.

balloon septostomy, before three months. While such a
treatment program is theoretically ideal it becomes un-
tenable if the initial mortality or the late morbidity and
mortality are excessive. On the other hand, in assessing
the efficacy of management one must take into account the
combined effect of both palliative and "corrective" pro-
cedures on mortality and morbidity, rather than looking
at each of these in isolation."9 Although balloon atrial sep-
tostomy frequently produces good short-term palliation, it
does not provide consistent long-term benefits, even when
the atrial defect is of maximal size.25 In a recent review 50%
of patients with transposition of the great arteries unas-
sociated with other major lesions treated in this way were
judged to have a poor result at six months of age.2e In this
small initial series of infants operated upon prior to 1972 the
morbidity has been significant, but now that we know more
about the technique of this exacting operation it should be
possible to reduce it to acceptable levels. We continue to use
pericardium, rather than dacron, as the baffle material and
are reluctant to change from a patch of roughly rectangular
shape to the Y-shaped design devised by Brom'5 at least until
late follow-up information is available with the latter
technique.

Information concerning postoperative tricuspid valve
function was available in 15 of our patients. The results
suggest that when the ventricular septum is intact and the
baffle is sutured clear of the tricuspid valve, incompetence is
unusual, whereas after repair of a large ventricular septal
defect is is more common. Morgan and his colleagues'2
evaluated this aspect in nine of 16 consecutively studied
patients. The tricuspid valve was competent in eight of these,
two of whom had surgical closure of ventricular defect; one
patient with an intact ventricular septum was found to have
mild tricuspid incompetence 12 months postoperatively
although none was noted at an earlier study ten days after
operation. Others have encountered a high incidence of
tricuspid incompetence in a selected group of patients.21
The incidence of left ventricular outflow tract obstruction

in patients where pulmonary stenosis was not recognized
preoperatively is higher than expected, although in most in-
stances the gradient was minor. In a number of these
patients the gradient was localized beneath the pulmonary
valve. Where the mechanism of obstruction was not clearly
demonstrated it may have been due to some deviation of the
conal septum toward the left, a subpulmonary conus or to
septal hypertrophy in relation to the anterior mitral leaflet
("IHSS mechanism").22
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Hemodynamic Studies in Children Four to Ten Years
after the Mustard Operation for Transposition of the

Great Arteries
M. J. GODMAN, M.B., M.R.C.P., B. FRIEDLI, M.Sc., M.D.,

A. PASTERNAC, M.D., B. S. L. KIDD, M.D., F.R.C.P., F.A.C.C., G. A. TRUSLER, M.D.,

AND W. T. MUSTARD, M.D.

SUMMARY Fourteen patients have been studied hemo-
dynamically 4-10 years (mean 5.5 years) after the Mustard operation
for transposition of the great arteries. Investigation was directed
principally at 1) the detection of baffle obstruction by catheter-
ization of the pulmonary veins (PV) and venae cavae and recording of
simultaneous right ventricular (RV) and pulmonary capillary wedge
pressures (PCW); 2) the detection of intra-atrial baffle leaks by dye
curves and selective angiography; 3) the assessment of RV and LV
function by calculating peak VCE (dp/dt/28p) from high fidelity
recordings in 11 patients. Severe baffle obstruction to the PV return
was found in only one patient. The others had no or minimal gradients
between RV end-diastolic and PCW pressures (mean 1.3 ± 0.69 mm
Hg). Cardiac output was normal at rest (4.1 ± .22) and increased to
7.1 ± .62 L/min/m' (+73%) but the gradient between the RV end-

THE PROGNOSIS FOR PATIENTS with complete D-
transposition of the great arteries (TGA) has improved
markedly since the introduction and acceptance of balloon
septostomy and the intra-atrial baffle operation." 2 The
intra-atrial baffle redirects venous return to the heart,
producing functional but not anatomical correction of the
defect. Clinical studies of early and late postoperative sur-

vival are well documented and have shown the modification
of the natural history of TGA, which may follow a

successful intra-atrial baffle operation.35 A previous report
of the clinical course of long-term survivors followed at the

diastolic and PCW pressures remained insignificant (2.2 ± 1.13 mm
Hg). No evidence of caval obstruction was found in any patient. Baf-
fle leaks were found in five patients with mild bidirectional shunting.
All arterial oxygen saturations were above 90%. Mild tricuspid
regurgitation was demonstrated in two patients by RV angiography
and was absent in 12 others. The contractility index peak VCE
averaged 1.87 ± .122 sec-' for the RV and was significantly lower
in the LV (1.53 ± 1.35 sec'1, P < 0.01). Only one patient pre-

sented significantly decreased RV contractility with a peak VCE
of 1.07 sec-' and poor contraction on the RV angiogram. These
data indicate that the long-term prognosis after the Mustard oper-
ation should be good in most patients and that the right ventricle is
capable of functioning at the level of contractility of a normal left
ventricle.

Hospital for Sick Children, Toronto for up to eight-and-a-
half years postoperatively, suggested that 73 of 80 long-term
survivors were leading a normal life.' Reported hemo-
dynamic studies, however, have been few in number and
have principally involved patients who were in the early
postoperative period when investigated or who had post-
operative complications requiring hemodynamic assess-
ment.7'-"

In this paper we report the results of hemodynamic and
angiographic studies in 14 children four to ten years after the
intra-atrial baffle operation for TGA.

Patient Material and Methods

The 14 children represented all patients at the Sick
Childrens Hospital, Toronto who had a complete right and
left heart catheterization study at an interval greater than
four-and-a-half years following the intra-atrial baffle repair
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