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Objective: Recent descriptions of decreased exercise capacity 10 to 15 years after arterial switch operation
(ASO) suggest subclinical hemodynamic restrictions. Persistent impairment of ventricular performance
following ASO may add to this. We aimed to characterize the time course of changes in biventricular perfor-
mance within the first year following ASO.

Methods:We prospectively included 26 patients with transposition of the great arteries undergoing ASO and 20
age-matched controls. Left and right ventricular systolic and diastolic performance was assessed using tissue
Doppler imaging-derived peak systolic velocity, peak diastolic velocity, and peak early wave Doppler flow ve-
locity/early diastolic tissue Doppler imaging velocity as well as mitral and tricuspid annular plane systolic
excursion. Furthermore, left ventricular longitudinal, radial, and circumferential strain were assessed using
speckle tracking strain imaging. Studies were performed preoperatively, 1 day postoperatively, at discharge,
and at medium-term follow-up (9 months [interquartile range, 6-23 months] postoperatively).

Results: After an initial decrease in biventricular systolic and diastolic performance 1 day postoperatively
versus preoperatively, recovery was observed in all parameters during medium-term follow-up. At medium-
term follow-up left ventricular systolic and diastolic performance parameters were comparable in patients
and controls. In contrast, right ventricular systolic and diastolic performance were still impaired in patients
versus controls roughly 1 year postoperatively (tricuspid annular plane systolic excursion, 11.6 � 2.2 vs
18.6 � 3.1 mm; right ventricular peak systolic velocity, 8.1 � 2.3 vs 12.6 � 1.8 cm/second; right ventricular
peak diastolic velocity, 12.4 � 3.0 vs 18.2 � 4.2 cm/second; and right ventricular peak early wave Doppler
flow velocity/early diastolic tissue Doppler imaging velocity, 6.7 � 2.1 vs 4.3 � 1.3; all Ps< .001).

Conclusions: If early ASO is performed, left ventricular performance recovers to control values within the first
postoperative year. In contrast, right ventricular systolic and diastolic performance remained impaired during
follow-up, which stresses the importance of postoperative follow-up of right ventricular performance. (J Thorac
Cardiovasc Surg 2014;147:1561-7)
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Since the introduction of anatomical correction of transposi-
tion of the great arteries (TGA) with the arterial switch oper-
ation (ASO), patient survival has improved. In combination
with ongoing refinements of the surgical technique, this has
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lead to low surgical mortality1 and good long-term survival
of patients undergoing ASO in the current era.2 Nonetheless,
recent descriptions of decreased exercise capacity 10 to
15 years after ASO suggest that subclinical hemodynamic
restrictions remain.3,4 Hemodynamic impairment could
develop over time as a consequence of common residua
and complications of ASO, including pulmonary artery
obstruction and coronary artery problems.4 However, persis-
tent impairment of cardiac performance following surgical
correction may also play a role.
Persistent impairment of cardiac performance has been

previously described in pediatric patients after surgical
correction of a congenital heart defect using cardiopulmonary
bypass (CPB).5 In patients born with TGA, decreased left
ventricular (LV) performance has been described within the
first 48 hours following ASO.6,7 However, to our
knowledge, continuing follow-up of the changes evoked by
surgery and the time course and extent of recovery is
limited. Furthermore, right ventricular (RV) performance
is underexposed in most studies.
With the advent of echocardiographic techniques, includ-

ing tissue Doppler imaging (TDI) and speckle tracking
diovascular Surgery c Volume 147, Number 5 1561
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Abbreviations and Acronyms
ASO ¼ arterial switch operation
CPB ¼ cardiopulmonary bypass
E0 ¼ peak diastolic velocity
E/E0 ¼ peak early wave Doppler flow velocity/

early diastolic tissue Doppler imaging
velocity

FS ¼ fractional shortening
LV ¼ left ventricular
LVIDd ¼ left ventricular internal diameter at end-

diastole
LVIDs ¼ left ventricular internal diameter at end-

systole
MAPSE ¼ mitral annular plane systolic excursion
RV ¼ right ventricular
S0 ¼ peak systolic velocity
TAPSE ¼ tricuspid annular plane systolic excursion
TGA ¼ transposition of the great arteries
TDI ¼ tissue Doppler imaging
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strain imaging, the detection of subtle impairment of biven-
tricular systolic and diastolic performance has been greatly
enhanced.8 Additionally, these techniques offer the advan-
tage of regional assessment of myocardial performance.
Accordingly, in our study we aimed to characterize the
time course of changes in biventricular performance within
the first year following ASO using TDI and speckle tracking
strain imaging.
METHODS
We prospectively enrolled all consecutive patients with simple TGA,

with or without a ventricular septal defect, who underwent ASO at our

institution between 2009 and 2012. Patients with major additional defects,

including Taussig-Bing anomaly and aortic arch pathology, were excluded.

Additionally, 1 group of healthy children, who were referred to our institu-

tion with an asymptomatic, innocent heart murmur, were included as con-

trols. This group was age-matched to patients at medium-term follow-up.

The institutional review board at our institution approved this study and

written informed consent was obtained from the parents.

Surgical correction was carried out via a median sternotomy using high-

flow, moderate hypothermic CPB with bicaval cannulation. Before cross-

clamping, the open ductus arteriosus was ligated. Subsequently the aorta

was crossclamped and cold crystalloid cardioplegia was infused; this was

repeated every 30 minutes. The operation included dissection of the aorta

and pulmonary artery above the level of the commisures, transplantation of

the coronary arteries from the aortic sinus into the corresponding pulmo-

nary sinus using the coronary artery-button technique, switching of the

aorta and pulmonary artery by the Lecompte manoeuvre whenever

possible, and reconstruction of the neopulmonary trunk with an autologous

pericardial patch.

Demographic parameters, including weight, body surface area,

sex, and age were documented at study inclusion. Body surface

area in square meters was calculated using Boyd’s formula

ð0:0004688 3 weightð0:8168�0:0154 3 log ½weightweight�ÞÞ using weight in

grams. Additionally, operative parameters were collected, including CPB

time and aortic crossclamp time.
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All patients and controls underwent transthoracic echocardiography,

without sedation, to comprehensively assess biventricular systolic and dia-

stolic performance. In patients examinations were performed preopera-

tively, 1 day postoperatively, at hospital discharge, and at a medium-term

follow-up of roughly 1 year postoperatively. Subsequently changes in echo-

cardiographic parameters in patients during follow-up were evaluated.

Controls underwent only 1 examination, and were compared with patients

at medium-term follow-up.

Echocardiography
Transthoracic echocardiography was performed to assess biventricular

performance using a commercially available system (Vivid-7.0.0; General

Electric VingmedUltrasound, Horten, Norway). Furthermore, the presence

and severity of pulmonary artery obstruction at discharge was assessed us-

ing continuous Doppler flow velocity in the parasternal short-axis view.

The maximal peak flow velocity in the main pulmonary artery or

pulmonary artery branches was used as the maximal pulmonary artery

velocity.4 Images were stored in digital format to allow off-line analyses

using EchoPac version 11.1.8 (General Electric Vingmed Ultrasound).

Off-line analysis was performed by 1 observer (L.M.K.) to limit possible

interobserver variability. Subsequently, results were reviewed and dis-

cussed with a second observer (A.D.J.H.). Patients without sinus rhythm

at the time of echocardiographic investigation were excluded.

M-Mode
Fractional shortening (FS) was calculated from M-mode recordings of

the LV long axis to assess LV systolic performance. To calculate FS, LV

internal diameter at end-diastole (LVIDd) and LV internal diameter at

end-systole (LVIDs) were assessed in millimeters and combined as follows

ððLVIDd�LVIDsÞ=LVIDdÞ3100%.

In M-mode recordings of the apical 4-chamber view LV and RV sys-

tolic performance was assessed using measurements of respectively mitral

annular plane systolic excursion (MAPSE) and tricuspid annular plane

systolic excursion (TAPSE). The cursor was placed at the mitral or

tricuspid annulus free wall, as previously described.9 Subsequently the

maximal excursion of the valve plane was assessed from end-diastole

to end-systole.
TDI
Biventricular systolic and diastolic performance was characterized us-

ing pulsed-wave TDI. TDI images were obtained in 2-dimensional images

of the 4-chamber view throughout 3 consecutive cardiac cycles. The angle

of insonation was adjusted to align the ultrasound beam along the direction

of myocardial motion. Subsequently, myocardial velocity curves were ac-

quired by placing the cursor at the basal part of the LV lateral wall and RV

free wall. In each curve, peak systolic velocities (S0) and peak early dia-

stolic velocities (E0) were assessed. In addition, peak early wave Doppler

flow velocity/early diastolic tissue Doppler imaging velocity (E/E0), a dia-
stolic parameter strongly correlated with ventricular filling pressure,10 was

calculated to assess diastolic performance. LVand RV E were assessed by

measurements of peak early wave velocity (centimeters per second) in

spectral Doppler tracings recorded in the apical 4-chamber view at the

tip of the mitral and tricuspid valve.
Speckle Tracking Strain Imaging
In addition to TDI, LV systolic performance was evaluated using

speckle tracking strain analyses performed in grayscale images of the api-

cal 4-chamber view (longitudinal analysis) and the LV parasternal short-

axis view (radial and circumferential analysis). Images were obtained

with optimized sector width and frame rate (preferably 60-90 frames/sec-

ond). In these images, manual endocardial border tracing at end-systole

was used to set the region of interest. The region of interest was automat-

ically divided into 6 segments. In the 4-chamber view this included the
gery c May 2014



TABLE 1. Demographic parameters and operation characteristics of

patients with transposition of the great arteries

Demographic parameter Total

N 26

Male, n (%) 16 (62)

Age at surgery, d* 10 (7-14)

Weight, kg 3.5 � 0.5

Body surface area, m2 0.23 � 0.02

Cardiopulmonary bypass time, min 160 � 33

Aortic crossclamp time, min 106 � 25

Maximal pulmonary artery velocity, m/s 2.6 � 0.9

Approximately normally distributed data are expressed as mean� standard deviation.

*Values expressed as median (interquartile range).
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basal, mid, and apical segments of the LV lateral wall and the interventric-

ular septum. The short-axis image was divided into a septal, anteroseptal,

anterior, lateral, posterior, and inferior segment to evaluate both radial and

circumferential strain. In each segment tracking quality was automatically

evaluated and this resulted in automatic rejection or acceptation of the

segment. Although an observer could override this automatic decision

based on visual evaluation,11 this was used very conservatively.12 Data ob-

tained by speckle tracking was displayed in longitudinal time-strain curves

for each segment in the 4-chamber view and radial and circumferential

time-strain curves for each segment in the short-axis image.13 From these

time-strain curves segmental peak strain was obtained, defined as the most

negative longitudinal or circumferential and most positive radial strain

value, respectively, at any time point during 1 cardiac cycle. Finally, the

mean strain of the 6 segments in 1 view was calculated and constituted

global peak strain.12

Statistics
Approximately normally distributed data are expressed as mean� stan-

dard deviation. Not approximately normally distributed data are expressed

as median (interquartile range). The Wilcoxon signed rank test was used

to assess differences in biventricular performance in patients 1 day post-

operatively versus preoperatively, 1 year postoperatively versus 1 day post-

operatively, and 1 year postoperatively versus preoperatively. Because

considerable variation in timing of medium-term follow-up was observed,

linear mixed models were constructed for each echocardiographic param-

eter to assess the influence of follow-up duration. The duration between

medium-term follow-up and the operation datewas included as an indepen-

dent variable in these models.

The Mann-Whitney U test was used to assess differences between con-

trols and patients at medium-term follow-up, between patients with and

without significant pulmonary artery stenosis (maximal pulmonary artery

velocity>2.5 m/second), and between patients with and without abnormal

coronary anatomy. Correlations between RV performance parameters and

maximal pulmonary artery velocity at discharge were assessed using scat-

ter plots and Spearman’s rank test. Finally, scatter plots and Spearman’s

rank test were used to assess the correlation between RV performance

parameters and aortic crossclamp time and CPB time at medium-term

follow-up, and between age at operation and RV performance parameters

preoperatively and at medium-term follow-up. Data analysis was per-

formed using SPSS 20 (IBM-SPSS Inc, Armonk, NY).
RESULTS
A total of 27 patients with TGA were enrolled. One pa-

tient, who underwent reoperation for pulmonary artery ste-
nosis before hospital discharge, was excluded. Accordingly,
26 patients were included in our study. Additionally, a
group of 20 age-matched controls were included. No
The Journal of Thoracic and Car
differences were observed between patients and controls
in weight (8.5 � 2.2 vs 9.6 � 2.6 kg; P ¼ .16).
Demographic characteristics of patients are summarized

in Table 1. Before surgery, 18 of 26 patients underwent a
balloon atrial septostomy. The Lecompte procedure was
carried out in all patients. Furthermore, in 7 patients a ven-
tricular septal defect was closed (4 patch, 3 direct suture) in
addition to ASO. In 2 patients the patch was visible in the 4-
chamber view and echocardiograms of these patients were
excluded from longitudinal speckle tracking strain analysis.
In 18 of 26 patients coronary anatomy was normal

(1LCx-2R; R, right coronary artery; L, left coronary artery;
Cx, circumflex coronary artery; 1, first coronary sinus; 2,
second coronary sinus). The remaining 8 patients had a
differing coronary anatomy, including 4 patients with
1L-2RCx and 1 patient each with 1R-2LCx, 1Cx-2RL,
1LCx-2RCx, and 2RCxL. In 1 of these patients, the coro-
nary artery was damaged and subsequently repaired during
surgery, without evidence of postoperative ischemia. No dif-
ferences were observed in aortic crossclamp time or CPB
time between patients with normal versus differing coronary
artery anatomy. One patient was reoperated for pulmonary
artery stenosis after hospital discharge. The echocardiogram
at medium-term follow-up in this patient was not included.
Finally none of the patients had more than a trace of aortic
insufficiency at medium-term follow-up, as qualitatively
assessed using echocardiography.
In the patients born with TGA, echocardiography was

performed preoperatively (n ¼ 25), 1 day postoperatively
(n ¼ 22), at discharge (9 days [interquartile range, 7-12
days] postoperatively), (n ¼ 25), and after medium-term
follow-up (9 months [interquartile range, 6-23 months]
postoperatively) (N ¼ 20). In none of the linear mixed
models a contribution of the duration of follow-up was
observed, except in the MAPSE model. Because MAPSE
values were comparable to controls at medium-term
follow-up, as described below, this has little influence on
our conclusions. Therefore we consider the medium-term
follow-up measurement to be time-independent.

LV
In patients with TGA, LV chamber sizes were normal pre-

operatively (LVIDd, 19 � 3 mm; LVIDs, 11 � 2 mm).14

Follow-up of parameters assessing LV systolic performance
including FS, MAPSE, LV S0, and LV global peak strain
parameters revealeda decrease in theseparameters 1 daypost-
operatively versus preoperatively (see Tables 2 and 3 and
Figure 1). Subsequently, a recovery was observed in LV sys-
tolic performance parameters during medium-term follow-
up. This resulted in comparable values of all parameters
describing LV systolic performance in patients versus con-
trols 1 year postoperatively (see Tables 2 and 3 andFigure 1).
In addition to global peak strain parameters, segmental

peak strain parameters were compared in patients at
diovascular Surgery c Volume 147, Number 5 1563



TABLE 2. M-mode and tissue Doppler imaging parameters in patients preoperatively and during postoperative follow-up and in controls

Patients

Controls

P value

preop vs

1 d postop

P value

1 d postop vs

medium-term*

P value

preop vs

medium-term*

P value patients

medium-term* vs

controlsPreop

1 d

Postop Discharge

Medium-term

follow-up

Left ventricle

FS, % 40.2 � 8.1 30.1 � 7.1 37.4 � 8.3 37.5 � 5.4 39.8 � 4.5 .007 .06 .21 .14

MAPSE, mm 7.4 � 1.4 4.6 � 1.3 5.7 � 1.2 9.8 � 1.6 10.7 � 1.6 .001 .002 .001 .07

S0, cm/sec 6.5 � 2.1 4.1 � 1.1 4.0 � 1.4 6.5 � 1.3 6.2 � 1.3 .002 .001 .90 .62

E0, cm/sec 8.3 � 3.5 5.5 � 2.4 6.7 � 2.9 12.6 � 2.9 13.6 � 3.6 .005 .001 .001 .36

E/E0 16.7 � 10.4 12.4 � 5.5 13.9 � 6.3 9.0 � 2.9 9.0 � 3.4 .33 .06 .001 .80

Right ventricle

TAPSE, mm 10.2 � 1.8 3.5 � 1.1 5.5 � 1.2 11.6 � 2.2 18.6 � 3.1 <.001 .001 .007 <.001

S0, cm/sec 10.1 � 2.5 3.2 � 1.3 3.9 � 1.2 8.1 � 2.3 12.6 � 1.8 <.001 .001 .048 <.001

E0, cm/sec 16.5 � 4.0 3.8 � 1.4 6.4 � 1.8 12.4 � 3.0 18.2 � 4.2 <.001 .001 .022 <.001

E/E0 6.3 � 1.5 16.3 � 8.1 10.3 � 4.0 6.7 � 2.1 4.3 � 1.3 <.001 .001 .57 <.001

Values are expressed as mean � standard deviation. Preop, Preoperatively; postop, postoperatively; FS, fractional shortening; MAPSE, mitral annular plane systolic excursion;

S0, peak systolic tissue Doppler imaging velocity; E0, peak early diastolic tissue Doppler imaging velocity; E/E0, peak early wave Doppler flow velocity/early diastolic tissue

Doppler imaging velocity; TAPSE, tricuspid annular plane systolic excursion. *Medium-term follow-up was 9 months (interquartile range, 6-23 months) postoperatively.
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medium-term follow-up versus controls. These analyses
yielded comparable peak strain values in most segments.
However, circumferential peak strain in the septal and
anteroseptal segment remained impaired in patients versus
controls (septal: �24.6% � 5.3% vs �31.4% � 7.0%;
P ¼ .008; anteroseptal: �26.2% � 8.0% vs �32.3% �
6.7%; P ¼ .04) and longitudinal peak strain in the basal
septal segment remained increased (�21.6% � 4.4% vs
�18.3% � 3.7%; P ¼ .02) (see Figure 2).

LV diastolic performance, as assessed using LV E0, was
decreased 1 day postoperatively versus preoperatively (5.5
� 2.4 vs 8.3 � 3.5 cm/second; P ¼ .005). Subsequent
follow-up revealed an increase in LV E0 (5.5 � 2.4 vs
12.6 � 2.9 cm/second; P ¼ .001) during the first postoper-
ative year. At medium-term follow-up, no differences were
observed in LV diastolic performance parameters in pa-
tients versus controls (Table 2).

RV
Both parameters describing RV systolic performance,

including RV S0 and TAPSE, and parameters describing
RV diastolic performance, including RV E0 and RV E/E0,
were impaired 1 day postoperatively versus preoperatively
(see Table 2 and Figure 1). Subsequently, a recovery was
observed in all RV performance parameters during
medium-term follow-up (see Table 2 and Figure 1).
TABLE 3. Left ventricular speckle tracking strain derived parameters i

controls

Global peak

strain, %

Patients

CPreop 1 d Postop Discharge

Medium-term

follow-up

Longitudinal �21.7 � 3.4 �13.7 � 3.9 �16.4 � 3.2 �21.5 � 3.6 �23

Radial 42.4 � 14.6 22.3 � 9.5 27.1 � 10.6 40.3 � 12.0 46

Circumferential �22.9 � 4.6 �16.8 � 4.2 �19.6 � 6.0 �21.1 � 4.2 �24

Values are expressed as mean � standard deviation. Preop, Preoperatively; postop, postop

postoperatively.
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However, in contrast to LV performance parameters, pa-
rameters describing RV systolic and diastolic performance
were still impaired in patients versus controls roughly
1 year postoperatively (TAPSE, 11.6 � 2.2 vs 18.6 � 3.1
mm; RV S0, 8.1 � 2.3 vs 12.6 � 1.8 cm/second; RV E0,
12.4 � 3.0 vs 18.2 � 4.2 cm/second; RV E/E0, 6.7 � 2.1
vs 4.3 � 1.3; all Ps< .001). Furthermore both RV S0 and
E0 were lower in patients at medium-term follow-up versus
preoperatively (RV S0: 8.1 � 2.3 vs 10.1 � 2.5 cm/second;
P ¼ .048; RV E0: 12.4 � 3.0 vs 16.5 � 4.0 cm/second;
P ¼ .022).

No correlation was observed between aortic crossclamp
time or CPB time and RV performance parameters at
medium-term follow-up. Furthermore, age at operation
was not correlated to RV performance parameters preoper-
atively or at medium-term follow-up, except for a weak cor-
relation at medium-term follow-up between TAPSE and age
at operation (P ¼ .016; R2 ¼ 0.28).

In 4 patients tricuspid regurgitation velocity was>2.5 m/
second. No significant correlation was observed between
maximal pulmonary artery velocity at discharge and param-
eters describing RV systolic and diastolic performance at
discharge or medium-term follow-up, except for a weak
correlation between maximal pulmonary artery velocity
and RV E0 at discharge (P ¼ .05; R2 ¼ 0.17). Furthermore,
at discharge no differences were observed in RV
n patients preoperatively and during postoperative follow-up and in

ontrols

P value

preop vs

1 d postop

P value

1 d postop vs

medium-term*

P value

preop vs

medium-term*

P value patients

medium-term* vs

controls

.1 � 3.3 <.001 .007 .83 .14

.5 � 12.9 .001 .005 .68 .13

.0 � 4.3 .003 .01 .036 .13

eratively. *Medium-term follow-up was 9 months (interqaurtile range, 6-23 months)

gery c May 2014



FIGURE 1. Box plots depicting mean and 95% confidence interval of the mean of left ventricular (LV) systolic and right ventricular (RV) systolic tissue

Doppler imaging parameters in patients during follow-up and in controls. S0, Peak systolic tissue Doppler imaging velocity.
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performance parameters between patients with and without
significant pulmonary stenosis.

DISCUSSION
Follow-up in patients born with TGA after ASO is still

characterized by decreased exercise capacity.3,4

Hemodynamic restrictions, including impaired ventricular
performance, may add to this. Our results, which describe
a decrease in biventricular performance parameters directly
postoperatively, emphasize that ventricular performance
decreases after surgery. Furthermore, our study highlights
that although LV performance recovers to control values,
RV systolic and diastolic performance remain impaired
within the first postoperative year.

LV
The acute decrease in LV systolic and diastolic perfor-

mance directly following surgery observed in our study is
in agreement with previous studies of LV performance
within the first 48 hours following ASO.6,7 The cause of
this decrease could be multifactorial, including altered
FIGURE 2. Segmental circumferential peak strain in patients born with

transposition of the great arteries versus controls. Bar graph depicts

mean and 95% confidence interval of the mean peak circumferential

segmental strain. *Segments in which a significant differencewas observed

between patients and age-matched controls at medium-term follow-up.

The Journal of Thoracic and Car
loading conditions, direct surgical trauma, reoxygenation
injury, and CPB-associated ischemia or inflammatory
cascades.6,7,15,16 Especially the altered loading conditions
have been suggested to play a role in inducing LV dysfunc-
tion directly postoperatively. The LV is confronted with an
acute increase in afterload following ASO because the
ventricle faces pumping against the high vascular resistance
of the systemic circulation.6 This afterload increase may
induce a decrease in LV performance. Yet, care must be
taken in interpreting these results, because both TDI
parameters and strain parameters are possibly load-
dependent.17

Follow-up studies beyond the first 48 hours have merely
focused on long-term follow-up. These studies have pre-
sented contrasting results.18-22 Colan and colleagues20

described normal FS 0.5 to 10 years postoperatively. In
contrast, decreased FS and ejection fraction were described
in more recent studies in patients versus controls 10 to 15
years postoperatively.18,19 Our results, which portray an
improvement in LV performance parameters after surgery
to control values, suggest total recovery of LV performance
within the first postoperative year. Future studies are neces-
sary to exclude subsequent deterioration.
Of note is that although assessment of LV global peak

strain parameters revealed no differences between patients
and controls 1 year postoperatively, circumferential peak
strain in the septal and anteroseptal segment did remain
impaired. Previously, using wall motion analyses and
myocardial perfusion scans, segmental abnormalities have
also been observed.18,23 These abnormalities presented in
variable segments. Yet, a trend of abnormal motion in espe-
cially the anterior segment can be observed.18,23 Further-
more, basal rotation was described to be decreased in
patients born with TGA versus controls 12 years postoper-
atively; this was most pronounced in the anterior segment.21

In combination with our results this could imply increased
vulnerability of anterior segments. However this suggestion
must be interpreted with caution, considering the variability
of techniques and lack of specific analysis.
diovascular Surgery c Volume 147, Number 5 1565
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RV
Studies describing follow-up of ASO have generally

focused on the LV. Yet our results support increased aware-
ness of RV performance, because both RV systolic and dia-
stolic performance parameters do not completely recover to
preoperative levels. Furthermore, all RV performance pa-
rameters remained impaired in patients versus controls up
to 1 year postoperatively. Although our results are unique
in their description of RV performance within the first post-
operative year, they are largely in line with previous long-
term follow-up studies. Whereas 1 study described normal
RV ejection fraction 10 years after ASO,24 most other long-
term follow-up studies have demonstrated a variable degree
of impairment of RV systolic21,25 and diastolic26 perfor-
mance. The persistent impairment in RV performance param-
eters is of interest because subtle changes in RV TDI
parameters have shown to be of prognostic value for increased
risk of cardiovascular events.27,28 Thus, our study identifies an
increased vulnerability, which is already present directly after
ASO. This impairment may not have a direct clinical
consequence. Yet, if it persists, its prognostic value warrants
careful follow-up of RV performance and may possibly
contribute to earlier start of therapeutic strategies.

Several theories could explain the persistent impairment
of especially RV performance following ASO. Preopera-
tively, possible ischemia and hypoxia may have affected
cardiac performance and leave the heart more vulnerable
for reoxygenation injury during surgery.16

Perioperative factors that may have contributed include
incomplete myocardial protection, CPB, and pericardial
incision.29-31 The anterior position of the RV may render it
more susceptible to incomplete myocardial protection than
the LV.31 Regarding CPB, previous studies in both adults
and children have reported that following a variety of cardiac
surgeries using CPB, specifically RV performance remained
impaired.5,29 Furthermore, a negative correlation between
CPB time and ventricular performance has been described
in patients with congenital heart defect.15,32 Finally, a
prolonged CPB time was associated with abnormal
exercise capacity 13 years after ASO.4 The lack of correla-
tion between CPB and RV performance parameters
observed in our study does not support this suggestion. How-
ever, the small sample size and limited spread of CPB times
may have concealed a correlation.

Finally, postoperative residua and complications, including
pulmonary artery obstruction and coronary artery prob-
lems, may continuously alter RV performance. In patients
born with TGA, pulmonary artery obstruction is a common
complication of the Lecompte procedure, requiring rein-
tervention in 10% of patients.2 A significant pulmonary ar-
tery obstruction will increase afterload, which may
negatively influence RV performance.26 Furthermore, sig-
nificant pulmonary artery obstruction was a predictor of
decreased exercise capacity 13 years postoperatively.4 In
1566 The Journal of Thoracic and Cardiovascular Sur
contrast to these results, no significant correlation between
maximal pulmonary artery velocity at discharge and RV
performance parameters was observed in our study.
Furthermore, at discharge no differences were observed
in RV performance parameters between patients with and
without significant pulmonary stenosis. However, because
pulmonary artery obstruction may develop over time, these
results do not exclude a possible influence of pulmonary
artery obstructions during more long-term follow-up.

Lastly, ischemic damage caused by coronary artery
injury has been suggested to negatively influence postoper-
ative RV performance.21 Damage is possible during transfer
and fixation of the coronary arteries. In our study, in only 1
patient was an injury to the coronary arteries described.
Still, coronary artery damage frequently goes unnoted dur-
ing ASO, thus contribution of this factor cannot be excluded
based on these results. In addition, a differing coronary ar-
tery anatomy, which is associated with TGA, may prolong
the surgical procedure.33 This may also have a negative in-
fluence on cardiac performance. Yet, no significant differ-
ences were observed in aortic crossclamp time or CPB
time in patients with and without differing coronary artery
anatomy. This suggests that the presence of differing coro-
nary artery anatomy does not or minimally influence the
duration of CPB. This conclusion is in line with the sugges-
tions by Giardini and colleagues.4

Limitations
TDI parameters have been suggested to be age-depen-

dent.34 Hence, the observed changes in TDI parameters
preoperatively and 1 day postoperatively versus 1 year post-
operatively may in part be age-related changes. Further-
more, special care must be taken in the interpretation of
results of changes in TDI parameters preoperatively versus
1 year postoperatively, because these results may also be
influenced by the load-dependence of TDI parameters. Never-
theless, similar follow-up is observed in LV global peak strain
parameters, which are thought to be less age-dependent.35

Finally our main conclusion, the persistent impairment of
RV performance, is not affected by this age-dependency
because age-matched controls were used.

The small sample size included in this study prohibited
solid analyses of the influence of clinical parameters,
including pulmonary artery stenosis, on postoperative impair-
ment of RV performance. Hence, based on our results we
cannot rule these out as possible causes for the impaired RV
performance.

CONCLUSIONS
After an initial decline in biventricular performance in pa-

tients born with TGA following ASO, LV systolic and dia-
stolic performance recovered to control values within the
first postoperative year. Hence, our results emphasize that
if early ASO is performed, LV performance is not
gery c May 2014
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persistently impaired postoperatively. In contrast, RV sys-
tolic and diastolic performance remained impaired within
the first year following ASO. The cause of the persistent
impairment of RV performance may be multifactorial,
including direct surgical trauma, reoxygenation injury,
CPB-associated ischemia or inflammatory cascades, persis-
tent pulmonary artery obstruction, or damage to the coronary
arteries. Our study could not elucidate the exact cause. How-
ever, our results do stress the importance of follow-up of RV
systolic and diastolic performance following ASO.
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