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Background. Upon inital repair, most patients with
nomalous origin of the left coronary artery from the
ulmonary artery (ALCAPA) present with severely im-
aired ventricular function and mitral regurgitation. In

his study, both parameters were investigated at long-
erm in patients in whom either coronary transfer or
ubclavian artery anastomosis was applied.

Methods. Records of 56 patients with ALCAPA, oper-
ted between 1977 and 2002, were reviewed retrospec-
ively. Patients were divided into two groups: subclavian
rtery anastomosis group (n � 25), and coronary transfer
roup (n � 31).
Results. Concomitant mitral valve repair was per-

ormed in one patient. Thirty-day mortality was 14.3%
subclavian artery anastomosis group, n � 3; coronary
ransfer group, n � 5). Preoperative age (p � 0.007) and
eft ventricular ejection fraction (LVEF) less than 0.35
p � 0.020) were predictive for 30-day mortality, whereas

reoperative mitral regurgitation, surgical technique,
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nd cardiopulmonary bypass time were not. For both
roups, LVEF (p � 0.006) and mitral regurgitation (p �
.013) were improved at the time of hospital discharge.
ean follow-up was 11.0 � 7.2 years. Survival of hospital

urvivors at 20 years was 94.8 � 3.6%. At final follow-up,
5.5% of the patients presented with a LVEF greater than
.50, and 84.1% with a mitral regurgitation less than
rade 2. Mitral valve replacement was performed in three
atients.
Conclusions. In the majority of patients with ALCAPA,

oth ventricular function and mitral valve regurgitation
ormalize over time. Concomitant mitral reconstruction
ay not be required upon initial repair. Coronary trans-

er is the technique of choice today. However, subclavian
rtery anastomosis may remain an option in selected
ases.

(Ann Thorac Surg 2007;83:1463–71)

© 2007 by The Society of Thoracic Surgeons
nomalous origin of the left coronary artery from the
pulmonary artery (ALCAPA) is a rare congenital

nomaly, first described by Brooks in 1882 [1]. It usually
resents as an isolated lesion and accounts for 1 of
00,000 live births (0.25% to 0.5%). In 1933 the clinical
pectrum of ALCAPA was described by Bland, White,
nd Garland [2], therefore ALCAPA in Europe is also
eferred to as the Bland-White-Garland syndrome.

Different surgical approaches have been suggested,
ncluding ligation of the anomalous left coronary artery
3], various forms of bypass grafts from the aorta [4, 5],
ubclavian-left coronary artery anastomosis [6], transpul-
onary baffling or Takeuchi procedure [7], and direct

eimplantation of the coronary artery into the aorta [8].
urrently, immediate surgical correction upon diagnosis
ith the aim of restoring a two-coronary circulation

ystem is considered the standard treatment for patients
ith ALCAPA.

ccepted for publication Nov 1, 2006.

ddress correspondence to Dr Hörer, German Heart Center Munich,
Improvement of left ventricular function after success-
ul reestablishment of a two-coronary system was uni-
ormly documented [9, 10]. However, mitral valve recon-
truction upon the initial repair has been discussed
ontroversially. While some authors recommended con-
omitant mitral annuloplasty with the initial repair [11,
2], others clearly demonstrated that mitral valve func-
ion generally improves after ventricular remodeling
ithout any intervention [13, 14].
Only a few long-term studies on large collectives are

vailable, and different techniques for repair have not yet
een evaluated with respect to the fate of ventricular and
itral valve functions. Hence, we compared the long-

erm results after either coronary transfer or subclavian
nastomosis based on our single-center experience.

atients and Methods

atients
ll patients in whom either coronary transfer (n � 31) or

ubclavian artery anastomosis (n � 25) was applied for

LCAPA repair between 1977 and 2002 were included

0003-4975/07/$32.00
doi:10.1016/j.athoracsur.2006.11.005
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nto a retrospective follow-up study. Patients in whom a
akeuchi procedure (n � 3) or a left mammary artery
raft (n � 3) were performed were excluded, as well as
ne patient with a concomitant Norwood procedure. This
tudy was approved by the ethics committee of the
echnical University Munich. Informed consent was ob-

ained from each patient, or parent.

ata Collection
he clinical records were reviewed to document the
linical features, operative procedures, and the perioper-
tive course. The latest echocardiographic examination
as reviewed by one of the authors. Ventricular function
as classified as normal or mildly impaired (ejection

raction [EF] � 0.50), moderately impaired (EF 0.35 to
.50), and severely impaired (EF � 0.35). Ventricular
unction was assessed in M-mode in the parasternal long
nd short axis view. Mitral regurgitation (MR) was eval-
ated with Doppler echocardiography (0 � no MR; 1 �
ild MR; 2 � moderate MR; 3 � severe MR; 4 � severest
R).
The composite endpoint was defined as left ventricular

F (LVEF) less than 0.50, MR grade 2 or more, or death
fter hospital discharge after the initial operation.

tatistics
escriptive data for continuous variables are presented

s means � standard deviation or as medians with
anges; categoric variables are presented as relative fre-
uencies. The Fischer exact test or Mc Newar test was
erformed to detect significant differences between
roups. For comparison of continuous variables between
wo groups, the t test was used (two-tailed tests were

able 1. Preoperative Variables of 56 Patients With ALCAPA
oronary Transfer (n � 31)

haracteristics
Overall Grou

(n � 6)

ender: male, n (%) 36 (64.3)
peration before 1988 28 (50.0)
ean age at operation [months] 16.2 � 29.3
ean weight at operation [kg] 7.9 � 5.8
ean height at operation [cm] 72 � 21

reoperative MR � I°, n (%) 32 (57.1)
reoperative EF � 0.35, n (%) 35 (62.5)
ardiopulmonary bypass, n (%) 52 (92.9)
ean cardiopulmonary bypass time [min] 99 � 50
ortic cross-clamp, n (%) 28 (50.0)
ean ischemic time [min] 31 � 37

otal circulatory arrest, n (%) 10 (17.9)
ean circulatory arrest time [min] 6 � 15

ostoperative MR � I°, n (%)b 15 (31.3)

p � level of significance for the comparison between the subclavia anast
he initial operation, excluding the eight early deaths.

LCAPA � anomalous origin of the left coronary artery from the pulmo
sed for all analyses). The probability of freedom from f
vents was estimated according to the Kaplan-Meier
ethod. Freedom-from-events curves were compared by
eans of the log-rank test. Values of p less than 0.05 were

onsidered as statistically significant. According to Con-
ato and colleagues [15] multivariate analysis could not
e performed because the ratio of events per variable
as too small. Analyses were performed with SPSS 12.0.2

or Windows (SPSS Inc, Chicago, IL).

esults

reoperative Data
hirty-six male, and 20 female patients fulfilled the

nclusion criteria. The mean age of both groups at time of
epair was 16.2 � 29.3 months (range, 13 days to 12 years).
wo thirds of the patients presented with severely im-
aired left ventricular function and one third with more

han mild mitral regurgitation. There were no significant
ifferences in preoperative hemodynamic and demo-
raphic parameters between the subclavian artery anas-
omosis group and the coronary transfer group, except
hat significantly more patients who were operated on
efore 1988 received a subclavian artery anastomosis
ompared with patients who were operated on thereafter
p � 0.031; Table 1). Patients presenting with an EF below
.35 were significantly younger (mean age, 9.3 � 23.8
ears) compared with patients presenting with an EF
bove 0.35 (mean age, 27.8 � 34.3 years; p � 0.038). The
istributions of patients according to LVEF and mitral
alve regurgitation are depicted in Figures 1 and 2.
In the subclavian artery anastomosis group, the origin

f the ALCAPA (aspect from the pumonary trunk) was as

ted With Subclavian Artery Anastomosis (n � 25), or

Subclavian Artery
Anastomosis

(n � 25)
Coronary Transfer

(n � 31) pa

15 (60.0) 21 (67.7) 0.586
17 (68.0) 11 (34.5) 0.031

10.4 � 13.3 20.9 � 37.2 0.153
7.3 � 3.6 8.5 � 7.2 0.452

69.1 � 14.6 74.3 � 24.4 0.358
11 (44.0) 21 (67.7) 0.105
13 (52.0) 22 (71.0) 0.173
21 (84.0) 31 (100.0) 0.034
62 � 33 128 � 41 �0.001
7 (28.0) 21 (67.7) 0.007
12 � 21 47 � 40 �0.001
5 (20.0) 5 (16.1) 0.738

6 � 14 6 � 15 0.972
5 (22.7) 10 (38.5) 0.351

is and the coronary transfer group. b Within hospital admission after

artery; EF � ejection fraction; MR � mitral regurgitation.
Trea

p

omos
ollows: 9 posterolateral, 10 lateral, 4 posterior, and 2
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ig 1. Distribution of patients according to left ventricular ejection fraction prior to anomalous origin of the left coronary artery from the pul-

onary artery repair, at hospital discharge, and at last follow-up, stratified by the operative technique.

ig 2. Distribution of patients according to mitral valve regurgitation prior to anomalous origin of the left coronary artery from the pulmonary

rtery repair, at hospital discharge, and at last follow-up, stratified by the operative technique.
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nspecified, respectively. In the coronary transfer group,
here were 9 posterolateral, 2 lateral, 15 posterior, 1 from
he left pulmonary artery, 1 with a single-trunk anoma-
ous origin of both coronary arteries, and 3 unspecified,
espectively.

urgical Technique
he subclavian-left coronary artery anastomosis was per-

ormed in an end-to-end fashion after excision of the
oronary button from the pulmonary artery. Coronary
ransfer was performed by mobilization of the button, and
reation of a trap-door flap in the aorta. Techniques of
oronary elongation [16, 17], such as described by Sese and
moto [18], were also used, creating an inferior wall flap and

superior pulmonary artery flap. The pulmonary artery
as closed directly, or reconstructed with glutaraldehyde-
xated autologous pericardium or Gore-Tex patch material

Gore-Tex, Inc, Flagstaff, AZ), respectively.
Simultaneous mitral annuloplasty was performed in one

atient, in whom the morphology of the mitral valvar
pparatus was pathologic (distinct prolapse of the anterior
eaflet). The patient was four-months old at the time of
peration, and was treated with a Whooler annuloplasty
nd additional shortening of anterior leaflet chordea.

Operations were performed on cardiopulmonary by-
ass in 52 patients (93%). The aorta was clamped in 28
atients (50%). Crystalloid cardioplegia was adminis-

ered simultaneously in both great vessels after cross-
lamping and after snaring of both pulmonary arteries. In
he subclavian artery anastomosis group, cardiopulmo-
ary bypass time (p � 0.034) and cardiac arrest time (p �
.001) were shorter than in the coronary transfer group
Table 1). Sixteen percent of the patients in the subcla-
ian artery anastomosis group were operated without
ardiopulmonary bypass.

ostoperative Data
n both groups, LVEF (p � 0.006) and MR (p � 0.013)
mproved from preoperative to the time of hospital

able 2. Predictors for Early Death in 56 Patients With ALCA
oronary Transfer (n � 31)

Characteristics
E

Gender: male, n (%)
Operation before 1988
Mean age at operation [months]
Mean weight at operation [kg]
Mean height at operation [cm]
Preoperative MR � I° n (%)
Preoperative EF � 0.35, n (%)
Subclavian artery anastomosis
Cardiopulmonary bypass, n (%)
Mean cardiopulmonary bypass time [min]
aortic crossclamp, n (%)
Mean ischemic time [min]

p � level of significance for the comparison between the early deaths a
LCAPA � anomalous origin of the left coronary artery from the pulmonary
ischarge (Figs 1; 2). There was no significant difference
n the fate of left ventricular function and MR between
he subclavian artery anastomosis group and the coro-
ary transfer group (Table 1).

arly Mortality
hirty-day mortality was 14.3% for both groups, with

hree deaths in the subclavian artery anastomosis group,
nd five deaths in the coronary transfer group, respec-
ively. There was no mortality in the last 13 years (17
atients operated). Preoperative age (p � 0.007) and
VEF less than 0.35 (p � 0.020) were predictive for 30-day
ortality (Table 2). Preoperative MR, surgical technique,

ardiopulmonary bypass time, and cardiac arrest time
id not influence 30-day mortality.

ollow-Up
inal follow-up could be obtained from 46 patients.
ollow-up was complete for 95.8% of hospital survivors,
ith a maximum follow-up time of 23.8 years. Mean

ollow-up of the patients after the subclavian to coronary
rtery anastomosis was 14.5 � 5.5 years (complete follow-
p), and mean follow-up of the patients after the coro-
ary transfer technique was 8.7 � 6.9 years (two patients

ost to follow-up), and thus significantly different (p �
.003).
Late mortality was 3.3% (two patients). One patient

coronary transfer group) with an extremely rare mor-
hology, a single-trunk anomalous origin of both coro-
ary arteries, died four months after coronary transfer
uring a reoperation. One patient (subclavian artery
nastomosis group) died eight years after initial repair
ue to malignant arrhythmias. This patient died three
eeks after her last outpatient visit. She was clinically in
eart failure due to severe MR and therefore had ven-

ricular extrasystoly with couplets and triplets (on 24-
our Holter monitoring). On last echo, there were no
igns for myocardial failure (EF 0.65). Thus, it seems to be
bvious that she had ventricular tachicardia as the most

Treated With Subclavian Artery Anastomosis (n � 25), or

Deaths
8)

Early Survivors
(n � 48) pa

7.5) 29 (60.4) 0.236
2.5) 23 (47.9) 0.705

� 3.1 18.1 � 31.3 0.007
� 1.0 8.4 � 6.1 0.001
� 3 74 � 22 0.002
7.5) 29 (60.4) 0.268
00.0) 27 (56.3) 0.020
7.5) 22 (45.8) 0.720
7.5) 45 (93.8) 0.470

� 74 94 � 44 0.057
7.5) 25 (52.1) 0.705

� 38 32 � 37 0.531

rly survivors (30 days after initial operation).
PA

arly
(n �

7 (8
5 (6
5.1
5.1
63
3 (3
8 (1
3 (3
7 (8

130
3 (3
24

nd ea
artery; EF � ejection fraction; MR � mitral regurgitation.
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bvious reason for sudden cardiac death. Estimated
urvival of hospital survivors at 20 years was 94.8 � 3.6%.

Three patients presented during follow-up with an EF
ess than 0.50, with no evidence of impaired coronary
irculation upon angiography. At final follow-up one of
hese patients presented in New York Heart Association
lass I (NYHA I). Two patients are symptomatic, one is in
YHA II, with tachypnea on exertion, and one suffers

rom severely impaired ventricular function, remaining
urrently in NYHY II-III. Accordingly, freedom from
ore than mildly impaired ventricular function at 20

ears was 81.5 � 11.7%. At final follow-up, 95.5% of the
atients presented with a LVEF greater than 0.50 (Fig 1).
Seven patients exhibited moderate or severe MR dur-

ng the follow-up period. Three of these underwent
itral valve replacement: One patient (age, 14 months)

nderwent two attempts for reduction of mitral valve
nsufficiency one year postoperatively due to a hugely
ilated annulus and significant prolapse of the anterior

eaflet, and finally had valve replacement (St Jude, size 21
m; St Jude Medical, Inc, Minneapolis, MN) the same

ear. One patient (age, 17 months) had mitral valve
eplacement (size 23 mm; St. Jude Medical, Inc) after 13
onths. One patient (age, 4 years) had aortic valve

eplacement with a homograft and mitral valve replace-
ent (size 25 mm; CarboMedics, Inc, Austin, TX) after

ne month, and subsequent aortic valve replacement
size 16 mm; ATS Medical, Inc, Minneapolis, MN) after
ve years. Freedom from MR greater than grade 1 at 20
ears was 85.7 � 5.4% (Fig 3). Three additional patients
ere reoperated. One patient (age, 12 years) had aortic

alve replacement (size 23 mm; CarboMedics) five years
fter initial repair. Pulmonary artery augmentation was

ig 3. Freedom from left ventricular ejection fraction less than 0.50,
itral regurgitation greater than grade 1, death after hospital dis-

harge, and composite endpoint in 46 patients referred for ALCAPA
epair (Kaplan-Meier survival plot). (··· � late death; – – – � ven-
ricular dysfunction; – · – � mitral regurgitation; — � composite
ndpoint; ALCAPA � anomalous origin of the left coronary artery
rom the pulmonary artery.)
erformed in two patients (age, 7 and 4 years) after three
p
r

nd five years, of which both had had previous subcla-
ian anastomoses. Both patients had primary closure of
he pulmonary artery. Freedom from reoperation at 20
ears was 81.0 � 6.2%, with no difference between the
ubclavian artery anastomosis group and the coronary
ransfer group.

Hence, 12 patients reached the composit endpoint of
VEF less than 0.50, MR greater than grade 1, or death
fter hospital discharge after the initial operation. Free-
om from composite endpoint at 10 and 20 years was 78.9

6.3, and 65.6 � 10.8, respectively (Fig 3). Preoperative
eight (p � 0.042), preoperative height (p � 0.038),
reoperative MR greater than grade 1 (p � 0.028), cardio-
ulmonary bypass time (p � 0.012), and postoperative
R greater than grade 1 (p � 0.001) were predictive for

he composite endpoint, whereas other demographic
arameters and the surgical technique had no influence

Table 3).
Presently, 13 patients had cardiac catheterization over

ime; four patients had scintigraphy, and three patients
ad positron emission tomography investigation. Angio-
raphic examples for the coronary transfer and the sub-
lavian anastomosis are depicted in Figures 4 and 5,
espectively. Currently, four patients are on angiotensin-
onverting enzyme inhibitors, two of whom are on a
ombination with digitoxin. Two patients are on
-blocker therapy and two on amiodarone.

able 3. Predictors for Freedom From Composite Endpoint of
eath, Mitral Regurgitation, or Impaired Ventricular

unction in 44 Patients with ALCAPA Treated With
ubclavian Artery Anastomosis (n � 22) or Coronary
ransfer (n � 24)

haracteristics No./Events pa

ender, male 27/7 0.901
ge at operation � 5.8 months (median) 23/7 0.200
eight at operation � 6.2 kg (median) 23/8 0.042
eight at operation � 64 cm (median) 23/8 0.038
reoperative MR � I° 27/10 0.028
reoperative EF � 35% 26/6 0.818
ubclavian artery anastomosis 22/5 0.162
ardiopulmonary bypass 43/11 0.828
ardiopulmonary bypass time � 90 min
(median)

23/8 0.012

ardiac arrest 23/6 0.579
schemic time � 7 min (median) 23/6 0.579
ostoperative MR � I° 13/8 �0.001
o improvement in MR 24/6 0.745
ostoperative EF � 0.35 4/2 0.074
ostoperative EF � 0.50 27/8 0.571
o improvement in EF 18/6 0.435

p � level of significance between groups.

LCAPA � anomalous origin of the left coronary artery from the

ulmonary artery; EF � ejection fraction; MR � mitral
egurgitation.
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omment

nitial attempts for the repair of ALCAPA included the
reation of an aortopulmonary anastomosis, thereby in-
reasing pulmonary artery bloodflow and, hence, left
oronary artery oxygen saturation [19]. A more physio-
ogic approach was achieved in 1953 by Mustard, creating
n end-to-end anastomosis between the left common
arotid artery and the ALCAPA [20], and Cooley and
olleagues [5] reported in 1966 the creation of a two-
oronary system using a saphenous vein graft. Two years
ater, Meyer and colleagues [6] presented the case of a
atient who had a successful anastomosis of the left
ubclavian artery to the origin of the ALCAPA. It was not
efore 1974 that Neches and colleagues [21] first de-
cribed the technique of direct implantation of the anom-
lous left coronary artery into the aorta, by transferring it
ith a button of pulmonary artery wall. In 1979, Takeuchi

nd colleagues [7] proposed a solution for cases, where at
he time direct implantation did not seem feasible, cre-
ting a tunnel between the coronary ostium in the pul-
onary artery and the aorta.
In the present study, the subclavian artery anastomosis

nd coronary transfer technique were investigated. We
hought to ascertain if both techniques were equally
ffective in the long-term recovery of left ventricular and
itral valve function.
Most patients with ALCAPA present with symptoms of

everely impaired left ventricular function and mitral
alve regurgitation. Left ventricular damage resulting
rom myocardial ischemia in patients with ALCAPA is

ig 4. Coronary angiogram of a 20-year-old patient, 20 years after
oronary transfer.
ssociated with a range of pathologic findings. These s
nclude endocardial and subendocardial fibrosis, damage
o the papillary muscles, patchy myocardial necrosis, and
ilatation of the ventricle [22]. As a consequence, mitral

ncompetence frequently develops [23, 24]. In the present
tudy, 62.5% of the patients exhibited a preoperative EF
elow 0.35, and 37.5% showed moderate to severe MR.
Various risk factors for operative survival have been

dentified in the treatment of ALCAPA, including the
reoperative impairment of LV function [25–27] and
oung age at operation [27]. In the present study, both
arameters were also found to be significant predictors

or 30-day mortality. Because younger patients presented
ith significantly lower LVEF, we believe that small size

nd low age at the operation are markers for earlier
linical manifestation of myocardial malperfusion. This
ight be explained by the original anatomy: patients
ith good collateralization might be asymptomatic for a

ong time and become evident only by a cardiac murmur.
atients with little collateralization become symptomatic
arly in life, with cardiac failure due to ischemic heart
esions.

The severity of preoperative MR has also been identi-
ed as a risk factor for survival after surgery [28], al-

hough this is not supported unanimously [8, 29, 30].
ooking at our patients, it could not be identified as a risk

actor for the 30-day mortality. Based on our experience,
e have developed the policy not to address MR by

epair or replacement at the initial operation. In AL-
APA, even severe mitral insufficiency has been re-

ig 5. Coronary angiogram of a 28-year-old patient, 25 years after

ubclavian artery anastomosis.
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orted to fully regress after reperfusion alone in the
ajority of cases [14, 31]. In the present study, mitral

alve regurgitation had already improved significantly
y the time of hospital discharge when compared with

he preoperative finding. Furthermore, freedom from MR
reater than grade 1 at 20 years was 85.7 � 5.4%. Thus,
he primary goal in surgery should be coronary reperfu-
ion and myocardial salvage. Presumably, the added
schemic time to perform mitral valve precedures in the
etting of severely compromised ventricular function, is
otentially more deleterious than helpful [13, 14]. Fur-

hermore, the results from surgical treatment of ischemic
R in adults are relatively disappointing [32], and “over-

orrection” of mitral annulus diameter is not an option in
hildren. Other techniques for correction of ischemic
egurgitation, such as Whooler annuloplasty, artificial
hordae, chordal shortening, and others may not be
pplicable in newborns and infants. Thus, the policy of
ot approaching the mitral valve upon the initial opera-

ion, but rather wait for ventricular remodeling to ensue,
s also advocated by many others [8, 11, 16, 33]. Early
ostoperative mild-to-moderate mitral insufficiency is
sually acceptable [8, 11, 16] and, after improvement of

eft ventricular function, persistently symptomatic or
emodynamically significant MR may be treated at a

ater time [8, 13, 34, 35]. Interestingly, our data showed
hat mitral function recovers completely in the early
ostoperative period in most patients, In contrast, ven-

ricular function recovered incompletely during hospital
tay, but improved further in the long term. An opposing
nding has been reported by Azakie and colleagues [36].
he authors found that improvements in MR lagged
ehind normalization of EF and left ventricular dilata-

ion. In our experience, the first phase of ventricular
emodeling after ischemic dilatation of the left ventricle
s a reduction in left ventricular diameters that can be

easured on M-mode. When the left ventricle becomes
maller ventricular systolic and diastolic function im-
roves. These geometrical and functional changes

smaller mitral valve orifice, less stroke volume, and
etter cardiac output) might contribute to an improve-
ent in MR.
Some authors [12], however, recommend routine mi-

ral valve repair at the time of coronary artery revascu-
arization on the grounds that early postoperative cardiac
utput is improved and operative mortality reduced. It
emains speculative whether their excellent results
ould have been achieved without associated mitral

alve procedures. Others advocate mitral annuloplasty
11, 29, 37] or mitral valve replacement [37, 38] only in the
resence of severe MR. In our patients, the mitral valve
as addressed during the initial repair in only one
atient, who presented with associated mitral valve pa-

hology not related to ischemia. However, in the long
erm, three patients needed additional treatment for
ersistent severe mitral valve regurgitation, and the
itral valve eventually was replaced in all cases. Hence,

ostoperative mitral incompetence was identified as a

isk factor for reintervention, but not for death. l
Mechanical assist devices or extracorporeal membrane
xygenation were not used in any of our patients. The
uestion of the need for mechanical circular support in
atients undergoing ALCAPA repair is addressed in a
eries of 16 patients corrected by direct aortic reimplan-
ation [33]. These authors state that ventricular support
ystems may only be necessary in very few selected cases
f ventricular function does not improve early postoper-
tively, despite adequate coronary revascularization. Us-
ng repeated antegrade crystalloid cardioplegia with si-

ultaneous administration to both great vessels,
ombined with appropriate postoperative inotropic sup-
ort, may allow for favorable results in the majority of the
ases, without the need of mechanical circulatory sup-
ort. Since 1992, no patient (n � 17) has died at our

nstitution applying this strategy. Because of excellent
esults worldwide, we also do not think that concomitant
esection of left ventricular muscle during initial surgery,
s has been proposed in the past, is still justified today
8, 17, 26].

At present, coronary reimplantation is the technique of
hoice for repair of ALCAPA and may be performed in
lmost every case [16]. The present study confirms excel-
ent perioperative and long-term results with this tech-
ique, which has also been reported by others [14, 28].
ur approach toward coronary transfer, like that of other

roups, has evolved over time, aided by increasing con-
dence in the arterial switch procedure. Several methods
ave been described for lengthening of the coronary
edicle, such as creating an inferior wall flap and a
uperior pulmonary artery flap facilitating coronary
ransfer in complicated cases [16–18]. Very rarely, the
akeuchi tunnel technique may also still be appropriate,

f the coronary ostium lies extremely lateral and so close
o the pulmonary valve commissure that excision may
ot generate sufficient arterial wall to support coronary

ransfer. In the present study group, the subclavian
rtery anastomosis was preferentially performed in pa-
ients with a lateral postion of the ostium of the left
oronary artery (10 of 12 patients). The surgeons might
ave seen a problem in translocating the coronary artery

o the aorta. However, with the growing experience in
oronary transfer by the arterial switch operation, pres-
ntly, coronary transfer is considered to be possible in
lmost all of the cases, at least in neonates and small
hildren.

Half of the patients of the present study population
ere operated before 1988. Two-thirds of them received
subclavian artery anastomosis, whereas only two-fifths

f the patients who were operated thereafter received a
ubclavian artery anastomosis. At the time when sur-
eons were not yet as acquainted with the coronary
eimplantation technique from the arterial switch proce-
ure, the subclavian artery anastomosis seemed to be a
afe alternative, especially in small children. Cardiopul-
onary bypass time was shorter and, according to our

xperience, 16% of the patients could even be operated
n without cardiopulmonary bypass. The present inves-
igation revealed no difference between the two revascu-

arization techniques for any parameter studied. To our
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nowledge, only one other report exits about the long-
erm results (average 10-year follow-up) of the subcla-
ian artery to coronary artery anastomosis in seven
nfants with ALCAPA [27]. Similar to the findings of the
resent investigation, the authors report on good exer-
ise tolerance and normalization of ventricular function.
ence, although the subclavian artery to coronary artery

nastomosis is no longer performed, this technique
ielded the same results as the now generally accepted
oronary transfer technique. Our current series with this
echnique is, to our knowledge, the largest reported to
ate with the longest follow-up, showing that it was, in

he past, a valid option for repair of ALCAPA; especially
s it could be performed without cardiopulmonary by-
ass or temporary aortic occlusion.
In conclusion, our findings show that patients with
LCAPA surviving the perioperative period have an
xcellent prognosis for both immediate improvement of
itral valve function and functional recovery of the left

entricle in the long term. Because preoperative impair-
ent of ventricular function turned out as a risk factor for

perative mortality in our analyses, we suggest that
atients with ALCAPA should undergo surgery as soon
s the diagnosis is confirmed, in order to salvage myo-
ardial tissue, regardless of the finding that age at repair
as revealed also as a risk factor. In most cases, the
itral valve can savely be approached at a later time. Left

ubclavian artery to coronary artery anastomosis and
irect implantation of the left coronary artery were
qually effective surgical techniques.
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NVITED COMMENTARY
ince the initial reports on the surgical management of
nomalous left coronary artery from the pulmonary ar-
ery more than 40 years ago, several different surgical
echniques have been used. More recently, and borrow-
ng from experience with the arterial switch operation,
estoration of a two-coronary circulation by direct reim-
lantation of the anomalous coronary artery seems to be

he preferred surgical approach by most surgeons. Due
o the low incidence of this anomaly and the usual
ractice of embracing one surgical approach, compara-

ive studies looking at recovery of ventricular function,
itral insufficiency, and the need for reintervention af-

orded by different techniques are limited and lack
eaningful follow-up.
The article by Lange and colleagues [1] provides an

pportunity to characterize and compare the mid-term
utcome of two surgical techniques in a sizable cohort of
atients with well-documented assessments of ventricu-

ar and mitral function during follow up. The selective
se of subclavia flap or coronary reimplantation ap-
roach allowed the inclusion of both techniques through-
ut the duration of the study period, eliminating some of
he bias of noncontemporary comparisons.

With similar rates of early and late mortality, as well as
ecovery of ventricular function and mitral insufficiency it
bandoned one technique in favor of the other, but rather
mbraced the selective application of each of them. The
bility to perform the subclavian flap repair with a
horter period of myocardial ischemia, cardiopulmonary
ypass, and in selected cases no cardiopulmonary bypass
t all seems very attractive, and this may provide an edge
ver the more conventional direct translocation technique.
The study by Lange and colleagues [1] provides possi-

ly not only the longest follow-up on the subclavian
rtery anastomosis, but also a good argument to consider
his technique in an era when direct coronary transloca-
ion seems to be the best approach.
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