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Background. Patients with both interrupted aortic arch
IAA) and truncus arteriosus (TA) have worse outcomes
han those with either lesion in isolation. We determined
utcomes and associated factors in this rare group.
Methods. From 1987 to 1997, 50 (11%) of 472 neonates
ith IAA were identified with TA. Site of aortic arch

nterruption was distal to the left subclavian artery in
6% and between the left common carotid and subcla-
ian artery in 84%. From the common arterial trunk, the
ulmonary arteries arose from a main pulmonary trunk

n 46%, common orifice in 22%, and separate orifices in
2%. At presentation, truncal valve stenosis was present
n 12% and regurgitation in 22%.

Results. There were 34 deaths, with a single early
azard phase. Overall survival from admission was 44%,
9%, and 31% at 6 months, 1 year, and 10 years, respec-

ively. One patient had primary cardiac transplantation
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ren, 555 University Avenue, Toronto, Ontario, Canada M5G 1X8; e-mail:
rian.mccrindle@sickkids.ca.

2006 by The Society of Thoracic Surgeons
ublished by Elsevier Inc
nd 4 died without any intervention. The IAA repair
lone was performed in 7 patients, with single stage
epair of both IAA and TA in 38 patients. Associated
actors for overall time-related death include female
ender (p < 0.001), type III TA (p < 0.001) and one
nstitution (low-risk; p < 0.001). Results improved some-
hat over time (p < 0.001). At 5 years after IAA repair

nly 28% were alive without arch repair intervention,
nd at 5 years after TA repair only 18% were alive
ithout conduit reoperation.
Conclusions. The combination of IAA and TA carries

igh early mortality, with high risk of reinterventions in
urvivors. One stage repair of both TA and IAA is the
ptimal management.

(Ann Thorac Surg 2006;81:214–23)

© 2006 by The Society of Thoracic Surgeons
he truncus arteriosus communis (TA) is an uncom-
mon cardiac anomaly with an incidence of approx-

mately 0.7% of congenital heart disease [1]. Aortic arch
nterruption (IAA) is found in approximately 15% of
hese children [2, 3], making the combination of these
nomalies rare. Gomes and McGoon [4] performed the
rst successful repair of the combined lesions in a 2-year-
ld patient in 1971. Although a few successful repairs
ave been reported during the last three decades, the
umulative experience with this rare combination in
eonates is limited to case reports and two small series of

and 9 patients, respectively [5–14]). We therefore
ought to determine the characteristics, management,
nd outcomes of this group of patients in a prospective
ulti-institutional study of 50 neonates.

ccepted for publication June 27, 2005.

ddress correspondence to Dr McCrindle, The Hospital for Sick Chil-
atients and Methods

rom 1987 to 1997, 472 neonates with IAA were prospec-
ively enrolled from 33 institutions of the Congenital

eart Surgeons Society (CHSS), 50 (11%) of whom had
ssociated TA. The number of patients enrolled per
nstitution ranged from 1 to 8, with five institutions
nrolling 4 or more. All consented patients with IAA
dmitted to a CHSS institution within 30 days of birth
ere eligible for inclusion. Participation by member

nstitution was voluntary and confidential, and ethical
pproval was obtained as per local requirements. Ethics
pproval for the CHSS Data Center is obtained annually
rom the Research Ethics Board of the Hospital for Sick
hildren, Toronto.

efinitions
LASSIFICATION. To accurately describe truncus morphol-
gy of our patients we used a modification of Collett and

dwards original classification [15] (Fig 1). The Van

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.06.072
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raagh classification was not used because all of our
atients had one or another variation of type A4 [1–3].
ype I TA is defined as a clearly defined main pulmonary

runk giving rise to both left and right pulmonary arter-
es; type II as TA with minor separation of the pulmonary
rtery orifices; type III as TA with pulmonary arteries
riginating from opposite sides of a common arterial
runk, or as one of the pulmonary arteries supplied from
he ductus (thus including type A3 of Van Praagh’s
lassification); and type IV as TA with both pulmonary
rteries originating from the descending aorta. None of
ur patients were classified as type IV TA.
Aortic arch interruption was defined as either a com-

lete discontinuity or a nonpatent fibrous strand in the
ransverse arch or aortic isthmus. IAA types were de-
cribed using Celoria and Patten classification [16] (Fig 1).
atients with right aortic arch and other associated aortic
rch anomalies were individually described.
RUNCAL VALVE PATHOLOGY. Truncal valve insufficiency was
lassified as mild, moderate, or severe as determined
pon initial admission. Truncal valve stenosis was clas-
ified as mild (mean transvalvular gradient � 20 mm Hg),
oderate (mean gradient 20–50 mm Hg), and severe

mean gradient � 50 mm Hg). Truncal valve morphology
as described as number of cusps of the common truncal

alve.
UTFLOW OBSTRUCTION. Obstruction across the arch anasto-
osis was defined as a mean pressure gradient of 30 mm
g or greater by transthoracic echocardiography. Ob-

truction of the right ventricle to pulmonary trunk was
efined as a gradient of two-thirds or more of systemic

ressure. m
ata Collection
ata were abstracted from submitted copies of medical

ecords requested for initial and subsequent assess-
ents, admissions, and procedures. Given variability in

he standardization and comprehensiveness of submitted
chocardiographic reports, we adapted an echocardio-
raphic measurement protocol for TA associated with
AA from our previously described protocol for patients
ith left heart obstructive lesions [17]. Initial (before any

mportant intervention) echocardiogram videotape re-
ordings were requested from contributing institutions.
he submitted recordings were then reviewed and stan-
ardized measurements made by a single experienced
ediatric echocardiographer (ASM) blinded to subse-
uent management and outcome of the patient. From an

nitial study population of 50 patients, 21 initial echocar-
iogram recordings were received and reviewed. Data
ere abstracted from detailed echocardiography reports

egarding an additional 23 patients for whom a recording
as not submitted for review. Echocardiographic-
erived cardiac structural variables, including left ven-

ricular dimensions, were converted into Z-scores using
egression equations based on previously published no-
ograms [18, 19].The most recent cross-sectional fol-

ow-up was performed between March and June 2004.
ollow-up is available for 12 of 16 presumed current
urvivors.

ata Analysis
oals of the analysis were to (1) describe morphologic,
rocedural, and institutional characteristics, and (2)
etermine incremental risk factors for time-related

Fig 1. Anatomy of the aortic arch
interruption and truncus arteriosus
in 50 neonates. (Ao � aorta; LSA
� left subclavian artery.)
ortality, reinterventions directed at arch repair ob-
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able 1. Patient Characteristics (n � 50)

Variable Value Missing
Deaths

(n � 34)

emographic characteristics
ge at admission (days, median, range) 4 (birth–30) 0
ender (female/male) 28:22 0 23:11
irth weight (kg, median, range) 2.9 (1.9–4.9) 14
eight at first operation (kg, median, range) 3.0 (1.8–4.7) 12
� 2.0 kg at first surgery 1 (3%) 12 1
2.1–3.0 kg at first surgery 19 (50%) 12 12
� 3.0 kg at first surgery 18 (47%) 12 8
ge at first operation (days, median, range) 9 (1–48) 1
rematurity (� 37 weeks EGA) 7 (18%) 10 7
oncardiac anomaly 7 (14%) 0 6
iGeorge anomaly 7 (39%) 32 7
redominant presenting symptoms
ongestive heart failure 14 (34%) 9 9
yanosis 11 (27%) 9 4
urmur 4 (10%) 9 2

achypnea 4 (10%) 9 4
cidosis 3 (7%) 9 2
ecrotizing enterocolitis 2 (5%) 9 2

rritability 1 (2%) 9 1
ther 3 (7%) 9 2
orphologic characteristics

ype IAA
Type A 8 (16%) 0 4
Type B 42 (84%) 0 30

ype TA
Type I 23 (46%) 0 12
Type II 11 (22%) 0 9
Type III 16 (32%) 0 13

V Insufficiency 24 (53%) 5 18
Mild 13 (29%) 9
Moderate 7 (16%) 5
Severe 4 (9%) 4
TV Stenosis 17 (38%) 5 13
Mild 11 (24%) 8
Moderate 4 (9%) 3
Severe 2 (4%) 2
Peak instantaneous gradient (mm Hg, median, range) 29 (10–93) 32
scending aortic diameter (mm, mean � SD) 4.5 � 1.2 28
runcal annulus diameter (mm, mean � SD) 11.2 � 1.5 25
runcal root diameter (mm, mean � SD) 13.8 � 2.8 28
PA Z-score (median, range) 0.8 (�1.3–4.0) 23
PA Z-score (median, range) 0.8 (�1.1–1.8) 23
PA diameter (mm, mean � SD) 11.9 � 1.7 34
itral valve Z-score (median, range)
Anterior-posterior dimension 1.1 (0.8–1.3) 33
Lateral dimension 1.1 (0.8–1.3) 32
ny mitral valve regurgitation 5 (14%) 15
ny mitral valve stenosis 1 (3%) 19
ardiovascular anomalies 15 (30%) 0 12
ypoplastic left heart syndrome 1 (2%) 0
RV, azygos continuation of the IVC 1 (2%) 1

berrant subclavian artery 7 (14%) 5
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truction after IAA repair, and conduit reinterventions
fter TA repair using competing risk methodology.
ata are given as frequency, median with range, or
ean � SD as appropriate, with the number of non-
issing values indicated. Data analyses were per-

ormed with SAS statistical software (version 9; SAS
nstitute, Inc, Cary, NC). Continuous variables were
ompared with unpaired two-tailed t tests. Multiphase
arametric modeling of the hazard function and com-
eting risks methodology were used to define rates of

ransition to mutually exclusive time-related events
nd incremental risk-factors associated with each out-
ome as previously described [20].

esults

revalence and Patient Characteristics
runcus arteriosus with associated IAA was found in 50

11%) of 472 neonates enrolled neonates. All patients had
large malalignment ventricular septal defect (VSD) and
atent ductus arteriosus. Patient and morphologic char-
cteristics of these 50 neonates are shown in Table 1.
redominant presenting symptoms included congestive
eart failure in 14 patients, cyanosis in 11 patients,

achypnea or an isolated murmur in 4 patients each, and
etabolic acidosis in 3 patients. Two patients had grade

II intraventricular hemorrhage and 2 patients presented
ith necrotizing enterocolitis requiring laparotomy. Pre-
perative management consisted of prostaglandin infu-
ion in 100%, mechanical ventilation in 62%, and inotro-
ic support in 42%. Gestational age was known in 40
atients, and prematurity (defined as � 37 weeks gesta-

ion) was present in 7 neonates, 6 of whom died. Ante-
atal diagnosis was not documented in any patients. A
ow chart of events after admission is shown in Figure 2.

ssociated Anomalies
ARDIOVASCULAR ANOMALIES. Seven (12%) neonates had as-
ociated cardiac anomalies, including multiple VSDs (n

2), hypoplastic left heart physiology (n � 1), obstructed
upracardiac total anomalous pulmonary venous drain-

able 1. (Continued)

Variable

eft superior vena cava
ultiple VSDs
alalignment VSD

ight aortic arch
APVD
reoperative Management Characteristics
ntubated
se of prostaglandin
se of dopamine

GA � estimated gestational age; HRV � hypoplastic right ventricle;
ulmonary artery; MPA � main pulmonary artery; RPA � right p
ulmonary venous drainage; TV � truncal valve; VSD � ventricu
ge (n � 1), left superior vena cava (n � 2), and hypo- (
lastic right ventricle with azygos continuation of the
nferior vena cava (n � 1). The presence of these anom-
lies was universally fatal, except one with hypoplastic
eft heart physiology who underwent heart transplantation.
ORTIC ARCH ANOMALIES. Right aortic arch was present in 3
6%) neonates, one of whom had an aberrant subclavian
rtery. Six patients had left aortic arch with aberrant
ubclavian artery.
RUNCAL VALVE. Truncal valve regurgitation was found in
4 (48%) patients, 18 of whom died. All 4 patients with
evere regurgitation died. Seven patients had moderate
egurgitation, 5 of whom died. There were 9 deaths
mong the 13 patients with mild regurgitation. Truncal
alve stenosis was found in 16 (32%) patients, 13 (81%) of
hom died. All patients (n � 2) with severe stenosis died,
of 4 patients with moderate stenosis died, and 8 of 10

atients with mild stenosis died. The combination of both
runcal valve regurgitation and stenosis was found in 12
atients, with 9 deaths.

ssociated Noncardiac Anomalies
oncardiac anomalies were present in 6 patients: hydro-

ephalus (n � 1), cleft palate (n � 3), and tracheoesophageal
stula (n � 2), one of whom also had associated mesomelic
ysplasia that consisted of bilateral absence of the thumb

ig 2. Flow chart illustrating events after admission in 50 neonates
ith truncus arteriosus (TA) and interrupted aortic arch (IAA).

Value Missing
Deaths

(n � 34)

2 (4%) 2
2 (4%) 2
8 (16%) 5
3 (6%) 2
1 (2%) 1

23 (62%) 13 12
29 (100%) 21 13
12 (41%) 31 8

A � interrupted aortic arch; IVC � inferior vena cava; LPA � left
nary artery; TA � truncus arteriosus; TAPVD � total anomalous
ptal defect
IA
OHT � orthotopic heart transplantation.)
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nd radius. Two patients underwent tracheoesophageal
stula repair after cardiac repair. All 6 patients died.

IGEORGE SYNDROME. DiGeorge syndrome was docu-
ented in 10 (20%) patients. Type B IAA was present in
of them. Truncus arteriosus was type I in 4, type II in

, and type III in 3. Aberrant subclavian artery was
resent in 4 patients with DiGeorge syndrome. Six
atients in this group died, including all 4 patients with
berrant subclavian artery. Two patients with Di-
eorge syndrome developed necrotizing enterocolitis,

ncluding one who received palliative care only and
ne who underwent complete repair with homograft
eplacement of the truncal root, but died during the
ame admission.

urgical Repair
edian age at operation was 9 days (range, 1–48 days)

nd median weight was 3.0 kg (range, 1.8–4.7 kg).

NE STAGE REPAIR. The TA and IAA were repaired at the
ame time in 38 patients, 18 (47%) of whom died during
he same admission.

WO STAGE REPAIR. The IAA was repaired first in 7 patients,
ncluding 5 patients who died without TA repair. Truncus
rteriosus was repaired as a second stage procedure during
he same admission in the remaining 2 patients, one of
hom died 4 days after TA repair. Operative mortality for

hose patients who underwent staged repair was 86%.

THER TYPES OF REPAIR. One patient with hypoplastic left
eart physiology, who remains alive, underwent Nor-
ood palliation followed by heart transplantation.

YPE OF IAA REPAIR. The IAA was repaired by direct anasto-
osis in 91%, 48% of whom had concomitant patch

ig 3. Overall time-related survival of 50 neonates with truncus ar-
eriosus and interrupted aortic arch. All patients began at the time of
nitial admission to a CHSS member institution. Solid lines repre-
ent parametric point estimates; dashed lines enclose 70% confidence
nterval; circles with error bars represent nonparametric estimates;
umbers in parentheses indicate the number of patients at risk.
Overall survival: 6 months, 44%; 1 year, 39%; 10 years, 31%.)
ugmentation. Interposition graft was used in 9%.
E
h

RUNCAL VALVE PROCEDURES. Truncal valve procedures were
erformed in 7 patients, including truncal root replace-
ent with aortic allograft in 3 patients. Two were per-

ormed during the initial operation with one death. One
runcal valve replacement was performed as a late reop-
ration, and this patient remains alive. Truncal valve
epair was performed during the initial operation in 3
atients, all of whom died. One patient had later truncal
alve repair and remains alive. Patients with type III TA
ad longer cardiopulmonary bypass times (271 � 57 min)

han neonates with other truncal types (139 � 55 min), p
0.007.

verall Mortality
here were 34 (68%) deaths with a single early hazard
hase (Fig 3). No operations were done in 4 (8%) patients,
ll of whom died (parents refused surgery for 2 patients,
ne deemed inoperable, one died of cardiac tamponade
uring diagnostic catheterization). Causes of death are

isted in Table 2. Overall survival from admission was
4% at 6 months, 39% at 1 year, and 31% at 10 years.
ncremental risk factors for time-related death include
emale gender (p � 0.001), type III truncus arteriosus (p �
.001), and one institution (low-risk; p � 0.001). Results
mproved over time (P � 0.001) (Table 3).

The favorable influence of later birth cohort on overall
urvival from admission is shown in Figure 4. The mul-
ivariable hazard model for mortality was solved for three
ifferent birth cohorts (1988, 1993, 1997), using birth
ohort as the sole predictor of mortality. While survival
mproved with successive birth cohorts, the amount of
mprovement was less for more recent patients.

ortic Arch Related Reinterventions After Repair
f the 46 patients who had repair of IAA either in

solation (7 patients) or combined with TA repair (38
atients), this was followed by death in 24 patients and
urvival to a reintervention for post-IAA repair anasto-
otic obstruction in 7 patients. Of the 7 arch reinterven-

ions 4 were reoperations, consisting of patch augmentation

able 2. Causes of Death (n � 34)

n-Hospital Deaths 28
Died without operation 4
Intraoperative deaths 3
Death on ECMO 3
Postoperative cardiac failure 12
Sepsis 3
Complications after repair of tracheoesophageal fistula 1
Unknown 2

ate Deaths 6
Refractory seizures (date unknown) 1
Chronic rejection 3 years after OHT 1
Sudden death at 4.5 months 1
Complications of abdominal surgery 9 years after

repair
1

CMO � extracorporeal membrane oxygenation; OHT � orthotopic
eart transplantation.
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f the arch, one was a transcatheter balloon dilatation of an
nastomotic stenosis, and 2 had an initial balloon dilation
ollowed by subsequent patch augmentation.

The time-related hazard function for death without an
AA repair intervention was characterized by an early
hase. The hazard function for survival to an IAA repair

ntervention was also characterized by a single early
hase, accounting for seven events. The competing risks

or the three mutually exclusive events: death without an
AA repair intervention, survival to an IAA repair inter-
ention, and remaining alive without an intervention
howed that after 5 years, 58% had died without an IAA
epair intervention, 28% remained alive without an IAA
epair intervention, and 14% had an IAA repair interven-
ion (Fig 5).

onduit Related Reinterventions After TA Repair
he IAA and TA were repaired as a single-stage proce-
ure in 38 patients, and repair of TA followed initial IAA
epair in 2 additional patients. The TA repair was fol-
owed by death in 25 patients, and survival to reinterven-
ion on either the right ventricle-pulmonary artery con-

ig 4. Predicted overall survival for the first 10 years after admis-

able 3. Incremental Risk Factors for Time-Related Death (n
34), With and Without Institutions as Additional Risk

actors

Variable

Parameter
Estimate

(�SE) p Value
Reliability

(%)

. Without institutions
Earlier date of birtha 0.67 � 0.20 �0.001 83%
Female gender 1.19 � 0.37 0.001 87%
Type III truncus 0.81 � 0.36 0.03 60%

. With institutions
Earlier date of birthb 0.63 � 0.19 �0.001 83%
Female gender 1.50 � 0.38 0.001 87%
Type III truncus 1.25 � 0.38 0.001 60%
Not in institution Ab 1.7 � 0.63 0.006 64%

Entered after inverse transformation. b One institution was found to
e lower risk (labeled A).

E � standard error.
fion stratified by birth cohort.
uit, or the pulmonary trunk conduit, in 12 patients.
eoperation was performed in 11 patients, conduit re-
lacement for stenosis in 9, and conduit patch enlarge-
ent in 2 patients. Six patients who had conduit reop-

ration also had at least one balloon dilatation of the
ulmonary arteries, and 5 had subsequent aortic arch
eintervention.

The hazard function for time-related transition to sub-
equent right ventricle-pulmonary trunk conduit reop-
ration was characterized by a prolonged late hazard
hase, accounting for 11 events. The hazard function for

ransition to death without a subsequent conduit reop-
ration was characterized by a steep early hazard phase,
onsisting of 16 events, and a prolonged late hazard
hase, with 9 events. The competing risks for the two
vents showed that after 5 years after TA repair, 59% had
ied without conduit reoperation, 23% had conduit reop-
ration, and 18% were surviving without conduit reop-
ration (Fig 6).

omment

n this study, the outcomes and associated risk factors for
eath, arch repair reintervention, and conduit reopera-

ion are described for the largest current cohort of neo-
ates with TA in the setting of IAA.

verall Mortality
n our series, a slight improvement over time was noted
n overall survival, although it remained poor even for
atients born in 1997. In our recent report of 472 neonates
ith interrupted aortic arch, overall survival was 60% at

0 years after admission, including the 50 patients with
ssociated TA [21]. The competing risk analysis per-

ig 5. Competing risk depiction for events after initial repair of in-
errupted aortic arch (IAA). All patients began at the time of initial
AA repair (n � 46), and could transition to either death or a subse-
uent procedure aimed at addressing potential or actual arch ob-
truction. Solid lines represent parametric point estimates; dashed
ines enclose 70% confidence interval; circles with error bars repre-
ent nonparametric estimates. Estimated proportion of patients (ex-
ressed as percentage of total) in each of 3 categories at 5 years after
epair are shown on right.
ormed in the previous report consistently associated the
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resence of TA with increased mortality [21]. Other
dentified risk factors for mortality included IAA type B
r C, younger age at study entry, lower birth weight, and
emale gender [21]. In the present analysis, overall mor-
ality was associated with TA with the pulmonary arteries
rising separately (type III), earlier birth cohort, female
ender, and one institution (low-risk).
Type III TA may require unifocalization of the pulmo-

ary arteries, which necessitates a more complex and
engthy operative procedure [22]. Patients with this mor-
hology had longer cardiopulmonary bypass times than
eonates with more favorable anatomy. In addition, the
resence of pulmonary vascular disease, though not
irectly assessed in this analysis, is increased in this
roup of patients, particularly if definitive repair was
elayed. Currently, the technique of truncal transection
ith harvest of a generous truncal “cuff” containing the
ulmonary artery orifices is the preferred approach, and
hould lead to more favorable outcomes in patients with
iscontinous pulmonary arteries. Type III TA has not
een previously reported as an incremental risk factor for
ortality, likely owing to the paucity of this subset in

revious reports [13, 14, 22]. Two retrospective series,
owever, have documented the clinical importance of TA

n general [22, 23]. Two of the 4 late deaths in a series of
3 patients with TA, by Hanley and colleagues [23],
ccurred in patients with discontinuous pulmonary
rteries.
Female gender was identified as a risk factor for death

n both the IAA cohort [21], and the present series.
umerous studies of adult cardiac patients have demon-

trated the unfavorable influence of female gender on
utcome [24–26]. However, it remains unclear whether
ender per se, the existence of referral bias, or the
resence of unmeasured covariates actually contribute to

he increased risk in females [25, 27], The emergence of
ender as a risk factor cannot be explained by the current

ig 6. Competing risks depiction of events after truncus repair. All
atients began at the time of initial truncus repair (n � 41), and
ould transition to either death or conduit reoperation. Solid lines
epresent parametric point estimates; dashed lines enclose 70% con-
dence interval; circles with error bars represent nonparametric esti-
ates. Numbers in parentheses at right indicate the estimated preva-

ence in each of the states at 5 years.
eport. g
Improved outcomes in one institution are related to
atient factors. No patients treated in this institution had
oderate or severe truncal regurgitation, and none had

ype III TA. We did not identify any differences in
anagement characteristics in this institution, and single

tage versus two-stage approach was employed with
quivalent frequency in this institution compared with
he 5 other centers enrolling more than 4 patients.

AA as a Risk Factor
e have previously reported that patients with TA and

AA have worse outcomes than those patients with
solated IAA [21]. The presence of significant left ventric-
lar outflow tract obstruction may increase the degree of

runcal valve regurgitation and accelerate the appear-
nce of congestive heart failure. Maintenance of a bal-
nced circulation preoperatively is also more difficult in
hose with TA and IAA. Myocardial ischemia is potenti-
ted by reduced diastolic coronary flow and subendocar-
ial coronary perfusion is reduced by volume load-

nduced increases in left-ventricular end-diastolic
ressure. In contrast, others have reported the potential
eutralization of associated IAA as a risk factor for
dverse outcome after TA repair [13, 14]. However, im-
ortant differences between the study populations exist.

ahangiri and colleagues [14] analyzed the results of
urgical repair of TA in 50 children operated from 1992 to
998. Nine patients, including 7 neonates, had associated
AA, and none had truncal valve regurgitation. In this
eries, there were no deaths in the 9 patients with TA and
ssociated IAA at 3-year follow-up and none required
eoperation directed at the truncal valve or reinterven-
ion for important arch obstruction. Similarly, Sano and
olleagues [13] reported 7 patients with IAA and TA that
nderwent complete one stage repair of both anomalies
etween 1985 and 1989. All patients had either type I or

ype II TA. Although no data on truncal valve regurgita-
ion or stenosis are available in this report, none of 7
atients required intervention on the truncal valve.
here were no early or late deaths at mean follow-up of
9 months (range, 5 months to 4 years) from the initial
epair, and reoperations were performed in only 3
atients.
In contradistinction to the above studies, 48% of pa-

ients in the current series had truncal valve regurgita-
ion with or without concomitant truncal valve stenosis,
nd an additional 8% had isolated stenosis. Although
runcal valve status (regurgitation or stenosis) did not
merge as a statistically significant risk factor, the prev-
lence of death tended to be higher for those with greater
han mild functional impairment. Further, the true im-
act of truncal valve regurgitation on overall mortality
ay be underestimated in the current analysis because

he functional status of the valve was obtained preoper-
tively, when runoff to the pulmonary circulation may
onceal important valvar regurgitation.

runcal Valve Intervention
arly phase mortality predominated in infants after sin-

le stage repair. The majority of patient deaths resulted
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rom myocardial failure, and occurred during initial hos-
italization. Current techniques employed during single
tage repair include relief of arch obstruction, most
ommonly by direct anastomosis with or without patch
ugmentation, and placing a conduit to restore right
entricle-pulmonary trunk continuity. Because results
ith early truncal valve replacement have been unsatis-

actory, truncal valve replacement is avoided except
hen severe regurgitation mandates intervention [14, 28,

9]. Truncal valve repair has emerged as a more favor-
ble option, obviating the need for repeated replacement
n infants undergoing rapid somatic growth [22, 30, 31]).
n the present study, the number of patients who under-
ent repair was inadequate to extrapolate as to which

natomic substrate would be most amenable to valvulo-
lasty techniques.
Severe truncal valve regurgitation was universally fatal

n our population. That the majority of patient deaths
ere attributable to low cardiac output suggests that

mproved truncal valve function may mitigate against
arly cardiovascular compromise, especially when poor
reoperative status is present. Several studies [14, 22, 23,
0, 32] have indeed shown a survival disadvantage in
atients with residual truncal regurgitation after single
tage repair. Patients with important truncal valve regur-
itation should therefore be managed aggressively. Early
eart transplantation should be considered if reasonable

runcal valve function cannot be achieved with valvulo-
lasty techniques.

ortic Arch Reinterventions
ecurrent aortic arch obstruction occurred in 7 patients,
nd tended to be related to initial repair by methods
ther than direct anastomosis with patch augmentation.
his agrees with our findings in the previous IAA report

21], where direct anastomosis, augmented with either
llograft or pericardium, provided the most durable
epair. Patients who underwent patch augmentation at
he time of arch reintervention have not required subse-
uent procedures for recurrent obstruction, whereas 2 of

hose who had transcatheter relief of obstruction had
ubsequent patch repair. It is also possible that initial
rch augmentation may reduce truncal valve incompe-
ence by preventing subsequent outflow tract
bstruction.

nferences and Recommendations
espite continuing improvement in outcomes in the
odern era, survival for TA in the presence of IAA is

oor. The optimal management of complex TA is evolv-
ng, and considerable debate exists with regard to type of
nitial arch repair and the approach to the functionally
mpaired truncal valve. Although the heterogeneity of
his lesion mandates individualization of management,
ur data suggest that early single stage repair using
irect anastomosis with patch augmentation is the opti-
al approach. Low cardiac output was responsible for

he majority of deaths in this series, and thus strategies to
mprove postoperative myocardial performance are war-

anted. Aggressive management with truncal valve re-
air, when feasible, or early heart transplantation should
e considered in those infants where truncal valve repair

s not possible.

ummary
he combination of TA and IAA carries a very high early
ortality, with an important risk of reinterventions in

urvivors. Patients with associated noncardiac anomalies
nd functional truncal valve impairment have poor prog-
osis. Outcomes may be improved with single stage
epair of both lesions. Patch augmentation of the IAA is
he optimal management strategy.
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NVITED COMMENTARY
runcus arteriosus associated with interrupted aortic
rch (TA-IAA) is a rare disease. This Congenital Heart
urgeons Society (CHSS) multi-institutional retrospec-

ive cohort of 50 patients undergoing surgical interven-
ion for TA-IAA is the largest series ever published [1].
revious single institution studies have been done on

ess than 10 patients. The high mortality reported (61%
ortality at 1 year) contrasts with the excellent results

btained when the truncus arteriosus is isolated. Further-
ore, several centers [2–4] have reported that TA asso-

iated with IAA and TA associated with truncal valve
egurgitation can be safely managed.

The reasons for the negative results reported by this
HSS study are multifactorial. The surgical outcome of
A-IAA is highly dependant on the preoperative status
f the patient. The truncal valve regurgitation can be
articularly severe in TA-IAA. If there is no data to
uspect that the truncal valve is more malformed when
ssociated with an IAA, any truncal regurgitation will be
orsened by the premature closure of the ductus arteri-
sus, which induces an increase of the pulmonary flow
nd therefore of the truncal valve flow. Any delay in the
nstitution of PGE1 may induce myocardial ischemia,

EC, and ultimately multiple organ failure. These com-
lications are prevented by early PGE1 infusion, minimal
iO2, normal to elevated PCO2 (similar to HLHS man-
gement) and also very early repair in first days of life
nd fetal diagnosis. This multicentric series reports a
edian age at surgery of 9 days, which is rather late.
The risk of the TA-IAA repair is increased by noncar-

iac factors. The presence of either a prematurity or
iated in this study with 100% mortality. All the severe
isk factors are currently defined in the comprehensive
ristotle score as shown by a recent study on TA-IAA

rom Miyamoto and colleagues [5].
The questionable surgical technique applied to many of

he patients in this series is a cause of failure as acknowl-
dged by the authors. The optimal technique of TA-IAA
epair was simultaneously published in the mid 1990s by
anley and colleagues [4], Jahangiri and colleagues [3],
ove and colleagues [6], and us [7]. This technique includes
ne-stage repair in the first days of life, mobilization of the
escending aorta, direct aortic anastomosis, transection of

he common trunk, harvesting of a large pulmonary artery
ranches cuff, patch enlargement of the ascending aorta,
nd valved conduit reconstruction of the RVOT. An ascend-
ng aorta patch enlargement is essential [7] to prevent
scending aorta stenosis due to the mismatch between the
runcal root and the small diameter of the ascending aorta,
articularly in the presence of type B with aberrant right
ubclavian artery.

The authors are following the 1949 classification from
ollet and Edwards [8]. In our opinion, the 1987 modified

lassification [9] from Van Praagh that excluded the Collet-
dwards type III is far more realistic. The pulmonary artery

PA) branches arise usually in a one and a half motion and
o not raise a real technical challenge because we divide the

runcus root and harvest a large PA branch cuff. The real
ifficulty is coming from the PA branches arising from the
escending aorta or from a ductus-like vessel (type A3 of
an Praagh, not mentioned in this series).
This study proposed a heart transplant for the most
ritical forms associated with severe aortic regurgitation.

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.08.023
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ith a 4-month average delay to obtain an infant donor
eart, this option seems very risky. Repairing or replac-

ng the truncal valve is a safer approach as shown by
ahangiri and colleagues [3].

All together this large series of TA-IAA repair shows
oor short-term and long-term results. It is noticeable

hat the timeframe of the study closes in 1997, a time
hen the optimal surgical technique was just introduced.

rançois G. Lacour-Gayet, MD
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enver Children’s Hospital
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