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Summary
Objectives Various surgical strategies have been re-
ported for the treatment of aortic coarctation with hy-
poplastic aortic arch, including simple resection and
end-to-end anastomosis as well as various forms of
patch augmentation. These techniques are limited
by inadequate relief of arch obstruction and use of
patch material predisposed to recurrent obstruction
or aneurysm formation. We report our experience
with autologous aortic arch reconstruction in isolated
and combined lesions, a technique that relieves even
complex forms of arch reconstruction without patch
material.
Methods We retrospectively analyzed our institutional
experience with autologous aortic arch reconstruc-
tion in isolated and combined cardiac lesions from
November 2009 to December 2016. Study endpoints
were procedural success, incidence of procedure-re-
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lated complications, need for re-interventions, and
survival.
Results In total, 54 patients underwent total autolo-
gous aortic arch reconstruction during the study pe-
riod. Thereof, 13 (24%) had isolated arch obstruction
and 41 (76%) had combined cardiac lesions. The ma-
jority of procedures were performed in the neonatal
period (72%), median age was 8 days (range: 1 day
to 4.3 years). Body weight ranged from 2.2 to 16.5kg
(median: 3.7kg). There was one (1.9%) procedure-re-
lated early reoperation for bronchial obstruction. No
repeat interventions (dilatation or re-operation) were
observed. One patient with syndromic disease died
on postoperative day 20 due to sepsis (1.9% in-hos-
pital mortality rate). No late deaths were observed.
Median follow-up was 23 months.
Conclusion Autologous aortic arch reconstruction is
a safe and effective surgical technique for the treat-
ment of aortic arch obstruction in isolated and com-
plex cardiac lesions. It is associated with an extremely
low re-intervention rate and a low overall complica-
tion rate.

Keywords Hypoplastic aortic arch · Congenital ·
Coarctation · End-to-side anastomosis · Aortic arch
advancement

Introduction

Aortic arch hypoplasia is a frequent finding in patients
with isolated aortic coarctation as well as in combined
cardiac lesions. The success of surgery in patients with
aortic arch hypoplasia is determined by the complete
relief of obstruction, preservation of growth poten-
tial, and prevention of obstruction recurrence. Various
surgical techniques have been developed for the treat-
ment of aortic arch hypoplasia in patients with aor-
tic coarctation and combined cardiac lesions over the

K Autologous aortic arch reconstruction in isolated and combined cardiac lesions 165

https://doi.org/10.1007/s10353-019-00611-5
http://crossmark.crossref.org/dialog/?doi=10.1007/s10353-019-00611-5&domain=pdf
http://orcid.org/0000-0003-2127-3510


original article

years. These include resection and end-to-end anas-
tomosis [1, 2], subclavian flap technique [3], as well
as various forms of patch augmentation [4, 5]. The
latter are limited because they are predisposed to in-
adequate relief of obstruction and to aneurysm forma-
tion. Inadequate relief of arch obstruction has been
related to a higher incidence of arterial hypertension
as well as the development of relevant recurrent ob-
structions, necessitating re-interventions and limiting
the long-term merits of surgery. In long-term studies,
recurrent obstruction occurs in about 10% of cases [6,
7], with up to 16% [8] in the early decades. Aortic
arch advancement with extended end-to-side anasto-
mosis via a median sternotomy has been introduced
to address the shortcomings of end-to-end anastomo-
sis and patch augmentation [9–11]. This technique
allows for complete relief of arch obstruction in iso-
lated coarctation as well as in combined cardiac le-
sions without introduction of patch material into the
aortic arch. Therefore, it facilitates our preferred ap-
proach of one-stage neonatal correction. We have ex-
clusively used this technique in all patients presenting
with severe aortic arch obstruction in isolated coarc-
tation as well as in combined cardiac lesions since
2009. This retrospective analysis was conducted to
evaluate our institutional experience with aortic arch
advancement by end-to-side anastomosis. Study end-
points were procedural success, perioperative adverse
events, and long-term survival as well as recurrence of
arch obstruction.

Materials and methods

The Ethics Committee of the Medical University Vi-
enna approved this study (EK Nr: 1582/2017). All
procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human
experimentation (institutional and national) and with
the Helsinki Declaration of 1975, as revised in 2008.

Study population

This is a retrospective analysis of all patients undergo-
ing autologous aortic arch reconstruction in our cen-
ter between November 2009 and December 2016. Pa-
tients were identified from the Viennese pediatric car-
diac surgical database based on the ECHSA congenital
database. Thereafter, a retrospective chart review was
performed to obtain preoperative, operative, and in-
hospital data, as well as the most recent follow-up
data from the outpatient clinic records.

Definition of hypoplastic aortic arch

Two-dimensional echocardiograms were used for pre-
operative assessment of cardiac structures and post-
operative follow-up. For a first impression of the size
of the aortic arch, we use the formula {diameter of
transverse arch should be ≥1+weight [kg]} [10]. The

aortic arch and isthmus region were measured and
z scores calculated [12]. A z score of ≤2 is defined as
an hypoplastic aortic arch.

Surgical technique

Surgery was performed via a median sternotomy with
cardiopulmonary bypass in all patients. For autolo-
gous aortic arch reconstruction and end-to side anas-
tomosis, the aortic arch, supra-aortic vessels, and the
descending aorta were dissected free. Special empha-
sis was put on aggressive mobilization of the descend-
ing aorta as far distal as possible. Thereafter, the entire
isthmic region was excised, including all ductal tissue,
and the aortic arch and the distal ascending aorta were
filleted open. The descending aorta was cut obliquely
and a generous anastomosis between the incised dis-
tal ascending aorta, aortic arch, and descending aorta
was constructed using Prolene 7-0. Perfusion strate-
gies developed over time, from circulatory arrest to
selective antegrade cerebral perfusion and additional
distal aortic perfusion in more recent cases. Concomi-
tant lesions were corrected with standard techniques.

Statistical analysis

Statistical analysis was performed with IBM SPSS
Statistics for Windows, Version 23 (IBM Corp. re-
leased 2015; Armonk, NY, USA). Descriptive data were
calculated as minimum, maximum, median, and in-
terquartile ranges for non-normally distributed data.
Normal distribution was ascertained with histograms
(not shown). Categorical variables are presented as
absolute numbers and percentages. The Poisson rate
confidence interval was used to estimate risk of re-op-
eration. For z scores of cardiac structures, especially
the transverse aortic arch and isthmus, the Detroit
data formula [12] and calculator were used with the
Du Bois formula for body surface area.

Results

A total of 54 patients (male n= 37, 68.5%; female
n= 17, 31.5%) underwent autologous aortic arch re-
construction during the study period. Patients with
hypoplastic left heart syndrome undergoing Nor-
wood-type procedures were excluded. Median age
at surgery was 8 days (IQR: 5–45). The majority of
patients were infants (<1 year; n= 52; 96%), with 39
(75%) neonates (≤30 days). Two patients were older
than 1 year. The oldest patient undergoing the proce-
dure was 4.3 years.

Median weight at surgery was 3.7kg (IQR: 3.1–4.3)
with minimum of 2.2kg and maximum of 16.5kg. Me-
dian length at surgery was 51cm (IQR: 50–55).

Thirteen (24%) patients had isolated aortic coarc-
tation with hypoplastic aortic arch. The majority of
patients (n=41, 76%) presented with concomitant car-
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Table 1 Concomitant cardiac procedures

n %

ASD repair 22 34.4

VSD repair 11 17.2

Pulmonary artery banding 7 10.9

Arterial switch operation 6 9.4

Pulmonary artery patch plasty 3 4.7

Aortic valvuloplasty 2 3.1

Ross–Konno procedure 2 3.1

ASD creation 2 3.1

Mitral valvuloplasty 2 3.1

Pulmonary artery debanding 2 3.1

Partial anomalous pulmonary venous connection repair 1 1.6

Total anomalous pulmonary venous connection repair 1 1.6

Transposition of arteria lusoria 1 1.6

Tricuspid valvuloplasty 1 1.6

Transposition of arteria subclavia sinistra 1 1.6

diac lesions. Concomitant cardiac procedures are dis-
played in Table 1.

The calculated z score of the transverse aortic arch
was a median of –4.4 (IQR: –5.1––3.1), of the aortic
isthmus, –6.0 (IQR: –8.0––4.0). Calculation of the aor-
tic arch with the formula {diameter of transverse arch
should be ≥1+weight [kg]} [10] showed a median of
–0.7 (IQR: –1.4–+0.2). Two patients were diagnosed
with interrupted aortic arch.

Procedural success was 100%, with no conversions
to a patch augmentation intraoperatively. One pa-
tient (1.9%) had to undergo early re-operation for
left bronchial compression on postoperative day 12.
The 30-day and in-hospital mortality rates were 1.9%.
Postoperative complications occurred in 18 patients
(33.3%; Table 2). These complications occurred pri-
marily in patients after combined procedures (83%).

Median length of hospital stay was 18 days (IQR:
13–26). Correspondingly, length of ICU stay was
6 days (IQR: 4–9).

Median follow-up was 23 months, with a maximum
follow-up of 6.3 years. No substantial residual gradi-

Table 2 Postoperative complications

n %

Vocal cord dysfunction—possible n. laryngeus recurrens
paresis

5 9.3

Ventilatory support >7 days 3 5.6

Respiratory insufficiency requiring reintubation 3 5.6

Pleural effusion requiring drainage 3 5.6

Chylothorax 3 5.6

Arrhythmia requiring drug therapy 3 5.6

Wound infection 2 3.7

Renal failure—temporary dialysis 2 3.7

Pericardial effusion requiring drainage 1 1.9

Arrhythmia requiring temporary pacemaker and electrical
cardioversion

1 1.9

Pneumothorax requiring intervention 1 1.9

ents were measured postoperatively or during follow-
up. No cases of late intervention in the catheter labo-
ratory or surgical re-interventions were observed.

Discussion

As shown in this retrospective study, aortic arch ad-
vancement can be successfully applied to a broad
spectrum of congenital heart defects with aortic arch
hypoplasia ranging from isolated coarctation with
severely hypoplastic arch to complex combined car-
diac lesions yielding excellent immediate and long-
term outcomes.

Coarctation of the aorta with hypoplastic aortic
arch is not exclusively an isolated problem. The ma-
jority of patients have concomitant lesions. For these
combined defects, a median sternotomy offers the
best approach for surgical repair. Furthermore, previ-
ous studies of a single-stage approach described good
outcomes [13–15].

Total excision of ductal tissue is an important fact
to lower the risk of re-coarctation [16]. Aneurysm cre-
ation was mostly described after patch plasty [6]. Aor-
tic arch advancement via a median sternotomy with
resection of the entire isthmic region, aggressive mo-
bilization of the descending aorta, and end-to-side
anastomosis has been developed to overcome the typ-
ical limitations of “traditional” end-to-end anastomo-
sis, patch augmentation, and various forms of flap
aortoplasty. The main benefit of this technique is
the ability to create a generous and tension-free anas-
tomosis that starts in the distal ascending aorta and
sufficiently augments even severely hypoplastic aortic
arches without the need for any form of patch mate-
rial. Thereby, arch obstruction is effectively resolved
and the growth potential of the arch is optimized while
minimizing the risk of re-obstructions. Other tech-
niques to avoid patch material are described in the
literature as sliding plasty but are not compared with
this study [17, 18].

We have systematically used this technique for aor-
tic arch reconstruction in all patients presenting with
isolated aortic coarctation and hypoplastic aortic arch
(defined as {diameter of transverse arch should be
≥1+weight [kg]} [10]), as well as for patients with com-
bined cardiac lesions and arch obstruction undergo-
ing one-stage repair. In the latter group, the major-
ity of patients fulfilled the criteria for arch hypopla-
sia; however, this technique was also used to facil-
itate one-stage repair in patients with dextro-Trans-
position of the Great Arteries (dTGA) complicated by
aortic coarctation. Aortic arch advancement with ex-
tended end-to-side anastomosis could be successfully
performed on all patients.

The majority of our patient cohort was younger
than 12 months. Indeed, mostly neonates are in need
of such an operation. However, in our study cohort
there were two patients age 3.3 and 4.3 years, respec-
tively. This indicates that this technique was not only
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Fig. 1 Kaplan–Meier curve
for freedom from re-intervention

feasible in neonates and infants but also in larger chil-
dren and in cases with recurrent arch obstruction. No
intraoperative conversions to another technique or in-
troduction of patch material was necessary even in
patients with interruption of the aortic arch. This is
in line with other groups that have demonstrated the
reproducibility and versatility of this technique even
in most complex arch obstructions.

It should be mentioned that this technique might
change the natural geometry of the aortic arch. The
development of a “gothic” morphology during growth
is possible. Further investigations are needed to de-
fine whether this could lead to long-term complica-
tions. Contradictory statements exist in studies re-
garding the “gothic” arch related to these issues [19,
20].

Postoperative complications after coarctation re-
pair occur in 36% of cases according to an evalua-
tion of the STS database. The likelihood of compli-
cations is higher in a subgroup of patients with con-
comitant lesions [21]. This group is comparable with
our cohort. The overall perioperative complication
rate in the present study was low. Importantly, no
cerebral complications related to circulatory arrest or
antegrade cerebral perfusion were observed. Note-
worthy, the incidence of perioperative renal failure
was also low. Two distinct complications that clearly
relate to the surgical technique were observed. One
patient developed relevant left bronchial compression
in the immediate postoperative period and had to
undergo early reoperation. Left bronchial compres-
sion in this case was caused by a combination of in-

sufficient mobilization of the descending aorta and
aortic arch together with an end-to-side anastomo-
sis, created to proximal in the ascending aorta. This
problem occurred early in this series and could cer-
tainly be avoided. Furthermore, we observed tran-
sient left-sided vocal cord paralysis in 9.3% of patients,
which can be explained best by intraoperative trac-
tion injury to the left recurrent laryngeal nerve. This
is a known complication of operations of a coarctation
of the aorta. Although it has been reported in up to
38% of cases in the literature [22], there is low residual
dysfunction. This complication may be prevented by
avoiding any intraoperative traction in the area of the
recurrent laryngeal nerve.

The major controversy in the comparison of aortic
arch advancement with extended end-to-side anas-
tomosis and the repair via a lateral thoracotomy is
the necessity to use cardiopulmonary bypass. This
can be maintained in combination with brief circula-
tory arrest, antegrade cerebral perfusion, or combined
antegrade cerebral plus descending aortic perfusion.
This significant extension of the procedure has to be
weighed against the risk of re-obstruction, especially
in patients with isolated coarctation and hypoplas-
tic arch. It has been advocated that the majority of
patients with aortic coarctation and hypoplastic aor-
tic arch can be operated on via a lateral thoracotomy
and that residual arch obstruction will resolve spon-
taneously with growth after resection of the coarcta-
tion. Our data clearly demonstrate that the outcome
with the pursued approach is excellent. The compli-
cation rates observed are exceptionally low as is re-
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currence of obstruction. This has to be put in con-
text with the ever-increasing evidence that residual
obstruction is associated with worse long-term out-
comes and higher incidences of recurrent obstruction
within the first 10 years of surgery.

Limitations

The present study is affected by the typical limitations
of a retrospective study and lacks a control group.

Further limitations should be mentioned: Various
methods of calculation and assessment of the aortic
arch exist [23]. Hence, there is no unique classifica-
tion for aortic arch hypoplasia. We rely on the sim-
ple formula of {diameter of transverse arch should be
≥1+weight [kg]} [10], which has also been applied by
others in comparable studies. In addition, monitor-
ing for re-coarctation was performed with ultrasound
only. In all patients, the pressure gradient between the
upper and lower body was denoted to be unessen-
tial slight, if any, postoperatively and during follow-
up. However, no specific blood pressure data were
obtained.

Conclusion

In conclusion, autologous aortic arch reconstruction
with end-to-side anastomosis is a safe and effective
surgical technique for the relief of aortic arch obstruc-
tion in isolated and combined cardiac lesions. It is
associated with an extremely low re-intervention rate
(see Fig. 1) and can be performed with a low overall
complication rate.
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