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Repair of Coarctation-
Related Aortic

Arch Aneurysm and
Ventricular Septal Defect

in an Adolescent

A saccular aortic arch aneurysm that is secondary to aortic arch coarctation and that is ac-
companied by a ventricular septal defect is a rare combination in the adolescent patient.
Total simultaneous repair of all of these conditions is desirable, because of the higher
morbidity and mortality rates of staged procedures—particularly when resection of the
saccular aneurysm is delayed.

Herein, we discuss the case of a 16-year-old boy who underwent simultaneous sur-
gical correction of these malformations. With the aid of cardiopulmonary bypass on the
beating heart, the coarctation and the aneurysmal segment were resected, and a tubular
Dacron graft was interposed. The ascending aorta and femoral artery were both then can-
nulated to ensure whole-body perfusion during cardiopulmonary bypass. The ventricular
septal defect was closed with the patient under cardioplegic arrest. After 10 days, he was
discharged from the hospital without sequelae. \We conclude that single-staged repair of
cardiac abnormalities and of an aortic arch aneurysm that is secondary to coarctation of
the aortic arch can be performed safely and effectively in adolescent and adult patients by
use of our technique. (Tex Heart Inst J 2008;35(4):466-9)

nrepaired coarctation of the aorta can lead to hypertensive cardiovascular

sequelae, such as coronary disease, heart failure, stroke, aortic dissection or

rupture, and premature death.! Although narrowing of the aortic arch is
sometimes seen when surgery is performed on congenital cardiac abnormalities, aor-
tic coarctation that persists into adulthood is unusual. Coarctation that originates be-
tween the arch vessels is rare, constituting approximately 1% of all coarctation cases.”
Aortic coarctation is sometimes accompanied by a fusiform or saccular aneurysm,
which is either congenital or secondary to the hemodynamic disturbance caused by
the coarctation. Native aortic coarctation alone is usually repaired surgically through
a left thoracotomy, but aortic arch coarctation with saccular aneurysms and concom-
itant cardiac disorders in adolescent patients still present dilemmas for the surgeons.’
To decrease potential complications of anatomic repair, various techniques have been
proposed,** such as extra-anatomic ascending aorta-to-descending aorta bypass, or the
use of deep hypothermic circulatory arrest during a simultaneous or staged surgical
approach. In our patient, the single-staged repair of a ventricular septal defect (VSD)
and a large saccular aortic arch aneurysm that was secondary to an unusually located
coarctation of the aortic arch was carried out via median sternotomy.

Case Report

In September 20006, a 16-year-old boy was admitted to our hospital because of palpi-
tations, occasional chest pain, and a cough of 2 years’ duration. His medical history
was not significant. Upon admission to the hospital, the patient’s condition was hemo-
dynamically stable. His arterial blood pressure was 135/75 mmHg in the right upper
extremity, and 80/40 mmHg in the left upper extremity and both lower extremi-
ties. His pulse rate was 84 beats/min, and his right radial pulse was felt more strongly
than the pulses in the upper left side and the lower extremities. Cardiac auscultation
revealed a grade 3/6 pansystolic murmur at the mesocardiac point, and a systolic
murmur in the interscapular area. Resting electrocardiography showed normal sinus
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rhythm. Two-dimensional transthoracic echocardiog-
raphy revealed coarctation of the aortic arch with a gra-
dient of 55 mmHg, and a saccular dilation of the aortic
arch at the segment distal to the coarctation. In addi-
tion, a perimembranous VSD was identified. Neither
pulmonary hypertension nor right ventricular dilation
was detected. Magnetic resonance angiography (MRA)
showed the widened ascending aorta, a saccular aortic
aneurysm, and a dimension of 18 mm at the isthmus of
the aneurysm in the middle of the aortic arch. As mea-
sured craniocaudally, the aneurysm was 60 mm long
(Fig. 1A). The aneurysm and coarctation were proximal
to the left subclavian artery, which anomalously origi-
nated from the descending aorta. The brachiocephalic
artery and the left carotid artery both originated from
the aorta and displayed a normal branching pattern be-
fore the aneurysm. There were notable collateral ves-
sels in the coarctation area. Cardiac catheterization was
deemed unnecessary, because enough information was
obtained by echocardiography and MRA.

Surgery was performed via median sternotomy. Bi-
caval venous cannulation and cannulation of both the
ascending aorta and the left femoral artery were per-
formed to enable whole-body perfusion during cardio-
pulmonary bypass (CPB). After the institution of CPB,
the left ventricle was vented by use of a left superior pul-
monary venting cannula, and the patient’s rectal tem-
perature was kept at 32 °C. Aortic clamps were placed
proximal and distal to the aneurysm and the coarcta-
tion at the aortic arch (Fig. 1B). During the procedure,
the proximal clamp was placed distal to the origin of
the left common carotid artery, and the distal clamp
was placed proximal to the origin of the left subclavian
artery at the aortic arch. While all arch branches and
the thoracoabdominal aorta were being perfused dur-
ing CPB on the beating heart, the aneurysmal segment
was resected and replaced with a 14-mm tubular Da-
cron graft (Fig. 2A). The patient’s temperature was low-
ered to 29 °C, the ascending aorta was cross-clamped,
and cardioplegic solution was administered in antegrade
fashion for myocardial protection. The VSD was re-
paired with a Dacron patch through the right atrium.
The patient was uneventfully weaned from CPB. After
slightly excessive drainage and moderate hemodynamic
instability prolonged his intensive care unit stay, he was
transferred to a ward on postoperative day 4. He was
discharged from the hospital on postoperative day 10.
At his 13-month follow-up examination, he was asymp-
tomatic, and MRA revealed normal anatomy of the aor-
tic arch (Fig. 2B).

Discussion

Aortic coarctation is usually diagnosed and treated
when patients are children, and complications are rare-
ly seen.>> However, if coarctation of the aorta is left un-
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treated, 25% of such patients will die by the end of their
2nd decade of life, 49% by the end of their 3rd decade,
and approximately 90% by the age of 50 years. Causes
of death in patients with aortic coarctation are aortic
rupture, aortic dissection, congestive heart failure, bac-
terial endocarditis, and intracranial hemorrhage.®
Although aortic coarctation often occurs as an iso-
lated malformation, it can also be associated with other
cardiac anomalies, including VSD.? Coarctation of the
aorta is sometimes accompanied by fusiform or saccu-
lar aortic aneurysms, which are either congenital or sec-

Fig. 1 A) Magnetic resonance angiography shows a large sac-
cular aortic aneurysm and aortic coarctation, combined with a
ventricular septal defect. B) Intraoperative photograph shows the
large saccular aneurysm of the aortic arch.
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Fig. 2 A) Intraoperative photograph of the completed repair of
the aortic arch by use of a tubular Dacron graft. B) Postoperative
magnetic resonance angiography shows complete repair of the
lesions.

ondary to the hemodynamic disturbances caused by the
coarctation. Although coarctation of the aorta can be
associated with either type of aneurysm, saccular aortic
aneurysms distal to the coarcted segment are relative-
ly rare, and the data about them have been confined
to a few case reports.” Vascular surgeons generally be-
lieve that saccular aortic aneurysms are more likely to
rupture than typical fusiform aneurysms.” Rapid repair
is indicated for symptomatic saccular aneurysms, and
intervention is usually advocated even when they are
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asymptomatic, because of the general belief that their
shape makes them prone to rupture.”

Although diagnosis can usually be performed on a
clinical basis, imaging techniques are essential in order
to evaluate the anatomy of the lesion and to find relat-
ed lesions, such as cardiac malformations.® Especially
in adult patients with aortic coarctation, MRA is in-
creasingly being used as a 1st-line investigatory method
before cardiac catheterization. Magnetic resonance an-
giography can reliably define coarctation of the aorta
and show aortic complications, such as aneurysmal for-
mation, and MRA provides excellent definition of the
size of the aneurysm. Computed tomography, an al-
ternative to MRA, also enables accurate evaluation of
an aneurysm’s shape and its spatial relationships to the
branch vessels, and enables the evaluation of extravasat-
ed blood in instances of acute or subacute rupture.’

Different surgical approaches have been described
for the treatment of aortic coarctation. One is to per-
form the operation for the coarctation and the addi-
tional cardiovascular operation as staged procedures.*
Another option is single-staged repair of the combined
condition via a median sternotomy.>® Mulay and col-
leagues® reported on 3 patients who underwent staged
procedures—the intracardiac repair first, followed by
repair of the coarctation after 6 weeks at the earliest.
The authors suggested that simultaneous repair would
have caused a sudden decrease in systemic vascular re-
sistance, whereas staged repair enabled recovery of the
myocardium and the redistribution of coronary blood
flow during the interval between the 2 operations. The
authors also pointed out that lower-body perfusion was
not of great concern during CPB because of the good
collateral circulation in their 3 adult patients.

Vijayanagar and co-authors’ were the first to describe
aortic valve replacement and concomitant ascending
aorta-to-descending aorta bypass through the posteri-
or pericardium with placement of the graft around the
left margin of the heart, entirely through median ster-
notomy. Thereafter, surgeons undertook varying ver-
sions of this single-staged repair method. Differences
between the methods regard the distal anastomosis site,
such as the descending aorta, the abdominal aorta, or
the femoral artery. Morris and associates® reported the
single-staged repair of aortic coarctation and accompa-
nying cardiac disorders in 3 patients. The surgeries con-
sisted of intrapericardial ascending aorta-to-descending
aorta bypass and concomitant correction of the cardi-
ac lesions. Those authors concluded that operating on
the cardiac defect without confronting the substantial
coarctation could have led to considerable underperfu-
sion of organs distal to the coarctation, which would
have placed the left ventricle under a severe pressure load
from late hypertension and incurred the risk of con-
gestive heart failure. Yilmaz and colleagues® reported
on their 4 patients who each underwent a single-staged
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procedure: anatomic left-sided short aortic bypass for
the aortic coarctation through median sternotomy, with
the use of deep hypothermic circulatory arrest and con-
comitant repair of the cardiac lesion. Inotropic agents
were administered carefully during weaning from CPB
in order to provide peripheral vascular resistance after
bypass. The authors stated that the risk of kinking of the
aortic bypass graft might be lowered by using anatomic
lefe-sided aortic bypass. Heper and co-authors' report-
ed the case of a 20-year-old man who had an aneurysm
of the ascending aorta that was secondary to aortic co-
arctation and aortic insufficiency. They first performed
balloon angioplasty for the coarctation in order to re-
duce afterload and hypertension, and to facilitate femo-
ral artery cannulation for CPB. The subsequent surgery
consisted of aortic valve replacement and replacement of
the ascending aorta with a tubular Dacron graft. The
authors stated that their approach prevented underper-
fusion of the abdomen and any need for either a 2nd
stage of repair or a more invasive single-staged repair.

Since the early 1990s, endovascular grafts have been
widely used in the treatment of aneurysms.® In our pa-
tient, however, surgery was the technique of choice, be-
cause of the other cardiac anomalies and the location of
the aortic malformation. We preferred the single-staged,
on-pump surgical technique via median sternotomy be-
cause of the saccular aneurysm of the aortic arch second-
ary to the unusual location of the aortic coarctation, and
the accompanying VSD. Accordingly, neither a staged
operation nor a single-staged procedure with ascending
aorta-to-descending aorta bypass was necessary.

During such a surgical procedure, the chief challenge
is arterial cannulation, because of the aortic aneurysm
that is secondary to aortic coarctation. If cannulation is
performed only via the femoral artery, perfusional prob-
lems can result, especially in the upper extremities and
the brain. If cannulation is performed only via the as-
cending aorta or the right axillary artery, perfusion of
the mesenteric and renal arteries can be compromised.
Conversely, when the femoral artery is cannulated to-
gether with the ascending aorta or the right axillary ar-
tery, whole-body perfusion can be provided, and adverse
perfusional sequelae can be avoided during surgery on
the aortic arch."® Applying whole-body perfusion en-
abled us to repair the aortic arch on the beating heart
with the aid of CPB. Our patient tolerated the single-
staged repair well, and he experienced no serious postop-
erative myocardial functional impairment or decreased
systemic vascular tone.

We conclude that adolescent and adult patients who
have cardiac malformations along with aneurysm of the
aortic arch that is secondary to coarctation can be safe-
ly and efficaciously treated via a single-staged approach.
In such circumstances, whole-body perfusion by means
of ascending aortic and femoral artery cannulation can
provide superior perfusion to the organs.
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