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Introduction

Coarctation of aorta (COA) is one of the most common 
congenital heart diseases, the incidence of which is about 
6−7%. In addition, coarctation of the aorta is usually 
accompanied by other cardiac defects, such as aortic 

bicuspid valve, ventricular septal defect (VSD) and so on. 
As patients get older, it is easier for them to be affected by 
acquired heart diseases (1). In fact, untreated patients are 
prone to early development of severe hypertension and heart 
failure. Nevertheless, patients with complex coarctation of 
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Background: To explore surgical management of complex coarctation of aorta (COA) concomitant with 
intracardiac abnormality, in order to provide recommendations for safe and reliable treatment.
Methods: Totally, six adult cases demonstrating complex COA concomitant with intracardiac abnormality 
were reviewed from our department between May 2012 and June 2017. Four patients were male and two 
patients were female, the age range being 43.8±10.6 years old. The associated intracardiac abnormality 
included 3 aortic root aneurysms, 3 aortic insufficiency, 1 aortic stenosis, 3 mitral regurgitation (MR), 1 
coronary artery disease (CAD), 1 patent ductus arteriosus (PDA) and 1 ventricular septal defect (VSD). All 
patients received extra-anatomic aortic bypass approach to tackle complex COA. The extra-anatomic aortic 
bypasses comprised 4 ascending-descending aortic bypass grafting and 2 ascending-abdominal aortic bypass 
grafting. Simultaneous intracardiac abnormality repair procedures comprised 3 Bentall procedures, 1 aortic 
valve replacement, 3 mitral valve repairs, 1 coronary artery bypass grafting, 1 PDA repair and 1 VSD repair.
Results: There was no early or late mortality. None of the patients suffered from stroke or paraplegia. 
Only 1 patient received reexploration for hemostasis because of post-pericardial anastomosis bleeding. The 
same patient suffered from acute renal failure, but completely recovered after 7-day hemodialysis. All other 
patients had uneventful post-operative recoveries. The follow-up (mean 37±22.9 months) showed that all 
patients survived and all patients’ blood pressures significantly decreased (pre-operative 165.8±16.3mmHg 
versus post-operative 121.5±10.8 mmHg, P<0.05). All patients have significantly reduced ankle-brachial 
pressure gradients (pre-operative 63.3±17.2 mmHg versus post-operative 29.1±4.3 mmHg, P<0.05). All 
aortic grafts maintained patent flow.
Conclusions: Simultaneous management of complex COA concomitant with intracardiac abnormality is a 
safe and reliable surgical method.
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the aorta concomitant with intracardiac abnormality still 
pose a difficult surgical problem. Although several surgical 
approaches have been described for the management of 
these patients, including a staged procedure using both 
median sternotomy and left thoracotomy, a catheter-based 
intervention of the coarctation combined with sternotomy 
has proved to be an alternative treatment. Besides, various 
extra-anatomic aortic graft bypass techniques have been 
preferred in the treatment of complex coarctation of the 
aorta; connecting the ascending aorta to the descending 

thoracic aorta, the supraceliac abdominal aorta, or the 
infrarenal abdominal aorta (2-4). Yet up until now, there has 
been no universal consensus on an optimal way to manage 
complex coarctation of the aorta. We retrospectively 
reviewed departmental cases of extra-anatomic aortic bypass 
grafting and simultaneous intracardiac abnormality repair in 
dealing with complex coarctation of the aorta concomitant 
with intracardiac abnormalities, aiming to provide 
recommendations for effective and safe treatment.

Methods

This study was approved by the Nanjing Medical 
University Institutional Review Board (No. 2016-SR-144). 
A waiver of the need to obtain consent from patients was 
approved. From May 2012 to June 2017, we retrospectively 
reviewed a total of six adult cases concerning complex 
coarctation of the aorta concomitant with intracardiac 
abnormality, from the records of the first affiliated hospital 
with Nanjing Medical University, among whom 4 patients 
were male and 2 patients were female, the age range being 
43.8±10.6 years old (Table 1). All patients suffered from 
hypertension with preoperative upper and lower limb blood 
pressure gradients of 63.3±17.2 mmHg. All of them received 
oral anti-hypertensive drugs. The intracardiac diagnosis 
of all patients were confirmed by echocardiography. The 
diagnosis of COA among all patients were confirmed by 
Chest X-ray as well as Chest CT angiography. The CT 
angiography showed the coarctation of all patients were 
located in the aortic isthmus with diameters of 9.5±5 mm. In 
three patients the condition was accompanied by aortic arch 
dysplasia and another patient was co-morbid with aortic 
interruption. The chest X-ray of one patient demonstrated 
a prominent aortic 3 figure sign and rib erosion (Figure 1).  
Three patients were analyzed by coronary artery 
angiography. The associated intracardiac abmonalities 
diagnosed by echocardiography were 3 aortic root 
aneurysms, 3 aortic insufficiencies (AI), 1 aortic stenosis, 3 
mitral regurgitation (MR), 1 coronary artery disease (CAD), 
1 patent ductus arteriosus (PDA) and 1 VSD (Table 2). 

Surgical procedures applied for the extra-anatomic aortic 
bypass grafting comprised 4 ascending-descending aortic 
bypass grafting and 2 ascending-abdominal aortic bypass 
grafting. Simultaneous intracardiac procedures included 3 
Bentall procedures, 1 AVR, 3 mitral valve repairs, 1 CABG, 
1 PDA repair and 1 VSD repair (Table 2). 

The diagnostic criteria for COA is mainly based 
on upper-lower limb peak gradient and the chest CT 

Table 1 Demographic characteristics of the study group

Characteristic No. of patients %

Mean age [range, yr] 43.8 [29−54]

Sex 6

Male 4 66.7

Female 2 33.3

Hypertension 6 100

Preop NYHA functional class

I 1 16.7

II 4 66.7

III 1 16.7

IV 0

NYHA, New York Heart Association.

Figure 1 Demonstrates the chest X-ray of coarctation of aorta, 
showing a prominent aortic 3 figure sign and rib erosion. COA, 
coarctation of aorta.
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angiography. The peak gradient greater than 20 mmHg 
and a greater than 50% decrease in diameter at the aortic 
isthmus should be considered severe coarcta tion.

The indications for extra-anatomic aortic bypass grafting 
in this series include two conditions. Firstly, coarctation 
with cardiac problems that required repair through median 
sternotomy or median sternotomy-laparotomy. Secondly, 
complex coarctation or re-coarctation, for which extra-
anatomic bypass grafting was chosen because of the 
anticipated difficulties with direct anatomic repair.

The contraindication for extra-anatomic aortic bypass 
grafting is younger patients without concomitant cardiac 
anomalies, especially children, because they are still 
growing.

Operative technique

Ascending to descending aortic bypass grafting (aAo-
dAo bypass): the procedure was carried out by median 
sternotomy under cardiopulmonary bypass. After the 
cardiopulmonary bypass was established by aortic and right 

atrial or bicaval cannulation, the cardiac apex was retracted 
cephalad to ascertain the optimal exposure of thoracic 
descending aorta and a longitudinal pericardial incision 
was made directly over the descending thoracic aorta. 
The thoracic aorta behind the pericardium was exposed 
and partially clamped. Next, an 18−22 mm Dacron graft 
was employed for an end-to-side anastomosis to thoracic 
descending aorta using a continuous 4-0 polypropylene 
suture. The graft was then inserted between the inferior 
vena cava and the right inferior pulmonary vein. 
Subsequently, the heart was arrested and the intracardiac 
abnormality was repaired. After de-airing the right atrium, 
the Dacron graft was end-to-side anastomosed with the 
right side of the ascending aorta (Figure 2).

Ascending to abdominal aortic bypass grafting (aAO-aAO 
bypass): the procedure was done by median sternotomy 
and laparotomy. A midline incision was made from the 
suprasternal notch to a point about half-way between 
the navel and the pubis. The infra-renal abdominal aorta 
needed to be exposed and partially clamped. An end-to-
side 18 mm Dacron graft was employed to establish an 

Table 2 Preoperative diagnosis, concomitant procedures and results

Patient 
No.

Age Pre-op diagnosis
Aortic bypass 
and concomitant 
procedure

Complication/
mortality

Pre-op vs. 
post-op BP 
(mmHg)

Pre-op vs. post-op 
antihypertensives

Pre-op vs.  
post-op ABP 
gradient (mmHg)

1 54 COA, CAD, aortic 
stenosis, hypertension

aAo-dAo bypass, 
CABG, AVR

None 160/60 vs. 
118/72

Nifedipine, 
irbesartan vs. 
irbesartan 

50 vs. 28

2 54 COA, aortic interruption, 
aortic root aneurysm, 
severe AI, moderate-
severe MR, hypertension

aAO-aAO bypass, 
Bentall procedure, 
MR repair

None 171/72 vs. 
128/69

Nifedipine, losartan 
vs. losartan

50 vs. 25

3 51 COA, VSD, moderate MR, 
hypertension

aAo-dAo bypass, 
MR repair, VSD 
repair

None 150/80 vs. 
124/70

Metoprolol, losartan 
vs. losartan

60 vs. 31

4 39 COA, aortic root 
aneurysm, severe AI, 
hypertension

aAo-dAo bypass, 
Bentall procedure

Post-pericardial 
anastomotic 
bleeding

195/53 vs. 
138/72

Losartan, nifedipine, 
metoprolol vs. 
losartan, metoprolol

95 vs. 35

5 29 COA, PDA, moderate MR, 
hypertension

aAo-dAo bypass, 
PDA repair, MR 
repair

None 153/75 vs. 
113/55

Metoprolol vs. 
metoprolol

55 vs. 24

6 36 COA, aortic root 
aneurysm, severe AI, 
hypertension

aAO-aAO bypass, 
Bentall procedure

None 166/68 vs. 
110/60

Metoprolol, 
benazepril vs. 
benazepril

70 vs. 32

aAo-dAo bypass, ascending-descending aortic bypass grafting; aAO-aAO bypass, ascending-abdominal aortic bypass grafting; ABP, 
ankle-brachial pressure; AVR, aortic valve replacement; AI, aortic insufficiency; CAD, coronary artery disease; CABG, coronary artery 
bypass grafting; COA, coarctation of aorta; MR, mitral regurgitation; PDA, patent ductus arteriosus; VSD, ventricular septal defect. 
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infra-renal abdominal aorta anastomosis, using continuous 
4-0 polypropylene suture. Care was taken to ensure that 
the anastomotic site was covered with retroperitoneal 
peritoneum. The graft was routed behind the transverse 
colon and stomach, then penetrated through the small 
omental sac and inserted into the mediastinum or right 
thorax through the diaphragm. The heart was arrested and 
the intracardiac abnormality was repaired. After de-airing, 
the heart was reperfused to beat. Finally, the proximal part 
of the Dacron graft was end-to-side anastomosed with the 
ascending aorta (Figure 3).

All surgical plans were determined by the pre-operative 
consensus of surgeons. Generally, either ascending-
descending aortic bypass grafting or ascending-abdominal 
aortic bypass grafting was applied. To determine which 
procedure should be employed, specific situations should be 
carefully considered. For example, it is preferred to select 

ascending-descending aortic bypass grafting for patients 
with abdominal adhesion. The details behind the choices of 
surgical procedure are shown in Figure 4.

Statistical analysis 

All statistical analyses were done using computer software 
(SPSS; Chicago, IL, USA). All data was expressed as mean 
±S. A value of P<0.05 was considered statistically significant.

Results

No early or late mortality has occurred. All patients were 
free from cerebral and spinal complications such as stroke 
and paraplegia. Only one patient receiving ascending-
descending aortic bypass grafting needed reexploration 
for hemostasis because of post-pericardial anastomosis 

Figure 2 Indicates ascending to descending aortic bypass grafting. The graft is led from the descending thoracic aorta to the ascending aorta 
and routed posterior to the inferior vena cava to the right lateral aspect of the ascending aorta. SVC, superior vena cava; IVC, inferior vena cava.

SVC

IVC

aAo-dAo 
bypass

Ascending 
aorta
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bleeding. Meanwhile the same patient suffered from acute 
renal failure, however the renal function was completely 
recovered after a 7-day hemodialysis. All other patients had 
uneventful recoveries. 

For all patients, the intraoperative cardiac arrest time 

was 175±46.7 minutes; intraoperative cardiopulmonary 
bypass time was 204.8±66 minutes; post-op extubation time 
was 32.1±24.8 hours; post-op chest tube drainage time was 
7.5±3.2 days.

Post-op blood pressure dramatically decreased

Post-op blood pressure decreased up to 41±10 mmHg (pre-
op blood pressure 165.2±16.3 mmHg; VS post-op blood 
pressure 121.5±10.8 mmHg; P<0.05). 

Ankle-brachial pressure gradient significantly improved

All patients had ankle-brachial pressure gradients 
significantly reduced (pre-operative 63.3±17.2 mmHg 
versus post-operative 29.1±4.3 mmHg; P<0.05). 

The follow-up time ranged from 2 month to 5 years, 
with a mean follow-up time of 37±22.9 months. All patients 
survived and their blood pressure decreased to normal 
range with fewer oral anti-hypertensive drugs compared 
with pre-surgery. The bypass grafts were patent without 
any complications. All patients are free from pre-operative 
symptoms.

Discussion

COA is one of the most common congenital cardiovascular 
pathologies, with an incidence rate of about 6.5% (5). 
The occurrence of complex COA accompanied by 
other intracardiac abnormality is rare, reportedly less 
than 1% (6). The most common congenital intracardiac 
pathologies associated with complex COA are bicuspid 
aortic valve, atrial septal defect, VSD, PDA, and so on (7). 
In addition, aortic medial abnormality may be present, 
which become increasingly important as age progresses and 
patients become prone to the development of ascending 
aorta aneurysms. The adult complex COA is commonly 
associated with the acquired malformations: aortic valve 
disease; subvalvular aortic stenosis; mitral valve disease; and 
CAD (8). Fifty percent of patients with untreated COA 
will die by the age of 10 years. About 25% of patients will 
die between the age of 10−20 years. Approximately 90% of 
patients will die before the age of 50 years (9).

Currently, there is no universal consensus on an 
optimal way to manage complex coarctation of the aorta 
accompanied by intracardiac abnormality. The main current 
approaches are anatomic repair and extra-anatomic repair, 
including one-stage treatment and two-stage treatment. 

Figure 3 Indicates ascending to abdominal aortic bypass grafting. 
The graft is accomplished from abdominal aorta to the ascending 
aorta and routed behind the transverse colon and stomach, then 
penetrated through the small omental sac and inserted through the 
diaphragm into the mediastinum or right thorax.

aAo-dAo 
bypass

Ascending 
aorta

Ascending 
aorta

Abdominal 
aorta

Infrarenal 
aorta

Bypass 
graft

Either ascending-descending aortic bypass grafting or 
ascending-abdominal aortic bypass grafting is proper

ascending-abdominal 
aortic bypass grafting is 
preferred

ascending-descending 
aortic bypass grafting is 
preferred

Chest deformity like barrel chest
Previous heart surgery
Pericardial adhesion
Deep descending thoracic aorta

Previous laparotomy

Abdominal adhesion

COA concomitant with intracardiac abnormality

However, if patient is associated with

Figure 4 Shows the flow chart of choice of surgical procedure. 
COA, coarctation of aorta.
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In 1944, COA was first surgically corrected by Crawford 
and Nylin. They performed complete resection of the 
coarctation segment and end-to-end anastomosis of the 
aorta. Subsequently, other procedures have been described, 
including subclavian flap angioplasty, patch aortoplasty, 
and interposition grafting. These traditional anatomic 
approaches require extensive dissection of the aortic 
coarctation segment and dilation of collateral arteries, 
which have the potential to cause catastrophic bleeding; 
parenchymal lung injury; damage to the recurrent laryngeal 
or phrenic nerves; chylothorax; and spinal cord ischemia. 
Perhaps the most severe complication of COA surgery 
is paraplegia. The prolonged aortic cross clamp time in 
patients of advanced age, especially those with severe aortic 
calcification, significantly increases the risk of paraplegia. 
The fragility of this situation also significantly increases the 
likelihood of bleeding. It has been demonstrated that 5% 
to 30% of patients with previous coarctation repair have re-
coarctation and require reintervention (2). Therefore simple 
anatomic repair is most suitable for younger patients with 
simple COA which is not accompanied by other intracardiac 
pathologies.

Except for anatomic repair, extra-anatomic approaches 
are currently preferred by many surgeons. This was 
first reported in 1975 and first applied by Dr. Edie who 
successfully established an ascending-to-descending aortic 
graft bypass via one-stage sternotomy and thoracotomy. 
The graft was routed anterior to the hilum of the left lung 
and to the left lateral aspect of the ascending aorta (10).  
In 1977, Dr. Wukasch and Cooley first described the 
ascending-to-abdominal bypass to treat COA (11). Then 
in 1980, Dr. Vijayanagar first reported an ascending-to-
descending aortic graft bypass which was accomplished 
post-pericardially only by sternotomy, by which the graft 
was routed along the left heart margin (12). Following 
this, in 1983, Dr. Powell described a modification to 
Vijayanagar’s technique, by which the graft was routed 
around the right margin of the heart through the space 
behind the inferior vena cava and in front of the right 
inferior pulmonary vein. Finally the graft was anastomosed 
proximate to the right lateral aspect of the ascending 
aorta (13). The advantages of extra-anatomic techniques 
rely on the complete avoidance of the manipulation of 
the coarctation segment and collateral arteries, which 
dramatically reduces the possibility of spinal cord injury 
and decreases the risk of catastrophic hemorrhage. The 
surgical indications to extra-anatomic bypass mainly include 

(I) coarctation or re-coarctation and associated cardiac 
problems that require repair through median sternotomy; 
and (II) complex coarctation or re-coarctation, for which 
extra-anatomic bypass grafting was chosen because of the 
anticipated difficulties with direct anatomic repair (14). 
Therefore, the extra-anatomic approach is most suitable 
to adult complex COA accompanied with intracardiac 
abnormality.

One-stage repair or two-stage repair? Traditionally two-
stage repair required two separate surgical procedures: 
COA correction by thoracotomy followed by intracardiac 
abnormality correction through median sternotomy. This 
approach can simplify each procedure, however it could 
make the cardiac hemodynamic instability worse when 
COA is corrected, which significantly increase the surgical 
risks and likelihood of mortality. In addition, the two-
stage procedure not only increases the surgical trauma 
and prolongs the recovery time, but also increases the 
economic burden. One-stage repair implies simultaneous 
correction of COA and intracardiac abnormality, which 
eliminates the disadvantage of the two-stage approach 
and allows a concomitant procedure through the same 
incision. However, the one-stage approach could increase 
the technical difficulty of the procedure and prolong heart-
lung machine dependent bypass time. As the techniques of 
cardioplegia protection and extracorporeal circulation are 
getting better, one-stage repair is considered to be a safe 
and effective approach.

How to correctly choose the extra-anatomic bypass 
pathway? The two approaches have their individual pros 
and cons, which are discussed below. In terms of ascending-
to-descending aortic bypass grafting, there are several 
advantages including firstly, the fact that all of the surgical 
procedures can be performed by median sternotomy, 
with relatively less trauma. Secondly, the requirement 
for laparotomy is eliminated, which avoids danger to the 
peritoneal organs. The surgical complication of bowel 
obstruction and so on is eliminated. Thirdly, the graft 
is routed in a short course around the right side of the 
heart, which reduces the possibility of graft complications 
such as graft infection. On the other hand, there are some 
disadvantages. Firstly, the exposure of descending can be 
difficult, requiring the lifting of the heart cephalad with 
the assistance of the heart-lung machine. Otherwise, the 
hemodynamic instability is inevitable. This exposure is 
especially difficult in obese patients or those with barrel-
shaped chests. The optimal exposure is essential and 
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prerequisite for anastomosis. Secondly, it is crucial to 
make sure the anastomosis of the graft to descending aorta 
is accomplished without obvious bleeding, because such 
bleeding can be very difficult to control. Thirdly, there is a 
potential risk of causing esophageal injury. 

As for ascending-abdominal aortic graft bypass, the 
advantages of this approach are firstly that the exposure 
of abdominal aorta is very simple and obvious. Secondly, 
the anastomosis of graft-to-aorta can be established more 
easily and without the assistance of a heart-lung machine. 
The hemostasis of anastomosis is easily achieved, which 
can also be strengthened by covering the retroperitoneum. 
However, there are still some disadvantages, which are 
firstly the big incision required by sternotomy-laparotomy 
and subsequently the prolonged recovery time. Secondly 
a longer graft is often needed, which possibly increases 
the graft-associated complications such as graft kinking, 
infection and so on. Thirdly, there is propensity for 
abdominal associated complications such as bowel 
obstruction, abdominal infection and so on (15).

The results of this retrospective review revealed that 
these two extra-anatomic aortic bypass grafting techniques 
can contribute to satisfactory clinical outcomes. Which of 
the extra-anatomic bypass approaches is selected depends on 
the patient's characteristics and the preference of surgeons. 
As for the younger patients, it is not recommended to apply 
the extra-anatomic approach because of considerations 
associated with their rapid growth.

It is concluded that the surgical management of patients 
with complex coarctation associated with cardiac disorders 
must be considered on an individual basis. The one-stage 
simultaneous extra-anatomic aortic graft bypass associated 
with intracardiac abnormalities repair is reported to be a 
safe and technically reliable surgical procedure which can 
produce satisfactory outcomes.
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