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Background To evaluate one-stage repair with ascending to abdominal aorta extra-anatomical bypass combined with
cardiac surgery for adult aortic coarctation (COA) concomitant with cardiac diseases.

Methods Between February 2009 and September 2016, 24 consecutive patients (79.17% male, mean age
36.04 & 13.67 years) with COA and concomitant cardiac diseases underwent one-stage repair (ascending
to abdominal aorta extra-anatomical bypass combined with cardiac surgery). Two (2) patients who under-
went off-pump coronary artery surgery combined with ascending to abdominal aorta bypass did not
require cardiopulmonary bypass. Twenty-two (22) patients underwent one-stage repair under cardiopul-
monary bypass.

Results No in-hospital mortality was observed. There was a significant reduction in baseline systolic blood pressure
from 159.80 + 23.58 to 127.0 + 6.86 mmHg. Mean upper-lower limb blood gradient pressure decreased
significantly from 37.80 £ 8.73 to 11.47 & 2.12 mmHg after surgery. Two (2) patients required prolonged
mechanical ventilation for respiratory dysfunction. One patient needed temporary continuous renal repla-
cement therapy. No re-exploration for bleeding and gastrointestinal complications was needed. There was
no postoperative paraplegia or permanent neurological abnormalities. Grafts were patent for all patients
and no graft-related complications were observed in the hospital. Median follow-up was 41.50 months
(interquartile range [IQR] 16.75-64.50 months) and 6-year survival was 76.39%. Median number of anti-
hypertensive drugs was 0 (IQR 0-1), which was a significant reduction compared with preoperative drugs
(2, IQR 1-3).

Conclusions Ascending to abdominal extra-anatomical aorta bypass combined with cardiac surgery is a safe and
effective one-stage repair technique for patients with COA concomitant with cardiac diseases.
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Introduction

Aortic coarctation (COA) accounts for 5-7% of congenital heart
disease [1]. COA can occur as an isolated anomaly; however, it
canbeassociated with other cardiovascular pathologies, which
adds to the complexity of intervention. The common cardiac
malformationsincludebicuspid aortic valve, ventricular septal
defect, and patent ductus arteriosus [2,3]. Several options exist
for the operative management of COA combined with cardiac
diseases in adult patients. One-stage repair is a major challenge
for surgeons. The purpose of this study was to evaluate the
safety and effectiveness of ascending to abdominal aorta extra-
anatomical bypass combined with cardiac surgery for adults
with COA concomitant with cardiac diseases.

Materials and Methods

Patients’ Data

Between February 2009 and September 2016, 24 consecutive
adult patients (19 male, 5 female, mean age 36.04 + 13.67 years)
with COA concomitant with cardiac diseases underwent one-
stage repair with ascending to abdominal aorta extra-anatomical
bypass combined with cardiac surgery. Cardiac malformations
and left ventricular dysfunction were measured by ultrasound
cardiography. Aortic coarctation was measured with aortic
computed tomography angiography (CTA). The mean upper-
lower limb blood gradient pressure was 37.80 & 8.73 mmHg,.
The main clinical characteristics are shown in Table 1. The Ethics
Committee of Anzhen Hospital approved this retrospective
study and waived the need for individual patient’s consent.
Resting hypertension is defined as systolic blood pressure
>140 mmHg or diastolic blood pressure >90 mmHg [4].

Table 1 Main clinical characteristics of patients
(n =24).

Variable Value

Age (years)’ 36.04 + 13.67
BSA(m?)’ 1.78 + 1.81
Male gender 19(79.17)
Mean upper-lower limbs 38.00 £9.34
blood gradient pressure (mmHg)*

Stroke 0

Smoking 4(16.67)
IDDM 0
Reoperation 1(4.17)
LVEF(%)" 61.00 + 8.17
CPB time (min)’ 107.27 + 34.56
Aortic cross-clamp time(min)" 72.59 + 28.98

Abbreviations: BSA, body surface area; IDDM, insulin-dependent diabetes
mellitus; LVEF, left ventricular ejection fraction; CPB, cardiopulmonary
bypass.

Note: Values in parentheses are percentages.

“Values are mean = SD.

Operative Technique

The surgical procedure is shown in Figure 1. The ascending
to abdominal aortic bypass was performed through a median
sternotomy laparotomy, with the patient in the supine posi-
tion. A midline incision was made from the suprasternal
notch to the navel. After the peritoneal cavity was entered,
the infrarenal abdominal aorta was selected as the site of
distal anastomosis. After clamping the infrarenal abdominal
aorta, a vascular prosthesis (diameter 16-18 mm) (Vascutek,
Ltd., Inchinnan, UK) was anastomosed to the infrarenal
abdominal aorta in an end-to-side manner. The cardiopul-
monary bypass (CPB) arterial line was bifurcated for two
arterial cannulation sites. The right axillary artery was can-
nulated and flowed to the upper body. The vascular pros-
thesis of the abdominal aorta was cannulated to perfuse the
lower body. After CPB was instituted, the intracardiac lesion
was repaired. The other graft (diameter 16-18 mm) was
anastomosed to the ascending aorta. The right thoracic cavity
was opened and the graft was passed through the right
thoracic cavity, with the terminal of the graft above the
diaphragm.

After patients were weaned off CPB, the vascular prosthe-
sis of the abdominal aorta was routed around the duodenum
at the ligament of Treitz and through the transverse meso-
colon into the lesser sac, passed posteriorly to the stomach,
and then curved anteriorly to pass through the gastrohepatic
mesentery (between the stomach and liver). It was then
passed through a hole in the diaphragm. Two (2) grafts were
anastomosed in an end-to-end fashion around the dia-
phragm. Three-dimensional CT reconstruction of artificial
blood vessels is shown in Figure 2.

Follow-Up

Patients were followed up with a mailed questionnaire or
telephone call, by contacting the referring cardiologist or
general practitioner.

Statistical Analysis

The continuous variables are described as mean + standard
deviation or median, and the categorical variables are pre-
sented as proportions and percentages. The difference in
mean upper-lower limbs blood gradient pressure before
and after surgery was analysed by paired t test and numbers
of antihypertensive drugs by nonparametric paired t test
using PASW Statistics for Windows version 18.0 (IBM,
Armonk, NY, USA). GraphPad Prism for Windows version
5.0 (GraphPad Software, San Diego, CA, USA) was used to
create the survival curve and graphs.

Results

Hospital Outcome

There was no in-hospital mortality. Table 2 shows the types
of concomitant cardiac surgery. The mean CPB time was
107.27 £ 34.56 minutes. The mean intensive care unit stay
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Figure 1 Surgical procedure.
A: right axillary artery
B: median sternotomy-laparotomy

C: vascular prosthesis anastomose to the infrarenal abdominal

D: intracardiac lesion repair

time was 35.22 4 50.41 hours and the mean mechanical ven-
tilation time was 19.50 £ 17.64 hours. Two patients required
prolonged mechanical ventilation for respiratory dysfunc-
tion. One patient needed temporary continuous renal
replacement therapy. No re-exploration for bleeding and
gastrointestinal complications was needed. There was no
postoperative paraplegia and permanent neurological abnor-
malities. The average time of drains in situ was 5.35 £ 3.10
days. Table 3 shows the postoperative drainage features.
Concomitant intracardiac lesions were treated successfully
in all patients. An aorta CTA scan was performed for all
patients before discharge from hospital. The grafts were

e e e

patent for all patients and no graft-related complications
were observed in the hospital.

There was a significant reduction in baseline systolic blood
pressure from 159.80 + 23.58 to 127.0 + 6.86 mmHg (p = 0.01)
after surgery (Figure 3). The mean upper-lower limb blood
gradient pressure decreased significantly from 37.80 4 8.73
to 11.47 +2.12 mmHg after surgery (p = 0.001). The mean
upper-lower limb blood gradient pressure for all patients
was <20 mmHg. There was also a significant reduction in the
mean number of antihypertensive drugs from two (inter-
quartile range [IQR] 1-3) preoperatively to one (IQR 1-2)
postoperatively (p = 0.047) (Figure 4).
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Figure 2 Three-dimensional computed tomography angiography reconstruction of artificial blood vessel.

Table 2 Types of concomitant cardiac surgery.

Type N
Bentall procedure 9
Bentall + CABG 1
David procedure 1
Off-pump CABG 2
PDA occlude + VSD repair 1
VSD repair 2
VSD repair + AVR 1
VSD repair + AVR + PDA occlude 1
Wheat'’s procedure 1
Ascending aorta replacement 1
AVR 4
Total 24

Abbreviations: CABG, coronary artery bypass grafting; PDA, patent ductus
arteriosus; VSD, ventricular septal defect; AVR, aortic valve replacement.

Table 3 Postoperative drainage features.

Variable Value

Total drainage (mL) 2425.87 £ 1435.79
Total drainage (mL/kg/day) 748 £3.11
Drains in situ (days) 5.35+3.10

Late Survival and Blood Pressure
Outcomes

Follow-up information was available in 22 patients. The
median follow-up among survivors was 41.50 months (IQR
16.75-64.50 months). Follow-up revealed two post-discharge
deaths. One patient died of bypass graft infection 5 years after
initial surgery. One patient died of sudden cardiac arrest 3.5
years after initial surgery. The 6-year survival was 76.39%
(Figure 5). All grafts were patent at the end of follow-up.
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Figure 3 Change in blood pressure before and after surgery.
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Figure 4 Change in antihypertensive medications.
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Figure 5 Survival of patients undergoing one-stage
repair for adults aortic coarctation concomitant with
cardiac diseases.

Seven (7) patients needed to take one antihypertensive drug to
controlmild hypertension despite an excellent gradientreduc-
tion. Fifteen (15) patients were normotensive and did not need
antihypertensive treatment. The median number of antihy-
pertensive drugs was 0 (IQR 0-1), which was a significant
reduction compared with number of drugs before surgery (2,
IQR 1-3) (p = 0.001) (Figure 4).

Lower limbs SBP

Upper-lower limbs mean BP

Discussion

Aortic coarctation correction usually involves the use of one
of the following techniques: resection of the abnormal aortic
segment and end-to-end anastomosis; subclavian flap aorto-
plasty; graft patch aortoplasty; bypass grafting; or percuta-
neous balloon aortoplasty. However, when COA is combined
with cardiac diseases, the treatment strategy continues to be
controversial with regard to the best and safest approach.
Traditional options in these circumstances may include a
staged approach with sternotomy and thoracotomy. Conven-
tional anatomic repair of the COA by posterolateral thora-
cotomy requires mobilisation of the aorta in the presence of
collateral blood vessels, which may be extensive in adults
with long-standing coarctation. Damage to the recurrent
laryngeal or phrenic nerves, chylothorax and spinal cord
ischaemia may occur. Moreover, there is a considerably
increased cardiac risk when coarctation surgery is performed
before severe concomitant cardiac pathology has been
addressed. Anatomical surgical repair in patients with com-
plex forms of coarctation is associated with high mortality
and morbidity [5,6]. Many cases are treated with palliative
rather than corrective surgical procedures [7,8].
Extra-anatomical bypass represents a strategy that allows a
single-stage repair of coarctation and concomitant cardiac
pathology through median sternotomy. Edie first described
the ascending to descending bypass through a left thoracot-
omy and median sternotomy with grafts [9]. Wukasch first
described ascending-abdominal aorta bypass through a
median sternotomy laparotomy [10]. Vijayanagar described
aortic bypass posterior to the heart through a median ster-
notomy [11]. The literature of extra-anatomical bypass is not
extensive nowadays. Most authors prefer ascending to
descending bypass. In Said’s study [12], 80 consecutive
patients with complex coarctation underwent ascending to
descending posterior pericardial aortic bypass through a
median sternotomy, which included the largest number of
patients to the best of our knowledge. The author concluded
that ascending to descending aortic bypass could be per-
formed with low morbidity and mortality. However, re-
exploration for postoperative bleeding was 8%, atrial fibril-
lation was 17% and postpericardiotomy syndrome was 2%
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[12]. The incidence of postoperative bleeding in other studies
varied from 5 to 10%, which is higher than routine coronary
artery or valvular surgery [13-15]. Our team performed 10
ascending to descending aortic bypasses 10 years ago [15].
Our initial experience showed that descending aortic anas-
tomotic haemorrhage is a severe complication. We strongly
emphasise that meticulous control of bleeding is mandatory
for a safe descending aortic anastomosis, because the location
is difficult to reach in the event that further intervention is
needed to control the bleeding while weaning the patient
from CPB. It has been reported that the average duration for
postoperative pericardial drains in situ is 7 days after ascend-
ing to descending aortic bypass [16]. It is reasonable to
speculate that the prolonged effusions are related to intra-
pericardial implantation of a long graft segment. Other com-
plications include delayed mediastinitis and pericardial
effusion, which also might be related to transudation of
plasma through the grafts of the pericardial cavity. As for
ascending to abdominal aorta bypass technique in our centre,
we placed the graft in the right pleural cavity, which facili-
tated possible median sternotomy reoperation in the future,
and reduced the postoperative drain time in situ. The average
time of drain in situ was 5.35 days in our study, which is
shorter than that of ascending to descending aortic bypass
[16]. The transudation of plasma through the grafts enters the
right pleural cavity, which might explain why we had no
delayed mediastinitis and pericardial effusion.

Potential drawbacks of the use of prosthetic material are
thrombosis, infection and aneurysm. Although late true
aneurysm is well known after prosthetic patch aortoplasty,
true aneurysm may also be observed after ascending to
descending aortic bypass [17]. The mechanisms might
include congenital weakness of the descending aortic anas-
tomotic site, abnormal tension caused by rigidity of the
graft against the aortic wall. The abdominal aorta anasto-
motic site is far from the coarctation and the aortic wall is
normal. Theoretically, the probability of true aneurysm of
the abdominal aorta is low. In fact, true aneurysm did not
occur in our study. Graft infection represents one of the
severe complications associated with high mortality. Vogel
studied 12,626 patients who underwent, between 1987 and
2005, open repair for abdominal aortic aneurysms. The 2-
year rate of aortic graft infection was 0.19% [18]. The
general consensus with graft infection is that infected graft
material should be completely removed and replaced by
autogenous material or reconstructed extra-anatomically,
as conservative management is usually associated with
poor outcome [19,20]. In the current study, one patient
suffered graft infection 5 years after initial surgery. We
chose conservative treatment and the patient died of infec-
tion finally.

Paraplegia is a rare but devastating complication after
coarctation repair. The probability of spinal complications
after coarctation repair is 0-0.5% [21,22,23]. Ungerleider and
colleagues reviewed 973 patients from the Society of Tho-
racic Surgeons Congenital Heart Surgery Database since
2010 and found that the incidence of spinal cord injury

was zero [23]. Older age is associated with an increased
incidence of paraplegia. Lerberg and associates reported an
incidence of 5% for patients older than 11 years [22]. Para-
plegia occurs due to an ischaemic insult to the spinal cord.
The advantage of employing extra-anatomical bypass is that
extensive dissection and cross-clamping of the aorta are
avoided. What is more, the use of CPB, which is mostly
necessary to repair concomitant cardiac pathology, also can
minimise the risk of paraplegia. Clinical and experimental
studies have shown that distal aortic pressure >70 mmHg
can preserve spinal blood flow [24]. In our centre, cannula-
tion of the abdominal aorta through a prosthetic graft is
used for CPB to maintain high distal perfusion pressure,
which also eliminates the risk of spinal cord ischaemia. In
the current study, we did not document paraplegia in any
patient, which points to the safety of the ascending to
abdominal aorta bypass.

The incidence of gastrointestinal complications (GIC) after
cardiac surgery is variably reported in studies with an aver-
age incidence of approximately 1.2% in recent 10 years [25].
The most common complication reported overall is gastro-
intestinal bleeding, accounting for approximately 35% of GIC
[25]. The ascending to abdominal aorta bypass technique
may increase the GIC theoretically. The potential complica-
tions include graft infection, mechanical ileus, aortoduodenal
fistula, gastrointestinal bleeding, and so on. The literatures of
GIC after ascending to descending aorta bypass or ascending
to abdominal aorta bypass are rare. Previous reports have
focussed on the prevalence and the outcome of GIC, after
open repair of infrarenal aortic aneurysm. The incidence of
GIC ranges from 5.4% to 8.6% [26,27,28]. Although a number
of possible risk factors for GIC have been proposed, visceral
hypoperfusion appears to be the common pathologic mech-
anism [29,30,31]. In current research, using of upper and
lower body perfusion technique may decrease the risk of
visceral hypoperfusion, which could contribute to the low
incidence of GIC.

In our study, there was a significant reduction in baseline
systolic ~ blood pressure from 159.80 +23.58 to
127.0 &+ 6.86 mmHg (p = 0.01) after surgery, which was simi-
lar to the results of ascending to descending aortic bypass
reported by Said [12]. However, in that study, although the
average number of antihypertensive drugs decreased signif-
icantly during the early postoperative period, this difference
did not persist during long-term follow-up. He concluded
that older age might be the reason. In our study, we found
that the significant difference persisted during mid-term
follow-up. It should be noted the follow-up time of our study
was shorter than in the previous study. Hager and associates
demonstrated that only 30% of patients were normotensive
without drug therapy at the age of 40—49 years and only 10%
were normotensive at the age of 50-72 years [32]. However,
even if complete elimination or long-lasting reduction of
medical therapy is not achieved, the initial reduction of
antihypertensive therapy also emphasises the effectiveness
of ascending to abdominal aorta bypass technique during
and immediately after surgery.
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Limitations
The main limitation of this study was the small sample size.

Conclusions

The in-hospital outcome and mid-term results were satisfac-
tory. Ascending to abdominal aorta extra-anatomical bypass
combined with cardiac surgery is a safe and effective one-
stage repair technique for adult patients with COA concomi-
tant with cardiac diseases.
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