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Abstract

Background: There are a lot of reports of the renal failure and heart failure due to coarctation of the aorta. However,
there are no case reports in which revascularization dramatically improved left ventricular function in patients with
progressive decline in left ventricular function. Herein, we present a rare case in which the left ventricular function
was dramatically improved by surgical treatment for progressive left ventricular dysfunction due to atypical coarcta-
tion of the aorta.

Case presentation: A 58-year-old man underwent left axillary artery-bilateral femoral artery bypass at another
hospital for atypical coarctation of the aorta due to Takayasu's arteritis. Approximately 10 years later, he was re-hospi-
talized for heart failure, and the left ventricular ejection fraction gradually decreased to 28%. Computed tomography
showed severe calcification and stenosis at the same site from the peripheral thoracic descending aorta to the lower
abdominal aorta of the renal artery, and aortography showed delayed bilateral renal artery blood flow. An increase in
plasma renin activity was also observed. Despite the administration of multiple antihypertensive drugs, blood pres-
sure control was insufficient. We decided to perform surgical treatment to improve progressive cardiac dysfunction
due to increased afterload and activated plasma renin activity. Descending thoracic aorta-abdominal aorta bypass
and revascularization of the bilateral renal arteries via the great saphenous vein grafts were performed. Postoperative
blood pressure control was improved, and the dose of antihypertensive drugs could be reduced. Plasma renin activity
decreased, and transthoracic echocardiography 1.5 years later showed an improvement in contractility with a left

L ventricular ejection fraction of 58%.
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Conclusion: In atypical coarctation of the aorta in patients with decreased bilateral renal blood flow, heart failure
due to renal hypertension, and progressive decrease in left ventricular contractility, descending thoracic aorta-
abdominal aortic bypass and bilateral renal artery recirculation can be extremely effective.

Keywords: Atypical coarctation of the aorta, Anatomical bypass, Heart failure

Background

Some reports have shown that axillary-bilateral femoral
artery bypass is effective in cases of hypertensive heart
failure due to atypical coarctation of the aorta [1, 2]. Axil-
lary artery-femoral artery bypass has been reported to
have good long-term results [3]; however, there are also
reports of poor long-term results such as graft occlusion
[4]. To the best of our knowledge, there are no reported
cases that have required re-bypass treatment for atypi-
cal coarctation of the aorta in the long-term period after
axillary-femoral artery bypass. In addition, although
atypical coarctation of the aorta combined with hyper-
tensive heart failure has been reported [1], there are no
reports of cases requiring bilateral renal artery recon-
struction by open surgery or improvement of decreased
left ventricular contractility. Herein, we report a case of
aortic stenosis due to atypical coarctation of the aorta in
a patient who had undergone left axillary artery-bilateral
femoral artery bypass grafting and repeated hypertensive
heart failure in the postoperative period. He underwent
open surgery of the descending thoracic aorta-abdominal
aorta bypass and reconstruction of the bilateral renal
artery. After surgery, the left ventricular contractility
improved significantly.

Case presentation

A 58-year-old man previously underwent left axillary-
bilateral femoral artery bypass grafting at another hos-
pital for atypical coarctation due to Takayasu’s arteritis.
He was re-hospitalized approximately 10 years later due
to heart failure, and a progressive decrease in left ven-
tricular contractility was observed, with the left ventricu-
lar ejection fraction (LVEF) decreasing from 54 to 28%.
Although multiple antihypertensive drugs were admin-
istered, he was referred to our hospital to investigate
the cause of the progressive decrease in left ventricu-
lar contractility and repeated heart failure due to poor
blood pressure control. He had comorbidities, including
pemphigoid. ®F-fluorodeoxyglucose (}*F-FDG) positron
emission tomography/computed tomography (PET-
CT) performed at the previous hospital did not detect
an accumulation of F-FDG in the aorta. His labora-
tory data were as follows: creatinine, 2.93 mg/dL; blood
urea nitrogen, 65.7 mg/dL; estimated glomerular filtra-
tion rate, 19 mL/min/1.73 m? C-reactive protein (CRP),
0.54 mg/dL; N-terminal pro-brain natriuretic peptide

(NT-pro BNP), 17,014 pg/mL; aldosterone, 119 (refer-
ence value 36-240) pg/ml; and plasma renin activity, 10.6
(reference value 0.2-2.3) ng/ml/h. His blood pressure
values were as follows: right upper limb, 168/108 mmHg;
upper left limb, 169/99 mmHg; right lower limb,
143/98 mmHg; and left lower limb, 131/101 mmHg. The
ankle brachial index (ABI) values of the right and left
were 0.85 and 0.78, respectively. Preoperative transtho-
racic echocardiography showed a LVEF of 28%. There
was no left ventricular asynergy, and the wall motion
showed diffuse severe hypokinesis. Left ventricular wall
thickness of the interventricular septum (IVS) and poste-
rior wall (PW) were 13 mm and 12 mm, respectively. Left
ventricular hypertrophy was also observed. The left ven-
tricular end diastolic and systolic diameters (LVDd and
LVDs) were 57.4 mm and 47.5 mm, respectively, and left
ventricular enlargement was detected. No significant val-
vular dysfunction was observed. Contrast-enhanced CT
showed a patent left axillary artery—both femoral artery
bypass and collateral circulation to the lower extrem-
ity artery (Fig. 1a). Significant calcification was observed
from the distal thoracic descending aorta to the abdomi-
nal aorta, and severe stenosis was suspected at the same
site (Fig. 1b). Aortography showed severe stenosis of the
aorta from below the celiac artery to the abdominal aorta
below the renal artery. Blood flow in the superior mes-
enteric artery flowed from the well-developed collateral
circulation from the celiac artery, and flow imaging of
the bilateral renal arteries was delayed (Fig. 2a). Coro-
nary angiography showed no abnormal findings, includ-
ing at the entrance. Contrast-enhanced cardiac magnetic
resonance imaging (MRI) revealed no apparent delayed
contrast on the left ventricular wall, and T1 mapping
images of cardiac MRI presented no significant increase
in the T1 value on the left ventricular wall (1,050 ms by
1.5 T modified Look-Locker inversion recovery method;
the average value of normal control at our hospital was
1,000 ms), and fibrosis of the left ventricular wall was
considered mild (Fig. 2b). Although CRP was weakly
positive, CT showed only severe calcification of the aorta,
and PET-CT performed at the previous hospital did not
show active inflammation in the aorta due to Takayasu’s
arteritis. Therefore, we decided to perform open surgery
for uncontrolled renal hypertension and a progressive
decrease in left ventricular contractility due to decreased
bilateral renal blood flow. To reliably reduce afterload, we
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Fig. 1 Preoperative computed tomography. a Preoperative 3D-CT showing the patent left axillary artery-bilateral common femoral artery
bypass. Many collateral circulations to the lower extremity arteries are present. b 3D-CT of the thoracoabdominal aorta showing a high degree of
calcification and stenosis around the descending aorta to the abdominal aorta (arrowhead)

performed descending thoracic aorta-abdominal aorta
bypass using a large-diameter graft and revascularization
of the bilateral renal arteries via the great saphenous vein
grafts.

Thoracotomy was performed under general anesthe-
sia via the left lower 7th intercostal space. Approach
to the retroperitoneal space was performed along
the left rectus abdominis muscle. A skin incision was
made across the left axillary artery-both femoral artery
bypass. To secure blood flow to the lower limbs during
aortic clamping, surgery was performed without tran-
section of the left axillary artery-both femoral artery
bypass grafts. The retroperitoneal space was peeled off
without incising the diaphragm to expose the abdomi-
nal aorta. In the retroperitoneal space, the dorsal side
of the kidney was dissected, and the diaphragm was
incised on the left side of the aortic hiatus to cre-
ate a tunnel from the left thoracic cavity to the retro-
peritoneal space. After systemic heparinization, the

descending thoracic aorta was clamped at the Th9
level, and proximal anastomosis was performed using
a 12-mm woven graft (Intergard®, Maquet, Sunder-
land, UK). The anastomosed woven graft was guided
to the retroperitoneal space through the tunnel of the
diaphragm and the dorsal side of the left renal artery,
and distal anastomosis was performed just above the
abdominal aortic bifurcation. During this period, lower
limb blood flow was maintained by the patent left axil-
lary-bilateral femoral artery bypass. The anterior side of
the left kidney was peeled off to expose the anterior sur-
face of the abdominal aorta and the left and right renal
arteries. The great saphenous vein was collected and
anastomosed to the left and right renal arteries, and the
vein graft stump was anastomosed to the woven graft.
The left leg of the exposed left axillary artery-bilateral
femoral artery bypass graft was resected just below the
wound, considering the risk of postoperative infection.
The operative time was 388 min.
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Fig. 2 Preoperative aortography, magnetic resonance imaging, and postoperative computed tomography. a Aortography showing the superior
mesenteric artery (SMA) imaged by the well-developed collateral circulation from the celiac artery (CA). Bilateral renal arteriography was delayed.
Severe stenosis is observed in the epigastric aorta of the renal artery (arrowhead). b T1 mapping images on visceral MRI shows a slight increase in
the T1 value of the left ventricular wall and no fibrosis progression on the left ventricular wall. ¢ Postoperative 3D-CT showing that the descending
thoracic aorta-abdominal aorta bypass and bilateral renal artery bypass were patent
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No postoperative complications were observed. Post-
operative 3D-CT showed that the bypass graft from the
descending thoracic aorta to the abdomen ran parallel to
the aorta on the dorsal side of the left renal artery and
was patent. The great saphenous vein graft to the bilat-
eral renal arteries was also patent (Fig. 2c). Postopera-
tive ABI improved to 1.12 on the right and 1.06 on the
left; the upper-limb blood pressure was improved to
128/91 mmHg with good control, and the dose of anti-
hypertensive drugs could be reduced. He was discharged
from the hospital 16 days after surgery. Blood test find-
ings after discharge showed a decrease in NT-pro BNP
level (78 pg/dL), aldosterone level (58 pg/mL), and
plasma renin activity (1.1 ng/ml/h). Transthoracic echo-
cardiography 1.5 years after surgery showed a marked
improvement in LVEF of 58% (Fig. 3). Left ventricular
wall thickness and left ventricular diameter decreased:
IVS, 9.0 mm; PW, 8.7 mm; LVDd, 41.6 mm; and LVDs,
28.6 mm. Left ventricular reverse remodeling was
performed.

Written informed consent was obtained from the
patient to publish this case report and accompanying
images.

Discussion

Atypical coarctation of the aorta is defined as stenosis
outside the aortic isthmus, in contrast to typical coarcta-
tion of the aorta, which has stenosis of the aortic isthmus.
The causes include inflammatory vascular lesions (mainly
Takayasu’s arteritis), arteriosclerosis, and congenital [5].
Hypertension in the upper body due to decreased renal
blood flow and increased vascular resistance causes
increased left ventricular afterload and serious complica-
tions, resulting in a poor prognosis [6].

In the present case, an axillary-femoral artery bypass
had been performed approximately 10 years prior to
rehospitalization; although the bypass was very pat-
ent, uncontrolled upper limb hypertension and heart
failure due to increased left ventricular afterload were
observed. The left ventricular contractility decreased
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Fig. 3 Pre- and postoperative progress. 0 month was the month of the surgery. Six months postoperatively, cardiac function improves to
preoperative levels. NT-pro BNP and Cr tend to decrease with the control of heart failure, but a further decrease is observed postoperatively. PRA
is high and tends to increase preoperatively. Postoperatively, it decreases. The dose of antihypertensive drugs can be reduced after the operation.
In addition, diuretics used to control heart failure can be discontinued postoperatively. ARB, angiotensin Il receptor blocker; Cr, creatinine; LVEF, left
ventricular ejection fraction; NT pro BNP, N-terminal pro brain natriuretic peptide; PRA, plasma renin activity

progressively. In addition, plasma renin activity was
high, and bilateral renal arteries showed delayed con-
trast enhancement in aortic findings, suggesting a
decrease in bilateral renal artery blood flow. Open sur-
gery was indicated because few findings were suggestive
of active Takayasu’s arteritis. Surgical treatment meth-
ods, such as graft replacement, patch formation, bypass
surgery, and stent placement [7], have been reported.
Among them, the route of bypass surgery has been
frequently discussed, and many reports have included
aortic-aortic bypass or axillary-femoral artery bypass.
Some case reports have presented axillary-femoral
artery bypass that does not require thoracotomy or lap-
arotomy and is effective with minimal invasiveness [1,
2]. However, reducing the afterload may be insufficient
because it is bypassed by a small-diameter graft and
because the perfusion to the abdominal organ becomes
retrograde blood flow from the femoral artery. Poor
long-term patency rate of grafts was also reported [4].
Aortic-aortic bypass can be used with large-diameter

grafts, leading to reliable reduction of left ventricular
afterload, and revascularization of abdominal branches
is possible depending on the route. However, its draw-
back is the high level of surgical invasiveness because
it involves thoracotomy and laparotomy. In addition,
either the ascending aorta or descending aorta will be
selected as the inflow of the bypass graft. There are var-
ious reports on the route and method [8-10], and each
has advantages and disadvantages. When the ascend-
ing aorta is selected as the graft inflow, it is necessary
to use a side clamp when anastomosing the ascending
aorta or clamping the ascending aorta under a cardiac
arrest with the establishment of the cardiopulmonary
bypass. In either case, the burden on the heart is mas-
sive, especially in cases of severe cardiac dysfunction.
In addition, the graft may become long and kinked,
and some grafts may pass through the abdominal cav-
ity, resulting in digestive tract complications. When the
descending aorta is selected as the graft inflow, the graft
length is shortened, and it is possible to revascularize
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the abdominal branch from the retroperitoneum, which
is an advantage. However, aortic surgery with left
thoracotomy requires separate lung ventilation, which
is difficult in patients with severe respiratory dysfunc-
tion, and increases the risk of postoperative respiratory
complications [11]. In this case, a reliable reduction in
left ventricular afterload and improvement in bilateral
renal artery perfusion are necessary. Therefore, surgery
was selected for aortic-aortic bypass grafting with the
left thoracotomy retroperitoneal approach and revas-
cularization of the bilateral renal arteries using great
saphenous vein graft. Simultaneous visual field of the
bypassed graft and bilateral renal arteries is required
for revascularization of the bilateral renal arteries. For
this reason, when aorto-aorta bypassing, a tunnel was
created through the aortic hiatus by the retroperitoneal
approach from the dorsal side of the left kidney, and the
ventral side of the left kidney was peeled off. It was pos-
sible to secure a simultaneous visual field and recon-
struct the bilateral renal arteries.

Renal function and cardiac function are closely related,
and the interaction between them is known as car-
diorenal syndrome [12]. Hypertension and decreased
renal blood flow are known to induce an increase in the
renin—angiotensin—aldosterone (RAA) system and other
specialized pathways. Fibrosis of the myocardium and
kidneys has been reported to cause chronic and irrevers-
ible deterioration of cardiac and renal functions [13].
In this case, the plasma renin activity was predicted to
increase, so the RAA system was enhanced due to the
decrease in renal blood flow accompanying the progres-
sion of the coarctation of the aorta, and the increase in
left ventricular afterload led to a progressive decrease in
left ventricular contractility. Preoperative T1 mapping
images by cardiac MRI showed a slight increase in the T1
value of the left ventricular wall. Therefore, fibrosis of the
left ventricular wall was mild, and reverse remodeling of
the left ventricle after surgery and improvement of left
ventricular contractility could be expected. The reduc-
tion of afterload and the improvement of RAA system
activation by the thoracic descending aorta-abdominal
aorta bypass and the reconstruction of blood flow to the
bilateral renal arteries led to an improvement in left ven-
tricular function.

Conclusion

We encountered a rare case of decreased bilateral renal
blood flow and heart failure due to atypical coarctation of
the aorta and progressive decrease in left ventricular con-
tractility. Improvement in cardiac function was observed
after thoracic descending aorta-abdominal aortic bypass
and reconstruction of the bilateral renal artery.
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