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Vein Graft Aneurysm after Aorto-Renal Bypass
for Childhood Renovascular Hypertension Due to

Fibromuscular Dysplasia
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Renovascular hypertension (RVHT) is a major cause of surgically correctable sec-
ondary hypertension. Refractory hypertension despite multiple antihypertensive
drugs requires angioplasty, surgical revascularization, or even nephrectomy. Here-
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in, we report a pediatric patient who had been treated with angioplasty, nephrec-
tomy, and aortorenal bypass surgery for RVHT due to fibromuscular dysplasia
and re-do endoaneurysmal graft replacement for a vein graft aneurysm. This case

highlights the various treatment modalities for RVHT and the recurrent nature of
the disease with a rare presentation of a vein graft aneurysm after aortorenal by-

pass.
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INTRODUCTION

Renovascular hypertension (RVHT) is one of the leading
causes of secondary hypertension. It is correctable by sur-
gery and comprises 5% to 10% of childhood hypertension.
The causes of RVHT are diverse, including fibromuscular
dysplasia (FMD), Moyamoya disease, Takayasu arteritis, or
else. FMD is a heterogeneous group of systemic, nonin-
flammatory, and nonatherosclerotic disease of the vascular
wall. FMD causes renal artery stenosis (RAS) with “string
of beads” appearance, and also affects intrarenal micro-
vasculature and renin-angiotensin system, which leads to
RVHT [1]. Patients with refractory hypertension, despite
adequate medication, require endovascular treatment in-
cluding balloon angioplasty and stenting, as well as surgical
treatment, including bypass graft and nephrectomy. Each
intervention has its advantages and drawbacks. Aortorenal
bypass surgery (ARBS), a surgical revascularization method,
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commonly utilizes an autologous saphenous vein graft (SVG)
as a vascular conduit.

Vein graft aneurysm (VGA) is an uncommon cause of
graft failure and requires appropriate management. Accord-
ing to previous reports, the incidence of VGA varies from
5% to 50% [2-4]. VGA is commonly treated by replacing
the aneurysm with a prosthetic graft. We report a case of
pediatric RVHT, treated with various modalities including
balloon angioplasty, nephrectomy, and ARBS. Rare VGA
developed later and was treated with endoaneurysmal pros-
thetic graft replacement. This case report was approved by
the Institutional Review Board of Seoul National University
Hospital (IRB no. 2102-107-1197). The requirement for in-
formed consent was waived due to the retrospective nature
of the study.
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CASE

A 14-year-old female was referred to our vascular clinic
due to uncontrolled hypertension. She was diagnosed
with RVHT secondary to FMD at age 7. Examination and
screening revealed a systolic blood pressure of 170 mmHg,
stenosis of both renal arteries, and right kidney atrophy, as
observed in computed tomography (CT) images (Fig. 1A).

Balloon angioplasty was performed for stenotic renal
arteries and three antihypertensive drugs were adminis-
tered, including amlodipine, atenolol, and carvedilol (Fig.
1B). However, blood pressure was not well controlled, and
the plasma renin activity (PRA) was very high, measur-
ing 58 ng/mL/h (normal range, 0.3-2.9). Two months later,

right nephrectomy was performed, however, hypertension
persisted. Repeated balloon angioplasty of the stenotic
left renal artery was performed, but recurrent stenosis
developed after two months (Fig. 1C). Therefore, bypass
surgery was decided. A retrograde aorto-left renal bypass
was performed using an autologous great saphenous vein
(GSV) graft (Fig. 2A). ARBS was performed via a midline
transperitoneal approach. After injecting heparin (4,000
units) and mannitol (6 g), the aorta and left renal artery
were clamped, and a reversed GSV was used for a bypass
conduit. Immediately after the operation, the PRA was
reduced to 1.0 ng/mL/h and the blood pressure returned
to within the normal range. Two years after surgery, her
blood pressure increased and was refractory to antihyper-

Fig. 1. (A) Computed tomography coronal image showed atrophic right kidney due to total occlusion of the right renal ar-
tery and severe stenosis of the left renal artery (LRA). (B) Angiography confirmed severe stenosis of the LRA. Percutaneous
transluminal angioplasty (PTA) was carried out on the LRA. (C) Angiography 3 months after PTA revealed restenosis requir-

ing repeated angioplasty.
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Fig. 2. (A) Computed tomog-
raphy (CT) showed the pat-
ent aorto-renal bypass graft
without stenosis or aneurysm.
(B) Angiography 2 years after
surgery revealed aneurysmal
dilatation (2.3 c¢m, two-way
arrow) of the autologous vein
graft. Arrow indicates distal
anastomotic stenosis. (C) CT
after endoaneurysmal graft
replacement with expanded
polytetrafluoroethylene graft
showed patent graft.
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Fig. 3. (A) Operative photo showed the vein graft aneurysm in the left aorto-renal bypass. (B) Endoaneurysmal graft re-

placement with a 6-mm Gore-Tex graft was performed.

tensive medication. PRA increased to 34.3 ng/mL/h. Five
years after bypass surgery, follow-up CT revealed a 2.3-cm
sized aneurysmal dilatation of the vein graft and stenosis
at the distal anastomosis site to the left renal artery (Fig.
2B). Balloon angioplasty with a 4-mm balloon catheter was
performed on the stenotic portion of the distal left renal
artery, and minimal flow improvement was observed. Due
to the high risk of aneurysmal rupture and remaining distal
anastomotic stenosis, a re-do surgery was performed. After
retroperitoneal dissection, the previous aorto-renal vein
graft was dissected from the adherent tissues (Fig. 3). After
injecting heparin (4,000 units) and mannitol (20 g), the aor-
ta and left renal artery were clamped, and endoaneurysmal
graft replacement was performed using a 6-mm expanded
polytetrafluoroethylene (ePTFE) graft (Gore-Tex, W. L. Gore
& Associates, Flagstaff, AZ, USA). The distal anastomosis
was extended to the bifurcation of the left renal artery.
Postoperative CT showed intact graft flow (Fig. 2C). The
postoperative course was uneventful, and the patient was
discharged with a prescription for two antihypertensive
medications. At discharge, PRA decreased to 4.43 ng/mL/
h and the serum creatinine level was normal. Serial duplex
scanning was performed every 6 months thereafter, and
there were no adverse events up to a year of follow-up.

DISCUSSION

Childhood hypertension is rare, and 5% to 10% of cases
are caused by renovascular disease. The causes of RVHT
are fibromuscular dysplasia, neurofibromatosis type 1,
syndromic disease such as Marfan syndrome, vasculitis
such as Takayasu arteritis, Moyamoya disease and extrinsic
compression such as neuroblastoma [5]. The purposes of
treating RVHT are to control the blood pressure elevation
and maintain the renal mass and preserve renal function by
improving the circulation in the kidney. The initial treat-
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ment involves antihypertensive medication, lifestyle modi-
fications, and risk factor management [5].

The indication for revascularization in treating adult
RVHT due to atherosclerosis remains controversial. Re-
vascularization may be helpful in patients with refractory
hypertension, rapid deterioration of pulmonary edema or
glomerular filtration rate, progressive vascular occlusive
disease, and pediatric RVHT. Surgical restoration of renal
blood flow was prevalent in the 1960s; however, endovas-
cular procedures for renal artery revascularization have
increased exponentially since 1996 [6]. Along with angio-
plasty, stent placement aids long-term patency. Surgical re-
vascularization is another option. Renal artery reimplanta-
tion has been performed on the aorta, superior mesenteric
artery, and segmental renal arteries. Renal bypass includes
the aortorenal, iliorenal, splenorenal, and interposition of
renorenal bypass. Resection of the pathologic segment fol-
lowed by re-anastomosis or renal artery patch angioplasty
are other possible options. Partial or total nephrectomy
is performed if necessary [7]. This case is valuable in that
many serial treatment modalities were performed, from
minimally invasive to invasive nephrectomy and bypass.
Furthermore, rare VGA developed and was treated using a
re-do operation. Vascular surgeons should learn about the
merits and drawbacks of each therapy, and a multidisci-
plinary team approach is optimal for treating this disease.

Endovascular treatment is minimally invasive and cos-
metically superior since there is no incision. It can be per-
formed under local anesthesia, although general anesthesia
is usually required in pediatric patients. However, restenosis
of the renal artery may occur; therefore, regular follow-up
and repeated intervention are required. Finally, contrast-
related problems occur in patients with renal dysfunction.
In pediatric patients, balloon angioplasty is preferred and
stenting is not recommended considering the patient’s
growth.
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Surgical revascularization should be reserved for the pa-
tients refractory to balloon angioplasty. Due to the lack of
conduits and small vessels for manipulation, bypass surgery
is usually deferred to adolescents. Nephrectomy of an atro-
phic kidney is an important surgical option to treat RVHT
by removing the source of the elevated renin-angiotensin
system without significant loss of functioning renal mass.

This report focuses on the surgical treatment of RVHT,
especially bypass surgery and VGA.

1) How does a vein graft aneurysm develop? What are the
risk factors?

The hemodynamic environment of the renal bed, which
has low resistance and high-velocity blood flow, is consid-
ered to be the cause of SVG enlargement and aneurysmal
formation, similar to the arteriovenous fistula for hemo-
dialysis. Disruption of the vasa vasorum in children with
immature adventitial and medial plexuses creates focal
dilation with local ischemia [8]. Post-stenotic dilatation also
contributes to aneurysm formation in SVGs. Patients with
genetic diseases or vasculitis may have defective GSVs,
which are prone to aneurysmal degeneration.

2) How often a VGA develops after ARBS?

In 1973, Stanley et al. [3] from the Michigan group re-
viewed 100 ARBS with SVG and reported complications
such as graft expansion, aneurysmal dilatation, and ste-
nosis. The rate of aneurysmal change was 6%, and they
warned of potential aneurysmal degeneration of the SVG
in the pediatric population with RVHT. In 1981, Stanley and
Fry [4] reported a 20% incidence of aneurysmal degenera-
tion in SVGs implanted in children. Revascularization with
vein grafts was standard during the 1960s; however, more
than half of conduits underwent aneurysmal deterioration.

However, in 1974, Dean et al. [9] reviewed 108 patients
with SVGs for ARBS who were followed up for up to 9
years. Aneurysmal degeneration was observed in approxi-
mately 5% of patients, and none required reoperation.

3) Which conduit is optimal for aortorenal bypass in
pediatric RVHT?

Possible vascular conduits for renal revascularization
include autologous veins, arteries, and prosthetic grafts.
A vein is the most commonly used conduit for ARBS and
autologous GSV is mainly used. GSV surpasses prosthetic
grafts in terms of resistance to infection, better primary
patency, and ease of handling, particularly for branch artery
repair [10].
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Coleman et al. [7] from the Michigan group reported
that vein grafts should be avoided for children who re-
quire ARBS due to the risk of aneurysmal change. Rather
they preferred the internal iliac artery (11A) as a conduit for
ARBS. There is a concern regarding 1A excision for grafting
due to the risk of pelvic ischemia; however, there has been
no report of buttock claudication and genitourinary dys-
function [7]. n addition, splenic, hepatic, and gastroduode-
nal arteries are recommended for renal revascularization in
children without celiac axis-associated diseases [11].

Another option is prosthetic grafting. As children have
growth potential, surgical revascularization using a pros-
thetic graft should be delayed until puberty. In addition,
prosthetic grafts are more susceptible to infection than
autologous grafts. The incidence of prosthetic graft infec-
tions ranges from 1% to 6% [12]. Stanley et al. [2] did not
recommend prosthetic grafts due to potential infectivity,
technical difficulties in anastomosing to small arteries, and
unpredictable long-term durability considering the life ex-
pectancy of children.

FMD causes abnormal cell growth in arterial walls, re-
sulting in dissection and multifocal stenosis. Moreover,
FMD is not known to involve the veins or lymphatic system
[13]. Therefore, the use of vein grafts for FMD is not an ab-
solute contraindication.

According to our institution’s protocol, autologous vein
grafts, especially GSV, are recommended as the first choice
of vascular conduit for ARBS. However, in FMD patients
with a high risk of VGA, other conduits or surgical tech-
niques must be considered. Anastomosing a prosthetic graft
to a 2-mm artery is challenging, and long-term patency is
doubtful. Using an autogenous artery also predisposes pa-
tients to vasculitis and aneurysmal changes.

4) Does a VGA rupture, and when does a VGA needs to be
treated?

In this case, VGA was observed two years after ARBS us-
ing autologous GSV. After two more years of follow-up, the
VGA was replaced with a prosthetic graft, considering the
increased risk of rupture and concomitant anastomotic ste-
nosis.

Although rupture is rare, growing aneurysms increase
the risk of ruptures. Interestingly, there are only two re-
ports of VGA ruptures in the literature. In 1999, Lavigne
et al. [14] reported that a 42-year-old female patient with
epigastric pain had a rupture of a 6 cm-sized VGA, 19 years
after ARBS with GSV. A nephrectomy was performed, and
the patient was discharged without complications. In 2000,
Travis et al. [10] reported the rupture of a 6-cm aneurysm
in a 75-year-old female 22 years after ARBS with SVG. The
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patient underwent bypass with an ePTFE graft without
complications. These two patients had ruptured aneurysms
measuring 6 cm, which are definite indications for surgical
treatment. In pediatric patients, no cases of rupture have
been reported.

Treatment for VGA is indicated in cases of symptomatic
or high-risk complications. VGA causes compression, fis-
tula formation in the adjacent structures, and rupture. The
threshold diameter of VGA rupture is unknown; however,
the threshold diameter of the re-do operation should be >2
c¢m and <6 cm.

5) How to treat a VGA

Common methods for treating aortorenal VGA are re-
placement using a prosthetic graft, either endoaneurysmal
or after aneurysm resection, or endovascular treatment.
There are some case reports of successful open repair; six
cases used prosthetic grafts, including four PTFE grafts
and two Dacron grafts [7,10,15-17]. In addition, in 2018,
Hu et al. [18] reported a novel endovascular intervention
for aortorenal VGA using covered stent and coils, which
remained intact after a 12-month follow-up. A covered
stent can be deployed when the proximal and distal landing
zones are sufficiently long without branching, which was
not applicable in our case.

6) How to prevent a VGA?

Recently, Ciftci et al. [19] reported good results with
external stenting after vein grafting for popliteal artery an-
eurysms after a 12-month follow-up. The biomechanical ef-
fects of external stenting may reduce luminal irregularities,
intimal hyperplasia, thrombus formation, oscillatory shear
stress, and aneurysm dilatation. External stenting after
ARBS should also be tested.

Neufang et al. [20] reported 57 infrainguinal bypasses
performed with varicose GSV segments with external PTFE
reinforcement. The primary and secondary 5-year patency
rates were 54% and 73%, respectively. We postulate that

Vein Graft Aneurysm after Aorto-Renal Bypass

external wrapping of the vein graft with a prosthetic graft
may prevent the progression and rupture of the VGA. VGA
prevention by external stenting or wrapping needs to be
proven after long-term follow-up.

In conclusion, this report dealt with the management of
pediatric RVHT secondary to FMD and the complications of
VGA. This case demonstrates the complexity of the treat-
ment for ongoing RAS progression and recurrent stenosis.
The optimal treatment must be individualized according to
the child’s specific renal artery disease and relevant medical
conditions. In ARBS for pediatric RVHT, a vein graft carries
a risk of aneurysmal change, especially in FMD. Thus, it is
necessary to evaluate aneurysmal changes using serial and
long-term duplex ultrasound or CT scanning. VGA can be
treated with prosthetic graft replacement.
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