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Key question

When may surgical revascularization
be considered for the management of
renovascular hypertension in young patients?

Key finding(s)

Surgery may be considered a safe and
effective procedure in cases when angioplasty
is technically unfavourable or has failed.

]

Take-home message

Multiple endovascular procedures should be
avoided in patients with renovascular hypertension.

Abstract

OBJECTIVES: In this study, we aimed to evaluate the early and mid-term outcomes of surgery for renovascular hypertension (RVH) at our
institution, within the last 13 years.

METHODS: We retrospectively reviewed 19 patients who underwent surgery for RVH, between 2005 and 2017. The age at operation, clin-
ical characteristics, cause of arterial stenosis, diagnostic workup, surgical management and outcomes during the follow-up were analysed.
The continuous variables were expressed as mean # standard deviation.
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RESULTS: Twelve female and 7 male patients underwent surgery for RVH. Their mean age was 17.07 + 11.9 years (range 4-42 years). Nine
patients had renal arterial stenosis, and 10 patients had midaortic syndrome (MAS). Aortorenal bypass with the saphenous vein was per-
formed in 6 patients with renal arterial stenosis and 1 patient with MAS. An isolated thoracic aorta-abdominal aortic bypass was per-
formed in 1 patient with MAS, and thoracic aorta-abdominal aortic bypass combined with unilateral aortarenal bypass was performed in
9 patients with MAS. The other surgical procedures performed were 2 autotransplantations and 2 unilateral nephrectomies. Among the
patients with MAS, 4 underwent reoperation. The mean follow-up duration was 45.58 + 32.7 months. Hypertension was cured in 3 patients
and improved in 14 patients. The postoperative follow-up creatinine levels were similar to preoperative creatinine levels. All bypasses were
patent on mid-term follow-up. One patient who underwent aortorenal bypass died 14 months postoperatively.

CONCLUSIONS: Surgical management is a suitable option for patients with RVH, who were unresponsive to medical and/or endovascular
management. Surgical methods are safe and effective in children and young adults with RVH.

Keywords: Renovascular hypertension + Midaortic syndrome « Aortorenal bypass + Aorto-aortic bypass * Autotransplantation

INTRODUCTION

Renovascular disease is a rare but significant cause of hyperten-
sion. It results from a lesion (or lesions) that reduces blood flow
to the kidneys. Although its incidence is ~1% in the adult popu-
lation, it accounts for 8-10% of all paediatric hypertension cases
[1-5]. Headache, seizure, epistaxis, growth retardation, cognitive
dysfunction, polyuria, palpitation and hemiplegia are mainly en-
countered complaints in symptomatic patients [2].

Antihypertensive (AH) drugs and endovascular procedures
play important roles in the treatment of renovascular hyperten-
sion (RVH). Surgical revascularization usually has curative poten-
tial, preserves the renal tissues and prevents end organ damage
[1, 6]. In this study, we aimed to evaluate the early and medium-
term outcomes of surgery for refractory RVH, on the basis of our
experience within the last 13 years.

MATERIALS AND METHODS
Patients

We retrospectively reviewed the medical records of 19 patients,
who underwent surgery for RVH at Hacettepe University
Hospital, between 2005 and 2017. The study was approved by
the institutional review board of Hacettepe University Hospital
(IRB number: 16969557-1795). Written informed consent was
obtained from all patients or parents. Data obtained from the
medical records during the initial and final follow-up clinic visits
were used. We analysed the age at operation, clinical characteris-
tics, cause of arterial stenosis, diagnostic workup, endovascular
and surgical management and outcomes during follow-up. We
conducted telephone interviews with patients who were lost to
follow-up. The decision to perform surgery was made by a multi-
disciplinary team including nephrologists, interventional radiol-
ogists, urologists and vascular surgeons. After clinical evaluation
and laboratory workup, AH drugs were used to achieve optimal
blood pressure levels. In patients who were unresponsive to
medication, we conducted imaging evaluations to identify the
mechanical causes of RVH. We also checked for the presence of
active inflammation before performing invasive procedures in
patients who were eligible for surgical treatment. The appropriate
medical therapy was administered to control the active state of
the disease. For patients in whom endovascular management
could not be performed or failed, surgical revascularization was

considered to maintain adequate renal perfusion and to treat
RVH.

Surgical approach

The thoracic aorto-abdominal aortic bypass was conducted
through a left anterolateral thoracotomy incision in the 5th inter-
space for the inflow from the distal thoracic aorta, and another
incision was made below the umbilicus along the 11th and 12th
ribs for the distal anastomosis. A graft was tunnelled through the
posterolateral part of the left hemidiaphragm. The aortorenal by-
pass was conducted through a subcostal incision with a transper-
itoneal approach.

Surgical procedures

The aortorenal bypass was performed in 6 patients with renal ar-
terial stenosis (RAS) and in 1 patient with midaortic syndrome
(MAS). A reversed proximal saphenous vein was anastomosed af-
ter the administration of heparin (100 units/kg) and mannitol.
We used mannitol because it is an osmotic diuretic with antioxi-
dant and renovascular effects that could preserve renal function.
Both anastomoses were performed in an end-to-side manner
with fine prolene sutures. Grafts were trimmed and positioned
carefully to avoid kinking or twisting due to excessive length or
poor positioning (Fig. 1). Autotransplantation was performed in
2 patients with RAS. Nephrectomy was performed in 2 patients
with non-functional kidneys. The isolated thoracic aorto-abdomi-
nal aortic bypass was performed in 1 patient with MAS. Thoracic
aorto-abdominal aortic bypass combined with unilateral aortare-
nal bypass was performed in 9 patients with MAS. The preferred
conduit for aorto-aortic bypass was the knitted Dacron graft
(Jotec® GmbH, Hechingen, Germany).

Clinical outcomes

Surgical outcomes were evaluated on the basis of blood pressure
measurements and the requirement for AH medication.
Hypertension was defined as average systolic and/or diastolic
blood pressure greater than or equal to the 95th percentile for
sex, age and height [7]. Blood pressure response was assessed
according to the modified 1987 Renal Working Group guidelines
[8], as follows: (i) cure: normal blood pressure was achieved, elim-
inating the need for AH medications; (i) improvement: normal
blood pressure was achieved but the same or reduced
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medications were still required; and (iii) failure: hypertension per-
sisted or >3 medications were still required.

Renal function was evaluated by assessing the estimated glo-
merular filtration rate, which was calculated using the
Modification of Diet in Renal Disease study equation.

Statistical analysis

All data were analysed using the Statistical Package for Social
Sciences (SPSS 16.0; SPSS Inc., Chicago, IL, USA). Categorical vari-
ables were presented as a number and compared using either
the Pearson 7 test or the Fisher's exact test, in case the minimum
expected number in each cell is <5. Continuous data were
expressed as mean * standard deviation, 95% confidence interval

Figure 1: A 13-year-old male patient with the midaortic syndrome and left re-
nal artery stenosis due to abdominal aortic coarctation presented to the clinic
with a severe headache and recurrent hypertension with blood pressure reach-
ing up to 190/120 mmHg despite taking 3 antihypertensive drugs. The com-
puted tomographic angiographic image of a patent aorto-aortic Dacron
bypass (big arrow) and prothesiorenal interposition of the greater saphenous
vein (small arrow) at the 2-year follow-up is shown. The patient’s blood pres-
sure decreased to 125/85 mmHg under medical treatment with a single beta-
blocker.

Table 1: Clinical manifestations and patient characteristics

(CI) and range. Continuous data were tested for normal distribu-
tion using the Shapiro-Wilk test and graphical methods (histo-
gram, Q-Q plots). Between-group comparisons were performed
using either the Student’s t-test or the Mann-Whitney U-test for
normal and non-normal distributed data, respectively. Paired
t-test was used to compare the repetitive measurements of the
creatinine values that fit the normal distribution.

RESULTS
Patient characteristics

Twelve female and 7 male patients who underwent surgical treat-
ment for RVH were enrolled in this study. Their mean age was
17.07 £ 11.9years (95% Cl 11.32-22.82). The mean duration of
symptoms, preoperatively, was 30.97 + 40.2 months (95% Cl 10.3-
51.6). According to chronic kidney disease staging, 18 patients
had stage | disease and 1 patient had stage IV disease. The mean
sedimentation rate was 6.6+24mm/h (95% Cl 3.61-9.59) in
patients with RAS and 10.5+6.7 mm/h (95% ClI 3.42-17.58) in
patients with MAS. The mean follow-up duration was
45.58 +32.7 months (95% Cl 28.75-62.42) (Table 1).

Nine patients had isolated RAS, and 10 patients had MAS
(Tables 2 and 3). The associated diagnoses were Takayasu arteritis
(TA), fibromuscular dysplasia and neurofibromatosis (NF) type 1
in 7, 4 and 2 patients, respectively. In patients with MAS, com-
puted tomographic angiography (CTA) revealed stenosis of the
middle aorta and the renal and visceral arteries [9, 10].

TA, characterized by non-specific chronic inflammation of the
aorta and its branches, is a major cause of RVH in the young
population, especially in Asian countries [5]. The diagnosis of TA
was confirmed using the American College of Rheumatology-
outlined criteria according to the characteristic clinical and radio-
logical findings [11]. Fibromuscular dysplasia was defined as an
idiopathic, segmental renal arterial occlusive disease with medial
or perimedial hyperplasia [12].

Clinical presentation

Uncontrolled hypertension was the major clinical finding in all
patients. Each patient was initially treated with at least 3 AH med-
ications. The main symptoms were a headache, abdominal pain,
chest pain, vomiting and failure to thrive. Two patients were

All patients (n=19) RAS (n=9) MAS (n=10) P-value
Age (years), mean + SD 17.07+11.9 19.81+15.9 146+6.8 0.382
Gender (n) (female/male) 12/7 6/3 6/4 0.764
Duration of symptoms (months), mean + SD 30.97 £40.2 35+427 27.39£40.1 0.606
CKD (n) Stage I/Stage IV 18/1 8/1 10/0 0.212
Associated diagnosis (n) TA/FMD/NF1 7/4/2 2/4/0 5/0/2 0.065
ESR (mm/h), mean + SD 8.73+54 6.60+2.4 10.5+6.7 0.253
Creatinine (preoperatively) (mg/dl), mean + SD 0.62+0.3 0.62+0.38 0.61+0.23 0.943
Creatinine (FU) (mg/dl), mean + SD 0.61+0.3 0.61+0.46 0.61+0.17 0.990
FU duration (months), mean + SD 4558 +32.7 27 +20.1 62.11+33.3 0.022

CKD: chronic kidney disease; ESR: erythrocyte sedimentation rate; FMD: fibromuscular dysplasia; FU: follow-up; MAS: midaortic syndrome; NF1: neurofibromato-

sis type 1; RAS: renal artery stenosis; TA: Takayasu arteritis.
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Table 2: Characteristics of the patients with renal artery stenosis

No Age (years) Gender Number of interventional Operation Creatinin (preoperative/FU) Graft
procedures before surgery (mg/dl) patency g
1 42 Female 1 (failed) Right aortorenal bypass 0.75/0.6 Patent 22_5
2 24 Female 1 Left aortorenal bypass 0.95/0.78 Patent o
3 5 Female 1 Left aortorenal bypass 0.39/0.3 Patent &
4 4 Male Right aortorenal bypass 0.36/0.37 Patent 2;
5 33 Female 2 Autotransplantation 0.64/0.68 Patent g
6 4.5 Male 1 (failed) Right aortorenal bypass 0.52/0.38 Patent >
7 34 Female 5 Autotransplantation 1.45/1.73 Patent g
8 1.8 Female 1 (failed) Left aortorenal bypass 0.3/0.24 Patent 2
9 4 Male Nephrectomy 0.26/0.42 g
FU: follow-up. %
3

Table 3: Characteristics of the patients with midaortic syndrome

No Age Gender  Site of aortic Number of Operation Reoperation Creatinine Graft
(years) stenosis interventional (preoperative/  patency
(suprarenal/renal)  procedures FU) (mg/dl)

before surgery

1 15 Male Renal Aorto-aortic bypass + left 0.56/0.65 Patent

aortorenal bypass 5
2 22 Female  Suprarenal Aorto-aortic bypass 0.68/0.55 Patent g
3 27 Male Renal Aorto-aortic bypass + left Right iliorenal bypass ~ 0.98/0.91 Patent N
aortorenal bypass ©
4 12 Female  Renal 3 Aorto-aortic bypass + left Right iliorenal bypass ~ 0.62/0.52 Patent o
aortorenal bypass g
5 18 Female  Renal Aorto-aortic bypass + left Right iliorenal bypass ~ 0.87/0.76 Patent I
aortorenal bypass (:-’3
6 15 Male Renal 2 Aorto-aortic bypass + left 0.58/0.63 Patent ﬂ
aortorenal bypass H
7 4 Female  Renal Left aortorenal bypass Aorto-aortic bypass 0.24/0.44 Patent T
+ left aortorenal m
bypass %
8 14 Female  Renal 2 Aorto-aortic bypass + left 0.6/0.59 Patent <
aortorenal bypass %
9 13 Male Renal Aorto-aortic bypass + left 0.72/0.73 Patent (2}
aortorenal bypass j
10 6 Female  Renal 1 Nephrectomy Aorto-aortic bypass 0.29/0.31 Patent =
+ right aortorenal g
bypass )
FU: follow-up. Pe
0
S
z
asymptomatic, and RVH was incidentally diagnosed on routine 1 patient. None of our patients had infrarenal MAS. Coexisting o
physical examination. abdominal aortic stenosis was detected in the coeliac artery, hep- =
atoduodenal artery or superior mesenteric artery. The inferior 3
Endorgan function me.senteric artery showed compensatory .enlargen.went in thqse 2
patients; therefore, they were asymptomatic and did not require =
The initial diagnostic workflow of patients included physical any treatment. One patient with MAS had stenosis of the left pul- g
examination with fundoscopy, serum biochemical analysis, elec- monary artery, and 1 patient with RAS had anterior mitral cleft 2
trocardiography, echocardiography and renal Doppler ultraso- with mild insufficiency. ©
nography. Sixteen patients had left ventricular hypertrophy on ]
echocardiographic examination, and 1 patient had severe retinal g
vasculature changes. There was no dialysis-dependent patient in Preoperative imaging &
the study group. §
The renal artery and aorta and its major branches were assessed o

Anatomical characteristics using CTA in 13 patients. Digital subtraction renal angiography

was performed in 11 patients who were candidates for endovas-

The most common MAS type was intrarenal, which was observed cular intervention. Magnetic resonance angiography was per-

in 9 patients, followed by the suprarenal type, which was seen in formed in 2 patients.
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Percutaneous interventions

Preoperatively, 16 percutaneous renal artery interventions were
performed in 7 patients; however, all of these cases necessitated
surgical procedures during follow-up. In 3 patients, the percuta-
neous interventions were unsuccessful owing to technical rea-
sons. Left renal artery embolization was performed before
nephrectomy in 1 patient (Table 3; MAS group, patient no. 10).
A repeat percutaneous transluminal renal angioplasty (PTRA) for
right renal artery stenosis was performed (Table 3, MAS group,
patient no. 4) in 1 patient with MAS at the 2-year follow-up.

Histological examination

A pathological specimen of the thoracic aorta was obtained in 2
of the 19 patients. Marked intimal thickening, granulomatous in-
flammation and lymphocytic infiltration compatible with TA
were observed on microscopic examination.

Postoperative follow-up

Blood pressure levels were checked and creatinine levels were
measured at each visit. Echocardiographic examinations were
performed postoperatively, at the 6-month and 1-year follow-up.
The postoperative follow-up creatinine levels were similar to pre-
operative creatinine levels in both groups (In RAS group 95% ClI
of the difference -0.104 to 0.131 and in MAS group 95% Cl of the
difference -0.68 to 0.78). The patency of the surgical bypasses
was assessed using CTA, magnetic resonance imaging or duplex
ultrasonography. CTA was scheduled at 1 and 12 months, post-
operatively. Lifelong aspirin therapy was routinely prescribed in
the postoperative period (5mgkg™ day™" in children and 100 mg
in adults). Patients who had active inflammation were prescribed
steroids or immunosuppressive agents.

During the follow-up, AH drugs were discontinued in 3
patients who were identified to be normotensive. Fourteen
patients were normotensive and required less AH drugs than the
ones, which were used previously. However, in 2 patients in the
MAS group, blood pressure was not controlled despite surgery
(Table 3; patient nos. 7 and 10).

Early and medium-term outcomes

None of the patients died in the early perioperative period and
during the follow-up. The mean follow-up time was
47.4 £31.5 months. All aortic and aortorenal bypasses were found
to be patent in the imaging evaluation performed during the last
follow-up. A 13-year-old male patient with MAS and left renal ar-
tery stenosis, in whom an aorto-aortic Dacron bypass and pro-
thesiorenal interposition of the greater saphenous vein were
performed, had patent grafts during the 2-year follow-up CTA
(Table 3; patient no. 9) (Fig. 1).

A 15-year-old male patient with MAS developed hydroneph-
rosis at 7 days postoperatively, which was treated with a | stent
(Table 3; patient no. 6). Another 15-year-old male patient with
MAS (Table 3; patient no. 1) developed pleuropericarditis post-
operatively at 1 month, which was treated with a pleuropericar-
dial window.

A 34-year-old female patient with RAS and associated TA had
stage IV chronic kidney disease and a history of right

nephrectomy (Table 2; patient no. 7). She was taking cyclophos-
phamide and uromitexan. Stenting and balloon angioplasty were
performed once in her nephrectomized right kidney and 4 times
in her left kidney. Because neither attempt was able to maintain
adequate blood flow, she underwent autotransplantation for
acute renal failure, which was successful. At 4weeks postopera-
tively, she developed perirenal collection and was treated with
percutaneous drainage. Her kidney was functioning well at the
11-month follow-up.

Reoperation was performed in 5 patients in the MAS group
because of uncontrolled hypertension or progression of arteritis.
During our initial experience in the early years in this study
group, we performed reoperation in a 4-year-old girl with MAS
and TA, who had high B-type natriuretic peptide levels, showed
progression of TA in the abdominal aorta and had concurrent sa-
phenous graft aneurysm at 1year after the aortorenal bypass
procedure (Table 3; patient no. 7). We resected the aneurysmatic
graft sac, recreated an aortorenal bypass with a saphenous vein
and reconstructed an aorto-aortic bypass with a 10-mm Dacron
graft thereafter. Unfortunately, she had poor blood pressure con-
trol despite having patent grafts, which were confirmed on CTA
performed 40 months postoperatively. Another patient, a 6-year-
old girl with NF and MAS, first underwent unilateral nephrec-
tomy and then aorto-aortic and right aortorenal bypass
20 months thereafter for hypertension control; however, her
blood pressure was still poorly controlled (Table 3; patient no.
10). Owing to the poor blood pressure control in 3 patients with
MAS, right iliorenal bypasses with an autologous saphenous vein
were performed after the initial procedure, which achieved a suc-
cessful blood pressure response during the follow-up.

A 42-year-old female patient with a solitary kidney (Table 2;
patient no. 1) died of a cerebrovascular accident at 14 months
postoperatively.

DISCUSSION

The current study reviewed the surgical management of RVH in
children and young adults with lesions isolated in the renal artery
or coexisting lesions in the abdominal aorta and its branches.
Surgical treatment is necessary for patients who are refractory to
AH drug therapy with target-organ damage or in those who are
unresponsive to endovascular interventions. The aetiological fac-
tors for RVH were TA, fibromuscular dysplasia, NF and MAS in
this study. We observed a high incidence of TA, which is com-
mon in Asian countries. Surgical and endovascular procedures in
patients with vasculitis have to be performed once the active
phase of the disease is controlled with appropriate medical
therapy.

The diagnostic methods include duplex ultrasonography, CTA,
contrast-enhanced magnetic resonance angiography, selective or
non-selective contrast angiography and central vein renin sam-
pling [13]. At our centre, we prefer CTA, as we consider it a useful
diagnostic and follow-up method that could be used to check
disease progression, bypass graft patency and restenosis after
PTRA.

Pre- and postoperative plasma renin activity and aldosterone
levels might have provided objective evidence to be discussed if
we had; however, as this is a retrospective study and checking
these lab parameters were not a routine procedure given the fact
that its sensitivity and specificity are low in RVH, these lab meas-
urements were not available in our study cohort [14].
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Even after interventional or surgical treatment, patients with
RVH may still have uncontrolled hypertension despite the use of
multiple AH drugs. Therefore, aggressive medical therapy should
be an integral part of the treatment. The timing of revasculariza-
tion is also important. The clinical criteria for revascularization in
the presence of a significant RVH include poor blood pressure
control despite the use of multiple AH drugs, evidence of endor-
gan damage and renal function deterioration resulting in de-
creased renal size and loss of renal mass [5]. Moreover, poor
compliance with medications is one of the relative indications for
surgery in these patients [15].

Currently, PTRA is often preferred to the more invasive surgical
interventions for renovascular lesions, and surgical repair is
delayed in infants [6]. It is reasonable to delay surgery in younger
children, as it is known that surgical procedures can be success-
fully performed after the age of 3 years [16]. In children, develop-
mentally abnormal vessels are likely to be resistant to balloon
dilation even with stenting because of their hypoplastic and fi-
brotic nature [17]. We observed procedural angioplasty failure
and restenosis in 3 and 4 paediatric patients, respectively.
Accordingly, in cases of uncontrolled (especially symptomatic)
RVH, renal artery lesions should be repaired regardless of age. At
our centre, a 22-month-old girl who had severe and symptom-
atic hypertension despite medical therapy, due to left renal artery
stenosis, underwent an aortorenal bypass with an autologous sa-
phenous vein after a failed balloon angioplasty attempt.
Therefore, personalization of the treatment strategy may be re-
quired according to each patient’s clinical situation and the se-
verity of the clinical problem.

At our medical centre for RVH during the last 13 years, medical
treatment and PTRA were the primary approaches. Surgical treat-
ment was reserved for long-segment and complex renal artery
stenosis, abdominal aorta or branch renal artery involvement,
failed angioplasty and procedural complications [5].

RVH could be treated surgically using a variety of techniques
including arterial reconstruction with autologous or synthetic
grafts, renal artery reimplantation, autotransplantation and ne-
phrectomy [18, 19].

Renal autotransplantation should be the final approach for
preventing kidney loss in renovascular diseases and when con-
ventional methods have failed [20]. Autotransplantation was per-
formed in 2 patients with RAS. One patient had a renal artery
aneurysm that was not suitable for reconstruction, and the other
patient had an evolving acute renal failure secondary to stent re-
stenosis and failed angioplasty. The last patient had stent resteno-
sis and underwent a total of 5 procedural interventions. Thus,
multiple percutaneous interventions should be avoided owing to
the risk of endothelial damage and intimal proliferation.

Most studies have reported a high incidence of aneurysmal di-
latation after renal revascularization procedures with saphenous
vein grafts [21, 22]. Destruction of the elastic component of the
media occurring before fibrosis of the adventitia may cause an-
eurysm [23]. The internal iliac, splenic, hepatic and gastroduode-
nal arteries were reported in the literature as the conduits of
choice for aortorenal bypass in children [18, 24]. Excellent results
of direct renal artery implantation were reported by Stanley et al.
[16] in 97 children with RVH.

Feng et al. [25] reported that aortorenal bypass with an autolo-
gous saphenous vein graft is a safe, effective and durable method
for TA-induced RAS, leading to marked improvements in blood

pressure control and renal and cardiac function. We also used an
autologous saphenous vein and observed a significant graft aneu-
rysm in only 1 patient.

An anastomotic aneurysm is another common surgical compli-
cation. Although the present study results seem favourable, as
there were no cases of anastomotic aneurysms, regular imaging
follow-up for arterial complications is necessary.

RAS and coarctation of the thoracic aorta are the most com-
mon surgical causes of hypertension in infants. The aetiology of
MAS is unknown. However, its association with NF and William'’s
and Alagille’s syndromes has been described [26, 27]. Mesenteric
vascular stenosis (coeliac and/or superior mesenteric artery) is
usually silent. Additional mesenteric or iliac reconstructions are
rarely necessary. Dacron or Goretex prosthetic grafts are used for
aorto-aortic bypass. The long-term patency is good with a single
antiplatelet agent (acetylsalicylic acid), and anticoagulation is not
required [22].

Favourable long-term hypertension outcomes with no periop-
erative deaths were reported in the literature, and >90% of
patients have benefited from surgical treatment [28, 29]. There
may be some exceptions, and some patients will need reopera-
tions because of progression of the disease or growth of the pa-
tient. Surgery offers a cure or at least a marked improvement in
RVH in these age groups [6].

We presented our surgical experience in 19 children and
young adults with RVH. We preferred aortorenal bypass with a
free graft of autogenous saphenous vein and aorto-aortic bypass
with a Dacron graft. Autotransplantation and nephrectomy, as
the last treatment options, were the other options in our patient

group.

Limitations

This study has several limitations. First, it is a retrospective case
series with a limited number of patients. Second, given the size
of our study population, the results of the surgical bypass with re-
spect to the autogenous vein grafts have to be clarified in studies
with a larger number of patients.

CONCLUSION

In conclusion, surgery is a relatively safe but secondary treatment
option for patients with severe RVH. Although interventional pro-
cedures are the initial treatment options for RVH, multiple inter-
ventional procedures should be avoided in patients who can
tolerate surgical management. The role of percutaneous interven-
tion is very limited in MAS, and we primarily prefer surgical man-
agement in this subgroup of patients.
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