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Abstract

Mid-aortic syndrome (MAS) is an uncommon condition characterized by severe narrowing of the abdominal aorta, usually
involving visceral and renal arteries. Most patients are asymptomatic and typically present with incidental hypertension
which might evolve into end-organ damage if untreated. Our aim was to review 8 new pediatric MAS cases. A retrospective
observational study of all pediatric patients with MAS diagnosis (April 1992-November 2021) was conducted. Patients
underwent systematic evaluation (medical and family history; 12-lead electrocardiogram; echocardiogram; angiography and/
or computed tomography or magnetic resonance angiography). 8 pediatric patients with MAS were included. Median age
at diagnosis was 2.6 [0.2—4.7] years; median follow-up time was 8.6 [6.6—10.0] years. 6/8 patients presented with incidental
hypertension, 1/8 with heart murmur, and 1/8 with heart failure symptoms. All patients were on antihypertensive treatment.
1/8 patients underwent surgery and 7/8 an endovascular treatment. At the end of the study period, among the 6 patients that
underwent a successful endovascular procedure, 2 achieved good blood pressure (BP) control, 2 acceptable BP control, 1
stage 1 hypertension and, another, stage 2 hypertension. There was 1 death during follow-up. BP monitoring in pediatric
patients is crucial for early recognition of MAS. Treatment should be based on the individual clinical characteristics of
patients with careful planning of surgical revascularisation, if possible, after adult growth is completed. Our study demon-
strates that endovascular treatment might be a good alternative to surgery. Nevertheless, further trials with larger sample
size and longer-term follow-up are required to determine the best treatment approach.
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Introduction

Mid-aortic syndrome (MAS) was first described by Senet
al. in 1963 [1]. It is characterized by severe narrowing of
the distal thoracic and abdominal aorta, frequently involving
visceral and renal arteries [2]. It is an uncommon condition
accounting for the 0.5-2% of the thoraco-abdominal aortic
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coarctation [3, 4]. It results in severe renovascular hyperten-
sion (HT) mainly affecting children and young adults [5, 6].

MAS etiology is unknown, being the majority of cases
idiopathic [2, 7]. Nevertheless, MAS has been reported
associated with congenital disorders (neurofibromatosis) or
acquired disorders (Takayasu arteritis) [1, 5, 8—10].

Most patients are asymptomatic and typically present
with incidental HT, often unresponsive to antihypertensive
agents. However, symptoms like headache, dyspnea or even
claudication, abdominal angina, and heart failure have been
reported [2].

Angiography is the gold standard diagnostic for MAS
[6]. Magnetic resonance angiography (MRA) or computed
tomography angiography (CTA) are good non-invasive alter-
natives, not only for diagnosis but also for treatment plan-
ning [11-13].

Treatment options include antihypertensive medica-
tion, percutaneous transluminal angioplasty (PTA) (+ stent
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implantation), surgical revascularisation, or even unilateral
nephrectomy [2, 11].

This study aimed to report the presentation, diagnosis,
management and long-term follow-up of 8 pediatric patients
with MAS.

Methods
Data Collection

A retrospective observational study was conducted includ-
ing all consecutive pediatric individuals (aged < 18 years)
with a diagnosis of MAS seen at Hospital Sant Joan de Déu
between April 1992 and November 2021. Medical records
were systematically reviewed. The study was approved by
our institutional Research Board and consent waived in view
of the retrospective data collection.

Clinical Evaluation

Patients underwent systematic evaluation, including per-
sonal and family medical history; physical examination;
resting 12-lead ECGs; two-dimensional, color and Doppler
echocardiography; abdominal-vessel Doppler ultrasound;
and angiography, CTA, or MRA. Genetic testing was per-
formed in those patients with other associated anomalies and
suspected genetic syndromes. Clinical data were collected
at baseline and during follow-up until patients were transi-
tioned to adult services at 18 years of age, until the end of
the study period or until patient’s death.

Blood pressure (BP) response after treatment was clas-
sified as follows: good BP control (normotensive) when
BP was < 90th centile for gender and height centile accord-
ing to current guidelines [14]; acceptable BP control when
BP was between 90 and 95th centile; stage 1 HT when BP
was > 95th centile but <5 mmHg above 99th centile; and
stage 2 HT when BP was >5 mmHg above 99th centile.
Renal dysfunction was defined as estimated glomerular fil-
tration rate (¢GFR) < 90 ml/min/1.73 m?, using the Schwartz
formula [15].

Nonpharmacological and Pharmacological
Treatment

At present, there are a paucity of long-term follow-up stud-
ies to guide choice of antihypertensive agents in pediatric
patients with HT [16, 17]. Nonetheless, current pediatric
guidelines recommend initial lifestyle and nonpharmacologi-
cal interventions to diminish BP [16, 17]. In pediatric popu-
lation with HT, the optimal BP level with nonpharmaco-
logical and medical therapy to be achieved should be < 90th
percentile or < 130/80 mmHg if > 13 years old, whichever

is lower (grade C, moderate recommendation) [17]. If non-
pharmacological therapy fail to lower BP, especially in the
context of left ventricular hypertrophy (LVH) on echocar-
diography, symptomatic HT, stage 2 HT with no modifi-
able causes (namely obesity), current international pediatric
guidelines propose to initiate treatment with a single drug
at the lowest recommended dose and up-titrate it until the
maximum tolerated or recommended dose is achieved, with
close monitoring of side effects and until target BP value is
reached (Fig. 1) [16-18]. The American Academy of Pedi-
atrics (AAP) proposes, as initial treatment, angiotensin-
converting enzyme inhibitors (ACEi), angiotensin receptor
blockers (ARB), long-acting calcium channel blockers, or
thiazide diuretics (grade B, moderate recommendation) [17].
Beta-blockers are not recommended as first-line pediatric
treatment [18]. A second or third drug should be initiated
if monotherapy or bitherapy (respectively) does not reach
cut-off BP [18]. In adults, resistant HT is described as persis-
tently high BP regardless of treatment with >3 antihyperten-
sive drugs of different classes. However, there are currently
no data to confirm that treatment-resistant HT in childhood
population exists [17]. In pediatric patients with suspected
treatment resistance, AAP proposes to consider the evalua-
tion and management strategies recommended in adults with
resistant HT [17, 19].

Statistics
Non-normally distributed data are presented as a median

[interquartile range (IQR)]. Categorical variables are pre-
sented as number (7) and percentages (%).

ACEi or ARB*
If BP >90t" percentile and/or
>130/80mmHg if 213 years old

BB or CCB

If BP >90t" percentile and/or
>130/80mmHg if 213 years old

Diuretics

Fig. 1 Drug treatment strategy for hypertension in patients with mid-
aortic syndrome. ACEi angiotensin-converting enzyme inhibitor,
ARB angiotensin receptor blocker, BP blood pressure, CCB calcium
channel blocker. *Contraindicated if bilateral renal artery stenosis or
impaired renal function
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Results

8 pediatric patients with MAS diagnosis were included
in this study. Table 1 shows patients’ demographic and
clinical characteristics. The median age at diagnosis was
2.6 [0.2-4.7] years and the median follow-up time was 8.6
[6.6-10.0] years. No patients had relevant family history.

Presenting Features

Six patients (75.0%) were referred for cardiac screening
because incidental finding of HT [median age 2.9 (0.1-4.9)
years], one patient (patient 2, 12.5%) because of the pres-
ence of a heart murmur in routine medical examination,
and the last (patient 8, 12.5%) due to heart failure symp-
toms. All patients but one (patient 4, 12.5%) had LVH on
echocardiogram. Patient 4 was additionally found to have
isolated pericardial effusion without hemodynamic com-
promise which self-resolved over the following months.

Patient 8 presented at the age of 8 months with fever
and shortness of breath and cardiomegaly on her chest-XR.
She was subsequently admitted to the pediatric intensive
care unit (PICU) for suspected myocarditis vs dilated car-
diomyopathy as her echocardiogram demonstrated dilated
left ventricle (LV) with impaired ejection fraction (EF).
During her admission, she was found to be hypertensive
and her angiography confirmed MAS diagnosis. Her LVEF
gradually improved after diuretics and ACEi were started.
Her LV end-diastolic diameter and LVEF progressively
normalized over the next months.

Associated Findings

Genetic analysis was performed in 5 patients
(62.5%). Patient 2 and 4 were heterozygous for a
pathogenic variant in SMAD4 gene [p.lle500Val
(NM_005359.5:¢c.1498A > G)] consistent with Myhre
syndrome. Patient 3 was found to carry variants of
unknown significance (VUS) in LZTRI [p.Asp185fs
(NM_006767.3:¢.552_553dupTG], FLNC [p.Thr788Met
(NM_001458.4:¢.2363C > T)] and TSCI genes
[p.Thr798Met (c.2393C > T)]. Patient 5 was not found to
present any mutations included in a genetic panel for vas-
cular diseases. Patient 6 was found to carry a pathogenic
variant in HNF1B gene with no available data for the exact
variant identified. Patient 7 was clinically diagnosed with
Neurofibromatosis type 1 (NF1) although genetic analysis
was negative for this condition.

@ Springer

Extent of the Disease

Table 2 shows the extent of the disease for each patient.
All patients presented narrowing of the abdominal aorta at
different levels with involvement of the renal arteries in 7
(87.5%). Precisely, six patients (75.0%) had bilateral renal
artery stenosis (RAS) and one (12.5%, patient 6) unilateral
RAS (left artery stenosis).

Seven patients (87.5%) had intestinal arterial involve-
ment. However, none of them presented with mesenteric
ischemia. Five (62.5%) patients had iliac artery narrowing
and one (12.5%, patient 3) occluded iliac arteries. Patient
6 (12.5%) developed claudication during follow-up which
improved after performing percutaneous transluminal angi-
oplasty (PTA) of the abdominal artery together with the
implantation of a stent at the same level and in the left renal
artery (see treatment section for further details).

Five patients underwent a cerebral CTA or MRA: three
were normal (60.0%), one (patient 5, 20.0%) had a hypo-
plastic left internal carotid artery, and another (patient 3,
20.0%) showed severe obstruction of the origin of the left
carotid artery which was also hypoplastic. Moreover, this
later patient had right aortic arch and hypoplastic pulmonary
arteries.

Treatment, Follow-Up and Final Outcome
Medical Therapy

Medical treatment was the first-line treatment for all patients,
requiring a combination of up to a median of 2.5 [1.3-3.0]
antihypertensive agents (Table 3).

While on ACEi treatment, patient 5 presented transient
deterioration in renal function (¢GFR 69 ml/min/1.73 m?).
ACEi dose was reduced with subsequent improvement of
her renal function. Patient 4 received antihypertensive treat-
ment only. However, the remaining seven patients (87.5%)
required additional treatment with PTA (& stent implanta-
tion) and/or surgical treatment.

Endovascular Treatment

Seven patients (87.5%) underwent cardiac catheterization at
a median age of 8 [0.5-63.0] months. PTA was performed
more than once in 6 patients (85.7%) with a median of 2.0
[1.0-4.0] interventions. PTA was unsuccessful in patient 7
(28.6%). Three patients (42.9%) underwent PTA for unilat-
eral or bilateral RAS with stenting. Four children (57.1%)
had balloon dilatation and stenting of the aorta (for patient
2 at the level of the thoracic aorta, for the remaining patients
at the abdominal aorta).
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Table 2 Extent of the disease of mid-aortic syndrome patients

Patient Extent of disease Coeliac axis Superior Inferior Renal arteries Iliac arteries
N mesenteric mesenteric
artery artery

IM Descending thoracic aorta to infrare- Narrowed  Narrowed N/A Both narrowed Narrowed
nal aorta

2M Descending thoracic aorta to infrare- Narrowed  Narrowed Narrowed Both narrowed Narrowed
nal aorta

3F Abdominal aorta to infrarenal aorta, ~ Normal Narrowed Narrowed Both narrowed Occluded (L)
hypoplastic L carotid artery, and Narrowed (R)
hypoplastic pulmonary arteries

4M Descending thoracic aorta, abdominal Narrowed  Normal Normal Irregular L renal artery; normal R~ Normal
aorta to infrarenal aorta

5F Abdominal aorta to infrarenal aorta. ~ Narrowed Narrowed Narrowed One R and two L, narrowed (R>L) Normal
Hypoplastic L internal carotid
artery

6M Abdominal aorta to infrarenal aorta Normal Normal Normal L narrowed Narrowed

™ Abdominal aorta to infrarenal aorta Narrowed Narrowed Narrowed Both narrowed (L >R) Normal

8F Abdominal aorta to infrarenal aorta Narrowed Narrowed Normal Occluded (L); Narrowed (R) Narrowed

F female, L left, M male, N number, N/A not available, R right

Table 3 Last documented blood

. Patient N Age (years) SBP, mmHg [IQR] DBP, mmHg [IQR] Medical treatment
pressure and medical treatment
of mid-aortic syndrome patients 7.6 114 [108.0-115.0] 75 [73.8-77.3] Labetalol

Amlodipine
Hydrochlorothiazide

2 10.6 127 [126.0-128.0] 89 [85.0-89.0] Losartan
Carvedilol

3 0.1 N/A N/A PRN Nifedipine*

4 13.0 142 [122.0-158.0] 78 [64.0-86.0] Enalapril

5 12.4 119 [109-120.8] 64.0 [52.0-78.0] Enalapril
Labetalol
Amlodipine
Spironolactone

6 25.5 168 [161.5-176.0] 90.0 [85.5-91.5] Candesartan/Hydro-

chlorothiazide

Benidipine
Bisoprolol

7 10.7 131.0 [128.5-131.5] 59.9 [56.5-68.0] Captopril
Carvedilol
Amlodipine

8 11.0 114.0 [107.8-118.5] 76.9 [70.5-77.0] Amlodipine

BP blood pressure, DBP diastolic blood pressure, /QR interquartile range, N number, N/A not available,

SBP systolic blood pressure, y years

*Initially on enalapril switched to PRN nifedipine for better blood pressure control

Surgical Treatment

Two patients (25.0%) underwent surgery for aortic coarcta-
tion: patient 2 underwent extended coartectomy of the aortic
arch with term-terminal anastomosis and patient 8 an aorto-
renal bypass and a splenorenal bypass (see below for further
details). Patient six’s parents rejected surgical revasculariza-
tion for potential complications.

@ Springer

Outcome

At the end of the study, all patients were on antihyperten-
sive treatment with a median of 3 [1-3] agents. Among the
6 patients that underwent a successful PTA procedure, two
(25.0%) had good BP control, two (25.0%) acceptable, but
one (12.5%) remained in stage 1 HT, and another (12.5%)
in stage 2 despite antihypertensive treatment. One patient
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(12.5%, Patient 3) died during follow-up due to congestive  Patients’ Treatment Details and Follow-Up

heart failure. All patients had normal renal function and

ophthalmological examination at the end of the follow-up  Patient1 A 3-day-old boy presented with hypertension. His

period. echocardiogram demonstrated distal thoracic aorta coarc-
tation. Angiography and CTA confirmed MAS diagnosis
(Fig. 2A—C). Owing to his young age, it was decided to start

Fig.2 Computed tomography angiography (CTA) of patient 1. A, tion. Additionally, it demonstrates hypoplastic abdominal aorta, renal,
B Three-dimensional CTA showing a hypoplastic thoracic aorta and and iliac arteries. C CTA images showing the hypoplastic thoracic
another segment of the distal descending aorta with collateral circula- aorta with calcification at this level

Fig.3 Catheter angiography of patient 1. A Angiography taken plasty. B Angiography after performing a percutaneous transluminal
before the procedure showing hypoplastic thoracic aorta with promi- angioplasty with implantation of 3 stents at the level of the descend-
nent collateral circulation before percutaneous transluminal angio- ing thoracic aorta

@ Springer
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medical treatment only. Nevertheless, due to persistent HT
despite optimized medical treatment, at the age of 6.9 years,
he underwent a PTA of the descending thoracic aorta where
3 stents were implanted in a telescopic fashion (Fig. 3A,
B, videos 1-4). His subsequent CTA revealed a reduction
of the previously demonstrated collateral formation. He is
currently on decreasing doses of his three antihypertensive
agents with acceptable BP measurements 8 months after his
last procedure.

Patient 2 An 11-day-old male new-born was referred for
evaluation of a heart murmur. His echocardiogram revealed
a thoracic aortic coarctation. A PTA of this region was
subsequently performed with good results. At 2 months of
age, he presented at the emergency department with short-

Fig.4 Computed tomography angiography (CTA) of patients 2,
3, and 7. A, B CTA of Patient 2 showing the stents placed at the
descending thoracic aorta. C Hypoplastic descending thoracic aorta
starting from the last stent, with a diameter of 3 X3 mm and a length
of 30 mm (red arrow). D CTA of patient 3 showing hypoplastic

@ Springer

ness of breath and feeding difficulties. His repeated echo-
cardiography demonstrated recoarctation of the aorta at
the isthmus level, undergoing a second PTA, without sig-
nificant improvement. Hence, surgical intervention with
extended coartectomy with term-terminal anastomosis was
performed 10 days later. Despite initial success, he required
three further PTAs of the thoracic aorta due to recoarctation
suspected by echocardiography (Fig. 4A—C). Additionally,
a stent was placed at the level of the proximal descending
aorta during the latter procedure. At the age of 1.7 years,
an echocardiogram revealed stent stenosis. Therefore, he
underwent PTA of the implanted stent and a stent within
a stent implantation. He was diagnosed with MAS after a
CTA was performed at 2.3 years (Table 2). Owing to his
young age and the high complexity of his arterial disease,

abdominal aorta. E, F Three-dimensional CTA images of patient 7
showing aortic coarctation of the abdominal aorta, narrowing of the
visceral branches (coeliac trunk and superior and inferior mesenteric
artery), mild narrowing of the ostium of the right renal artery and
narrowing of the left renal artery
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surgical intervention was excluded at that time. At the age
of 7.0 and 8.5 years, he underwent two further PTAs for in-
stent restenosis. He is currently on 3 antihypertensive agents
with stage 1 HT, 1.3 years after his last procedure.

Patient 3 She was prenatally diagnosed with tricuspid valve
dysplasia with severe tricuspid valve regurgitation. Fur-
thermore, her fetal cerebral magnetic resonance imaging
showed subependymal cysts at the caudothalamic groove,
right ventriculomegaly, and suspected bilateral germinal
matrix hemorrhage. At 10 days of age, while admitted at
the neonatal intensive care unit, she presented with signifi-
cant BP discrepancy between upper and lower extremities.
Thus, a CTA was performed confirming MAS diagnosis
(Fig. 4D). As aforementioned, this patient additionally had
right aortic arch, diffuse hypoplastic pulmonary arteries,
and severe obstruction of the origin of the left carotid artery
with a hypoplastic vessel. She underwent a catheter angiog-
raphy at 20 days of age with aortoiliac balloon dilatation.
Following this, she achieved acceptable BP control. Surgi-
cal intervention was excluded for the high complexity and
widespread of the arterial and venous disease. She presented
clinical deterioration with heart failure despite optimisation
of medical therapy and she died at 36 days of age.

Patient 4 A 2.9-year-old boy was referred for HT. CTA
confirmed MAS diagnosis. He has not required any inter-
ventions. However, his BP recently rose to stage 2 HT and
he is currently on increasing doses of his antihypertensive
treatment.

Patient 5 A 4.9-year-old girl was referred for incidental HT.
Her CTA was in keeping with MAS diagnosis. For uncon-
trolled HT and severe bilateral RAS, she underwent a PTA of
the abdominal aorta and a bioresorbable stent was placed in
each renal artery at the age of 5.3 years. One month later, due
to refractory HT, she underwent an unsuccessful PTA attempt
of the left renal artery. As no hypoperfusion renal areas were
observed during the procedure, it was decided not to perform
further attempts. At the age of 8.5 years, she continued to be
hypertensive despite optimized medical treatment. Further-
more, she was symptomatic with headache and dyspnea on
exertion. She subsequently underwent another PTA of the
right renal artery with insertion of a bioabsorbable stent.
Although her BP improved, she remained hypertensive. At
10.9 years, her CTA showed a re-stenosis of the right renal
artery. Hence, she underwent a PTA of this vessel and a stent
was placed at the coeliac artery, at the abdominal aorta and
at the right renal artery. This latter procedure ameliorated
her symptoms but had minimal impact on her BP. At the age
of 12.4 years, she continued to be hypertensive and a slight
increase of her LVH was observed. A renal ultrasound was
therefore performed and revealed diminished arterial perfu-

sion of the right kidney. Thus, she underwent another PTA
of the right renal artery. She is currently asymptomatic with
good BP control with three antihypertensive medications after
6.5-year follow-up.

Patient 6 A 14.0-year-old boy presented with incidental HT.
His MRA confirmed MAS diagnosis. At that time, his parents
refused aortic surgery due to potential complications. After
three years of medical treatment, he had uncontrolled BP
and developed claudication. For these reasons, at the age of
17.8 years, he underwent a PTA of the left renal artery with
stent implantation with significant improvement of his BP.
Two months later, he underwent stent dilatation and a PTA
of the abdominal aorta, where another stent was inserted. His
BP and symptoms initially improved although he is currently
hypertensive (stage 2 HT) in the context of poor medication
adherence.

Patient 7 A 4.1-year-old boy was referred for incidental HT.
The CTA performed was in keeping with MAS diagnosis and
he was subsequently started on medical treatment with initial
acceptable BP control. At the age of 6.6 years, for persistent
HT and in view of progressive left renal artery stenosis and
reduced left renal volume on his CTA (Fig. 4E, F), he under-
went an unsuccessful attempt at the left renal artery dilatation.
At the age of 6.8 years, he had another unsuccessful attempt.
It was then decided to continue on medical therapy and not to
perform further attempts. He is currently asymptomatic with
stage 1 HT on three antihypertensive agents after 6.7-year
follow-up.

Patient 8 An 8-month-old girl was admitted to PICU as she
presented with heart failure symptoms. During her admis-
sion, she was found to be hypertensive and an angiography
confirmed MAS diagnosis. To resolve the right renal artery
stenosis, she underwent right aortorenal bypass using femo-
ral artery homograft with initial good result. At the age of
1.0 year, due to partial occlusion of the right renal artery
observed on her follow-up CTA, she required a PTA of this
artery with a stent placement. A repeated CTA at 1.5 years
showed severe left renal artery stenosis for which she under-
went a left splenorenal bypass. Nevertheless, there was a left
renal function loss right after the latter surgery. Her follow-
up CTAs demonstrated progressive in-stent stenosis, requir-
ing a PTA of the right renal artery stent at 3.3 years of age.
She is currently with good BP control on monotherapy after
10.1 years of follow-up.
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Discussion

MAS is a rare disease mainly affecting children and young
adults [8, 20, 21]. Nevertheless, recently, Tummolo et al.
reported a lower median age (2.7 years) at presentation in
patients with MAS [6]. A similar pattern was found in our
study were a median age at diagnosis [2.6 (0.2—4.7) years]
was witnessed, with the youngest patient being diagnosed
at 3 days of age. This trend toward a younger age at diag-
nosis could potentially be the result of an earlier detection
of the disease reflecting a higher awareness of MAS diag-
nosis along with improved diagnostic techniques [6, 7]. As
shown previously, incidental HT was the most common
presenting feature among our patients [2].

In line with previous reports, all the patients from our
study had RAS [8]. Nonetheless, none of them had renal
dysfunction at the end of the study period, conversely to
other studies reporting an incidence of up to 24% of a
chronic kidney disease [6]. Besides, all our patients but
one had involvement of splanchnic arteries. However,
none of them presented mesenteric ischemia symptoms,
potentially due to extensive collateral circulation [7]. This
is consistent with previous reports where no patients pre-
sented mesenteric ischemia [6]. Moreover, our findings
and those from prior studies concordantly show similar
mortality rate, which was 12.5% in our study [6].

A genetic condition is found in less than 10% of patients
with MAS [7]. This concurs with our results, where one
patient (12.5%) was genetically and clinically diagnosed
with Myhre syndrome, disease that has been associ-
ated with aortic coarctation, and mild narrowing of the
descending aorta [22, 23]. Furthermore, another patient
was clinically diagnosed with NF1 which has been previ-
ously reported to be associated with MAS [6]. In addition,
one patient was found to carry a VUS in LZTR1 and TSCI
genes. A pathogenic variant of these genes has already
been described in patients with Noonan syndrome and
tuberous sclerosis, respectively. Despite aortic coarcta-
tion having been rarely reported in Noonan syndrome and
coarctation of the abdominal aorta and renal artery ste-
nosis in tuberous sclerosis, it is difficult to determine the
contribution of these two variants in our patient’s aortic
phenotype [24, 25]. Another patient was found to carry
a pathogenic mutation in HNFIB gene which has been
described associated with congenital anomalies of the
kidney and urinary tract; nevertheless, to our knowledge,
MAS has not been described associated with this muta-
tion [26].

In our study, medical therapy represented the first-line
treatment for all patients. Panayiotopoulos et al. reported
that medical management was able to control BP and to
reduce the risk for complications [7, 27]. In the present
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study, the only patient that was treated with antihyper-
tensive agents alone had stage 2 HT at the end of the
follow-up period. Nevertheless, this increase in BP was
recently found and he is currently on increasing doses of
his monotherapy.

Long-term outcomes of endovascular treatment in
MAS are not consistent in all studies [28]. Some suggest
that it has a transient benefit in patients with MAS [10,
29], failing to produce a lasting clinical and angiographic
improvement [7, 8, 20, 21]. On the other hand, more recent
reports describe PTA to be efficacious in patients with
MAS providing good long-term clinical outcomes [28,
30]. In our study, PTA was performed more than once in
6 patients (85.7%) for persistent HT secondary to a nar-
rowing of the abdominal aorta and/or renal arteries, sug-
gesting a transient benefit of angioplasty in these patients
as previous studies reported; nevertheless, lower rates of
reintervention compared to our results had been described
(16.7%) [6]. This could be explained by the fact that, in
our center, a primary angioplasty strategy was preferred
in order to enable a full adult growth to consider surgi-
cal approach, when better outcomes have been reported
[6, 31]. Additionally, PTA allowed good/acceptable BP
control in four out of the 6 patients that underwent a suc-
cessful PTA procedure. In two of these patients, these
procedures were done 16 days before the death (patient 3)
and 1 month before the end of the study period (patient 8).
Hence, longer-term follow-up with a larger sample size is
warranted to determine long-term benefit of this procedure
in these patients.

The fact that only 1 patient from our series underwent
surgery for MAS could be due to the median age at last
follow-up was 10.7 [7.6—11.4] years. Previous studies have
described a preference to postpone surgical reconstruction
until adolescence, if clinical situation allows it, as pros-
thetic vascular conduits lack growth potential. Therefore,
its use in young pediatric patients may require a further
surgical intervention during or after puberty, when idio-
pathic MAS appears to stabilize and best long-term results
have been achieved [5-7]. In this regard, prior studies
proposed medical treatment as the first step, angioplasty
(including stent implantation) as a second choice and to
reserve surgery to older patients, when surgical approach
tends to be the definitive treatment [6, 32]. Nevertheless,
the timing of surgical intervention is controversial and dif-
ficult to decide as surgical therapy has also been reported
successful in younger children [8, 32].

Additionally, 2 patients (25.0%) had hypoplastic carotid
artery. Concomitant cerebral disease in patients with MAS
has been previously described [7, 32]. Hence, cerebral
imaging may be considered in these patients in order to
rule out cerebrovascular disease.
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Limitations

This study is limited by the small sample size and its ret-
rospective design. Furthermore, owing to our institutional
preference, angioplasty was performed as an attempt to delay
surgical intervention. Therefore, it was not feasible to statis-
tically compare the different treatment options not only due
to the small sample size but also to the number of patients
undergoing surgery.

Conclusion

In conclusion, this study stresses the paramount impor-
tance that regular and comprehensive BP monitoring in all
pediatric patients plays in early recognition of MAS, which
clinicians should contemplate in the differential diagnosis
of HT. For the above-mentioned reasons and for the low
incidence of this disease and the small sample size of the
published studies, it is difficult to establish the best treat-
ment approach in pediatric patients with MAS. Hence, in our
institution, we preferred a more conservative strategy, with
endovascular treatment as the primary strategy as an attempt
to delay surgical intervention, which we demonstrated that
might be a good alternative approach to surgery. Overall, a
stepwise treatment approach considering medical treatment,
angioplasty, and/or surgery should be individualized to the
clinical characteristics of each patient, with a multidisci-
plinary management strategy. Nevertheless, further studies
with larger sample size are warranted to better define the
best treatment strategy.
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