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Abstract

Background Arterial tortuosity syndrome is a rare Autosomal recessive disease that leads to a loss of function of the
connective tissues of the body, this happens due to a mutation in the solute carrier family 2 member 10 (SLC2A10)
gene. ATS is more likely to occur in Large and medium-sized arteries including the aorta and pulmonary arteries. This
syndrome causes the arteries to be elongated and tortuous, This tortuosity disturbs the blood circulation resulting in
stenosis and lack of blood flow to organs and this chronic turbulent flow increases the risk of aneurysm development,
dissection and ischemic events.

Case presentation A 2 years old Arabian female child was diagnosed with ATS affecting the pulmonary arteries as a
newborn, underwent a pulmonary arterial surgical reconstruction at the age of 2 years old due to the development
of pulmonary artery stenosis with left pulmonary artery having a peak gradient of 73 mmHg with a peak velocity of
4.3 m/s and the right pulmonary artery having a peak gradient of 46 mmHg with a peak velocity of 3.4 m/s causing
right ventricular hypertension. After surgical repair the left pulmonary artery has a peak pressure gradient of 20
mmHg, with the right pulmonary artery having a peak pressure gradient of 20 mmHag.

Conclusion ATS is a rare genetic condition that affects the great arteries especially the pulmonary arteries causing
stenotic and tortuous vessels that may be central branches or distal peripheral branches that leads to severe right
ventricular dysfunction and hypertension. We believe that surgical treatment provides the optimum outcomes when
compared to transcather approaches especially when the peripheral arteries are involved. Some challenges and
hiccups might occur, especially lung reperfusion injury that needs to be diagnosed and treated accordingly.
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Introduction

Arterial tortuosity syndrome (ATS) is a rare autosomal
recessive disorder that causes the connective tissues in
the body to lose function. It is caused by a mutation in
the solute carrier family 2 member 10 (SLC2A10) gene
which encodes the GLUT-10 protein, responsible for
transporting ascorbate, a key component in connective
tissue metabolism, serving as a cofactor for collagen and
elastin production processes [1-4].

ATS occurs mostly in Large and medium-sized arter-
ies. This syndrome causes the arteries to be elongated
and tortuous, causing a disturbed blood flow, increased
risk of atherosclerosis, persistent hypertension, aneu-
rysms, dissections, ischemic events and cerebrovascular
accidents [1-3]. Cardiac manifestations affecting patients
with ATS include: ventricular hypertrophy, valvular
regurgitation and atrial fibrillation [5, 6]. In addition to
aortic and pulmonary arteries, systemic arteries such as
may be affected as well [7-9].

ATS is a rare disorder with a limited number of reports
discussing ATS, With even fewer reports about its effects
on the great arteries and the surgical repair techniques.
We believe that this case report will bring insight to this
rare disorder and allow surgeons to appreciate the pre-
sentation, approach to management from the surgical
point of view and how to manage these patients in a mul-
tidisciplinary setting.

Case presentation
A 2 years old Arabian female child was diagnosed with
pulmonary artery stenosis (PAS) as a newborn when an
echocardiogram was performed in neonatal intensive
care unit (NICU) when she was admitted as a case of
meconium aspiration. She was transferred to our facility
for further assessment.

The child’s medical history was significant for atonic
seizures on Levetiracetam 60 mg/kg twice daily and
Sodium Valproate 34.5 mg/kg twice daily and were
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stopped 8 months prior to surgery due cessation of sei-
zures. Family history was significant for consanguinity
(parents are first cousins) with similarly affected cousins
from the paternal side in a male cousin (3 years of age)
with a similar picture of tortuous great vessels requir-
ing balloon dilatation, Raising suspicion of an autosomal
recessive inheritance. Physical examination revealed:
generalized joint hypermobility with Beighton score of 6,
A weight of 11.6 kg at the 11th percentile (-1.25-SD), A
height of 90 cm at the 33rd percentile (-0.43-SD), With
a head circumference: measuring 45.5 cm at the 4th per-
centile (-1.79SD), Dysmorphic features which include a
long face, large ears with a simple helix and mild micro-
gnathia. A soft systolic murmur was heard over the left
parasternal border. The Clinical picture was consistent
and supports the clinical diagnosis of ATS.

A diagnostic catheterization was performed to assess
the pulmonary tree and ascertain the extent of the tortu-
osity. Revealed a dilated main pulmonary artery (MPA),
A tortuous left and right pulmonary arteries (LPA, RPA)
with severe stenosis, A suprasystemic right ventricular
pressure measuring 136 mmHg with a right ventricular
systolic pressure left/ventricular systolic pressure ratio
(RVSP/LVSP) of 1.2 mmHg. Angiography revealed a
highly tortuous aorta with absence of any focal stenosis
(Fig. 1).

Echocardiography measured the LPA to have a peak
gradient of 73 mmHg and a peak velocity of 4.3 m/s and
the RPA to have a peak gradient of 46 mmHg and a peak
velocity of 3.4 m/s (Fig. 2).

The patient was operated on at the age of 2 years. The
operation commenced with a standard median ster-
notomy. The Pericardium was opened and harvested
carefully as it will be used to reconstruct the pulmonary
arteries. Cardiopulmonary bypass was initiated through
an aortic arterial cannula and a right atrial venous can-
nula, The procedure was performed on a beating heart
with mild hypothermia. Dissection was performed to

Fig. 1 Preoperative cardiac catheterization and angiography. Preoperative cardiac catheterization and angiography): (A) demonstrating the anatomy of
the tortuous left pulmonary arteries and it branches (B) demonstrating the anatomy of the tortuous right pulmonary artery and it branches (C) aortic
angiogram revealing a tortuous aorta with no significant stenosis or structure. Cardiac catheterization revealed a right ventricular pressure of 136 mmHg

with a RVSP/LVSP ratio of 1.2 mmHg. (see supplementary video 1)
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Fig. 2 Preoperative transthoracic echocardiography. Preoperative transthoracic echocardiography (short axis view): (A) demonstrating the anatomy of
the pulmonary arteries with an enlarged main pulmonary artery with small, tortuous and hypoplastic branch pulmonary arteries. (B) color flow doppler
demonstrated that the left pulmonary artery has a peak gradient of 73 mmHg with a peak velocity of 4.3 m/s and the right pulmonary artery having a
peak gradient of 46 mmHg with a peak velocity of 3.4 m/s. (MPA: main pulmonary artery, RPA: right pulmonary artery, LPA: left pulmonary artery) (see supple-
mentary video 1)

-]

Fig. 3 Intraoperative findings. Intraoperative findings: (A) anatomy of pulmonary artery after meticulous dissection revealing a large main pulmonary
artery with small, hypoplastic and tortuous right and left pulmonary arteries. (B) repair of the left pulmonary artery after resection of the tortuous stenotic
segment, using an arteriotomy incision and repair the defect using harvested autologous pericardium (C) repair of the right pulmonary artery with the

same technique used for the left pulmonary artery. (see supplementary video 2)

free the PAs up to the hila A patent ductus arteriosus
was found; it was then ligated and resected. The MPA
was clamped and snares were placed on the peripheral
branches of the LPA and RPA.

The repair of the PAs was then commenced starting
with the LPA An arteriotomy incision was performed
to enlarged the stenotic artery and the autologous peri-
cardial patch that was harvest was then fashioned and
placed on the distal part of the arteriotomy incision, A

continuous suture line was commenced till the point of
the tortuosity which was then excised and an end-to-end
anastomosis was performed to repair the defect from
the excised part to the LPA. Then the pericardial patch’s
continuous suture line was completed till it reached
the proximal part of the arteriotomy. And the RPA was
repaired using the same approach (Fig. 3). Cardiopulmo-
nary bypass was weaned off without any difficulty with
a bypass time of 99 min and transferred with minimal
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inotropic support which was weaned off the same day
of surgery. It’s important to note that the patient did not
develop lung reperfusion injury and didn’t require pro-
longed mechanical ventilation or the need for extracor-
poreal membrane oxygenator support or nitric oxide and
was only managed with diuretics therapy.

A postoperative catheterization revealed significant
proximal LPA origin stenosis with peak pressure gradi-
ent difference of about 25 mmHg, which was success-
fully dilated using a 8 x40 mm Sterling Balloon (Boston
Scientific, Marlborough, MA, USA) dropping the peak
pressure gradient difference to about 14 mmHg. The
right ventricular systolic pressure (RVSP) was 38 mmHg
and the PA pressure was 38/15 mmHg with a mean of 24
mmHg (Fig. 4). The patient was discharged on postopera-
tive day 7.

Follow up echocardiography at 2 months revealed a
mild distal LPA stenosis with peak pressure gradient
of 20 mmHg and a mild acceleration of flow across the
RPA stenosis with a peak pressure gradient of 20 mmHg
(Fig. 5). A postoperative computed tomography angiog-
raphy of the PAs showed patent PAs (Fig. 6).

Discussion

The earliest reports of ATS in the literature were by Ertu-
grul and Beuren and were labeled as a unique subset of
Ehlers-Danlos Syndrome due to the similarities in the
musculoskeletal features. It's now Recognized as an auto-
somal recessive disorder with a mutation in the SLC2A10
gene which encodes the GLUT-10 protein, A key cofac-
tor in the production of collagen and elastin [1, 2, 4, 7,
10-13].
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Initial studies reflected an unfavorable prognosis with a
high mortality rate of 40% prior to the age of five [5], later
studies reported gentler outcomes [1, 2, 4].

ATS is more likely to occur in Large and medium-sized
arteries including the aorta and PAs. It’'s recommended
to evaluate patients with echocardiography for the devel-
opment of aortic root aneurysm every 3 months until
5 years, later on screening can be individualized but it
should always be done annually [1, 2, 5].

The Incidence of peripheral PAS in patients with ATS
varied between 21.9% [12], 28% [2] and 60% [5]. It results
in right ventricular outflow obstruction with subsequent
right ventricular hypertension, hypertrophy, dilation, and
dysfunction. Presenting clinically with systemic venous
congestion caused by an elevation in right atrial pressure,
reduced exercise tolerance due to the inability to increase
the cardiac output and in some cases cyanosis caused by
a right to left shunt or in severe cases a very limited pul-
monary blood flow [14].

To assess and classify the degree of PAS the RVSP/
LVSP ratio can be used to address the physiologic impact
of the disease and is useful to guide the need for interven-
tion and assess its success. From the surgical and techni-
cal perspective, an anatomic classification of PAS is more
appropriate. Multiple classifications have been suggested
but the ideal classification describing the anatomic ste-
notic sites and burden which should represent the com-
plexity of the repair which may predict the prognosis of
the surgical intervention outcomes and allow comparison
of various treatment strategies. A classification that fits
this criteria was suggested by alkhaldi et al., where types
1 and 2 are considered “central PAS” as they are mostly

Fig. 4 Postoperative cardiac catheterization and angiography. Postoperative cardiac catheterization and angiography): (A) demonstrating the anatomy
of the right pulmonary artery after repair (B) demonstrating the anatomy of the left pulmonary artery after repair and ballooning which dropped the
pressure to 14 mmHg. The right ventricular systolic pressure (RVSP) was 38 mmHg after repair. (see supplementary video 1)
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Fig.5 Postoperative transthoracic echocardiography. Postoperative transthoracic echocardiography (short axis view): demonstrating the anatomy of the
pulmonary arteries with patent branch right and left pulmonary arteries. With the left pulmonary artery having a peak pressure gradient of 20 mmHg,
with mild acceleration of flow across the right pulmonary artery with peak pressure gradient of 20 mmHg (MPA: main pulmonary artery, RPA: right pulmo-

nary artery, LPA: left pulmonary artery) (see supplementary video 1)

in the intrapericardial segments and do not involve the
intrapulmonary arteries, while types 3, 4, and 5 are con-
sidered “peripheral PAS” as they are intraparenchymal.
Type 1: Involves the MPA with no extension to the ostia
of the branches, Type 2: involves the branch PAs with
no extension to the ostia of the lobar arteries, Type 3:
Involves the lobar arteries with no extension to the ostia
of the segmental arteries, Type 4: Involves the segmental
arteries with no extension to the ostia of the sub-segmen-
tal arteries, Type 5: Involves the sub-segmental arteries
or more distally [14—16]. The higher the classifications
type was the more challenging the operation and repair
were. With the mean cardiopulmonary bypass time, the
number of angioplasties performed and the length of
ICU stay increasing as the type increases.

The management of PAS in patients with ATS can
be performed by either a surgical or a transcatheter
approach with some cases describing a hybrid approach
of both methods. The surgical approach can be per-
formed using a single stage or a two stage approach, the
first stage is done through a median sternotomy with the

second stage through a left thoracotomy. The two stage
approach is performed if the LPA distal branches were
involved with severe and extensive stenosis. In the first
stage the RPA is repaired through a median sternotomy,
the LPA is repaired in the second stage through a left tho-
racotomy incision which allows excellent exposure. The
timing of the second stage is performed during the same
admission and it’s of great importance to allow the right
lung to completely recover from lung reperfusion injury
as the second stage is performed off pump which usu-
ally take 5 to 10 days but it may take longer if a patient
required extracorporeal membrane oxygenation support
[17].

The recommended reconstruction technique includes
excising the stenotic tortuous segment and then anas-
tomosing the defect created followed by an atriotomy
to enlarge the PAs and a patch used to reconstruct the
defect. The operation is performed while the patient is on
cardiopulmonary bypass with a beating heart using mild
hypothermia with a clamp occluding the main pulmonary
artery and snares on the branch pulmonary arteries. The
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Fig. 6 Postoperative computed tomography scan of the pulmonary arteries. Postoperative computed tomography angiography scan: showing patent
main, left and right pulmonary arteries. (see supplementary video 1)

materials that can be used to reconstruct the pulmonary
arteries include: bovine pericardium, pulmonary homo-
grafts, untreated or treated autologous pericardium, and
the autologous excise pulmonary artery tissue. We prefer
the use of a pulmonary homograft but it wasn't used in
our case due to the lack of supply and we didn’t use the
excised pulmonary tissue as it wasn’t large enough to fit
and completely reconstruct atriotomy.

In addition to surgical management catheter directed
interventions can be used as well, mainly balloon dilation
and stent placement in the tortuous stenotic segments.
There are no studies looking at their use in patients with
ATS but there are a plethora of large studies performed
to assess their outcomes in patients without ATS with
unsatisfactory outcomes showing an increased rate of
recurrence and frequent need for catheter re-interven-
tions [18].

In the largest studies on the topic, catheter interven-
tions decreased the median right ventricular systolic
pressure / left ventricular systolic pressure ratio by

from 1.00 to 0.88. The mortality rate was 14% but only
7% resulted from the catheter intervention. Complica-
tions occurred in 16.6% of patients who required stent-
ing. Balloon dilation had a 21% failure rate. 19% of
patients required surgery with the majority occurring
after a year from the interventions. Freedom from any
re-intervention was only 38+/-6% at 1 year and 22+/-6%
at 5 years. These unsatisfactory outcomes can be attrib-
uted to the fact that the peripheral pulmonary arteries
are elastic leading to recoil resulting in the resistance to
balloon dilation. Stenting isn't advisable as well because
of the widespread narrowing bilaterally, increasing the
chance of blockage further down the artery after stenting
because the stent would push the extra length of the tor-
tuous wall forward [19-22].

There was a single case published using a hybrid
approach management (Table 1); this approach was per-
formed because imaging revealed that the stenosis was
caused by redundancy of the proximal PAs, resulting in
kinking and growth failure of their perihilar segments.
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