Endovascular repair of a dissecting pararenal abdominal aortic
aneurysm in a patient with type Ill Loeys-Dietz syndrome
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ABSTRACT

Loeys-Dietz syndrome (LDS) type 3 results from a SMAD3 mutation and is a phenotypically milder variant of LDS with
frequent aortic, visceral, and cerebral vascular pathologies and osteoarthritis. Historically, endovascular treatment
(endovascular aortic repair [EVAR]) of LDS-related aortic aneurysmal disease with traditional modular bifurcated devices
has been limited owing to concerns regarding continued aortic dilation at proximal fixation sites. Furthermore, associ-
ated dissection pathology has also precluded traditional modular bifurcated EVAR owing to inadequate proximal
infrarenal necks and narrow distal aortic domains leading to compromised contralateral gate opening and cannulation
as well as limb flow compromise. To address these barriers to EVAR, we present our approach for the endovascular
treatment of a dissecting pararenal abdominal aortic aneurysm using an anatomically fixated, bifurcated, unibody aortic
stent graft in a patient with LDS-3. (J Vasc Surg Cases and Innovative Techniques 2021;7:10-5.)
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Loeys-Dietz syndrome (LDS) represents a set of connec-
tive tissue disorders classically associated with transform-
ing growth factor (TGF)BR1 or TGFBR2 mutations, leading
to deficient TGF-beta signaling, less synthesis and secre-
tion of matrix components, and weakened vessels.
Discovered in 2011, SMAD3 mutations causing
aneurysme-osteoarthritis syndrome are the third type of
LDS (LDS-3).? LDS-3 can present with early-onset aneu-
rysms of the aortic root, abdominal aorta, visceral arteries,
and osteoarthritis.”> Owing to concerns about high radial
force stent graft placement within weakened aortic wall,
endovascular repair has not been widely used in LDS-
related aortic pathologies, unless these high radial force
proximal and distal fixation sites are anchored in syn-
thetic grafts from prior open surgery.’

There is scarce literature available on endovascular
aortic repair (EVAR) for dissecting aortic pathology in
LDS.* In and of itself, dissecting abdominal aortic
pathology—regardless of association with underlying
connective tissue disorders—presents unique technical
challenges and considerations that render traditional
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modular bifurcated EVAR an unsuitable approach. These
include, but are not limited to, reliance on high radial
force direct infrarenal proximal fixation and concerns
for continued proximal seal degeneration; lack of an
adequate proximal infrarenal neck to accommodate
proper device deployment; narrow true lumen and/or
distal aortic domain compromising contralateral gate
opening and cannulation; and limb flow competition
caused by limb compression in a narrow bifurcation
and leading to poor flow and thrombosis.* We describe
our technique for overcoming these historical barriers
to EVAR by using an anatomically fixated, bifurcated,
unibody aortic stent graft in a patient with LDS-3-
related dissecting pararenal abdominal aortic aneurysm
(AAA).

Consent from the patient was obtained to publish this
report.

CASE REPORT

A 60-year-old woman was referred for management of
mild to moderate abdominal pain of several weeks dura-
tion in association with recently discovered aneurysmal
degeneration of an abdominal aortic dissection (type B
aortic dissection [TBAD] 8,10). History was notable for
LDS-3, attributed to autosomal-dominant SMAD3
pP.Arg287Trp point mutations found in her son. Both
had procoagulant diathesis attributed to point muta-
tions in the FT (pR287W) and MPL genes (pW474X) and
frameshift mutation in STAB2. Her son presented with
a ruptured hepatic artery aneurysm resulting in acute
liver failure; the patient was a living hepatic donor to
the son. Surgical history was also remarkable for chole-
cystectomy, and medical history was notable for inciden-
tally discovered intracranial venous malformation of the
right frontal lobe.

On examination, her abdomen was minimally tender to
deep palpation of a pulsatile, left periumbilical mass.


mailto:naiem.nassiri@yale.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jvscit.2020.09.017

Journal of Vascular Surgery Cases and Innovative Techniques
Volume 7, Number 1

Pre-operative

Bellamkonda et al n

Post-operative

e

Fig 1. A, Preoperative computed tomography scan with extent of false lumen to zone 8 proximally and zone 10
distally highlighted. B, Three-dimensional reconstruction of preoperative computerized tomography, demon-
strating extravasation of contrast from the true lumen (white) into the false lumen (red) through fenestrations in
zones 9 and 10. C, Postoperative computed tomography scan showing significant shrinkage of the false lumen,
highlighted. D, Postoperative three-dimensional reconstruction demonstrating cessation of false lumen flow.

Distal pulses were intact. Computed tomography angi-
ography demonstrated a TBAD with aneurysmal degen-
eration to 47 cm (Fig 1). Multiple large fenestrations
feeding the false lumen were identified in mid to distal
zone 9, and proximal zone 10 on the left. There was aneu-
rysmal degeneration of bilateral common iliac arteries to
2.0 cm (right) and 2.4 cm (left). There was a 1-cm splenic
artery aneurysm. Ascending aorta was non-aneurysmal.
No prior CT scans were available for review.

Given these findings, the patient’s desire for the least-
invasive therapeutic option, and a history of multiple
prior intra-abdominal pathologies and surgeries, we
opted for an endovascular approach for repair of her
TBAD and AAA.

SURGICAL TECHNIQUE
Following percutaneous bilateral common femoral ar-
tery access and preclosure via suture-mediated
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Fig 2. Angiography before and during endovascular aortic repair (EVAR) deployment. (Top) Intraoperative flush
aortography, demonstrating multiple zones 9 and 10 fenestrations leaking blood into the false lumen. (Bottom)
Flush aortography after deployment of endograft, demonstrating anatomic fixation and complete cessation of
false lumen flow without endoleak. LRA, Left renal artery; RRA, right renal artery.

Proglide closure devices (Abbott, Abbott Park, Ill), flush
abdominal aortography with bilateral iliofemoral runoff
confirmed presence of multiple zones 9 and 10 fenes-
trations feeding the false lumen of a TBAD, the largest
of which was located in the left zone 10, 1.5 cm distal
to the aortic bifurcation. The false lumen extended
proximally to include zone 8 (Fig 2, top) obviating the
possibility of deploying a proximally fixated modular

bifurcated device and obtaining adequate proximal
seal. To avoid reliance on high radial force fixation at a
compromised, dissected proximal neck, we opted to
cover all zones 9 and 10 fenestrations by using a 28
mMm-100 mMm-20 mm-40 mm AFX aortic endograft
(Endologix, Inc, Irvine, Calif). Via a right transfemoral
approach, the device was introduced, advanced,
snared, saddled, and deployed per the usual standard
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Table. Summary of clinical characteristic of Loeys-Dietz
syndrome (LDS)

1 TGFBR1 Arterial aneurysms, aortic root dilation, early
aortic dissection, and vascular tortuosity with
facial dysmorphic features (hypertelorism,
bifid uvula, cleft palate)

2 TGFPR2 Arterial aneurysms, aortic root dilation, early
aortic dissection, and vascular tortuosity with
cutaneous features (atrophic scarring, visible

veins, poor wound healing)

3 SMAD3 Arterial aneurysms, aortic root dilation, and
vascular tortuosity with bone and
sometimes joint pathology (osteoarthritis,

osteochondritis dessicans)

4 TGFP2  Arterial aneurysms, aortic root dilation, and
vascular tortuosity with tall stature, hernias.
Markedly less severe phenotype than

TGFBR1/2 mutations.

Late (>50 years) aortic and cerebral arterial
dissection, lack of arterial tortuosity, tall/short
stature, wide phenotypic range. Less well-
characterized.”'®

5  TGFB3

6 SMAD2 Arterial tortuosity, aortic/coronary/carotid
dissections, arthritis. Similar to type 3, less

well-characterized (~15 patients total)." '

instructions for use at the aortic bifurcation with full,
uncompromised expansion into the aortoiliac true
lumen (Fig 2, bottom). To avoid chronic strain in the im-
mediate infrarenal region, proximal extension with a
cuff was not performed.

We then performed bilateral iliac limb extensions to
the iliac bifurcation using 3 Ovation limbs (Endologix,
Inc) measuring 28 x 45 mm on the left and
22 x 45 mm on the right. Finally, we performed postde-
ployment kissing balloon angioplasty of the aortic bifur-
cation and iliac limb overlap sites. Completion
aortogram demonstrated complete exclusion of the
false lumen with unimpeded brisk true lumen flow
through zones 9, 10, and 11. The patient was discharged
on postoperative day 1, recovered uneventfully, and is
maintained on aspirin monotherapy. She experienced
immediate postoperative resolution of presenting
abdominal pain. Follow-up imaging at 3 and 6 months
have demonstrated widely patent and augmented true
lumen flow, complete thrombosis of the false lumen,
and overall decrease in aneurysm sac to 43 cm. At the
time of writing, she has 7 months of clinical follow-up
with no recurrence of abdominal or back pain and has
not had any access related complications. She has a
normal, active lifestyle without restrictions. She is
currently scheduled to undergo annual aortoiliac duplex
ultrasound examination computed tomography angiog-
raphy for on-going surveillance.
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DISCUSSION

LDS is a connective tissue disorder associated with het-
erozygous mutations of TGFBR1/2, SMAD2/3, and TGFB2/3
(Table)."'*> Patients with LDS present with more aggres-
sive vascular phenotypes than Marfan’s syndrome
because the TGF-B pathway has many pleotropic func-
tions, unlike single-molecule mutations in Marfan
syndrome.>®

The SMAD3 mutation causes LDS-3 and was first
described as aneurysm-osteoarthritis syndrome in 2011.2
LDS-3 is less severe than LDS-1 or LDS-2 owing to the
preservation of non-SMAD pathways for TGF- signal
transduction.'® Sudden death occurs at 35 to 69 years,
Vs 26 years in LDS-1 or LDS-2.? Aortic root aneurysms are
found in 71% of patients, other aneurysms in 33%, and ce-
rebrovascular anomalies in 56%."” Radiologic evidence of
arthritis is found in 96%; symptoms are only reported in
30%.'%'° Our patient's mutation and presentation of
splenic and aortic aneurysms and cerebrovascular mal-
formation without symptomatic arthritis is consistent
with LDS3.2°

Isolated infrarenal aortic dissections are generally rare
and pose a number of technical challenges regardless
of associations with connective tissue disorders.”’ Prox-
imal juxtarenal, pararenal, or suprarenal extension of
the false lumen eliminates the possibility of a safe and
effective proximal infrarenal seal, particularly when
relying on high radial force traditional EVAR platforms.
Any compromise in the true lumen diameter can
complicate contralateral gate deployment and cannula-
tion and can cause limb flow compromise distally. The
use of anatomically fixated, bifurcated unibody endog-
rafts obviates the issue of friable proximal seal zone by
relying on aortic bifurcation to anchor the graft.??

In the setting of a dissecting aneurysm with distal zones
9 and 10 fenestrations, this device represents an ideal
platform to cover fenestrations and promote false lumen
thrombosis without excessive strain on a friable,
dissected proximal neck. We purposefully avoided
more proximal extension of the endograft via cuff place-
ment to the immediate infrarenal level to avoid chronic
strain at that location. The ability to reconstruct the aor-
toiliac anatomy caudal to rostral via an anatomically
fixated platform not relying on radial force for seal is an
important added benefit of this approach and allows
the surgeon the option of foregoing extensive proximal
extension. Furthermore, these endografts have per-
formed well in narrow aortoiliac domains and have
become the endograft platform of choice for many
vascular surgeons in patients with concomitant aortoiliac
occlusive disease, so much so that we and others have
deployed these in occlusive disease without concomi-
tant degenerative pathology.?® Other considerable bene-
fits of an anatomically fixated endograft include
preservation of “up-and-over” femoral access to
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contralateral iliacs in the future.”?* Noncovered endovas-
cular dissection stents have been described to address
infrarenal dissection but would have been inadequate
in this patient owing to the zone 9 and 10 fenestrations
necessitating a covered stent.”®

Further support for the more liberal use of endovascu-
lar platforms in patients with LDS-3-related vascular pa-
thology was provided by Van der Linde et al*® who
described 6 patients with LDS-3 who underwent
visceral and iliac procedures, noting that -“tissue
handling felt the same as in patients without a connec-
tive tissue disorder; thus, elective interventions seem to
be feasible and safe in aneurysm-osteoarthritis syn-
drome patients so far.” They encouraged visceral stent-
ing in LDS-3. Although the use of a traditional
modular bifurcated EVAR would be unsuitable in LDS
owing to the proximal seal required, the longer seal
zone and anatomic fixation of the graft used in this
case allowed for the avoidance of the highly morbid
supraceliac clamping that would have been required
in open repair of this zones 8 to 10 dissection. The
long-term durability remains to be seen and continued
proximal degeneration may be possible, but this tech-
nique provides a stable platform for future proximal
endovascular options.

Although endovascular treatment has historically not
been the treatment of choice in LDS owing to weakened
aortic walls, in appropriately selected patients with suit-
able anatomy, anatomically fixated, bifurcated, unibody
endografts make EVAR a technically feasible, safe, effec-
tive, and minimally invasive alternative therapeutic op-
tion for isolated dissecting AAAs in patients with LDS-3.

REFERENCES

1. Lombardi JV, Hughes GC, Appoo JJ, Bavaria JE, Beck AW,
Cambria RP, et al. Society for Vascular Surgery (SVS) and
Society of Thoracic Surgeons (STS) reporting standards for
type B aortic dissections. Ann Thorac Surg 2020;109:959-81.

2. van de Laar IM, Oldenburg RA, Pals G, Roos-Hesselink JW, de
Graaf BM, Verhagen JM, et al. Mutations in SMAD3 cause a
syndromic form of aortic aneurysms and dissections with
early-onset osteoarthritis. Nat Genet 2011;43:121-6.

3. Williams JA, Hanna JM, Shah AA, Andersen ND,
McDonald MT, Jiang YH, et al. Adult surgical experience with
Loeys-Dietz syndrome. Ann Thorac Surg 2015;99:1275-81.

4. Casey K, Zayed M, Greenberg JI, Dalman RL, Lee JT. Endo-
vascular repair of bilateral iliac artery aneurysms in a patient
with Loeys—Dietz syndrome. Ann Vasc Surg 2012;26. 107.e5-
107.e10.

5. Loeys BL, Dietz HC. Loeys-Dietz syndrome. In: Adam MP,
Ardinger HH, Pagon RA, Wallace SE, Bean LIH,
Stephens Ket al., editors. GeneReviews(®). Seattle (WA):
University of Washington, Seattle; 1993.

6. MacCarrick G, Black JH 3rd, Bowdin S, El-Hamamsy |,
Frischmeyer-Guerrerio PA, Guerrerio AL, et al. Loeys-Dietz
syndrome: a primer for diagnosis and management. Genet
Med 2014;16:576-87.

7. Casey K, Zayed M, Greenberg JI, Dalman RL, Lee JT. Endo-
vascular repair of bilateral iliac artery aneurysms in a patient

Journal of Vascular Surgery Cases and Innovative Techniques

1.

13.

15.

17.

18.

20.

21.

22.

23.

March 2021

with Loeys-Dietz syndrome. Ann Vasc Surg 2012;26. 107.e5-
107.e10.

. Van Hemelrijk C, Renard M, Loeys B. The Loeys—Dietz syn-

drome: an update for the clinician. Curr Opin Cardiol
2010;25:546-51.

. Bertoli-Avella AM, Cillis E, Morisaki H, Verhagen IM, De

Graaf BM, Van De Beek G, et al. Mutations in a TGF-f ligand,
TGFB3, cause syndromic aortic aneurysms and dissections.
JACC 2015;65:1324-36.

. Kuechler A, Altmuller J, NUrnberg P, Kotthoff S, Kubisch C,

Borck G. Exome sequencing identifies a novel heterozy-
gous TGFB3 mutation in a disorder overlapping with Mar-
fan and Loeys-Dietz syndrome. Mol Cell Probes 2015;29:
330-4.

Cannaerts E, Kempers M, Maugeri A, Marcelis C,
Gardeitchik T, Richer J, et al. Novel pathogenic SMAD2 var-
iants in five families with arterial aneurysm and dissection:
further delineation of the phenotype. J Med Genet 2019;56:
220-7.

. Micha D, Guo D-C, Hilhorst-Hofstee Y, van Kooten F,

Atmaja D, Overwater E, et al. SMAD2 mutations are associ-
ated with arterial aneurysms and dissections. Hum Mutat
2015;36:1145-9.

Zhang W, Zeng Q, Xu Y, Ying H, Zhou W, Cao Q, et al. Exome
sequencing identified a novel SMAD2 mutation in a Chinese
family with early onset aortic aneurysms. Clinica Chimica
Acta 2017:468:211-4.

. Agranovich OE, Semenov SY, Mikiashvili EF, Sarantseva SV.

Loeys—Dietz syndrome (literature review and case descrip-
tion). Pediatric Traumatology, Orthopaedics and Recon-
structive Surgery 2020;8:83-94.

Meester JA, Verstraeten A, Schepers D, Alaerts M, Van Laer L,
Loeys BL. Differences in manifestations of Marfan syndrome,
Ehlers-Danlos syndrome, and Loeys-Dietz syndrome. Ann
Cardiothorac Surg 2017,6:582.

. Mu Y, Gudey SK, Landstrom M. Non-Smad signaling path-

ways. Cell Tissue Res 2012:347:11-20.

van der Linde D, van de Laar IM, Bertoli-Avella AM,
Oldenburg RA, Bekkers JA, Mattace-Raso FU, et al. Aggres-
sive cardiovascular phenotype of aneurysms-osteoarthritis
syndrome caused by pathogenic SMAD3 variants. J Am
Coll Cardiol 2012;60:397-403.

Regalado ES, Guo DC, Villamizar C, Avidan N, Gilchrist D,
McGillivray B, et al. Exome sequencing identifies SMAD3
mutations as a cause of familial thoracic aortic aneurysm
and dissection with intracranial and other arterial aneu-
rysms. Circ Res 2011;109:680-6.

. van de Laar IM, van der Linde D, Oei EH, Bos PK, Bessems JH,

Bierma-Zeinstra SM, et al. Phenotypic spectrum of the
SMAD3-related aneurysms—osteoarthritis syndrome. J Med
Genet 2012;49:47-57.

Zhang W, Zhou M, Liu C, Liu C, Qiao T, Huang D, et al. A novel
mutation of SMAD3 identified in a Chinese family with
Aneurysms-Osteoarthritis Syndrome. Biomed Res Int
2015;2015:968135.

Faraj J, Tan RLW, Mwipatayi BP. An off-label use of a unibody
aortic stent-graft system for the treatment of infrarenal
abdominal aortic dissections. Case Rep Vasc Med 2019;2019:
6853135.

Zhou M, Cai H, Li Z, Zhang V, Liu Z, Tang H, et al. Contem-
porary results of endovascular repair of isolated albdominal
aortic dissection with unibody bifurcated stent grafts. Ann
Vasc Surg 2018;49:99-106.

Maldonado T, Westin G, Jazaeri O, Mewissen M, Reijnen M,
Dwivedi A, et al. Treatment of aortoiliac occlusive disease
with the endologix AFX unibody endograft. Eur J Vasc
Endovasc Surg 2016;52:64-74.


http://refhub.elsevier.com/S2468-4287(20)30179-9/sref1
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref1
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref1
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref1
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref2
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref2
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref2
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref2
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref3
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref3
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref3
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref4
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref4
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref4
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref4
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref5
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref5
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref5
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref5
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref5
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref6
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref6
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref6
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref6
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref7
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref7
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref7
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref7
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref8
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref8
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref8
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref9
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref9
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref9
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref9
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref10
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref10
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref10
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref10
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref10
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref11
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref11
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref11
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref11
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref11
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref12
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref12
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref12
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref12
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref13
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref13
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref13
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref13
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref14
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref14
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref14
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref14
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref15
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref15
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref15
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref15
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref16
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref16
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref17
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref17
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref17
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref17
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref17
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref18
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref18
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref18
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref18
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref18
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref19
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref19
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref19
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref19
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref20
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref20
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref20
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref20
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref21
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref21
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref21
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref21
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref22
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref22
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref22
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref22
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref23
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref23
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref23
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref23

Journal of Vascular Surgery Cases and Innovative Techniques

Volume 7, Number 1

24.

25.

Oberhuber A, Duran M, Ertas N, Simon F, Schelzig H. Im-
plantation of an iliac branch device after EVAR via a femoral
approach using a steerable sheath. J Endovasc Ther 2015;22:
610-2.

Sultan |, Dufendach K, Kilic A, Bianco V, Trivedi D,
Althouse AD, et al. Bare metal stent use in type B aortic
dissection may offer positive remodeling for the distal aorta.
Ann Thorac Surg 2018;106:1364-70.

Bellamkonda et al 15

26. van der Linde D, Verhagen HJ, Moelker A, van de Laar IM, Van
Herzeele |, De Backer J, et al. Aneurysm-osteoarthritis syn-
drome with visceral and iliac artery aneurysms. J Vasc Surg
2013;57:96-102.

Submitted Jul 23, 2020; accepted Sep 30, 2020.


http://refhub.elsevier.com/S2468-4287(20)30179-9/sref24
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref24
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref24
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref24
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref24
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref25
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref25
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref25
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref25
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref26
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref26
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref26
http://refhub.elsevier.com/S2468-4287(20)30179-9/sref26

	Endovascular repair of a dissecting pararenal abdominal aortic aneurysm in a patient with type III Loeys-Dietz syndrome
	Case report
	Surgical technique
	Discussion
	References


