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Abstract
Endovascular treatment of abdominal aortic aneurysms (AAA), involving the exits of the renal and visceral arteries 
still constitutes a considerable challenge. Many different techniques have been developed over the years in attempts 
to surmount the difficulties presented by these cases. Techniques that have gained prominence include fenestrated 
or branched stents, methods involving parallel prostheses, such as the chimney, periscope and sandwich techniques, 
and, more recently, flow modulation with Multilayer stents. We describe a case of a complex juxtarenal saccular AAA 
with a high surgical risk, both according to cardiological assessment and because the patient had a difficult airway 
caused by a total laryngectomy for early stage laryngeal neoplasm. In view of the technical simplicity of using Multilayer 
stents, the presence of chronic obstructive aortoiliac disease, ostial stenosis of the renal artery and a small diameter 
suprarenal aorta, options involving fenestrated/branched stents and techniques involving parallel prostheses were 
ruled out, because of the need for multiple accesses. In view of the dilemma it presented, we describe this case as a 
therapeutic challenge and present the treatment option employed, which has been successful over the short term.
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Resumo
O tratamento endovascular de aneurismas de aorta abdominal (AAA), envolvendo a saída das artérias renais e 
viscerais, constitui ainda um importante desafio. Diversas técnicas foram desenvolvidas ao longo do tempo para 
contornar as dificuldades oferecidas por esta situação, destacando-se as endopróteses fenestradas ou ramificadas, as 
técnicas envolvendo próteses paralelas, como Chaminé, Periscópio e Sanduíche, e, mais recentemente, a utilização da 
modulação de fluxo por stent multicamadas Multilayer. Apresentamos um caso de AAA sacular complexo justarrenal 
e com alto risco cirúrgico pela avaliação cardiológica e por apresentar via aérea difícil, em decorrência de laringectomia 
total por antecedente de neoplasia de laringe. Devido à facilidade técnica do uso do Multilayer, à presença de doença 
obstrutiva crônica aorto-ilíaca, à estenose ostial renal e ao diâmetro limitado da aorta suprarrenal, descartaram-se as 
opções envolvendo endopróteses fenestradas/ramificadas ou técnicas envolvendo próteses paralelas, pela necessidade 
de diversos acessos para a execução. Diante do dilema imposto, apresentamos este caso como desafio terapêutico e 
com uma opção de tratamento bem sucedida, em curto prazo.
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INTRODUCTION

Endovascular treatment of abdominal aortic 
aneurysms (AAA) that involve the exits of the renal 
and visceral arteries is a considerable challenge, 
particularly in patients at high surgical risk. Several 
alternative techniques to conventional surgery 
have been developed over the years in attempts to 
surmount the difficulties presented by these cases. 
Techniques that have gained prominence include 
hybrid surgery or “debranching,”1 fenestrated or 
branched stents,2 the chimney (or snorkel), Periscope 
and Sandwich techniques3 and, more recently, flow 
modulation with Multilayer stents.4-14 We describe the 
case of patient with very high cardiological surgical 
risk and multiple comorbidities suffering from a 
juxtarenal saccular AAA. The patient’s condition 
meant that conventional surgery would be high 
risk; the patient also had a history of laparotomy 
and segmental enterectomy because of mesenteric 
ischemia. Vascular access was limited by chronic 
obstructive aortoiliac disease and by hostile neck 
anatomy, caused by cervical lymph node dissection, 
laryngectomy and cervical radiotherapy, in addition 
to ostial stenosis of the left renal artery, throwing up 
technical obstacles to execution of options involving 
branched and fenestrated stents or parallel prostheses. 
In view of the dilemma it presented, we describe this 
case of a therapeutic challenge and the treatment 
option employed, which has proved successful in 
the short term.

PART I – CLINICAL SITUATION

A male, 62-year-old ex-smoker with hypertension 
and a history of laparotomy for mesenteric ischemia 
ten years previously and prior treatment of laryngeal 
neoplasm by total laryngectomy, cervical clearance 
and radiotherapy. As part of postoperative follow-
up for neoplasm staging, an abdominal computed 
tomography scan was performed, revealing a saccular 
aneurysm of the aorta, immediately below the origin 
of the renal arteries. The patient complained of 
intermittent claudication in the left lower limb at 
100 meters. On physical examination only the right 
femoral pulse was palpable in the lower limbs, while 
other pulses were absent. The best ankle-brachial 
indices for the lower limbs were the posterior tibials, 
at 0.59 on the right and 0.43 on the left. Laboratory 
test results showed creatinine varying from 1.2 to 
1.4, with no other significant abnormalities. The 
patient’s cardiological assessment classified risk of 
cardiovascular events as moderate, following the 
latest preoperative assessment recommendations 

from the Sociedade Brasileira de Cardiologia. 
Multi-slice angiotomography was conducted with 
post analysis in an Osirix system, with the following 
findings: there was a saccular aneurysm intimately 
involving the right renal artery, with a mural 
thrombus splitting the right renal artery upwards, 
located at the level of the left renal artery; stenosis 
ostial of the left renal artery; occlusion of the left 
common iliac; moderate stenosis of right common 
and external iliac arteries; in addition to identifying 
several renal polar arteries and the inferior mesenteric 
artery as vicarious, supplying collateral circulation to 
the left iliofemoral axis. The cross-sectional diameter 
of the suprailiac aorta – a landing zone for possible 
endovascular intervention – measured 25.8 mm. The 
cross-sectional diameter of the aorta at the height 
of the origin of the right renal artery (the upper 
renal artery) measured 19 mm. The diameter of the 
sacculation in isolation was approximately 30 mm; 
and the total diameter of the aorta in the topography 
of the saccular aneurysm was approximately 
50  mm. The extent of the aneurysmal lesion was 
approximately 35 mm. The distance from the lower 
renal artery (left renal) to the aortic bifurcation was 
102 mm. The extension of the right internal iliac 
artery was approximately 45 mm. The distances 
between visceral arteries were as follows: 12.5 mm 
from right renal to superior mesenteric and 9.5 mm 
from superior mesenteric to celiac trunk (Figures 1 
and 2).

Faced with this presentation, a number of 
treatment options were discussed:

1-	 Hybrid surgery;
2-	 Fenestrated stent (commercial or customized);
4-	 Branched stent;
5-	 Parallel endoprostheses (chimney, snorkel, periscope 

or sandwich);
6-	 Multilayer Flow Modulator.

PART II – WHAT WAS DONE

The decision was taken to attempt endovascular 
repair of the aneurysm using a Multilayer Flow 
Modulator (MFM). The procedure was conduced 
under spinal anesthesia, in view of the patient’s 
difficult airway. A small transverse incision was 
made 2 cm above the inguinal fold, followed by 
dissection, exposure and proximal and distal control 
of the right common femoral artery and then puncture 
of the right common femoral artery followed by 
the Seldinger technique and catheterization with 
a 11 cm 6F introducer sheath. Aortography with a 
Pig Tail 5F catheter, using a Left Anterior Oblique 
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Figure 1. Angiotomography showing the saccular aneurysm close below the emergence of the right renal artery. A) Transverse 
section at the height of the aneurysm, showing measurements of the diameters of the whole aorta and the saccular portion in this 
topography. B) Angiotomography reconstruction in coronal multiplanar reformatting. Note the polar arteries.

Figure 2. Angiotomography reconstruction in coronal multiplanar reformatting. A) Stenosis of the right iliac axis, occlusion of the 
left internal iliac artery and vicarious inferior mesenteric artery. B) Measurements of infrarenal aorta extensions for preoperative 
planing.
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(LAO) view at 20°, revealed critical ostial stenosis 
of the left renal artery (Figure 3) requiring treatment 
before placement of the Multilayer stent, as directed 
by the manufacturer’s technical recommendations 
(Instructions for Use). To accomplish this the 
introducer was changed for a 40 cm Flexor 6F wired 
introducer (Cook Medical), followed by systemic 
heparinization and selective catheterization of the 
left renal artery in a coaxial system with a Renal 
Double Curve (RDC) 5F catheter on a 260 cm 
0.035” stiff hydrophilic guide wire (Terumo). The 
guide wire was then changed for a 180 cm 0.014” 
PT2 moderate support guide (Boston Scientific) and 
the lesion in the renal artery was pre-dilated with 
a 4 × 20 mm Pacific Xtreme balloon (Medtronic). 
The lesion was then treated using a 5.5 × 15 mm 
Hippocampus balloon-expandable stent (Medtronic), 
using the conventional technique of tractioning the 
balloon to the make a flair in the aortic portion of 
the stent after release of the stent. Having treated 
the renal lesion, a pre-treatment aortography was 
conducted using a 5F Pig Tail catheter with cm scale 
to advance an extra-stiff 300 cm 0.035” E-wire guide 
(Jotec), followed by removal of the introducer and 
placement of the MFM delivery device (Figure 4). A 
Multilayer Flow Modulator measuring 28 × 100 mm 
(Cardiatis) was released by a pull-back mechanism, 
from the suprailiac aorta to the medial portion of the 
proximal right internal iliac artery (Figure 5). The 
mesh of the MFM was in contact with the aorta wall 
along a total extension of approximately 170 mm 

(after extension), extending into the aneurysmal 
disease-free aorta approximately 6 cm proximal and 
9 cm distal of the lesion. The distal extremity of the 
MFM was prevented from opening completely in the 
right internal iliac artery by extrinsic compression 
exerted by calcifed plaques. In view of this, the 
decision was taken to use ballooning to fit the distal 
extremity of the MFM, using a low complacency 
Reef HP 8 × 60 mm balloon (Medtronic), with recoil. 
At this point, angioplasty of the calcifed lesions in the 
common iliac was conducted by releasing a Scuba 
9 × 55 mm balloon-expandable stent (Medtronic) 
into a position at which there was approximately 
15 mm of overlap with the MFM (Figure 6). Control 
aortography showed an immediate reduction in 
opacification of the saccular aneurysm, suggesting 
that the flow into it had reduced, and no sign of 
complications related to the treatments administered 
were identified (Figure 7). The patient remained in the 
intensive care unit for 24h during the postoperative 
period and was discharged from hospital on the 
fourth day after operating, without suffering any type 
of intercurrent clinical condition in the meantime. 
Duplex mapping was conducted immediately before 
hospital discharge and Color and Doppler modes 
showed no flow into the aneurysm sac. The patient 
was seen again at 2 months, was asymptomatic and 
on double antiplatelet treatment. Duplex mapping 
and angiotomography were conducted once more, 
showing effective exclusion of the saccular aneurysm 
(Figure 8).

Figure 3. Preoperative aortography in LAO at 20° and stent angioplasty of left renal artery.
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DISCUSSION

Juxtarenal AAA or AAA involving visceral arteries 
(also known as thoracoabdominal) are challenging 
to treat. While conventional surgery is effective and 
durable,15 it is associated with greater invasivity and 
considerable morbidity and mortality, particularly 
among patients at high operative risk. Continuous 
development of materials by the industry has allowed 
endovascular treatment to become established as an 
important alternative operating technique for AAA, 
particularly for patients with favorable anatomy. 
However, for patients with unfavorable anatomy, 
such as short neck (<15 mm) or juxtarenal position, 
or where other visceral branches are involved, the 
standard designs of normal commercial prostheses 
were unsuitable. The inventiveness of surgeons 
led to the proposal of implanting branches through 
fenestrations and branches in the main body 
of commercial endoprostheses, and also to the 
development of branched stents. The former are 
effective but time-consuming and are experimental 
techniques that have not yet been clearly validated 
(off-label).16 In contrast, branched stents have 
industry support, but are expensive and take a long 
time to be manufactured (off-the-shelf) to fit the 

Figure 5. Release of Multilayer Flow Modulator. A) Position of proximal extremity of stent (landing zone) at the medial point of 
vertebra T12 (suprailiac aorta). B) Distal extremity of stent prevented from opening completely by extrinsic compression from 
calcifed plaques in the right internal iliac artery.

Figure 4. A) Multilayer Flow Modulator. B) Multilayer Flow 
Modulator release system, which has an 18F profile, runs along 
a 0.035” guide wire and has a pull-back style release mechanism.
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Figure 6. Angioplasty to fit the distal extremity of the Multilayer Flow Modulator. A) Deformation of the low complacency 
balloon provoked by the intensely calcifed plaque. B) Effective dilation of the lesion. C) Release of the balloon-expandable stent 
into a position extending from the MFM to the right internal iliac artery.

Figure 7. Pre-treatment and final post-treatment control aortographies.
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anatomy of each patient.17 Less expensive alternatives 
that are more widely available and easier to perform 
include chimney, snorkel and sandwich techniques.3 
One of the major challenges of these techniques is 
how to avoid gutters and leaking endoprostheses 
with the many different chimneys needed to maintain 
blood flow in visceral arteries.18,19

More recently, a new concept in treatment of 
arterial aneurysms was introduced with Multilayered 
uncovered self-expanding stents that offer high radial 
strength and are manufactured from fibers woven 
from cobalt alloy (Phynox): known commercially as 
the Multilayer Flow Modulator (MFM), the objective 
of this type of stent is to redirect blood flow in such 
a manner as to remove pressure from within the 
aneurysm sac, preventing it from rupturing.5-8,10-12 The 
MFM’s three-dimensional arrangement of threads 
in layers is designed to be capable of changing 
the flow regime in the aneurysm sac interior from 
turbulent to laminar, encouraging the formation of 
organized and stable thrombi in the interior of the sac. 
Successful clinical results in the form of thrombosis 

of the aneurysm, reduction of the aneurysm and 
patency of visceral branches were achieved in around 
40% of aneurysms involving visceral arteries.11,20 
Although there are reports of reintervention in around 
13.7% of cases, including intestinal resection and 
thrombosis in 8.3% of cases, and even rupture of the 
aneurysm,21,22 the technique apparently appears to be 
promising.20 One important limiting factor to use of 
this material is its cost, which is currently extremely 
high compared to conventional endoprostheses, 
particularly by Brazilian standards.

While more significant clinical results are needed 
to provide better understanding of the possible 
indications for this technique, some reports and case 
series that have been published provide guidelines 
on when the technique should be considered or 
ruled out, stating that it should not be employed 
indiscriminately for all patients who do not provide 
the conditions to be treated using other methods.23-25 
Successful use of the technique is dependent 
on respecting strict criteria for indications and 
conditions, including: previous treatment of stenosis 

Figure 8. Postoperative control angiotomography at 60 days showing the thrombosed saccular aneurysm. A) Transverse section 
immediately above the origin of the left renal artery, showing a discrete sheet of contrast external to the MFM, formation of 
thrombi in the interior of the aneurysm sac and discrete reduction of the diameter of the sac in this topography. B) Saccular 
aneurysm totally thrombosed at the height of the left renal artery, which has a patent stent inside it. C) Angiotomography 
reconstruction in coronal multiplanar reformatting.
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of visceral branches; the extremities of the Multilayer 
stent must lie in normal arteries; where stents overlap, 
the larger diameter prosthesis must be within the 
smaller diameter device with oversizing of 15% 
to 25% and at least 60 mm extension of overlap; 
mobilization must be minimized, the delivery device 
must not be rotated inside the artery, extreme angles 
should be avoided to prevent risk of kinking and 
the device should not be forced if there is resistance 
from stenosis or calcifications; the correct size 
must be chosen according to the manufacturer’s 
recommendations; care must be taken in maneuvering 
catheters and guide wires inside the aneurysm sac to 
avoid displacing emboli; care must be taken when 
withdrawing the delivery device to avoid displacing 
the Multilayer stent; and double antiplatelet treatment 
should be maintained for at least 3 months. Multilayer 
stents are contraindicated for cases of arteriovenous 
fistulas; vascular outflow insufficiencies; history of 
coagulation problems; suspected infections; aortic 
arch aneurysms; pseudoaneurysms and ruptured 
aneurysms.25 In the case described here, indications 
for treatment with a Multilayer stent were respected 
and the results exceeded expectations, as was shown 
by early follow-up imaging exams.

CONCLUSIONS

Faced with a case involving high operative risk, the 
option of treating with a Multilayer Flow Modulator 
appears to be an interesting one because of the ease 
of execution of this intervention and the promising 
results described in the international literature. The 
MFM should not be seen as a miraculous solution 
for all complex aortic pathologies and criteria-
based use is greatly to be encouraged. Although the 
present case does not offer grounds for any type 
of recommendation, the results achieved were an 
important part of accomplishing effective treatment 
of the patient in question. The technology involved 
in the MFM is still being studied and we await 
randomized clinical trials involving several centers 
and large volumes of cases in order to technically 
perfect this treatment option and precisely define 
its indications.
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