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PURPOSE

Renal artery aneurysms (RAAs) are rare in the general population, although the true incidence
and natural history remain elusive. Conventional endovascular therapies such as coil emboliza-
tion or covered stent graft may cause side branches occlusion, leading to organ infarction. Flow
diverters (FDs) have been first designed to treat cerebrovascular aneurysms, but their use may
be useful to treat complex RAAs presenting side branches arising from the aneurysmal sac. We
aimed to evaluate the mid-term follow-up (FUP) safety and efficacy of FDs during the treatment
of complex RAAs.

METHODS

Between November 2019 and April 2020, 7 RAAs were identified in 7 patients (4 men, 3 women;
age range 55-82 years; median 67 years) and treated by FDs. Procedural details, complications,
morbidity and mortality, aneurysm occlusion, and segmental artery patency were retrospec-
tively reviewed. Twelve months of computed tomography angiography (CTA) FUP was evaluated
for all cases.

RESULTS

Deployment of FDs was successful in all cases. One intraprocedural technical complication was
encountered with one FD felt down into aneurism sac which requiring additional telescopic
stenting. One case at 3 months CTA FUP presented the same complication, requiring the same
rescue technique. At 12 months CTA FUP, 5 cases of size shrinkage and 2 cases of stable size were
documented. No rescue surgery or major intraprocedural or mid-term FUP complication was
seen.

CONCLUSION
Complex RAAs with 2 or more side branches can be safely treated by FD. FD efficacy for RAA
needs further validation at long-term FUP by additional large prospective studies.

enal artery aneurysm (RAA) is a rare pathology with an estimated incidence of 0.09%

in autopsies and with an incidence estimated in angiographic series of 0.1%-1% in

normal population, reaching up to 2.5% in hypertensive population. They account
for 22%-25% of all visceral artery aneurysms (VAAs).!?

RAAs could be classified according to their shape (saccular and fusiform), location (extra-
and intra-parenchymal), and wall (dissecting and non-dissecting).?

Risk factors associated with the development of a RAA are fibromuscular dysplasia,
atherosclerosis/hypertension, and hereditary connective tissue dysplasias (Marfan syn-
drome) or vasculitis (Behcet disease).?

Indication for treatment includes diameter size > 2 cm or volume increase, symptoms,
hematuria, hypertension, pregnancy (due to higher risk of rupture during childbearing),
and acute rupture.! Aneurysmal rupture is noted in up to 5.6% and is considered a life-
threatening condition. Increased risk of rupture is seen during pregnancy.?

Thanks to technical improvement and accumulation of clinical experience, endovascular
treatment represents a safe and successful strategy. Coil embolization and stent grafts are
the most tested techniques, reported in numerous studies, where treatment choice is made
according to the anatomical characteristics of the aneurysm and the parent arteries.?
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The aim of the treatment should be the
selective occlusion of the aneurysm main-
taining normal blood flow to the renal
parenchyma; for peripheral lesions, located
on a distal branch of the renal artery, as hilar
bifurcation or trifurcation, coil embolization
or covered stents lead to the sacrifice of par-
ent arteries, determining an increased risk
of end-organ ischemia, with possible con-
sequence on the kidney function.?*

Furthermore, coil embolization in fusi-
form or wide neck aneurysm cannot be
proposed for the potential coil migration or
parent vessel occlusion.®

The application of flow-diversion tech-
niques in the treatment of intracranial
aneurysms has represented a revolution in
neurovascular interventions: in fact, flow
diverters (FDs) are specifically designed to
maintain laminar flow in the parent artery
and side branches patency, while reduc-
ing flow velocity within the aneurysm, thus
promoting thrombosis of the sac.5”

The use of a variety of FD techniques
for the treatment of VAA and pseudoan-
eurysms has recently been reported, with
good results in terms of stent patency and
aneurysm sac reduction rates.®"

In this study, a multicentric techni-
cal experience and clinical outcomes in
7 patients presenting a hilar RAAs with 2 or
3 arising branches from the sac, treated
with FD as an alternative approach to con-
ventional endovascular treatment, in order
to preserve renal arteries branches and seg-
mental distal patency was reported.

Methods

Patients’ characteristics

Between November 2019 and April 2020,
7 patients with RAA were identified (4 men,
3 women; age range 55-82 years; median
67 years) and treated by endovascular
team of interventional radiologists and
neuroradiologists.

Ethical committee approval number
was 101568 R.C.E.164/20. Furthermore,
informed consent was obtained from the
research subjects.

- Flow-diverter treatment for bifurcation
renal artery aneurysms

- Angio-computed tomography follow-up
after renal aneurysms treatment

- Novel endovascular technique for visceral
aneurysms

All RAAs were treated using Derivo
Embolization Device (DED, Acandys), an FD
safely and effectively used for intracranial
aneurysm treatment.'>'

Before intervention, no patients pre-
sented renal dysfunction. No signs of acute
rupture were collected, and post-traumatic/
mycotic pseudoaneurysms were excluded
in this study.

Seven patients had a hilar saccular RAA
ranging in size from 20 to 26 mm; only 1
of these patients had a horseshoe kidney
and another patient had Marfan syndrome.
Moreover, 6 out of 7 patients had a saccular
aneurysm at the level of the hilar bifurca-
tion and only 1 patient at the level of the
hilar trifurcation.

Finally, 2 of the 7 patients presented with
multiple aneurysms of the visceral arteries.
Indications to treat were given for RAA size
> 2 cm and aneurysm volume increase to
2 cm specifically for patient number 2 and
number 3.

Endovascular procedures

In this study, DED was chosen for its char-
acteristics of flexibility and large diameters
available. This device has flared ends for a
secure wall apposition immediately after
the initial distal opening, while the fore-
shortening on the proximal end is reduced.

Mesh density enables in RAAs flow diver-
sion away from the sac while maintaining
the flow into the side branches, avoiding
renal infarction. Lastly, the device can be
safely recaptured and repositioned if an
adjustment and superior placement is
needed.

Vascular access was based on the anat-
omy of the renal artery and its arising angle
from the aorta. Four patients by transfemo-
ral access and 3 patients by transhumeral
access were treated.

In 3 patients, renal artery was catheter-
ized via humeral artery using a 6F long
sheath (NeuronMax, Penumbra), a 5F
intermediate catheter (Catalyst, Stryker
Neurovascular) over a 0.27 microcatheter
(Excelsior XT-27, Striker Neurovascular).

Four femoral access were performed
using a 6F long sheath (Destination,
Terumo) over a 5F intermediate catheter
(Catalyst, Stryker Neurovascular) over a
0.27 microcatheter (Excelsior XT-27, Striker
Neurovascular).

In all cases, the microcatheter was
advanced into the target vessel on a
0.014” guidewire, and then, an FD was
deployed.

All patients received antiplatelet therapy
with acetylsalicylic acid 100 mg/day and
clopidogrel 75 mg/day starting 7-10 days
before the treatment. During procedures,
anticoagulation was provided using intra-
venous administration of heparin 50 U/kg
monitoring blood activated clotting time
(ACT): the ACT level was maintained above
250 seconds.

All  patients continued acetylsali-
cylic acid 100 mg/die plus clopidogrel
75 mg/die. After 3 months, clopidogrel
was stopped.

Endpoint
The analyzed endpoints were technical
success rate, safety, and efficacy and the

Figure 1. Patient number 2. Axial and coronal CTA. CTA, computed tomography angiography.
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12 months computed tomography angiog-
raphy (CTA) follow-up (FUP). Technical suc-
cess was defined as successful deployment
of FD within the target artery.

Safety was defined as freedom from
minor (puncture site hematoma or pseu-
doaneurysm) or major complications
(death, intraprocedural aneurysm sac rup-
ture, acute stent occlusion, or foreshorten-
ing). Efficacy was defined as stent and side
branches patency and freedom from aneu-
rysm rupture or growth at 12 months after
intervention.

Follow-up
Imaging CTA FUP was scheduled at 3 and
12 months.

Results

In all patients, FD was successfully
deployed; no ruptures or aneurysm reper-
fusion after exclusion were observed.

Among the 7 patients treated, in 2 cases
(patient 1 and 2), the proximal part of FD
prolapsed into the aneurism, 1 during
deployment (Figures 1-6) and another at
3 months CTA FUP; both cases were man-
aged with an additional telescopic rescue
FD. No clinical consequences were verified.

In patient number 3, during the place-
ment of the FD, a stent proximal fish mouth
closure was identified and subsequently
treated with balloon-expandable stent
deployment (RX Herculink Renal Stent
System, Abbott) (Figures 7-12).

Patient number 4 with Marfan syndrome,
during a preliminary diagnostic contrast
injection, dissection of the proximal part of
the renal artery occurred and immediately
it was treated by a balloon-expandable
stent deployment (RX Herculink Elite Renal
Stent System, Abbott).

Focal ischemic injury of the kidney upper
pole was diagnosed in 1 patient (patient
number 2) at 3 months CTA FUP. No seg-
mental artery occlusion was revealed.

No other major (death, intraprocedural
aneurysm sac rupture, acute stent occlu-
sion, or foreshortening) or minor com-
plication (puncture site hematoma or
pseudoaneurysm) was observed.

Twelve months CTA FUP shows stent
patency in all patients. In 5 cases, shrink-
age in the size of the aneurysm was docu-
mented, and in the 2 remaining cases, the
aneurysm was unchanged. In all cases,
the segmental arteries were preserved at
12 months CTA FUP (Table 1).

Figure 2. Patient number 2. 3D CTA. 3D, three-dimensional.

Figure 3. Patient number 2. Selective left renal artery DSA demonstrated a hilar bifurcation RAA.
DSA, digital subtraction angiography; RAA, renal artery aneurysm.

Figure 4. Patient number 2. During treatment, proximal FD prolapsed into the aneurysm sac, just
after deployment. The red straight arrow indicates the prolapsed stent, while the yellow curved arrow
refers to the hydrophilic 0.035” guidewire used for FD renavigation. FD, flow diverter.
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Figure 5. Patient number 2. The malpositioning was rescued by an additional telescopic FD.

Figure 6. Patient number 2. One-year CTA FUP documented stent patency and aneurysm dimension
stability. FUP, follow-up.

-
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Length: 2.01J/cm

Figure 7. Patient number 3. Axial and coronal CTA. The white arrow shows a rising branch artery.
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Discussion

Endovascular treatment for a personal-
ized approach to different anatomic vari-
ables and a reduced invasiveness along
with lower morbidity/mortality rates should
be today preferred over nephrectomy in the
first instance.

Despite some authors lately recommend
a conservative approach, it is commonly
accepted that indications for treatment of
a RAAs are major diameter of 2 cm or more
and/or signs of progression in FUP imaging.
Smaller aneurysms should be treated when
patients are symptomatic, presenting with
refractory hypertension, rupture/hemor-
rhage, flank pain, when they have a single
kidney, or in women of child-bearing age
seeking pregnancy, because the incidence
of rupture during pregnancy is higher
(80%).1'2'14

Conventional in situ surgical vessels
reconstruction include aneurysm resec-
tion with primary angioplastic closure
with or without branch reimplantation,
patch angioplasty, primary re-anastomosis,
interposition bypass, aorto-renal bypass,
splanchno-renal bypass, and plication of
small aneurysms.*

While complex distal branch lesions
were historically treated with nephrec-
tomy, they may best be approached with
ex vivo repair and auto-transplantation.*
Murray et al.” described a 92% success rate
with in situ bifurcation and ex vivo multi-
branch replacement with branched and
unbranched internal iliac artery autograft
in 12 patients with aneurysms without
mortality or major morbidity. Gallagher
et al.”® reported seven ex vivo reconstruc-
tions for complex aneurysmal disease with
excellent technical success. Chandra et al.”
compared in situ and ex vivo reconstruc-
tions and noted no significant difference in
hospital length of stay, morbidity, mortality,
or need for reoperation at FUP.

Traditional endovascular therapies have
utilized coil embolization for distal and
parenchymal aneurysms and stent graft
exclusion for main renal artery lesions.
The indications for endovascular repair
have broadened with the introduction of
3-dimensional detachable coils, remodel-
ing techniques (which include balloon- and
stent-assisted coiling), and FDs.

Embolization with coils requires sac cath-
eterization and is not feasible in the case of
unfavorable large aneurysm neck or in the
presence of side branches arising from the
neck or the aneurysmal sac itself."?

Semeraro et al.



Figure 8. Patient number 3. Selective right renal artery DSA showed a hilar trifurcation RAA.

Covered stent grafts have been used to
treat RAA with good technical success rate,
but their use in complex RAAs may obstruct
side branch perfusion, leading to kidney
infarction.'

The classification of 3 groups of RAA by
Rundback et al.?® did not distinguish RAA
bifurcation or trifurcation morphology. In
these case series, aneurisms morphology of
bifurcation or trifurcation RAAs precluded

Figure 9. Patient number 3. During FD placement, a stent fishmouth was observed proximally (red

circle).

Figure 10. Patient number 3. A stent fishmouth was subsequently treated by balloon expandable

stent delivery (RX Herculink Renal Stent System).

the use of conventional coil emboliza-
tion, standard self-expanding or balloon-
expandable covered stents; in this study, FD
was then chosen, in order to preserve exist-
ing side branches arteries.

The use of FDs during aneurysms treat-
ment has been widely accepted in recent
years, since they promote the reconstruc-
tion of the parent vessel. The stasis of blood
flow in the aneurysm leads to an inflamma-
tory response, followed by thrombosis and
healing of the aneurysm, while the stent
acts as a scaffold for neointimal prolifera-
tion and remodeling of the parent vessel.”!

Although the flow-modulation mecha-
nism leads to earlier sac depressurization,
the time required to achieve aneurysm
exclusion, in comparison to conventional
techniques, is longer, in terms of weeks to
months. However, rather than the throm-
bosis, the most predictive effect of clini-
cal success is the dimensional reduction
of the sac, which is the result of aneurysm
depressurization.®

In this case series, some technical cor-
rections during endovascular intervention
were needed.

In patients 1 and 2, the proximal part
of FD prolapsed into the aneurysm. DED
device need to be correctly sized during
preprocedural planning, because undersiz-
ing of the FD may cause inadequate wall
apposition of the device and incomplete
coverage of the aneurysm neck, which may
compromise aneurysm occlusion.??3

DED misures were planned according to
3-dimensional digital subtraction angiog-
raphy (DSA), slightly overestimating DED
devices in all cases.

FD prolapses have been attributed to the
structure of the FD itself: DEDs are charac-
terized by the presence of only distal flares,
without proximal flares, probably leading
stent proximal prolapse into the aneurysm
sac. To overcome this complication, it could
be useful to use an FD with flares in the
proximal part rather than distal or more
overestimating DED diameters.

Since these stents are specifically
designed for intracranial circulation,
the maximum available diameter at the
moment of DED use was 6 mm; thus, the
treatment can only be proposed for vessels
with a maximum caliber less of 6 mm.

Device opening was difficult in 1 patient
(patient 3): DED's fish-mouthed formation
at the proximal part caused insufficient
opening of the stent. This was rescued with
an additional balloon-expandable stent

Flow-diverter treatment for renal artery aneurysms « 613



Figure 11. Patient number 3. Final DSA showed aneurysmal contrast stasis
Length: 6.808 mm

S
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Figure 12. Patient number 3. One-year CTA FUP demonstrated parental artery patency, no renal
ischemia, aneurysmal size reduction, with small residual close to a rising branch artery (white arrow).

Table 1. RAA features, procedural details, and follow-up findings

with proper wall apposition. This patient
was discharged without any renal defi-
cit and stent patency was confirmed at 3
months CTA FUP. We attributed this compli-
cation vascular tortuosity.

Technical success was obtained in all
cases we reported, similar to other cases
described in the literature’": in all patients,
DED deployment was successfully accom-
plished and stent patency was docu-
mented at 12 months CTA FUP. The median
hospital stay was 3 days as Colombi et al.?
experience.

In this multicentric experience, all seg-
mental arteries remained patent at 3 and
12 months CTA FUP with no narrowing or
shrinkage of caliber.

A small infarct area was diagnosed in
1 patient at 3 months CTA FUP. The jailed
branch was patent in the absence of size
reduction or remodeling, without symp-
toms or alterations of laboratory analysis.
We attributed this infarction to the migra-
tion of an embolus.

There are several clear advantages using
flow diversion techniques: the aneurys-
mal artery is treated at the neck, which is
the point most at risk of future recurrence,
side branches patency is preserved and,
finally, the risk of incidental rupture asso-
ciated with aneurysm sac catheterization
and intrasaccular maneuvers are avoided.
Furthermore, FD treatment is a very fast

Case number 1 2 3 4 5 6 7
Location of RAA Hilar aneurysm Hilar bifurcation, Hilar bifurcation, saccular Hilar trifurcation, Hilar Hilar Hilar
ina horseshoe  saccular LRA RRA saccular LRA bifurcation,  bifurcation, bifurcation
kidney saccular RRA  saccular RRA  saccular LRA
RAA size (mm) 25 20 20 26 23 24 26
Type of device DED DED DED DED DED DED DED
Size of the DED 5.5x40 6x30 5.5x50 6 x40 5 X 60 5.5%x50 6 X% 50
(diameter x
length, mm)
Additional After 3 months Intraprocedural Intraprocedural proximal Intraprocedural proximal None None None
interventional FU telescopic telescopic balloon-expandable balloon-expandable
rescue FD rescue FD stent (RX Herculink Elite  stent (RX Herculink Elite
(6 X 50 mm) (6 < 30 mm) Renal Stent System, Renal Stent System,
4% 12mm) 5.5 % 18 mm)
Complications None Distal segmental None None None None None
artery occlusion
Follow-up (FU) 1 year
RAA size (mm) 22 20 6 26 5 23 8
% RAA size 12 0 70 0 78 4.2 69.3
reduction
Stent patency Yes Yes Yes Yes Yes Yes Yes

RAA, renal artery aneurysms; LRA, left renal artery; RRA, right renal artery; DED, Derivo Embolization Device; FD, flow diverter; FU, follow-up.
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procedure, reducing hospital stay and being
feasible under local anesthesia, without the
need for general anesthesia, avoiding all
the complications that this could lead to.

Some limitations for repairing RAAs with
FD should be considered. First, small num-
ber of cases, collected retrospectively; sec-
ond, the need to wait the aneurysms sac
reduction or thrombosis; third, the double
antiplatelet therapy can lead to RAA rup-
ture or elsewhere bleeding; fourth, the FD
high costs compared to both endovascular
and surgical treatment should be consid-
ered, as in these case series 2 cases resulted
in the use of more than one FD.

Conclusion

Initial clinical experience with FDs in
the treatment of complex RAAs yielded
satisfactory results in technical success,
aneurysm sac thrombosis and shrinkage,
and branch vessel patency. No FDs throm-
bosis or aneurysm rupture after treatment
occurred. Larger clinical prospective series
with longer FUP will clarify the role of FDs
for RAAs.
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