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Abstract: The endovascular treatment of renal artery aneurysms (RAAs) has lower morbidity and
shorter stay lengths compared to surgical repair. Here, we describe coil packing with or without
remodeling and assess outcomes and complications. We retrospectively identified the 19 consecutive
preventive endovascular RAA coil embolizations done in 18 patients at our center in 2010–2020.
Patient and aneurysm characteristics, technical success rate, complications, and recurrences were
recorded. Mean patient age was 63 ± 13 years. The RAA was >1.5 cm in 11 cases, and in four
cases, the aneurysm-to-parent artery size ratio was >2. Simple coiling was performed for 11 (57.9%)
aneurysms, stent-assisted coiling for seven (36.8%) aneurysms, and balloon-assisted coiling for one
(5.3%) aneurysm. Technical success rate was 100%. Complete definitive RAA exclusion was achieved
with a single procedure for 17 (89.5%) aneurysms, whereas two (10.5%) aneurysms required a repeat
procedure. Four minor complications occurred but resolved with no long-term consequences. No
major complications occurred during the mean follow-up of 41.1 ± 29.7 months. Coil embolization
by sac packing or remodeling proved very safe and effective. Together with the known lower mor-
bidity and shorter stay length compared to open surgery, these data indicate that this endovascular
procedure should become the preventive treatment of choice for RAAs.

Keywords: aneurysm; embolization; endovascular treatment; renal artery

1. Introduction

Renal artery aneurysms (RAAs) are rare, with an incidence in the general population
of 0.1 to 1%. However, they account for 25% of all visceral artery aneurysms [1]. The
most dreaded complication of RAA is rupture with massive bleeding. The risk of rupture
increases with the aneurysm diameter and is also higher in specific patient subgroups such
as women of childbearing age. Although no strong recommendation exists concerning
the indications for RAA treatment, symptomatic aneurysms and aneurysms larger than
1.5 cm are usually deemed to require intervention [1–6]. Multiple clinical studies have
assessed the efficacy and safety of endovascular treatment versus surgical repair [7–10].
The choice between these two options is generally based on the location and morphology of
the aneurysm. Both techniques are known to be safe and effective. However, endovascular
repair is associated with lower morbidity and a shorter length of stay. Various endovascular
techniques are used depending on the location and morphology of the aneurysm and on the
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number of relevant branches arising from the aneurysm. Thus, simple coiling embolization
is used for narrow-necked aneurysms. For wide-necked or complex aneurysms, the options
include stent- or balloon-assisted coiling and exclusion by stent-grafts. Neuroendovascular
techniques have been applied to peripheral aneurysms. Coils that detached instead of
having to be pushed, which were developed in 1990 by Guglielmi [11], constituted a break-
through. The use of detachable microcoils, which are repositionable, allows extraordinary
precision in placement, thus allowing effective embolization of aneurysms of different
sizes. The balloon remodeling technique was introduced by Moret et al. [12] in 1997 for
the treatment of wide-neck intracranial aneurysms: an inflatable balloon is used to avoid
coil migration in the parent artery during the procedure and to increase coil density in
the aneurysm. Other new tools and techniques allow the endovascular treatment of wide-
neck and fusiform aneurysms, while preserving vessel patency. Stent-assisted remodeling
is widely used in neuroradiology. It was first described for the treatment of RAAs in
2008 by Manninen et al. [13–15]. More recently, flexible stent grafts and flow diverters
have been introduced. Since their approval as an innovative stent system for peripheral
aneurysm management, multilayer stents have been applied in several clinical cases [16,17].
The unique design of multilayer stents decreases mean velocity and vorticity within the
aneurysm sac immediately and causes thrombus to form, resulting in physiological exclu-
sion of the aneurysm from the circulation, whereas branches and collaterals sprouting from
the aneurysm remain patent [17]. Few studies are available reporting results of multilayer
stents for renal artery aneurysms [18,19]. The purpose of this single-center retrospective
study was to specifically describe the procedure and outcomes of coiling with or without
remodeling used to treat 19 RAAs in 18 patients over a 10-year period.

2. Materials and Methods
2.1. Study Population

All procedures for the preventive endovascular treatment of RAAs were identified by
searching our university hospital electronic database over a 10-year period (2010–2020).
We then selected those patients managed by endovascular coil packing with or without
remodeling. Wide necks were defined as a neck diameter greater than 4 mm or as a dome-
to-neck ratio less than 2. Patients with post-traumatic pseudoaneurysms or arteriovenous
malformations were excluded. Ethical review and approval were waived for this study, in
compliance with French legislation on retrospective studies of anonymized data.

2.2. Endovascular Procedure

All aneurysms were treated by two interventional radiologists with 15 and 10 years of
experience, respectively, under local anesthesia, using the transfemoral approach with the
Seldinger technique. The common femoral artery was accessed under ultrasound guidance.
After positioning of the femoral sheath, an intravenous bolus of 5000 IU heparin was deliv-
ered. Aortography was performed, and the renal artery was accessed with a 5-Fr catheter
inserted through a 6-Fr guiding sheath. A 2.4-Fr Progreat microcatheter (Terumo, Tokyo,
Japan) was then advanced into the aneurysm sac to allow placement of the coils. Multiple
detachable Concerto microcoils (Medtronic, Minneapolis, MN, USA) of decreasing size
were placed into the aneurysm sac. Stent-assisted coil embolization was performed using
the EverFlex nitinol self-expanding stent (Medtronic, Minneapolis, MN, USA) deployed
over a 0.035-inch guidewire. For 1 patient, a Leo nitinol self-expanding braided stent
(Balt, Montmorency, France) was used over a 0.014-inch guidewire to accommodate the
unusual arterial anatomy. The Leo stent, designed for treating intracranial aneurysms, is
resheathable and repositionable and has a high radial force that enables safe and effective
use in twisting arteries. In case of stent-assisted remodeling technique, catheterization of
the aneurysm sac was performed through the mesh of the stent using a 2.0-Fr microcatheter
for coiling of the sac. Balloon-assisted coil embolization was performed by double femoral
approach using the Rx Viatrac 14 Peripheral Dilatation Catheter (Abbott, Chicago, IL, USA)
of appropriate size. Patients managed with simple coiling or remodeling using a balloon
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were discharged with no antiplatelet therapy. When a bare stent was used for remodeling,
patients were discharged with dual antiplatelet therapy (acetylsalicylic acid, 100 mg daily;
clopidogrel, 75 mg daily) for 6 months, after which the clopidogrel was stopped, and the
acetylsalicylic acid continued in the same dosage.

2.3. Angiographic Outcomes, Complications, and Follow-Up

The final angiographic results were assessed using the modified Raymond–Roy oc-
clusion classification (RROC), which is widely accepted for evaluating the occlusion of
intracranial aneurysms [20]. Class 1 is defined as complete obliteration of the sac, Class 2
as subtotal obliteration with a residual neck, and Class 3 as residual aneurysm. Subclass
3a is defined as contrast opacification within the coil interstices of a residual aneurysm
and Subclass 3b as contrast opacification outside the coil interstices, along the residual
aneurysm wall. All patients underwent follow-up computed tomography (CT) or magnetic
resonance imaging (MRI) at least 1 month after the procedure and a final CT or MRI at
the end of the study period, in January 2020. The type of cross-sectional imaging was
chosen based on the presence of a stent. In that case, MRI was preferred. CT and MRI
were performed after intravenous contrast injection with standard protocols. Complete or
incomplete occlusion of the sac was noted. Kidney function was evaluated based on the
serum creatinine concentration (µmol/L) preoperatively, 1 month after the procedure and,
at last, follow-up. Perioperative complications were defined as those occurring during the
procedure and up to 1 month after the procedure. They were divided into minor and major
complications according the Society of Interventional Radiology classification system [21].

2.4. Statistical Analysis

Descriptive statistics and parameters, such as frequencies and percentages, were used
and provided in order to accurately describe our experience regarding the endovascular
procedure with or without remodeling. Values were presented as means ± SDs (range) for
all variables.

3. Results
3.1. Patients

We identified 18 patients (15 females) with 19 true RAAs (Table 1). Mean age was
63 ± 13 years (range, 39–85). Seventeen patients had a single aneurysm and one patient
had two aneurysms on the right renal artery (Figure 1). The circumstances of the diagnosis
are shown in Table 2. A history of fibromuscular dysplasia (FMD) was noted in two (11.1%)
females and a history of hypertension in six (33.3%) patients (five females and one male).
An aneurysm was found on the splenic artery in one (5.6%) patient. The patient with two
RAAs had a history of liver transplantation.
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Figure 1. Images from patient 6. (A) and (B) Computed tomography angiography showing aneurysms 6 (white arrow) and
7 (black arrow) at the hilum of the right kidney. Aneurysm 6 is located at the initial trifurcation of the renal artery and has a
wide neck. Aneurysm 7 is more distal, at a secondary bifurcation of the renal artery, and has a narrow neck.
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Table 1. Characteristics of the 18 patients and 19 aneurysms.

Patient/
Aneurysm Age (years) Sex

Side
(Right–

Left)
Size (mm) Neck Size

(mm)

Parent
Artery Size

(mm)

Number of
Efferences Location

1/1 83 Female R 23 15 6 1 Ostial
2/2 55 Female L 11 6 5 1 Hilar
3/3 58 Female R 15 6 4 2 Hilar
4/4 60 Female R 13 4 3 2 Hilar
5/5 85 Female L 18 5 3 2 Intrarenal
6/6 39 Female R 15 9 5 1 Hilar
6/7 39 Female R 13 5 5 1 Hilar
7/8 54 Female R 20 7 6 2 Hilar
8/9 44 Female L 21 6 6 2 Hilar
9/10 79 Female R 13 3 3 1 Hilar

10/11 62 Female L 14 9 3 2 Hilar
11/12 55 Female R 14 6 4 2 Hilar
12/13 65 Female L 16 7 5 2 Hilar
13/14 57 Female L 17 6 4 1 Truncal
14/15 66 Male L 10 5 5 1 Hilar
15/16 70 Female L 12 5 5 2 Hilar
16/17 71 Male R 18 9 6 2 Hilar
17/18 78 Male L 20 8 8 2 Hilar

Table 2. History, clinical presentation, and indications for treatment.

Patient/Aneurysm History Clinical Presentation Indications for Treatment

1/1 Hypertension Incidental discovery Size ≥ 15 mm
2/2 Hypertension Vascular steal syndrome Symptomatic aneurysm
3/3 None Incidental discovery Size ≥ 15 mm
4/4 None Hematuria Symptomatic aneurysm
5/5 Hypertension Assessment of hypertension Renovascular hypertension, Size ≥ 15 mm
6/6 Liver transplantation Incidental discovery Size ≥ 15 mm

6/7 Liver transplantation Incidental discovery Aneurysm-to-parent artery size ratio > 2,
Treatment of another RAA

7/8 Hypertension Flank pain Symptomatic aneurysm
8/9 Fibromuscular dysplasia Incidental discovery Size ≥ 15 mm

9/10 None Incidental discovery Aneurysm-to-parent artery size ratio > 2
10/11 Hypertension Assessment of hypertension Renovascular hypertension
11/12 None Incidental discovery Size ≥ 15 mm
12/13 None Incidental discovery Size ≥ 15 mm
13/14 None Incidental discovery Size ≥ 15 mm
14/15 None Incidental discovery Aneurysm-to-parent artery size ratio > 2
15/16 None Incidental discovery Aneurysm-to-parent artery size ratio > 2
16/17 None Incidental discovery Progressiveness
17/18 Hypertension Hematuria Symptomatic aneurysm

3.2. Aneurysms

Ten (52.6%) aneurysms were located on the right renal artery and nine on the left renal
artery. Mean aneurysm size was 15.7 ± 3.6 mm (range, 10–23 mm) with 11 aneurysms
larger than or equal to 15 mm. Mean aneurysm neck size was 6.6 ± 2.7 mm (range,
3–15 mm). Fifteen (79%) lesions were narrow-necked aneurysms. Mean parent artery size
was 4.7 ± 1.4 mm (range, 3–8 mm). Seven (36.8%) aneurysms had one efferent branch, and
12 had two efferent branches. Sixteen (84.2%) aneurysms were located on the hilar segment
of the renal artery, one (5.3%) at the ostium, one on the trunk, and one on the intra-renal
segment. Table 2 lists the indications for treatment: size larger than or equal to 1.5 cm
in 11 cases; aneurysm-to-parent artery size ratio >2 in 15 cases; flank pain in one patient;
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hematuria in two patients; vascular steal syndrome in one patient due to high flow in the
aneurysmal sac, and progressiveness in one patient.

3.3. Coil Embolization and Outcomes

Simple coiling was performed for 11 (57.9%) aneurysms, stent-assisted coiling for
seven (36.8%) aneurysms, and balloon-assisted coiling for one (5.3%) aneurysm. The
patient with two aneurysms on the same artery was treated in two sessions and re-
quired simple coiling for one aneurysm (Figure 2) and stent-assisted coiling for the other
(Figure 3). On the posttreatment angiogram, 18 aneurysms (94.7%) were totally occluded.
All aneurysms treated by simple coiling were totally occluded. Of the eight aneurysms
treated by coiling with remodeling, one (12.5%) had a residual neck and was graded RROC
Class 2. This aneurysm was completely occluded in the short-term and on the final MRI
scans. On the short-term MRI scan, one (5.3%) aneurysm was incompletely occluded.
This aneurysm was located at the ostium of the right renal artery. Stent-assisted coiling
was used initially. Reintervention was with a BeGraft® peripheral covered stent (Bentley,
HechinGen, Germany). The final MRI showed complete exclusion of the aneurysm. At the
end of the study, mean follow-up was 41.1 ± 29.7 months (range, 1–99). No patients were
lost to follow-up. On the final MRI scan, one (5.3%) aneurysm was incompletely occluded.
This aneurysm was located at the hilum of the right renal artery and had initially been
treated by simple coiling. Reintervention using stent-assisted coiling achieved complete
occlusion of the sac. Thus, in all, two (10.5%) aneurysms required reintervention, which
achieved complete obliteration.
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Figure 2. Exclusion of aneurysm 7 by packing embolization. (A) Angiogram revealing the two
aneurysms. (B) Preliminary angiogram performed after selective aneurysm sac catheterization.
(C) Coil embolization. The aneurysm is fully packed with detachable microcoils. (D) After coil
embolization, renal artery angiogram shows complete obliteration of the sac with no residual flow
or neck.
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Figure 3. Exclusion of aneurysm 6 in a second session: stent-assisted coiling. (A) A guidewire is navigated beyond the
aneurysm into an inferior segmental branch (arrow). (B) A bare stent (arrow) is deployed over the aneurysm neck, extending
from the main renal artery to the inferior branch of the renal artery. (C) Catheterization of the aneurysm sac through
the mesh of the stent using a microcatheter (arrow) and coiling of the sac. (D) Angiography performed at the end of the
procedure showing complete exclusion of both aneurysms.

3.4. Complications

As shown in Table 3, the technical success rate was 100%, with no major complications
(Figure 4). Two patients experienced perioperative lumbar pain due to renal microinfarcts
with no consequence, and one patient experienced mild decompensation of heart failure
following the procedure. One patient had transient renal failure consisting in a serum
creatinine increase from 83 µmol/L preoperatively to 131 µmol/L immediately after the
procedure; the serum creatinine concentration was normal (86 µmol/L) 1 month later. No
delayed complications were recorded during follow-up, especially no procedure-related
renal impairment (Table 4).
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Table 3. Technique, angiographic results, and complications.

Patient/
Aneurysm

Endovascular
Technique

Postoperative
Angiographic Results

(RROC)

Perioperative Minor
Complications

Perioperative Major
Complications

1/1 Stenting + coiling Class 1 None None
2/2 Coiling Class 1 Pain None
3/3 Coiling Class 1 None None
4/4 Balloon + coiling Class 1 Pain None
5/5 Coiling Class 1 None None
6/6 Stenting + coiling Class 1 None None
6/7 Coiling Class 1 None None
7/8 Coiling Class 1 None None
8/9 Coiling Class 1 None None

9/10 Coiling Class 1 None None

10/11 Stenting + coiling Class 1 Mild decompensated
heart failure None

11/12 Coiling Class 1 None None
12/13 Coiling Class 1 None None
13/14 Coiling Class 1 None None
14/15 Stenting + coiling Class 1 None None
15/16 Stenting + coiling Class 1 None None
16/17 Stenting + coiling Class 2 Transient renal failure None
17/18 Coiling Class 1 None None

RROC, Raymond–Roy occlusion classification.

Table 4. Short- and long-term follow-up results.

Patient/
Aneurysm

Short-Term Imaging
Results

Long-Term Imaging
Results

Duration of Follow-Up
(months)

1/1 Incomplete Complete occlusion after reintervention 99
2/2 Complete Complete 79
3/3 Complete Complete 78
4/4 Complete Complete 59
5/5 Complete Complete 53
6/6 Complete Complete 40
6/7 Complete Complete 40
7/8 Complete Incomplete–complete occlusion after reintervention 25
8/9 Complete Complete 24
9/10 Complete Complete 21

10/11 Complete Complete 21
11/12 Complete Complete 20
12/13 Complete Complete 15
13/14 Complete Complete 93
14/15 Complete Complete 31
15/16 Complete Complete 36
16/17 Complete Complete 42
17/18 Complete - 1

4. Discussion

In our study of 19 RAAs in 18 patients managed by endovascular coil embolization, the
technical success rate was 100% and no major complications occurred at any point during
follow-up. Minor complications in four patients resolved rapidly. Only two aneurysms
were incompletely occluded, one shortly after the procedure and the other at the final
evaluation. Both aneurysms were successfully treated by endovascular reintervention.

In our population, females predominated (83.3%), in keeping with earlier reports [2,22–25].
The mean age of about 60 years is also consistent with the literature [1,2,22,23]. Fibromus-
cular dysplasia is a known cause of RAA and was present in two of our patients. Another
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known cause of RAA is hypertension with atherosclerosis, which was present in six of our
patients [26–33]. However, RAAs can also cause hypertension by embolism to the distal
parenchyma or kinking of the renal artery [2]. Patient selection for RAA repair remains con-
troversial, except when bleeding has occurred. Bleeding is the most dreaded complication,
and the goal is to repair aneurysms at high risk for bleeding. There is general agreement
that repair is in order irrespective of aneurysm size in patients with symptoms (hyperten-
sion, flank pain, hematuria), complications (dissection, distal embolization, vascular steal
syndrome), or rapid enlargement [34–39]. Cases of these indications were represented in
our population. In women of childbearing potential, repair is also recommended regardless
of aneurysm size. Patients with abnormal blood vessels such as those with Ehlers–Danlos
syndrome type IV should also undergo repair given the very high risk of rupture. Larger
size is a risk factor for bleeding, and it has been suggested that aneurysms larger than
1.5 cm [1,2,4,5] or 2 cm [7,9,10] should be repaired. We chose the lower cutoff. The ratio of
aneurysm size over parent artery size is also important to consider. This criterion has been
chiefly studied for intracranial aneurysms and found to be associated with rupture when
greater than 2 cm [40–42]. We repaired aneurysms with a ratio greater than 2 even when
aneurysm size was less than 1.5 cm. Although surgery remains the conventional treatment
of RAAs [2,7], endovascular interventions are available for treating all aneurysm types.

Endovascular techniques have both gained in popularity and benefited from con-
siderable technical advances over the last two decades. Compared with open surgery,
endovascular repair is associated with a significantly lower rate of postoperative compli-
cations and a shorter length of stay [9,10]. A key aspect in the endovascular treatment of
RAAs is preservation of kidney vascularization, which is terminal, with no anastomoses
between segmental branches. Occlusion of proximal arteries, therefore, results in segmen-
tal infarction, which may impair renal function. Therefore, the parent arteries and distal
flow must be preserved during endovascular treatment. The endovascular treatment of
aneurysms has made huge strides over the last two decades. Neuroendovascular tech-
niques have been applied to peripheral aneurysms, as previously described. The balloon
remodeling technique is usually performed for the treatment of wide-neck aneurysms. We
used this technique in one patient. Stent-assisted remodeling can also be used. We used this
method for seven aneurysms. A bare open-cell stent is positioned, and the microcatheter
and microcoils are introduced through the mesh of the stent. The kissing-stent or kissing-
balloon remodeling technique is used for aneurysms located at bifurcations, which is often
the case with renal arteries: a kissing stent was used for one aneurysm in our population.
In one patient, we used a Leo intracranial stent, which is a nitinol self-expanding braided
stent that is well suited for aneurysms on small tortuous arteries. Finally, stent grafts and
flow diverters can be useful to preserve distal vascularization [16–19]. Initially, coronary
stent grafts were used because of their high flexibility [43]. These balloon-expandable stent
grafts are mounted on very thin microcatheters and can reach distal aneurysms. However,
coronary stent grafts were available in limited lengths and diameters. Dedicated peripheral
stent grafts are now available. An interesting point in our study is the use of simple
coiling in most patients. The advantage of this technique is that no antiplatelet therapy is
needed after the procedure. Thus, it is particularly recommended in young patients and in
women of childbearing age. This technique proved very effective and safe, with no major
complication and only one recurrence [44,45]. If needed, reintervention by endovascular
techniques is usually simple. The effectiveness and safety of endovascular embolization to
treat RAAs has been the focus of many studies since 1995 [7–9,30,32]. In early publications,
effectiveness was good, but the complication rate remained high, due chiefly to the intrinsic
limitations of the material available at the time [46,47]. Studies done in the last decade
to assess the endovascular treatment of 18 and 52 aneurysms, respectively [32,48], used a
variety of endovascular techniques including coiling, balloon and stent-assisted coiling,
coil trapping, and parent artery occlusion and recorded no major complications. Our
patients also had no major complications. There were four transient minor complications.
In addition, renal microinfarcts with no consequence on renal function were seen in two
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patients. No delayed complications were observed during follow-up. Two recurrences
were successfully treated using endovascular techniques. Some other embolic agents can be
used alone or in combination with coils for the treatment of RAAs. Indeed, liquid embolic
agents such as cyanoacrylates or ethylene vinyl alcohol copolymers may be of interest in
order to completely fill in the aneurysmal sac after partial coiling, avoiding the use of too
many coils. This combined technique can be very useful around the end of the sac packing
with coils thanks to the ease of liquid injection through the microcatheter, whereas packing
is not possible anymore. Liquid injection into the sac with balloon remodeling technique
may even be used in selected aneurysms in well-trained hands. [49–51].

Our study has the limitations inherent in its retrospective design. In addition, over
the 10-year recruitment period, technical advances may have occurred, and experience was
accumulated by the operators. The main limitation is probably the small sample size, with
only 19 aneurysms in 18 patients. However, with such a sample, our study represents one
of the largest series reported in the literature, due to the rarity of this condition. Follow-up
was only about 3 years. Nevertheless, the consistency of the data with a very high success
rate and both recurrences successfully treated by endovascular techniques support this
treatment method for patients with RAAs [52]. Few experimental in vitro and/or in vivo
studies are reported regarding the use of numerical simulation and laboratory modelling
to assess the different endovascular techniques available for the treatment of renal artery
aneurysms [16,17,53]. Evaluation of functionality and biological response of those models
would be of major interest and needs further studies.

5. Conclusions

Technical advances have improved the efficacy and safety of endovascular techniques
for the treatment of RAAs, even in comparison with standard surgical repair. In addition,
endovascular repair is less invasive and aggressive than surgery. Endovascular treatment
deserves to be widely used for the preventive repair of asymptomatic RAAs.

Author Contributions: Conceptualization, G.S. and R.L.; methodology, O.C.; software, K.G.; val-
idation, R.L. and O.C.; formal analysis, N.F. and M.M.; investigation, G.S., O.C., C.M., and R.L.;
resources, C.M.; data curation, M.M.; writing—original draft preparation, G.S., O.C., P.-O.C., M.M.,
and R.L.; writing—review and editing, G.S., N.F., K.G., N.M., P.-O.C., and R.L.; visualization, R.L.;
supervision, R.L.; project administration, M.M.; funding acquisition, K.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, due
to the retrospective nature of the study.

Informed Consent Statement: Patient consent was waived in compliance with French legislation on
retrospective studies.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to identity reasons.

Acknowledgments: Special thanks to the Pharmacy staff for their support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tham, G.; Ekelund, L.; Herrlin, K.; Lindstedt, E.L.; Olin, T.; Bergentz, S.E. Renal artery aneurysms. Natural history and prognosis.

Ann. Surg. 1983, 197, 348–352. [CrossRef] [PubMed]
2. Henke, P.K.; Cardneau, J.D.; Welling, T.H., 3rd; Upchurch, G.R., Jr.; Wakefield, T.W.; Jacobs, L.A.; Proctor, S.B.; Greenfield, L.J.;

Stanley, J.C. Renal artery aneurysms: A 35-year clinical experience with 252 aneurysms in 168 patients. Ann. Surg. 2001, 234,
454–462. [CrossRef] [PubMed]

3. Stanley, J.C.; Rhodes, E.L.; Gewertz, B.L.; Chang, C.Y.; Walter, J.F.; Fry, W.J. Renal artery aneurysms. Arch. Surg. 1975, 110, 561–566.
[CrossRef] [PubMed]

http://doi.org/10.1097/00000658-198303000-00016
http://www.ncbi.nlm.nih.gov/pubmed/6830341
http://doi.org/10.1097/00000658-200110000-00005
http://www.ncbi.nlm.nih.gov/pubmed/11573039
http://doi.org/10.1001/archsurg.1975.01360110107018
http://www.ncbi.nlm.nih.gov/pubmed/1131001


J. Clin. Med. 2021, 10, 326 10 of 11

4. Hageman, J.H.; Smith, R.F.; Szilagyi, E.; Elliott, J.P. Aneurysms of the renal artery: Problems of prognosis and surgical management.
Surgery 1978, 84, 563–572. [PubMed]

5. Henriksson, C.; Björkerud, S.; Nilson, A.E.; Pettersson, S. Natural history of renal artery aneurysm elucidated by repeated
angiography and pathoanatomical studies. Eur. Urol. 1985, 11, 244–248. [CrossRef]

6. Vaughan, T.J.; Barry, W.F.; Jeffords, D.L.; Johnsrude, I.S. Renal artery aneurysms and hypertension. Radiology 1971, 99, 287–293.
[CrossRef]

7. Li, Z.; Zhao, Z.; Qin, F.; Wei, X.; Sun, Y.; Liu, J.; Feng, J.; Zhou, J.; Feng, R.; Jing, Z. Outcomes of endovascular treatment and
open repair for renal artery aneurysms: A single-center retrospective comparative analysis. J. Vasc. Interv. Radiol. 2018, 29, 62–70.
[CrossRef]

8. Irace, L.; Ben Hamida, J.; Martinelli, O.; Stumpo, R.; Irace, F.G.; Venosi, S.; Gattuso, R.; Berloco, P.B.; Gossetti, B. Open and
endovascular treatment by covered and multilayer stents in the therapy of renal artery aneurysms: Mid and long-term outcomes
in a single center experience. G. Chir. 2017, 38, 219–224. [CrossRef]

9. Tsilimparis, N.; Reeves, J.G.; Dayama, A.; Perez, S.D.; Debus, E.S.; Ricotta, J.J., 2nd. Endovascular vs open repair of renal artery
aneurysms: Outcomes of repair and long-term renal function. J. Am. Coll. Surg. 2013, 217, 263–269. [CrossRef]

10. Hislop, S.J.; Patel, S.A.; Abt, P.L.; Singh, M.J.; Illig, K.A. Therapy of renal artery aneurysms in New York State: Outcomes of
patients undergoing open and endovascular repair. Ann. Vasc. Surg. 2009, 23, 194–200. [CrossRef]

11. Guglielmi, G.; Viñuela, F.; Briganti, F.; Duckwiler, G. Carotid-cavernous fistula caused by a ruptured intracavernous aneurysm:
Endovascular treatment by electrothrombosis with detachable coils. Neurosurgery 1992, 31, 591–596. [CrossRef] [PubMed]

12. Moret, J.; Cognard, C.; Weill, A.; Castaings, L.; Rey, A. The “remodelling technique” in the treatment of wide neck intracranial
aneurysms. angiographic results and clinical follow-up in 56 cases. Interv. Neuroradiol. 1997, 3, 21–35. [CrossRef] [PubMed]

13. Manninen, H.I.; Berg, M.; Vanninen, R.L. Stent-assisted coil embolization of wide-necked renal artery bifurcation aneurysms. J.
Vasc. Interv. Radiol. 2008, 19, 487–492. [CrossRef] [PubMed]

14. Ikeda, O.; Nakasone, Y.; Tamura, Y.; Yamashita, Y. Endovascular management of visceral artery pseudoaneurysms: Transcatheter
coil embolization using the isolation technique. Cardiovasc. Intervent. Radiol. 2010, 33, 1128–1134. [CrossRef] [PubMed]

15. Yasumoto, T.; Osuga, K.; Yamamoto, H.; Ono, Y.; Masada, M.; Mikami, K.; Kanamori, D.; Nakamura, M.; Tanaka, K.; Nakazawa,
T.; et al. Long-term outcomes of coil packing for visceral aneurysms: Correlation between packing density and incidence of coil
compaction or recanalization. J. Vasc. Interv. Radiol. 2013, 24, 1798–1807. [CrossRef]

16. Li, Z.; Hu, L.; Chen, C.; Wang, Z.; Zhou, Z.; Chen, Y. Hemodynamic performance of multilayer stents in the treatment of
aneurysms with a branch attached. Sci. Rep. 2019, 9, 10193. [CrossRef]

17. Alherz, A.I.; Tanweer, O.; Flamini, V.J. A numerical framework for the mechanical analysis of dual-layer stents in intracranial
aneurysm treatment. J. Biomech. 2016, 49, 2420–2427. [CrossRef]

18. Balderi, A.; Antonietti, A.; Pedrazzini, F.; Sortino, D.; Vinay, C.; Grosso, M. Treatment of visceral aneurysm using multilayer stent:
Two-year follow-up results in five consecutive patients. Cardiovasc. Intervent. Radiol. 2013, 36, 1256–1261. [CrossRef]

19. Meyer, C.; Verrel, F.; Weyer, G.; Wilhelm, K. Endovascular management of complex renal artery aneurysms using the multilayer
stent. Cardiovasc. Intervent. Radiol. 2011, 34, 637–641. [CrossRef]

20. Mascitelli, J.R.; Moyle, H.; Oermann, E.K.; Polykarpou, M.F.; Patel, A.A.; Doshi, A.H.; Gologorsky, Y.; Bederson, J.B.; Patel, A.B.
An update to the Raymond-Roy Occlusion Classification of intracranial aneurysms treatd with coil embolization. J. Neurointerv.
Surg. 2015, 7, 496–502. [CrossRef]

21. Patel, N.; Sacks, D.; Patel, R.I.; Moresco, K.P.; Ouriel, K.; Gray, R.; Ambrosius, W.T.; Lewis, C.A.; Society of Interventional
Radiology Technology Assessment Committee. SIR reporting standards for the treatment of acute limb ischemia with use of
transluminal removal of arterial thrombus. J. Vasc. Interv. Radiol. 2003, 14, S453–S465. [CrossRef] [PubMed]

22. Coleman, D.M.; Stanley, J.C. Renal artery aneurysms. J. Vasc. Surg. 2015, 62, 779–785. [CrossRef] [PubMed]
23. Wayne, E.J.; Edwards, M.S.; Stafford, J.M.; Hansen, K.J.; Corriere, M.A. Anatomic characteristics and natural history of renal

artery aneurysms during longitudinal imaging surveillance. J. Vasc. Surg. 2014, 60, 448–452. [CrossRef] [PubMed]
24. Klausner, J.Q.; Harlander-Locke, M.P.; Plotnik, A.N.; Lehrman, E.; DeRubertis, B.G.; Lawrence, P.F. Current treatment of renal

artery aneurysms may be too aggressive. J. Vasc. Surg. 2014, 59, 1356–1361. [CrossRef] [PubMed]
25. Martin, R.S., 3rd; Meacham, P.W.; Ditesheim, J.A.; Mulherin, J.L., Jr.; Edwards, W.H. Renal artery aneurysm: Selective treatment

for hypertension and prevention of rupture. J. Vasc. Surg. 1989, 92, 6–34.
26. Roberts, W.C. The hypertensive diseases. Evidence that systemic hypertension is a greater risk factor to the development of other

cardiovascular diseases than previously suspected. Am. J. Med. 1975, 59, 523–532. [CrossRef]
27. Dustan, H.P. Atherosclerosis complicating chronic hypertension. Circulation 1974, 50, 871–879. [CrossRef]
28. Hollander, W. Role of hypertension in atherosclerosis and cardiovascular disease. Am. J. Cardiol. 1976, 38, 786–800. [CrossRef]
29. Spittell, J.A. Hypertension and arterial aneurysm. J. Am. Coll. Cardiol. 1983, 1, 533. [CrossRef]
30. Klausner, J.Q.; Lawrence, P.F.; Harlander Locke, M.P.; Coleman, D.M.; Stanley, J.C.; Fujimura, N. The contemporary management

of renal artery aneurysms. J. Vasc. Surg. 2014, 61, 978–984. [CrossRef]
31. Stanley, J.C.; Rhodes, E.L.; Gewertz, B.L.; Chang, C.Y.; Walter, J.F.; Fry, W.J. Renal artery aneurysms. Significance of macroa-

neurysms exclusive of dissections and fibrodysplastic mural dilations. Arch. Surg. 1975, 110, 1327–1333. [CrossRef] [PubMed]
32. Sédat, J.; Chau, Y.; Baque, J. Endovascular treatment of renal aneurysms: A series of 18 cases. Eur. J. Radiol. 2012, 81, 3973–3978.

[CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/694742
http://doi.org/10.1159/000472506
http://doi.org/10.1148/99.2.287
http://doi.org/10.1016/j.jvir.2017.08.020
http://doi.org/10.11138/gchir/2017.38.5.219
http://doi.org/10.1016/j.jamcollsurg.2013.03.021
http://doi.org/10.1016/j.avsg.2008.10.002
http://doi.org/10.1227/00006123-199209000-00026
http://www.ncbi.nlm.nih.gov/pubmed/1407441
http://doi.org/10.1177/159101999700300103
http://www.ncbi.nlm.nih.gov/pubmed/20678369
http://doi.org/10.1016/j.jvir.2007.10.026
http://www.ncbi.nlm.nih.gov/pubmed/18375290
http://doi.org/10.1007/s00270-010-9973-0
http://www.ncbi.nlm.nih.gov/pubmed/20857110
http://doi.org/10.1016/j.jvir.2013.04.030
http://doi.org/10.1038/s41598-019-46714-7
http://doi.org/10.1016/j.jbiomech.2016.02.026
http://doi.org/10.1007/s00270-013-0705-0
http://doi.org/10.1007/s00270-010-0047-0
http://doi.org/10.1136/neurintsurg-2014-011258
http://doi.org/10.1097/01.RVI.0000094619.61428.11
http://www.ncbi.nlm.nih.gov/pubmed/14514861
http://doi.org/10.1016/j.jvs.2015.05.034
http://www.ncbi.nlm.nih.gov/pubmed/26213273
http://doi.org/10.1016/j.jvs.2014.03.006
http://www.ncbi.nlm.nih.gov/pubmed/24745940
http://doi.org/10.1016/j.jvs.2013.11.062
http://www.ncbi.nlm.nih.gov/pubmed/24462256
http://doi.org/10.1016/0002-9343(75)90260-0
http://doi.org/10.1161/01.CIR.50.5.871
http://doi.org/10.1016/0002-9149(76)90357-X
http://doi.org/10.1016/S0735-1097(83)80085-0
http://doi.org/10.1016/j.jvs.2014.10.107
http://doi.org/10.1001/archsurg.1975.01360170067009
http://www.ncbi.nlm.nih.gov/pubmed/1191026
http://doi.org/10.1016/j.ejrad.2012.08.017
http://www.ncbi.nlm.nih.gov/pubmed/22999646


J. Clin. Med. 2021, 10, 326 11 of 11

33. Robinson, W.P., 3rd; Bafford, R.; Belkin, M.; Menard, M.T. Favorable outcomes with in situ techniques for surgical repair of
complex renal artery aneurysms. J. Vasc. Surg. 2011, 53, 684–691. [CrossRef]

34. Ngninkeu, N.B.; Eucher, P.; Vandenbossche, P.; Lacrosse, M.; Van Cangh, P.J.; Lorge, F. Ruptured aneurysm of the renal artery: A
rare cause of macroscopic hematuria. Prog. Urol. 2002, 12, 454–458.

35. Dean, R.H.; Meacham, P.W.; Weaver, F.A. Ex vivo renal artery reconstructions: Indications and techniques. J. Vasc. Surg. 1986, 4,
546–552. [CrossRef]

36. Li, G.; Sun, Y.; Song, H.; Wang, Y. Embolization of ruptured renal artery aneurysms. Clin. Exp. Nephrol. 2015, 19, 901–908.
[CrossRef]
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