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Abstract

Introduction: Although renal stenting is the standard revascularization method for atherosclerotic renal artery stenosis
(RAS) (FMD-RAS), stenting in fibromuscular dysplasia (FMD) RAS is usually limited to periprocedural complications of
angioplasty and primary arterial dissection. The main aim of the study was to retrospectively analyze the immediate and
long-term results of renal stenting versus angioplasty in patients with FMD. Methods: Of 343 patients in the ARCADIA-
POL registry, 58 patients underwent percutaneous treatment due to FMD-RAS (in 70 arteries). Percutaneous transluminal
renal angioplasty (PTRA) was performed as an initial treatment in 61 arteries (PTRA-group), whereas primary stenting was
undertaken in nine arteries (stent-group). Stent-related complications were defined as: in-stent restenosis > 50% (ISR);
stent fracture; under-expansion; or migration. Results: In the PTRA-group, the initial restenosis rate was 50.8%. A second
procedure was then performed in 22 arteries: re-PTRA (12 arteries) or stenting (10 arteries). The incidence of recurrent
restenosis after re-PTRA was 41.7%. Complications occurred in seven of 10 (70%) arteries secondarily treated by stenting:
two with under-expansion and five with ISR. In the stent-group, stent under-expansion occurred in one case (I 1.1%) and
ISR in three of nine stents (33.3%). In combined analysis of stented arteries, either primarily or secondarily, stent-related
complications occurred in | /19 stenting procedures (57.9%): three due to under-expansion and eight due to ISRs. Finally,
despite several revascularization attempts, four of 19 (21%) stented arteries were totally occluded and one was significantly
stenosed at follow-up imaging. Conclusion: Our study indicates that renal stenting in FMD-RAS may carry a high risk of
late complications, including stent occlusion. Further observational data from large-scale registries are required.
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Introduction

Fibromuscular dysplasia (FMD) is an idiopathic, nonathero-
sclerotic, and noninflammatory disease of the arterial wall
of medium-sized arteries. It may affect all vascular beds
including, most frequently, renal, extracranial carotid, and
vertebral arteries.! Typically, the morphological presenta-
tion of FMD includes multifocal (string-of-beads) or focal
lesions, but recently phenotypic expressions of FMD have
been expanded to include arterial dissection, aneurysm, and
tortuosity.> Multivessel involvement is common.? Renal
FMD is the most frequent nonatherosclerotic cause of renal
artery stenosis (RAS) and in 5.6-13.8% of cases may be
also associated with renal artery aneurysm (RAA).>® Renal
artery intervention, predominantly percutaneous translumi-
nal renal angioplasty (PTRA), may be indicated for hemo-
dynamically significant FMD-related RAS (FMD-RAS).
The indication for RAA embolization, either with or without
stenting, is based on the size and morphology of the
aneurysm.!

Recommendations for the interventional management
of FMD-RAS and FMD-related RAA (FMD-RAA) are
based upon expert consensus derived from limited pub-
lished data.? Previous case reports or small case series
describing the outcomes of FMD-RAS stenting have
provided equivocal results.” !> Better outcomes have
been reported for FMD-RAA stenting used to support
aneurysm closure but these data are currently limited to
two small studies.'*!* Hence, although renal artery stent-
ing has become the standard method of invasive treat-
ment for atherosclerotic RAS and is used as an adjunct
for selected cases of RAA embolization, primary stent-
ing in FMD-RAS is generally not recommended. Stenting
in this context is currently considered to have a limited
role as a bail-out strategy for complications arising dur-
ing angioplasty and for some cases of primary renal
artery dissection.?

The Polish ARCADIA-POL study has reported the clini-
cal characterization of patients with FMD and showed that
systematic multimodal imaging of all vascular beds had an
impact on patient management.® The registry also included
patients with a history of renal vascular interventions (angi-
oplasty with or without stenting for FMD-RAS and stenting
for FMD-RAA). The first aim of the present study was to
retrospectively analyze subjects from the ARCADIA-POL
cohort who underwent renal artery stenting for FMD-RAS
and to compare the immediate and long-term results of
stenting with those undergoing PTRA without stenting. The
second aim was to evaluate the results of renal artery stent-
ing as an adjunct of FMD-RAA closure.

Methods

The study was conducted in accordance with the 1975
Declaration of Helsinki. The protocol was approved by the
ethics committee of the National Institute of Cardiology in
Warsaw (Poland) and all participants provided written
informed consent. The ARCADIA-POL study is a Polish
multicenter national observational registry.'® At the time of
the study, it included 343 patients, aged over 18 years with

newly diagnosed, known or suspected FMD or spontaneous
artery dissection, out of which 203 had confirmed renal
artery FMD (see Fig. 1). All patients were invited to the
National Institute of Cardiology (Warsaw) where they
underwent detailed clinical evaluation, including blood
tests, 24-hour ambulatory blood pressure monitoring
(ABPM) and computed tomography angiography (CTA)
arterial imaging (from head to pelvis) as previously
described.'® Pretreatment CTA scans were analyzed with
lesions classified into two types: multifocal (multiple steno-
sis or string-of-beads appearance) and focal (stenosis < 1
cm in length or tubular stenosis > 1 cm in length)."”
Multivessel FMD was defined as the presence of FMD in
two or more vascular beds or by the presence of FMD in one
vascular bed accompanied by either aneurysm or dissection
in another one.? A renal artery aneurysm was defined as a
dilated segment of the renal artery that exceeded twice the
diameter of the normal renal artery.'® For patients with renal
FMD and a history of percutaneous treatment for either
FMD-RAS or FMD-RAA, detailed data on invasive proce-
dures including indications for intervention, patients’ medi-
cal history, plasma creatinine level, and procedural reports
(including the use of stents) were retrospectively gathered
based on a uniform questionnaire completed by the partici-
pating centers. Clinical data and available follow-up imag-
ing results were also obtained from the centers.

Outcomes were assessed from both clinical and imag-
ing data (either CTA or conventional angiography) under-
taken at any timepoint. Restenosis after PTRA was defined
as at least 50% diameter stenosis. Clinical restenosis was
diagnosed if it was accompanied by deterioration of blood
pressure control or a decline in kidney function. The pres-
ence and nature of stent-related complications was catego-
rized into: (1) in-stent restenosis (ISR) more than 50% of
diameter; (2) stent fracture defined as the complete or par-
tial separation of struts'?; (3) stent under-expansion defined
as the presence of an inadequately expanded stent with a
lower diameter when compared with the adjacent refer-
ence segment; and (4) stent migration assessed as previ-
ously described,? that is, as proximal or distal movement
of the device of at least 4 mm relative to a vascular land-
mark (renal stenosis or aneurysm) — found on CTA or con-
ventional angiography (CA) at any time point after stent
implantation.

Results

Out of 343 participants, 203 had confirmed renal artery
FMD. Percutaneous revascularization for FMD-RAS was
performed in 58 patients (70 arteries). Whereas in 61 out
of 70 arteries primary treatment was limited to PTRA, nine
arteries were treated by primary stenting. A further 13
patients had FMD-RAA treated by embolization, out of
which nine (with 10 aneurysms) had stenting before embo-
lization (Figure 1). The characteristics of patients treated
primarily by PTRA (PTRA-group), by stenting (stent-
group), or those with stented FMD-RAA are reported in
Table 1 (median time between first procedure and evalua-
tion in the registry: 72 [IQR 39-119] months). Patients
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Figure |. Study flow chart. Blue box represents the final study group.

FMD, fibromuscular dysplasia.

with FMD-RAS were much younger than those with FMD-
RAA (31.7 £ 12.0 vs 54.1 = 7.7 years, p < 0.05) and
trended towards a higher frequency of focal FMD (21 vs
11%, p = 0.14).

The immediate and long-term results of revasculariza-
tion in the PTRA-group and stent-group are presented in
Figure 2 and described below.

Outcomes of percutaneous transluminal renal
angioplasty (PTRA) in FMD-related renal artery
stenosis (FMD-RAS)

In the PTRA-group, 61 arteries were treated with PTRA as
an initial treatment, with no immediate complications
recorded. Of these, angiographic restenosis occurred in 31

arteries (50.8%) after a median of 5 months [IR 3-28]. The
per patient restenosis rate was 54.9% (28 of 51 patients).
Clinical restenosis occurred in 47.0% (24 of 51 patients).
Of the 31 arteries with restenosis after PTRA, 22 under-
went a second procedure with either stent implantation (10
arteries) or re-PTRA (12 arteries) because of deterioration
of blood pressure (BP) control. One asymptomatic patient
was treated conservatively. The remaining eight arteries
were diagnosed as restenotic only at registry imaging so no
prospective follow-up is available. Among the 12 arteries
treated by re-PTRA, the incidence of recurrent restenosis
was 41.7% (five arteries). One artery was totally occluded
at the time of registry evaluation.

Of the 10 arteries treated with stenting due to restenosis
after PTRA, stent under-expansion at deployment occurred
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Table |. Baseline characteristics of patients according to the initial invasive treatment for FMD-RAS and FMD-RAA.

PTRA-group Stent-group FMD-RAA
51 patients 7 patients 9 patients
(61 lesions) (9 lesions) (10 aneurysms)
Age, years, mean + SD 335 = 14.1 332 £92 54.1 =77
Women, n (%) 46 (75.4) 6 (66.7) 7 (77.8)
BMI, kg/m?, mean * SD 229 + 3.7 2643 + 4.8 2642 + 5.4
Smoking, n (%) 6 (9.8) I (1.1) I (I.1)
Hypertension, n (%) 51 (100) 7 (100) 6 (66.7)
Diabetes, n (%) | (1.6) ) )
Hyperlipidemia, n (%) 14 (23.0) 5 (55.6) 3(33.3)
Plasma creatinine before 84.2 + 477 735+ 18.6 79.6 = 22.1
the procedure, pmol/L
Multifocal FMD, n (%) 41 (67.2) 5 (55.6) 8 (88.9)
Bilateral renal FMD, n (%) 36 (61.0) 2 (22.2) 3(333)
BMI, body mass index; FMD, fibromuscular dysplasia; RAA, renal artery aneurysm; RAS, renal artery stenosis.
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Figure 2. Immediate and long-term results of renal artery revascularization.
PTRA, percutaneous transluminal renal angioplasty; SU, stent underexpansion; SF, stent fracture; ISR, in-stent restenosis; SRC, stent-related compli-

cations; add’l, additional; DES, drug-eluting stent.
*artery occluded; **stent occluded.

in two cases (20%). Additionally, ISR occurred in five of 10
stents (50%), leading to a combined rate of complications
of 70% (seven of 10 stents).

One patient with stent under-expansion underwent two
additional unsuccessful angioplasties. In four out of five
cases with ISR, further attempts at percutaneous treatment
were made because of clinical indications (deterioration of
BP) and one patient with an occluded stent was managed
conservatively (Figure 2). One patient with recurrent ISR
was finally treated surgically with a good outcome. At the
time of registry evaluation, total in-stent occlusion was
demonstrated in three stents.

No correlation between the age at the procedure or the
type of FMD and clinical results were observed (online
Supplementary Tables 1 and 2).

Outcomes of stenting in FMD-RAS

In the stent-group, nine renal artery stenoses were treated
with stent implantation as an initial treatment. Of these,
stenting was the primary elective treatment strategy in three
cases. In four arteries, stenting was used during the PTRA
procedure due to significant residual stenosis after the ini-
tial balloon predilatation. In two cases, the indication for
stent insertion is not provided in the procedural report, but
no complications such as dissection or rupture were
recorded as a potential justification for the use of stenting.
Among complications, stent under-expansion occurred in
one case (11.1%). This stent was subsequently found to be
fractured at the time of registry CTA evaluation. The inci-
dence of ISR was 33.3% (three out of nine stents). In all
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three cases, additional percutanecous treatment was per-
formed due to clinical restenosis (deterioration of hyperten-
sion in two cases and renal function decline in one case)
(Figure 2). Despite this, recurrent ISR (including total in-
stent occlusion in one case) was recorded in two of these
three cases.

In an additional analysis, we combined the patients from
the PTRA-group, who subsequently received a stent for
restenosis treatment, with patients from the stent-group,
primarily treated with stenting. In this merged group of 16
patients (19 arteries treated), the overall incidence of stent-
related complications was 57.9%. This consisted of three
(15.8%) immediate complications (stent under-expansion)
and eight (42.1%) late complications (ISR). The median
time between stent implantation and ISR diagnosis was 6
months [IR 2—-16]. Of note, ISR was confirmed by CTA or
conventional angiography in all cases. In one patient with
early restenosis, additional intravascular ultrasound imag-
ing allowed exclusion of a thrombotic etiology.

One patient with total in-stent occlusion was managed
conservatively. Seven ISR cases had clinical restenosis (six
patients with deterioration of hypertension, one with wors-
ening renal function). After further percutanecous treatment,
the incidence of recurrent ISR was 71.4% (five out of seven
treated cases). Finally, at the time of follow-up registry
imaging, four of 19 (21%) stented arteries were found to be
totally occluded and one remained with significant resteno-
sis (Figure 2).

At the time of evaluation in the registry, patients with
stent-related complications had a significantly higher
24-hour systolic BP than those without (134.5 + 10.8 vs
120.5 = 7.7 mmHg;p = 0.004). Of note, patients with stent-
related complications were more often men (50% vs 25%)
and more frequently had focal FMD (75% vs 50%) com-
pared to patients without stent-related complications. The
comparison of patients with and without stent-related com-
plications is presented in online Supplementary Table 3.

Outcomes of stenting in FMD-related renal
artery aneurysm (FMD-RAA)

In nine patients with FMD-RAA, 10 aneurysms were pre-
sent, including eight of type III and one of type II, accord-
ing to the Rundback classification (in one the type of
aneurysm was unknown).?! Clinical data are shown in
Table 1. Hypertension was diagnosed in 66.7% of cases. In
all cases renal FMD was diagnosed before the embolization
procedure, with multifocal FMD present in 90% of cases.
Nine FMD-RAA patients underwent 10 stent implantation
procedures (one patient with bilateral aneurysms under-
went two separate procedures). Nine aneurysms were
treated with stent-supported coil embolization. RAA clo-
sure was confirmed in all cases after treatment. In one
artery, emergency stent graft insertion was required due to
artery rupture when removing a migrating coil. Thus, nine
(90%) self-expanding stents and one graft stent (10%) were
implanted.

One immediate complication of stenting occurred dur-
ing 10 procedures due to distal edge stent migration into the
sack of the aneurysm without rupture.

There were no late stent-related complications in patients
with RAA. However, at the time of follow-up registry
imaging, one renal artery with a stent inserted in the middle
part of the trunk was proximally occluded with subsequent
kidney atrophy. Based on retrospective analysis of the ini-
tial angiography, this was not considered to be directly
related to stent implantation, as the renal artery was found
to be occluded in the proximal segment, where a nonsig-
nificant stenosis had been present at the time of the proce-
dure. It is therefore postulated that renal artery occlusion
resulted from the progression of this stenosis.

Discussion

The present retrospective analysis reports the clinical
characteristics and results of the percutancous treatment
of 58 patients with FMD-RAS and nine patients with
FMD-RAA, derived from 343 patients with FMD system-
atically evaluated in a national referral center. This cohort,
the largest reported so far, includes 16 patients with renal
artery stenting in FMD-RAS. In previous stenting studies,
the number of reported patients ranged from four to nine
subjects.” !

In the FMD-RAS group, the overall initial intraproce-
dural success of stenting was 84.2%, with all periprocedural
failures due to resistant stent under-expansion (15.8%).
However, the rate of late stent-related complications was
very high, reaching 57.9%.

The most frequent complication was ISR. In the current
cohort, the restenosis rate after stenting of a de novo lesion
was high, although less frequent than after PTRA (33.3%
vs 50.8%). This is a comparable or even slightly higher rate
than that reported in other PTRA studies. For example,
Jenkins et al. reported that more than one angioplasty pro-
cedure was required in 15 of 42 (32.6%) patients with
FMD-RAS.?? The largest meta-analysis of 36 studies
including 1916 procedures showed an increasing restenosis
rate during the follow-up period, from 13.2% at 1 year to
29.1% at 5 years.?

It should also be emphasized that, in this study, stenting
for restenosis after PTRA was not associated with a lower
rate of recurrent restenosis as compared to repeat PTRA
without stenting. Indeed, ISR occurred in 50% of stented
cases as compared to 42% of arteries treated with re-do
angioplasty. Moreover, the stenting procedure was associ-
ated with an increased risk of additional complications,
such as stent under-expansion or fracture and, even more
importantly, with an unacceptably high risk of artery occlu-
sion over a long-term follow-up (21%). This compares to
only one out of 70 arteries occluded at long-term follow-up
after treatment with balloon angioplasty alone (whether one
or several procedures). Similar favorable outcomes of
patency after PTRA were demonstrated by Mousa et al,
who reported that all 43 arteries studied in their series
remained patent 9 years after PTRA ?*

Long-term observational studies of patients with FMD-
RAS treated with renal stenting are scant. Only five original
papers with at least four patients included were published
between 2007 and 20227113 (one study also included a pre-
viously reported group). The reported ISR rates ranged from
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Table 2. Summary of published studies evaluating renal artery stenting in renal fibromuscular dysplasia.

Publication Total patients Patients with Patients with
N) FMD (n)
with stent, n (%)

Indications for
FMD-RAS treated stent implantation

Complications during
follow-up

Management of compli-
cations

FMD-RAS studies

Chen 105 105 9 (8.6) > 50% residual Restenosis: 2/9 pts Additional PTRA: |
20203 stenosis after (22.2%) Medical therapy: |
PTRA Stent fracture: 0%
Ham 55 24 4 (16.7) > 30% residual Restenosis: 2/4 pts Both patients treated
20108 stenosis or dissec- (50%) after | and 6 with open bypass
tion (numbers not months surgery
provided) Acute complications: |
peritoneal hematoma
(50%)
Barrier 30 30 7 (23.3) PTRA failure: 6 pts Restenosis: 3/7 pts Restenosis:
2010° Restenosis after (43%) after 4, 10, and  Surgery: |
PTRA: | patient 13 months PTRA of ISR: 2 (I of
Stent fracture: 2/7 pts  them had a second
(28.5%) after 3and 5  restenosis after 15
months months)
Stent fracture:
Surgery: |
No treatment: |
Surgery: |
No treatment: |
Davies 29 29 4 (13) Technical failure of Restenosis rate: 28% at 10 vessels underwent
2008'° flow-limiting dis- 5 years repeat percutaneous
section (numbers  Stent placement did intervention for recur-
not provided) not influence patency  rent symptoms
or restenosis
FMD-RAA studies
Gandini 9 6 6 (100%) RAA In-stent restenosis: 0% —
2016' Acute complications:
I small area of renal
parenchyma infarction
Tsilimparis 40 40 Il (45.8%) RAA In-stent restenosis: 0% | new ipsilateral RAA —
2013 treated with endovas-

cular procedure
| new ipsilateral steno-
sis — treated with PTRA

FMD, fibromuscular dysplasia; ISR, in-stent restenosis; PTRA, percutaneous transluminal renal angioplasty; pts, patients; RAA, renal artery aneurysm;

RAS, renal artery stenosis

22.2% to 50%. In the study of Barrier et al., the rate of com-
plications was similar to our observations, with long-term
patency achieved in only 43% cases. Moreover, stent frac-
ture occurred in two of seven cases.” The results of previ-
ously published studies are summarized in Table 2.

The prevalence of ISR in our study was also much
higher than that observed in studies with atherosclerotic
renal disease (< 20% after bare metal stent implantation),
suggesting that there may be different mechanisms driving
restenosis in FMD.?® Potential factors promoting in-stent
tissue proliferation in FMD are unknown. Similar to ather-
osclerosis, the length of the stent used may impact the
restenosis rate. However, several other mechanisms may be
relevant. First, renal artery hypermobility may have an
impact on stent kinking, provoking local intimal damage
and stimulating tissue proliferation. Second, the vessel wall
architecture in FMD, particularly in some focal lesions,
seems to be more resistant to dilatation and may promote
restenosis by stent malapposition. Stent malapposition may

also occur more frequently in long multifocal lesions. Also,
the predominant involvement of the middle artery segments
with multifocal lesions may be associated with the ‘geo-
graphic miss’ phenomenon (i.e., that a stent does not fully
cover the predilated segment of the artery). Given these
putative explanations for restenosis, the use of intravascu-
lar imaging during stenting might impact the outcomes.

Of note, a recent study showed that the use of pressure
wire to guide renal artery procedures may result in better
long-term outcomes.?® In our group, most procedures were
angiographically guided, with the support of pressure
measurements reported in only six PTRA procedures.

The results of our study may suggest that management
of such difficult patients should potentially favor surgery,
at least after the initial failure of angioplasty, in order to
avoid unnecessary additional invasive procedures and an
unacceptable low rate of patency. From the literature it is
known that the results of surgical treatment are favorable,
with an early postoperative occlusion or restenosis rate
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after elective procedure reported in 3.8-13% of cases
(more often with venous grafts than with arterial autogra
fts).2”2% Our findings support the current consensus rec-
ommending restriction of renal artery stenting in the man-
agement of acute periprocedural complications of renal
angioplasty.”

The median time between stent implantation and ISR
diagnosis was 6 months. Hence, our study supports a strat-
egy of early follow-up imaging (during the first 3—-6
months) in patients after renal stenting to detect restenosis
and initiate further treatment if indicated.

In comparison to patients with FMD-RAS, the overall
outcomes in patients with FMD-RAA treated with stenting
were more favorable. Only one of 10 intraprocedural and no
late stent-related complications were reported. Neither in-
stent restenosis nor stent under-expansion or fracture
occurred in patients with FMD-RAA. Considering the higher
incidence of stent-related complications found in patients
with FMD-RAS, particularly with focal FMD, the low inci-
dence of complications in patients with FMD-RAA may be
attributed to a predominance of the multifocal FMD subtype
in this subgroup. Thus, it might be hypothesized that focal
and multifocal lesions reflect two different disease entities or
disease processes. To the best of our knowledge, only two
other studies have reported the long-term outcomes after
FMD-RAA stenting, including relatively small numbers of
patients and showing favorable long-term results (presented
in Table 2).!413

Study limitations

We presented the incidence of complications after renal
stenting in patients with renal fibromuscular dysplasia.
Despite the fact that our study is the largest published so
far, the numbers are inevitably still small and the conclu-
sions should be interpreted with caution. Our retrospec-
tive observational study has several potential limitations.
First, despite meticulous gathering of retrospective data
using a uniform questionnaire, some data were missing
and irretrievable, including the indication for stent implan-
tation in a few cases, the long-term antiplatelet therapy
recommended after stenting, and some procedural details.
Second, there was no systematic measurement of the pres-
sure gradient allowing assessment of stenosis severity.
This might have had an impact on long-term results.
Third, ISR was diagnosed based only on angiographic
appearance without routine confirmation with intravascu-
lar imaging. Hence, we cannot exclude the possibility that
some cases were of thrombotic etiology. However, only
one of eight stents with ISR was found totally occluded at
the time of the first follow-up. This suggests neointimal
proliferation rather than a thrombotic etiology as the cause
of most late complications. Owing to the retrospective
nature of the study, we were unable to provide complete
data on blood pressure and renal function before stenting
and to document whether stent treatment had a beneficial
effect on these clinical outcomes. Finally, the limited sam-
ple size did not allow us to investigate potential predictors

of stent-related complications. For the same reasons, we
cannot exclude a selection bias — for example, that patients
with a favorable outcome after stenting were less often
referred for inclusion in the ARCADIA-POL study.

Conclusions

Although available data remain limited, this study confirms
on a larger scale existing reports suggesting that renal artery
stenting may have limited utility for either the primary treat-
ment of FMD-RAS or the treatment of restenosis following
PTRA in patients with FMD, and may be associated with late
complications including renal artery occlusion. As such, it
strengthens the current consensus® that stenting should be
used only as a bail-out strategy for the management of intrap-
rocedural complications of percutaneous angioplasty. In case
of restenosis after PTRA, stent implantation is not associated
with a lower risk of recurrent restenosis and surgical treat-
ment should be considered. In contrast, this small series pro-
vides supportive data for renal stenting used to support
FMD-RAA closure, which appeared to be associated with
very favorable outcomes. As the number of patients included
in our study is relatively small, these conclusions should be
interpreted with caution. Further observational data from
large-scale international registries are required to confirm the
wider applicability of these findings.
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