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Européen Georges Pompidou, Paris, France; 6Université de Paris, CIC1418, INSERM, Paris, France; 7Hypertension Section, Internal Medicine Department, Hospital Italiano de Buenos
Aires, Buenos Aires, Argentina; 8Department of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy; 9INSERM U970 and Université de Paris, Paris, France; 10Department of
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Methods
and results

All patients diagnosed with FMD (string-of-beads or focal stenosis in at least one vascular bed) based on computed
tomography angiography, magnetic resonance angiography, and/or catheter-based angiography were eligible.
Patients were predominantly women (82%) and Caucasians (88%). Age at diagnosis was 46 ± 16 years (12%
>_65 years old), 86% were hypertensive, 72% had multifocal, and 57% multivessel FMD. Compared to patients with
multifocal FMD, patients with focal FMD were younger, more often men, had less often multivessel FMD but more
revascularizations. Compared to women with FMD, men were younger, had more often focal FMD and arterial dis-
sections. Compared to younger patients with FMD, patients >_65 years old had more often multifocal FMD, lower
estimated glomerular filtration rate and more atherosclerotic lesions. Independent predictors of multivessel FMD
were age at FMD diagnosis, stroke, multifocal subtype, presence of aneurysm or dissection, and family history of
FMD. Predictors of aneurysms were multivessel and multifocal FMD. Predictors of dissections were age at FMD di-
agnosis, male gender, stroke, and multivessel FMD.

....................................................................................................................................................................................................
Conclusions The European/International FMD Registry allowed large-scale characterization of distinct profiles of patients with

FMD and, more importantly, identification of a unique set of independent predictors of widespread disease, aneur-
ysms and dissections, paving the way for targeted screening, management, and follow-up of FMD.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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1. Introduction

Fibromuscular dysplasia (FMD) is an idiopathic, segmental, non-
atherosclerotic and non-inflammatory disease of the musculature of the
arterial walls, leading to stenosis of small- and medium-sized arteries.1,2

Besides stenosis, other manifestations of FMD, such as aneurysms, dis-
sections, and arterial tortuosity may also be identified.2 Renal and cere-
brovascular arteries are more frequently involved, but all medium-sized
arteries may be affected.2

While FMD is often asymptomatic and only diagnosed incidentally on
the occasion of imaging tests performed for other reasons,3 in a number
of cases, it may be at the origin of severe or even life-threatening compli-
cations. The clinical manifestations of FMD mostly depend on the vascu-
lar beds involved. Renal FMD may lead to hypertension, while
cerebrovascular involvement may result in headache, pulsatile tinnitus,
transient ischaemic attack, stroke and/or subarachnoid haemorrhage.2,4

The US5 and French6 FMD registries have substantially improved our
knowledge on the demographic characteristics, classification, prevalence,
and clinical manifestations of FMD. Thanks to their joint efforts, along
with those of other groups around the world, our conception of FMD
has evolved from a rare cause of renovascular hypertension of young
women to a systemic vascular disease which may be diagnosed at all
ages, both in women and men with a wide range of manifestations.
Current knowledge has been summarized in the First International
Consensus on diagnosis and management of FMD.2

The European/International FMD registry7 was launched in
December 2015 at the First Brussels National Meeting on FMD and sub-
sequently endorsed by the European Society of Hypertension (ESH) in
2016. It currently includes more than 50 items concerning demographic
and clinical characteristics, family history, type, site/s, associated lesions,
and complications of FMD, as well as surgical or endovascular interven-
tions. The online platform allows registering an indefinite number of vis-
its, imaging, and vascular interventions for each patient.8,9 The European/
International Registry also includes contribution from existing registries,
such as the French NOMADE and the Polish ARCADIA-POL registries.
Finally the Registry is also associated with a DNA and RNA biobank and
contributes to important research initiatives in the field.

The present analysis incorporates data from the first 1022 patients en-
rolled in the European/International FMD Registry with the aim of (i) de-
scribing the characteristics of patients presenting with FMD in a large
and diverse multicentre cohort; (ii) comparing clinical and FMD charac-
teristics between different subgroups of patients (patients with multifo-
cal vs. focal FMD; men vs. women; patients < 65 vs. >_ 65 years old);
(iii) identifying predictors of multivessel disease, and of presence of
FMD-related aneurysms and/or dissections.

2. Methods

The diagnosis of FMD was based on the identification of multifocal or fo-
cal FMD lesions in at least one arterial bed by computed tomography an-
giography, magnetic resonance angiography and/or catheter-based
angiography, as recommended in the First International FMD
Consensus.2 Multifocal FMD was defined as the presence of alternating
areas of stenosis and dilatation (‘string-of-beads’ appearance), especially
in the mid- and distal segments of the artery. Focal FMD was defined as
the presence of a single stenosis occurring in any part of the artery in the
absence of arguments in favour of atherosclerotic, inflammatory, or ge-
netic arteriopathies.2 Rare patients with both multifocal and focal lesions
were considered as being of the multifocal subtype. In agreement with
the International Consensus,2 multivessel FMD was defined as the pres-
ence of multifocal or focal FMD lesions in at least two different arterial
beds or, alternatively, FMD-related stenosis in one vascular bed and
other FMD-related lesions in one or more vascular bed(s). The following
vascular beds were taken into account: cerebrovascular, renal, visceral,
upper and lower extremity arteries.

Both prevalent and incident patients aged >_18 years were eligible.
Patients with suspicion of FMD only based on duplex ultrasound were
excluded. Patients whose primary diagnosis was spontaneous coronary
artery dissection were not eligible.

The study was approved by local and national Institutional Review
Boards (IRBs), and informed consent was obtained according to national
regulations. At the time of enrolment, the investigators filled an initial en-
rolment form in the FMD platform, including demographic characteris-
tics (age, gender, height, and ethnicity) and clinical characteristics
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..(number of pregnancies, use and duration of oral contraception, age at
diagnosis of FMD, angiographic subtype of FMD, symptoms of FMD at di-
agnosis, and associated atheroma lesions), data concerning the first visit
[seated office systolic and diastolic blood pressure (BP), body weight, se-
rum creatinine, smoking habit, and number of antihypertensive medica-
tions], and vascular imaging (arterial beds explored, imaging modality,
type, and site of lesions for each vascular bed). Furthermore, the investi-
gators had to provide to the study coordinator (A.P.) fully anonymized
images of the FMD lesion that led to the diagnosis. In case of disagree-
ment, the diagnosis was discussed in a clinico-radiologic meeting at the
coordinating centre, in cooperation with the referring investigator. The
final decision to include or not the patient was made by the coordinator
and his team, thus ensuring consistency in diagnostic criteria and inter-
pretation of the images. At the time of each follow-up visit and/or imag-
ing test performed, investigators were invited to fill in the platform the
new clinical data, vascular imaging, and therapeutic procedures, if any.
The authors state that the study complies with the Declaration of
Helsinki.

All inclusions were carefully checked by M.P., P.D., and/or A.P. and
queries were sent to the centres as needed.

After resolution of all queries, the database was locked on 1 May
2019, exported, and analysed using R software version 3.2.2.10

Continuous variables were expressed as mean ± SD or median and
interquartile range (IQR) according to their distribution; categorical vari-
ables were expressed as counts and percentage. Continuous variables
were compared using the Student’s test or the Mann–Whitney test.
Categorical variables were compared using the v2 test. A multinomial lo-
gistic regression (multivariate analysis) was performed to identify predic-
tors of multivessel involvement, and of presence of FMD-related
aneurysm and/or dissection, using both forward and backward methods.
Multivariate analysis included all relevant variables [demographic fea-
tures, inaugural manifestations of FMD (hypertension, stroke . . .), FMD
subtype, family history, and disease characteristics] shown to be signifi-
cantly different in univariate analysis. A P value <0.05 was considered sta-
tistically significant.

3. Results

3.1 Demographic and clinical
characteristics
One thousand twenty-two patients were enrolled in 46 centres from 22
countries (five outside Europe, representing 11% of the whole series)
between 1 December 2015 and 30 April 2019 (database lock). Mean age
at FMD diagnosis was 46 ± 16 years, patients were predominantly
women (82%), Caucasians (88%) and of the multifocal subtype (72%).
About 86% (n = 864) of patients had hypertension. Nineteen% (n = 192)
were smokers. The mean body mass index (BMI) and estimated glomer-
ular filtration rate (eGFR) were 25± 5 kg/m2 and 92 ± 40 mL/min/
1.73 m2 (CKD-EPI equation),11 respectively. Finally, only 3% of patients
(n = 31) reported a family history of FMD (Table 1).

3.2 FMD presenting symptoms and
vascular bed involvement
Hypertension was the most frequent presenting symptom (72%).
Seventeen% of patients (n = 170) were diagnosed with FMD after refer-
ral for pulsatile tinnitus, 12% (n = 117) for neurological symptoms (such
as transient ischaemic attack—TIA, stroke, subarachnoid haemorrhage,

and Claude Bernard–Horner syndrome), and 8% (n = 84) for headache.
Finally, in 26 patients (3%), FMD was an incidental finding.

The prevalence of multivessel FMD, assessed in the subset of 488
patients who underwent full vascular screening (renal, cerebrovascular,
and visceral/limb arteries) was 57% (n = 280). One hundred and eighty-
two patients (37%) had FMD lesions in 2 vascular beds, 73 patients
(15%) in 3 vascular beds, and 25 patients (5%) in 4 or more vascular
beds. Among patients screened for each vascular bed, the proportion of
patients with renal, cerebrovascular, visceral, and lower limb arteries
FMD was 91%, 63%, 21%, and 31%, respectively (Table 1 and Figure 1).

......................................................................................................

Table 1 Overall characteristics of patients enrolled in the
European/International FMD Registry

No. of patients analysed 1022

Age at diagnosis (years), mean ± SD 45.8 ± 15.9

Females (%) 831/1022 (81.5)

Caucasians (%) 885/1012 (87.5)

Systolic BP (mmHg), mean ± SD 139.7 ± 23.3

Diastolic BP (mmHg), mean ± SD 84.6 ± 14.4

Hypertension (%) 864/1008 (85.6)

Age at hypertension diagnosis (years), mean ± SD 37.1 ± 15.3

No. of antihypertensive drugs, median (IQR) 2 (1–3)

Current smokers (%) 192/1002 (19.3)

BMI, mean ± SD 24.5 ± 4.8

eGFR CKD-EPI (mL/min/1.73 m2), mean ± SD 91.8 ± 39.6

Presentation of FMD

Hypertension/renovascular presentation (%) 734/1018 (72.0)

Cerebrovascular presentation 171/1011 (11.6)

Stroke (%) 80/1011 (7.9)

TIA (%) 30/1011 (3.0)

Subarachnoid haemorrhage (%) 33/1011 (3.2)

Claude Bernard–Horner syndrome (%) 20/1011 (2.0)

Other presentations

Headache (%) 84/1004 (8.4)

Pulsatile tinnitus (%) 170/1004 (16.9)

Incidental finding (%) 26/1004 (2.6)

Multifocal FMD (%) 740 (72.3)

Coexisting atherosclerotic lesions (%) 171/1012 (16.9)

Multivessel FMDa (%) 280/488 (57.4)

Numbers of patients (%) in whom lesions

were found/numbers of patients (%) screened

for each vascular bed

Renal arteries 855/943 (90.7)

Cerebrovascular arteries 391/625 (62.6)

Visceral arteries 161/760 (21.2)

Lower extremity arteries 87/283 (30.7)

At least one aneurysm in any vascular bed (%) 220/1019 (21.6)

At least one dissection in any vascular bed (%) 57/1021 (5.6)

At least one vascular bed treated with

revascularization (%)

531/1022 (51.9)

Family history of FMD (%) 31/1018 (3.0)

BMI, body max index; BP, blood pressure; CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; FMD,
fibromuscular dysplasia; TIA, transient ischaemic attack.
a

Assessed in the subset of patients who underwent full vascular screening (renal,
cerebrovascular, visceral/limb arteries).
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..The prevalence of FMD-related aneurysms and dissections in the whole
cohort was of 22% and 6%, respectively. About 52% of patients (n = 531)
underwent at least an endovascular and/or surgical intervention.

3.3 Subgroup analysis
3.3.1 Focal vs. multifocal FMD
Compared with patients with multifocal FMD (n = 740), patients with fo-
cal FMD (n = 282) were younger at diagnosis of FMD (39 ± 16 years vs.
49± 15, P value <0.001) and hypertension (32 ± 15 years vs. 39 ± 15, P
value = 0.001) and more frequently males (31 vs. 14%, P value = 0.001)
(Table 2). They also had a lower prevalence of multivessel (16% vs. 41%,
P value = 0.001) and bilateral FMD, both in renal (21% vs. 41%, P val-
ue = 0.001) and cerebrovascular (11% vs. 29%, P value = 0.001) arterial
beds. Finally, they had less aneurysms (11% vs. 26%, P value = 0.006) and
coexisting atherosclerotic lesions (12% vs. 19%, P value = 0.008), but

underwent more endovascular and/or surgical interventions (70% vs.
45%, P value = 0.001).

3.3.2 Men vs. women
Compared to women with FMD, men were significantly younger at diag-
nosis of both FMD (42 ± 17 vs. 47 ± 16 years, P value = 0.001) and hyper-
tension (34 ± 16 vs. 38± 15 years, P value = 0.02), had more frequently
focal FMD (46% vs. 23%, P value = 0.001) and less bilateral cerebrovascu-
lar lesions (17% vs. 26%, P value = 0.02) (Table 3). Furthermore, men had
a higher prevalence of arterial dissections than women (14% vs. 4%, P val-
ue = 0.001), while no significant difference was found in terms of preva-
lence of arterial aneurysms (men: 19% vs. women: 22%, P value = 0.3).

3.3.3 Elderly patients
Compared to younger patients, patients >_ 65 years old at diagnosis of
FMD had more often multifocal FMD (85% vs. 71%, P value = 0.002) and

Figure 1 Examples of FMD lesions in various arterial beds. (A) Multifocal stenosis of the right internal carotid artery, of the left vertebral artery and of the
left internal carotid artery. (B) Multifocal stenosis of the mid–distal segment of the right renal artery. (C) Severe focal stenosis of the distal segment of the left
renal artery. (D) Multifocal stenosis of the coeliac trunk. (E) Bilateral multifocal stenosis of iliac common arteries.
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..tended to have a more widespread disease (multivessel disease: 42% vs.
33%, P value = 0.08) (Table 3). Older patients also had a higher rate of
coexisting atherosclerotic lesions (33% vs. 15%, P value = 0.004) but
lower eGFR levels (69 ± 24 vs. 95 ± 40 mL/min/1.73 m2, P value < 0.001).
Finally, they underwent less interventional procedures (31% vs. 55%, P
value = 0.001).

3.4 Predictors of multivessel disease,
aneurysms, and dissections
We looked for predictors of multivessel disease (Table 4), aneurysms
(Table 5), and dissections (Table 6), both in univariate and multivariate
analysis.

In multivariate regression analysis (forward analysis), predictors of
multivessel FMD were: age at diagnosis of FMD (OR/per year 1.02, 95%
CI [1.00–1.03], P value = 0.001), stroke/cerebrovascular presentation
(OR 2.42, 95% CI [1.39–4.18], P value = 0.001), eGFR (OR per ml/min
0.99, 95% CI [0.98–0.99], P value = 0.007), presence of at least one aneu-
rysm (OR 4.31, 95% CI [3.05–6.13], P value < 0.001) or at least one dis-
section (OR 2.92, 95% CI [1.56–5.64], P value = 0.001) in any vascular
bed, multifocal FMD (OR 3.00, 95% CI [2.03–4.55], P value = 0.001) and
family history of FMD (OR 3.15, 95% CI [1.43–7.11], P value = 0.005).

Predictors of the presence of aneurysm were multivessel (OR 3.99,
95% CI [2.89–5.57], P value < 0.001) and multifocal (OR 1.91, 95% CI
[1.26–2.98], P value = 0.003) FMD. Predictors of the presence of
dissection were age at diagnosis of FMD (OR/per year 1.02, 95% CI
[1.01–1.05], P value = 0.03), male gender (OR 4.35, 95% CI [2.33–7.69],
P value = 0.005), stroke/neurovascular presentation (OR 2.19, 95% CI
[1.01–4.52], P value = 0.04), and multivessel FMD (OR 3.15, 95%
CI [1.74–5.87], P value = 0.001). In contrast, hypertension/renovascular
presentation was negatively correlated both with presence of aneurysms

(OR 0.63, 95% CI [0.42–0.96], P value = 0.03) and dissections (OR 0.30,
95% CI [0.16–0.56], P value = 0.001).

For all 3 analysis, the same predictors were identified using backward
analysis (data not shown).

4. Discussion

We performed a detailed analysis of the first 1022 patients enrolled in
the European/International FMD Registry, including 46 centres from 22
countries, with emphasis on comparison between different subsets of
patients and predictors of widespread disease and complications.

First, we confirmed the distinctive features of focal vs. multifocal FMD,
as established by Savard et al.12 Compared to patients with multifocal
FMD, patients with focal FMD were 10 years younger, more frequently
males and had a much lower prevalence of bilateral and multivessel
FMD.

Secondly, in agreement with previous reports from large datasets, we
documented a high prevalence of multivessel FMD: 57% in the
European/International FMD Registry, vs. 66% in the French–Belgian
ARCADIA Registry (48% not including aneurysms and dissections)6 and
55% in the last update of the US FMD Registry.2

Third, we reported the characteristics and predictors of multivessel
FMD. In agreement with the ARCADIA study,6 patients with multivessel
disease were more likely to have multifocal FMD or stroke/cerebrovas-
cular presentation. Intriguingly also, patients with multivessel disease
were older than patients with single-vessel disease in both registries.
Whether this reflects the progression of FMD from single-vessel to mul-
tivessel disease over time is currently unknown and is in contrast with
expert opinion that de novo FMD lesions only seldom appear.13 Other
additional predictors of multivessel FMD reported for the first time in

..............................................................................................................................................................................................................................

Table 2 Main distinctive features of patients with multifocal/focal FMD

Multifocal (n 5 740) Focal (n 5 282) P value

Age at FMD diagnosis (years), mean ± SD 48.6 ± 14.9 38.7 ± 16.3 <0.001

Females (%) 636 (86.3) 195 (69.2) 0.001

Hypertension (%) 614/728 (84.3) 250/281 (89.0) 0.07

Age at hypertension diagnosis (years), mean ± SD 39.4 ± 15.2 32.3 ± 14.5 0.001

No. of antihypertensive drugs, median (IQR) 2 (1–3) 2 (1–3) 0.72

Current smokers (%) 138/729 (18.9) 55/272 (20.2) 0.73

eGFR CKD-EPI (mL/min/1.73 m2), mean ± SD 89.9 ± 33.5 96.5 ± 52.0 0.05

Headache (%) 134/731 (18.3) 36/282 (12.8) 0.04

Pulsatile tinnitus (%) 67/731 (9.2) 17/282 (6.0) 0.13

Stroke (%) 63/730 (8.6) 17/281 (6.0) 0.21

TIA (%) 29/730 (4.0) 4/281 (1.4) 0.05

Subarachnoid haemorrhage (%) 29/730 (4.0) 1/281 (0.4) 0.005

Multivessel FMD (%) 306/740 (41.4) 44/282 (15.5) 0.001

Coexisting atherosclerotic lesions (%) 138/731 (18.9) 33/281 (11.7) 0.008

At least one aneurysm in any vascular bed (%) 189/738 (25.6) 31/281 (11.0) 0.006

At least one dissection in any vascular bed (%) 48/740 (6.5) 9/281 (3.2) 0.06

At least one vascular bed treated with revascularization (%) 332/740 (44.9) 199/282 (70.3) 0.001

Family history of FMD (%) 26/735 (3.5) 5/282 (1.8) 0.16

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; FMD, fibromuscular dysplasia.
P values < 0.05 are highlighted in bold.
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.this dataset include the presence of aneurysm (OR: 4.32) or dissection
(OR 3.16) in at least one vascular bed, as well as family history of FMD
(OR 3.00).

Fourth, we documented the prevalence of arterial aneurysms and dis-
sections in our multicentre cohort. While the prevalence of aneurysms
(21.6%) was similar to that observed in the US (22.7%)2 and ARCADIA
(26.0%)6 registries, the prevalence of arterial dissections was substan-
tially lower (5.6% vs. 28.1% and 15.1%, respectively), probably due to
predominance of Hypertension/Nephrology centres with focus on

renovascular FMD vs. Neurology centres dealing with carotid/vertebral
dissections in our Registry.

Fifth, we reported for the first time—at least in Europe—predictors
of aneurysms and dissections in a wide dataset of patients with FMD.
With the exception of multivessel FMD, which was associated with both
dissections and aneurysms, predictors of either complication were differ-
ent: multifocal FMD for aneurysms vs. higher age at diagnosis and male
gender for dissections. The latter is in agreement with the higher fre-
quency of arterial dissection in men vs. women documented in the US

..............................................................................................................................................................................................................................

Table 3 Main distinctive features of female/male and younger/older patients with FMD

Women

(n 5 831)

Men

(n 5 188)

P value <65 years

(n 5 900)

�65 years

(n 5 122)

P value

Age at FMD diagnosis (years), mean ± SD 46.5 ± 15.6 42.3 ± 16.5 0.001 42.5 ± 13.8 70.6 ± 4.8 –

Females (%) – – – 726 (80.8) 105 (87.5) 0.09

Hypertension (%) 788/820 (86.3) 154/186 (82.8) 0.36 749/889 (87.1) 90/120 (75.0) 0.001

Age at hypertension diagnosis (years), mean ± SD 37.8 ± 15.1 33.9 ± 15.8 0.02 35.6 ± 14.3 54.9 ± 14.8 0.001

No. of antihypertensive drugs, median (IQR) 2 (1–3) 2 (1–3) 0.75 2 (1–3) 2 (2–3) 0.02

Current smokers (%) 150/815 (18.4) 43/184 (23.4) 0.15 181/883 (20.5) 12/118 (10.2) 0.01

eGFR CKD-EPI (mL/min/1.73 m2), mean ± SD 90.5 ± 36.2 97.7 ± 51.8 0.08 94.8 ± 40.2 68.6 ± 23.7 <0.001

Headache (%) 148/823 (18.0) 22/187 (11.8) 0.05 155/893 (17.4) 15/120 (12.5) 0.22

Pulsatile tinnitus (%) 74/831 (9.0) 10/187 (5.3) 0.14 76/893 (8.5) 8/120 (6.7) 0.61

Stroke (%) 56/821 (6.8) 23/187 (12.3) 0.02 72/890 (8.1) 8/121 (6.6) 0.69

TIA (%) 27/821 (3.3) 6/187 (3.2) 0.97 26/890 (2.9) 7/121 (5.8) 0.11

Subarachnoid haemorrhage (%) 28/821 (3.4) 2/187 (0.5) 0.14 28/890 (3.2) 2/121 (1.7) 0.57

Multifocal FMD (%) 636/831 (76.5) 101/188 (53.7) 0.001 636/900 (70.7) 104/122 (85.3) 0.002

Multivessel FMD (%) 286/831 (34.4) 63/188 (33.5) 0.88 299/900 (33.2) 51/122 (41.8) 0.08

Coexisting atherosclerotic lesions (%) 143/822 (17.4) 27/187 (14.4) 0.38 132/893 (14.8) 39/119 (32.7) 0.004

At least one aneurysm in any vascular bed (%) 185/830 (22.3) 35/186 (18.8) 0.34 196/897 (21.9) 24/122 (19.7) 0.66

At least one dissection in any vascular bed (%) 30/831 (3.6) 27/187 (14.4) 0.001 52/899 (5.8) 5/122 (4.1) 0.58

At least one vascular bed treated with revascularization (%) 428/831 (51.5) 103/188 (54.8) 0.46 493/900 (54.8) 38/122 (31.2) 0.001

Family history of FMD (%) 26/827 (3.1) 5/187 (2.7) 0.92 25/895 (2.8) 6/122 (4.9) 0.25

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; FMD, fibromuscular dysplasia.
P values < 0.05 are highlighted in bold.

.............................................................. ................................................................

..............................................................................................................................................................................................................................

Table 4 Predictors of multivessel FMD in patients with FMD enrolled in the European/International FMD Registry

Variable Univariate analysis Multivariate analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age at diagnosis of FMDa 1.03 (1.02–1.04) 0.001 1.02 (1.01–1.03) 0.001

Hypertension/renovascular presentation 0.64 (0.44–0.92) 0.005 0.74 (0.51–1.07) 0.10

Stroke/neurovascular presentation 2.19 (1.37–3.50) 0.009 2.42 (1.39–4.18) 0.001

eGFRb 0.99 (0.90–0.99) 0.02 0.99 (0.98–0.99) 0.007

Coexisting atherosclerotic lesions 1.79 (1.28–2.50) 0.001 1.37 (0.96–1.95) 0.07

At least one aneurysm in any vascular bed 4.57 (3.33–6.30) <0.001 4.31 (3.05–6.13) <0.001

At least one dissection in any vascular bed 3.85 (2.19–6.97) 0.006 2.92 (1.56–5.64) 0.001

Multifocal FMD 3.94 (2.77–5.73) 0.001 3.00 (2.03–4.55) 0.001

Family history of FMD 2.43 (1.18–5.06) 0.02 3.15 (1.43–7.11) 0.005

TIA, transient ischaemic attack; eGFR, estimated glomerular filtration rate; FMD, fibromuscular dysplasia.
aOR per year.
bOR per mL/min.
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FMD registry.14,15 This male predominance of (mostly carotid) dissection
is in sharp contrast with the overwhelming female predominance of
spontaneous coronary artery dissection, a disease often associated with
extra-coronary FMD,16,17 showing that the association between dissec-
tion and gender may be vessel-specific.

Sixth, for the first time in Europe, we documented characteristics dif-
ferentiating men vs. women and older vs. younger patients with FMD.
Regarding gender differences, besides a higher prevalence of focal FMD
and a four-fold increased prevalence of dissection in men, men were also
slightly younger at diagnosis of FMD and hypertension and had a higher
prevalence of stroke. These last findings are at odds with those of a pre-
liminary report of the US Registry for FMD.15 They may partly reflect
the fact that screening for FMD is less often performed in male than fe-
male patients, unless there is severe or early hypertension and/or cere-
brovascular complications.

The proportion of patients diagnosed at 65 years or older was consis-
tent with that of the US FMD Registry (12% vs. 16%).18 However, char-
acteristics of older patients slightly differed between both registries.
While European elderly patients differed from younger patients by a
slightly lower prevalence of hypertension at diagnosis, higher age at hy-
pertension diagnosis and a lower prevalence of active smoking, US el-
derly patients reported less often headache and pulsatile tinnitus
compared to younger patients, and had an increased prevalence of hy-
pertension but less arterial dissections.18 Again, to what extent this
reflects differences in natural history and/or distinct referral and explora-
tion biases in both registries deserves further investigation.

While the prevalence of atherosclerotic lesions was expectedly
higher in older than younger patients enrolled in the European/
International FMD Registry, it remains surprisingly low (33%). As a
matter of comparison, in the Cardiovascular Health Study,19 includ-
ing 5888 participants aged >_65 years, the prevalence of carotid ath-
erosclerotic plaques was 77%. In agreement with the lower
prevalence of cardiovascular events in elderly patients from the US
Registry,18 this may reflect survival or inclusion biases. Alternatively,
it may support the common belief that patients with FMD are some-
how protected from atherosclerosis.

3.5 Limitations
Our work has a number of limitations: (i) only 3% of cases of FMD were
diagnosed incidentally. Therefore, our findings mostly apply to symptom-
atic FMD; (ii) non-Caucasian patients remain underrepresented (12.5%),
though to a lesser extent than in the US Registry (8.7%); (iii) the contri-
bution of regions of Europe such as Scandinavia, Germany, and Eastern
Europe is still insufficient; (iv) Neurology centres remain a minority com-
pared to Nephrology/Hypertension centres; (v) information on intake of
antiplatelet agents—which was not recommended in Europe when the
Registry was established—plasma lipids and fasting glycaemia/history of
diabetes was not captured; (vi) only half of patients (48%) were explored
for all vascular beds. However, the subgroup of fully explored patients
did not differ from the other patients enrolled in the Registry, and pre-
dictors of multivessel FMD in the whole cohort were consistent with
those identified in the subset of fully explored patients (data not shown);

.............................................................. ................................................................

..............................................................................................................................................................................................................................

Table 5 Predictors of the presence of aneurysm in patients with FMD enrolled in the European/International FMD Registry

Variable Univariate analysis Multivariate analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age at diagnosis of FMDa 1.01 (0.99–1.02) 0.06 1.00 (0.99–1.00) 0.48

Hypertension/renovascular presentation 0.57 (0.38–0.85) 0.002 0.63 (0.42–0.96) 0.03

Multivessel FMD 4.57 (3.33–6.27) <0.001 3.99 (2.89–5.57) <0.001

Multifocal FMD 3.03 (2.01–4.72) 0.001 1.91 (1.26–2.98) 0.003

At least one dissection in any vascular bed 1.57 (0.83–2.82) 0.03 0.98 (0.52–1.82) 0.96

FMD, fibromuscular dysplasia.
aOR per year.

............................................................... ................................................................

..............................................................................................................................................................................................................................

Table 6 Predictors of the presence of dissection in patients with FMD enrolled in the European/International FMD Registry

Variable Univariate analysis Multivariate analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age at diagnosis of FMDa 1.03 (1.01–1.05) 0.001 1.02 (1.01–1.05) 0.03

Male gender 3.95 (2.24–6.94) 0.001 4.35 (2.33–7.69) 0.005

Hypertension/renovascular presentation 0.23 (0.13–0.42) 0.001 0.30 (0.16–0.56) 0.001

Stroke/neurovascular presentation 3.78 (1.83–7.32) 0.001 2.19 (1.01–4.52) 0.04

At least one aneurysm 1.57 (1.08–2.82) 0.03 1.16 (0.58–2.22) 0.67

Multivessel FMD 3.85 (2.19–6.97) 0.01 3.15 (1.74–5.87) 0.001

FMD, fibromuscular dysplasia.
aOR per year.
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..and (vii) finally, the current analysis is cross-sectional, therefore the
course of the disease cannot be assessed and predictors of multivessel
FMD, presence of aneurysms and dissections need confirmation in pro-
spective studies.

3.6 Conclusion
The European/International FMD Registry is a unique resource incorpo-
rating patients from 46 centres from Europe and beyond vs. 16 for the

French–Belgian ARCADIA study6 and 13 in the US Registry.2 This
wide recruitment is expected to increase the generalizability and exter-
nal validity of our findings. This first analysis including over 1000 patients
allowed large-scale characterization of distinct profiles of patients
with FMD and, more importantly, identification of a unique set of inde-
pendent predictors of widespread disease, aneurysms and dissections
(Figure 2), paving the way for targeted screening, management, and
follow-up of FMD.

Figure 2 Typical features of patients with multifocal/focal FMD, multivessel/single-vessel FMD, and FMD with aneurysm(s) or dissection(s) based on find-
ings of the European/International FMD Registry. FMD, fibromuscular dysplasia.
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.
Beyond scientific findings, the involvement of a wide network of inves-

tigators in European/International FMD Registry will undoubtedly con-
tribute to improve and harmonize screening and management of FMD
across Europe and beyond, which will in its turn facilitate large-scale test-
ing of new hypothesis and evaluation of different management strategies.
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Translational perspective
Fibromuscular dysplasia (FMD) is nowadays considered as a systemic arterial disease, warranting brain-to-pelvis vascular imaging in all patients.
However, most current evidence is derived from a limited number of expert centres. Furthermore, one size may not fit all. Based on analysis of the
first 1000 patients enrolled in the European/International FMD registry (46 centres; 22 countries) we characterized distinct patient profiles according
to FMD subtype, age and gender and identified predictors of widespread disease, aneurysms and dissections, paving the way for individualized man-
agement and follow-up. Further studies will allow refining patient characterization according to ethnicity, genetic profile, and imaging biomarkers.
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