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Original Article

Differences 1in renal hemodynamics and renin
secretion between patients with unifocal and
multifocal fibromuscular dysplasia

Daan J.L. van Twist®?¢, Pieter W.M. de Heer®®, Alfons J.H.M. Houben®®, Michiel W. de Haan®,

Peter W. de Leeuw?®® <, and Abraham A. Kroon®®

Objective: Fibromuscular dysplasia (FMD) can be classified
in a multifocal and a unifocal subtype. As unifocal FMD
generally leads to more severe hypertension at younger
age, we hypothesized that renal hemodynamics are more
disturbed in unifocal renal artery FMD as compared with
multifocal FMD, leading to increased renin secretion.

Methods: We measured renal blood flow (**3Xenon
washout method), renin secretion, and glomerular filtration
rate per kidney in 101 patients with FMD (26 unifocal and
75 multifocal), all off medication and prior to balloon
angioplasty.

Results: We found that renal blood flow and glomerular
filtration were substantially lower in kidneys with unifocal
FMD as compared with multifocal FMD. In the affected
kidney from patients with unilateral FMD for example,
mean renal blood flow was 173 £77 in unifocal vs.

244 +79ml/100 g kidney/min in multifocal FMD
(P=0.013). Moreover, lateralization in renin secretion
was only observed in a subset of patients with

unifocal FMD, but not in any of the patients with
multifocal FMD.

Conclusion: These findings suggest that the impact of
unifocal FMD lesions on the kidney is more severe,
resulting in a classical pattern of renovascular
hypertension. In multifocal FMD, however, renal blood
flow is more preserved, local renin secretion is not
increased, and the association between renin levels and
blood pressure is inverse. These differences may explain
the often more severe clinical presentation and higher
success rate of revascularization in unifocal FMD, but also
suggest that the pathophysiological mechanisms leading to
hypertension may differ between these two disease
entities.

Keywords: fibromuscular dysplasia, kidney, renin—
angiotensin system, renovascular hypertension

Abbreviations: 24-h ABPM, 24-h ambulatory blood
pressure measurement; APRC, active plasma renin
concentration; ARAS, atherosclerotic renal artery stenosis;
eGFR, estimated glomerular filtration rate; FMD,
fibromuscular dysplasia; MRBF, mean renal blood flow;
RSR, renin secretion rate
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INTRODUCTION

ibromuscular dysplasia (FMD) is a heterogenous
F group of nonatherosclerotic, noninflammatory vascu-

lar diseases that are a common cause of renovascular
hypertension [1,2]. Two major FMD-entities can be distin-
guished by angiographic evaluation: the multifocal form,
with its typical string-of-beads pattern, and the unifocal form,
presenting as a single focal stenosis (Fig. 1) [3,4]. Histologi-
cally, the medial layer of the vessel wall is affected in
multifocal FMD, whereas the intima or adventitia is affected
in unifocal FMD [5,6]. Furthermore, several differences in
clinical characteristics have been demonstrated: patients
with unifocal FMD are more often male (31 vs. 17%) and
are generally diagnosed with hypertension at a younger age
(26 vs. 40 years) and with a higher blood pressure (BP) (157/
97 vs. 146/88 mmHg) [4]. Moreover, hypertension cure rates
following balloon angioplasty are higher in unifocal FMD
[4,7). Based on these clinical, angiographic, and histopatho-
logical differences, it appears plausible that the effect on the
kidney differs between unifocal and multifocal FMD. Previ-
ously, we demonstrated in a cohort of patients with multifo-
cal FMD that renal blood flow and glomerular filtration are
more or less preserved and that renin secretion is not
increased [8,9]. Data on renal hemodynamics and renin
secretion in patients with unifocal FMD, however, are lack-
ing. Given the earlier and more severe clinical presentation
with a better response to balloon angioplasty, we hypothe-
sized that renal hemodynamics are more disturbed in uni-
focal FMD, leading to increased renin secretion. Therefore,
we studied renal blood flow, glomerular filtration, and renin
secretion in a cohort of patients with previously untreated
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FIGURE 1 Unifocal and multifocal fibromuscular dysplasia. Digital subtraction angiog-
raphies, showing bilateral unifocal fibromuscular dysplasia (a) and multifocal fibromus-
cular dysplasia of the right renal artery (b, note the typical string-of-beads pattern).

unifocal FMD and compared these with those in patients with
multifocal FMD.

METHODS

Patients

We prospectively collected data from all patients who
underwent renal angiography in our hospital over the past
two decades. Patients were referred for angiography in case
of clinical suspicion on renovascular abnormalities. Rea-
sons for this were early onset hypertension, difficult-to-treat
hypertension, a decrease in renal function following treat-
ment with an angiotensin-converting enzyme inhibitor or
angiotensin II type-1-receptor blocker, or clinical clues for
renal artery stenosis or FMD, such as an abdominal bruit
or spontaneous dissection of a coronary or cervical artery
[10,11]. All patients gave written informed consent.

Protocol

To avoid interference with the measurements all antihyper-
tensive drugs were discontinued 3 weeks before the angiog-
raphy. BP was monitored weekly, in case of an unacceptably
large rise in BP patients were excluded from the study. We
did not include patients with a high risk for acute cardiovas-
cular events, predominantly in case of an expected large rise
in BP after discontinuation of antihypertensive drugs or a
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cardiovascular event within 6 months prior to the angiogra-
phy. To prevent suppression of renin secretion by high
sodium intake, patients were instructed to follow a mildly
sodium-restricted diet during the week prior to the angiog-
raphy. The day preceding the angiography the patients were
admitted to our ward, collected a 24-h urine specimen for
measurement of sodium excretion as a marker for dietary
sodium intake [12], and underwent 24-h ambulatory BP
measurement (24-h ABPM, using SpaceLabs ambulatory
BP monitor type 90207 or 90217 b (Spacelabs Healthcare,
Snoqualmie, Washington, USA).

After an overnight fast, we selectively catheterized the
aorta and both renal veins via the femoral route, without the
use of contrast agents and under continuous monitoring of
heart rate and BP (intra-arterially). Then, we drew blood
samples from the aorta and both renal veins, followed by
measurement of mean renal blood flow (MRBF, expressed
as ml/100 g kidney/min) using the '**Xenon washout tech-
nique as previously described [13]. Briefly, we infused
133Xenon directly into the renal artery and recorded the
washout of '*Xenon with an extracorporeal scintillation
counter positioned at the kidney level. Exhaled '**Xenon
was captured via a tight mask and led through a charcoal
filter. After subtraction of background radiation, the wash-
out of "**Xenon from the kidney was analyzed mathemati-
cally using an exponential decay model. From this model
MRBF was calculated. In the majority of patients, MRBF was
measured twice in each kidney. The mean of the two
measurements was used for the analyses. In our hospital,
133Xenon washout technique has a variation coefficient of
8% for repeated measurements [14]. No contrast material
was administered prior to completion of the blood sam-
pling and '**Xenon washout studies. After completion of
the '**Xenon washout procedure, we obtained angio-
graphic images of the abdominal aorta and renal arteries
(an anterior—posterior and two oblique views) by injection
of 25ml of iopromide (Ultravist 300; Bayer HealthCare,
Berlin, Germany) via a 4-Fr Universal Flush catheter (Cor-
dis; Cardinal Health, Dublin, Ohio, USA) positioned at the
level of the renal arteries. Selective renal angiography was
performed with injection of 12-ml iopromide through a 5-Fr
end-hole Cobra-2 or Simmons-2 catheter (Cordis; Cardinal
Health). Finally, balloon angioplasty was performed if
considered clinically indicated. The study was conducted
in accordance with the Declaration of Helsinki and the
protocol was approved by the Medical Ethics Committee of
the Maastricht University Medical Centre.

The angiographic films were analyzed by two experi-
enced, independent radiologists who were unaware of the
results of the MRBF measurements. The patients were
classified as having either no renal artery abnormalities,
atherosclerotic renal artery stenosis (ARAS) or FMD. Based
on their radiological appearance, FMD lesions were classi-
tied into unifocal (presence of a single focal stenosis less
than 1cm in the absence of atherosclerotic changes in the
aorta or local calcifications on the angiography or previous
imaging studies) or multifocal FMD (presence of more than
two nonatherosclerotic stenoses with a typical string-of-
beads appearance in at least one renal artery, visible in at
least two imaging planes) [4]. In case of disagreement on
renal artery abnormalities, a third radiologists’ opinion
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was decisive. In addition, all cases of unifocal FMD were
retrospectively reviewed by two FMD experts (D.J.L.v.T.
and A.A.K)), as it is sometimes difficult to distinguish uni-
focal FMD from atherosclerosis. In case of any doubt on the
diagnosis of unifocal FMD, the patients were excluded from
the present analyses (n=9).

Inclusion and exclusion criteria

In the present analysis, we only included patients who were
diagnosed with renal artery FMD between 2005 and 2017
and from whom a complete renal angiography and selec-
tive blood samples were available. The majority of patients
with multifocal FMD were also included in a previous study
on renal hemodynamics in multifocal FMD [8,9]. To avoid
distortion of the results, we excluded patients with ARAS
(with or without concomitant FMD), patients with low
grade unifocal FMD (defined as a reduction in luminal
diameter less than 50% as measured with an electronic
caliper), patients in whom renovascular abnormalities
had been previously treated, patients with other secondary
causes of hypertension, and patients who had only one
kidney (congenital or acquired), a contracted kidney, a
tumor of the kidney, syndromal disease (e.g. Marfan or
Ehlers-Danlos), or inflammatory vascular diseases (such as
Takayasu or giant-cell arteritis).

Calculations and analyses

We assessed renin secretion per individual kidney by
measuring active plasma renin concentration (APRC, mea-
sured using an immunoradiometric assay) [15] in blood
samples obtained from the aorta and both renal veins.
We evaluated renin secretion in three different ways, all
in accordance with previous literature:

1. Renal vein renin ratio: renal vein APRC of the affected
kidney divided by renal vein APRC of the unaffected
kidney (only in patients with unilateral FMD) [10].

2. Renin (venous — arterial)/arterial: the venous—arte-
rial difference in APRC divided by the arterial APRC
(17].

3. Renin secretion rate (RSR): the product of the venous-
arterial difference in APRC and the renal plasma flow
[MRBF X (1 — hematocrit)] [18]. This method enabled
us to calculate the net renin-production per 100 g of
kidney tissue for each kidney.

We evaluated glomerular filtration rate per individual
kidney by calculating a proxy for glomerular filtration per
kidney (GFR)poxy by multiplying the filtration fraction (esti-
mated by means of creatinine extraction) by the renal plasma
flow according to the following formula: (renal artery creati-
nine level minus renal vein creatinine level divided by the
renal artery creatinine level) x [MRBF x (1 —hematocrit)].
Estimated glomerular filtration rate (eGFR) at baseline and
during follow-up was estimated using the Chronic Kidney
Disease Epidemiology Collaboration formula [19].

Although this study was not designed as an intervention
study, we performed a post-hoc analysis to evaluate the BP
response to balloon angioplasty. This was done to deter-
mine whether the FMD lesions truly played a role in causing
hypertension or merely were an ‘innocent bystander’

Journal of Hypertension

Unifocal vs. multifocal fibromuscular dysplasia

(i.e. the patients had essential hypertension instead). As
previously mentioned, not all patients underwent balloon
angioplasty as this was only performed if considered clini-
cally indicated. According to previous literature (the Rund-
back criteria) [20], a response was defined as a reduction in
DBP at least 15 mmHg, a SBP 140 mmHg or less, and/or a
DBP 90mmHg or less (mean of the second and last mea-
surement of three office BP measurements with 1-min
intervals) 1 year after balloon angioplasty without an
increase in the number of antihypertensive drugs (evalu-
ated using WHO’s Defined Daily Doses classification) [21].

We used SPSS (SPSS Inc., version 23.0, Chicago, Illinois,
USA) and Graphpad (Graphpad Software Inc., version 5.01,
San Diego, California, USA) for the statistical analyses. #
Tests (paired and unpaired) were used for normally dis-
tributed data (expressed as mean=£SD) and Wilcoxon
signed rank test and Mann—Whitney U test for nonnormally
distributed data (expressed as medians and interquartile
range). Chi-square test was used to assess categorical data
and correlation was tested using Pearsons R. A P value of
less than 0.05 was considered statistically significant.

RESULTS

Patient characteristics
Altogether, 101 patients with renal artery FMD were
included: 26 with unifocal FMD and 75 with multifocal
FMD (all white). As shown in Table 1, multifocal FMD
was most often bilateral (z=33) or right-sided (n=34),
whereas unifocal FMD was more equally distributed
between left (7 =12) and right (z=10) (< 0.001). Only
four patients were diagnosed with bilateral unifocal FMD.
Therefore, comparisons with this small group are of limited
value. None of the study participants had to be excluded
from the study because of unacceptably high BP and no
acute cardiovascular events were reported during the study.
We observed no statistically significant differences
between the two FMD subtypes for age, age of onset of
hypertension, smoking behavior, BP, and 24-h urinary
sodium intake. eGFR, however, was significantly lower
in unifocal FMD as compared with multifocal FMD
(66.8+24.1 vs. 82.6+19.0ml/min per 1.73m* P=0.001).

TABLE 1. Patient characteristics

Characteristic Unifocal Multifocal
n 26 75
Right/left/bilateral, n 10/12/4 34/8/33*
Sex (male/female) 10/16 19/56
Age (years) 50.0+12.4 54.0+£10.5
Age of onset of hypertension (years) 421+11.4 4114137
BMI (kg/mz) 26.4+4.3 26.5+4.5
Diabetes mellitus (yes/no) 4/26 5/70
Current smoking (yes/no) 917 18/56
24-h SBP (mmHg) off medication 160421 156+ 24
24-h DBP (mmHg) off medication 97 +12 92+18
eGFR (ml/min per 1.73 m?) 66.8+24.1 82.6+19.0""
Urinary sodium excretion (mmol/24 h) 77 +55 88451

Characteristics of the study patients. Values expressed as mean + SD or absolute number.
eGFR, estimated glomerular filtration rate using the Chronic Kidney Disease Epidemiology
Collaboration formula [19]; FMD, fibromuscular dysplasia.

*P<0.001 vs. unifocal FMD.

**P=0.001 vs. unifocal FMD.
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FIGURE 2 Mean renal blood flow: mean renal blood flow per kidney in patients with unifocal and multifocal fibromuscular dysplasia. Data split for unilateral (a) or bilateral
(b) fibromuscular dysplasia. Values expressed as mean + SD or absolute values per patient (for bilateral unifocal fibromuscular dysplasia). No statistically significant differences
were found for other between-group and within-group comparisons. FMD, fibromuscular dysplasia. *P=0.013 vs. multifocal fibromuscular dysplasia.

Renal blood flow and glomerular filtration

As shown in Fig. 2, MRBF of the affected kidney in patients
with unilateral FMD was significantly lower in unifocal FMD
as compared with multifocal FMD (mean 173177 vs.
2444+79ml/100 g kidney/min; P=0.013). The difference
in MRBF between unifocal and multifocal FMD for the
unaffected kidney was not statistically significant, although
a trend was observed as well (195 £ 73 vs. 225 54 ml/100 g
kidney/min; P=NS). Such trend was also observed with
regard to MRBF in unilateral unifocal FMD, with a lower
MRBF in the affected kidney as compared with the non-
affected kidney (173 £ 77 vs. 195 £73 ml/100 g kidney/min
P=NS). Among patients with bilateral multifocal FMD,
MRBF did not significantly differ between the left and right
kidney (left 201 +69 and right 209 +85ml/100 g kidney/
min; P=NS). From nine patients with unifocal FMD and 16
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patients with multifocal FMD, MRBF could not be obtained
due unavailability of '**Xenon or technical problems with
the administration of '**Xenon such as difficulties in
advancing the catheter into the renal artery or patient’s
intolerance of wearing the mask that prevents spreading of
exhaled '**Xenon into the room.

As shown in Fig. 3, GFRy,yy in patients with unilateral
FMD was lower in unifocal as compared with multifocal
FMD for both the affected (38 £28 vs. 19+£27ml/100g
kidney/min; P=0.008) and unaffected kidney (40 =22
vs. 21+ 24 ml/100 g kidney/min; P=0.014). No clear trend
towards lateralization of GFR,,x, Was observed between
the affected and unaffected kidney in both groups (P=NS).
Among patients with bilateral multifocal FMD, GFR,oxy Was
significantly higher in the right kidney as compared with the
left (47 + 22 vs. 34+ 23 ml/100 g kidney/min; 2= 0.008).
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FIGURE 3 A proxy for glomerular filtration per kidney: a proxy for glomerular filtration per kidney for each kidney in patients with unifocal and multifocal fibromuscular
dysplasia. Data split for unifocal and bilateral fibromuscular dysplasia and expressed as mean =+ SD or absolute values per patient (for bilateral unifocal fibromuscular
dysplasia). FMD, fibromuscular dysplasia; GFRyrox, @ proxy for glomerular filtration per kidney. *P=0.008 and **P=0.014 vs. unifocal fibromuscular dysplasia, ***P=0.008

vs. right kidney.
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TABLE 2. Renin-secretion

RSR affected
or right kidney

RSR nonaffected
or left kidney

Renin (venous — arterial)/ Renin (venous — arterial)/

Arterial renin arterial nonaffected arterial affected

Group level (mU/I) or left kidney or right kidney (mU/100g kidney/min) (mU/100g kidney/min)
Unilateral
Unifocal 16.7 (12.6-35.4) 0.11 (0.00-0.22) 0.26 (0.03-0.40) 0.32 (-0.02-0.81) 0.46 (0.02-1.02)
Multifocal  21.0 (11.8-32.1) 0.15 (0.01-0.29) 0.17 (0.07-0.33) 0.36 (0.03-0.79) 0.40 (0.09-0.80)
Bilateral
Unifocal 56.5 (21.2-70.8) 0.16 (0.05-0.71) 0.05 (0.00-0.11) 0.34 (0.22-0.90) 0.14 (0.10-0.26)
Multifocal  19.8 (10.2-36.4) 0.12 (0.01-0.19) 0.16 (0.00-0.35) 0.24 (0.00-0.99) 0.35 (0.03-0.96)

Systemic renin levels (arterial level), renin (venous — arterial)/arterial, and RSR for each kidney in patients with unifocal and multifocal FMD. Data split for unifocal and bilateral FMD and
expressed as median (interquartile range). No statistically significant differences were found for between-group and within-group comparisons. FMD, fibromuscular dysplasia; RSR, renin

secretion rate.

Renin secretion

Renin secretion was evaluated in three different ways.
Renal vein renin ratio (cutoff >1.5 based on previous
literature) [16] was positive in two out of 22 patients with
unilateral unifocal FMD (mean 1.07; range 0.73—2.13), but
below cutoff in all patients with unilateral multifocal FMD
(mean 1.02; range 0.76-1.48; P=NS for between group
comparison). Renin (venous — arterial)/arterial (cutoff
>0.48 based on previous literature) [17] was positive in
three out of 22 patients with unilateral unifocal FMD, but
below cutoff in all patients with unilateral multifocal FMD
(Table 2). In unilateral unifocal FMD, a trend towards
increased renin secretion in the affected kidney as com-
pared with the unaffected kidney was observed [for both
renin (venous — arterial)/arterial and RSR; Table 2], but this
difference was not statistically significant. In patients with
bilateral FMD, renin secretion was comparable between
both groups. As shown in Fig. 4, a negative correlation (8
—0.407, P< 0.001) was found between renin levels and 24-
h SBP (during 24-h ABPM) in patients with multifocal FMD.
In unifocal FMD, however, no statistically significant corre-
lation was observed ( 0.118, P=0.620).

Blood pressure response to balloon angioplasty
In a post-hoc analysis we found a reduction in BP (accord-
ing to the Rundback criteria [20] and a stable or lower
number of antihypertensive drugs) 1 year after balloon
angioplasty in 76% of patients with unifocal FMD and
54% of patients with multifocal FMD (P= NS, Supplemental
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Table 1, http://linkslww.com/HJH/A931). For both
groups, no statistically significant differences in patient
characteristics were observed between responders and
nonresponders. However, in patients with unifocal FMD
a (nonstatistically significant) trend was observed towards
higher renin (venous — arterial/arterial) in the responders
as compared with the nonresponders [0.24 (0.05-0.42) vs.
0.06 (0.00-0.29); P=NS).

DISCUSSION

The main finding of our study is that renal blood flow and
glomerular filtration are lower in kidneys with unifocal
FMD as compared with those with multifocal FMD. More-
over, increased renin secretion was only observed in a
subset of patients with unifocal FMD, but not in any of
the patients with multifocal FMD. We studied this by
comparing a cohort of patients with unifocal FMD to a
cohort of patients with multifocal FMD, prior to balloon
angioplasty and without antihypertensive drugs. Both
groups were comparable with regard to patient character-
istics such as age, duration of hypertension, BP, and dietary
sodium intake. This was rather unexpected, as a previous
cohort study found that patients with unifocal FMD are
generally younger upon diagnosis (26 vs. 40 years), more
often male, and have higher BP [4]. Although we have no
good explanation for the absence of such differences in our
cohort, this did enable us to study differences in renal
perfusion and renin secretion without statistical corrections
for differences in patient characteristics.
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FIGURE 4 Correlation between blood pressure and renin level. Correlation between SBP (during 24-h ambulatory blood pressure measurement) and renin level for
multifocal fibromuscular dysplasia (a) and unifocal fibromuscular dysplasia (b). Line represents linear regression line, dotted lines indicate standard error of the regression

line. FMD, fibromuscular dysplasia.
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The present data demonstrate that the effect of unifocal
FMD lesions on renal perfusion and glomerular filtration is
more pronounced than that of multifocal FMD. As we
previously demonstrated, intrarenal microvascular vascular
function is relatively preserved in multifocal FMD, as renal
perfusion, glomerular filtration, and the ability to respond
to vasoactive substances are comparable with that in
matched hypertensive patients without renovascular abnor-
malities [8]. In kidneys with unifocal FMD, however, renal
blood flow and glomerular filtration are substantially
reduced, indicating that its impact on the kidney is more
severe. Renin secretion was only increased in a subset of
patients with unifocal FMD, but not in any of the patients
with multifocal FMD. Although only a few patients with
unilateral unifocal FMD met the rather stringent cutoff
values for renin (venous — arterial)/arterial and renal vein
renin ratio [16,17], we observed a trend towards higher
renin (venous — arterial)/arterial and RSR in the affected
kidney as compared with the unaffected kidney in the
whole group of unifocal FMD patients, whereas no clues
for such trend were observed in unilateral multifocal FMD.
Admittedly, this trend was not statistically significant, but
that is presumably due to a lack of power. Therefore, this
trend could indicate that at least some lateralization in renin
secretion occurs in unilateral unifocal FMD.

Thus, it appears that unifocal FMD induces a more
‘classic’ pattern of renovascular hypertension (at least in
a subset of patients), with a reduction in renal perfusion that
(subsequently) leads to increased renin secretion in the
affected kidney, resembling the effect of renal artery clip-
ping (in animal models) and renovascular hypertension
due to ARAS [9,22]. In all probability, this is the result of a
major disturbance in local renal artery hemodynamics due
to the unifocal FMD lesion itself, which is supported by the
large effect of balloon angioplasty on BP in these patients
[4,7]. The (nonstatistically significant) trend that patients
with unifocal FMD who did have a BP response to balloon
angioplasty have higher renin (venous — arterial/arterial) as
compared those who did not (Supplemental Table 1, http://
links.Iww.com/HJH/A931) may further support this
hypothesis. However, it has to be mentioned that data
on the impact of FMD lesions on local intravascular hemo-
dynamics in the renal artery (for example on the trans-
stenotic pressure gradient) are still lacking. Regrettably, this
was not part of our study protocol either. Therefore, the
question remains to what extent renal perfusion is reduced
due to the local hemodynamic impact of the FMD lesion
itself and to what extent this is the result of intrarenal
microvascular damage due to longstanding hypertension.
Our observation that glomerular filtration is also reduced
in the nonaffected kidney in unilateral FMD may be sup-
portive for contribution of the latter as well. However, as
unifocal and multifocal FMD were not different with respect
to BP or duration of hypertension this does not explain the
quite large differences in GFRy,oxy between unifocal and
multifocal FMD in the nonaffected kidney, suggesting that
other yet unknown factors contribute to the renal damage
in unifocal FMD.

In multifocal FMD, it appears less likely that hyperten-
sion is caused by a reduction in renal perfusion, and,
subsequently increased renin secretion. Apart from the
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findings that renal blood flow is relatively preserved and
that local renin secretion was not increased (in any of the 75
patients), the association between renin levels and BP in
patients with multifocal FMD is negative, which is inverse to
what one would expect in the case of ‘classical’ renovascu-
lar hypertension. One could argue that these patients may
in fact have essential hypertension, in other words that the
string-of-beads is merely an ‘innocent bystander’ that is not
related to hypertension [1,2]. However, in the post-hoc
analysis to evaluate the response to balloon angioplasty,
we found that 54% of the multifocal FMD patients in our
cohort had a substantial decrease in BP. These numbers are
presumably even underestimated as many patients were
per definition nonresponder, while a clear clinical improve-
ment was observed (for example patients in whom BP was
already well regulated, but in whom the number of antihy-
pertensive drugs could be markedly reduced after balloon
angioplasty or patients who had a slight increase in the
number of antihypertensive drugs, but a large reduction in
BP). These data as well as several other observational
studies that reported a beneficial effect of balloon angio-
plasty in many patients with multifocal FMD (without data
on renal perfusion, renin secretion, or trans-stenotic pres-
sure gradient) [7] indicate that the string-of-beads in at least
in those patients contributed to high BP, instead of only
being an ‘innocent bystander’. Nevertheless, renal perfu-
sion in those kidney is relatively preserved and the string-
of-beads apparently does not lead to increased renin secre-
tion or activation of the intrarenal renin—angiotensin system
[8], suggesting a different pathophysiological mechanism.

Therefore, future studies are needed to answer the
questions why patients with multifocal FMD develop and
maintain hypertension and why BP decreases after balloon
angioplasty. Such (prospective) studies should focus on
changes before and after balloon angioplasty, particularly
on other alterations in intrarenal hemodynamics aside from
perfusion alone (such as wall stress, turbulence of blood
flow, and pulse wave transmission), but also on changes in
other signaling pathways involved in hypertension such as
the sympathetic nervous system, reactive oxygen species,
and various autocrine and paracrine signaling systems next
to the renin—angiotensin system.

The current study is obviously limited by its low statisti-
cal power, especially with regard to the low number of
patients with bilateral unifocal FMD. However, taking into
account the low incidence of unifocal FMD and the rather
stringent exclusion criteria (inability to discontinue antihy-
pertensive drugs, previous balloon angioplasty, etc.), this is
quite a large series for such an invasive study. An unavoid-
able limitation is the absence of a gold standard for the
diagnosis of unifocal FMD. However, as we critically
reviewed all the cases of unifocal FMD and excluded all
cases with any doubt on the diagnosis of unifocal FMD
(especially clues for ARAS), we consider the risk of incorrect
inclusion to be low. The post-hoc analysis on the effect of
balloon angioplasty was limited by selection bias as this was
only performed if the treating physician considered this
clinically indicated. The same (inevitably) holds true for
selecting the patients who were referred for angiography.
However, as digital subtraction angiography is the gold
standard in the case of suspicion for renovascular
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abnormalities, this is used as the first-line imaging tech-
nique in our hospital. Hence, almost all patients who were
diagnosed with renal artery FMD in our hospital were
included in this study. Regrettably, measurement of the
trans-stenotic pressure gradient was not part of our stan-
dard protocol as this was not common routine at the time
the study was initiated (two decades ago). Although experts
suggested that such measurements may be able to differ-
entiate between patients with hypertension due to FMD and
those with essential hypertension in whom FMD in merely
an ‘innocent bystander’, we would like to emphasize that its
value has only been established in patients with ARAS
[23,24] and not yet in FMD. In the current study, a BP
response to balloon angioplasty was observed in the major-
ity of patients, indicating that FMD contributed to hyper-
tension at least in those patients and was more than only an
‘innocent bystander’. Nevertheless, measurement of trans-
stenotic pressure gradients would have provided interest-
ing additional information to the current study. Therefore,
future studies should certainly consider measuring trans-
stenotic pressure gradient as well.

In conclusion, we found that renal blood flow and
glomerular filtration were substantially lower in kidneys
with unifocal FMD as compared with multifocal FMD.
Moreover, increased renin secretion was only observed
in a subset of patients with unifocal FMD, but not in any
of the patients with multifocal FMD. These findings suggest
that the impact of unifocal FMD lesions on the kidney is
more severe, resulting in a ‘classic’ pattern of renovascular
hypertension, resembling the effect of renal artery clipping
and renovascular hypertension due to ARAS. In multifocal
FMD, however, this appears not to be the case as renal
blood flow is more preserved, local renin secretion is not
increased, and the association between renin levels and BP
is inverse. These differences in effect on the kidney may
explain the often more severe clinical presentation and
higher success rate of revascularization in patients with
unifocal FMD but also suggest that that the pathophysio-
logical mechanisms leading to hypertension may differ
between these two disease entities. To unravel the exact
pathophysiological mechanisms leading to hypertension in
multifocal FMD, future studies focusing on changes before
and after balloon angioplasty are needed.
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