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ABSTRACT

INTRODUCTION  Data on the assessment of intrarenal blood flow parameters in patients with renal 
fibromuscular dysplasia (FMD) are scarce.
OBJECTIVES  The aim of the study was to evaluate intrarenal blood flow parameters in patients with 
FMD and significant or nonsignificant renal artery stenosis (RAS).
PATIENTS AND METHODS  We evaluated intrarenal blood flow parameters by Doppler ultrasonography in 
153 patients with renal FMD enrolled in the ARCADIA‑POL study: 32 and 121 patients with and without 
significant RAS, respectively, compared with 60 matched patients with essential hypertension and 
60 healthy controls.
RESULTS  Patients with FMD and significant RAS had a lower renal resistive index (RRI) compared with 
patients with FMD without significant RAS, patients with essential hypertension, and normotensive 
controls (mean [SD], 0.51 [0.08] vs 0.60 [0.07], 0.62 [0.06], and 0.61 [0.06], respectively; P <0.001). 
In patients with nonsignificant RAS, RRI correlated significantly with carotid intima–media thickness, 
24‑hour diastolic blood pressure, 24‑hour pulse pressure, left ventricular diastolic function, known dura‑
tion time of hypertension, and age. In patients with significant RAS, there was a significant correlation 
between RRI and known duration time of hypertension, left ventricular diastolic function, and age. In 
a separate, “per‑kidney” analysis, renal arteries with FMD and significant RAS were characterized by 
lower RRI values, higher maximal blood flow velocity, higher renal aortic ratio, and longer acceleration 
time compared with renal arteries with FMD and nonsignificant RAS as well as renal arteries without FMD.
CONCLUSIONS  In contrast to atherosclerotic RAS, intrarenal blood flow in patients with FMD and RAS 
is preserved, confirming that renal vasculature is relatively intact in these patients.
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for blood pressure (BP) levels on ABPM with pa‑
tients with FMD.

The protocol of the ARCADIA‑POL study was 
approved by the Ethics Committee (No. 1482) of 
the Institute of Cardiology, Warsaw, Poland, and 
written informed consent was obtained from all 
participants.

Computed tomography angiography  The CTA of 
the abdominal aorta and its branches was per‑
formed. Arterial phase contrast-enhanced imag‑
es were obtained using a dual‑source CT scanner, 
SOMATOM Force (collimation, 192×0.6 mm; spa‑
tial resolution, 0.24 mm; rotation time, 0.25 s; 
slice thickness, 0.6–1 mm) (Siemens, Erlangen, 
Germany).4 FMD was defined as nonathero‑
sclerotic arterial encroachment or stenosis of 
medium‑sized arteries, and no aortic wall thick‑
ening or biochemical evidence of inflammatory 
process. Moreover, renal FMD was divided into 
multifocal or unifocal.5 The diagnosis of FMD 
and its types was established by 2 independent 
investigators (MJ and IM).

Patients with renal FMD were classified addi‑
tionally as: 1) patients with significant RAS on 
the present examination, defined as signs of sig‑
nificant stenosis on duplex Doppler examination 
and/or CTA and verified in most cases by renal 
angiography; 2) patients with FMD in renal ar‑
teries and nonsignificant RAS who did not ful‑
fil the criteria of significant RAS on the pres‑
ent examination (confirmed by duplex Doppler 
and CTA).

Renal ultrasound and Doppler studies  For renal ul‑
trasound, a Logiq E9 (GE, Boston, Massachusetts, 
United States) with a multiphase 2- to 4‑MHz 
convex array transducer was used. Aortic and 
renal maximum flow velocities were measured 
and the renal aortic ratio (RAR) was calculat‑
ed. The value of RAR exceeding 3.5 was used to 
identify significant RAS. The intrarenal arteries 
were visualized in a color duplex mode. Mea‑
surements were obtained from interlobular ar‑
teries (on the level of the edge of the pelvis and 
parenchyma). Doppler ultrasound spectral anal‑
ysis included mean RRI (peak systolic velocity – 
end‑diastolic velocity/peak systolic velocity) ob‑
tained from 3 Doppler curves at different sites of 
each kidney. Duplex scanner software was used 
for calculation. The difference in RRI between 
the kidneys was expressed as ΔRRI. For each pa‑
tient, a mean RRI based on the RRI calculated in 
the left and right kidney was calculated. We per‑
formed a separate, per‑kidney analysis, in which 
we evaluated RRI values from each kidney sepa‑
rately. The measurements were made by 2 expe‑
rienced investigators, blinded to the clinical sta‑
tus of patients. Interobserver and intraobserv‑
er coefficients of variance of the RRI were 5.6% 
and 4.7%, respectively (n = 12).

Blood samples  Blood samples were taken after 
overnight fasting. Lipid profiles, serum sodium, 

INTRODUCTION  Fibromuscular dysplasia (FMD) 
is an idiopathic, segmental, nonatherosclerotic, 
and noninflammatory disease of the muscula‑
ture of arterial walls, leading to the stenosis of 
small- and medium‑sized arteries.1

The recent advances in the understanding of 
the pathophysiology and natural history of FMD 
have been driven by data from international pa‑
tient registries and multicenter research collabo‑
rations, still providing new insights into the clin‑
ical characteristics of patients with this disease.1

A recent study evaluating renal hemodynamic 
parameters in patients with multifocal renal FMD 
has indicated that renal blood flow and glomer‑
ular filtration rate are preserved in the kidneys 
of those patients. This may suggest that the re‑
nal function and kidney vasculature are intact in 
patients with FMD and comparable to those in 
patients with essential hypertension.2

Among intrarenal blood flow parameters, 
the renal resistive index (RRI), derived from 
the Doppler pulsatile flow‑velocity waveform, 
correlates significantly with renal structural 
changes and outcomes in patients with essen‑
tial hypertension or kidney diseases.3

However, most studies evaluating the RRI were 
conducted in patients with atherosclerotic renal 
artery stenosis (RAS), and there are scarce data 
on the relationship between RRI and target or‑
gan damage in patients with renal FMD.4

Therefore, we performed a study that aimed 
to evaluate RRI values in patients with either sig‑
nificant or nonsignificant RAS (both in the per
‑patient and per‑kidney analysis) and to evalu‑
ate RRI values in FMD patients in relation to re‑
nal function and other early target organ dam‑
age parameters.

PATIENTS AND METHODS  From January 2015 un‑
til September 2017, 272 patients entered the mul‑
ticenter ARCADIA‑POL study involving 32 centers 
in Poland. Each of these centers followed a refer‑
ral pattern and identified patients with newly di‑
agnosed or established or suspected renal FMD; 
FMD in other vascular beds; or with spontaneous 
artery dissection (particularly in carotid, verte‑
bral, or coronary arteries). In all patients, the fol‑
lowing were performed: biochemical evaluation, 
biobanking, ambulatory blood pressure monitor‑
ing (ABPM), computed tomography angiography 
(CTA), and duplex Doppler ultrasonography of ca‑
rotid and renal arteries. Renal FMD was confirmed 
in 171 patients. We excluded 13 patients with a his‑
tory of ischemic heart disease, heart failure, myo‑
cardial infarction, or diabetes mellitus, as well as 
5 patients with no data from echocardiographic 
and Doppler examinations. Thus, the evaluated 
group consisted of 153 patients with renal FMD 
(Supplementary material, Figure S1).

Two reference groups consisting of 60 patients 
with essential hypertension and 60 normoten‑
sive controls, matched for sex, age, and body 
mass index (BMI) were also assessed. Patients 
with essential hypertension were also matched 
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90.6.0 [18.5] ml/min/1.72 m2; P = 0.98), uri‑
nary albumin excretion (mean [SD], 16.7 [10.6] 
vs 18.9 [19.3] mg/24 h; P = 0.48), IMT (mean 
[SD], 6.6 [2.0] vs 6.3 [2.0] mm; P = 0.51), and 
echocardiographic parameters in patients with 
FMD and significant RAS compared with those 
with FMD and nonsignificant RAS.

In patients with FMD without significant RAS, 
the following factors significantly correlated with 
mean RRI: age, known duration of hypertension, 
IMT, clinical systolic BP, 24‑hour diastolic BP, 
24‑hour pulse pressure (PP), and E/e’ ratio (de‑
fined as peak velocity of early diastolic transmi‑
tral flow / peak velocity of early diastolic mitral 
annular motion as determined by pulsed wave 
Doppler) (TABLE 2). In the multivariate model, E/e’ 
(β coefficient, 0.35; P = 0.001) and 24‑hour PP 
(β coefficient, 0.322; P = 0.002) significantly and 
independently correlated with RRI. In patients 
with FMD and significant RAS, mean RRI signif‑
icantly correlated with age, known duration of 
hypertension, and E/e’ (TABLE 3). In the multivar‑
iate model, age (β coefficient, 0.415; P = 0.008) 
and known duration of hypertension (β coeffi‑
cient, 0.318; P = 0.038) significantly and inde‑
pendently correlated with RRI.

We also analyzed RRI values separately accord‑
ing to the type of FMD found on CTA. In patients 
with nonsignificant RAS, no significant differenc‑
es were found in mean RRI between multifocal 
or unifocal type of FMD (FIGURE 1). No differenc‑
es in mean RRI and in ΔRRI were found between 
patients with significant RAS and multifocal or 
unifocal types of FMD (FIGURE 2).

Subsequently, the per‑kidney analysis was per‑
formed to evaluate Doppler indices in each kid‑
ney separately. Three groups of renal artery anat‑
omy in patients with FMD were established: re‑
nal arteries with no FMD lesions (n = 84), renal 
arteries with FMD lesions and nonsignificant 
RAS (n = 180), and renal arteries with FMD le‑
sions and significant RAS (n = 37) (TABLE 4). In 
renal arteries with significant RAS, lower mean 
RRI, higher mean maximal blood flow velocity, 
higher mean RAR, and higher mean acceleration 
time were found as compared with renal arter‑
ies with FMD lesions and nonsignificant RAS as 
well as with renal arteries without FMD lesions. 
No differences in intrarenal blood flow parame‑
ters were found between renal arteries with FMD 
and nonsignificant RAS and renal arteries with 
no FMD lesions.

DISCUSSION  Duplex Doppler ultrasonography 
has been proved as a useful and noninvasive tool 
for evaluating renal vasculature, by means of RRI, 
in several different pathological conditions, in‑
cluding atherosclerotic RAS, acute kidney inju‑
ry, acute and chronic graft rejection, arterial hy‑
pertension, and diabetes mellitus.9-13 It should be 
noted, however, that studies focusing on post‑
stenotic RRI were performed mostly in patients 
with atherosclerotic RAS, and available evidence 
in patients with renal FMD is scarce.3,9

potassium, and creatinine concentrations were 
determined by routine assays. We calculated 
the estimated glomerular filtration rate (eGFR) 
based on the Chronic Kidney Disease Epidemi‑
ology Collaboration formula.6

Evaluation of blood pressure values and target or-
gan damage  The methodology of BP measure‑
ments, including ABPM, echocardiography, and 
carotid intima–media thickness (IMT) by carotid 
artery ultrasound was described previously.4,7,8 
Hypertension was defined as a BP higher than 
or equal to 140/90 mm Hg or current antihyper‑
tensive treatment.

Statistical analysis  Data were presented as 
a mean (SD) and as a median (interquartile 
range); frequency was presented as a percent‑
age. Continuous and discrete variables were com‑
pared using the t test and the Mann–Whitney 
test, and categorical variables as well as the prev‑
alence rates were compared using the χ2 test or 
the Fisher exact test. Multiple comparisons be‑
tween the 4 groups were performed by the 1‑way 
analysis of variance. The Pearson correlation was 
used to investigate the correlation of variable fac‑
tors with echocardiographic parameters. The pa‑
rameters identified as significantly correlating 
with RRI were included in the multivariate linear 
regression models to determine the combined ef‑
fect of several variables on RRI. The analysis was 
performed using PASW Statistics 18 (SPSS Inc., 
Chicago, Illinois, United States). A P value of less 
than 0.05 was considered significant.

RESULTS  We included 153 patients with renal 
FMD, 60 matched patients with hypertension 
(P = 0.38 for sex, P = 1.0 for age, P = 0.34 for 
BMI, P = 0.12 for 24‑hour systolic BP on ABPM 
as compared with FMD patients) and 60 healthy 
controls (P = 0.12 for sex, P = 1.0 for age, and 
P = 0.59 for BMI as compared with FMD pa‑
tients). Patients with renal FMD were divided 
into 2 groups: patients with nonsignificant RAS 
(n = 121) and those with significant RAS (n = 
32). There were no significant differences in clin‑
ical characteristics between the 4 groups, except 
the lower age and higher office and ambulatory 
BP levels in patients with significant RAS in com‑
parison with the other groups and lower 24‑hour 
systolic and diastolic BP in patients with nonsig‑
nificant RAS in comparison with patients with 
primary hypertension (TABLE 1).

Patients with FMD and significant RAS were 
characterized by the lowest mean RRI values, as 
compared with patients with FMD and nonsig‑
nificant RAS as well as the other groups (TABLE 1). 
Additionally, RRI was higher in patients with 
FMD and significant RAS compared with those 
with FMD and nonsignificant RAS (mean [SD], 
0.083 [0.06] vs 0.038 [0.04]; P <0.001). There 
were no differences in the serum creatinine lev‑
el (mean [SD], 75.9 [15.4] vs 72.4 [13.2] µmol/l; 
P = 0.97), eGFR (mean [SD], 93.6  [17.9] vs 
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and also by the fact that while end‑diastolic ve‑
locity increases in a stenotic renal artery, RRI 
decreases; moreover, the more severe the RAS, 
the lower the RRI.9 The comparison of RRI pa‑
rameters between patients with atherosclerotic 
RAS and those caused by FMD is particularly in‑
teresting.9 Accordingly, their study showed that 
in patients with significant RAS, ΔRRI was high‑
er and RRI values were lower in patients with se‑
vere FMD as compared with those with athero‑
sclerotic RAS. However, the number of patients 
with FMD in this study was much lower than in 
the present study.

The poststenotic flow pattern is influenced by 
the compliance of the poststenotic vessel wall. 
The lower RRI in FMD patients with significant 
RAS may be explained by unaltered compliance 
of renal arteries in this population. Therefore, 
a lower RRI is measured in vessels with high 
compliance.3,9

Of note, a recent study documented that in 
patients with FMD the infusion of vasoactive 
substances into the kidneys resulted in vasodila‑
tion or vasoconstriction at a magnitude similar 
to that in essential hypertension. This indicates 

To our best knowledge, the present study for 
the first time systematically evaluated the value 
of RRI in a large group of patients with FMD and 
renal artery lesions, which was compared with 
age‑matched patients with essential hyperten‑
sion and normotensive controls.

One of the most important findings of our 
study was that in patients with significant RAS, 
the poststenotic intrarenal RRI was significantly 
lower and ΔRRI was significantly higher than in 
patients with nonsignificant RAS, those with es‑
sential hypertension, and healthy controls. Sim‑
ilarly, in the per‑kidney analysis, significantly 
lower RRI values were obtained in the kidneys 
with significant RAS, compared with the kid‑
neys with nonsignificant RAS, along with sig‑
nificant differences in other intrarenal param‑
eters, including acceleration time, and extra‑
renal parameters, including RAR and maximal 
blood flow velocity.

Our results are in line with a study by Krumme 
et al,9 who documented that the poststenotic RRI 
was lower as compared with normal kidneys. This 
finding may be explained by the decrease of sys‑
tolic renal blood flow velocity beyond the stenosis, 

TABLE 1  Clinical characteristics and renal resistive index – patients with renal fibromuscular dysplasia and nonsignificant renal artery stenosis 
compared to patients with renal fibromuscular dysplasia and significant renal artery stenosis, normotensives and patients with essential hypertension

Parameter Renal FMD with 
nonsignificant 
RAS (1)  
(n = 121)

Renal FMD 
with 
significant 
RAS (2)  
(n = 32)

Normotensive 
controls (3) 
(n = 60)

Essential 
hypertension 
(4) (n = 60)

P value

ANOVA 1 vs 2 1 vs 3 1 vs 4 2 vs 3 2 vs 4

Females, % (n) 83.0 (93) 83.9 (26) 73.3 (44) 80 (40) – 0.91 0.15 0.62 0.28 0.65

Age, y 47.4 (15.2) 37.3 (10.6) 42.3 (8.9) 43.3 (11.4) <0.001 0.001 0.06 0.25 0.41 0.21

BMI, kg/m2 25.0 (3.9) 23.8 (3.6) 24.0 (3.1) 25.6 (3.7) 0.04 0.68 0.48 1.00 1.00 0.18

HR, bpm 76.7 (14.4) 77.4 (12.1) 79.6 (10.6) 77.4 (11.6) 0.74 1.00 1.00 1.00 1.00 1.00

Clinical 
SBP, mm Hg

133.8 (21.1) 142.2 (20.5) 124.1 (12.6) 143.2 (19.6) <0.001 0.27 0.049 0.047 0.002 1.00

Clinical 
DBP, mm Hg

81.6 (10.6) 92.6 (13.8) 82.2 (8.1) 92.0 (13.4) <0.001 <0.001 1.00 <0.001 0.006 1.00

24‑hour 
SBP, mm Hg

122.2 (11.8) 136.6 (19.5) 115.7 (8.0) 128.0 (11.6) <0.001 <0.001 0.03 0.002 <0.001 0.03

24‑hour 
DBP, mm Hg

74.7 (7.7) 84.1 (12.8) 74.8 (5.8) 80.2 (9.9) <0.001 <0.001 1.00 0.002 <0.001 <0.001

Clinical 
PP, mm Hg

51.0 (14.5) 51.2 (13.9) 40.9 (7.9) 50.7 (12.2) <0.001 1.00 <0.001 1.00 0.02 1.00

24‑hour 
PP, mm Hg

47.6 (9.0) 52.2 (12.9) 41.0 (5.4) 47.8 (7.5) <0.001 0.07 0.001 1.00 <0.001 0.22

Daytime 
PP, mm Hg

49.1 (12.1) 53.5 (12.6) 41.7 (6.0) 48.4 (7.9) <0.001 0.46 <0.001 1.00 <0.001 0.37

Nighttime 
PP, mm Hg

44.7 (12.1) 48.9 (18.6) 40.7 (4.9) 47.4 (8.3) 0.02 0.46 0.45 1.00 0.02 1.00

Creatinine, 
µmol/l

72.4 (13.2) 75.9 (15.4) 75.2 (14.2) 69.1 (14.0) 0.08 0.97 1.00 0.96 1.00 0.19

eGFR, ml/min 
1.72 m2

90.6.0 (18.5) 93.6 (17.9) 91.4 (15.3) 98.5 (16.4) 0.06 0.98 1.00 0.06 1.00 1.00

RRI 0.60 (0.07) 0.51 (0.08) 0.61 (0.06) 0.62 (0.06) <0.001 <0.001 1.00 0.35 <0.001 <0.001

Data are presented as mean (SD) unless otherwise stated.

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; 
FMD, fibromuscular dysplasia; HR, heart rate; IMT, intima–media thickness; PP, pulse pressure; RAS, renal artery stenosis; RRI, renal resistive index; 
SBP, systolic blood pressure
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Twist et al14 did not focus on evaluation of RRI 
by duplex Doppler.14

Our study in a large group of patients with 
FMD with nonsignificant RAS showed for 
the first time that RRI was in the lower range 
of normal values, comparable to those in pa‑
tients with essential hypertension and healthy 
controls. One may suggest that in patients with 
FMD who are free from diabetes mellitus, car‑
diovascular complications, and overt atheroscle‑
rosis, functional and structural factors contrib‑
uting to renal blood flow and intraparenchymal 
arterial waveform result in unaltered intrarenal 
vascular compliance.

Another relevant finding of our study is the lack 
of a relationship between RRI and renal function, 
as documented by the fact that in patients with 
significant and nonsignificant RAS, no correlation 
was found between RRI values and creatinine and 
eGFR. Of note, several available studies have pro‑
vided conflicting results, which may be attributed 
to different underlying diseases including chronic 
renal disease, essential hypertension, and diabe‑
tes mellitus.16-19 In those reports, RRI correlated 
not only with patients’ age and BP, but also with 
serum creatinine concentrations and creatinine 
clearance.17-19 In the study of Ikee et al,18 who eval‑
uated patients with a biopsy‑proven chronic kid‑
ney disease, RRI correlated with age and creati‑
nine clearance and also with renal histopatholog‑
ic characteristics, particularly with arterioloscle‑
rosis. Also, in 112 patients with type 2 diabetes, 
there was a strong correlation between increased 
RRI values and creatinine clearance, suggesting 
that RRI was significantly affected by decreased 
renal function, advanced age, and long duration 
of diabetes, the latter 2 factors being related to 
advanced arteriolosclerosis.20

However, it should be noted that our patients 
with FMD differed in terms of renal function from 
those in the above studies and also from patients 
with atherosclerotic RAS. In the latter group, pa‑
tients with atherosclerotic RAS were older and 
had higher systolic BP, atherosclerotic vascular dis‑
ease elsewhere, and more extensive renal damage.

Of note, the ASTRAL (Angioplasty and Stent‑
ing for Renal Artery Lesions)21 and CORAL (Car‑
diovascular Outcomes in Renal Atherosclerot‑
ic Lesions)22 studies enrolled representative 
groups of patients with atherosclerotic RAS. In 
the ASTRAL study,21 the mean eGFR in the re‑
vascularization and medical therapy groups 
was 40.3 ml/min and 39.8 ml/min, respective‑
ly, and in the CORAL study,22 58.0 ml/min and 
57.4 ml/min, respectively.

In our study, no significant correlation was 
found between RRI and albuminuria in FMD 
patients with both significant and nonsignifi‑
cant RAS. However, the prevalence of microalbu‑
minuria in our group with FMD was low (10%). 
These may further strengthen our observation 
that renal function is entirely preserved in pa‑
tients with FMD. In contrast to atherosclerotic 
RAS, in patients with renal FMD, renal function 

that renal blood flow can be modulated in indi‑
vidual FMD patients, confirming the hypothesis 
that renal vasculature is relatively intact in pa‑
tients with FMD.14,15

These findings are in contrast to those dem‑
onstrated in patients with atherosclerotic RAS, 
in whom the vasoactive effects of infusion of an‑
giotensin (1–7) and a nitric oxide synthase inhib‑
itor are substantially reduced.14 In contrast to 
atherosclerotic RAS, little is known about intra‑
renal hemodynamics in FMD patients.2,14 The re‑
cent findings of van Twist et al14 showed that re‑
nal blood flow in the kidneys with FMD of renal 
arteries is comparable to that in essential hyper‑
tension. Moreover, no differences in the mean re‑
nal blood flow were found between the affected 
and unaffected kidney in patients with unilateral 
multifocal RAS, suggesting that “string of beads” 
does not seriously affect local blood flow.14 These 
authors also documented that eGFR was compa‑
rable between the kidneys of patients with renal 
FMD and essential hypertension. However, van 

TABLE 2  Correlations between renal resistive index and selected parameters in 
patients with renal fibromuscular dysplasia without significant renal artery stenosis

Parameter r coefficient P value

Age 0.214 0.02

BMI 0.078 0.39

IMT 0.333 0.003

Creatinine 0.048 0.60

eGFR 0.069 0.53

Urinary albumin excretion 0.036 0.80

Clinical SBP 0.239 0.01

Clinical DBP  –	0.046 0.63

24‑hour SBP 0.056 0.54

24‑hour DBP  –	0.331 0.001

24‑hour PP 0.334 0.001

Daytime SBP 0.029 0.77

Daytime DBP  –	0.333 0.001

Nighttime SBP 0.118 0.22

Nighttime DBP  –	0.118 0.23

Nighttime SBP decline  –	0.071 0.49

Nighttime DBP decline  –	0.083 0.39

Known duration time of hypertension 0.370 0.001

GLS 0.141 0.15

LAVI 0.113 0.37

LVEF 0.251 0.60

LVM/height2.7  –	0.033 0.63

RWT 0.08 0.40

E/A  –	0.079 0.41

e’  –	0.137 0.17

E/e’ 0.301 0.003

Abbreviations: e’, early diastolic mitral annular velocity; E/A, peak velocity of early 
diastolic transmitral flow / peak velocity of early diastolic mitral annular motion as 
determined by pulsed wave Doppler; E/e’, peak velocity of early diastolic transmitral 
flow / peak velocity of early diastolic mitral annular motion as determined by pulsed 
wave Doppler; GLS, global longitudinal strain; LAVI, left atrial volume index; LVEF, left 
ventricular ejection fraction; LVM, left ventricular mass; RWT, relative wall thickness; 
others, see TABLE 1
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stable graft function significantly correlated with 
the pulse wave velocity of the recipients, obtained 
from the carotid and femoral arteries. Also, pos‑
itive correlations were found between RRI and 
IMT of the femoral and carotid arteries in 112 pa‑
tients with type 2 diabetes and diabetic nephrop‑
athy.20 This provides indirect evidence for the pos‑
sible contribution of advanced intrarenal vascu‑
lar changes to increased RRI values. In the study 
of Derchi et al,27 hypertensive patients with mild 
renal dysfunction showed increased IMT as com‑
pared with those with normal renal function and 
a positive correlation was found between RRI val‑
ue and carotid IMT.

In the present study, no significant correla‑
tion was found between RRI and echocardio‑
graphic parameters of the left ventricular (LV) 
morphology and function except for a significant 
correlation of the E/e’ ratio (parameter of LV di‑
astolic function), both in patients with signifi‑
cant and nonsignificant RAS. Kuznetsova et al28 
found a relationship between RRI and transmi‑
tral diastolic inflow parameters in patients with 
hypertension. This may indicate a relationship 
between early cardiac and renal damage. How‑
ever, the authors used volume‑dependent pa‑
rameters (mitral flow) for diastolic assessment, 
whereas we used volume‑independent parame‑
ters (early diastolic velocity assessed by tissue 
Doppler imaging).

We did not find any correlation between LV 
mass and RRI, which is in contrast to the study 
of Tedesco et al,29 who found a positive corre‑
lation between RRI values and LV mass index. 
The authors reported that hypertensive patients 
with an RRI exceeding 70 had an increased LV 
mass index, with subclinical impairment of LV 
diastolic function.

It should be also considered that RRI is affected 
by factors other than the degree of RAS, includ‑
ing nonrenal factors and the location of intrare‑
nal Doppler measurements.10 Moreover, nonrenal 
factors have an impact on the RRI of the kidneys, 
including tachycardia, which induces low values 
of RRI. Similarly, bradycardia induces high values 
of RRI due to later beginning of the next systol‑
ic peak with less end‑diastolic velocity. The RRI 
should not be used for the diagnosis of RAS, par‑
ticularly in patients with atrial fibrillation.10 Of 
note, in our study, all patients with FMD had nor‑
mal heart rate and none of them presented with 
atrial fibrillation.

The location of the intrarenal Doppler mea‑
surement also influences RRI, since it has been 
documented that RRI decreases from the hilum 
of the kidney towards the renal cortex. There‑
fore, if RRI is calculated from the flow pattern 
of the hilar artery, higher RRI values may be ob‑
served. Considering this nonrenal factor, RRI was 
measured in all consecutive patients at the level 
of interlobular arteries.10

Our study in a large cohort of patients with re‑
nal FMD documented for the first time that, in 
contrast to atherosclerotic RAS, intrarenal blood 

was preserved in the ARCADIA (Assessment of 
Renal and Cervical Artery Dysplasia) and Flem‑
ish registries, which is in line with our results.23,24

We did not observe correlations between RRI 
and nighttime BP or a nighttime decline in BP in 
patients with significant RAS, whereas diminished 
nighttime decline in BP has been reported in pa‑
tients with atherosclerotic RAS.25

It should be noted that in patients with FMD 
and nonsignificant RAS, a significant positive cor‑
relation was found between RRI and ambulato‑
ry 24‑hour PP. These may suggest a relationship 
between RRI value and PP, the factors known to 
be associated with vascular stiffness.

In our study, there was also a positive corre‑
lation between RRI and IMT in FMD patients 
with nonsignificant RAS. Our data are in line 
with the reports of other authors, who described 
a relationship between RRI and IMT in patients 
with essential hypertension, type 2 diabetes, and 
kidney transplant recipients. Heine et al19 found 
a significant correlation between RRI, and IMT, 
ankle‑brachial index, and the Framingham risk 
score derived from 105 stable renal allografts.

Recently, Schwenger et al26 found that 
the RRI of 76 patients with renal allografts and 

TABLE 3  Correlations between renal resistive index values and selected parameters 
in patients with renal fibromuscular dysplasia with significant renal artery stenosis

Parameter r coefficient P value

Age 0.215 0.02

BMI 0.121 0.19

IMT  –	0.22 0.09

Creatinine  –	0.005 0.98

eGFR  –	0.036 0.19

Urinary albumin excretion 0.028 0.91

SBP clinical 0.239 0.12

DBP clinical  –	0.006 0.98

24‑hour SBP 0.075 0.72

24‑hour DBP  –	0.220 0.13

24‑hour PP 0.217 0.17

Day‑time SBP  –	0.052 0.79

Day‑time DBP  –	0.185 0.33

Nighttime SBP 0.012 0.98

Nighttime DBP  –	0.249 0.16

Nighttime SBP decline  –	0.125 0.55

Nighttime DBP decline  –	0.258 0.17

Known duration time of hypertension  –	0.366 0.001

GLS 0.174 0.46

LAVI 0.193 0.51

LVEF 0.134 0.54

LVM/height2.7 0.193 0.15

RWT 0.31 0.13

E/A 0.027 0.90

e’  –	0.362 0.11

E/e’  –	0.466 0.02

Abbreviations: see TABLES 1 and 2
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significant RAS. This may also indicate that renal 
blood flow can be modulated in individual FMD pa‑
tients, confirming the hypothesis that renal vas‑
culature is relatively intact in patients with FMD.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.

CORRECTIONS

This article was corrected on June  28, 2019. The list of corrections is available 
at www.mp.pl/paim.

flow and renal function are preserved. This may 
be explained by unaltered compliance of renal ar‑
teries in this generally young population of FMD 
patients with a relatively short known duration 
of hypertension and without established target 
organ damage, diabetes, cardiovascular diseas‑
es, and overt atherosclerosis.

Also, a significantly decreased poststenotic RRI, 
as compared with the kidneys with nonsignifi‑
cant RAS, may indicate preserved arterial compli‑
ance, as documented in patients with FMD with 

FIGURE 1�  Renal 
resistive index in 
patients with 
nonsignificant renal 
artery stenosis with 
multifocal and unifocal 
type of fibromuscular 
dysplasia. Boxplots 
show median, 
interquartile range, and 
outliers.
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FIGURE 2�  Renal 
resistive index in 
patients with significant 
renal artery stenosis 
with multifocal and 
unifocal type of 
fibromuscular dysplasia. 
Boxplots show median, 
interquartile range, and 
outliers.

P = 0.20

50

45

Unifocal

Type of FMD

Multifocal

55

60

65

35

40

Re
na

l r
es

is
tiv

e 
in

de
x

https://www.mp.pl/paim/sites/default/files/PAMW-D-19-00038_orig_supp.pdf
https://www.mp.pl/paim/en/node/14868/pdf


ORIGINAL ARTICLE   Intrarenal blood flow parameters in fibromuscular dysplasia 241

11  Prejbisz A, Warchol‑Celinska E, Florczak E, et al. Renal resistive index 
in patients with true resistant hypertension: results from the RESIST‑POL 
study. Kardiol Pol. 2016; 74: 142-150. 

12  Ratto E, Leoncini G, Viazzi F, et al. Ambulatory arterial stiffness in‑
dex and renal abnormalities in primary hypertension. J Hypertens. 2006; 
24: 2033-2038. 

13  Bardelli M, Veglio F, Arosio E, et al. New intrarenal echo‑Doppler velo‑
cimetric indices for the diagnosis of renal artery stenosis. Kidney Int. 2006; 
69: 580-587. 

14  van Twist DJ, Houben AJ, de Haan MW, et al. Renal hemodynamics 
and renin‑angiotensin system activity in humans with multifocal renal ar‑
tery fibromuscular dysplasia. J Hypertens. 2016; 34: 1160-1169. 

15  Hering D, Trzebski A, Narkiewicz K. Recent advances in the patho‑
physiology of arterial hypertension: potential implications for clinical prac‑
tice. Pol Arch Intern Med. 2017; 127: 195-204. 

16  Shimizu Y, Itoh T, Hougaku H, et al. Clinical usefulness of duplex ultra‑
sonography for the assessment of renal arteriosclerosis in essential hyper‑
tensive patients. Hypertens Res. 2001; 24: 13-17. 

17  Viazzi F, Leoncini G, Derchi LE, et al. Subclinical functional and struc‑
tural renal abnormalities predict new onset type 2 diabetes in patients with 
primary hypertension. J Hum Hypertens. 2013; 27: 95-99. 

18  Ikee R, Kobayashi S, Hemmi N, et al. Correlation between the resistive 
index by Doppler ultrasound and kidney function and histology. Am J Kid‑
ney Dis. 2005; 46: 603-609. 

19  Heine GH, Gerhart MK, Ulrich C, et al. Renal Doppler resistance indi‑
ces are associated with systemic atherosclerosis in kidney transplant re‑
cipients. Kidney Int. 2005; 68: 878-885. 

20  Ishimura E, Nishizawa Y, Kawagishi T, et al. Intrarenal hemodynamic 
abnormalities in diabetic nephropathy measured by duplex Doppler sonog‑
raphy. Kidney Int. 1997; 51: 1920-1927. 

21  Investigators A, Wheatley K, Ives N, et al. Revascularization ver‑
sus medical therapy for renal‑artery stenosis. N Engl J Med. 2009; 361: 
1953-1962. 

22  Cooper CJ, Murphy TP, Cutlip DE, et al. Stenting and medical ther‑
apy for atherosclerotic renal‑artery stenosis. N Engl J Med. 2014; 370: 
13-22. 

23  Plouin PF, Baguet JP, Thony F, et al. High Prevalence of multiple arteri‑
al bed lesions in patients with fibromuscular dysplasia: the ARCADIA Reg‑
istry (Assessment of Renal and Cervical Artery Dysplasia). Hypertension. 
2017; 70: 652-658. 

24  De Groote M, Van der Niepen P, Hemelsoet D, et al. Fibromuscular 
dysplasia – results of a  multicentre study in Flanders. Vasa. 2017; 46: 
211-218. 

25  Cuspidi C, Dell’Oro R, Sala C, et al. Renal artery stenosis and left ven‑
tricular hypertrophy: an updated review and meta‑analysis of echocardio‑
graphic studies. J Hypertens. 2017; 35: 2339-2345. 

26  Schwenger V, Keller T, Hofmann N, et al. Color Doppler indices of re‑
nal allografts depend on vascular stiffness of the transplant recipients. Am 
J Transplant. 2006; 6: 2721-2724. 

27  Derchi LE, Leoncini G, Parodi D, et al. Mild renal dysfunction and re‑
nal vascular resistance in primary hypertension. Am J Hypertens. 2005; 
18: 966-971. 

28  Kuznetsova T, Cauwenberghs N, Knez J, et al. Doppler indexes of left 
ventricular systolic and diastolic flow and central pulse pressure in relation 
to renal resistive index. Am J Hypertens. 2015; 28: 535-545. 

29  Tedesco MA, Natale F, Mocerino R, et al. Renal resistive index and 
cardiovascular organ damage in a large population of hypertensive patients. 
J Hum Hypertens. 2007; 21: 291-296. 

ARTICLE INFORMATION

ACKNOWLEDGMENTS  We would like to express gratitude to Profes‑
sor Pierre‑Francois Plouin for his expertise, suggestions, and help in es‑
tablishing the Polish FMD registry, ARCADIA‑POL. The study was founded 
by the research grant of the Institute of Cardiology in Warsaw (No. 2.46/
VII/15; to EWC).

CONTRIBUTION STATEMENT  MJ, AJ, AW, AP, and EW‑C conceived 
the idea of the study. JK, EF, MS‑T, and MK contributed to the design of 
the research. All authors contributed to data acquisition and interpretation. 
AJ, AK, PD, EW‑C, KJ‑P, AW, and AP drafted the manuscript. AP, EW‑C, 
PD, AK, and AJ analyzed the data. MJ and IM performed renal Doppler 
sonography studies. All authors edited and approved the final version of 
the manuscript.

CONFLICT OF INTEREST  None declared.

OPEN ACCESS  This is an  Open Access article distributed under 
the terms of the Creative Commons Attribution‑NonCommercial‑ShareAlike 
4.0 International License (CC BY‑NC‑SA 4.0), allowing third parties to copy 
and redistribute the material in any medium or format and to remix, trans‑
form, and build upon the material, provided the original work is proper‑
ly cited, distributed under the  same license, and used for noncommer‑
cial purposes only. For commercial use, please contact the journal office 
at pamw@mp.pl.

HOW TO CITE  Januszewicz M, Januszewicz A, Michałowska I, et al. 
Association of intrarenal blood flow with renal function and target organ 
damage in hypertensive patients with fibromuscular dysplasia: the ARCA‑
DIA‑POL study. Pol Arch Intern Med. 2019; 129: 234-241. doi:10.20452/
pamw.4479

REFERENCES

1  Olin JW. Expanding clinical phenotype of fibromuscular dysplasia. Hy‑
pertension. 2017; 70: 488-489. 

2  van Twist DJ, Houben AJ, de Haan MW, et al. Pathophysiological differ‑
ences between multifocal fibromuscular dysplasia and atherosclerotic re‑
nal artery stenosis. J Hypertens. 2017; 35: 845-852. 

3  Viazzi F, Leoncini G, Derchi LE, et al. Ultrasound Doppler renal resistive 
index: a useful tool for the management of the hypertensive patient. J Hy‑
pertens. 2014; 32: 149-153. 

4  Dobrowolski P, Januszewicz M, Klisiewicz A, et al. Echocardiograph‑
ic assessment of left ventricular morphology and function in patients with 
fibromuscular dysplasia: the ARCADIA‑POL study. J Hypertens. 2018; 36: 
1318-1325. 

5  Savard S, Steichen O, Azarine A, et al. Association between 2 angio‑
graphic subtypes of renal artery fibromuscular dysplasia and clinical char‑
acteristics. Circulation. 2012; 126: 3062-3069. 

6  Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate 
glomerular filtration rate. Ann Intern Med. 2009; 150: 604-612. 

7  Prejbisz A, Florczak E, Pregowska‑Chwala B, et al. Relationship be‑
tween obstructive sleep apnea and markers of cardiovascular alterations in 
never‑treated hypertensive patients. Hypertens Res. 2014; 37: 573-579. 

8  Warchol‑Celinska E, Prejbisz A, Kadziela J, et al. Renal denervation in 
resistant hypertension and obstructive sleep apnea: randomized proof‑of
‑concept phase II Trial. Hypertension. 2018; 72: 381-390. 

9  Krumme B, Blum U, Schwertfeger E, et al. Diagnosis of renovascular 
disease by intra- and extrarenal Doppler scanning. Kidney Int. 1996; 50: 
1288-1292. 

10  Krumme B, Hollenbeck M. Doppler sonography in renal artery steno‑
sis - does the Resistive Index predict the success of intervention? Nephrol 
Dial Transplant. 2007; 22: 692-696. 

TABLE 4  Renal arteries with no fibromuscular dysplasia lesions, fibromuscular dysplasia and nonsignificant renal artery stenosis, fibromuscular 
dysplasia and significant renal artery stenosis

Parameter Renal arteries 
without FMD 
lesions (1) 
(n = 84)

Renal arteries with 
FMD lesions 
without significant 
RAS (2) (n = 180)

Renal arteries with 
FMD lesions and 
significant RAS (3) 
(n = 37)

P value

ANOVA 1 vs 2 1 vs 3 2 vs 3

Length of kidney, mm 112.4 (10.1) 108.4 (10.7) 107.4 (8.2) 0.05 0.09 0.14 1.00

Vmax, cm/s 116.0 (43.8) 151.7 (57.7) 314.8 (105.6) <0.001 <0.001 <0.001 <0.001

RAR 1.18 (0.47) 1.89 (0.75) 4.19 (2.09) <0.001 0.005 <0.001 <0.001

RRI 0.60 (0.06) 0.59 (0.07) 0.47 (0.09) <0.001 0.50 <0.001 <0.001

AT 20.2 (7.6) 24.2 (12.2) 61.4 (32.0) <0.001 0.16 <0.001 <0.001

PI 1.08 (0.18) 1.09 (0.19) 1.12 (0.22) 0.64 1.00 1.00 1.00

Data are presented as mean (SD).

Abbreviations: AT, acceleration time; PI, pulsatility index; RAR, renal aortic ratio; Vmax, maximal blood flow velocity; others, see TABLE 1
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