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Abstract

Background and 
Aims

The optimal therapy for patients with atherosclerotic renal artery stenosis (ARAS) remains unresolved. This study com
pared the efficacy of renal fractional flow reserve (FFR)-guided revascularization and traditional angiography-guided 
revascularization.

Methods In total, 101 patients with ARAS and hypertension were randomly assigned to either the FFR-guided or angiography-guided 
group (ClinicalTrials.gov identifier: NCT05732077). Stenting was performed in the angiography-guided group regardless of 
FFR, whereas stenting was only performed in the FFR-guided group for patients with FFR < 0.80. The primary endpoints 
were the percentage changes in ambulatory daytime mean systolic blood pressure (DMSBP) and composite index of anti
hypertensive medicines (CIAHM) after 3 months.

Results The percentage changes in DMSBP (4% [−2%, 11%] vs 4% [−3%, 10%]; P = .97) and CIAHM (0% [0%, 3%] vs 1% [0%, 4%]; 
P = .33) did not differ between groups. However, the rate of stenting was significantly lower in the FFR-guided group (46.0% 
vs 100.0%, P < .01). Moreover, compared with the findings in patients with FFR ≥ 0.80 who did not receive stenting, stenting  
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was beneficial in patients with FFR < 0.80 (adjusted mean DMSBP reduction, 6.2 [95% confidence interval {CI}, 0.6–11.9] 
mmHg; mean CIAHM reduction, 3.1 [95% CI, 1.5–4.7]), but not in those with FFR ≥ 0.80 (1.4 [95% CI, −4.5–7.2] 
mmHg, and 0.7 [95% CI, −1.1–2.5], respectively).

Conclusions FFR-guided revascularization significantly reduced unnecessary stenting compared with angiography-guided revasculariza
tion. Both blood pressure and antihypertensive medication usage decreased significantly after stenting in patients with 
FFR < 0.80.

Structured Graphical Abstract

Can fractional flow reserve (FFR)-guided revascularization improve blood pressure control in patients with atherosclerotic renal artery 
stenosis (ARAS) and hypertension?

In this trial, FFR-guided revascularization significantly reduced the rate of stenting compared with the traditional angiographic-guided 
strategy, while achieving the same level of blood pressure control. 

Functional evaluation of ARAS with FFR significantly reduces the number of renal stents without compromising the positive effect of 
stenting on blood pressure. This might impact on the management of stenting for ARAS.

Key Question

Key Finding

Take Home Message

Pharmacological
treatment

+ renal artery
stenting

Optimal
screening
criteria

Previous
studies

N = 53
(control group)

Stenting Stenting

Stenosis
Proximal artery

pressure
Distal arterial

pressure

Yes
FFR <0.80

Regardless
of FFR

No
FFR ≥0.80

Dopamine-induced
hyperemic renal FFR

FFR-guided strategy significantly reduced
unnecessary stenting compared to
angiography-guided strategy
Both blood pressure and anti-hypertensive
medications decreased significantly after
stenting in FFR <0.80 patients

Randomization

N = 54
(FFR group)

At least 1 main renal artery
(diameter ≥4.0 mm; stenosis >50%)

Rate of stenting reduced
54.0% (P <0.01)

Benefit from stenting only
in FFR <0.80 patients
Δ DMSBP 6.2 mmHg, P = 0.04
Δ CIAHM 3.1, P <0.01

Low correlation between
% stenosis and FFR

The optimal cut-off: 0.78 

Home SBP ≥140 mmHg and/or
DBP ≥90 mmHg 

Clinical
practice

Rationale Allocation process Functional evaluation of ARAS
patients based on renal FFR

Fractional flow reserve-guided renal artery stenting in atherosclerotic renovascular hypertension:
the FAIR randomized trial

Primary outcomes

Patient characteristics

Inclusion criteria

Exclusion criteria

Intervention in at least one stenotic renal artery

Renal artery stenosis due to non-atherosclerotic
reasons

Severe kidney disease with a serum creatinine
level >3.0 mg/dL (265.2 μmol/L)

Change in daytime mean
systolic BP (DMSBP)

Change in composite index
of anti-hypertensive
medicines (CIAHM)Kidney length of <8 cm

ARAS, atherosclerotic renal artery stenosis; BP, blood pressure; CIAHM, composite index of anti-hypertensive medicines; DMSBP, daytime mean systolic blood pressure; DBP, 
diastolic blood pressure; FFR, fractional �ow reserve; SBP, systolic blood pressure
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Introduction
Renovascular hypertension is a common form of secondary hyperten
sion, occurring in ∼0.1%–5% of all individuals with hypertension and 
up to 20% of patients with secondary hypertension.1 Atherosclerotic 

renal artery stenosis (ARAS) is the predominant form of renovascular 
hypertension, and it is associated with resistant hypertension, ischaemic 
nephropathy, cardiac complications, and mortality.1,2 Since its introduc
tion in 1978,3 percutaneous renal artery intervention had proven effect
ive in reducing blood pressure (BP) and other clinical outcomes in clinical 
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practice and observational studies.4,5 Although percutaneous renal ar
tery intervention had been routinely used in clinical practice,6,7 three re
cent randomized controlled trials (RCTs) consistently failed to 
demonstrate the additional benefit of stenting compared with optimal 
medical therapy alone.8–10 Consequently, revascularization in ARAS 
has been weakly recommended (IIb, level of evidence C) by clinical 
guidelines,11 and the use of revascularization in patients with ARAS 
has significant declined over the last decade,12,13 suggesting that the pro
cedure might be omitted in some patients who would benefit. Thus, 
identifying patients most likely to benefit from revascularization is an im
portant clinical issue that needs to be urgently resolved.

A major criticism of the previous RCTs is that they enrolled too many 
subjects who were unlikely to benefit from stenting. For example, fewer 
than 50% of all participants had severe stenosis, defined as >80% block
age of an artery. Pathophysiological studies described a compensatory 
mechanism by which the kidney could withstand substantial reductions 
(30%–40%) in blood flow without exacerbation of tissue hypoxia.1,14,15

Meanwhile, experience from percutaneous coronary intervention (PCI) 
clearly demonstrated the superiority of a fractional flow reserve 
(FFR)-guided strategy over an angiography-guided strategy.16,17

Previous studies demonstrated that the hyperaemic translesional gra
dient or FFR could predict patients’ BP response after stenting,18–23 in
dicating functional evaluation might play a role in identifying appropriate 
patients with who are suitable for revascularization. To the best of our 
knowledge, functional assessment with renal FFR in ARAS revasculariza
tion has not been investigated in an RCT. Thus, this investigator-initiated 
pilot trial was designed to answer the following questions: (i) is it feasible 
to measure FFR in patients with ARAS; (ii) do clinical outcomes differ be
tween FFR-guided and conventional angiography-guided stenting deci
sions; and (iii) what is the optimal FFR cut-off for predicting BP 
reduction after stenting. The results of this pilot study will guide the de
sign of future RCTs.

Methods
Study design
The Fractional flow reserve to determine the ApproprIateness of percutan
eous Renal artery intervention in atherosclerotic renovascular hyperten
sion patients (FAIR) pilot study was an investigator-initiated, multicentre, 
open-label, blinded endpoint RCT conducted in 24 centres in China 
(ClinicalTrials.gov identifier: NCT05732077). The research protocol of 
this study was approved by the ethics committee of Peking University 
First Hospital (Beijing, China, No. 2022-457). All participants provided writ
ten informed consents during the screening. Outcomes were reviewed and 
adjudicated by an independent endpoint adjudication committee whose 
members did not participate in the study. The trial protocol and statistical 
analysis plan are presented in Supplement S1.

Participants
Adults with ARAS who underwent renal artery angiography for uncon
trolled hypertension while taking two or more antihypertensive medicines 
were screened for 1 week. During this screening period, home BP measure
ments were performed using a validated automated BP monitor (Omron 
Healthcare, Kyoto, Japan) with Bluetooth functionality to automatically up
load results. In addition, antihypertensive medications were fixed to stand
ardize of BP management. If home systolic BP was ≥140 mmHg and/or 
diastolic BP was ≥90 mmHg, validated 24 h ambulatory BP monitoring 
(ABPM, ABP-021, Beneware, Hangzhou, China) was conducted during 
the baseline visit and in each visit during follow-up. After standardized renal 
artery angiography, patients with >50% stenosis in at least one main artery 
and diameter ≥ 4.0 mm were enrolled. If the investigators determined that 

intervention was needed in at least one stenotic renal artery, then the patient 
was randomized. The main exclusion criteria were similar to those of the 
CORAL study,10 including renal artery stenosis attributable to non- 
atherosclerotic reasons, severe kidney disease with a serum creatinine level 
exceeding 3.0 mg/dL (265.2 μmol/L) and kidney length shorter than 8 cm. 
The complete inclusion and exclusion criteria are presented in Supplement S1.

Randomization and interventions
Before renal FFR was measured, all eligible patients were randomly assigned 
to the FFR-guided strategy (FFR group) or traditional angiography-guided 
strategy group (control group), ensuring unbiased treatment allocation at 
a 1:1 ratio. A central randomization mobile app with interactive response 
technology was used in all centres.

Hyperaemic renal FFR was measured in all eligible lesions in all partici
pants using a 0.014 in pressure guidewire (Abbott, Abbott Park, IL, USA) 
through a 6 F or 7 F guiding catheter according to a previously reported 
protocol.21 A bolus of dopamine (50 μg/kg) was administered intrarenally 
to induce maximal hyperaemia. To guarantee that dopamine was success
fully administrated into the renal artery rather than into the aorta, all inves
tigators (one or two experienced operators in each centre) were trained to 
properly engage the guiding catheter and gently insert it into the renal artery 
before dopamine and the following saline bolus were administered through 
the guiding catheter after which the guiding catheter was then positioned 
back at the ostium. FFR was calculated as the ratio of mean hyperaemic dis
tal renal artery pressure measured by the pressure wire to mean aortic 
pressure measured by the guiding catheter. FFR was not recorded until 
the value stabilized, which required more than 10 min in some patients.

Among patients randomized to the control group, stenting was per
formed regardless of renal FFR, whereas among those randomized to the 
FFR group, stenting was only performed in those with FFR < 0.80.

Primary outcome and follow-up
Considering the possible influence of antihypertensive medication changes 
on BP, the study had two primary endpoints, including the percentage 
change in daytime mean systolic BP (DMSBP) as measured by ABPM 
from baseline to 3 months postprocedure and the change in the composite 
index of antihypertensive medicines (CIAHM), which was calculated as fol
lows:

CIAHM = weight(number of classes of antihypertensive medicines)

× (sum of doses).24,25

The secondary endpoints included the changes in 24 h and night-time mean 
systolic and diastolic BP as measured by ABPM, changes in home and office 
BP during follow-up, cardiovascular and renal outcomes (death from car
diovascular or renal causes, myocardial infarction, stroke, hospitalization 
for congestive heart failure, progressive renal insufficiency, the need for re
nal replacement therapy), and all-cause mortality at 1 year.

Participants were scheduled for follow-up visits at 3, 6, and 12 months 
postprocedure. At each follow-up visit, validated ABPM, vital signs, antihy
pertensive medication use, concomitant medication use, renal function, and 
possible adverse cardiovascular and renal events were documented by 
trained research staff and physicians. The investigators were asked to avoid 
changing the antihypertensive medications during the 3 months of follow- 
up in the protocol.

Statistical analysis
All comparisons were made on an intention-to-treat basis, including all par
ticipants who were randomized to the study groups. However, participants 
who were lost to follow-up were excluded from the analysis set for primary 
endpoints. Sensitivity analyses were conducted to assess the effects of 
these exclusions. Continuous values were presented as the mean and stand
ard deviation or median (interquartile range [IQR]) as appropriate. 
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Categorical variables were reported as frequencies and percentages. 
Comparisons of continuous data between the two groups were conducted 
using a t-test or Wilcoxon’s ranked sum test, whereas analysis of variance 
and the Kruskal–Wallis test were used for comparisons among three 
groups. Categorical data were tested using the chi-squared test or 
Fisher’s exact test. A paired t-test or McNemar’s test was applied for com
parisons between before and after treatment.

To explore the effect of stenting in populations with different functional 
significance, we further divided the participants into three groups: FFR ≥  
0.80 and non-stenting (functional insignificant non-stenting group, as the 
control group), FFR ≥ 0.80 and stenting (functional insignificant stenting 
group), and FFR < 0.80 and stenting (functional significant stenting group). 
A linear regression model was used to compare treatment efficacy regard
ing the primary outcomes defined as the reductions in DMSBP and CIAHM 
from baseline to 3 months after the procedure among the groups. The cov
ariatees were adjusted for baseline characteristics potentially associated 
with the treatment groups or efficacy, including age, sex, DMSBP, 
CIAHM, and estimated glomerular filtration rate (eGFR). We also per
formed subgroup analyses according to prespecified subgroups including 
sex (male or female), age (>65 years or ≤65 years), presence or absence 
of diabetes, eGFR (>45 mL/min/1.73 m2 or ≤45 mL/min/1.73 m2) and 
baseline systolic BP (>150 mmHg or ≤150 mmHg) to identify possible 
modification effects on treatment efficacy.

Receiver operating characteristic (ROC) analysis was performed to de
termine the optimal cut-off of renal FFR in predicting BP improvement 
(as a dichotomous variable defined as DMSBP reduction > 10 mmHg 

with no increase in antihypertensive drug use) at 3 months. The cut-offs 
that yielded the best Youden’s index were selected.

All analyses were performed using R software, version 4.3.1 (http://www. 
R-project.org). P < .05 was considered significant, and all tests were two- 
tailed. Because this was a pilot study, no prior sample size calculation was 
performed.

Results
Study participants and baseline 
characteristics
As presented in Figure 1, among the 155 candidates screened, 107 patients 
with a median (IQR) age of 63 years (57, 70) were enrolled from 13 centres 
throughout China from 6 February 2023 to 21 February 2024. Of these 
patients, 54 and 53 were randomly assigned to the FFR and control groups, 
respectively (see Supplementary data online, Table S1). The primary end
points were assessed at the 3-month follow-up in 101 patients, reflecting a 
5.6% loss to follow-up. The baseline characteristics of the two groups were 
similar (Table 1). FFR was measured in all stenotic renal arteries, and the 
mean diameter of stenosis and FFR in all participants were 75.7% ±  
14.3% and 0.76 ± 0.17, respectively.

Among all patients, FFR was measured in 147 stenotic renal arteries, 
and the correlation between FFR and stenosis severity assessed by 

Figure 1 Patient flow diagram. FFR, fractional flow reserve

4                                                                                                                                                                                                            Li et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehaf746/8276921 by guest on 11 O
ctober 2025



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

Table 1 Baseline characteristics of the study population

Characteristic Overall FFR-guided group Angiography-guided group
N = 101 N = 50 N = 51

Age, median [IQR], years 63 [57, 69] 64 [59, 72] 62 [57, 68]

Male sex, n (%) 62 (61.4) 28 (56.0) 34 (66.7)

Baseline 24 h ABPM, median [IQR], mmHg

Daytime SBP 138 [125, 146] 140 [126, 146] 137 [125, 145]

Daytime DBP 80 [74, 89] 81 [75, 90] 80 [73, 88]

Baseline CIAHM, median [IQR] 4 [3, 9] 4 [4, 10] 6 [3, 9]

Baseline number of medicines, n (%)

2 57 (56.4) 30 (60.0) 27 (52.9)

3 32 (31.7) 12 (24.0) 20 (39.2)

4 9 (8.9) 6 (12.0) 3 (5.9)

≥5 3 (3.0) 2 (4.0) 1 (2.0)

Baseline antihypertensive medication, n (%)

ACEis/ARBs 62 (61.4) 32 (64.0) 30 (58.8)

Diuretics 21 (20.8) 13 (26.0) 8 (15.7)

CCBs 89 (88.1) 44 (88.0) 45 (88.2)

Beta-blockers 62 (61.4) 30 (60.0) 32 (62.7)

Alpha-blockers 9 (8.9) 5 (10.0) 4 (7.8)

Others 15 (14.9) 8 (16.0) 7 (13.7)

Baseline eGFR, median [IQR], mL/min/1.73 m2 55.8 [39.2, 72.0] 52.0 [33.2, 70.2] 56.0 [42.2, 73.0]

Stage ≥ 3 chronic kidney disease, n (%) 63 (62.4) 34 (68.0) 29 (56.9)

Medical history and risk factors, n (%)

Hypertension 95 (94.1) 47 (94.0) 48 (94.1)

Diabetes 49 (48.5) 24 (48.0) 25 (49.0)

Hyperlipidaemia 80 (79.2) 40 (80.0) 40 (78.4)

Prior coronary artery disease 27 (26.7) 13 (26.0) 14 (27.5)

Prior cerebral disease 18 (17.8) 7 (14.0) 11 (21.6)

Peripheral artery disease 13 (12.9) 4 (8.0) 9 (17.6)

Chronic kidney disease 53 (52.5) 28 (56.0) 25 (49.0)

Prior smoking 53 (52.5) 27 (54.0) 26 (51.0)

Prior drinking 22 (21.8) 9 (18.0) 13 (25.5)

Body mass index, median [IQR], kg/m2 25.7 [23.2, 26.6] 25.6 [22.7, 26.6] 26.0 [23.4, 26.6]

Procedural characteristics

Renal FFR, mean (SD) 0.76 (0.17) 0.78 (0.19) 0.75 (0.14)

FFR measurement success, n (%) 101 (100) 50 (100) 51 (100)

Percent stenosis, mean (SD) 75.7 (14.3) 74.4 (15.1) 76.9 (13.4)

Stenting, n (%) 74 (73.3) 23 (46.0) 51 (100.0)

No. of stenotic renal arteries, n (%)

1 68 (67.3) 36 (72.0) 32 (62.7)

2 30 (29.7) 11 (22.0) 19 (37.3)

Continued
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angiography at baseline is presented in Figure 2. Even in arteries with se
vere stenosis, FFR varied over a wide range (correlation coefficient =  
−0.21, P = .17).

Primary endpoints
As presented in Table 2, there were no significant differences between 
the two groups regarding the percentage change in DMSBP reduction 
(4% [−2, 11] vs 4% [−3, 10]; P = .97), absolute change in DMSBP 
(6 mmHg [−3, 17] vs 5 mmHg [−3, 15]; P = .99) or change of 
CIAHM (0 [0, 3] vs 1 [0, 4]; P = .33) at the end of 3 months 
(Table 2). However, the rate of stenting was significantly lower in the 
FFR group (46.0% vs 100.0%, P < .01).

As presented in Table 3, subjects with baseline FFR < 0.8 who under
went stenting experienced a significant DMSBP reduction from 140 (128, 
154) mmHg to 126 (122, 135) mmHg (P < .01), concomitant with a sig
nificant reduction in CIAHM from 6 (3, 9) to 2 (1, 5) (P < .01). The 
changes in DMSBP and CIAHM from baseline to 3 months were not stat
istically significant for the two groups with FFR ≥ 0.80. However, in com
parison to the findings in the functional insignificant non-stenting group, 
stenting was beneficial in the functional significant stenting group (median 
DMSBP reduction after adjustment, 6.2 mmHg [95% CI, 0.6–11.9], 
P = .04; median CIAHM reduction, 3.1 [95% CI, 1.5–4.7], P < .01) but 
not in the functional insignificant stenting group (median DMSBP reduc
tion after adjustment, 1.4 mmHg [95% CI, −4.5–7.2] mmHg, P = .65; me
dian CIAHM reduction, 0.7 [95% CI, −1.1–2.5], P = .44) after adjusting 
for baseline characteristics (Tables 3 and 4).

No interaction effect was observed between different prespecified 
subgroups, including sex, age (>65 years vs ≤65 years), presence or ab
sence of diabetes, eGFR (>45 mL/min/1.73 m2 vs ≤45 mL/min/ 

1.73 m2), baseline systolic BP (>150 mmHg vs ≤150 mmHg), with re
spect to the primary endpoints (see Supplementary data online, 
Figures S1–S4).

Optimal renal fractional flow reserve 
cut-off for predict BP improvement
All 74 patients who underwent stenting were analysed for improve
ment in BP, defined as a >10 mmHg improvement in DMSBP with 
no increase in antihypertensive drug use for 3 months. The ROC curve 
illustrated that the optimal cut-off of renal FFR for predicting BP im
provement was 0.78, with an area under the curve (AUC), sensitivity, 
and specificity of 0.78, 0.694, and 0.677, respectively (Figure 3).

Safety and periprocedural events
Renal FFR measurement, angiography, and stenting were successfully 
completed in all subjects. The median (IQR) duration to induce hyper
aemic FFR for each renal artery lesion during the procedure was 288 s 
(231, 358). Three (0.28%) periprocedural events were recorded, in
cluding haematoma at the puncture site of the femoral artery in one pa
tient in each group. In addition, one person in the control group 
experienced acute coronary syndrome on the second day after renal 
artery angiography and FFR measurement, and acute kidney injury oc
curred after PCI, necessitating dialysis.

Discussion
To the best of our knowledge, this is the first RCT to evaluate the ap
propriateness of renal FFR in guiding revascularization in patients with 
ARAS. The main findings of this trial were that renal FFR measurement 
is feasible and safe in patients with ARAS, the FFR-guided strategy sig
nificantly reduced unnecessary stenting and patients with ARAS and 
hypertension with FFR < 0.8 are most likely to benefit from stenting 
(see Structured Graphical Abstract).

The optimal therapy for ARAS has been intensively debated since the 
publication of three RCTs reporting no additional benefits of stenting 
compared with optimal medical therapy alone.8–10 Previous studies at
tempted to use functional evaluation to predict BP response after 
stenting. The rationale of functional evaluation of ARAS was based 
on the understanding of the pathophysiology of the kidneys after signifi
cant stenosis occurs in a renal artery. When blood flow and perfusion 
pressure decrease to a degree that exceeds the compensatory limit, the 
pressor system is activated, leading to renin–angiotensin–aldosterone 
system and sympathetic system activation, vasoconstriction, and so
dium retention. The increase in BP is closely related to these changes, 
and it could be reversed by restoring blood flow. However, if ischaemia 
persists, then microvessel rarefication and mitochondrial dysfunction 

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

Table 1 Continued

Characteristic Overall FFR-guided group Angiography-guided group
N = 101 N = 50 N = 51

≥3 3 (3.0) 3 (6.0) 0 (0.0)

Procedural success, n (%) 101 (100) 50 (100) 51 (100)

IQR, interquartile range; ABPM, ambulatory blood pressure monitoring; ACEis, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CCBs, calcium channel 
blockers; FFR, fractional flow reserve; SBP, systolic blood pressure; DBP, diastolic blood pressure; CIAHM, composite index of antihypertensive medicines; eGFR, estimated glomerular 
filtration rate; SD, standard deviation.
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0.8

0.6

F
F
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0.4

60 70
Diameter stenosis (%)

80 90

Figure 2 Correlation between renal artery stenosis and renal frac
tional flow reserve (FFR)
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could occur,26 preventing the recovery of deteriorating kidney function 
despite the restoration of renal blood flow.15 Therefore, it is believed 
that a time window exists in which revascularization could take effect.1

Efforts had been made to identify a technique that could capture 
this time window. Leesar et al.22 identified hyperaemic systolic gradi
ent ≥ 21 mmHg as an independent predictor of BP improvement 
among 62 patients. Mangiacapra et al.23 conducted a similar study 

of 53 patients and found that both papaverine- and 
dopamine-induced renal FFR were predictive of BP response. 
Because of the limitations of these studies, namely the small sample 
size and lack of randomization, functional evaluation is not clearly re
commended by the current guidelines. Our study is the first to evalu
ate the advantage of a renal FFR-guided strategy over the traditional 
angiography-guided strategy in ARAS revascularization. The present 

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

Table 2 Primary outcome assessment

Characteristic Overall FFR-guided group Angiography-guided group P
N = 101 N = 50 N = 51

Twenty-four–hour ABPM-measured DMSBP, median [IQR], mmHg

Baseline 138 [125, 146] 140 [126, 146] 137 [125, 145] .65

Three months of follow-up 129 [123, 140] 132 [123, 142] 129 [123, 137] .48

Percentage DMSBP reduction, median [IQR], % 4 [−2, 11] 4 [−2, 11] 4 [−3, 10] .97

Absolute DMSBP reduction, median [IQR], mmHg 5 [−3, 16] 6 [−3, 17] 5 [−3, 15] .99

CIAHM, median [IQR]

Baseline 4 [3, 9] 4 [4, 10] 6 [3, 9] .61

Three months of follow-up 4 [1, 8] 4 [3, 10] 3 [1, 6] .07

CIAHM reduction, median [IQR] 1 [0, 4] 0 [0, 3] 1 [0, 4] .33

Renal artery stenting, n (%) 74 (73.3) 23 (46.0) 51 (100.0) <.01

ABPM, ambulatory blood pressure monitoring; IQR, interquartile range; DMSBP, daytime mean systolic blood pressure; CIAHM, composite index of antihypertensive medicines.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 3 Primary outcomes in the different treatment groups

Characteristic FFR < 0.80 FFR ≥ 0.80 P

Functional significant 
stenting group 

N = 51

Functional insignificant 
non-stenting group 

N = 27

Functional insignificant 
stenting group 

N = 23

Twenty-four–hour ABPM-measured DMSBP, median [IQR], mmHg

Baseline 140 [128, 154] 139 [129, 145] 132 [123, 139] .28

Three months of follow-up 126 [122, 135] 136 [127, 143] 133 [126, 146] .07

Percentage DMSBP reduction, median [IQR], % 9 [3, 14] 3 [−5, 10] 0 [−4, 4] <.01

Absolute DMSBP reduction, median [IQR], mmHg 13 [4, 21]a 4 [−8, 13]b 0 [−6, 5]c <.01

CIAHM, median [IQR]

Baseline 6 [3, 9] 4 [4, 11] 4 [3, 7] .21

Three months of follow-up 2 [1, 5] 4 [4, 12] 4 [1, 6] <.01

CIAHM reduction, median [IQR] 2 [0, 5]d 0 [0, 2]e 0 [0, 1]f <.01

Renal artery stenting, n (%) 51 (100.0) 0 (0.0) 23 (100.0) <.01

ABPM, ambulatory blood pressure monitoring; DMSBP, daytime mean systolic blood pressure; IQR, interquartile range; CIAHM, composite index of antihypertensive medicines; 
FFR, fractional flow reserve.
aA paired t-test was used for comparisons between before and after treatment (P < .01).
bA paired t-test was used for comparisons between before and after treatment (P = .52).
cA paired t-test was used for comparisons between before and after treatment (P = .39).
dA paired t-test was used for comparisons between before and after treatment (P < .01).
eA paired t-test was used for comparisons between before and after treatment (P = .10).
fA paired t-test was used for comparisons between before and after treatment (P = .34).
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results confirmed the feasibility and safety of dopamine-induced renal 
FFR measurement in a renal artery. The procedure was successful in 
all 147 lesions in 107 patients without side effects. Consistent with 
the findings of Subramanian et al,20 the correlation between angio
graphic stenosis severity and FFR was poor, even in the range of 
70%–90% stenosis. Employing the BP change at the end of 3 months 
of follow-up as the primary endpoint of the current study, instead of 
renal function or major adverse cardiovascular events (MACE), was 
based on the consideration that BP is the most sensitive and specific 
indicator of haemodynamic change after restoring blood perfusion, 
whereas renal function or MACE is easily influenced by co-existing 
disease and other risk factors, such as diabetes, dyslipidaemia and 
smoking. Moreover, we used dual primary endpoints including the 
percentage changes in DMSBP measured by ABPM and CIAHM to in
corporate the influence of drug adjustment on BP. Our study demon
strated for the first time that the FFR-guided strategy reduced 
revascularization by 54%. This aligns with the results of the FAME 

study in which an FFR-guided strategy in coronary intervention re
sulted in a 37% reduction in unnecessary PCI.16 We did not find a 
significant difference in the primary endpoints between the two ran
domized groups. However, our results revealed that subjects with 
baseline FFR < 0.8 who underwent stenting experienced a significant 
DMSBP reduction from 140 (128, 154) mmHg to 126 (122, 135) 
mmHg (P < .01), concomitant with a significant reduction of 
CIAHM from 6 (3, 9) to 2 (1, 5) (P < .01), whereas this effect was 
not observed in subjects with baseline FFR ≥ 0.8 who underwent 
stenting, strongly indicating that only subjects with functional signifi
cant lesions recognized by renal FFR would benefit from stenting. 
This result aligns with Mitchell’s finding that BP improved in 86% of 
participants with FFR < 0.8, vs only 30% of subjects with normal 
FFR.19 Our results also identified an FFR cut-off of 0.78 for predicting 
BP improvement. These data are critical for the design of future ma
jor studies. Combining our results with previous findings, we believe 
that functional evaluation using FFR could guide revascularization in
terventions in patients with ARAS, but additional randomized studies 
are warranted to confirm our discovery.

This study had multiple limitations. First, this was an underpowered 
pilot study, and its results were indicative rather than conclusive, the 
subgroup analysis showing no interaction effect also met the same 
problem. Second, the primary endpoints were based on BP rather 
than clinical outcomes. Although we believe that BP is the most sensi
tive and specific indicator of haemodynamic changes in the kidneys, 
whether such effect would translate into a clinical benefit must be veri
fied in future large-scale studies. Third, we only assessed 3-month out
comes in this study, and further follow-up data, especially the 1-year 
outcomes, could provide more information on the predictive utility 
of renal FFR. Finally, stenting was beneficial in patients with FFR <  
0.80, as indicated by greater reductions in BP and CIAHM compared 
with that observed in the other two groups in multivariate regression 
analysis. However, a formal RCT should be conducted in the future 
to investigate whether revascularization provides better outcomes 
than medication.

In conclusion, among patients with ARAS and hypertension, renal 
FFR-guided revascularization significantly reduced unnecessary stent 
usage and potentially identified patients most likely to benefit from 
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Table 4 Regression analyses of the primary outcomes

Primary outcomes N Value 
Median (IQR)

Unadjusted treatment 
group effect

Adjusted treatment 
group effect

Group β (95%CI) P β (95% CI) P

Three-month DMSBP reduction

Functional insignificant non-stenting group 27 4 [−8, 13]

Functional insignificant stenting group 23 0 [−6, 5] −3.3 (−9.8, 3.2) .32 1.4 (−4.5, 7.2) .65

Functional significant stenting group 51 13 [4, 21] 9.8 (2.9, 16.7) <.01 6.2 (0.6, 11.9) .04

Three-month CIAHM reduction

Functional insignificant non-stenting group 27 0 [0, 2]

Functional insignificant stenting group 23 0 [0, 1] −0.5 (−2.6, 1.7) .66 0.7 (−1.1, 2.5) .44

Functional significant stenting group 51 2 [0, 5] 2.2 (0.3, 4.2) .03 3.1 (1.5, 4.7) <.01

The following variables were adjusted: age, sex, baseline daytime systolic blood pressure, baseline CIAHM, and baseline estimated glomerular filtration rate.
DMSBP, daytime mean systolic blood pressure; CIAHM, composite index of antihypertensive medicines; IQR, interquartile range; CI, confidence interval.

Figure 3 ROC curves of renal fractional flow reserve for hyperten
sion improvement. ROC, receiver operating characteristic; AUC, area 
under the curve
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stenting. Functional evaluation of renal FFR is practical and safe based on 
this pilot trial, which provided critical data supporting the design of fu
ture randomized trials.
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