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tion should be considered.
RFR had the lowest correlation with FFR in patients 

with renal dysfunction. When making decisions regarding 
percutaneous coronary intervention in patients with severe 
renal dysfunction, careful consideration is required.

Fractional flow reserve (FFR) is the gold standard for 
evaluating functional lesion severity in daily clinical prac-
tice.1–4 The instantaneous wave-free ratio (iFR), which 
does not require hyperemic conditions, has been shown to 
be non-inferior to FFR as a physiological index in 2 large 
randomized controlled trials.5,6 The resting full-cycle ratio 
(RFR) is a novel resting index that does not require hyper-
emic conditions. The RFR is measured as the maximum 

Clinical Perspective
What Is New?
This study is the first to focus on the correlation between 
RFR and FFR in patients with renal dysfunction.

The rate of discordance between RFR and FFR differed 
significantly according to renal function.

What Are the Clinical Implications?
Coronary artery disease (CAD) in patients with chronic 
kidney disease has been associated with an increased risk 
of death. Therefore, the importance of intervention strate-
gies in patients with CAD complicated by renal dysfunc-
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Background: Physiological assessments using fractional flow reserve (FFR) and resting full-cycle ratio (RFR) have been recom-

mended for revascularization decision making. Previous studies have shown a 20% rate of discordance between FFR and RFR. In 

this context, the correlation between RFR and FFR in patients with renal dysfunction remains unclear. This study examined correla-

tions between RFR and FFR according to renal function.

Methods and Results: In all, 263 consecutive patients with 370 intermediate lesions were enrolled in the study. Patients were clas-

sified into 3 groups according to renal function: Group 1, estimated glomerular filtration rate (eGFR) ≥60 mL/min/1.73 m2; Group 2, 

30 mL/min/1.73 m2≤eGFR<60 mL/min/1.73 m2; Group 3, eGFR <30 mL/min/1.73 m2. The discordance between FFR and RFR was 

assessed using known cut-off values for FFR (≤0.80) and RFR (≤0.89). Of the 370 lesions, functional significance with FFR was 

observed in 154 (41.6%). RFR was significantly correlated with FFR in all groups (Group 1, R2=0.62 [P<0.001]; Group 2, R2=0.67 

[P<0.001]; Group 3, R2=0.46 [P<0.001]). The rate of discordance between RFR and FFR differed significantly among the 3 groups 

(Group 1, 18.8%; Group 2, 18.5%; Group 3, 42.9%; P=0.02).

Conclusions: The diagnostic performance of RFR differed based on renal function. A better understanding of the clinical factors 

contributing to FFR/RFR discordance, such as renal function, may facilitate the use of these indices.
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Coronary Physiological Measurements and Assessments
All coronary physiological measurements were performed 
after the diagnostic angiography. The pressure wire 
(PressureWireTM X guidewire; Abbott Vascular, Santa 
Clara, CA, USA) was advanced distally to a segment of the 
target vessel before it was zeroed and equalized to the 
aortic pressure. An intracoronary bolus of nitrate (100 or 
200 µg) was administered before each set of physiological 
measurements. In patients with multivessel disease, 
measurements were taken in each vessel with sufficient 
time intervals between measurement. First, the RFR was 
directly and automatically calculated online using the 
QUANTIEN system (Abbott Vascular). Second, the FFR 
was measured at maximum hyperemia with continuous 
infusion of ATP (180 µg/kg/min) through a peripheral vein. 
After all measurements were taken, the pressure sensor 
located at the tip of the guiding catheter was used to check 
for the presence of pressure drift.16 RFR was defined as 
the lowest distal coronary-to-aortic pressure value for 
each heartbeat averaged over 5 heart cycles and could be 
captured in snapshot mode.

Cut-Off Values for Physiological Indices and Lesion 
Classification
Cut-off values of 0.89 and 0.80 were used for RFR and 
FFR, respectively. The FFR was adopted as a reference 
standard for estimating the functional significance of coro-
nary artery stenosis.

CKD Classification and Hemodialysis Status
Patients were classified into 3 groups according to renal func-
tion: Group 1, estimated glomerular filtration rate (eGFR) 
≥60 mL/min/1.73 m2; Group 2, 30 mL/min/1.73 m2≤eGFR 
<60 mL/min/1.73 m2; Group 3, eGFR <30 mL/min/1.73 m2. 
CKD stages were determined according to the Kidney 
Disease: Improving Global Outcomes Group (KDIGO) 
2012 guidelines.17 We included hemodialysis patients in 
this study. All hemodialysis patients were adults (age ≥18 
years) on maintenance dialysis for ≥90 days and had a 
stable dialysis prescription for ≥30 days. Hemodialysis 
patients underwent physiological measurements and blood 
sampling on non-dialysis days.

Statistical Analysis
Data for continuous variables are expressed as mean ± SD 
or median and interquartile range. Categorical variables 
are expressed as numbers and percentages. Continuous 
variables were compared using the unpaired Student’s 
t-test, and categorical variables were compared using the 
Chi-squared or Fisher’s exact test, as appropriate. The 
Bonferroni method was used to correct for multiple com-
parisons. Mann-Whitney U-tests were used for non-para-
metric data. Pearson’s correlation with the coefficient of 
determination (R) and linear regression analyses were used 
to examine the relationship between the RFR and FFR. 
Receiver operating characteristic (ROC) curve analysis 
was used to examine RFR agreement. Using FFR ≤0.80 
(reference RFR) as a reference standard, an optimal cut-
off was determined using Youden’s index, and the area 
under the curve (AUC) was calculated. The Cochran-
Armitage trend test was used to assess whether a trend was 
present between a variable with 2 categories and a variable 
with multiple categories. Statistical significance was set at 
2-tailed P<0.05.

relative pressure difference during the entire cardiac cycle, 
regardless of systole or diastole, and is thus completely 
independent of electrocardiographic findings.7 Previous 
studies have shown that the RFR is well correlated with 
and has good diagnostic accuracy for FFR and iFR in 
clinical practice.8–10 However, discordant results between 
the RFR and FFR have been observed to occur in approx-
imately 20% of cases, which can lead to confusion when 
making revascularization decisions.11,12

Coronary artery disease (CAD) is the leading cause of 
death in patients with chronic kidney disease (CKD).13 The 
presence of kidney disease is associated with an increased 
risk of procedural complications (including renal injury) 
from coronary angiography and revascularization, death, 
myocardial infarction (MI), stent thrombosis, and bleeding 
complications of percutaneous coronary interventions 
(PCI).14 CKD had an additive effect on adverse long-term 
outcomes in patients receiving PCI.15 These data demon-
strate the importance of intervention strategies in patients 
with CAD complicated by renal dysfunction. Therefore, 
the severity of functional lesions should be carefully 
assessed in patients with CKD.

It is unclear whether the diagnostic performance of RFR 
for detecting functional ischemia is similar, regardless of 
the degree of renal function. The aim of this study was to 
clarify the correlation between RFR and FFR according 
to renal function.

Methods
Study Design and Patient Population
This retrospective observational study was conducted at 
the Aichi Medical University Hospital in Japan. From August 
2018 to February 2021, consecutive patients with interme-
diate coronary lesions who underwent elective coronary 
angiography and invasive physiological assessments were 
prospectively enrolled in the study. The primary aim of the 
study was to clarify the correlation between RFR and FFR 
according to renal function.

This study was conducted in accordance with the 
Declaration of Helsinki. The study protocol was approved 
by the Ethics Committee of the Aichi Medical University 
Hospital, Nagakute, Japan (Approval no. 2019-057), and 
written informed consent was obtained from all patients.

Angiographic Analysis and Quantitative Coronary 
Angiography (QCA)
Coronary angiography with a 5-Fr guiding catheter with-
out side holes was performed through the radial or femoral 
artery, according to standard techniques. All patients were 
pretreated with intracoronary nitrate (100 or 200 µg) before 
angiography. A computerized quantitative analysis system 
using QCA software (CAAS 5.9; Pie Medical Imaging, 
Maastricht, Netherlands) was used for automated contour 
detection and quantification by 2 experienced observers 
blinded to the results of the RFR and FFR assessments. 
The reference vessel diameter, minimum lumen diameter, 
percentage diameter stenosis (%DS), and lesion length 
were measured using the external diameter of the contrast-
filled 5-Fr guiding catheter for calibration. The %DS was 
measured in the most severe lesion at the end of diastole. 
QCA measurements were performed according to the 
Japanese Association of Cardiovascular Intervention and 
Therapeutics QCA Expert Document.8
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Patient and Lesion Characteristics
Baseline clinical and lesion characteristics are presented in 
Tables 1 and 2. The median age of patients was 73.0 years 
and 76.4% were male. Functional significance was observed 
in 154 lesions (41.6%). Median serum creatinine and eGFR 
values were 0.85 mg/dL and 64.2 mL/min/1.73 m2, respec-
tively. There was a significant difference among the 3 groups 

Results
Study Population
There were 263 patients (370 lesions) included in this study; 
Group 1 consisted of 158 patients (218 lesions), Group 2 
consisted of 88 patients (124 lesions), and Group 3 con-
sisted of 17 patients (28 lesions; Figure 1).

Figure 1.  Study population. DFR, diastolic hyperemia-free ratio; dPR, diastolic pressure ratio; eGFR, estimated glomerular filtration 
rate; iFR, instantaneous wave-free ratio; NHPR, non-hyperemic pressure ratio.

Table 1. Baseline Patient Characteristics

Overall  
(n=263)

Group 1  
(n=158)

Group 2  
(n=88)

Group 3  
(n=17) P value

Age (years) 73.0 [66.5–78.0] 71.0 [62.0–78.0] 71.1 [71.0–79.0] 71.2 [66.5–75.0]   0.001

Male sex 201 (76.4) 118 (74.7) 71 (80.7) 12 (70.6) 0.48

Hypertension 195 (74.7) 114 (72.6) 69 (79.3) 12 (70.6) 0.47

Diabetes 112 (42.6)   63 (39.9) 39 (44.3) 10 (58.8) 0.30

Dyslipidemia 186 (71.3) 114 (72.6) 65 (74.7)   7 (41.2) 0.02

Current smoker 113 (43.8)   80 (51.6) 25 (29.1)   8 (47.1)   0.003

Hemodialysis 14 (5.4)   0 (0.6) 0 (0.0) 14 (82.4) <0.001

Medication

  Aspirin 217 (82.5) 135 (85.4) 71 (80.7) 11 (64.7) 0.09

  Thienopyridine   69 (26.2)   38 (24.1) 27 (30.7)   4 (23.5) 0.51

  β-blocker 108 (41.2)   64 (40.8) 36 (40.9)   8 (41.2) 0.88

  Calcium channel blocker 110 (42.0)   64 (40.8) 35 (39.8) 11 (64.7) 0.14

  Statin 199 (75.7) 124 (78.5) 66 (75.0)   9 (52.9) 0.07

  Insulin 10 (3.8)   6 (3.8) 2 (2.3)   2 (11.8) 0.14

Hb (g/dL) 13.6 [12.4–14.7] 14.0 [12.9–15.0] 13.2 [12.0–14.6] 11.8 [10.4–13.0] <0.001

eGFR (mL/min/1.73 m2) 64.2 [52.0–78.3] 74.5 [66.8–87.0] 51.4 [46.9–55.0] 7.14 [5.8–17.4]　　 <0.001

Cr (mg/dL) 0.85 [0.71–1.05] 0.73 [0.65–0.85] 1.07 [0.96–1.17] 6.84 [3.17–8.05] <0.001

Categorical variables are presented as n (%) and continuous variables are presented as the mean ± SD or median [interquartile range]. 
*Variables used for multivariable analyses comparing hazard ratios of symptomatic and asymptomatic patients for the study endpoints. 
Group 1, estimated glomerular filtration rate (eGFR) ≥60 mL/min/1.73 m2; Group 2, 30 mL/min/1.73 m2≤eGFR<60 mL/min/1.73 m2; Group 3, 
eGFR <30 mL/min/1.73 m2; Cr, creatinine; Hb, hemoglobin.
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Discordant Results Between RFR and FFR Stratified 
According to CKD Stage
Patients were stratified into CKD stages based on the 
KDIGO 2012 guidelines, ranging from G1 (normal or high 
eGFR) to G5 (kidney failure).17 The highest prevalence of 
discordance between RFR and FFR was 42.9% in G5, 
whereas the lowest prevalence of discordance was 15.8% in 
G1. The frequency of discordance between RFR and FFR 
increased significantly as the CKD stage worsened.

Discussion
The main findings of the present study are that: (1) there is 
high concordance between RFR and FFR in detecting 
physiological significance regardless of renal dysfunction; 
(2) the rate of discordant results between RFR and FFR 
was significantly higher in patients with renal dysfunction 
(eGFR <30 mL/min/1.73 m2); and (3) discordance between 
RFR and FFR was more likely observed in the setting of 
impaired kidney function. To the best of our knowledge, 
this is the first study to focus on the correlation between 
RFR and FFR in patients with renal dysfunction.

Discordant Results Between RFR and FFR in Patients With 
Renal Dysfunction
In the present study, RFR was positively correlated with 
FFR (R2=0.59), which is consistent with results reported 
by previous studies (R2=0.44–0.59).8,10,12 When we 
stratified patients according to renal function, the lowest 
correlation between RFR and FFR was observed in the 
group with renal dysfunction (eGFR ≥60 mL/min/ 
1.73 m2, R2=0.62; 30 mL/min/1.73 m2≤eGFR<60 mL/min/ 
1.73 m2, R2=0.67; eGFR <30 mL/min/1.73 m2, R2=0.46; 
P<0.001).

In this study, 20.5% of lesions showed discordant results 
between RFR and FFR, which is consistent with previous 
reports (discordance rate 13.1–27.4%).7,10–12,18 The highest 
frequency of discordant results (42.9%) was observed in 
Group 3 (eGFR <30 mL/min/1.73 m2). Most cases of dis-
cordance resulting in renal dysfunction had a positive 
RFR and negative FFR (75.0%). With regard to CKD 
stage, the frequency of discordant results was higher in 

in serum creatinine (0.73, 1.07, and 6.84 mg/dL in Groups 
1, 2 and 3, respectively; P<0.001) and eGFR (74.5, 51.4, 
and 7.14 mL/min/1.73 m2 in Groups 1, 2 and 3, respec-
tively; P<0.001). Of the 260 patients in this study, 14 
underwent hemodialysis. All hemodialysis patients were in 
Group 3 (Table 1).

In terms of lesion distribution, left main trunk (LM) and 
left anterior descending coronary artery (LAD) lesions 
were observed in 54.9% of the cohort. The mean angio-
graphic %DS was 46.4±13.6%. The median FFR and RFR 
values were 0.82 and 0.91, respectively.

Lesion characteristics were not significantly different 
among the 3 groups, except for RFR (0.92, 0.91, and 0.88 
in Groups 1, 2 and 3, respectively; P<0.001; Table 2).

Relationship Between RFR and FFR Values
There was a good correlation between RFR and FFR 
values for all lesions (R2=0.59; 95% confidence interval 
[CI] 0.73–0.81; P<0.001; Supplementary Figure 1). After 
stratification according to renal function, the significant 
correlation between RFR and FFR remained in all 
groups: Group 1, R2=0.62, 95% CI 0.73–0.84, P<0.001; 
Group 2, R2=0.67, 95% CI 0.75–0.87, P<0.001; and 
Group 3, R2=0.46, 95% CI 0.40–0.84, P<0.001, respec-
tively) (Figure 2A,2C,2E). ROC curves of RFR values for 
an FFR cut-off value of 0.80 showed good AUCs in all 
groups: Group 1, 0.89 (95% CI, 0.84–0.93); Group 2, 0.87 
(95% CI 0.81–0.93); and Group 3, 0.73 (95% CI 0.53–0.92) 
(Figure 2B,2D,2F).

Discordant Results Between RFR and FFR
Of all lesions, 20.5% showed discordant results between the 
RFR and FFR (FFR >0.80 and RFR ≤0.89: 10.2%; FFR 
≤0.80 and RFR >0.89: 10.2%). The prevalence of discor-
dance between the RFR and FFR differed significantly 
among the 3 groups (Group 1, 18.8%; Group 2, 18.5%; 
Group 3, 42.9%; P=0.02), with discordant results signifi-
cantly higher in Group 3 than in Group 1 (P=0.02) and 
Group 2 (P=0.03; Figure 3A). Of all the discordant results, 
50% were positive for RFR and negative for FFR; the 
highest frequency of positive RFR and negative FFR was 
75.0% (Supplementary Figure 2).

Table 2. Baseline Lesion Characteristics

Overall  
(n=370)

Group 1  
(n=218)

Group 2  
(n=124)

Group 3  
(n=28) P value

Target vessel

  Left main trunk 10 (2.7)   6 (2.8) 4 (3.2) 0 (0.0) 0.89　　
  Left anterior descending 193 (52.2) 115 (52.8) 64 (54.6) 14 (50.0) 0.95　　
  Left circumflex   75 (20.3)   43 (19.7) 25 (20.2)   7 (25.0) 0.81　　
  Right coronary artery   88 (23.8)   52 (23.9) 30 (24.2)   6 (21.4) 0.95　　
Quantitative coronary analysis results

  Reference vessel diameter (mm) 2.82 [2.39–3.34] 2.90 [2.35–3.46] 2.91 [1.29–1.87] 2.88 [2.20–3.72] 0.67　　
  Minimum lumen diameter (mm) 1.73 [1.26–2.26] 1.59 [1.20–1.94] 1.29 [1.62–1.87] 1.71 [1.14–1.91] 0.85　　
  Diameter stenosis (%) 46.4±13.6 45.5±13.8 47.7±12.3 47.5±16.9 0.32　　
  Lesion length (mm) 11.69 [8.01–16.40] 11.7 [7.4–16.0]　　 10.7 [8.0–14.8]　　 7.82 [6.31–11.5] 0.10　　
  FFR 0.82 [0.76–0.88] 0.83 [0.76–0.89] 0.81 [0.75–0.88] 0.82 [0.75–0.89] 0.39　　
  RFR 0.91 [0.87–0.96] 0.92 [0.88–0.96] 0.91 [0.85–0.95] 0.88 [0.82–0.91] 0.009

Categorical variables are presented as n (%) and continuous variables are presented as the mean ± SD or median [interquartile range]. 
*Variables used for multivariable analyses comparing hazard ratio of symptomatic and asymptomatic patients for the study endpoints. 
Group 1, estimated glomerular filtration rate (eGFR) ≥60 mL/min/1.73 m2; Group 2, 30 mL/min/1.73 m2≤eGFR<60 mL/min/1.73 m2; Group 3, 
eGFR <30 mL/min/1.73 m2; FFR, fractional flow reserve; RFR, resting full-cycle ratio.
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Mechanism of Discordance Between RFR and FFR in 
Patients With Renal Dysfunction
The difference between RFR and FFR is the method of 
physiological measurement (i.e., hyperemic or non-hyper-
emic).7,19 The FFR is an index of the effect of epicardial 
coronary artery stenosis on maximum myocardial perfu-

Stage G3b patients than in Stage G1–G3a patients. Thus, 
when evaluating CAD patients with moderate renal func-
tion dysfunction using FFR and RFR, care should be 
taken when interpreting the results. It is interesting that the 
frequency of discordant results between the RFR and FFR 
tended to increase as the CKD stage worsened.

Figure 2.  Relationship between resting full-cycle ratio (RFR) and fractional flow reserve (FFR) in (A,B) Group 1 (estimated glo-
merular filtration rate [eGFR] ≥60 mL/min/1.73 m2), (C,D) Group 2 (30 mL/min/1.73 m2≤eGFR<60 mL/min/1.73 m2), and (E,F) Group 
3 (eGFR <30 mL/min/1.73 m2). (A,C,E) Correlation plots between RFR and FFR. (B,D,F) Receiver operating characteristic (ROC) 
curves of RFR values for an FFR cut-off value of 0.80. AUC, area under the curve; CI, confidence interval.
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FFR). Our results support the hypothesis that most cases 
of discordance resulting in renal dysfunction in Group 3 
had a positive RFR and negative FFR (75.0%).

Clinical Implications
CAD in patients with CKD has been associated with an 
increased risk of death. The effectiveness of PCI in patients 
with renal dysfunction is still not clear. Kuramitsu et al 
demonstrated the long-term safety of FFR-based deferral 
of revascularization in patients with chronic coronary syn-
drome. However, the 5-year follow-up of the J-CONFIRM 
Registry demonstrated that hemodialysis was strongly 
associated with 5-year target vessel failure.3,4 Furthermore, 
a previous report did not find any evidence that an initial 
invasive strategy, compared with an initial conservative 
strategy, reduced the risk of death or non-fatal MI among 
patients with stable coronary disease, advanced CKD, and 
moderate or severe ischemia.26 Moderate CKD was inde-
pendently associated with insufficient improvement in 

sion.19 Conversely, the non-hyperemic pressure ratio 
(NHPR), including RFR, is evaluated during resting con-
ditions.7,20 Previous studies reported that several predic-
tors, such as patient and lesion characteristics, were 
associated with differences in results between NHPR and 
FFR.10–12,21,22 These predictors can be attributed to factors 
affecting coronary flow reserve (CFR), such as the pres-
ence of microvascular dysfunction and differences in coro-
nary resting flow velocity. Compared with FFR, NHPR 
showed a stronger correlation and better agreement with 
CFR.23 Previous studies have shown that CFR is signifi-
cantly associated with CKD stage, declining in early 
CKD.24,25 In addition, it has been reported that renal dys-
function, such as the need for hemodialysis, is an indepen-
dent predictor of discordant results between RFR and 
FFR.11,12 This mechanism can be explained by a high coro-
nary flow velocity or low CFR with microvascular dys-
function. Due to the low CFR, there is a possibility of 
false-positive RFR results (positive RFR and negative 

Figure 3.  Rates of discordance 
between resting full-cycle ratio (RFR) 
and fractional flow reserve (FFR) 
according to (A) renal function after 
Bonferroni correction and (B) chronic 
kidney disease (CKD) stage. The CKD 
stages were as follows: G1, estimated 
glomerular filtration rate (eGFR) 
≥90 mL/min/1.73 m2; G2, 60 mL/min/ 
1.73 m2≤eGFR<89 mL/min/1.73 m2; 
G3a, 45 mL/min/1.73 m2≤eGFR<59 mL/ 
min/1.73 m2; G3b, 30 mL/min/1.73 m2 

≤eGFR<44 mL/min/1.73 m2; G4, 15 mL/ 
min/1.73 m2≤eGFR<29 mL/min/ 
1.73 m2; G5, eGFR <15 mL/min/1.73 m2.
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University Hospital (Reference no. 2019-057). Informed consent was 
obtained from all participants included in the study.

Data Availability
The deidentified participant data will not be shared.
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FFR after stent implantation.27 Furthermore, RFR may 
overestimate coronary ischemia with a low CFR, such as 
in renal dysfunction, compared with FFR. Therefore, the 
initial conservative strategy for patients with renal dys-
function based on RFR should be carefully considered.

In the present study, RFR had the lowest correlation 
with FFR in patients with renal dysfunction. The frequency 
of discordant results between RFR and FFR increased 
significantly as the CKD stage worsened. Therefore, the 
importance of intervention strategies in patients with CAD 
complicated by renal dysfunction should be considered, 
and clinical studies are warranted to compare outcomes 
after clinical decision making based on FFR and NHPR.

Study Limitations
This study has several limitations. First, this was a retro-
spective observational study and we only included con-
secutive patients within a certain period. Second, this was 
a single-center study with a small sample size. Therefore, 
this study may have been underpowered to demonstrate 
discordant results in patients with renal dysfunction. Fur-
ther large-scale studies are required to confirm the validity 
of our results. Third, we also included patients with factors 
that were deemed to affect physiological measurements, 
such as diabetes, impaired cardiac function, LM and LAD 
lesions, and the use of β-blockers. Although these patients 
were excluded from previous studies, we considered it 
important to directly compare RFR and FFR in these 
patients in a real-world setting. Fourth, we included patients 
undergoing hemodialysis. Patients undergoing hemodialy-
sis have an unstable physiological condition that is affected 
not only by renal dysfunction, but also by other factors, 
such as central venous pressure and high coronary velocity. 
However, the impact of these factors on FFR in patients 
undergoing hemodialysis is still not clear. We considered it 
important to directly compare RFR and FFR, including 
in patients undergoing hemodialysis, in a real-world set-
ting. Finally, because we did not evaluate the clinical out-
comes between RFR and FFR, we could not determine 
whether RFR or FFR is better for decision making regard-
ing coronary revascularization in cases with discordant 
results. Further large clinical outcome studies are war-
ranted to elucidate treatment strategies for lesions with 
discordant results between RFR and FFR.

Conclusions
The diagnostic performance of RFR differed depending on 
renal function. A better understanding of the clinical fac-
tors that contribute to FFR/RFR discordance, such as 
renal function, may make a considerable contribution to 
the use of these indices.
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