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ABSTRACT

Introduction and objectives: Functional assessment of coronary stenosis severity with the piezo-electric sensor pressure wire has 
shown a discrepancy of up to 20% between hyperemic and nonhyperemic indexes. No data are available with fiber-optic pressure 
wires. The aim of this study was to evaluate the incidence and factors related to the diagnostic discordance between these indexes 
with a fiber-optic pressure wire. Secondary aims were to assess diagnostic reproducibility in 2 consecutive measurements of 
fractional flow reserve (FFR) and diastolic pressure ratio (dPR) and evaluate the drift rate.
Methods: We conducted a prospective, observational multicenter study in patients undergoing functional assessment with a fiber-
optic pressure wire. We took 2 consecutive measurements of the dPR (cutoff point 0.89) and FFR (cut-off point 0.80) in each lesion 
analyzed. The diagnostic correlation between 2 measurements with the same technique and between the 2 techniques (dPR and 
FFR) was assessed. Clinical and angiographic factors associated with discordance (FFR−/dPR+ and FFR+/dPR−) between the 2 
techniques were analyzed.
Results: We included 428 cases of stenosis (361 patients). Diagnostic reproducibility was 95.8% for the dPR, with a correlation 
coefficient between the 2 measurements (dPR1 and dPR2) of 0.974 (P < .0001). For FFR, the diagnostic reproducibility was 94.9% 
with a correlation coefficient (FFR1 and FFR2) of 0.942 (P <  .0001). The diagnostic discordance was 18.2% (FFR+/dPR− 8.2% 
and FFR−/dPR+ 10%). Among the variables analyzed, the factors significantly associated with FFR−/dPR+ discordance in the 
multivariate analysis were hypertension and intracoronary adenosine. The only factors significantly associated with FFR+/dPR− 
discordance were age < 75 years and stenosis > 60%. The drift rate was 5.7%.
Conclusions: Although FFR and dPR measurements with a fiber-optic pressure wire have excellent reproducibility and a low drift 
rate, the discordance rate remains similar to those in previous studies with a piezo-electric pressure wire. FFR−/dPR+ discordance 
is associated with intracoronary adenosine and hypertension. FFR+/dPR− discordance is related to age < 75 years old and stenosis 
> 60%.
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INTRODUCTION

Fractional flow reserve (FFR) measurement is an invasive proce-
dure performed during coronary angiography to determine the 
functional significance of coronary stenoses. 

In recent years, the instantaneous wave-free ratio (iFR) resting 
index has been developed to assess the functional significance of 
coronary stenoses without the need for adenosine administration. 
The optimal iFR cutoff value—equivalent to 0.80 in FFR—was 
initially established at 0.89.1 In 2017, 2 clinical studies comparing 
FFR with iFR found no significant differences in clinical outcomes 
at follow-up.2-3 After the publication of these 2 studies, the Euro-
pean Society of Cardiology guidelines on myocardial revasculariza-
tion4 assigned resting indices the same grade of recommendation 
as FFR for the functional assessment of coronary lesions. 

Despite the validation of these 2 techniques in clinical trials and 
their inclusion in clinical practice guidelines, up to 20% discordance 
has been reported between iFR+/FFR− or iFR−/FFR+5 Several 
clinical factors, such as diabetes,6 and anatomical factors, such as 
lesion location in the left main or proximal left anterior descending 
coronary arteries, have been identified in association with this 
discordance.7

Previous studies comparing FFR with iFR using a piezoelectric 
pressure sensor wire (PPSW) calculated the mean distal-to-aortic 
pressure ratio beginning 25% into diastole and ending 5 ms before 
end diastole.1

Recently, a new resting index—the diastolic pressure ratio (dPR)—
has been developed to calculate the mean distal-to-aortic pressure 
ratio over the entire diastolic phase (from the lowest point of the 
dicrotic notch up to 50 ms before the onset of the upstroke of the 
next beat)8 using a fiber-optic sensor wire (FOSW). 

A study that compared the values of different resting indices (iFR, 
dPR, dPR25-75, dPRmid, iFRmatlab, iFR50ms, and iFR100ms) 
revealed that all were numerically identical,8 meaning that the results 
obtained with the iFR can be extrapolated to other resting indices. 

To date, no study has compared the agreement between dPR and 
FFR measured using a FOSW. One advantage of the FOSW over 
the PPSW is the lower loss of mean pressure matching in the wire 
compared with the measurement obtained in the guide catheter 
(drift).9 Although various iFR studies state that drifts < ± 0.02 are 
considered acceptable, the drifts reported with the FOSW were 
even lower at < ± 0.01.10

The diagnostic reproducibility of PPSW decreases significantly 
when close to the threshold value of 0.80 and is approximately 80% 
when measurements are < 0.77 or > 0.83, and around 90% with 
values < 0.76 or > 0.84.11 Since the FOSW is less sensitive to 
changes in humidity and temperature, greater reproducibility of 
results can be expected when the measurement is repeated. 

Considering that most discordant measurements have been associ-
ated with cutoff values, the better reproducibility of measurements 
and practically nonexistent drift of the FOSW can more accurately 
determine FFR and dPR measurements and reduce discrepancies. 

Abbreviations

dPR: diastolic pressure ratio. FFR: fractional flow reserve. FOSW: fiber-optic sensor wire. iFR: instantaneous wave-free ratio: PPSW: 
piezoelectric pressure sensor wire.

Discordancia entre la reserva fraccional de flujo y el índice no hiperémico 
con guía de presión de sensor óptico. READI EPIC-14

RESUMEN

Introducción y objetivos: La valoración funcional de las estenosis coronarias con guías de presión de sensor piezoeléctrico ha 
mostrado hasta un 20% de discordancia entre los índices hiperémico y no hiperémico. No hay datos disponibles con guía de presión 
de sensor óptico. El objetivo del estudio es evaluar la incidencia y los factores relacionados con la discordancia diagnóstica entre 
estos índices con guía de presión de sensor óptico. Como objetivos secundarios se evaluó la reproducibilidad diagnóstica en dos 
determinaciones consecutivas de la reserva fraccional de flujo (RFF) y la diastolic pressure ratio (dPR). También se evaluó la tasa 
de drift.
Métodos: Estudio observacional, prospectivo, multicéntrico, en pacientes a quienes se realiza una valoración funcional con guía 
de presión de sensor óptico. Se hicieron dos mediciones consecutivas de dPR (umbral 0,89) y RFF (umbral 0,80) en cada lesión 
analizada. Se valoró la correlación diagnóstica entre dos mediciones con la misma técnica y entre ambas técnicas (dPR y RFF). Se 
analizaron factores clínicos y angiográficos asociados a la discordancia (RFF−/dPR+ y RFF+/dPR−) entre ambas técnicas.
Resultados: Se incluyeron 428 estenosis (361 pacientes). La reproducibilidad diagnóstica fue del 95,8% para dPR, con un coeficiente 
de correlación entre ambas mediciones (dPR1 y dPR2) de 0,974 (p < 0,0001). Para RFF la reproducibilidad diagnóstica fue del 
94,9%, con un coeficiente de correlación (RFF1 y RFF2) de 0,942 (p < 0,0001). La discordancia diagnóstica fue del 18,2% (RFF+/
dPR− 8,2% y RFF−/dPR+ 10%). Entre las variables analizadas, en el análisis multivariado, la hipertensión arterial y la adminis-
tración intracoronaria de adenosina se asociaron de manera significativa con la discordancia RFF−/dPR+. Solo la edad < 75 años 
y la estenosis > 60% se asociaron de manera significativa con la discordancia RFF+/dPR−. La tasa de drift fue del 5,7%.
Conclusiones: Aunque las mediciones de RFF y dPR con guía de presión de sensor óptico tienen una excelente reproducibilidad 
y una baja incidencia de drift, la tasa de discordancia permanece similar a la de estudios previos con guía de presión de sensor 
piezoeléctrico. La adenosina intracoronaria y la hipertensión arterial se asocian con la discordancia RFF−/dPR+. La edad < 75 
años y la estenosis > 60% se asocian a discordancia RFF+/dPR−.

Palabras clave: Fisiología coronaria. Reserva fraccional de flujo. Índice no hiperémico. Discordancia. Drift.
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METHODS 

Study design

In this prospective, observational, and multicenter registry of 
consecutive coronary stenoses, we conducted a study with FOSW 
based on our routine clinical practice.

We included consecutive patients with clinical signs and coronary 
angiography findings suggesting the need for a functional study 
with a pressure wire. We excluded patients with cardiogenic shock, 
heart failure, severe anemia (hemoglobin < 10 mg/dL), heart rate 
< 50 or > 100 bpm, baseline systolic blood pressure < 90 mmHg 
or > 160 mmHg, severe coronary artery lesions in distal segments, 
and contraindications for the administration of adenosine.

Objective

The aim of this study was to evaluate the incidence and factors 
related to diagnostic discrepancies between these indices using the 
FOSW. Secondary aims consisted of assessing the diagnostic repro-
ducibility of FOSW in 2 consecutive measurements of FFR and dPR 
and evaluating the drift rate.

Procedure

The study was approved by the Drugs Research Ethics Committee 
of the Basque Country (internal code PS 2019039). All patients 
received information on the study and were asked to sign a written 
informed consent form prior to their participation in the study.

We performed coronary angiography using standard methods, with 
visual estimation of severity after intracoronary nitroglycerin 
administration. We included lesions with up to 50% to 75% percent 
diameter stenosis and collected data on the reference luminal diam-
eter, minimum luminal diameter, lesion length, calcification, and 
vessel tortuosity for each studied lesion.

We performed 2 consecutive measurements of dPR (threshold, 0.89) 
and FFR (threshold, 0.80) for each studied lesion and analyzed the 
clinical and angiographic factors to determine their correlation with 
discordance (FFR−/dPR+ and FFR+/dPR−). We took dPR1 and 
FFR1 as reference values for discrepancy analysis.

We conducted the FOSW functional study with 5-, 6-, or 7-Fr guide 
catheters without side holes, using an OptoWire (Opsens Medical, 
Canada). After advancing the wire toward the tip of the guide 
catheter, we removed the introducer sheath and flushed the system 
with saline solution to prevent damping of the pressure wire 
resulting in equal pressure of the wire and the guide catheter at 
the tip of the catheter. After advancing the pressure wire distally, 
we administered 200 μg of intracoronary nitroglycerin before taking 
any measurements. We took the 2 dPR measurements after waiting 
the necessary time to obtain confirmation of a stable baseline 
distal-to-aortic coronary pressure ratio (Pd/Pa).

Subsequently, we took 2 different FFR measurements. Hyperemia 
was induced according to standard practice in each center (through 
intracoronary or IV adenosine infusion). If intracoronary adenosine 
was infused, for the second measurement, we waited until the 
baseline heart rate, blood pressure, and Pd/Pa were regained and 
then infused the same dose of adenosine. If IV adenosine was 
infused, the infusion was stopped until baseline heart rate, blood 
pressure, and Pd/Pa were regained, and then we infused adenosine 
at the same rate.

We evaluated the presence of drift upon removal of the pressure 
wire from the guide catheter. Drift was defined as a difference in 
Pd/Pa of at least ± 0.02 upon removal of the pressure wire from 
the guide catheter. In the presence of significant drift, measure-
ments were repeated.

Cutoff values

The cutoff value was ≤ 0.80 for FFR and ≤ 0.89 for dPR.10 We 
categorized all studied vessels based on dPR and FFR values into 
4 groups: concordant positive group (FFR ≤ 0.80 and dPR ≤ 0.89), 
concordant negative group (FFR > 0.80 and dPR > 0.89), discor-
dant FFR+/dPR− group (FFR ≤ 0.80 and dPR > 0.89), and discor-
dant FFR−/dPR+ group (FFR > 0.80 and dPR ≤ 0.89).

Statistical analysis

Continuous variables are expressed as mean and standard devia-
tion, while categorical variables are expressed as percentages. We 
measured the association between continuous variables using 
Pearson’s correlation coefficient. To determine differences in vari-
ables in the FFR/dPR concordance groups we used ANOVA (for 
continuous variables) and the chi-square test (for categorical vari-
ables). We used the chi-square test to assess how each variable 
impacted FFR−/dPR+ and FFR+/dPR− discrepancies, and a 
multiple logistic regression model with backward elimination to 
determine the factors impacting FFR−/dPR+ and FFR+/dPR− 
discrepancies. On univariate analysis, we included variables with 
P < .1 in the logistic regression analysis and excluded those with 
a total n < 10. The analysis was conducted using SPSS software 
(version 20.1) and R (version 4.0.4).

RESULTS

We included a total of 428 stenoses in 361 patients. Table 1 and 
table 2 show the patients’ baseline characteristics, clinical presen-
tation, and procedural characteristics. 

Sixty-seven percent of the patients received intracoronary adenosine; 
the mean doses of intracoronary adenosine administered were 324 
μg (standard deviation [SD] ± 152) via the right coronary artery and 
442 μg (SD ± 234) via the left coronary artery. 

The medians of dPR measurements were 0.90 and 0.90 (SD ± 0.08) 
for the first and second measurements, with positivity rates of 
27.4% and 27.9%, respectively. For FFR, the medians were 0.83 
and 0.83 (SD ± 0.08) for the first and second measurements, with 
positivity rates of 28.1% and 30%, respectively. 

The most widely studied vessel was the left anterior descending 
coronary artery (63%), followed by the left circumflex (20%) and 
right coronary arteries (16%).

The left anterior descending coronary artery showed a higher posi-
tivity rate (dPR+, 35.3%; FFR, 34%) than the left circumflex (dPR, 
11.9%; FFR, 20.5%) and right coronary arteries (dPR, 15.9%; FFR, 
17.4%). 

Diagnostic reproducibility was 95.8% for dPR, with a correlation 
coefficient between the 2 measurements (dPR1 and dPR2) of 0.974 
(P < .0001) and a mean difference of 0.019 (max, 0.12; min, −0.17). 
For dPR values < 0.86 or > 0.92, diagnostic reproducibility was 
99.6%, decreasing to 90.7% when values were ≥ 0.86 or ≤ 0.92. For 
FFR, diagnostic reproducibility was 94.9%, with a correlation coef-
ficient (FFR1 and FFR2) of 0.942 (P < .0001) and a mean difference 
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of 0.029 (max, 0.14; min, −0.18) (figure 1). Values < 0.77 or > 
0.83 showed a diagnostic reproducibility of 98.6%, decreasing to 
86.4% when these values were ≥ 0.77 or ≤ 0.83. 

The diagnostic concordance (figure 2) between FFR and dPR was 
82%, with a correlation coefficient of 0.721 (P <  .0001), while 
diagnostic discordance was 18.2% (FFR+/dPR–, 8.2% and FFR–/
dPR+, 10.0%). In the FFR+/dPR– discordant group, FFR was 0.76 
± 0.04 and dPR, 0.93 ± 0.03. In the FFR–/dPR+ discordant group, 
FFR was 0.84 ± 0.03 and dPR, 0.86 ± 0.03. 

Out of the 75 discordant results reported, the measurements at the 
cutoff value (7 stenoses with FFR 0.80 and 18 stenoses with dPR 
0.89) showed a discordance rate of 72%, which decreased as it 
moved away from the cutoff value (figure 3). 

Table 1 of the supplementary data illustrates the association 
between clinical and anatomical characteristics and the extent of 
agreement between FFR and dPR. 

Out of all the variables analyzed in the multivariate analysis, hyper-
tension (odds ratio [OR], 3.48, 95% confidence interval [95%CI], 
1.01-11.98; P = .043) and intracoronary adenosine (OR, 7.04; 95%CI, 
1.63-30.3; P = .001) were significantly associated with FFR–/dPR+ 
discordance. Age younger than 75 years (OR, 4.52; 95%CI, 1.03-20; 
P = .016) and percent diameter stenosis > 60% (OR, 6.69; 95%CI, 
2.79-16; P <  .001) were significantly associated with FFR+/dPR– 
discordance (table 3). 

The drift rate was 5.7%. 

DISCUSSION 

We present the results of the first study conducted with a FOSW 
capable of measuring the diagnostic variability of 2 consecutive 
determinations of nonhyperemic and hyperemic indices, as well as 
the diagnostic discordance between the 2 techniques. 

Previous discordance studies between the 2 indices with PPSW 
revealed discordance rates ranging from 12% to 22%,12,13 largely 
depending on the proximity of the values to the cutoff point. In a 
study by Lee et al.,12 the mean iFR and FFR values were 0.95 ± 
0.10 and 0.87 ± 0.11, respectively, with a discordance rate of 12%, 
while in a study by Warisawa et al.,13 the mean iFR and FFR values 
were 0.89 ± 0.05 and 0.80 ± 0.03, respectively, with a discordance 
rate of 22%. In our study, the discordance rate was 18.2%, with a 
mean dPR of 0.90 (SD ± 0.08) and a mean FFR of 0.83 (SD ± 0.08), 
which is a slightly lower discordance rate than that reported by 
previous studies on PPSW and mean iFR and FFR values close to 
the cutoff point, which may be indicative of the accuracy of 
measurements obtained with FOSW.

The main findings of this study were the excellent diagnostic repro-
ducibility of the FOSW, the clinical and anatomical variables 
related to FFR/dPR discordance, and the low drift rate reported in 
the measurements.

Diagnostic reproducibility with the fiber-optic sensor wire

Diagnostic reproducibility with the FOSW was excellent, with a 
variation between 2 consecutive measurements < 0.02 for dPR and 
< 0.03 for FFR. This accuracy in measurement confers excellent 
diagnostic reproducibility. These data are better than those previ-
ously reported with PPSW.11 

Clinical and anatomical variables associated with FFR/dPR 
discordance 

For FFR+/dPR− discordance, in the multivariate analysis, only age 
younger than 75 years and percent diameter stenosis > 60% were 
significantly associated with FFR+/dPR− discordance. This discor-
dance in participants younger than 75 years could be explained by 
a slower baseline flow and a greater coronary flow reserve in younger 
patients with preserved microvascular function.14,15 Although discor-
dance due to a higher percent diameter stenosis has already been 
described in previous studies,15,16 such discordance requires a 
preserved coronary flow reserve.6 When arterial flow velocity 

Table 1. Patients’ baseline characteristics

N = 361

Age (years) 65.80 ± 10.5

Male sex 76.9

Hypertension 63.3

Diabetes mellitus 31

Hypercholesterolemia 60.4

Active/former smoker 19.7/40.5

Previous acute coronary syndrome 30.5

Atrial fibrillation 14.7

Heart failure/dysfunction 15.4

Peripheral artery disease 10

Valvular heart disease, previous bypass, stroke < 6

Data are expressed as No. (%) mean ± standard deviation.

Table 2. Clinical presentation and procedural characteristics

N = 361

Clinical presentation N = 361

Chest pain 45.8

Acute coronary syndrome 23.1

Unstable angina 7.1

Left ventricular dysfunction 9.9

Others 14.2

Procedural characteristics

Baseline systolic blood pressure (mmHg) 132 ± 24

Systolic blood pressure during hyperemia (mmHg) 125 ± 25

Baseline heart rate (bpm) 70 ± 12

Heart rate during hyperemia (bpm) 69 ± 15

Reference luminal diameter (mm) 3.09 ± 0.53

Stenosis (%) 54 ± 8

Lesion length (mm) 17.9 ± 12.2

IV/intracoronary adenosine 33/67

Catheter size (5-Fr/6-Fr) 17.5/81

Drift ≥ ± 0.02 5.7

dPR 0.90 ± 0.08

FFR 0.83 ± 0.08

dPR, diastolic pressure ratio; FFR, fractional flow reserve.
Data are expressed as No. (%) mean ± standard deviation.
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significantly increases during hyperemia, the pressure gradient does 
so too, decreasing distal coronary pressure during hyperemia substan-
tially compared with baseline values, resulting in a low FFR value.

For FFR−/dPR+ discordance, in the multivariate analysis, the asso-
ciated variables were hypertension and the administration of intra-
coronary adenosine. Although hypertension has not been associated 
with FFR−/dPR+ discordance in previous studies, it is known that 
patients with hypertension and left ventricular hypertrophy have a 
reduced coronary flow reserve17 and a possible lack of vasodilatory 
response to adenosine due to an increased left ventricular end-dia-
stolic pressure. These 2 factors could play a key role in the associa-
tion between hypertension and FFR−/dPR+ discordance. 

Although IV adenosine is the most widely studied route of admin-
istration to achieve maximum hyperemia, intracoronary adenosine 

at doses > 300 μg may be equally or more effective in achieving 
maximum hyperemia18 and with fewer adverse events.19 In our 
study, the FFR−/dPR+ discordance reported when intracoronary 
adenosine was used could be a result of a failure to achieve 
adequate hyperemia. 

These variables related to discordance demonstrate that dPR and 
FFR measure different aspects of coronary circulation, which may 
be affected differently in distinct patients or myocardial territories, 
leading to discordant FFR values and nonhyperemic indices.20

Drift in the fiber-optic pressure wire

The incidence of drift in clinical studies of pressure wires is not 
well known, and the drift considered acceptable has varied over 

Figure 1. Correlation coefficient and histogram of the differences between the 2 dPR and FFR measurements. dPR, diastolic pressure ratio; FFR, fractional 
flow reserve; SD, standard deviation.
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the years. Previously, FFR measurement was repeated when drift 
was > 5 mmHg,21 while in more recent studies, drift > 3 mmHg 
has been considered significant. When FFR is between 0.77 and 
0.82, drift ≤ 3 mmHg can reclassify 18.7% of stenoses,22 and this 
reclassification may be higher when a nonhyperemic diastolic or 
whole-cycle index is used.23 In the CONTRAST trial analysis of 
the PPSW, the drift rate (Pd/Pa ± 0.03) was 17.5%,24 while a more 
recent study comparing drift between FOSW and PPSW revealed 
a significantly lower rate with the FOSW (4.8% vs 26.7%;  
P = .02).9 In our study, the drift rate was 5.7%, which is consistent 
with other studies on FOSW, and much lower than that reported 
with PPSW, facilitating the use of pressure wire in routine clinical 
practice.

Limitations 

Our study has several limitations. Both the severity and length of 
coronary lesions were quantified by the operator’s visual estimation 
at the time of the procedure, and since this was a study without a 
core laboratory, we cannot rule out the possibility that some of the 
discrepancies found were due to technical problems in determining 
the indices. Since the study was based on our routine clinical 
practice, most patients received intracoronary adenosine, and the 
protocol did not specify the intracoronary infusion comprehen-
sively, which may have resulted in the lower hyperemia reported 
in some patients. 

Target lesion revascularization was based on dPR or FFR values 
according to the operators’ decision. Patient selection for pres-
sure guidance evaluation was also left to the treating physician’s 
discretion, which may have resulted in biases. However, our 
intention was to study dPR and FFR indices under real-world 
conditions.

CONCLUSIONS 

Although FFR and dPR measurements with FOSW have excellent 
reproducibility and a low incidence of drift, the discordance rate 
remains similar to that reported by previous studies with PPSW, 
and largely depends on the proximity of values to the cutoff point. 
Intracoronary adenosine and hypertension, which imply a lack of 
hyperemia or increased microvascular resistance, are associated 
with FFR−/dPR+ discordance. Age younger than 75 years and the 
severity of stenosis, which may be associated with a preserved 
coronary flow reserve, are related to FFR+/dPR− discordance.
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Figure 2. Distribution of lesions according to FFR and dPR, with the rate of 
concordant and discordant measurements. dPR, diastolic pressure ratio; FFR, 
fractional flow reserve.
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Figure 3. Probability of diagnostic discordance between FFR and dPR. The 
probability of discordance is close to 50% around the FFR cutoff point of 0.80 
and decreases as it moves away from this point. Empirical model (bar chart) 
and model proposed by Petraco et al.11 (in grey). dPR, diastolic pressure ratio; 
FFR, fractional flow reserve.
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found in the online version available at https://doi.org/10.24875/ 
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