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ORIGINAL ARTICLE

Long-Term Changes in Invasive Physiological 
Pressure Indices of Stenosis Severity Following 
Transcatheter Aortic Valve Implantation
Muhammad Sabbah , MD; Francis R. Joshi, MD, PhD; Mikko Minkkinen, MD, PhD; Lene Holmvang, MD, PhD;  
Hans-Henrik Tilsted , MD, PhD; Frants Pedersen, MD, PhD; Kiril Ahtarovski, MD, PhD; Rikke Sørensen, MD, PhD;  
Niels Thue Olsen , MD, PhD; Lars Søndergaard, MD, PhD, DMSc; Ole De Backer , MD, PhD;  
Thomas Engstrøm, MD, PhD, DMSc; Jacob Lønborg, MD, PhD, DMSc

BACKGROUND: Patients with severe aortic stenosis frequently have coexisting coronary artery disease. Invasive hyperemic 
and nonhyperemic pressure indices are used to assess coronary artery disease severity but have not been evaluated in the 
context of severe aortic stenosis.

METHODS: We compared lesion reclassification rates of fractional flow reserve (FFR) and resting full-cycle ratio (RFR) 
measured before and 6 months after transcatheter aortic valve implantation using the conventional clinical cutoffs of ≤0.80 
for FFR and ≤0.89 for RFR. This was a substudy of the ongoing NOTION-3 trial (Third Nordic Aortic Valve Intervention). Two-
dimensional quantitative coronary analysis was used to assess changes in angiographic lesion severity.

RESULTS: Forty patients were included contributing 50 lesions in which FFR was measured. In 32 patients (36 lesions), RFR 
was also measured. There was no significant change in diameter stenosis from baseline to follow-up, 49.8% (42.9%–57.1%) 
versus 52.3% (43.2%–57.8%), P=0.50. RFR improved significantly from 0.88 (0.83%–0.93) at baseline to 0.92 (0.83–
0.95) at follow-up, P=0.003, whereas FFR remained unchanged, 0.84 (0.81–0.89) versus 0.86 (0.78–0.90), P=0.72. At 
baseline, 11 out of 50 (22%) lesions were FFR-positive, whereas 15 out of 50 (30%) were positive at follow-up, P=0.219. 
Corresponding numbers for RFR were 23 out of 36 (64%) at baseline and 12 out of 36 (33%) at follow-up, P=0.003.

CONCLUSIONS: In patients with severe aortic stenosis, physiological assessment of coronary lesions with FFR before 
transcatheter aortic valve implantation leads to lower reclassification rate at 6-month follow-up, compared with RFR.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: aortic valve stenosis ◼ coronary artery disease ◼ coronary stenosis ◼ hyperemia ◼ pressure

Aortic stenosis (AS) affects 2% to 7% of persons 
>65 years1 and is accompanied by coronary artery 
disease (CAD) in 40% to 75% of patients planned 

for transcatheter aortic valve implantation (TAVI).2 Man-
agement of coexisting CAD is a controversial topic 
currently being investigated in randomized trials, but 
concerns have also been raised about the validity of the 
methods used to evaluate CAD severity and subsequent 
decision-making in patients with severe AS.2 Unloading 
of the heart following valve replacement invariably leads 

to changes in myocardial oxygen demand and, therefore, 
coronary flow across a stenosis. The critical question 
is if this will cause reclassification of coronary lesions, 
and thus alter decision-making regarding revasculariza-
tion. The gold standard for invasive evaluation of CAD, 
fractional flow reserve (FFR),3 has not been validated 
in patients with severe AS, and nonhyperemic indices, 
such as instantaneous wave-free ratio (iFR) and resting 
full-cycle ratio (RFR), have only been validated against 
FFR.4,5 FFR is calculated as the ratio of mean distal 
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coronary pressure to mean aortic pressure (Pd/Pa) during 
adenosine-induced hyperemia. RFR expresses the low-
est instantaneous resting Pd/Pa in a heart cycle, whereas 
iFR restricts Pd/Pa measurement to the so called wave-
free period of the heart cycle in which opposing pressure 
and velocity waves are quiescent.6 Nonetheless, all non-
hyperemic indices predict myocardial ischemia equally 
well in patients without severe heart valve disease.7 Thus, 
in patients with CAD and no severe AS, both FFR and 
resting indices have a class I (level of evidence A) recom-
mendation for guiding revascularization.8

In this study, we compared FFR and RFR measured 
before and 6 months after TAVI in the same coronary 
stenosis and the rate of lesion reclassification according 
to the conventional cutoffs of ≤0.80 for FFR and ≤0.89 
for RFR. We evaluated the ability of pre-TAVI FFR and 
RFR to detect a true significant lesion using post-TAVI 
FFR as reference. We hypothesized that RFR would 
show a greater reclassification rate, as it is related to 
resting flow, which was expected to change significantly 
at follow-up due to unloading of the heart and long-term 
regression of left ventricular (LV) hypertrophy.9,10 We also 
hypothesized that FFR on average would be lower fol-
lowing TAVI as the drop in intraventricular pressures was 
expected to relieve intramyocardial compression of the 

microcirculation, ultimately reducing coronary backpres-
sure and, therefore, Pd.

METHODS
Study Design and Patient Population
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable request. 
Patients were included from the NOTION-3 trial (Third 
Nordic Aortic Valve Intervention; https://www.clinicaltrials.
gov; Unique identifier: NCT03058627), which investigates 
if FFR-guided revascularization of significant CAD is supe-
rior to medical management in addition to TAVI. This sub-
study is a single-center, prospective observational study, 
including patients with at least one coronary lesion with an 
FFR-measurement. Thus, patients with FFR-positive (≤0.80) 
lesions randomized to medical management in NOTION-3 as 
well as patients with FFR-negative (>0.80) lesions followed 
in the NOTION-3 registry could be included. In addition to 
FFR, it was encouraged that the operators also performed 
RFR measurement of the same lesion without changing the 
wire or guide catheter position. Patients were not included if 
they had other moderate or worse valvular disease, LV ejec-
tion fraction <45%, estimated glomerular filtration rate <30 
mL/min/1.73m2, or contrast allergy. All patients underwent 
a diagnostic coronary angiogram before TAVI. As the most 
rapid regression of LV hypertrophy occurs during the first 6 
months after TAVI,11–14 follow-up angiography was planned 
at that time point for reevaluation of FFR and RFR. To avoid 
confounding due to progression of coronary disease lesion 
anatomy (described below) was also reassessed at follow-up. 
To avoid interference with the NOTION-3 end point, no revas-
cularization was allowed or performed as a result of follow-
up angiography regardless of lesion severity and symptoms. 
AS severity was assessed with echocardiography before TAVI 
and was repeated within 3 months following TAVI as part of 
routine practice. The study was approved by the regional 
research ethics committee (Jr. nr. H-16039929, add. 62867), 
and all patients provided written informed consent.

Invasive Measurements
Coronary catherization was achieved via radial or femo-
ral access using a 6F or 5F guide catheter, chosen at the 
operator’s discretion. Intravenous heparin (100 IU/kg and 
supplemental heparin every 30 minutes to achieve ACT 250-
350s) and intracoronary nitroglycerin (0.2 mg) were given 
according to standard practice. A standard angiogram was 
made visualizing all vessels and any stenoses in at least two 
projections. Aortic pressure was zeroed at heart level. The 
guidewire (PressureWireX, Abbott, MN or Comet Pressure 
Guidewire, Boston Scientific, MA) was flushed with saline at 
least 2 minutes before use. Equalization of wire pressure with 
aortic pressure was done with the pressure sensor at the tip 
of the guide catheter after a saline flush and confirmation of 
an undamped pressure trace. Equalization was repeated in 
cases where measurements were done in different coronary 
arteries. The guidewire was advanced to the distal part of the 
artery, and the position was documented angiographically for 
reference at follow-up angiography. First, RFR was recorded. 

Nonstandard Abbreviations and Acronyms

CAD coronary artery disease
FFR fractional flow reserve
iFR instantaneous wave-free ratio
NOTION-3 Third Nordic Aortic Valve Intervention
RFR resting full-cycle ratio
TAVI transcatheter aortic valve implantation

WHAT IS KNOWN
• Fractional flow reserve and resting full-cycle ratio 

are not validated for evaluation of coronary stenosis 
severity in patients with severe aortic stenosis.

WHAT THE STUDY ADDS
• When measured before and 6 months after trans-

cutaneous aortic valve implantation, resting full-
cycle ratio crosses its cutoff value more frequently 
compared with fractional flow reserve.

• Fractional flow reserve is better than resting full-
cycle ratio at identifying physiologically signifi-
cant stenoses before transcatheter aortic valve 
implantation.

• Resting full-cycle ratio is better than fractional 
flow reserve at identifying physiologically nonsig-
nificant stenoses before transcatheter aortic valve 
implantation.
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Then, FFR was recorded as the lowest Pd/Pa during a 2-min-
ute intravenous adenosine infusion (140 μg/[kg·min]). Data 
from the guidewire were transmitted wirelessly to a console 
with dedicated software (QUANTIEN Measurement System, 
Abbott, MN or CoroFlow, Coroventis, Uppsala, Sweden).

Quantitative Coronary Analysis
Two-dimensional quantitative coronary analysis was done 
using Medis Suite XA version 3.2.60.6 (Medis Medical Imaging 
Systems, Leiden, the Netherlands). The contrast-filled guide 
catheter was used for distance calibration, with a maximum 
coefficient of variation of 5% allowed. Angiographic views with 
optimal stenosis delineation, contrast filling, and least degree 
of foreshortening were chosen. Comparable angiographic 
views were used for baseline and follow-up measurements. 
Measurements were done on frames in end-diastole to obtain 
minimum lumen diameter, proximal reference diameter, steno-
sis length, diameter stenosis, and area stenosis. All analyses 
were done by M.S., blinded to physiological data.

Statistical Analysis
Continuous variables are expressed as mean±SD or median 
and interquartile range. Normality of data was assessed with 
histograms of frequency distribution. Categorical variables are 
expressed as percentages. The linear correlations between 
pre- and post-TAVI values of FFR and RFR were assessed with 
Pearson correlation. Changes in median FFR and RFR follow-
ing TAVI were tested with Wilcoxon signed-rank test. McNemar 
test was used to test changes in proportions of positive lesions 
before and after TAVI. Bland-Altman plots were used to assess 
difference versus average of pre- and post-TAVI values of FFR 
and RFR. P<0.05 were considered significant. All statistical 
analyses were done using IBM SPSS Statistics for Windows, 
version 25 (IBM Corp, Armonk, NY). Figures were made in 
GraphPad Prism version 9.0 for Windows (GraphPad Software, 
La Jolla, CA).

RESULTS
Forty patients were included in this study. They had 
a mean age of 81 years; median LV ejection fraction 
was 60%, and mean aortic valve area was 0.71 cm2 
(Table 1). Following TAVI, mean and peak aortic valve 
gradient decreased to 9±6 mm Hg versus 47±13 
mm Hg and 17±8 mm Hg versus 73±21 mm Hg, 
respectively, P<0.001 for both. LV ejection fraction did 
not change after TAVI, 60% (50%–60%) versus 60% 
(50%–60%), P=0.85. Likewise, diameter stenosis 
and area stenosis did not change significantly follow-
ing TAVI (Table 2). Mean change in diameter stenosis 
was −0.6±7% with a range of −17% to +15% and 
for area stenosis mean change was −0.5±7% rang-
ing from −21% to 19%. However, both minimal lumen 
diameter and normal reference diameter were slightly 
lower at follow-up, although the relative change in 
relation to pre-TAVI values was marginal for both 
(Table 2).

FFR and RFR
FFR was measured in 50 lesions from 40 patients with 
FFR values ranging from 0.59 to 0.94 (Figure 1). In 36 
lesions from 32 of those patients, RFR was also mea-
sured, with RFR values ranging from 0.69 to 0.95 (Fig-
ure 1). FFR was measured in the LAD in 29 (58%) cases; 
in the left circumflex artery in 12 (24%); in the right coro-
nary artery in 6 (12%); and in the left main artery in 3 
(6%; Figure 2A). Physiological lesion characteristics at 
baseline and follow-up are summarized in Table 2. With 
both FFR and RFR there was a significant correlation 
between baseline and follow-up values (Figure 2A and 
2B), but with RFR, the correlation was weaker than with 
FFR. There was an increase in both median FFR and 
RFR from baseline to follow-up, but the change was 
only significant for RFR, 0.84 (0.81−0.89) versus 0.86 
(0.78−0.90), P=0.72 and 0.88 (0.83−0.93) versus 0.92 
(0.83−0.95), P=0.003, for FFR and RFR, respectively 
(Table 2). In one lesion (2%), FFR changed from ≤0.80 
(positive) to >0.80 (negative) and in 5 lesions (10%), 
from negative to positive (Figure 2C). For RFR, 12 (33%) 
lesions changed from ≤0.89 (positive) to >0.89 (nega-
tive) and 1 (3%) from negative to positive (Figure 2D). 
In Bland-Altman plots (Figure 2E and 2F) FFR showed 

Table 1. Pre-TAVI Baseline Characteristics

Variable All n=40

Male sex, n (%) 28 (70)

Age, y 81±5

Diabetes, n (%) 7 (18)

Hypercholesterolemia, n (%) 31 (78)

Hypertension, n (%) 32 (80)

Previous MI,* n (%) 1 (3)

Previous PCI, n (%) 5 (13)

NYHA III–IV, 22 (55)

CCS angina score 3–4, n (%) 1 (3)

eGFR, mL/min/1.73m2 61 (51–69)

Hemoglobin, mmol/L 8.4±2.3

LVEF,% 60 (50–60)

AVA, cm2 0.71±0.19

Mean gradient, mm Hg 47±13

Peak gradient, mm Hg 73±21

Implanted aortic valve  

 Portico 11 (27.5)

 Evolut 11 (27.5)

 Symetis Accurate 9 (22.5)

 Sapien 7 (17.5)

 Lotus 2 (5)

Data are presented as number (%), mean±SD, or median (interquartile range). 
AVA indicates aortic valve area; CCS, Canadian Cardiovascular Society; eGFR, esti-
mated glomerular filtration rate; LVEF, left ventricular ejection fraction; MI, myocardial 
infarction; NYHA, New York Heart Association functional classification; PCI, per-
cutaneous coronary intervention; and TAVI, transcatheter aortic valve implantation.

*Patients with previous MI, had their MI >12 mo before enrollment in this study.
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little bias, whereas RFR was biased towards higher val-
ues at follow-up across the range of measured values. At 
baseline, 11 out of 50 (22%) lesions were FFR-positive, 
whereas 15 out of 50 (30%) were positive at follow-
up, P=0.219. Corresponding numbers for RFR were 23 
out of 36 (64%) at baseline and 12 out of 36 (33%) 
at follow-up, P=0.003. The proportions of positive and 
negative lesions at follow-up according to lesion status 
at baseline are illustrated in Figure 3.

When using follow-up FFR as reference, pre-TAVI RFR 
misclassified lesions in 42% of cases with a positive pre-
dictive value of 35% (Table 3). On the other hand, there 
were no RFR-negative lesions at baseline that became 
FFR-positive at follow-up, corresponding to a negative 
predictive value of 100% (Table 3). In comparison, the 
positive and negative predictive value of pre-TAVI FFR 
was 91% and 87%, respectively, with post-TAVI FFR as 
reference.

DISCUSSION
This is the largest study to date to report long-term 
changes in FFR and a resting index before and after 
TAVI and the first to report changes across a broad spec-
trum of both negative and positive pre-TAVI FFR values. 
The main findings are (1) at 6-month follow-up, change 
in median RFR was significant, whereas the change in 
median FFR was not significant (2) the use of RFR led to 
a significantly higher rate of lesion reclassification com-
pared with FFR.

Previous studies that have compared changes in FFR 
with resting indices are limited by the fact that measure-
ments were done before and immediately after TAVI.15–17 
Consequently, they do not necessarily reflect a steady-
state pressure index after regression of LV hypertro-
phy.12,18 For example, Broyd et al14 demonstrated—using 
wave intensity analysis—that the amplitude of the 
backward decompression wave (the main driver of dia-
stolic coronary flow) is reduced immediately after valve 
replacement but grows substantially at 6-month follow-
up. Resting indices ought to be particularly prone to 
changes in cardiac workload and subtended mass fol-
lowing TAVI. Resting indices have a region of interest 
confined to a short (iFR) or instantaneous (RFR) part 
of the heart cycle in which flow, and therefore, trans-
stenotic pressure drop are naturally the highest. Now, 
because resting flow is likely to change more than hyper-
emic flow following valve replacement,9 resting indices 
will be impacted more by TAVI than FFR. Furthermore, 

Table 2. Anatomic and Physiological Lesion Characteristics

Variable Pre-TAVI Post-TAVI P value

Operator estimates

 Diameter stenosis,% 50 (50–70) 50 (50–70) 0.91

  <50%, n 10 (18) 9 (16) 0.91

  50%–70%, n 26 (47) 26 (47) 0.91

  70%–90%, n 17 (31) 15 (27) 0.91

  >90%, n 1 (2) 3 (6) 0.91

Quantitative coronary analysis

  Minimum lumen diam-
eter, mm

1.6±0.6 1.5±0.4 0.01

 Reference diameter, mm 3.1±0.9 3.0±0.8 0.01

 Stenosis length, mm 10.4 (7.2–15.1) 9.7 (7.6–12.6) 0.13

 Diameter stenosis,% 49.8 (42.9–57.1) 52.3 (43.2–57.8) 0.50

  <50%, n 27 (52) 23 (45) 0.50

  50%–70%, n 25(48) 24 (55) 0.50

  70%–90%, n 0 (0) 0 (0) 0.50

  >90%, n 0 (0) 0 (0) 0.50

 Area stenosis,% 74.8 (67.3–81.6) 77.3 (67.8–82.2) 0.57

Coronary physiology

 Pd, mm Hg 66±16 66±14 0.68

 Pa, mm Hg 79±14 79±14 0.73

 FFR, n=50 0.84 (0.81–0.89) 0.86 (0.78–0.90) 0.72

 RFR, n=36 0.88 (0.83–0.93) 0.92 (0.83–0.95) 0.003

Data are presented as mean (±SD) or median (interquartile range). Data on 
Pd, Pa, and measures of quantitative coronary analysis cover lesions in which frac-
tional flow reserve (FFR) was measured (n=50). Pa, indicates aortic pressure; 
Pd, distal coronary pressure; RFR, resting full-cycle ratio; and TAVI, transcatheter 
aortic valve implantation.

Figure 1. Distribution of pre–transcatheter aortic valve implantation (TAVI) fractional flow reserve (FFR) and resting full-cycle 
ratio (RFR) values. 
Bar-plots showing the frequency distribution and spread of FFR (A) and RFR (B) values before TAVI.
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because FFR uses mean whole-cycle pressures includ-
ing systole (where there is almost no difference between 
Pd and Pa), changes in the separation between mean Pd 
and Pa following TAVI should be diminished compared 
with resting indices which are designed to probe the 
period of the heart cycle with the greatest instantaneous 
separation between Pd and Pa. Concordantly we found 
that RFR values generally improved after TAVI. Only one 
previous study has reported long-term changes in FFR 
and a resting index (iFR).19 They found no significant 
changes in neither FFR nor iFR at follow-up but showed 
a trend towards higher iFR values at follow-up, and 
did in agreement with our results, report a significantly 
higher reclassification rate with iFR than with FFR.19 
Although follow-up time was 14 months, only 23 lesions 
in patients with pre-TAVI FFR ≥0.75 were examined, 
which may explain why they did not find a significant 
change in post-TAVI iFR. Moreover, our data covers a 
broader range of stenosis severities, particularly below 
the cutoff for intervention, and thus are less prone to the 
statistical issues of a narrow sampling range.

Our findings indicate that RFR overestimates physi-
ological stenosis severity in patients with severe AS 
leading to higher reclassification rates at follow-up post-
TAVI compared with FFR. Reclassification seemed to 
predominantly occur in lesions with RFR >0.80, whereas 
the same pattern did not apply with FFR. The simplest 
explanation for this finding is that as the left ventricle 
is unloaded and LV hypertrophy regresses, resting flow 
decreases secondary to a fall in myocardial oxygen 
demand.9,10 Naturally then, the trans-stenotic pressure 
drop—which was exaggerated by a high resting flow pre-
TAVI—will decrease to a greater extent post-TAVI than 
the hyperemic pressure drop which remained mostly 
unchanged. Thus, the change in RFR will be greater 
than the change in FFR. In support of this explanation, 
our data shows that a negative RFR before TAVI almost 
always remained RFR-negative 6 months after and was 
in zero cases associated with a positive FFR at follow-
up. This translates to an excellent negative predictive 
value of RFR making it suitable for deferring lesions 
for revascularization pre-TAVI. Although drawing such a 

Figure 2. Variation in fractional flow 
reserve (FFR) and resting full-cycle 
ratio (RFR) 6 mo after transcatheter 
aortic valve implantation (TAVI).
Linear correlation (Pearson) between pre- 
and post-TAVI FFR (A) and RFR (B). Data 
points are colored according to coronary 
vessel. Dashed lines indicate cutoff values 
for intervention (FFR≤0.80 and RFR≤0.89). 
Data points in upper left quadrant 
represent false-positive lesions and points 
in lower right quadrant represent false-
negative lesions. Individual variations in FFR 
(C) and RFR (D) around cutoff values for 
intervention. Bland-Altman plots showing 
the difference in pre-TAVI and post-TAVI FFR 
vs the average of pre-TAVI and post-TAVI 
FFR (E) and likewise for RFR (F). Bias 
(mean change) with FFR was 0.002±0.054 
and 0.035±0.068 with RFR (indicated for 
both by the dashed centerline). Horizontal 
dashed lines indicate ±1.96 SD. LAD 
indicates left anterior descending artery; 
LCx, left circumflex artery; LM, left main 
artery; and RCA, right coronary artery.
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conclusion definitively may require a larger sample size, 
the underlying reasoning is robust, as there are no obvi-
ous physiological mechanisms that could cause an RFR-
negative lesion in a patient with severe AS to become 
FFR-positive after valve replacement. Conversely, we 
found that FFR mainly misclassified lesions that were 
negative at baseline. This supports our hypothesis that 
unloading of the LV leads to a lower back pressure in the 
coronary artery, which translates to a higher net driving 
pressure, greater hyperemic flow, trans-stenotic pressure 
drop, and thus a lower FFR.

Therefore, when acting based on a positive RFR one 
may risk treating a lesion that would have turned out to be 
nonischemic after valve replacement, whereas refraining 
from revascularization based on a negative FFR involves 
a risk of missing a lesion that could ultimately become 
physiologically significant. It is uncertain which of these 
scenarios confer the most favorable clinical outcome. 
However, registry data have indicated that use of FFR in 
guiding revascularization strategy in patients with severe 
AS results in better outcomes than angiography alone.20 
At any rate, the prospect of missing a significant lesion 
near the cutoff with FFR seems more appealing—in this 
typically frail patient population—than being guided by 

RFR to erroneously treat a lesion that becomes non-
significant after TAVI. Ongoing randomized trials such 
as the NOTION-3 and FAITAVI (Functional Assessment 
in TAVI; https://www.clinicaltrials.gov; Unique identifier: 
NCT03360591) trials are expected to provide more 
knowledge on the clinical outcomes of an FFR-guided 
revascularization strategy in patients with severe AS. It 

Figure 3. Proportions of positive and negative lesions post–transcatheter aortic valve implantation (TAVI) according to lesion 
status pre-TAVI.
Pie charts illustrating the proportion of positive and negative lesions at 6 mo follow-up post-TAVI according to lesion status pre-TAVI. Data 
shown for fractional flow reserve (FFR; top charts) and resting full-cycle ratio (RFR; bottom charts).

Table 3. Comparison of Pre-TAVI RFR and FFR With Post-
TAVI FFR as Reference

 Post-TAVI FFR

 Positive Negative Total

Pre-TAVI RFR Positive 8 15 23

Negative 0 13 13

Total 8 28 36

Pre-TAVI FFR Positive 10 1 11

Negative 5 34 39

Total 15 35 50

Data are shown in a 2×2 tables comparing number of  pre-transcatheter aor-
tic valve implantation (TAVI) resting full-cycle ratio (RFR) positive and negative 
lesions with the corresponding post-TAVI fractional flow reserve (FFR) values 
(top). Similarly, numbers of pre-TAVI FFR positive and negative lesions are com-
pared with post-TAVI FFR values (bottom). In both tables, post-TAVI FFR is used 
as the reference. See text for further details.
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should be noted that many factors such as symptom-
burden, frailty, anatomic lesion complexity, likelihood of 
a good PCI result, etc, all affect the revascularization 
strategy. Nevertheless, the difference in RFR/FFR may 
also have a bearing on the decision to revascularize. In 
summary, we suggest that in patients with severe AS and 
coronary artery disease, RFR is measured first, and if 
negative, revascularization can be avoided without mea-
suring FFR. If, however, RFR is positive, FFR should be 
measured to guide revascularization. In other words, FFR 
should be used to identify which patients to revascular-
ize, whereas RFR should be used to identify who not to 
revascularize.

Limitations
In some patients, persistent diastolic dysfunction and 
thus elevated LV end-diastolic pressure following TAVI 
may maintain a higher coronary backpressure and thus 
a falsely high FFR. LV end-diastolic pressure was not 
measured in this study. Calculation of pressure indi-
ces in the clinical setting is based on the (simplified) 
ratio of coronary to aortic pressure without accounting 
for coronary venous pressure or coronary zero-flow 
pressure, both of which may be significantly higher in 
patients with severe AS than in patients without AS. 
Moreover, biological variation—both before and after 
TAVI—during repeated measurements in lesions near 
the cutoff may result in reclassification. However, this 
would likely apply to both indices. Although most ven-
tricular remodeling occurs in the first 6 months fol-
lowing TAVI, longer follow-up, for example, 12 months, 
may have led to even larger changes and thus reclas-
sification rates for both FFR and RFR. As TAVI valves 
are clearly visible during angiography, it was not pos-
sible to blind the operator to whether an angiography 
was for baseline or follow-up measurements. This 
might have influenced the visual assessment of angio-
graphic stenosis severity and, to a lesser extent, quan-
titative coronary analysis-assessed stenosis severity.

Conclusions
In patients with severe AS, physiological assessment of cor-
onary lesions with FFR before TAVI results in few reclassi-
fications at 6-month follow-up (1 in 8), whereas RFR leads 
to reclassification in more than a third of patients.
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