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BACKGROUND: Nonhyperemic pressure ratios (NHPRs) such as instantaneous wave-free ratio, resting full-cycle ratio, or dias-
tolic pressure ratio have emerged as invasive physiologic indices precluding the need for hyperemic agents. The current study
sought to evaluate the long-term prognostic implications of NHPRs compared with fractional flow reserve (FFR).

METHODS AND RESULTS: NHPRs were calculated from resting pressure tracings by an independent core laboratory in 1024
vessels (435 patients). The association between NHPRs and the risk of 5-year vessel-oriented composite outcomes (VOCO,
a composite of cardiac death, vessel-related myocardial infarction, and ischemia-driven revascularization) were analyzed
among 864 deferred vessels. Lesions with positive NHPRs (instantaneous wave free ratio, resting full-cycle ratio, and diastolic
pressure ratio <0.89) or FFR (<0.80) showed significantly higher risk of VOCO at 5 years than those with negative NHPRs
or FFR, respectively. Discriminant ability for 5-year VOCO was not different among NHPRs and FFR (C-index: 0.623-0.641,
P for comparison=0.215). In comparison of VOCO among the groups with deferred concordant negative (NHPRs—/FFR-),
deferred discordant (NHPRs+/FFR— or NHPRs—/FFR+), and revascularized vessels, the cumulative incidence of VOCO were
7.5%, 14.4%, and 14.8% (log-rank P<0.001), respectively. The deferred discordant group showed similar risk of VOCO with the
revascularized vessel group (hazard ratio, 0.981; 95% CI 0.434-2.217, P=0.964).

CONCLUSIONS: Currently available invasive pressure-derived indices showed similar prognostic implications for vessel-related
events at 5 years. Deferred lesions with discordant results between NHPRs and FFR did not show higher risk of vessel-related
events at 5 years than revascularized vessels.
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CLINICAL PERSPECTIVE
What Is New?

Prognostic implications of nonhyperemic pres-
sure ratios (NHPRs) and fractional flow reserve
(FFR) were similar according to binary cut-off
values (<0.89 and <0.80, respectively) or as
continuous values.

e Positive NHPRs or FFR showed consistently
higher risk of 5-year vessel-oriented com-
posite outcome than negative NHPRs or FFR
across various subgroups of patient or lesion
characteristics.

e Deferred lesions with discordant results be-
tween NHPRs and FFR showed higher risk of
5-year vessel-oriented composite outcome
than those with concordant negative results;
however, it did not show excess higher risk of
5-year vessel-oriented composite outcome
than revascularized lesions.

What Are the Clinical Implications?

e Any pressure-derived physiologic index, re-
gardless of being nonhyperemic or hyperemic,
can be used in the cardiac catheterization labo-
ratory under the same clinical indications.

e Although treatment decision making to re-
vascularize or defer can be made based on 1
physiologic index, simultaneous measurement
of both NHPRs and FFR would provide better
risk stratification of patients when revasculariza-
tion is deferred.

Nonstandard Abbreviations and Acronyms

%DS percent diameter stenosis

dPR diastolic pressure ratio

FFR fractional flow reserve

iFR instantaneous wave free ratio

NHPRs non-hyperemic pressure
ratios

Pa proximal aortic pressure

Pd distal arterial pressure

PET positron-emission tomography

RFR resting full-cycle ratio

VOoCO vessel-oriented composite outcome

guide treatment decision making in the cardiac cath-
eterization laboratory, pressure-derived physiologic
indices have been important diagnostic and prog-
nostic tools. Based on numerous clinical publications,

In the assessment of coronary artery stenosis to
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fractional flow reserve (FFR)-guided treatment is now
regarded as a reference invasive physiologic index.!
A physiologic index which does not require hyperemia,
instantaneous wave-free ratio (iFR), has been intro-
duced and subsequent clinical trials have shown that
an iFR-guided strategy was noninferior to a FFR-guided
strategy for 1-year clinical outcomes.*® Further studies
evaluated various definitions of pressure-derived indi-
ces,®” such as resting full-cycle ratio (RFR) or diastolic
pressure ratio (dPR), and presented identical diagnos-
tic ability among iFR, RFR, and dPR. A later study also
presented that these nonhyperemic pressure ratios
(NHPRs) have similar diagnostic ability in defining in-
travascular imaging-defined stenosis severity,? in diag-
nosing positron emission tomography (PET)-defined
myocardial ischemia,®'® and share similar prognostic
implications for clinical events at 2 years.'°

Nevertheless, there are no previous reports regard-
ing the long-term prognostic implications of NHPRs.
Furthermore, an important issue in daily practice
would be the long-term prognosis of deferred lesions
with discordant results between NHPRs and FFR com-
pared with revascularized lesions. In this regard, we
sought to evaluate the long-term prognosis after defer-
ral of revascularization according to NHPRs and com-
parative prognosis of deferred lesions with discordant
results with revascularized lesions.

METHODS

Anonymized patient level data will be made available
by the corresponding author for reasonable requests.
Consent was not obtained for data sharing, but the
presented data are anonymized and the risk of identi-
fication is minimal.

Study Design and Patient Population
The study population was derived from the 3V FFR-
FRIENDS study (3-vessel fractional flow reserve for
the assessment of total stenosis burden and its clini-
cal impact in patients with coronary artery disease,
NCT01621438)"" and the ™N-ammonia PET regis-
try.’>14 The 3V FFR FRIENDS study was a prospective,
multinational, and multicenter study which enrolled
consecutive patients who were at least 18 years old
and had >30% stenosis by visual estimation in major
epicardial coronary arteries and underwent success-
ful FFR measurement in 3 major coronary arteries.!
In the ®*N-ammonia PET registry, patients with avail-
able ®N-ammonia PET within 3 months of measuring
FFR in left anterior descending coronary artery were
enrolled.!> 14

In both studies, patients with depressed left ven-
tricular systolic function (gjection fraction <35%),
acute ST-elevation myocardial infarction within
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72 hours, previous coronary artery bypass graft
surgery, chronic renal disease, abnormal epicardial
coronary flow (TIMI [thrombolysis in myocardial in-
farction] flow <3), or planned coronary artery bypass
graft surgery after diagnostic angiography were ex-
cluded. Total patient population was 1024 vessels
(435 patients) and 160 vessels were revascularized.
The enrolled patients were included in other pub-
lished studies."""® The study protocol was approved
by the Institutional Review Board or Ethics Committee
at each participating center and all patients provided
written informed consent.

Coronary Physiologic Measurements and
Angiographic Analysis

Coronary angiography was performed using standard
techniques. Angiographic views were obtained fol-
lowing the administration of intracoronary nitrate (100
or 200 pg). All angiograms were analyzed at a core
laboratory (Seoul National University Hospital) blinded
to other data. Quantitative coronary angiography was
performed in optimal projections with validated soft-
ware (CAAS I, Pie Medical System, Maastricht, the
Netherlands). Minimal lumen diameter, reference ves-
sel size, and lesion length were measured, and percent
diameter stenosis was calculated.

All coronary physiologic measurements were ob-
tained as previously described.”” Briefly, the pres-
sure-temperature sensor guide wire (Abbott Vascular,
Santa Clara, CA, USA) was zeroed and equalized to
aortic pressure, and then positioned at the distal seg-
ment of a target vessel. Intracoronary nitrate (100 or
200 pg) was administered before each set of phys-
iologic measurements. Resting distal arterial pres-
sure/proximal aortic pressure was calculated as the
ratio of mean distal coronary artery pressure to mean
aortic pressure in resting state. Continuous infusion
of adenosine (140 pg/kg per minute) was used to in-
duce hyperemia. Intravenous infusion of adenosine
was maintained until sustained maximal hyperemia
and completion of pullback recording. Hyperemic
proximal aortic pressure and distal arterial pressure
were obtained, and FFR was calculated as the low-
est average of 3 consecutive beats during adenosine
infusion. After measurements, the pressure wire was
pulled back to the guide catheter and the presence of
pressure drift was checked. In patients with acute cor-
onary syndrome, physiologic interrogation was per-
formed in non-culprit vessels. Derivations of NHPRs
were performed in off-line analysis, as previously de-
scribed.'”® The iFR was calculated using automated
algorithms acting over the wave-free period over a
minimum of 5 beats.'*'® dPR was also calculated from
each individual waveform as an average distal arte-
rial pressure/proximal aortic pressure over the entire

J Am Heart Assoc. 2020;9:e016818. DOI: 10.1161/JAHA.120.016818

Long-Term Clinical Outcomes of NHPRs

period of diastole.” The iFR and dPR were calculated
using dedicated MATLAB (MathWorks, Inc., Natick,
MA, USA). RFR was calculated from each individual
waveform using a fully automated off-line software
algorithm (RFR release 2.0, Abbott Vascular, Santa
Clara, CA, USA). Among the total 1024 pressure trac-
ings, RFR calculation was not possible in 11 vessels
due to insufficient quality of resting pressure tracings.
All pressure tracings were collected and validated at
the core laboratory (Samsung Medical Center) in a
blinded fashion.

Patient Follow-up, Outcome Measurements,
and Adjudication of Clinical Events

Clinical data were obtained at outpatient clinic visits
or by telephone contact when needed. An independ-
ent clinical events committee whose members were
unaware of clinical, angiographic, and physiologic data
adjudicated all events. The primary outcome was ves-
sel-oriented composite outcome (VOCO) at 5 years in-
cluding cardiac death, target vessel-related myocardial
infarction and target vessel-related ischemia-driven
revascularization. All event records were reviewed to
assess vessel-related clinical events and were defined
according to the Academic Research Consortium,
including the addendum to the definition of myocar-
dial infarction. All deaths were considered cardiac un-
less an undisputable noncardiac cause was present.
Ischemia-driven revascularization was defined as a re-
vascularization procedure for patients with recurrence
of angina and positive noninvasive test or positive inva-
sive physiologic test, silent myocardial ischemia proven
by positive noninvasive test or positive invasive physi-
ologic test, or acute coronary syndrome with a clear
culprit lesion. In order to compare clinical outcomes
according to positive or negative pressure derived in-
dices, the cut-off values of <0.89 for NHPRs and <0.80
for FFR were used.

Statistical Analysis

Data were analyzed on a per-patient basis for clinical
characteristics and on a per-vessel basis for compari-
son of lesion characteristics, physiologic indices, and
vessel-related clinical outcomes. Among patients who
underwent multivessel measurements, the vessel with
the lowest FFR value was selected as a representative
vessel of that patient for the per-patient analysis. For
per-vessel analyses, a generalized estimating equa-
tion with an independent correlation structure was
used to adjust for intrasubject variability among ves-
sels from the same patient. In comparison of clinical
outcomes according to cut-off values of NHPRs and
FFR, event rates were calculated based on Kaplan—
Meier censoring estimates, and the log-rank test was



1202 ‘¥z Afenige4 uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

Leeetal

used to compare survival curves between groups.
In comparisons of clinical outcomes among groups,
a per-vessel comparison of cumulative incidence of
target vessel-related events was performed using
marginal Cox proportional hazard regression mod-
els to calculate hazard ratio (HR) and 95% CI with
adjustment for the clustered data."” The assumption
of proportionality was assessed graphically by log-
minus-log plot, and Cox proportional hazard mod-
els for all clinical outcomes satisfied the proportional
hazards assumption. In order to explore the prog-
nostic implications of invasive physiologic indices as
continuous values, estimated VOCO rates at 5 years
derived from the marginal Cox proportional hazards
regression model were plotted according to invasive
physiologic indices. Discriminant ability for the risk of
VOCO at 5 years was presented as Harrell’s c-index.

Long-Term Clinical Outcomes of NHPRs

All probability values were two-sided and P<0.05 was
considered statistically significant.

RESULTS

Patient and Lesion Characteristics

Patient and lesion characteristics of total study popu-
lation are presented in Table S1. Mean age of popula-
tion was 63.8+9.7 years and 78.4% were male. Most
patients presented with stable angina (87.1%) with in-
termediate epicardial coronary stenosis (mean percent
diameter stenosis of 44.3+17.5%). Among the total 1024
vessels, 160 vessels were revascularized. In compari-
son of lesion characteristics according to cut-off val-
ues of NHPRs and FFR, the lesions with below cut-off
value consistently showed significantly worse lesion
severity than those with above cut-off value (Table S2).
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Figure 1. Comparison of vessel-oriented composite outcome at 5 years according to invasive physiologic indices.
Comparison of the risk of VOCO at 5 years between positive vs negative (A) iFR, (B) RFR, (C) dPR, or (D) FFR according to their cut-off
values. dPR indicates diastolic pressure ratio; FFR, fractional flow reserve; HR, hazard ratio; iFR, instantaneous wave-free ratio; and

RFR, resting full-cycle ratio.
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Long-Term Clinical Outcomes of NHPRs

Clinical Outcomes According to Cut-off
Values of Invasive Physiologic Indices
Figure 1 and Table 1 demonstrate vessel-related clin-
ical outcomes at 5 years according to cut-off values
of NHPRs and FFR among deferred vessels. Lesions
with positive NHPRs (<0.89) showed significantly in-
creased risk of VOCO compared to those with nega-
tive NHPRs (>0.89) (Figure 1A, 1B, 1C, respectively
for iFR, RFR, dPR). Classification by FFR showed the
same results (Figure 1D). The significant differences
in the risk of VOCO were driven mostly by the higher
risk of vessel-related ischemia-driven revasculariza-
tion in lesions with positive NHPRs or FFR (Table 1).

Comparison of Prognostic Implications of
Invasive Physiologic Indices

When the associations between NHPRs or FFR with
the estimated risk of VOCO at 5 years were evaluated,
all invasive physiologic indices showed similar asso-
ciation with the risk of VOCO as continuous values.
HR per 0.01 increase of NHPRs or FFR was not dif-
ferent across all the physiologic indices (Figure 2A).
Discrimination ability for VOCO at 5 years was not dif-
ferent among iFR, RFR, dPR, and FFR (overall com-
parison P=0.215; Figure 2B).

Influence of Patients or Lesion-Related
Factors in Prognostic Implications of
Invasive Physiologic Indices

The influence of patient- or lesion-related factors to
prognostic implications of NHPRs or FFR was evalu-
ated by subgroup analysis. The higher risk of VOCO
in lesions with positive NHPRs or FFR were similarly
observed, regardless of patient’s age, sex, presence of
diabetes mellitus, target vessels, or location of stenosis
in target vessels without significant interactions. In ad-
dition, the skewed risk of VOCO in lesions with posi-
tive NHPRs or FFR than negative lesions was similarly
observed across all the invasive physiologic indices
(Figure 3).

Comparative Clinical Outcomes
According to Treatment Decision and
Invasive Physiologic Indices

In order to evaluate comparative prognosis accord-
ing to the treatment modality and the discordance
or concordance between NHPRs and FFR, the out-
comes were compared among the 3 groups: revascu-
larized vessels with positive FFR (revascularized group;
n=124), deferred vessels with concordant negative re-
sults between NHPRs and FFR (concordant negative
group; N=688), and deferred vessels with discordant
results between NHPRs and FFR (discordance group;
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Figure 2. Association and discrimination ability of invasive physiologic indices with estimated risk of VOCO at 5 years.

A, The association between 5-year VOCO risk and invasive physiologic indices (iFR, RFR, dPR, or FFR). All physiologic indices
showed significant association with 5-year VOCO risk as continuous values. Blue, orange, black, and red lines represent regression
lines for iFR, RFR, dPR, and FFR as continuous values, respectively. Blue, orange, black, and red circles represent each patient’s
iFR, RFR, dPR, and FFR values and estimated VOCO rates according to their values, respectively. The marginal Cox proportional
hazard regression models to calculate hazard ratio and 95% CI with adjustment for the clustered data. B, Discriminant ability (Harrell’s
c-index) of invasive physiologic indices for the occurrence of VOCO at 5 years. Blue, orange, black, and red lines represent receiver-
operating curve for iFR, RFR, dPR, and FFR, respectively, as continuous values. dPR indicates diastolic pressure ratio; FFR, fractional
flow reserve; HR, hazard ratio; iFR, instantaneous wave-free ratio; RFR, resting full-cycle ratio; and VOCO, vessel-oriented composite
outcomes.

n=57). In this analysis, 74 vessels with discordant clas- NHPRs and FFR were similar according to binary
sification among NHPRs were excluded. cut-off values (<0.89 and <0.80, respectively) or as
Table 2 shows the patient and lesion character- continuous values. Second, positive NHPRs or FFR
istics among the 3 groups and the revascularized showed consistently higher risk of VOCO than nega-
group showed the worst profile of lesion severity. tive NHPRs or FFR across various subgroups of pa-
Among the 3 groups, the cumulative incidence of  tient or lesion characteristics. Third, deferred lesions
VOCO at 5 years was 14.8%, 14.4%, and 7.5% for  with discordant results between NHPRs and FFR
the revascularized group, defer with concordant neg- showed higher risk of VOCO than those with con-
ative group, and defer with discordance group, re- cordant negative results. However, deferred lesions
spectively. Compared with the revascularized group, with discordant results between NHPRs and FFR did
the concordant negative group showed significantly ~ not show higher risk of VOCO than revascularized
lower risk of VOCO (HR, 0.478; 95% Cl, 0.268-0.852, lesions.
P=0.012). Conversely, the discordant group showed Given the high interindividual variability in estimat-
similar risk of VOCO with the revascularized group ing angiographic stenosis severity and low diagnos-
(HR, 0.981; 95% ClI, 0.434-2.217, P=0.964; Figure 4  tic yield of noninvasive stress tests for myocardial
and Table 3). ischemia,'®'® invasive physiologic indices-based
treatment decision making has been the standard
to define functionally significant epicardial coronary
stenosis in the cardiac catheterization laboratory.?°
DISCUSSION Despite ample evidence supporting its clinical rele-
The current study investigated the prognostic im- vance and prognostic benefit over angiography-only
plications of NHPRs including iFR, RFR, and dPR based treatment, the adoption rate of FFR-guided
for 5-year vessel-related outcomes. The main find-  strategy remains low and variable.?' As there is no
ings are as follows. First, prognostic implications of need for hyperemia and related medical costs, NHPR

J Am Heart Assoc. 2020;9:e016818. DOI: 10.1161/JAHA.120.016818 6
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Figure 3. Subgroup analysis for prognostic meaning of invasive physiologic indices in deferred patients.

Subgroup analysis according to patient and lesion characteristics in comparing the risk of VOCO between positive and negative
NHPRs or FFR. The higher risk of VOCO in lesions with positive NHPRs or FFR than negative lesions was observed across all
subgroups without significant interaction P values and across all invasive physiologic indices including iFR, RFR, dPR, and FFR. dPR
indicates diastolic pressure ratio; FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; NHPR, nonhyperemic pressure

ratios; P,

int?

has the potential for raising the adoption rate of
physiologic indices-guided strategy in daily practice.
Landmark trials demonstrated similar 1 year clinical
outcomes following iFR-guided strategy versus FFR-
guided strategy*® and both indices have been rec-
ommended at an equivalent level.?° After introduction
of iFR, pressure-wire manufacturers developed their
own NHPRs with slightly different definitions, such
as RFR or dPR. Previous studies support that those
NHPRs share similar diagnostic performance for intra-
vascular imaging-defined anatomic stenosis severity,
inducible myocardial ischemia defined by indepen-
dent reference tests, and prognostic implications.6-°

However, the long-term prognosis of NHPR-
guided clinical decision making has not yet been
evaluated. As NHPRs and FFR possess different
conceptual bases and evaluate different aspects of
the coronary circulation,'*?? it is essential to evaluate
their long-term prognostic implications. The current
study reported the association between 5-year ves-
sel-related events and invasive physiologic indices,
and showed both NHPRs and FFR share similar risk
stratification ability according to their current cut-off
values. These pressure-derived indices, regardless
of measurement conditions (nonhyperemic versus

J Am Heart Assoc. 2020;9:e016818. DOI: 10.1161/JAHA.120.016818

interaction P value; RFR, resting full-cycle ratio; and VOCO, vessel-oriented composite outcomes.

hyperemic), showed similar association with the risk
of VOCO as continuous values and also shared simi-
lar discriminant ability. In addition, positive NHPRs or
FFR showed consistently higher risk of VOCO than
negative NHPRs or FFR across various subgroups of
patient or lesion characteristics. These results imply
that the important issue may not be which index to
choose, but rather how to increase the rate of its use
in daily practice.

Another important question is how to interpret
and treat the discordant results between NHPRs
and FFR. In this study, the discordance among dif-
ferent NHPRs was found in only 74 vessels out of
1024 vessels (7.2%). Previous studies showed that
discordance among different NHPRs does not have
prognostic significance.'®?® For discordance be-
tween NHPRs and FFR, previous studies showed
that only lesions with concordant abnormal results in
both NHPRs and FFR showed significantly increased
risk of VOCO at 2 years®®?* or patient-oriented com-
posite outcome at 5 years.?® These previous studies
suggested the lack of difference in clinical outcomes
between 2 types of discordance (NHPRs—/FFR+ or
NHPRs+/FFR-). In the current study, the vessel-re-
lated outcomes were compared with revascularized
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Table 2. Comparison of Baseline Patient and Lesion Characteristics Among Revascularized Vessels, Concordant Negative
Defer, and Discordant Defer Groups According to Nonhyperemic Pressure Ratios and Fractional Flow Reserve*

Revascularized Vessels Concordant Negative Defer Discordant Defer P Value
Per patient analysis (N=406) 109/406 (26.8%) 253/406 (62.3%) 44/406 (10.8%)
General characteristics
Age, y 63.2+£10.2 63.8+9.6 64.3£8.5 0.791
Male 86 (78.9%) 195 (77.1%) 36 (81.8%) 0.759
Ejection fraction (%) 61.3+6.5 61.6+6.6 61.0+7.0 0.811
Cardiovascular risk factors
Hypertension 61 (56.0%) 166 (65.6%) 27 (61.4%) 0.217
Diabetes mellitus 42 (38.5%) 87 (34.4%) 14 (31.8%) 0.662
Hypercholesterolemia 80 (73.4%) 172 (68.0%) 32 (72.7%) 0.537
Current smoker 31 (28.4%) 45 (17.8%) 6 (13.6%) 0.035
Previous Ml 7 (6.4%) 24 (9.5%) 0 (0.0%) 0.078
Previous PCI 19 (17.4%) 87 (34.4%) 18 (40.9%) 0.002
Clinical presentations 0.509
Stable angina 90 (83.3%) 211 (86.1%) 41 (93.2%)
Unstable angina 12 (11.1%) 23 (9.4%) 1(2.3%)
Non-ST elevation myocardial infarction 6 (5.6%) 11 (4.5%) 2 (4.5%)
SYNTAX score 15.0 (11.0-21.0) 10.0 (5.0-16.0) 11.5 (8.5-17.5) <0.001
Per-vessel analysis (n=869) 124/869 (14.3%) 688/869 (79.2%) 57/869 (6.6%)
Measured vessel location <0.001
Left anterior descending artery 87 (70.2%) 1683 (23.7%) 37 (64.9%)
Left circumflex artery 17 (13.7%) 274 (39.8%) 15 (26.3%)
Right coronary artery 20 (16.1%) 251 (36.5%) 5 (8.8%)
Quantitative coronary angiography
Reference diameter, mm 2.9+0.5 3.1£0.6 2.7+0.4 <0.001
Minimum lumen diameter, mm 1.0£0.4 1.9+0.7 1.3+0.5 <0.001
Diameter stenosis, % 64.8+12.9 38.8+15.5 49.7+13.9 <0.001
Lesion length, mm 18.6+11.9 8.7+5.8 11.8+8.9 <0.001
Coronary physiological parameters
Instantaneous wave-free ratio (iFR) 0.80+0.16 0.98+0.03 0.92+0.05 <0.001
Resting full-cycle ratio (RFR) 0.79+0.16 0.97+0.03 0.90+0.04 <0.001
Diastolic pressure ratio (dPR) 0.80+£0.15 0.97+0.03 0.91+£0.04 <0.001
Fractional flow reserve (FFR) 0.67+0.10 0.92+0.06 0.80+0.04 <0.001

Values are mean+SD, median (interquartile ranges, 25th-75th), or n (%). Ml indicates myocardial infarction; PCI, percutaneous coronary intervention; and

SYNTAX, Synergy between PCI with Taxus and Cardiac Surgery score.

*Among the total 1024 vessels, 74 vessels with discordance among NHPRs, 53 vessels with deferred revascularization despite concordant abnormal
results in both NHPRs and FFR, 11 vessels with unavailable RFR, and 17 vessels which were revascularized despite FFR >0.80 were excluded from

this analysis.

lesions using 5-year outcome data. The deferred
lesions with concordant negative results (NHPRs—/
FFR-) showed lower risk of VOCO than the other
groups. However, deferred lesions with discordant
results between NHPRs and FFR showed similar risk
of VOCO with revascularized lesions up to 5 years of
follow-up. These results imply that there might be a
risk continuum from concordant negative to concor-
dant abnormal lesions, and the lesions with abnor-
mal results in 1 of the physiologic indices might have
that risk profile between them. The lack of difference
in the risk of VOCO between deferred discordant

J Am Heart Assoc. 2020;9:e016818. DOI: 10.1161/JAHA.120.016818

lesions and revascularized lesions support the safety
of deferral of revascularization for lesions with discor-
dant results. However, the possibility of late vessel-re-
lated events of those lesions and higher incidence of
discordance in left anterior descending artery, which
usually has the largest subtended myocardium, war-
rants meticulous follow-up with intensive medical
treatment for patients with discordant results among
the physiologic indices.

The current study results imply two clinical impli-
cations in daily practice. First, any pressure-derived
physiologic index, regardless of being nonhyperemic
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Figure 4. Comparison of 5-year clinical outcomes classified by NHPRs and FFR.

The cumulative incidence of VOCO at 5 years are compared among revascularized vessels, deferred
vessel with concordant negative results in both NHPRs and FFR, and deferred vessel with discordant
results between NHPRs and FFR (NHPRs—/FFR+ or NHPRs+/FFR-). FFR indicates fractional flow reserve;
HR, hazard ratio; NA, not available; NHPRs, nonhyperemic pressure ratios; and VOCO, vessel-oriented

composite outcomes.

or hyperemic, can be used in the cardiac catheter-
ization laboratory under the same clinical indications.
Different nomenclature or definition of each index or
unavailability of 1 specific vendor’s console should not
be a hurdle in applying the physiology-guided strategy
in clinical practice. What is more important is not which
index should be used, but rather there be standard-
ization of measurement protocol and assurance of the
accuracy of measurement. Second, although treat-
ment decision making to revascularize or defer can
be made based on 1 physiologic index, simultaneous
measurement of both NHPRs and FFR would provide
better risk stratification of patients when revascular-
ization is deferred. In patients with discordant results
between NHPRs and FFR, continued efforts including

J Am Heart Assoc. 2020;9:e016818. DOI: 10.1161/JAHA.120.016818

meticulous medical treatment and secondary preven-
tion are warranted.

Limitations

Some limitations should be acknowledged. First,
NHPRs were calculated off-line in an independent
physiology core laboratory. Second, the decision for
revascularization of the target lesion was mainly made
based on FFR value, and not on NHPRs. Third, com-
parison of NHPR-guided versus FFR-guided strategy
in specific patient subsets could not be performed,
because the current study was not randomly allo-
cated into two different strategies. Fourth, participat-
ing investigators were not blinded to the physiologic
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Table 3. Comparison of Clinical Outcomes at 5 Years Among Revascularized Vessels, Concordant Negative Defer, and
Discordant Defer Groups According to Nonhyperemic Pressure Ratios and Fractional Flow Reserve*

Revascularized Vessels Concordant Negative Defer Discordant Defer P Value
Per-vessel analysis (n=869) 124/869 (14.3%) 688/869 (79.2%) 57/869 (6.6%)
Cardiac death 2.5% (3) 2.7% (18) 3.6% (2) 0.893
Myocardial infarction 1.6% (2) 1.2% (8) 0.0% (0) 0.647
Ischemia driven revascularization 13.2% (16) 5.0% (33) 11.2% (6) <0.001
VOCOT 14.8% (18) 7.5% (51) 14.4% (8) <0.001

The cumulative incidence of clinical outcomes is presented as Kaplan—Meier estimates during the median follow-up of 1855.0 days. P values were log-rank
or Breslow P value in survival analysis. VOCO indicates vessel-oriented composite outcomes.

*Among the total 1024 vessels, 155 vessels were excluded from this analysis (74 vessels with discordance among NHPRs, 53 vessels with deferred
revascularization despite concordant abnormal results in both NHPRs and FFR, 11 vessels with unavailable RFR, and 17 vessels which were revascularized

despite FFR >0.80).

fVOCO included cardiac death, vessel-related myocardial infarction, and vessel-related ischemia-driven revascularization.

indices, and this might have influenced their man-
agement strategies for these patients. Nevertheless,
all clinical events were independently adjudicated by
the clinical events adjudication committee. Fourth,
the current study population had relatively low clini-
cal and anatomical risk. Fifth, the number of deferred
lesions with discordant results between NHPRs and
FFR was relatively small. Similarly, the number of re-
vascularized lesions was relatively small. In addition,
the overall cumulative incidence of events was rela-
tively low during the 5-year follow-up period. In this re-
gard, further investigations with more participants and
a longer follow-up period are needed. Sixth, because
this was not a randomized controlled trial, possibility
of selection bias or unmeasured confounders should
be considered in interpreting the results. Seventh, the
iFR and dPR values used in the current study were
calculated using off-line software. Because the manu-
facturers of iFR and dPR did not publicly share infor-
mation about cycle window, cycle landmark detection,
cycle filtering, and cycle averaging, these values might
not be essentially the same values as the commercial-
ized indices.

CONCLUSIONS

Currently available invasive pressure-derived indices
showed similar prognostic implications for vessel-re-
lated events at 5 years. Deferred lesions with discord-
ant results between NHPRs and FFR did not show
higher risk of vessel-related events at 5 years than re-
vascularized vessels.
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Table S1. General Characteristics of Patients and Lesions.

Patients (N=435)

Lesions (N=1.024)

General characteristics

Age (years) 63.8+9.7
Male 341 (78.4%)
Ejection fraction (%) 61.6 +6.6

Cardiovascular risk factors

Hypertension 274 (63.1%)
Diabetes mellitus 156 (35.9%)
Hypercholesterolemia 309 (71.2%)
Current smoker 96 (22.1%)

Clinical presentation

Stable angina 379 (87.1%)
Unstable angina 37 (8.5%)
Myocardial infarction 19 (4.4%)
SYNTAX score 11.0 (Q1-Q3: 7.0-18.0)

Target vessel
Left anterior descending artery
Left circumflex artery
Right coronary artery

Quantitative coronary angiography
Reference diameter, mm
Minimum lumen diameter (mm)
Diameter stenosis, %
Lesion length, mm

Coronary physiologic parameters
Instantaneous wave-free ratio (iFR)
Resting Full-Cycle Ratio (RFR)
Diastolic Pressure-Ratio (dPR)

Fractional Flow Reserve (FFR)

387 (37.8%)
339 (33.1%)
298 (29.1%)

2.97 £0.59
1.67 £ 0.69
443+ 175
10.8+8.2
Mean + SD
0.94 £0.10
0.92 £ 0.09
0.93 £0.09
0.87+0.11

Median (25%"-75™)
0.97 (Q1-Q3: 0.92-1.00)
0.95 (Q1-Q3: 0.90-0.98)
0.96 (Q1-Q3: 0.91-1.00)
0.89 (Q1-Q3: 0.81-0.95)

Values are mean + SD, median (interquartile ranges, 25"-75"), or n (%).

SYNTAX, Synergy between PCI with Taxus and Cardiac Surgery score.
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Table S2. General Lesion Characteristics According to Invasive Physiologic Indices.

High-iFR Low-iFR High-RFR Low-RFR High-dPR Low-dPR High-FFR Low-FFR
Total Vessels
(n:1024) 853/1024 171/1024 valuet 781/1024 232/1024 value! 835/1024 189/1024 value” 775/1024 249/1024 value’
(83.3%) (16.7%) (76.3%) (22.7%) (81.5%) (18.5%) (75.7%) (24.3%)
Measured vessel location <0.001 <0.001 <0.001 <0.001
Left anterior descending artery 259 (30.4%) 128 (74.9%) 213 (27.3%) 170 (73.3%) 243 (29.1%) 144 (76.2%) 211 (27.2%) 176 (70.7%)
Left circumflex artery 310 36.3%) 29 (17.0%) 296 (37.9%) 40 (17.2%) 310 (37.1%) 29 (15.3%) 296 (38.2%) 43 (17.3%)
Right coronary artery 284 (33.3%) 14 (8.2%) 272 (34.8%) 22 (9.5%) 282 (33.8%) 16 (8.5%) 268 (34.6%) 30 (12.0%)
Quantitative coronary angiography
Reference diameter, mm 3.01+0.59 2.78+0.53  <0.001 3.03+0.60 2.79+0.51 <0.001  3.02+0.60 2.79+052 <0.001  3.03+0.60 2.80+0.50 <0.001
Minimum lumen diameter, mm 1.80 +0.67 1.05+0.41 <0.001 1.82+0.67 1.17+£0.49  <0.001 1.80 £ 0.66 1.09+£045 <0.001 1.85+0.66 1.11+£043 <0.001
Diameter stenosis, % 41.0+16.0 60.9+152  <0.001 40.6+ 159 56.9+16.5 <0.001 40.8+159 59.8+159 <0.001 395+154 59.3+149 <0.001
Lesion length, mm 9.6 +6.8 16.8+11.3  <0.001 94+6.7 154+10.7 <0.001 9.5+6.7 16.5+11.2  <0.001 9.0+£6.2 16.3+10.8 <0.001
Physiologic parameters
Instantaneous wave-free ratio (iFR) 0.97 +0.04 0.78+0.14  <0.001  0.97+0.03 0.82+0.13 <0.001 0.97+0.03 0.79+0.13  <0.001 0.97+0.04 0.83+0.14 <0.001
Resting Full-Cycle Ratio (RFR) 0.95+0.04 0.77+0.13  <0.001  0.96+0.03 0.80+0.12 <0.001  0.96+0.04 0.78+0.13  <0.001  0.96+0.04 0.82+0.13 <0.001
Diastolic pressure ratio (dPR) 0.97 £ 0.04 0.78+0.13  <0.001 0.97+0.03 0.82+0.12 <0.001  0.97+0.04 0.79+0.13  <0.001 0.97+£0.04 0.83+0.13  <0.001
FFR 0.90 +0.08 0.69+0.11 <0.001 0.91+0.07 0.73+0.11 <0.001  0.90+0.07 0.71+£0.11  <0.001 0.92 +0.06 0.70+0.09 <0.001
High-iFR Low-iFR High-RFR Low-RFR High-dPR Low-dPR High-FFR Low-FFR
Deferred Vessels P valuef P value P value” P value?
(N=864) 789/864 75/864 729/864 127/864 769/864 95/864 756/864 108/864
91.3%) (8.7%) (84.4%) (14.7%) (89.0%) (11.0%) (87.5%) (12.5%)
Diameter stenosis, % 39.7+15.4 545+15.1 <0.001 394+155 499+15.6 <0.001 39.6+15.5 519+154  <0.001 393+154 52.6+14.8 <0.001
Instantaneous wave-free ratio (iFR) 0.98+0.03 0.82+0.07 <0.001 0.98+0.03 0.86+0.07 <0.001 0.98+0.04 0.85+0.08 <0.001 0.98 £ 0.04 0.87+0.09 <0.001
Resting Full-Cycle Ratio (RFR) 0.96 + 0.04 0.81+0.08 <0.001 0.96 +0.03 0.84+0.07 <0.001 0.96+0.04 0.83+0.08 <0.001 0.96 +0.04 0.85+0.09 <0.001
Diastolic pressure ratio (dPR) 0.97 +£0.04 0.82+0.07 <0.001 0.97+0.05 0.86+0.06 <0.001 0.97+0.03 0.82+0.09 <0.001 0.97+0.04 0.87+0.08 <0.001
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Fractional flow reserve (FFR) 091 +0.07 0.75+£0.08 <0.001 092+0.06 0.79+0.08 <0.001 0.91+0.07 0.77+0.08 <0.001 0.92+0.06 0.75+0.06 <0.001

Values are mean + SD, median (interquartile ranges, 25"-75™), estimated mean (95% confidence interval) (per-vessel analysis), or n (%).
Generalized estimating equation model or maximum likelihood ¥ tests were used for overall and between-group comparisons in per-vessel analysis.

TP values for the comparison of variables between high and low iFR groups. *P values for the comparison of variables between high and low RFR groups. “P values for the comparison of variables between high
and low dPR groups. P values for the comparison of variables between high and low FFR groups.

: dPR, diastolic pressure ratio; FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; RFR, resting full-cycle ratio.



