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Immediately After Drug-Eluting Stent Implantation

Zsolt Piroth, MD*; Gabor G. Toth, MD, PhD*; Pim A.L. Tonino, MD, PhD;
Emanuele Barbato, MD, PhD; Soheila Aghlmandi, MSc, PhD; Nick Curzen, MD, PhD;
Gilles Rioufol, MD, PhD; Nico H.J. Pijls, MD, PhD; William F. Fearon, MD; Peter Jiini, MD;
Bernard De Bruyne, MD, PhD

Background—The predictive value of fractional flow reserve (FFR) measured immediately after percutaneous coronary
intervention (PCI) with drug-eluting stent placement has not been prospectively investigated. We investigated the
potential of post-PCI FFR measurements to predict clinical outcome in patients from FAME 1 and 2 trials (Fractional
Flow Reserve or Angiography for Multivessel Evaluation).

Methods and Results—All patients of FAME 1 and FAME 2 who had post-PCI FFR measurement were included. The primary
outcome was vessel-oriented composite end point at 2 years, defined as vessel-related cardiovascular death, vessel-related
spontaneous myocardial infarction, and ischemia-driven target vessel revascularization. Eight hundred thirty-eight vessels
in 639 patients were analyzed. Baseline FFR values did not differ between vessels with versus without vessel-oriented
composite end point (0.66+0.11 versus 0.63+0.14, respectively; P=0.207). Post-PCI FFR was significantly lower in
vessels with vessel-oriented composite end point (0.88+0.06 versus 0.90+0.06, respectively; P=0.019). Comparing the
2-year outcome of lower and upper tertiles of post-PCI FFR significant difference was found favoring upper tertile in
terms of overall vessel-oriented composite end point (9.2% versus 3.8%, respectively; hazard ratio, 1.46; 95% confidence
interval, 1.02-2.08; P=0.037) and target vessel revascularization (7.0% versus 2.4%, respectively; hazard ratio, 1.59;
95% confidence interval, 1.03-2.46; P=0.037). When adjusted to sex, hypertension, diabetes mellitus, target vessel, serial
stenosis, and baseline percentage diameter stenosis, a strong trend was preserved in terms of target vessel revascularization
(harzard ratio, 1.55; 95% confidence interval, 0.97-2.46; P=0.066), favoring the upper tertile. Post-PCI FFR of 0.92 was
found to have the highest diagnostic accuracy; however, the positive likelihood ratio remained low (<1.4).

Conclusions—A higher post-PCI FFR value is associated with a better vessel-related outcome. However, its predictive
value is too low to advocate its use as a surrogate clinical end point. (Circ Cardiovasc Interv. 2017;10:¢005233. DOI:
10.1161/CIRCINTERVENTIONS.116.005233.)
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n the basis of robust scientific? and clinical outcome data

derived from large randomized controlled trials and reg-
istries,* '8 fractional flow reserve (FFR) has become the stan-
dard for clinical decision making about percutaneous coronary
revascularization.' FFR has a Class I indication with a level
of evidence A in stable patients to identify hemodynamically
significant coronary lesions when evidence of ischemia is
not available.!” Recent prospective outcome data, obtained in
medically treated patients, indicated a risk continuum for FFR

values from O to 1, where the lower the FFR the higher the
long-term event rate.'®* However, it is still unclear whether
a similar correlation is maintained after revascularization
because the clinical value of FFR to evaluate the results of per-
cutaneous coronary intervention (PCI) has not been prospec-
tively investigated in the drug-eluting stent (DES) era.

Accordingly, we investigated the potential of post-PCI
FFR measurements to predict clinical outcome in a large
cohort of patients enrolled in the FAME trials.
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Table 1. Clinical Characteristics of the Patient Population

WHAT IS KNOWN Total | FAME1 | FAME2  PValue
e Fractional flow reserve with a clear cutoff value of Patients out of the study, n (%) | 639 (67) | 352 (69) | 287 (64) | 0.232
0.80 is the current gold standard for invasive hemo- Age, y (mean+SD) 64+10 | 65+10 63+9 0.114
dynamic evalugtion of coronary stenoses. BMI, kg/m? (mean=SD) 28+5 2845 28+4 0618
® True prognostic value of fractional flow reserve, .
measured right after percutaneous coronary inter- Male sex, n (%) 506 (79) | 281(80) | 225(78) | 0.906
vention with drug-eluting stent is unknown. Hypertension, n (%) 435 (68) | 211 (68) | 224 (78) | <0.001
Dyslipidemia, n (%) 472 (74) | 254 (72) | 218(76) | 0.554
WHAT THE STUDY ADDS i .
Diabetes mellitus, n (%) 159 (25) | 81(23) | 78(27) | 0.480
® Low post—percutaneous coronary intervention frac- Smoker, n (%) 152 (24) | 94(27) | 58(20) | 0.159
tional fl i iated with long-
tonal Mow feserve 15 associated With worse ong Family history, n (%) 271 (42) | 135(38) | 136 (47) | 0.071
term clinical outcome on vessel level.
® However, after percutaneous coronary intervention, Previous PCl, n (%) 145(23) | 90(26) | 55(19) | 0.158
there is no well-defined fractional flow reserve cutoff Previous MI, n (%) 284 (37) | 127 (36) | 111 (39) 0.796
value, which could be applied for individual clinical de- o
cisions or used as surrogate end point in future studies.
1 171(27) | 91(26) | 80(28)
2 251(39) | 116 (33) | 135(47)
Methods 3 143(22) | 94(27) | 49(17)
Patients 4 74(12) | 51(14) | 23(8) | 0.002

The design and results of the FAME 1 and FAME 2 studies have been
reported previously.” ™ Both are international, multicenter, prospective,
randomized clinical trials with comparable inclusion and exclusion cri-
teria. In brief, the FAME 1 trial enrolled patients with angiographic
multivessel coronary artery disease amenable for PCI. Patients were
randomized either to an FFR-guided or to an angiography-guided ap-
proach. In the FFR-guided arm, only lesions with an FFR <0.80 were
treated by PCI, whereas in the angiography-guided arm, all narrow-
ings with 250% diameter stenosis (DS) were treated by PCI. Stenting
was performed using first-generation DES. The primary end point
was the composite of all-cause death, nonfatal myocardial infarction
(MI), and any repeat revascularization (major adverse cardiac events
[MACE]) at 1 year as adjudicated by a clinical event committee. A
prespecified secondary end point of the study was the MACE rate at 2
years.'” The FAME 2 trial enrolled patients with stable angina, stabi-
lized acute coronary syndrome or silent ischemia with 1, 2, or 3-vessel
disease. Patients having at least one stenosis with an FFR <0.80 were
randomized to FFR-guided PCI plus best available medical therapy or
best available medical therapy alone. PCI was performed using second-
generation DES. The primary end point of the study was a composite of
all-cause death, nonfatal M1, and unplanned hospitalization leading to
urgent revascularization at 2 years. A prespecified secondary end point
of the study was any repeat revascularization at 2 years.” In both trials,
patients were included only if there was at least one clearly identifiable
focal narrowing at angiography deemed to be amenable for stenting.
Patients with only diffuse disease were not considered for the study as
it was supposed that no local treatment (stenting) might significantly
improve vessel hemodynamics.

The present analysis includes all patients who had post-PCI FFR
measurement from the FFR-guided arm of the FAME 1 trial and the
PCI plus best available medical therapy arm of the FAME 2 trial.
Obtaining post-PCI FFR was not mandated per protocol. Institutional
research board has approved the present study. All patients gave in-
formed consent before enrollment to FAME 1 or FAME 2 trials.

Vessels

The present study investigated the relationship between post-PCI
FFR values and clinical outcome at vessel level. All angiographic
characteristics and end points are reported at vessel level. Coronary
stenosis severity was assessed by visual estimation and reported, ac-
cording to the main trials, in the following strata of DS: <50%, 50%
to 69%, 70% to 90%, and >90%.

Comparison of population from FAME 1 and FAME 2 trials. BMI indicates
body mass index; CCS, Canadian Cardiovascular Society; FAME, Fractional Flow
Reserve or Angiography for Multivessel Evaluation; MI, myocardial infarction;
and PCI, percutaneous coronary intervention.

End Points

Follow-up was censored 2 years after enrollment or at the time of
death. The primary end point of the present analysis is the vessel-
oriented composite end point (VOCE) at 2 years, defined as the
composite of vessel-related cardiovascular death, vessel-related
spontaneous (ie, nonperiprocedural) MI, and ischemia-driven tar-
get vessel revascularization (TVR, both urgent and nonurgent). All
events were adjudicated by an independent clinical event commit-
tee, blinded to randomization allocation. For the present analysis, all
the original narratives were reviewed and evaluated independently by
2 interventional cardiologists (Z.P. and G.G.T.), blinded to baseline
clinical and procedural characteristics, as well as to post-PCI FFR
value. Events were designated as vessel-related or not vessel-related.
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Figure 1. Distribution of post-percutaneous coronary interven-
tion (PCI) fractional flow reserve (FFR) values. Colors indicate the
lower (<0.88; red), the middle (0.88-0.92; orange), and the upper
(>0.92; green) tertiles according to post-PCI FFR groups.
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Table 2. Angiographic, Functional, and Procedural
Characteristics of the Index Vessels

Total FAME 1 FAME 2
(n=838) = (1=505) | (n=333) | PValue
Target vessel, n (%)
LAD 433(52) | 229(45) | 204 (61)
LCx 188(22) | 124 (25) 64 (19)
RCA 217 (26) | 152 (30) 65(20) | <0.001
Baseline diameter stenosis, n (%)
<50% 23(3) 21 (4) 2(1)
50%-70% 287 (34) | 174(34) | 113(34)
71%-90% 307(47) | 216(43) | 181 (54)
>90% 127015 | 90(18) 37(12) | <0.001
Serial stenoses, n (%) | 225 (26) | 195 (38) 3009 | <0.001
Baseline FFR, 0.63+0.14 | 0.61+0.15 | 0.67+0.12 | <0.001
mean=SD
No.of stents, mm, | 4 3,06 | 13:06 | 13:06 | 0696
mean=SD
Total stent length, 23+13 23+12 27+14 | <0.001
mm, mean+SD
Post-PCI FFR; 0.90+0.06 | 0.90+0.07 | 0.90+0.06 = 0.595
mean=SD

Comparison of population from the FAME 1 and FAME 2 trials. FAME
indicates Fractional Flow Reserve or Angiography for Multivessel Evaluation;
FFR, fractional flow reserve; LAD, left anterior descending; LCx, left circumflex;
PCI, percutaneous coronary intervention; and RCA, right coronary artery.

In case of disagreement, the narrative was reviewed again until a joint
agreement was met. Death was categorized as either cardiovascular
or noncardiovascular. Any death of unknown cause was counted as
cardiovascular. Cardiovascular death in patients with multiple index
stenoses was assigned to each index stenosis. Any spontaneous MI
without clearly identifiable culprit vessel was counted as target vessel
related. Any spontaneous MI in patients with multiple index stenoses
without clearly identifiable culprit vessel was assigned to each index
stenosis.

Statistical Analysis

Continuous variables are presented as mean+SD or median and inter-
quartile range from the 25th to the 75th percentile; categorical data
are presented as numbers and percentages, as appropriate. Normal
distribution was tested with D’Agostino K2 test. Comparisons

between continuous variables were performed using Student ¢ test or
Mann—Whitney test, as appropriate. Comparisons between categori-
cal variables were evaluated using Pearson y* or Fisher exact test, as
appropriate. The predictive value of clinical and angiographic param-
eters on post-PCI FFR was determined by deriving the (3-coefficient
in a generalized linear mixed-effects regression model after standard-
ization to achieve that the variance of dependent and independent
variable was 1. Sensitivity, specificity, and optimal diagnostic cutoff
values were defined from the calculated receiver—operator character-
istic curves, as appropriate. In lesion-level-based analysis, general
procedural characteristics and generalized mixed-effects models were
used with patient identification as random effect to account for the
nonindependence of lesions within the same patient. The multilevel
mixed-effects model used for lesion-level analyses fitted random
intercepts to account for the correlation of characteristics of lesions
within patients. In analysis of time-to-event outcomes, Cox regres-
sion was used with robust SE to account for the correlation between
lesions. Proportional-hazards test based on Schoenfeld residuals was
performed after fitting a crude and adjusted survival model. (Table
I in the Data Supplement) The added predictive ability of the new
predictor (baseline FFR) over and above a reference model (post-PCI
FFR) was assessed by integrated discrimination improvement index
based on logistic model.?! Kaplan-Meier curves were constructed for
the primary end point of VOCE at 2-year follow-up. Two sided P
values were reported throughout and P values smaller than 0.05 were
considered as statistically significant. Analyses were performed with
Prism GraphPad 5.0 (GraphPad Software, Inc, CA), SPSS 20.0 (IBM,
Inc, New York), and Stata 14.0 (Stata Corp, College Station, TX).

Results

Patients and Vessels

Of the 509 patients randomized to the FFR-guided arm in the
FAME 1 trial, 352 had post-PCI FFR measurement (69.2%).
Of the 447 patients randomized to PCI plus medical therapy
in the FAME 2 trial, 287 (64.2%) had post-PCI FFR measure-
ment. Together, these 639 patients constitute the study group
of the present analysis. The baseline characteristics of the
patient group are summarized in Table 1. Patients from the
FAME 1 and FAME 2 trials were similar, except for the higher
rate of hypertension and more imbalanced angina severity as
defined by the Canadian Cardiovascular Society classification
in the FAME 2 population.

In these 639 patients, 838 vessels were evaluated in the
present analysis, of which 433 (51.7%) were left anterior
descending (LAD), 217 (25.9%) were right coronary arteries,
and 188 (22.4%) were circumflex arteries. The median value
of baseline FFR measurements was 0.68 (0.54-0.74): 0.69
(0.58-0.75) in the LAD, 0.66 (0.50-0.74) in the circumflex

Table 3. Predictive Value of Different Clinical and Angiographic Characteristics on the Post-

PCI FFR Value
Standardized
Variable Unstandardized, 95% Cl Coefficient, 95% CI PValue
Male sex -0.017 —0.028 to —0.007 -0.113 —-0.182 t0 —-0.044 0.001
Diabetes mellitus —-0.011 —0.021 to —-0.001 -0.079 —0.148 t0 —0.009 0.026
LAD stenosis —-0.043 —-0.051 to —0.035 —-0.340 —-0.403 t0 -0.277 | <0.001
Baseline DS 0.013 0.007 t0 0.018 0.156 0.090 to 0.223 <0.001
Baseline FFR 0.036 0.006 to 0.066 0.081 0.01410 0.148 0.019
No. of stents —-0.007 —0.014 to 0.001 —-0.067 —0.134 t0 0.001 0.052

Cl indicates confidence interval; DS, diameter stenosis; FFR, fractional flow reserve; LAD, left anterior descending;

and PCI, percutaneous coronary intervention.
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arteries, and 0.64 (0.50-0.74) in the right coronary arteries.
The median value of post-PCI FFR measurements was 0.90

Table 4. Clinical, Angiographic, Functional, and Procedural
Characteristics

(0.86—0.94). The distribution is indicated in Figure 1. Detailed Lower Middle Upper
lesion and procedural characteristics are reported in Table 2. (n=284) = (n=263) = (n=291) = PValue
No relationship was found between baseline FFR and post- Mal " 21185 | 20307 | 22477 0.031
PCI FFR values (Figure I in the Data Supplement). Lesions ale sex, n (%) (®) 7 7 '
were more frequently located in the LAD. However, serial ste- Age, y, mean+SD 64=10 64=10 6410 | 0.876
noses occurred more often in the FAME 1 trial in which mean BMI, kg/m?, mean+SD 28+4 28+5 28+4 0.898
baseline FER .was also lower. Still, the mean} post-PCI FFR HTN, n (%) 200 (74) | 167 64) 189 (65) 0.128
value was similar between the 2 study populations.
. . . . . 0

By computing standardized coefficient in multiple regres- HLP, n (%) 216(76) | 193(74) | 223(77) | 0.902
sion analysis, male sex, diabetes mellitus, and LAD loca- DM, n (%) 82 (29) 65 (25) 55 (19) 0.059
tion were found as significant predictors of a lower post-PCI Smoker, n (%) 59 (21) 65 (25) 7204 | 0520
FFR value, whereas use of multiple stents in the given vessel Family hist N P ) 135 47 ]
showed a strong trend to predict lower post-PCI FFR value. amily history, n (%) (45) 9239 @0 | 0015
Higher baseline DS and higher baseline FFR predict higher CCS, n (%)
post-PCI FFR value (Table 3). Comparison between extended 0 12 (4) 12 (5) 12 (4)
(post-PCI FFR+baseline FFR) and reference (post-PCI FFR

1 58 (20 56 (21 70 (24

alone) models shows that there is a small difference between (20) 1) @4
their predictive ability (integrated discrimination improve- 2 107(38) | 108 (41) | 113(39)
ment=0.00565; z=2.53; P=0.012). 3 7125 | 60(23) | 58(20)

. 4 36(13) | 27(100 | 38(13) | 0.811
Clinical Follow-Up N
Complete follow-up was obtained for 93.8% of the patients. LEEIb Y
The mean follow-up was 23.6+2.8 months (time to censored LAD 200 (70) | 156 (39) 77 (26)
event between 0 and 24 months). Altogether, 69 events were RCA 58(20) | 62 (24) 97 (33)
detected in 58 treated vessels (6.9%). The distribution is indi-

. e . . . L 2 45 (17 117 (4 .001
cated in Figure 2. Baseline FFR values did not differ between Cx 60 5017 (40) | <0.00
vessels with versus without VOCE (0.66; 95% confidence Flri,/t-generatmn DES, | 47060) | 14354 | 192(66) | 0.020
interval [CI], 0.63-0.69 versus 0.63; 95% CI, 0.62-0.64, n (%)
respectively; P=0.207). Post-PCI FFR was significantly lower Baseline FFR, mean=SD | 0.62+0.13 | 0.65+0.13 | 0.62+0.15 | 0.016
in vessels with VOCE during fOHOW-U.p (088, 95% CI, 0.87- Serial stenoses, n (%) 93 (33) 61 (23) 71 (24) 0.031
0.90 versus 0.90; 95% CI, 0.89-0.90, respectively; P=0.019). ;

. . . . Baseline DS, n (%)
When grouping the vessels in tertiles according to the
post-PCI FFR value (<0.88 versus 0.88-0.92 versus >0.92; <50% 12 (4) 8(3) 6(2)

50%—70% 112(39) | 107 (40) | 68 (23)
w 70%-90% 128 (45) | 112(43) | 157 (54)
8 1o >90% 32(11) | 36(14) | 29(0) | <0.001
> o M e 91% No. of stents, mean=SD | 1.4+06 | 13:0.6 | 13x06 | 0208
o 8.1%
2 s Total stent length, 2414 | 26x14 | 25+11 | 0580
E o mean=SD

T.

% ; 6.0% Post-PCl FFR, mean+SD | 0.83+0.05 | 0.90+0.02 | 0.96+0.02
-‘E =0 * Various characteristics of the index vessels in the lower (<0.88), the middle
= “Q 57 (0.88-0.92), and the upper (>0.92) tertiles according to post-PCl FFR. BMI
o = 4 3.2 indicates body mass index; CCS, Canadian Cardiovascular Society; DES, drug-
7} 8 - eluting stent; DM, diabetes mellitus; DS, diameter stenosis; FFR, fractional flow
S = 3 reserve; HLP, hyperlipidemia; HTN, hypertension; LAD, left anterior descending;
‘B ..N_. 2 LCx, left circumflex; PCI, percutaneous coronary intervention; and RCA, right
Lw coronary artery.
Y 11
o
*g Table 4), a significant difference was found in the rate of
24 VOCE with lowest incidence in the upper tertile (9.2% versus

7o)
~
(=]

v

0.76-0.80
0.81-0.85
0.86-0.90
0.91-0.95
0.96-1.00

Strata of post-PCI fractional flow reserve values

Figure 2. Rate of lesions with vessel-oriented composite end
point (VOCE) in the different post—percutaneous coronary inter-
vention (PCI) fractional flow reserve strata.

7.9% versus 3.8%, respectively; P=0.029).

Comparing the 2-year outcome of lower and upper tertiles
of post-PCI FFR, a significant difference was found favoring
the upper tertile in terms of overall VOCE (9.2% versus 3.8%,
respectively; hazard ratio [HR], 1.46; 95% CI, 1.02-2.08;
P=0.037) and TVR (7.0% versus 2.4%, respectively; HR,
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1.59; 95% CI, 1.03-2.46; P=0.037). No difference was found
in vessel-related spontaneous MI or in vessel-related mortal-
ity. Comparing the 2-year outcome of middle and upper ter-
tiles of post-PCI FFR, no significant difference was found in
overall VOCE, TVR, spontaneous MI, or vessel-related mor-
tality (Figure 3; Table 5).

When adjusted to sex, hypertension, diabetes mellitus,
target vessel, serial stenosis, and baseline percentage DS, a
strong trend was preserved in terms of TVR (HR, 1.55; 95%
CI, 0.97-2.46; P=0.066) favoring the upper tertile compared
with the lower, as shown in Table 5.

Definition of a Potential Cutoff Value

Receiver—operator characteristic curve analysis was performed
to identify a potential cutoff with prognostic value for VOCE
during 2-year follow-up (Figure 4). Post-PCI FFR <0.92 has the
highest Youden index. Accordingly, when comparing the 2-year
outcome of vessels with post-PCI FFR <0.92 and vessels with
post-PCI FFR >0.92, a significant difference was found in terms
of overall VOCE (8.7% versus 4.2%, respectively; HR, 2.14;
95% CI, 1.19-3.84; P=0.011). The difference remained signifi-
cant even after adjusting to sex, diabetes mellitus, target vessel,
baseline percentage DS, and use of first-generation DES (HR,

1.87; 95% CI, 1.01-3.46; P=0.045). Yet, sensitivity and speci-
ficity of this 0.92 post-PCI FFR cutoff value to predict vessel-
related events are low: 75.4% (95% CI, 62.2-85.9) and 43.3%
(95% CI, 39.8-46.8), respectively. Accordingly, no post-PCI
FFR value was found to have a HR >1.5 for VOCE at 2 years.

Discussion

Summary of Findings

The present study analyzes the relationship between the post-
PCI FFR value immediately after DES implantation and the
vessel-related events. The main findings of the present analy-
sis can be summarized as follows:

1. Vessels with a lower residual FFR after PCI with implan-
tation of at least one DES had significantly more clinical
events compared with vessels with higher post-PCI FFR
values. The difference was preserved as a strong trend
even after adjustment for various clinical, angiographic,
and procedural characteristics. Therefore, these findings
extend the overall prognostic value of FFR to post-PCI
measurements.

2. Male sex, diabetes mellitus, LAD lesion location, and
the use of multiple stents are associated with a lower

30+

— Lower tertile: < 0.88
Middle tertile: 0.88-0.92

— Upper tertile: > 0.92

204

154 Lower vs Upper: HR 1.46 (95%CIl 1.02 to 2.08)
Middle vs Upper: HR 1.37 (95% CI 0.61 to 3.09)

Vessel-oriented cardiac events

5]
. T T T r ,
120 240 360 430 600 720
Days
No. at risk 284 276 2mM 268 264 258 244
201 289 288 287 283 280 266

301
— Lower tertile: < 0.88

Middle tertile: 0.88-0.92
251 — Upper tertile: > 0.92

20

154 Lower vs Upper: HR 1.71 (95% CI 0.77 to 3.78)
Middle vs Upper: HR 3.39 (85% CI 0.71 to 16.39)

Spontaneous myocardial infarction

5
04 T 7 —r—r—r—r—
120 240 360 480 600 720
Days
No. at risk 284 279 278 276 274 272 257
2 255 253 252 ks
291 291 29 290 289 288 27

= Lower tertile: < 0.88
Middle tertile: 0.88-0.92
251 — Upper tertile: > 0.92

Lower vs Upper: HR 1.70 (95% CI 0.77 to 3.79)
Middle vs Upper: HR 1.45 (95% CI 0.25 to 8.55)

Vessel-related death

201 201 291 201 200 200 272

— Lower tertile: <0.88
Middle tertile: 0.88-0.92
— Upper tertile: > 0.92

Lower vs Upper: HR 1.59 (95% CI 1.03 to 2.46)
Middle vs Upper: HR 1.48 (95% CI 0.53 to 4.13)

Target vessel revascularisation

0 120 240 360 480 600 720
Days
No. at risk 284 276 271 268 264 258 244
263 c 249 248 245
291 290 289 287 284 283 268

Figure 3. Two-year vessel-related event rates in lower, middle, and high post—-percutaneous coronary intervention (PCl) fractional flow
reserve (FFR) tertiles. In the unadjusted comparison of the 2-year outcome of the tertiles, grouped according to post-PCI FFR value, a
significant difference was found in terms of overall vessel-oriented composite end point and target vessel revascularization, favoring the
upper tertile. No statistically significant difference was observed in vessel-related spontaneous myocardial infarction and vessel-related
cardiovascular death. Cl indicates confidence interval; and HR, hazard ratio.
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Table 5. Two-Year Clinical Outcome in the Tertiles According to Post-PCl FFR

Lower (n=284)  Middle (n=263) ' Upper (n=291) HR (95% Cl) PValue

Unadjusted

VOCE, n (%) 26 (9) 1 (4) 1.46 (1.02-2.08) | 0.037

Death, n (%) 6(2) 2(1) 1.70(0.77-3.79) | 0.191

Spontaneous MI, n (%) 6 (2) 2(1) 1.71 (0.77-3.78) 0.188

TVR, n (%) 20 (7) 703 1.59 (1.03-2.46) | 0.037
Adjusted for sex, hypertension, diabetes mellitus, target vessel, serial stenosis, and baseline %DS

VOCE, n (%) 1.40 (0.93-2.08) | 0.104

Death, n (%) 1.34 (0.42-4.48) | 0.602

Spontaneous MI, n (%) 1.92 (0.94-3.94) 0.074

TVR, n (%) 1.55(0.97-2.46) | 0.066
Unadjusted

VOCE, n (%) 21(8) 1 (4) 1.37 (0.61-3.09) | 0.444

Death, n (%) 5(2) 2(1) 1.45 (0.25-8.55) 0.685

Spontaneous MI, n (%) 7(3) 2(1) 3.39(0.71-16.39) | 0.128

TVR, n (%) 14 (5) 702 1.48 (0.53-4.13) | 0.460
Adjusted for sex, diabetes mellitus, target vessel, baseline %DS, and use of first-generation DES

VOCE, n (%) 1.01(0.45-2.28) | 0.978

Death, n (%) 1.63(0.18-14.89) | 0.668

Spontaneous MI, n (%) 3.06 (0.73-12.82) | 0.126

TVR, n (%) 1.17(0.42-3.30) | 0.764

Unadjusted (above) and adjusted (below) comparisons of 2-year clinical outcome of lower (<0.88) vs upper (>0.92),
and middle (0.88-0.92) vs upper (>0.92) tertiles according to post-PCl FFR value. Cl indicates confidence interval;
DES, drug-eluting stent; %DS, percent diameter stenosis; FFR, fractional flow reserve; HR, hazard ratio; MI, myocardial
infarction; TVR, target vessel revascularization; and VOCE, vessel-oriented composite end point.

ful revascularization.

3. Nevertheless, the low likelihood ratio indicates that there
is no discrete post-PCI FFR value that could be proposed
to rule in or to rule out vessel-oriented adverse events.
Accordingly, post-PCI FFR cannot be advocated as a
clinical surrogate nor as a guide for PCI optimization.

Previous Data With Post-PCI FFR
The present findings derived from the largest population
studied to date confirm previous observational registries,

suggesting the prognostic value of post-PCI FFR. In the bare

metal stent era, a large registry showed a clear relationship

between the FFR, measured immediately after PCI, and the
MACE rate at 6-month follow-up.? In the DES era, Doh et al*
investigated 117 lesions in 105 patients and identified a post-
PCI FFR cutoff value of 0.89 as the best predictor of target
vessel failure—free survival at 3 years, defined as composite

of TVR, death, or nonfatal MI attributed to the target vessel.
Nam et al* investigated 99 lesions in 80 patients and found
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X w
2 707 p S 707 E70 g
2 60l 2 s0] 6o ©,
2 S =h
= 50 = 50 50 ©
] = 23
5 40 40 tao <
(7] S =
307 304 F30 3R
(77] <
207 204 k20
3 1= Sensitivity i
10 1092 Specificity 10
10 20 30 40 50 60 70 80 80 100  0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
100% - Specificity% Post-PCI FFR

the cutoff value of 0.91 as strongest predictor of MACE at
1 year. Other observational studies yielded conflicting results

Figure 4. Definition of a
potential cutoff value of
post-percutaneous coro-
nary intervention (PCI) frac-
tional flow reserve (FFR),
predicting vessel-oriented
composite end point at
2-year follow-up. On the
basis of receiver—operator
characteristic curve analysis
(A), a post-PCI FFR value of
0.915 was found to have the
highest Youden index for
predicting VOCE at 2 years,
with a sensitivity of 75%
and specificity of 43% (B).
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on the ability of post-PCI FFR to predict TLR, long-term
event-free survival, or restenosis.”>2* In contrast, the present
analysis was based on 2 large-scale, multicentric randomized
trials. Approximately two thirds of the total population that
underwent FFR-guided DES placement in these trials had
post-PCI FFR measurements. Consequently, the number of
patients included in the present analysis is twice as large as
most of the previously published studies from the DES era
together.”**” The end point—VOCE—was used to match as
closely as possible post-PCI vessel characteristics and patients
clinical outcome. Moreover, all end points were adjudicated
by an independent clinical event committee blinded to all
clinical data including post-PCI FFR values.

Evaluation of Post-PCI Results

In the vast majority of PCI cases, final results are gauged by
angiography. A residual stenosis of >20% has often been con-
sidered a suboptimal post-PCI result.*=*! Many of the mecha-
nisms of early and late post-PCI failure have been unraveled
by intravascular ultrasound. However, intravascular ultra-
sound-based guidance of PCI did not consistently translate
into improved clinical outcome®** and was, therefore, not
adopted in clinical practice to evaluate the result of PCI. Opti-
cal coherence tomography further improved the visualization
of morphological details. Even though post-PCI optical coher-
ence tomography images often trigger additional maneuvers
aiming at improving the immediate results,*3 there is no con-
vincing indication that a systematic use of optical coherence
tomography improves clinical outcome. An imaging modality
focuses on the stented segment, not taking into account the
entire length of the artery nor the myocardial mass depending
on the stented segment. In contrast, post-PCI FFR is a marker
of the residual epicardial resistance of the entire artery dur-
ing maximal microvascular vasodilation. Several mechanisms
can concur to a post-PCI FFR value <1.0: the presence of a
second lesion, residual diffuse disease, pressure sensor drift,
and suboptimal stent deployment.*® Accordingly, the different
mechanisms might have different weight in determining clini-
cal outcome. A pullback maneuver of the sensor under steady-
state hyperemia is able to identify which one is prevailing.’’
In case of abnormal FFR related to a pressure gradient within
the stented segment, additional intracoronary imaging is war-
ranted to unravel the mechanism of this focal pressure drop. In
the patients included in the FAME trials, a pressure pull back
was not performed systematically and, when done, additional
maneuvers to correct and improve FFR were not advocated.
However, daily experience shows that after an angiographi-
cally successful PCI, the pressure gradient is often diffusely
distributed over the length of the artery caused by diffuse ath-
erosclerosis, which may or may not be visible by angiography.
FFR values measured in the present study were obtained when
the PCI was considered successful and should, therefore, be
considered merely documentary.

Perspectives

Our findings raise the question whether optimization of post-
PCI FFR with a more extensive intervention could improve
clinical outcome. An answer to this question could only be
derived from an appropriately sized trial. On the basis of the

present findings, such a randomized trial comparing post-
PCI FFR-based optimization with routine practice would
require =4200 patients to detect a 30% relative risk reduction
of VOCE at 2 years (from 7.9% in the control group receiv-
ing routine care to 3.6% in the experimental group with 80%
power at a 2-sided o of 0.05). In the light of our results, such
a trial currently seems hardly justifiable.

Limitations

It is important to stress that the post-PCI values were merely
documentary because, after angiographically successful PCI,
according to protocol, no additional maneuver was under-
taken to achieve a higher FFR value. Second, patients and
their treating physicians could be aware of the post-PCI FFR
value. However, all patients had angiographically successful
PCI, and the vast majority had a nonsignificant FFR on com-
pletion of the intervention (Figure 1). Third, albeit measure-
ment of post-PCI FFR was recommended in the trials, it was
performed only in two thirds of all cases, suggesting some
selection bias. It can indeed be speculated that post-PCI FFR
measurements were preferentially performed in cases with
a good angiographic result. Yet, this potential selection bias
could actually only strengthen our findings. Fourth, we did
not specifically investigate the effect of medical therapy and
compliance of patients with the medical regimen; however,
both trials mandated optimal medical therapy, and the FAME
2 trial reported on the medical therapy of different arms of
the trial.®” Finally, because post-PCI pullback recording dur-
ing constant hyperemia was not mandated, we are unable to
tell whether a suboptimal post-PCI FFR value is a result of
residual diffuse coronary atherosclerosis, imperfect stenting,
or pressure drift.

Clinical Implications

The higher the post-PCI FFR value, obtained immediately
after DES implantation, the lower the 2-year rate of clini-
cal events related to the stented vessel. However, the present
data cannot propose a discrete post-PCI FFR cutoff value that
might be used as a surrogate clinical end point or as a target
value to optimize PCI results.
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