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BACKGROUND: Twenty percent to 40% of patients are affected by angina after percutaneous coronary intervention (PCI), which
is associated with anxiety, depression, impaired physical function, and reduced quality of life. Understanding patient and
procedural factors associated with post-PCl angina may inform alternative approaches to treatment.

METHODS: Two hundred thirty patients undergoing PCl completed the Seattle Angina Questionnaire (SAQ-7) and
European quality of life=5 dimension—5 level (EQ-5D-5L) questionnaires at baseline and 3 months post-PCl. Patients
received blinded intracoronary physiology assessments before and after stenting. A post hoc analysis was performed to
compare clinical and procedural characteristics among patients with and without post-PCl angina (defined by follow-up
SAQ-angina frequency score <100).

RESULTS: Eighty-eight of 230 patients (38.3%) reported angina 3 months post-PCl and had a higher incidence of active
smoking, atrial fibrillation, and history of previous myocardial infarction or PCl. Compared with patients with no angina at
follow-up, they had lower baseline SAQ summary scores (69.48+24.12 versus 50.20+22.59, A<0.001) and EQ-5D-5L
health index scores (0.84%0.15 versus 0.69+0.22, ”<0.001). Pre-PCI fractional flow reserve (FFR) was lower among
patients who had no post-PCl angina (0.66+0.15 versus 0.62£0.13, A=0.003). Percentage change in FFR after PCl had
a moderate correlation with angina frequency score at follow-up (=0.36, A<0.0001). Patients with post-PCl angina had
less improvement in FFR (43.1£33.5% versus 67.0£50.7%, A<0.001). There were no between-group differences in post-
PCI FFR, coronary flow reserve, or corrected index of microcirculatory resistance. Patients with post-PCl angina had lower
SAQ-summary scores (64.01£22 versus 95.1628.72, P<0.001) and EQ-5D-5L index scores (0.69+0.26 versus 0.91+0.17,
P<0.001) at follow-up.

CONCLUSIONS: Larger improvements in FFR following PCl were associated with less angina and better quality of life at follow-
up. In patients with stable symptoms, intracoronary physiology assessment can inform expectations of angina relief and
quality of life improvement after stenting and thereby help to determine the appropriateness of PCI.
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WHAT IS KNOWN

* Angina after percutaneous coronary intervention
(PCI) is associated with long-term anxiety, depres-
sion, and impairment of both physical function and
quality of life.

* Persistence or recurrence of angina after PCI may
affect 20% to 40% of patients during short-to-
medium-term follow-up.

WHAT THE STUDY ADDS

¢ Patients with post-PCl angina reported more fre-
quent angina and poorer quality of life at baseline
yet had physiologically less severe disease and,
accordingly, tended to achieve less improvement in
coronary physiology metrics than those who were
free from angina post-PCI.

¢ The degree of improvement in patient-reported
outcome measures following PCI is not associ-
ated with post-PCl coronary physiology values. It
relates instead to the pre-PCl value and the change
from baseline. Lower pre-PCI values and larger
increases in fractional flow reserve were associated
with higher patient-reported outcome measures
scores at follow-up.

* Intracoronary physiology assessment can inform
expectations of angina relief and quality of life
improvement after stenting and thereby help to
determine the appropriateness of PCI intended to
alleviate symptoms.

Nonstandard Abbreviations and Acronyms

CCs Canadian Cardiovascular Society
CFR coronary flow reserve

EQ-5D-5L European quality of life-5 dimension-5
level questionnaire

FFR fractional flow reserve
PCI percutaneous coronary intervention
SAQ-7 Seattle Angina Questionnaire

SAQ-AF  Seattle Angina Questionnaire-angina

frequency

is associated with long-term anxiety, depression,

impaired physical function, and quality of life." PCI
achieves greater reductions in myocardial ischemia than
optimal medical therapy alone.? The greater the degree of
ischemia in a myocardial territory, the greater the improve-
ment in symptoms following PCI.2 Patients with moderate
or severe ischemia randomized to an initial invasive strat-
egy in the ISCHEMIA trial (International Study of Com-
parative Health Effectiveness With Medical and Invasive
Approaches) had greater improvement in angina-related
health status than those assigned to the conservative

Angina after percutaneous coronary intervention (PCI)
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strategy, and larger differences were observed in patients
who actually had anginal symptoms at baseline.* Never-
theless, persistence or recurrence of angina after PCl is
well-recognized and may affect 20% to 40% of patients
during short-to-medium-term follow-up.>® Total health care
costs in the first year after an index PCl can be up to 1.8x
greater for patients with angina or chest pain after stent-
ing with cost differentials continuing out to 36 months
post-PCL” Understanding patient factors associated
with post-PCl angina may support different approaches
to revascularization® Conflicting data exist regarding the
association between invasive coronary measurements
and patient-reported outcome measures at follow-up.9""
TARGET-FFR (Trial of Angiography Versus Pressure-
Ratio-Guided Enhancement Techniques - Fractional Flow
Reserve) was a randomized controlled trial designed to
assess the efficacy of a post-PCl physiology-guided incre-
mental optimization strategy versus standard angiographic
guidance.' In this analysis, the incidence and associates
of angina at 3 months post-PCl were examined.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request. The
rationale, study design, and primary outcome of the TARGET-
FFR controlled trial have been published previously.'?'® In
brief, 260 patients undergoing standard-of-care PCI for either
chronic or medically stabilized acute coronary syndromes
provided informed consent to be randomized 1:1 to a con-
trol group or the experimental physiology-guided incremental
optimization strategy. All patients completed questionnaires
on anginal symptoms (Seattle Angina Questionnaire [SAQ-
7]) and health status (European quality of life=5 dimension—5
level [EQ-BD-5L]) at baseline and were contacted to repeat
this assessment 3 months after their procedure. The question-
naires were administered by telephone or mail by a research
nurse blinded to the randomized group allocation and the physi-
ology results. A summary of the study protocol and additional
detail on the patient questionnaires is provided in methods in
the Supplemental Material. The study was approved by an insti-
tutional review committee, and patients gave informed consent.

Definition of Angina

The presence of angina post-PCl was defined by a patient-
reported follow-up SAQ-angina frequency (SAQ-AF) score of
<100. Patients with a follow-up of SAQ-AF score=100 were clas-
sified as having no angina.*® Prior to PCl, in addition to patient-
reported SAQ scores, anginal symptoms were also assessed
and adjudicated by a physician with a Canadian Cardiovascular
Society (CCS) score of class | or above defining the presence of
angina at baseline. This definition was used for subgroup analy-
ses of patients with anginal symptoms at baseline.

Clinical Outcomes

Clinical outcomes at a median of 3 years post-PCl were
assessed by electronic health record linkage. The primary clini-
cal outcome was target vessel failure, a composite end point
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comprising cardiovascular death, target vessel myocardial
infarction, and target vessel revascularization.™

Statistical Analysis

Continuous variables are presented as mean+SD and categori-
cal data as counts and percentages. A 2-sample ttest was used
to compare patient-level characteristics with continuous vari-
ables. Categorical variables were compared using the y? test
without continuity correction. Whenever appropriate, a Fisher
exact test was used instead. Follow-up patient-reported outcome
measures scores stratified by FFR tertiles were analyzed with an
ANCOVA model on the parameter’s follow-up value adjusted for
FFR tertiles and baseline value. Relationship between variables
was assessed using Spearman correlation coefficient. Analyses
were performed using SAS 9.4 and SPSS Statistics 28.

RESULTS

Of 260 participants, 230 (88.5%) provided follow-up
SAQ-AF scores 3 months (median [interquartile range],
105 [31] days) post-PCl. For the purposes of this analy-
sis, patients were stratified by the presence of post-PClI
angina. Eighty-eight (38.3%) of 230 patients had post-
PCI angina as determined by a follow-up SAQ-AF score
<100. Expanded subgroup analyses with additional strati-
fication by the presence of angina at baseline are included
in the (Tables S1 through Sb). Five of eighty-eight (5.7%)
patients with post-PCl angina did not have angina (physi-
cian-adjudicated CCS class >1) at baseline. There were
no periprocedural myocardial infarctions within this sub-
group and mean post-PCl physiology values compared
favorably to the other subgroups (Table S2).

Baseline Demographics

Clinical characteristics at baseline are presented in
Table 1. Patients with post-PCl angina had higher rates
of previous myocardial infarction and PCI. The incidence
of atrial fibrillation and current cigarette smoking were
also higher in those with post-PCl angina. Patients with
post-PCl angina had significantly higher CCS scores at
baseline and were prescribed more antianginal drugs
with greater utilization of oral nitrate tablets and more
frequent use of reliever sublingual nitrate spray.

Procedural Outcomes

Procedural and coronary physiology characteristics are pre-
sented in Table 2. There were no differences between groups
in the angiographic severity of stenoses or procedural char-
acteristics such as lesion preparation, stent length, postdila-
tion, and use of intracoronary imaging. Patients who were
angina-free at follow-up had physiologically more severe
lesions prior to PCl and achieved significantly larger improve-
ments in hyperemic and nonhyperemic pressure ratios after
stenting. There were no between-group differences in either
post-PCl physiology metrics or in the proportion of patients
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who received additional intervention through the study’s post-
PCI physiology-guided optimization protocol.

Patient-Reported Outcome Measures

Patients with post-PCl angina had significantly lower SAQ
scores, both at baseline and follow-up, compared with
those free from angina (Table S6). Additionally, in those
patients reporting any angina after PCl, the mean change
in the EQ-5D-bL Weighted Health Index was effectively
zero (—0.001 units), indicating they felt their quality of life
had not improved after stenting (Table S7). Among patients
who had angina at baseline (CCS class | and above), FFR
and coronary flow reserve (CFR) correlated with the abso-
lute patient-reported outcome measures scores at follow-
up. FFR had a moderate, positive correlation with follow-up
SAQ-AF scores. CFR had a similar, albeit weaker, correla-
tion. This reflected negative correlations with the pre-PClI
SAQ-AF score rather than positive correlations with post-
PCl values (Tables S8 through S11). Pre-PCl and change
in FFR (delta FFR) both also had significant, albeit some-
what weaker, correlations with the other SAQ domains and
the EQ-BD-5L weighted health index score (Tables S8 and
S9). The magnitude of change in pressure ratios was predi-
cated by the pre- rather than post-PCI value and patients
reporting angina post-PCl tended to have achieved smaller
changes in FFR following PCI (Figure; Figure S1). There
was no correlation between index of microcirculatory
resistance (corrected for epicardial stenosis) and patient-
reported outcome measures (Tables S12 and S13).

Predictors of Post-PCl Angina

Univariate and multivariate analysis of predictors of post-
PCl angina are presented in Table 3. Smaller changes in
FFR predicted the presence of post-PCl angina.

Clinical Outcomes

The rate of target vessel failure at a median (interquartile
range) follow-up of 3 (0.9) years was 1.7% (4/230) with
no significant difference between groups (no angina, 0.7%
versus post-PCl angina, 3.4%; P=0.16), however, the study
was not powered to detect a difference in clinical outcomes.

DISCUSSION

One in 3 patients in the TARGET-FFR randomized trial
reported angina 3 months after undergoing PCI which,
while a substantial proportion, is not unprecedented. In
the ABSORB IV trial, 39% (494/1265) of patients in the
drug-eluting stent arm had physician-adjudicated angina
or angina-equivalent symptoms at 1-year follow-up.®

As the impact of anginal symptoms is inherently sub-
jective, we concluded that attempting to define a level
of post-PCl angina that might be acceptable to patients
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Table 1. Baseline Clinical Characteristics Stratified by Presence of Angina 3 Months Post-PCI

Variables Total No post-PCl angina | Post-PCl angina P value
No. of patients, n (%) 230 142 (61.7) 88 (38.3)
Male, n (%) 202 (87.8) 127 (89.4) 75 (85.2) 0.34
Age, y, mean (SD) 60.918.6 60.9+8 61+9.5 0.91
BMI, mean (SD) 29.845.5 29+4.8 31+6.3 0.013
Family history of CAD, n (%) 153 (66.5) 94 (66.2) 59 (67) 0.90
Smoking status, n (%) 0.04
Nonsmoker 72 (31.3) 48 (33.8) 24 (27.3)
Current smoker 37 (16.1) 16 (11.3) 21 (23.9)
Ex-smoker 121 (52.6) 78 (54.9) 3 (48.9)
Hypertension, n (%) 103 (44.8) 57 (40.1) 6 (52.3) 0.07
Dyslipidemia, n (%) 128 (55.7) 84 (59.2) 4 (50) 0.17
Heart failure, n (%) 53 (283) 31 (21.8) 2 (25) 0.58
Diabetes, n (%) 39 (17) 19 (13.4) 0 (22.7) 0.066
Atrial fibrillation, n (%) 18 (7.8) 6 (4.2) 12 (13.6) 0.01
Chronic kidney disease, n (%) 4(1.7) 2 (1.4) 2 (2.3) 0.64
Indication for PCI, n (%) 0.39
Stable angina 67 (29.1) 40 (28.2) 27 (30.7)
ACS-UA/NSTEMI 91 (39.6) 61 (43) 30 (34.1)
Staged completion of revascularization 72 (31.3) 41 (28.9) 31 (35.2)
Previous Ml 83 (36.1) 43 (30.3) 40 (45.5) 0.02
Previous PCI, n (%) 86 (37.4) 45 (31.7) 41 (46.6) 0.02
Baseline CCS angina class, n (%) <0.001
CCSo 36 (15.7) 31 (21.8) 5 (5.7)
CCS 1 56 (24.3) 45 (31.7) 11 (12.5)
CCS 2 85 (37) 44 (31) 41 (46.6)
CCSs 3 52 (22.6) 21 (14.8) 31 (35.2)
CCs 4 1(0.4) 1(0.7) 0
Baseline SAQ-AF=100 62 (27) 53 (37.3) 9(10.2) <0.001
Medications
Any antiplatelet, n (%) 223 (97) 141 (99.3) 2(93.2) 0.014
DAPT, n (%) 160 (69.6) 97 (68.3) 3 (71.6) 0.60
Oral anticoagulant, n (%) 16 (7) 3(2.1) 3(14.8) <0.001
Statins, n (%) 221 (96.1) 139 (97.9) 2(93.2) 0.09
ACE inhibitor, n (%) 150 (65.2) 95 (66.9) 5 (62.5) 0.50
ARB, n (%) 23 (10) 10 (7) 3(14.8) 0.06
Diuretics, n (%) 27 (11.7) 12 (8.5) 15 (17) 0.049
Number of antianginal agents, mean (SD) 1.73£0.82 1.58+0.78 1.974£0.84 <0.001
Beta-blocker, n (%) 208 (90.4) 126 (88.7) 82 (93.2) 0.26
Calcium channel blocker, n (%) 45 (19.6) 26 (18.3) 19 (21.6) 0.54
Nicorandil, n (%) 17 (7.4) 8 (5.6) 9(10.2) 0.20
Ivabradine, n (%) 4(1.7) 2 (1.4) 2 (2.8) 0.64
Oral nitrates, n (%) 66 (28.7) 33 (28.2) 33 (37.5) 0.02
Frequency of GTN spray use, n (%) <0.001
None 115 (50) 89 (62.7) 6 (29.5)
Daily 29 (12.6) 11 (7.7) 8 (20.5)
Weekly 61 (26.5) 7(19) 4(38.6)
Monthly 25 (10.9) 5(10.6) 0(11.4)

ACE indicates angiotensin-converting enzyme; ACS-UA/NSTEMI, acute coronary syndrome unstable angina/non—ST-segment—eleva-
tion myocardial infarction; ARB, angiotensin-receptor blocker; BMI, body mass index; CAD, coronary artery disease; CCS, Canadian Cardio-
vascular Society; DAPT, dual antiplatelet therapy; GTN, glyceryl trinitrate; MI, myocardial infarction; PCI, percutaneous coronary intervention;
and SAQ-AF, Seattle Angina Questionnaire-angina frequency.
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Table 2. Procedural and Coronary Physiology Characteristics Stratified by Presence of Angina 3 Months Post-PCI

Variables Overall No post-PCI angina Post-PCl angina P value
n 230 142 88
Target vessel, n (%) 0.45

LAD 130 (56.5) 83 (58.5) 47 (53.4)

Non-LAD 100 (43.5) 59 (41.5) 41 (46.6)
Diameter stenosis, %, meantSD 65.91+15.4 67+£15.3 64.1+15.4 0.17
Lesion length, mean+SD 12.21+6.0 12.316.4 12.1£5.4 0.77
AHA/ACC lesion type, n (%) 0.08

A 40 (17.4) 31 (21.8) 9(10.2)

B1 83 (36.1) 44 (31) 39 (44.3)

B2 91 (39.6) 57 (40.1) 34 (38.6)

C 16 (7) 10 (7) 6 (6.8)
SYNTAX score, meantSD 11.2+8.1 11.618.4 10.5%£76 0.29
BCIS Jeopardy score, mean+SD 5.0+3.0 4.9+3.1 5.1£2.9 0.70
Pre-PCI Pd/Pa, mean+SD 0.75+0.18 0.73%£0.19 0.79%0.15 0.008
Pre-PCI FFR, meantSD 0.58+0.14 0.56+0.15 0.62+0.13 0.003
Pre-PCl resting TT 1.13+0.44 1.16+0.43 1.08+0.47 0.21
Pre-PCI hyperemic TT 0.69%0.40 0.75+0.41 0.60%0.35 0.005
Pre-PCI CFR, meantSD 1.910.9 1.8+0.8 21+1.0 0.008
Pre-PCI IMR 28+12 29+12 27+13 0.22
Pre-PCI IMRc 21£11 20+10 21%11 0.69
Predilatation, n (%) 230 (100) 142 (100.0) 88 (100.0) NA
Postdilatation, n (%) 225 (97.8) 138 (97.2) 87 (98.9) 0.65
Intravascular imaging, n (%) 36 (15.7) 22 (15.5) 14 (15.9) 0.93
PIOS applied, n (%) 33 (14.3) 24 (16.9) 9(10.2) 0.16
No. of stents (per vessel), meantSD 1.46+0.66 1.45+0.67 1.4740.66 0.87
Stent diameter, mm, meantSD 3.22+0.43 3.191+0.42 3.2610.44 0.20
Total stent length, mm, meantSD 41.8+20.1 41.2+19.7 42.7120.8 0.57
Residual diameter stenosis, %, meant£SD 14.2+8.6 13.91+8.8 14.618.4 0.52
Residual SYNTAX score, mean£SD 2.31+£4.38 2.27+4.12 2.37+4.82 0.87
Post-PCl Pd/Pa, mean+SD 0.94+0.05 0.94+0.06 0.94+0.05 0.51
Post-PCl FFR, meantSD 0.86%0.08 0.86%0.09 0.86%0.07 0.87
Post-PCl resting TT 0.91+0.42 0.95+0.44 0.85+0.38 0.09
Post-PCl hyperemic TT 0.32+0.21 0.33%+0.21 0.32+0.20 0.79
Post-PCI CFR, mean+SD 3.4%1.9 3.4%+1.8 3.4%£2.2 0.90
Post-PCI IMR 22+17 22+17 22+16 0.86
Post-PCI IMRc 21%16 21+17 2116 0.88
Delta Pd/Pa 0.19%+0.18 0.22+0.19 0.15+0.15 0.004
% Delta Pd/Pa, meantSD 37+57.4 44.11£63.3 25.41+44.2 0.014
Delta FFR, mean£SD 0.28+0.15 0.30+0.16 0.23%+0.13 0.001
% Delta FFR, meantSD 58.3+46.5 67.0+50.7 43.1+£33.5 <0.001
Delta resting TT —0.22+0.46 —0.21+£0.48 —0.23+0.42 0.77
% Delta resting TT, mean+SD —11.8%£43.2 —11.2144.6 —12.8%41.1 0.79
Delta hyperemic TT —0.38+0.41 —0.44+0.42 —0.29+0.37 0.008
% Delta hyperemic TT, meantSD —43.3141.9 —48.8+32.1 —34.9152.7 0.036
Delta CFR, meantSD 1.5+1.8 1.7+£1.8 1.3+1.9 0.18
% Delta CFR, mean+SD 103.8+131 122.7+£147.2 75.1£95.8 0.006
Delta IMR —7+16 —9+15 —5+18 0.12

(Continued)
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Table 2. Continued

Predictors of Post-PCl Angina

Variables Overall No post-PCl angina Post-PCl angina P value
% Delta IMR, mean+SD —16+66 —23.2+478 —6187.4 0.12
Delta IMRc —1£15 —1£14 0t16 0.72

% Delta IMRc, meantSD 14+126 11.8£128.3 16.2+122 0.82
Periprocedural MI, n (%) 7 (8) 3(2.1) 4 (4.5) 0.43
Cardiac rehabilitation attendance, n (%) 182/222 (82) 119/138 (86.2) 63/84 (75) 0.035

ACC indicates American College of Cardiology; AHA, American Heart Association; BCIS, British Cardiovascular Intervention Society; CFR, coronary
flow reserve; FFR, fractional flow reserve; IMR, index of microcirculatory resistance; IMRc, index of microcirculatory resistance corrected for epicardial
stenosis (Yong formula); LAD, left anterior descending artery; MI, myocardial infarction; PCI, percutaneous coronary intervention; Pd/Pa, ratio of resting
distal coronary to aortic pressure; PIOS, physiology-guided optimization protocol; SYNTAX, Synergy Between PCI With Taxus and Cardiac Surgery Trial;

and TT, transit time.

or represent a clinically meaningful improvement would
be arbitrary and ultimately futile. Improved but persis-
tent symptoms may be considered a success by some
patients yet be completely unacceptable to others, so we
therefore, determined a complete absence of patient-
reported angina after PCl to represent the gold standard.
The SAQ-AF domain asks patients to report the fre-
quency of “chest pain, chest tightness, or anginal attacks”
over the preceding 4 weeks with a score <100 indicating
at least one anginal episode within that period. Accord-
ingly, we adopted a follow-up SAQ-AF score of <100 as
the definition of post-PCl.

Approximately 6% of participants reporting angina
after stenting did not have symptoms prior to their inter-
vention which highlights the importance of ascertain-
ing the indication for and appropriateness of PCI with
patients prior to embarking upon the procedure, particu-
larly for those who are asymptomatic.

Patients reporting post-PCl angina had a higher bur-
den of cardiovascular risk factors, including cigarette
smoking, prior myocardial infarction, and atrial fibrilla-
tion at baseline. The higher rates of oral anticoagulants
and concomitant lower rate of antiplatelets prescribed at
baseline among patients reporting post-PCl angina are
likely just commensurate with the higher incidence of
atrial fibrillation in this group. As there was no difference
in the incidence of the heart failure or hypertension, the
higher rate of diuretic therapy may relate to prescrip-
tions for dyspnea thought to represent an angina-equiv-
alent symptom.

Patients with post-PCl angina had more severe symp-
toms at baseline (higher incidence of both CCS class 2
and 3 angina and self-reported rates of daily and weekly
angina) and were prescribed more antianginal agents
with greater use of oral and sublingual nitrates than
those who were angina-free postprocedure. Patients
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Figure. Correlation between pre-percutaneous coronary intervention (PCI) fractional flow reserve (FFR) and change in FFR values.
A, The strong negative correlation between these variables—lower pre-PCl FFR values correlate with larger changes in FFR after PCI. B,
Additional stratification by the presence of angina 3 mo post-PClI (red dots).
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Table 3. Predictors of Post-PCl Angina

Predictors of Post-PCl Angina

Univariate HR (95% CI) P value Multivariate HR (95% CI) P value
BMI 1.07 (1.02-1.12) 0.01 1.06 (1-1.13) 0.052
Current smoker 2.62 (1.17-6.01) 0.02 2.48 (0.97-6.53) 0.06
Ex-smoker 1.1 (0.6-2.06) 0.76 0.97 (0.46-2.08) 0.94
Atrial fibrillation 3.58 (1.33-10.64) 0.01 2.17 (0.62-8.1) 0.23
Previous PCI 1.88 (1.09-3.26) 0.02 1.77 (0.87-3.63) 0.12
Delta FFR (0.10 increments) 0.74 (0.6-0.9) 0.003 0.78 (0.61-0.99) 0.04
Periprocedural Ml 2.21 (0.48-11.43) 0.31 1.91 (0.36-10.93) 0.44
Cardiac rehabilitation attendance 2.09 (1.05-4.2) 0.037 1.63 (0.72-3.67) 0.24

BMI indicates body mass index; FFR, fractional flow reserve; HR, hazard ratio; MI, myocardial infarction; and PCl, percutaneous

coronary intervention.

experiencing any angina post-PCl reported effectively
no improvement in quality of life as assessed by the
mean change in their EQ-5D-bL weighted health index
score (Table S7) and had significantly lower SAQ qual-
ity of life scores compared with those who were angina
free (Table S6). These findings are contrary to a previous
report concluding that preprocedural angina frequency is
the most important prognostic indicator of quality of life
after PCL™

Procedural and Intracoronary Physiology
Characteristics

There were no significant differences between groups
in angiography-based parameters of coronary artery
disease severity either pre- or post-PCl. Counterintui-
tively, patients with post-PCl angina had a higher bur-
den of angina at baseline yet physiologically less severe
lesions (significantly higher pre-PCI FFR and CFR val-
ues and faster hyperemic transit times) than those who
were angina-free at follow-up. There were no differ-
ences in absolute post-PCI physiology values between
groups, and among patients with angina at baseline,
there was no correlation between post-PCl values and
patient-reported outcome measures at follow-up. Cor-
onary microvascular dysfunction has been proposed as
a potential mechanism for persistent angina post-PCI.6
In this population of patients with obstructive epicardial
coronary disease, there were no differences in mean
post-PCI CFR or index of microcirculatory resistance
values between those patients with or without post-
PCl angina. Based on currently accepted thresholds,
the mean post-PCI CFR and index of microcirculatory
resistance corrected for epicardial stenosis values
in the post-PCl angina group of 3.4 and 21, respec-
tively, were not suggestive of coronary microvascular
dysfunction. Furthermore, there was no correlation
between corrected index of microcirculatory resistance
and patient-reported outcome measures. It seems
unlikely that these patients went on to develop de novo
coronary microvascular dysfunction over the following
3 months, however, the study design did not include

Circ Cardiovasc Interv. 2023;16:e012511. DOI: 10.1161/CIRCINTERVENTIONS.122.012511

invasive or noninvasive assessments of microvascular
function at this time point. Acetylcholine provocation
testing was not performed, therefore, the incidence of
coronary vasospasm is unknown.

A physiology-stratified analysis of the ORBITA trial
(Objective Randomised Blinded Investigation With Opti-
mal Medical Therapy of Angioplasty in Stable Angina)
assessed paired SAQ and EQ-bD-5L data from 189
patients and found that pre-PCI FFR and the instanta-
neous wave-free ratio (iFR) did not predict the effect of
placebo-controlled PCI on anginal symptoms or qual-
ity of life.® A subsequent analysis of pooled data from
the FAME (Fractional Flow Reserve Versus Angiogra-
phy for Multivessel Evaluation) 1 and 2 trials reported
that larger improvements in FFR with PCI were associ-
ated with an increased probability of improvement of at
least 2 CCS classes at 1-month follow-up but did not
find any correlation between pre-PCl FFR values and
symptom improvement.'" Latterly, another pooled anal-
ysis of FAME 1 and 2 data found that lower pre-PClI
FFR, higher delta FFR and higher percentage delta
FFR were associated with significantly larger change
from baseline EQ-5D index score at both 1 month and
1 year post-PCI.1°

In the present analysis, among patients who had
angina at baseline (CCS class | and above), pre-PCl,
absolute and percentage delta FFR values had sig-
nificant correlations with patient-reported outcome
measures at follow-up. Post-PCl values had no corre-
lation with angina or quality of life at follow-up indi-
cating that, as demonstrated in the Figure and Figure
S1, pre-PCl values drove the magnitude of the change.
Larger change in FFR following PCI was associated
with higher patient-reported outcome measures scores
at follow-up. In keeping with these findings, signifi-
cantly lower absolute and percentage change values
for FFR were observed in the post-PCl angina group.
After multivariate analysis, delta FFR was found to be
an independent predictor of post-PCI angina. Patients
with a higher symptom burden and lower quality of life
scores at baseline are more likely to report post-PClI
angina, particularly where PCI can only achieve a small
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improvement in physiology metrics, such as in those
with diffuse patterns of coronary disease and border-
line or gray-zone pre-PCl values. Accordingly, this anal-
ysis from the TARGET-FFR randomized trial supports
the concept that intracoronary physiology assessment
can inform expectations of angina relief and quality
of life improvement after stenting and thereby help to
determine the appropriateness of PCl intended to alle-
viate symptoms. Patients with physiologically severe
lesions can expect a larger improvement in intracoro-
nary pressure ratios following PCl which is associated
with a higher likelihood of angina relief and improved
quality of life.

Limitations

TARGET-FFR was a single-center study with a relatively
homogeneous PCl practice, including high rates of lesion
predilatation and high-pressure stent postdilatation. A
larger multicenter trial incorporating a wider range of PCl
strategies and techniques may have had a different out-
come. The study was not powered for clinical outcomes
and the incidence of target vessel failure at a median
follow-up of 3 years remained low.

Conclusions

The magnitude of FFR improvement following PCI cor-
related with angina status and quality of life at follow-
up and was an independent predictor of the presence
of post-PCl angina. In patients with stable symptoms,
intracoronary physiology assessment can aid prediction
of angina relief and quality of life improvement after
stenting and thereby help to determine the appropriate-
ness of PCI.
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