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Prognosis optimization plus CMR-guided percutaneous revascularization. We investigated the association of

Revascularization persistent angina at 6 months postintervention with subsequent cardiac death, myocardial infarction,

and hospital admission.

Results: All patients had angina class > 2 (mean: 2.8 + 0.7), abnormal stress CMR (mean ischemic burden:

5.8 &+ 2.7 segments), and severe angiographic lesions. The angina resolution rates were 81% at 6 months, and

81%,81%,and 77% at 1, 2, and 5 years, respectively. During a median follow-up of 8.9 years, persistent angina

was independently associated with higher rates of subsequent cardiac death (13% vs 4%; HR, 3.7; 95%CI, 1.5-

9.2; P=.005), myocardial infarction (24% vs 6%; HR, 4.9; 95%Cl, 2.4-9.9; P < .001), and hospital admission for

heart failure (27% vs 13%; HR, 2.7; 95%Cl, 1.5-5.2; P=.001).

Conclusions: In CCS patients with robust diagnostic evidence from symptoms, stress CMR, and

angiography, persistent angina after percutaneous revascularization is a strong predictor of subsequent

cardiac death, myocardial infarction, and hospital admission for heart failure.
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under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Utilidad pronostica de la angina persistente tras revascularizacion percutanea en
el sindrome coronario cronico con angiografia y RMC de estrés alteradas

RESUMEN
Palabras clave: Introduccion y objetivos: En pacientes con sindrome coronario cronico (SCC) establecido, el significado de
Resonancia {nag{lét%ca cardiovascular la angina persistente es controvertida. Se evalué la utilidad pronéstica de la angina persistente en
Cardiopatia isquémica pacientes sintomaticos con SCC y resonancia magnética cardiaca (RMC) de estrés y angiografia alteradas
Ang",la . sometidos a revascularizacion percutanea.
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optimizacion del tratamiento médico y revascularizaciéon percutanea guiada por RMC. Se investigo la
asociacion de la angina persistente a los 6 meses tras la intervencion con los eventos muerte cardiaca,
infarto e insuficiencia cardiaca.

Resultados: Todos los pacientes presentaban angina de grado > 2 (media, 2,8 +0,7), RMC de estrés
andmala (5,8 + 2,7 segmentos isquémicos) y lesiones angiograficas graves. La tasa de resolucion de la angina
fue del 81% alos 6 meses y del 81, el 81 y el 77% tras 1, 2 y 5 afios respectivamente. Durante una mediana de
seguimiento de 8,9 afios, la angina persistente se asocié con mas muerte cardiaca (el 13 frente al 4%; HR = 3,7;
1C95%, 1,5-9,2; p =0,005), infarto (el 24 frente al 6%; HR =4,9; 1C95%, 2,4-9,9; p < 0,001) e insuficiencia
cardiaca (el 27 frente al 13%; HR =2,7; 1C95%, 1,5-5,2; p=0,001).

Conclusiones: En pacientes con SCC y pruebas diagnosticas firmes de sintomas, RMC de estrés y
angiografia, la angina persistente tras la revascularizacion percutanea es un potente predictor de muerte
cardiaca, infarto de miocardio e ingreso por insuficiencia cardiaca.

© 2024 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espafia, S.L.U. Este es un articulo Open Access

bajo la licencia CC BY (http://creativecommons.org/licenses/by/4.0/).

Abbreviations

CCS: chronic coronary syndrome
CMR: cardiovascular magnetic resonance
LV: left ventricular

INTRODUCTION

Angina, also known as angina pectoris, is the pivotal symptom
and a universally recognized indicator of myocardial ischemia. In
patients with established chronic coronary syndrome (CCS), the
significance of myocardial ischemia is controversial.!

One of the main goals of physicians is to alleviate symptoms,
which requires comprehensive, personalized management,
including optimized medical therapy for CCS patients.”? Random-
ized trials have repeatedly failed to demonstrate that the
widespread use of percutaneous coronary intervention (PCI)
provides substantial therapeutic benefits in terms of reducing
mortality or myocardial infarction rates,> and its effect on angina
resolution has also been questioned.” Nonetheless, ischemia-
guided coronary revascularization remains a cornerstone for
improving angina symptoms in patients with significant ische-
mic burden.!?®

The prevalence of persistent angina within the first year after
treatment intervention has varied widely in previous studies® and
its association with subsequent hard clinical events remains
unclear.”® This may be partly due to significant disparities
between study groups. Assessment of this issue is needed in a
homogeneous cohort using strict clinical, cardiac imaging, and
angiographic inclusion criteria.® In this context, vasodilator stress
cardiovascular magnetic resonance (CMR) is the first-choice tool
for diagnosis, risk stratification, and management guidance.?!%!!

In a registry of CCS patients with limiting angina symptoms,
significant perfusion deficits on stress CMR and severe coronary
lesions on angiography, we investigated the associations between
postintervention (comprising medical therapy plus CMR-guided
PCI) persistent angina and the occurrence of subsequent cardiac
death, myocardial infarction, and admission for heart failure.

METHODS
Registry

This project originates from a large registry of 6700 consecutive
patients who underwent vasodilator stress CMR for known or

suspected CCS in our health department from 2001 to 2016.° For
the specific purpose of this study, we retrospectively selected
334 patients with limiting angina symptoms (angina class > 2),
evidence of myocardial ischemia on stress perfusion CMR, and
severe lesions on coronary angiography. All patients were
evaluated in specialized outpatient clinics and underwent
treatment intervention, which included medical therapy optimi-
zation plus CMR-guided PCI.

The objective of the present study was to analyze the effect of
persistent angina (at 6 months after treatment intervention) on
subsequent cardiac events. Patients who experienced cardiac
death, myocardial infarction, or any cardiovascular admission
within the first 6 months after inclusion were censored from the
study. The flow chart and reasons for exclusion are shown in figure
1 of the supplementary data. The attending cardiologists had full
and unrestricted access to all variables presented in this study and
decision-making was left to their discretion.

Canadian Cardiovascular Society angina class (range 0-4, with
class 0 indicating no angina and class 4 indicating angina at rest)
was recorded at patient inclusion and at 6 months, 1 year, 2 years,
and 5 years thereafter (table 1 of the supplementary data).
Persistent angina was defined as angina class >1 at 6 months
postintervention.

Our registry was conducted in accordance with the Declaration
of Helsinki. Events were collected retrospectively. In September
2018, the local ethics committee approved the study and the
retrospective review of events occurring in the patients included in
the registry, exempting the need for informed consent. Authorized
personnel conducted this review using the electronic regional
health system registry from October to November 2018.

CMR data analysis

Technical aspects related to the CMR studies are detailed in the
supplementary data and described elsewhere.!*!!

Left ventricular (LV) ejection fraction (%) and LV end-diastolic
and end-systolic volumes indices (mL/m?) were quantified using
cine images. Based on the 17-segment model,'> 2 segmental
postcontrast CMR indices were visually assessed:

1. Ischemic burden: The ischemic burden was defined by the
number of ischemic segments (those showing perfusion defects
on poststress imaging). Only patients with >1 ischemic
segment were included in the study group.

2. Late gadolinium enhancement extent: This was visually defined
as the number of segments showing 1 late gadolinium
enhancement.
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CMR-related cardiac catheterization and revascularization

CMR-related cardiac catheterization and percutaneous coro-
nary intervention (PCI) were defined as procedures performed
within 3 months after the index vasodilator stress CMR study,
provided that patients were not hospitalized for cardiovascular
causes during that period (in which case, they were censored). This
definition has been previously used by our group'® and by other
authors."®

Affected vessels were defined as those with > 2 mm diameter
and at least 1 stenosis > 70%. The presence of left main or
multivessel disease, chronic total occlusion, stenosis > 90%,
proximal left anterior descending artery disease, and the Bypass
Angioplasty Revascularization Investigation (BARI) score were also
recorded. Incomplete revascularization was defined as the
presence of > 1 ischemic segment based on affected vessels not
treated with PCL

Endpoint

In a cohort of symptomatic CCS patients with robust evidence of
myocardial ischemia, indicated by perfusion deficits on stress CMR
and altered findings on coronary angiography, the endpoint was
the association between persistent angina at 6 months after
treatment intervention (including medical therapy and CMR-
guided PCI) and the subsequent occurrence of cardiac death,
myocardial infarction, and admission for heart failure.

Statistical analysis

Data were tested for normal distribution using the Kolmogorov-
Smirnov test. Continuous normally distributed data were
expressed as the mean + standard deviation and compared using
the unpaired Student t-test. Non-parametric data are expressed as the
median with the interquartile range and were compared using the
Mann-Whitney U test. Group percentages were compared using the
chi-square test or the Fisher exact test, as appropriate. P values for
trends were used to compare more than 2 percentages.

Forward stepwise multiple binary logistic regression, after
adjustment for variables with a 2-tailed P value < .05 in univariate
analyses, was used to predict the occurrence of persistent angina
(defined as angina class > 1 at 6 months postintervention). Odds
ratios (OR) with the respective 95% confidence intervals (95%CI)
were calculated.

Incidence rates of cardiac death, myocardial infarction, and
admission for heart failure (expressed as events per 100 person-
years) were determined. Associations between persistent
angina and the cumulative incidence of cardiac events were
assessed using the Pepe and Mori test. The adjusted effects of
persistent angina on the occurrence of cardiac death, myocardial
infarction and admission for heart failure were determined
using Fine-Gray hazard models for competing events. This
approach allows adjustment, if appropriate, for the risk inherent
in prior events.'* The number of competing events and the time
elapsed (in weeks) between them are shown in table 2 of the
supplementary data. The respective adjusted survival curves
were obtained. Variables with a P value < .05 in univariate
analyses were used for adjustments. Hazard ratios (HR) with the
respective 95%CI were computed. The proportional hazards
assumption, based on Schoenfeld residuals, was satisfied with a
P value > .05.

To mitigate the potential impact of the long inclusion period on
the results, multivariate analyses were adjusted for the calendar
year of inclusion. Additionally, the dynamics of angina class and

the associations of persistent angina with the occurrence of cardiac
events were assessed separately in patients enrolled within the last
5 years of the inclusion period.

The collinearity of variables tested in multivariate models was
assessed using the tolerance statistic (excessive if < 0.20) and the
variance inflation factor (excessive if > 5).

Statistical significance was set at a 2-tailed P value < .05. The
SPSS statistical package (version 15.0, SPSS Inc, Chicago, Illinois)
and STATA (version 9.0, StataCorp, College Station, Texas) were
used throughout.

RESULTS

The median follow-up period was 8.9 years (463 weeks [range,
236-690 weeks]). The mean age was 65 + 11 years, and 71% of the
patients were male. All patients in the study group had angina class
>2, abnormal stress CMR (mean ischemic burden 5.8 4 2.7
segments), and one or more severe angiographic lesions (56% with
multivessel disease). The characteristics of the entire study group are
displayed in table 1.

Dynamics of angina class

Mean angina class upon inclusion was 2.8 + 0.7. A significant
and steady decrease in angina class occurred throughout the months
and years after the intervention (figure 1). Persistent angina at
6 months was detected in 63 patients (19%). The rate of angina-free
patients (CCS class 0) increased dramatically at 6 months, and this
trend persisted at subsequent time points (figure 1). The same trend
was observed in the 145 patients enrolled within the last 5 years of
the inclusion period (figure 2 of the supplementary data) as well as in
separate analyses performed for male and female patients (figure 3 of
the supplementary data).

The characteristics and medical treatment of patients with and
without persistent angina are shown in table 1. The most frequent
cause of persistent angina noted by the attending cardiologists was
incomplete coronary revascularization (n =21, 33%). Pre-existing
diffuse coronary atherosclerosis (n =10, 16%), in-stent restenosis
(n=6, 9%), coronary artery disease progression (n=5, 8%), and
coronary vasospasm (n=1, 2%) were also associated with
persistent angina. In 20 cases (32%), the cause of persistent angina
was unclear. No gender differences were observed regarding the
occurrence of persistent angina (table 1).

Association of persistent angina with cardiac death

Cardiac death occurred in 18 patients (5%), representing 0.6
cardiac deaths per 100 person-years. Patient characteristics related
to cardiac death are shown in table 2.

Cardiac death was associated with a higher angina class at
6 months, 1 year, and 2 years, but not at inclusion. Similarly, the
percentage of patients with angina class >1 was higher at
6 months, 1 year, and 2 years postintervention in those who
subsequently experienced cardiac death compared with survivors
(figure 4 of the supplementary data).

Cardiac death was more prevalent in patients with persistent
angina (angina class > 1 at 6 months postintervention): 8/63 (13%)
vs 10/271 (4%); 1.6 vs 0.5 cardiac deaths per 100 person-years
(P=.002). After adjustment for variables significantly associated
with cardiac death (table 2), persistent angina emerged as an
independent predictor (HR, 3.7; 95%CI, 1.5-9.2; P =.005, figure 2).
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Table 1
Baseline characteristics of the whole group. Univariable and multivariable associations with the occurrence of persistent angina
All patients Persistent angina P Multivariable
(n=334)
Clinical variables Yes No OR (95%CI) P
(n=63) (n=271)
Age, y 65+11 66+11 64+11 38 - -
Male sex, % 237 (71) 44 (70) 193 (71) 83 - -
DM, % 114 (34) 27 (43) 87 (32) 10 - -
Hypertension, % 269 (80) 54 (86) 215 (79) 25 - -
Hypercholesterolemia, % 208 (62) 37 (59) 171 (63) .52 - -
Current smoker, % 76 (23) 13 (21) 63 (23) .66 - -
Previous revascularization, % 101 (30) 21 (33) 80 (29) .55 - -
Previous CABG, % 36 (11) 12 (19) 24 (9) 02 24 (1.1-5.1) 02
Previous infarction, % 83 (25) 13 (21) 70 (26) 39 - -
ST-segment depression, % 16 (7) 2 (4) 14 (7) 45 - -
Left bundle branch block, % 13 (4) 4 (6) 9(3) .26 - -
Angina class, % 31 - -
2 138 (41) 24 (38) 114 (42) - -
3 138 (41) 31 (49) 107 (39) - -
4 58 (17) 8 (13) 50 (18) - -
Calendar time 9.8 [9.4-10.3] 10.3 [9.3-11.4] 9.7 [9.2-10.2] 31 1(0.97-1.1) 33
(year of inclusion)
CMR indices
LVEF, % 61+13 61+13 61+13 .93 - -
LV end-diastolic volume index, mL/m? 73+25 71+21 73+26 57 - -
LV end-systolic volume index, mL/m? 30+21 29+18 30+22 .69 - -
Ischemic burden (No. of ischemic segments poststress) 5.8 [5.5-6.1] 5.8 [5-6.5] 5.8 [5.5-6.1] .93 - -
LGE (No. of segments) 2[1.7-2.2] 1.6 [0.9-2.2] 2.1[1.8-2.4] 14 - -
Angiographic indices
Proximal LAD 41 (26) 9 (26) 32 (26) 96 - -
Stenosis > 90% 106 (68) 21 (62) 85 (70) 38 - -
Total occlusion 20 (13) 2 (6) 18 (15) 17 - -
BARI 40 [37-44] 42 [34-49] 40 [36-44] 67 - -
Left main stent disease 22 (7) 5(8) 17 (6) .63 - -
Multivessel disease, % 161 (48) 32 (51) 129 (48) .65 - -
Incomplete revascularization, % 90 (27) 16 (25) 74 (27) .76 - -
Medical treatment
Aspirin 321 (96) 59 (94) 262 (97) 26 - -
Dual antiplatelet therapy 300 (90) 54 (86) 246 (91) 23 - -
Statins 280 (84) 50 (79) 230 (85) 28 - -
Angiotensin-converting enzyme inhibitors 107 (32) 22 (35) 85 (31) .59 - -
Angiotensin receptor antagonists 92 (27) 15 (24) 77 (28) 46 - -
Beta-blockers 250 (75) 47 (75) 203 (75) .96 - -
Diuretics 56 (17) 15 (24) 41 (15) 1 - -
Anticoagulants 21 (6) 5(8) 16 (6) .55 - -
Mineralocorticoid receptor antagonist 23(7) 7 (11) 16 (6) .14 - -
Calcium antagonists 71 (21) 16 (25) 55 (20) 37 - -
Nitrates 76 (23) 20 (32) 56 (21) .06 - -
Ranolazine 20 (6) 6 (9) 14 (5) .19 - -

95%Cl, 95% confidence interval; BARI, Bypass Angioplasty Revascularization Investigation; CMR, cardiovascular magnetic resonance; DM, diabetes mellitus; CABG, coronary
artery bypass grafting; LAD, left anterior descending artery; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction; OR, odds ratio.
The data are expressed as No. (%) or mean + standard deviation, or median [interquartile range].
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Figure 1. Dynamics of angina class. After intervention, a marked and sustained decrease in angina class (A) and an increase in the percentage of patients with angina

resolution (B) occurred in the entire study cohort.

Association of persistent angina with myocardial infarction

Myocardial infarction was detected in 32 patients (10%),
representing 1.1 myocardial infarctions per 100 person-years.
Patient characteristics associated with the occurrence of myocar-
dial infarction are shown in table 3.

Patients with incident myocardial infarction exhibited higher
angina class and a greater rate of angina class > 1 at 6 months, and
at 1 year, 2 years, and 5 years, but not at inclusion, compared with
those who were free of myocardial infarction during follow-up
(figure 4 of the supplementary data).

Myocardial infarction occurred more frequently in patients
with persistent angina: 15/63 (24%) vs 17/271 (6%): 2.7 vs 0.7
myocardial infarctions per 100 person-years (P < .001). After
adjustment for myocardial infarction-related variables (table 3),
persistent angina emerged as an independent risk predictor (HR,
4.9; 95%CI, 2.4-9.9, P < .001, figure 2).

Association of persistent angina with admission for heart
failure

Incident admission for heart failure was registered in
53 patients (16%), representing 1.9 admissions for heart failure
per 100 person-years. Variables associated with heart failure are
shown in table 4.

Incident admission for heart failure correlated with a higher
angina class and a larger percentage of patients with angina class
> 1 at 6 months, as well as at 1 and 2 years, but not at inclusion
(figure 4 of the supplementary data).

Admission for heart failure was more frequent in patients with
persistent angina: 17/63 (27%) vs 36/271 (13%); 3.2 vs 1.5
admissions for heart failure per 100 person-years (P < .001). Once
adjusted for variables significantly associated with incident
admission for heart failure (table 4), persistent angina emerged
as an independent predictor (HR, 2.7; 95%Cl, 1.5-5.2, P=.001,
figure 2).

The associations of persistent angina with the occurrence of
cardiac events persisted in the separate analyses of the 145 patients
enrolled within the last 5 years of the inclusion period (figure 2 of
the supplementary data).

DISCUSSION

The main finding of the present study is that in symptomatic
CCS patients with limiting angina and evidence of underlying

myocardial ischemia based on simultaneous altered stress CMR
and severe lesions in angiography, persistent angina after
medical treatment optimization plus PCI is infrequent but
represents a potent long-term predictor of subsequent cardiac
death, myocardial infarction, and readmission for heart failure
(figure 3).

Dynamics of angina class

The incidence of persistent angina after optimal treatment in
CCS patients has varied widely in previous studies, with rates of up
to 60%.5'> These fluctuations may be partly attributed to
significant disparities among the study groups.*® We evaluated
a homogeneous series of patients with at least moderately limiting
angina symptoms (angina class >2) and robust evidence of
significant underlying myocardial ischemia (altered stress perfu-
sion CMR and severe disease on coronary angiography). Medical
treatment optimization and stress CMR-guided PCI were imple-
mented.

In this scenario, only 19% of patients exhibited persistent angina
6 months after treatment optimization. Furthermore, this im-
provement was sustained throughout the following months and
years, with the rate of angina-free patients being 77% at 5 years.

Two main factors may explain the low incidence of persistent
angina in our series compared with previous registries. First, our
analysis involved a CCS patient population in whom the
physiological and anatomical diagnosis of myocardial ischemia
was robustly established, allowing reasonable expectations of
treatment success. Previous studies reported persistent chest pain
during follow-up often due to reasons unrelated to flow-limiting
atherosclerotic plaques (such as atypical symptoms, anxiety, or
microvascular angina), which could have reduced treatment
effectiveness.®'> Nevertheless, in the present study, persistent
angina was primarily related to incompletely revascularized
atherosclerotic burden or pre-existing diffuse coronary disease.
Second, we used a personalized strategy in all patients who
included stress CMR to localize ischemia and guide revasculariza-
tion. This approach has been shown to be effective in the
management of CCS patients'®!! and may also have contributed
to the low rate of persistent angina detected in our series after
intervention.

In summary, our results indicate that with the available
therapeutic options, angina resolution or sustained amelioration
of symptoms can be achieved in the vast majority of CCS patients
with limiting angina, significant myocardial ischemia, and severe
coronary lesions.
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Table 2
Univariable and multivariable associations with the occurrence of cardiac death
Cardiac death Multivariable
Clinical variables Yes No P HR (95%CI) P
(n=18) (n=316)
Age, y 72+10 64+11 .002 1.1 (1.0-1.1) .005
Male sex, % 8 (44) 229 (72) .01 0.5 (0.2-1.3) 14
DM, % 8 (44) 106 (33) 34 - -
Hypertension, % 18 (100) 251 (79) .03 28.7 (0.2-41.6) .19
Hypercholesterolemia, % 8 (44) 200 (63) 11 - -
Current smoker, % 4(22) 72 (23) .96 - -
Previous revascularization, % 6 (33) 95 (30) 77 - -
Previous CABG, % 2 (11) 34 (11) .96 - -
Previous infarction, % 5(28) 78 (25) 77 - -
ST-segment depression, % 2 (12) 14 (6) 37 - -
Left bundle branch block, % 2 (11) 11 (3) 1 - -
Angina class, % 47 - -
2 7 (39) 131 (41) - -
3 6 (33) 138 (42) - B
4 5(28) 53 (17) - -
Persistent angina 8 (44) 55(17) .004 3.7 (1.5-9.2) .005
Calendar time 7.3 [5.6-8.9] 10 [9.5-10.5] .009 0.9 (0.8-1) 12
(year of inclusion)
CMR indices
LVEF, % 61+16 61+13 .94 - -
LV end-diastolic volume index, mL/m? 78 +25 72+25 39 - -
LV end-systolic volume index (mL/m?) 33+23 30+21 .53 - -
Ischemic burden (No. of ischemic segments poststress 5.6 [3.9-7.3] 5.8 [5.5-6.1] .76 - -
LGE (No. of segments) 1.6 [0.1-3] 2 [1.7-2.2] 47 - -
Angiographic indices
Proximal LAD 3(30) 38 (26) 77 - -
Stenosis > 90% 8 (80) 98 (67) A4 - -
Total occlusion 3 (30) 17 (12) .09
BARI 52 [32-71] 39 [36-43] .07 - -
Left main stent disease 1(6) 21 (7) .86 - -
Multivessel disease, % 9 (50) 152 (48) 87 - -
Incomplete revascularization, % 8 (44) 82 (26) .08 - -
Unplanned revascularization, % 1(6) 52 (16) 22 - -
Medical treatment
Aspirin 15 (83) 306 (97) .004 - -
Dual antiplatelet therapy 14 (78) 286 (90) .08 - -
Statins 14 (78) 266 (84) 47 - -
Angiotensin-converting enzyme inhibitors 4 (22) 103 (32) 36 - -
Angiotensin receptor antagonists 4(22) 88 (28) .6 - -
Beta-blockers 9 (50) 241 (76) .01 - -
Diuretics 3(17) 53 (17) .99 - -
Anticoagulants 3(17) 18 (6) .06 - -
Mineralocorticoid receptor antagonist 2 (11) 21 (7) 47 - -
Calcium antagonists 6(33) 65 (21) 2 - -
Nitrates 8 (44) 68 (21) .02 - -
Ranolazine 1(7) 19 (6) .94 - -

95%Cl, 95% confidence interval; BARI, Bypass Angioplasty Revascularization Investigation; CMR, cardiovascular magnetic resonance; DM, diabetes mellitus; CABG, coronary
artery bypass grafting; HR, hazard ratio; LAD, left anterior descending artery; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction.
The data are expressed as No. (%) or mean + standard deviation, or median [interquartile range].
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Table 3
Univariable and multivariable associations with the occurrence of myocardial infarction
Myocardial infarction Multivariable
Clinical variables Yes No B HR (95%CI) P
(n=32) (n=302)
Age, y 67+11 64+11 16 - -
Male sex, % 17 (53) 220 (73) .02 0.4 (0.2-0.8) 01
DM, % 14 (44) 100 (33) .23 - -
Hypertension, % 29 (91) 240 (79) 13 - -
Hypercholesterolemia, % 20 (62) 188 (62) .98 - -
Current smoker, % 8 (25) 68 (22) .75 - -
Previous revascularization, % 10 (31) 91 (30) 9 - -
Previous CABG, % 4 (12) 32 (11) 74 - -
Previous infarction, % 8 (25) 75 (25) .98 - -
ST-segment depression, % 3(11) 13 (6) 34 - -
Left bundle branch block, % 1(3) 12 (4) .81 - -
Angina class, % .8 - -
2 15 (47) 123 (41) - -
3 12 (37) 126 (42) - -
4 5(16) 53 (17) - R
Persistent angina 15 (47) 48 (16) <.001 4.9 (2.4-9.9) <.001
Calendar time 8.4 [6.8-10] 10 [9.5-10.5] 05 0.9 (0.9-1.0) 29
(year of inclusion)
CMR indices
LVEF, % 63+13 61+13 .53 - -
LV end-diastolic volume index, mL/m? 68+19 73+26 31 - -
LV end-systolic volume index, mL/m? 27 +17 31+21 36 - -
Ischemic burden (No. of ischemic segments poststress 5.5 [4.4-6.6] 5.8 [5.5-6.1] 51 - -
LGE (No. of segments) 1.6 [0.8-2.4] 2[1.7-2.3] 37 - -
Angiographic indices
Proximal LAD 4(21) 37 (27) 59 - -
Stenosis > 90% 10 (53) 96 (70) 13 - -
Total occlusion 2 (10) 18 (13) .75 - -
BARI 42 [33-51] 40 [36-44] .69 - -
Left main stent disease 1(3) 21 (7) 41 - -
Multivessel disease, % 14 (44) 147 (49) 6 - -
Incomplete revascularization, % 8 (25) 82 (27) .79 - -
Unplanned revascularization, % 8 (25) 45 (15) .14 - -
Medical treatment
Aspirin 30 (94) 291 (96) 47 - -
Dual antiplatelet therapy 30 (94) 270 (89) 44 - -
Statins 24 (75) 256 (85) 15 - -
Angiotensin-converting enzyme inhibitors 9 (28) 98 (32) .62 - -
Angiotensin receptor antagonists 8 (25) 84 (28) .73 - -
Beta-blockers 22 (69) 228 (75) A4 - -
Diuretics 10 (31) 46 (15) .02 - -
Anticoagulants 3(9) 18 (6) 45 - -
Mineralocorticoid receptor antagonist 4 (12) 19 (6) .19 - -
Calcium antagonists 7 (22) 64 (21) 93 - -
Nitrates 10 (31) 66 (22) 23 - -
Ranolazine 3(9) 17 (6) 4 - -

95%Cl, 95% confidence interval; BARI, Bypass Angioplasty Revascularization Investigation; CMR, cardiovascular magnetic resonance; DM, diabetes mellitus; CABG, coronary
artery bypass grafting; HR, hazard ratio; LAD, left anterior descending artery; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction.
The data are expressed as No. (%) or mean + standard deviation, or median [interquartile range].
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Figure 2. Association of persistent angina with cardiac events. Adjusted
survival curves. Persistent angina (angina class >1 at 6 months after
intervention) was associated with a higher rate of subsequent cardiac
events during follow-up (A: cardiac death; B: myocardial infarction; C:
heart failure). Survival curves are adjusted for competing events and cofactors
independently associated with the occurrence of the respective cardiac events
in multivariable analyses (table 2, table 3, and table 4).

Persistent angina and patient outcomes

The deleterious effects of angina symptoms have been amply
demonstrated.'® Furthermore, persistent angina has been consis-
tently associated with worse clinical outcomes in acute coronary
syndromes.!” Nevertheless, the significance of persistent (post-
intervention) angina in CCS remains controversial.”® Mentz
et al.,'® and Ono et al.” found an association between persistent
angina and more frequent rehospitalizations and repeat revascu-
larizations, but not with long-term mortality.”

In CCS patients with angina symptoms, the demonstration of
myocardial ischemia through cardiac imaging confirms the
diagnosis and identifies a subset of patients at high risk for
subsequent events.'®'""'® However, the prognostic impact of
persistent angina after optimization of medical therapy plus CMR-
guided PCI in a cohort of CCS patients with severe coronary lesions
and perfusion deficits on stress CMR has not yet been explored. In
our series, after comprehensive adjustment, patients with persis-
tent angina exhibited more than a 2-fold increased risk of cardiac
death, myocardial infarction, and admission for heart failure.

Interestingly, angina class at inclusion (before treatment
intervention) did not sufficiently stratify patient risk in the
following months. However, as early as 6 months later, the
presence of persistent angina emerged as an excellent predictor.
Our findings are in agreement with the recent “Prospective
Observational Longitudinal Registry of Patients with Stable
Coronary Artery Disease” (CLARIFY registry), which showed that
persistent angina at 1 and 5 years in 7212 medically managed
patients was independently associated with higher rates of
cardiovascular death or myocardial infarction.®'®

Overall, this reflects the importance of monitoring CCS patient
symptoms not only at presentation but also after therapeutic
interventions (both medical and/or invasive). The resolution of
angina in the following months predicts a low probability of hard
events, while the persistence of angina during this phase can help
identify a high-risk subgroup requiring closer surveillance and
individualized decision-making.

Revascularization in CCS patients has been a topic of ongoing
debate in recent years.'>*?%?! Regarding symptoms, and aside
from more ambitious goals such as reducing the risk of hard events,
it is important to remember that the main reason most CCS patients
seek medical attention is angina pectoris.? Our results indicate that
in symptomatic patients with evident and extensive ischemic
burden due to flow-limiting coronary lesions, a strategy based on
CMR for detection, localization, and guidance of revascularization is
effective in relieving angina symptoms. Indeed, the occurrence of
persistent angina in our series was as low as 19%.

The findings of the present study, derived from stress CMR,
concur with those of the recently published ORBITA-2 trial, which
clearly demonstrated that in patients with objective evidence of
ischemia from pressure wire, PCI results in a lower angina
symptom score than a placebo procedure.’

This symptomatic improvement may be explained by a
decrease in ischemic burden after revascularization. Indeed, the
nuclear substudy of the COURAGE trial® showed that PCI led to
significant ischemia reduction and symptom relief, mainly in
patients with large areas of ischemic myocardium (> 10%), where
the amount of ischemic myocardium was significantly reduced.
This rationale may also apply to our study, suggesting that the
resolution or reduction of ischemic burden could explain the lower
event rate observed in patients without persistent angina.
Unfortunately, follow-up stress CMR studies were not regularly
scheduled, and thus the mechanisms underlying the benefit of
treatment intervention on the symptomatic improvement of our
patients are speculative.

It is important to note that our study was purely observational
and focused on the prognostic role of persistent angina after PCI
revascularization. The efficacy of the applied strategy (namely,
stress CMR for diagnosis and PCI guidance) compared with other
approaches should be tested, if appropriate, in specifically
designed trials.

Study limitations

The registry database was designed with a limited number of
variables to obtain a large cohort over an extended period, thereby
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Table 4
Univariable and multivariable associations with the occurrence of heart failure
Heart failure Multivariable
Clinical variables Yes No P HR (95%CI) P
(n=53) (n=281)
Age, y 72+9 63+11 <.001 1.1 (1.0-1.1) <.001
Male sex, % 34 (64) 203 (72) .23 - -
DM, % 18 (34) 96 (34) .98 - -
Hypertension, % 50 (94) 219 (78) .006 3.3 (0.9-12.6) .07
Hypercholesterolemia, % 34 (64) 174 (62) .76 - -
Current smoker, % 6 (11) 70 (25) .03 0.6 (0.2-1.9) .38
Previous revascularization, % 16 (30) 85 (30) .99 - -
Previous CABG, % 5(9) 31 (11) .73 - -
Previous infarction, % 15 (28) 68 (24) .53 - -
ST-segment depression, % 3(7) 13 (6) .87 - -
Left bundle branch block, % 2 (4) 11 (4) .96 - -
Angina class, % .46 - -
2 19 (36) 119 (42) - -
3 26 (49) 112 (40) - -
4 8 (15) 50 (18) - -
Persistent angina 17 (32) 46 (16) .007 2.7 (1.5-5.2) .001
Calendar time 9.1 [7.0-10.2] 10 [9.5-10.5] 17 1.03 (0.9-1.1) 41
(year of inclusion)
CMR indices
LVEF, % 57 +17 62+12 .015 1(1-1.1) .08
LV end-diastolic volume index, mL/m? 84+33 71+£23 <.001 1(0.9-1) 32
LV end-systolic volume index, mL/m? 41+30 28+18 <.001 1.02 (1.01-1.03) <.001
Ischemic burden (No. of ischemic segments poststress) 6.6 [5.7-7.5] 5.6 [5.3-6] .02 1.1 (1-1.2) 23
LGE (No. of segments) 2.5 [1.7-34] 1.9 [1.6-2.1] .07 - -
Angiographic indices
Proximal LAD 6 (21) 35 (27) .53 - -
Stenosis >90% 19 (68) 87 (68) .99 - -
Total occlusion 4 (14) 16 (12) 8 - -
BARI 42 [33-51] 40 [36-44] .68 - -
Left main stent disease 4(7) 18 (6) .76 - -
Multivessel disease, % 30 (57) 131 (47) .18 - -
Incomplete revascularization, % 19 (36) 71 (25) 11 - -
Unplanned revascularization, % 11 (21) 42 (15) .29 - -
Medical treatment
Aspirin 50 (94) 271 (96) 47 - -
Dual antiplatelet therapy 47 (89) 253 (90) .76 - -
Statins 40 (75) 240 (85) .07 - -
Angiotensin-converting enzyme inhibitors 17 (32) 90 (32) .99 - -
Angiotensin receptor antagonists 12 (23) 80 (28) 38 - -
Beta-blockers 36 (68) 214 (76) 2 - -
Diuretics 20 (38) 36 (13) <.001 - -
Anticoagulants 6 (11) 15 (5) 1 - -
Mineralocorticoid receptor antagonist 8 (15) 15 (5) .01 - -
Calcium antagonists 13 (24) 58 (21) .53 - -
Nitrates 25 (47) 51(18) <.001 - -
Ranolazine 6 (11) 14 (5) .07 - -

95%Cl, 95% confidence interval; BARI, Bypass Angioplasty Revascularization Investigation; CMR, cardiovascular magnetic resonance; DM, diabetes mellitus; CABG, coronary
artery bypass grafting; HR, hazard ratio; LAD, left anterior descending artery; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction.
The data are expressed as No. (%) or mean + standard deviation, or median [interquartile range].
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Long-term dynamics and prognostic role of persistent angina

CCSpatients |
Angina class Ischemia Severe angiographic
on stress CMR lesions
Medical treatment and
stress CMR-guided PCI
Persistent angina
with
Cardiac events }
Cardiac death Myocardial infarction Heart failure

Figure 3. Central illustration. In a cohort of 334 CCS patients with robust diagnostic evidence (angina class > 2, perfusion deficits on stress CMR and severe lesions in
angiography), sustained improvement of angina symptoms can be achieved in most patients after treatment intervention (medical therapy plus CMR-guided PCI).
Persistent angina (angina class > 1 at 6 months after intervention) exerts deleterious effects in terms of subsequent cardiac events. CCS, chronic coronary
syndrome; CMR, cardiovascular magnetic resonance; PCI, percutaneous coronary intervention.

avoiding missing values and maximizing the robustness of data
collection. However, the availability of additional data, including
more comprehensive scales for quantifying angina symptoms,
would have allowed further collateral analyses, which constitutes
a limitation of the study.

The long inclusion period and subsequent changes in recom-
mendations and drug prescription may have influenced the
patients’ prognosis. Thus, confirmation of our results in a
prospective cohort of patients included over a shorter period and
managed with up-to-date recommendations would be desirable.

Our study protocol included stress CMR, angiography, and
percutaneous revascularization in all patients. We cannot exclude
the possibility that these criteria introduced a certain entry bias,
leading to an underrepresentation of patients with reduced
systolic function, unfavorable coronary anatomy, frailty, or
unstable conditions.

We did not systematically determine postrevascularization
necrosis markers and, therefore, could not assess the prognostic
impact of periprocedural infarctions.

Defining the most appropriate management to alleviate
persistent angina after treatment intervention in CCS patients is
beyond the scope of this study and would require further research,
including a prospective randomized trial.

An exhaustive analysis of coronary physiology and the
performance of follow-up angiograms (which were not routinely
performed) might have helped clarify the ultimate cause of
persistent angina in the 20 patients (32%) with no clear cause of
this symptom.

CONCLUSIONS

In CCS patients with robust diagnostic evidence based on
symptoms, stress CMR, and angiography, persistent angina in the
months following percutaneous revascularization is a strong
predictor of subsequent cardiac death, myocardial infarction,
and heart failure admissions. Further research is needed to
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determine the optimal management of persistent angina in these
patients.

WHAT IS KNOWN ABOUT THE TOPIC?

e Management of angina symptoms in patients with CCS
has been a topic of ongoing debate in recent years.

o This issue requires assessment in a homogeneous cohort
using strict clinical, cardiac imaging, and angiographic
inclusion criteria.

WHAT DOES THIS STUDY ADD?

e In a registry of CCS patients with limiting angina
symptoms, significant perfusion deficits on stress CMR,
and severe coronary lesions in angiography, sustained
improvement of angina symptoms was achieved in most
patients after medical treatment optimization plus
CMR-guided PCL.

o Persistent angina at 6 months after PCI was associated
with higher rates of subsequent cardiac death, myocar-
dial infarction, and admission for heart failure.
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