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Abstract

Aims—The impact of refractory angina pectoris (AP) in patients with ischaemic cardiomyopathy
(ICM) is unknown. We investigated the characteristics and outcomes of ICM patients with
persistent AP following cardiac catheterization.

Methods and results—~Patients who underwent coronary angiography at Duke from 2000 to
2009 with an EF <40% and ICM with persistent AP were compared with similar patients without
persistent AP. Persistent AP was defined by patient report of ischaemic symptoms within 1 year of
index catheterization. Time-to-event was examined using Kaplan—Meier or cumulative incidence
and Cox proportional hazards modelling methods for death/myocardial infarction (MlI)/
revascularization [i.e. major adverse cardiac events (MACE)], death/MlI, death, and cardiovascular
death/hospitalization. Of 965 ICM patients, 298 (31%) had persistent AP. These patients were
younger and had more previous revascularization than patients without persistent AP. Both groups
had high use of aspirin, beta-blockers, ACE inhibitors, and statins, but modest nitrate use. Over a
median follow-up of > 5 years, patients with persistent AP had increased rates of MACE, and
cardiovascular death/hospitalization compared with patients without persistent AP [5-year
cumulative event rates of 53% vs. 46% (p = 0.013) and 73% vs. 60% (p <0.0001), respectively],
but similar rates of death (p= 0.59) and death/MI (p = 0.50). After multivariable adjustment,
persistent AP remained associated with increased MACE [hazard ratio (HR) 1.30; 95% confidence
interval (ClI) 1.08-1.57], and cardiovascular death/hospitalization (HR 1.36; 95% CI 1.14-1.62).

Conclusion—Persistent AP is common despite medical therapy in patients with ICM and is
independently associated with increased long-term MACE and rehospitalization. Future
prospective studies of persistent AP in ICM patients are warranted.
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Introduction

Methods

Angina pectoris (AP) is the symptomatic condition related to myocardial ischaemia.l:2 We
have previously shown that AP is present in >50% of patients with ischaemic
cardiomyopathy (ICM) and is associated with increased cardiovascular death or
cardiovascular rehospitalization.3 However, baseline AP was not associated with increased
all-cause death, major adverse cardiac events (MACE), or all-cause hospitalization in ICM
patients. In contrast, AP was associated with increased MACE due to more revascularization
in a cohort of heart failure (HF) patients with preserved EF (i.e. HFpEF).# Thus, AP has
different prognostic implications in various patient populations. The impact of AP that
persists or recurs following intervention in ICM patients is unknown. Given the high event
rate in the ICM population and the neutral results of most recent trials of novel agents in HF
patients,>® there is a need to identify potential therapeutic targets and patients at higher risk.
We investigated the clinical characteristics and outcomes of ICM patients with persistent AP
in the year following index cardiac catheterization.

Data source and patient population

Definitions

Patient data were obtained from the Duke Databank for Cardiovascular Disease (DDCD), an
ongoing databank of all patients who undergo diagnostic cardiac catheterization at Duke
University Medical Center. Patients were included in the study population if they underwent
coronary angiography from January 2000 to December 2009, had ICM with an LVEF <40%,
and histories of =50% stenosis in =1 epicardial coronary vessel (only those patients with
histories of significant CAD receive DDCD follow-up). Coronary stenoses were graded by
visual consensus of =2 experienced observers. Patients were excluded from analysis if they
did not have AP at baseline or did not have follow-up to 1 year after cardiac catheterization.
Additionally, patients were excluded if they had primary valvular heart disease (defined as
severe aortic or mitral insufficiency or severe stenosis of any heart valve), congenital heart
disease, acquired immunodeficiency syndrome, or metastatic cancer. Data from the index
catheterization were prospectively collected as part of routine patient care. Baseline clinical
variables taken at the time of the index catheterization for each patient were stored in the
DDCD using methods previously described.” The baseline AP characteristics were
documented, including the severity, frequency, and pattern of occurrence, by the clinician.
Follow-up was obtained through self-administered questionnaires, with telephone follow-up
to non-responders. Patients not contacted through this mechanism had vital status
determined through a search of the National Death Index.8

Similar to our previous work,3 we used a revision of the standardized research definition of
ICM previously shown to be the most prognostically powerful:9 (i) a history of myocardial
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infarction (M) or revascularization [coronary artery bypass grafting (CABG) or PC1]; (ii)
>50% stenosis of the left main or proximal left anterior descending coronary artery; or (iii)
>50% stenosis of >2 epicardial vessels. As in previous studies,34 baseline AP classification
was based on physician-obtained patient history just before cardiac catheterization and was
defined as chest pain within the previous 6 weeks. Persistent AP was defined by patient
report of ischaemic symptoms on a follow-up survey within 1 year of index catheterization.
Specifically, patients were asked whether they had ‘angina symptoms in the previous week’.
Angina was presented as the following: ‘A symptom of pain or discomfort that is due to the
heart and is usually located in the chest, but may also be felt in the arms, back, neck, or jaw.
Angina may feel like pain, pressure, soreness, or indigestion. It is not the soreness or
discomfort felt around the chest incision after heart surgery.’

Revascularization was defined as treatment with PCI or CABG. Death, MI, and
cardiovascular rehospitalization were determined using methods previously described.’10

Statistical analysis

Results

Baseline characteristics are described with medians and interquartile ranges for continuous
variables and percentages for discrete variables in ICM patients with vs. without persistent
AP. These characteristics were compared using theWilcoxon rank-sum test for continuous
variables, and ;(2 tests for categorical variables unless otherwise noted. Unadjusted time-to-
event results were assessed using Kaplan—Meier methods, and comparisons were made using
the log-rank test for three endpoints: the primary endpoint of death/MI/revascularization (i.e.
MACE) and secondary endpoints of death/Ml, death/rehospitalization and death. To account
for the competing risk of non-cardiovascular deaths, unadjusted time-to-event results were
assessed using Cumulative Incidence, and a comparison was made using the Grey Test for
the additional secondary endpoint of cardiovascular death/cardiovascular hospitalization.
Multivariable Cox proportional hazards regression analysis was used to adjust for baseline
differences between groups. A comprehensive set of covariates was used for the adjustment
analysis (see Table 3 footnote) based on clinical relevance and data from previous
investigations.3# The adjustment covariates included revascularization within 1 year after
the index catheterization. All available follow-up information was used in all time-to-event
analyses. The follow-up period starts at 1 year following the index catheterization procedure.
A p-value <0.05 was used to indicate statistical significance for all comparisons. The
protocol was approved by the institutional review board at Duke University. Statistical
analyses were performed by Duke Clinical Research Institute (Durham, NC, USA) using
SAS system version 9.2 (Cary, NC, USA).

A total of 965 patients met the criteria for the study (Figure 1) and 298 (31%) had persistent
AP. Baseline characteristics for the study groups are provided in Table 1. The two groups
were fairly similar, with several notable exceptions. Patients with persistent AP were
younger with more prior revascularization (i.e. revascularizations occurring prior to the
index catheterization) than those without persistent AP. In addition, baseline AP tended to be
more severe (i.e. a higher percentage of patients with symptoms with any exertion or at rest)
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and more frequent in the persistent AP group. Patients without persistent AP at follow-up
tended to have unstable symptoms at the index catheterization compared to the patients with
persistent AP who tended to have progressive symptoms at the index catheterization. Both
groups had high use of aspirin, beta-blockers, and ACE inhibitors/ARBs, but modest nitrate
use. In terms of anti-anginal medications, 93% of patients in the persistent AP group
received a beta-blocker, calcium channel blocker, or nitrate at baseline compared with 92%
in the non-AP group. At the time of index catheterization or within the next 30 days, the
percentage of patients that underwent coronary revascularization was similar between
patients experiencing persistent AP and those not experiencing persistent AP. Specifically,
PCI was performed within 30 days in 35.2% of persistent AP patients and in 36.0% of non-
persistent AP patients, and CABG was performed in 23.5% of persistent AP patients and in
26.1% of non-persistent AP patients (both p-values for comparison >0.05). Also, a similar
percentage of patients in both groups did not have a revascularization within the first 30
days, but then underwent at least one revascularization during the period from 30 days up to
1 year following index catheterization: PCI in 4.0% of persistent AP patients and 2.1% of
non-persistent AP patients, and CABG in 2.0% of persistent AP patients and 3.4% of non-
persistent AP patients (both p-values >0.05).

The median follow-up time for all patients was 5.6 years (interquartile range: 2.9-8.3). The
5-year unadjusted Kaplan—Meier death rate for the study population was 33.7%. Persistent
AP patients were observed to have a significantly increased event rate for the primary
endpoint of MACE (5-year Kaplan—Meier event rates of 52.9% vs. 45.7%, p=0.013) as well
as cardiovascular death or hospitalization (5-year Cumulative Incidence of 72.7% vs. 59.6%,
p <0.0001] (Table 2). There were no significant differences between the event rates in those
with and without persistent AP for the endpoints of death/MI and death (Table 2). The time-
to-event plots in patients with vs. without persistent AP are presented in Figure 2. Following
risk adjustment, persistent AP was associated with a significantly higher risk of MACE and
cardiovascular death/hospitalization over the follow-up period compared with no AP (both p
<0.05) (Table 3). Persistent AP was an independent predictor of MACE [hazard ratio (HR)
1.30; 95% confidence interval (Cl) 1.08-1.57] and cardiovascular death/hospitalization (HR
1.36; 95% CI 1.14-1.62). Patients with and without persistent AP had similar risk for
death/MI and death over the follow-up period (both p >0.06) (Table 3). Results for the
composite endpoint of all-cause death/hospitalization in those with persistent AP (adjusted
HR 1.33; 95% CI 1.13-1.56; p=0.0006) were similar to the results for cardiovascular death/
cardiovascular hospitalization. The proportional hazards assumption was assessed and not
violated for AP in all multivariable Cox proportional hazards regression analyses.

Discussion

Persistent AP was common in this ICM cohort (31%) despite medical therapy and previous
revascularization. ICM patients with persistent AP had similar baseline characteristics
compared with those without persistent AP symptoms. Nonetheless, those with persistent
AP were at significantly increased risk for long-term MACE and rehospitalization.
Specifically, we found that persistent AP was independently associated with a 30%
increased risk for MACE and a 36% increased risk for cardiovascular death or
hospitalization during follow-up. Similar to previous analyses of AP, we found that
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persistent AP was not associated with increased risk for death or death/MI. Thus, persistent
AP identifies an ICM patient population at high risk for subsequent morbidity.

We found that nearly a third of patients with AP at baseline continued to have AP within 1
year following index catheterization. These patients had persistent AP despite high usage of
anti-anginal therapies such as beta-blockers. Interestingly, patients who went on to
experience persistent angina had similar revascularization rates at index catheterization and
within the following year compared with those who did not experience persistent angina. It
is also notable that 34% of the patients with persistent AP received calcium channel
blockers, despite the contraindication to non-dihydropyridine calcium channel blockers in
the setting of HF with reduced EF.1:2 Furthermore, the modest use of nitrates and ranolazine
in these patients despite ongoing symptoms of angina suggests that there is room for
significant improvement in the use of medical therapies to reduce AP in these patients.!

The persistent AP patients in this cohort were overall similar to those without persistent
symptoms, yet several between-group differences were present that may have clinical
implications. For instance, patients who developed persistent angina had more severe and
more frequent AP at baseline. In addition, those who went on to have persistent AP tended
to have progressive symptoms in the weeks prior to the baseline catheterization compared
with those without persistent symptoms. In other words, patients with an insidious course of
angina rather than rapidly worsening symptoms may represent the population most likely to
continue to have persistent symptoms. With early identification of the patients who are more
likely to have persistent AP, clinicians may be able to target medical therapies to these
individuals in order to reduce the associated morbidity. Future studies will need to explore
whether early intensification of anti-anginal therapy can reduce subsequent events.

Persistent AP was a strong independent predictor of long-term MACE. These findings, along
with the lack of association between AP and death or death/MlI, suggest that the implications
for persistent AP are strongly correlated with increased revascularization. We have
previously shown that baseline AP in HFpEF patients was associated with a 30% increased
risk for death/MI/revascularization/stoke due to differences in revascularization.# In the
present study, we extend these findings to the ICM population with reduced EF who
experience persistent AP. Thus, persistent AP appears to identify an ICM subgroup at
substantially increased risk for long-term morbidity. These results have important clinical
applications given the procedural costs and quality of life implications for revascularization
procedures. Future studies are needed to investigate if improved management of AP,
particularly during the first year following index catheterization, may reduce long-term
revascularization rates.

Persistent AP was also independently associated with a 36% increased risk for
cardiovascular death or hospitalization in ICM patients. Given that baseline AP was
previously shown to be independently associated with a 12% increased risk for
cardiovascular death/hospitalization in ICM patients compared with ICM patients without
any AP.3 the present findings demonstrate the substantial increased risk for rehospitalization
in those with persistent AP. In other words, baseline AP is associated with increased risk, but
the magnitude of the risk increases further in the setting of refractory AP. These results have
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important clinical applications, since hospitalizations have increased over time in HF
patients, and costs related to hospitalization account for the majority of the total cost of HF
care.1112 Whether improved management of AP reduces cardiovascular hospitalizations
requires further study.

Our finding that persistent AP did not portend increased death or death/MI is concordant
with previous studies of stable AP in the non-HF population as well as in HF populations
with either reduced? or preserved EF.# Follow-up of the Angina Prognosis Study in
Stockholm (APSIS) demonstrated that patients with stable AP had similar all-cause
mortality compared with patients without AP over a median follow-up of 9 years.13 These
results support previous data that revascularization may be performed to relieve anginal
symptoms, but may not improve prognosis* unless the patient demonstrates other high-risk
features.1.2.15

Our findings should be considered in the context of several limitations. The DDCD captures
a subset of cardiac patients undergoing cardiac catheterization, which limits the population
studied and may not reflect event rates in a broader population. However, the robust
representation of both women and minorities in the DDCD provides important insight
regarding frequently under-represented patient groups. Our use of a persistent AP
classification at a single time point (follow-up survey within 1 year) is another potential
limitation. Moreover, while the report of angina at follow-up was assessed with the same
questionnaire for all study participants, the follow-up evaluation was different from the
initial in-hospital evaluation and does not conform to a specific standard definition such as
the devised by the Canadian Cardiovascular Society. However, the strengths of our follow-up
angina definition were the consistent use across all patients and the relatively
straightforward questioning involved which simplifies its incorporation into routine clinical
practice. There was no specific ischaemia evaluation performed at follow-up. Nonetheless,
this is the largest study to date to explore outcomes associated with persistent or recurrent
angina following initial cardiac catheterization. Given the multiple analyses conducted, these
results should be viewed as exploratory. Our study provides the foundation for future studies
of AP in ICM patients in an attempt to improve patients’ symptoms and reduce the
associated morbidity.

Conclusion

Persistent AP is common in patients with ICM despite medical therapy and previous
revascularization, and is independently associated with increased long-term MACE and
rehospitalization. Future prospective studies of persistent AP in ICM patients are warranted
given the increased risk of adverse outcomes in this population.
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Cardiac Catheterizations at Duke University
from 2000-2009 with Coronary Artery Disease
N = 31,711 catheterizations

|

Analytical Cohort
First Catheterization 0f 1,113
Patients with Ischemic

Excluded Patients:

* Congenital Heart Disease (N=92)

* Primary Valvular Disease (N=838)

* AIDS or Metastatic Cancer (N=156)

* No Angina Pectoris (N=7,741)
* No follow-up to 1 yr after cath (N=1,825)

Excluded Patients:

 EF 240% or unknown (N=19,796)

* Non-ischemic cardiomyopathy (N=74)

* Missing follow-up angina pectoris status
(N=76)

Cardiomyopathy
N =965
Persistent Angina No Persistent Angina
Pectoris Pectoris
N =298 (31%) N = 667 (69%)

Figurel.
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Patients included in this analysis. AIDS, acquired immunodeficiency syndrome; yr, year.
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Patient characteristics at the index catheterization

Table 1
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Variable Persistent angina pectoris P-value
No (n =667) Yes (n =298)

Age (years) 64 (55-73) 61 (52-70) <0.0014

Men 1% 74% 0.38

Race 0.64

White 74% 76%

Black 19% 18%

Hypertension 71% 73% 0.69
Diabetes mellitus 34% 36% 0.57
Prior myocardial infarction 2% 67% 0.14
Hyperlipidaemia 65% 71% 0.07
Three-vessel coronary disease 57% 60% 0.71
Ejection fraction (%) 33 (27-36) 33 (26-37) 0.46
NYHA class I1I-1V 21% 22% 0.64
Cerebrovascular disease 10% 13% 0.16
Peripheral vascular disease 12% 15% 0.26
Previous smoking 62% 65% 0.28
Previous percutaneous coronary intervention  33% 40% 0.03
Previous coronary bypass 36% 44% 0.01
Charlson Index =2 20% 22% 0.50
Baseline AP characteristics
Canadian Cardiovascular Society severity <0.001

No symptoms with ordinary activity 0% 1%

Symptoms with moderate exertion 11% 11%

Symptoms with ordinary exertion 14% 13%

Symptoms with any exertion or at rest 35% 48%

Symptoms unrelated to exertion 40% 27%

AP episodes per week 3 (2-5) 4 (2-7) <0.001
Body mass index (kg/m?) 28 (25-32) 28 (25-32) 0.38
Heart rate (b.p.m.) 73 (64-84) 72 (63-83) 0.15
Systolic blood pressure (mmHg) 136 (121-154) 131 (118-150) 0.08
Rales 14% 13% 0.57
S3 gallop 8% 10% 0.36
LVEDP, mmHg 20 (13-27) 20 (14-25) 0.52
Serum sodium (mmol/L) 139 (137-141) 140 (138-141) 0.22
Blood urea nitrogen (mg/dL) 17 (13-23) 16 (12-21) 0.09
Serum creatinine (mg/dL) 1.1(0.9-1.3) 1.1(0.9-1.3) 0.46
Haemoglobin (g/dL) 13.7 (125-14.8) 13.6 (12.1-14.8) 0.21
Beta-blocker use 91% 93% 0.30
ACE inhibitor/ARB 86% 86% 0.90
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Variable Per sistent angina pectoris P-value
No (n =667) Yes (n =298)

Hydralazine use 5% 4% 0.93
Nitrate use 18% 23% 0.08
Calcium channel blocker use 35% 34% 0.73
Ranolazine use? 0.4% 0% 0.56¢
Aspirin use 92% 93% 0.74
Clopidogrel use 57% 53% 0.31
Statin use 78% 80% 0.43
Diuretic use 74% 78% 0.29

Values are expressed as %, or median (Q1-Q3).

AP, angina pectoris; LVEDP, left ventricular end-diastolic presssure.

aResult from Student’s #test.

bRanoIazine was FDA (Food and Drug Administration) approved in 2006.

CResuIt from Fisher’s exact test.
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Table 3

Persistent angina pectoris as a predictor of outcome on adjusted analysis

Endpoint Adjusted? hazard ratio (95% confidenceinterval) ~P-value
Death/myocardial infarction/revascularization 1.30 (1.08-1.57) 0.006
Death/myocardial infarction 1.17 (0.95-1.44) 0.14
Death 1.14 (0.92-1.41) 0.23
Cardiovascular death/cardiovascular hospitalization ~ 1.36 (1.14-1.62) 0.0006
All-cause death/all-cause hospitalization 1.33 (1.13-1.56) 0.0006

Page 15

aAdjusted for age, sex, race, hypertension, diabetes, prior myocardial infarction, hyperlipidaemia, NYHA class, cerebrovascular disease, peripheral
vascular disease, previous smoking history, ventricular gallop, Charlson Index, body mass index, heart rate, systolic blood pressure, use of beta-
blocker, ACE inhibitor, or ARB, hydralazine, nitrates, calcium channel blocker, aspirin, clopidogrel, statin, diuretic, and serum creatinine, sodium,
blood urea nitrogen, haemoglobin, percutaneous coronary intervention or coronary artery bypass grafting within 1 year of index catheterization.
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