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ABSTRACT

Background: Data on the effect of revascularization on outcome in patients with high-risk non-ST-segment
elevation acute coronary syndrome (NSTEACS) and significant comorbidities are scarce. Recently, a simple
comorbidity index (SCI) including 5 comorbidities (renal failure, dementia, peripheral artery disease, heart
failure, and prior myocardial infarction [MI]) has shown to be a useful tool for risk stratification. Nevertheless,
therapeutic implications have not been derived.

Hypothesis: We sought to evaluate the prognostic effect attributable to revascularization in NSTEACS according
the SCl score.

Methods: We included 1017 consecutive patients with NSTEACS. The effect of revascularization on a combined
end point of all-cause mortality or nonfatal Ml was evaluated by Cox regression according to SCI categories.
Results: A total of 560 (55.1%), 236 (23.2%), and 221 (21.7%) patients showed o, 1, and >2 points according to
the SCI, respectively. Coronary angiography was performed in 725 patients (71.5%), and 450 patients (44.3%)
underwent revascularization. During a median follow-up of 16 months (interquartile range, 12—36 months), 305
(30%) patients experienced the combined end point (202 deaths [19.9%] and 170 Mls [16.7%]). In multivariate
analysis, a differential prognostic effect of revascularization was observed comparing SClI >2vs o (P for
interaction = 0.008). Thus, revascularization was associated with a greater prognostic benefit in patients with
SCl >2 (hazard ratio [HR]: 0.51, 95% confidence interval [Cl]: 0.29-0.89), P = 0.018), whereas no significant
benefit was observed in those with o and 1 point (HR: 1.31, 95% Cl: 0.88-1.94, P = 0.171 and HR: 1.11, 95% Cl:
0.70-1.76, P = 0.651, respectively).

Conclusions: In NSTEACS, the SCl score appears to be a useful tool for identifying a subset of patients with a

significant long-term death/MI risk reduction attributable to revascularization.

Introduction

Despite current guidelines recommending an early
revascularization invasive strategy (RIS) in high-risk
non-ST-segment elevation acute coronary syndrome
(NSTEACS), randomized trials comparing the impact of
a conservative or selective invasive strategy (CS) versus
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an RIS have shown conflicting results, especially regarding
major end points (death and myocardial infarction [MI]).14
In contrast, data from large NSTEACS registries generally
indicate that an RIS is associated with a reduction of major
outcomes.’ Several reasons have been postulated to explain
these discrepancies, such as differences in methodology and
the definition of outcomes measures, or most importantly,
differences in patient characteristics,® especially regarding
comorbidity burden.

Patients included in clinical trials are highly selected, and
their risk profiles differ substantially from that of patients
seen in daily clinical practice.5~9 Thus, the exclusion of
comorbid and older patients from cardiovascular trials'”
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involves not only the loss to a great extent of vulnerable
patients presenting with NSTEACS, but also inadequacy of
randomized data to clinical decision making. In this regard,
data from observational studies! and post hoc analyses
indicate that these high-risk patients seem to benefit most
from an RIS.12-15

Recently, a simple comorbidity index (SCI) integrating
frequent comorbidities observed in patients with NSTEACS
has shown to be simpler and proved to be as accurate as
the more complex comorbidity indices!6-18 for NSTEACS
risk stratification.!” We speculate that in patients with
high-risk NSTEACS, SCI classification could be a useful
tool for identifying a subgroup of patients with a greater
benefit when an RIS is applied. The aim of the present
study was to investigate the prognostic effect of in-hospital
revascularization in high-risk NSTEACS patients according
to an SCI index on the risk of a long-term composite end
points of death or MI.

Methods
Patient Population

We prospectively included 1017 consecutive patients
admitted to our hospital with high-risk NSTEACS, defined as
chest pain in the last 24 hours with elevated troponin and/or
ST-segment depression from October 1, 2002 to October 1,
2008. The type of treatment strategy (RIS vs CS) was left to
the discretion of the cardiologist in charge of the patient, but
by institutional policy according to current guidelines®’-2!
an RIS was strongly recommended. A detailed medical
history, vital signs, 12-lead electrocardiogram, and routine
lab measurements were obtained on admission. Troponin-I
was measured at the patient’s arrival and serially every 8
to 12 hours. Coronary angiography was performed during
the index hospitalization at a mean of 96 &+ 48 hours after
patient admission. The indication for revascularization was
based on angiographic results.

The study protocol conforms to the ethical guidelines of
the Declaration of Helsinki and was approved by the local
ethics committee. Written informed consent was obtained
from all patients.

Simple Comorbidity Index

The SCI was constructed using 5 variables that emerged
as the most important and independent comorbid factors
predicting mortality from the multivariate analysis.!” One or
2 points were then assigned to each variable according
to the weight of their hazard ratio (HR) (1 point if
the HR=1-2 and 2 points if the HR = 2-3 points).
Severe renal dysfunction (defined as a glomerular filtration
rate [GFR] <20 mL/min/1.73m?), dementia (defined as a
chronic cognitive defect determined using information from
a physician and a validated questionnaire performed by a
trained nurse), prior history of heart failure, or peripheral
artery disease were worth 2 points. Moderate renal failure
(defined as GFR 20-50 mL/min/1.73m?) or prior MI were
assigned 1 point.

End Points and Follow-Up

The end point of the present study was a composite of
death for any cause or nonfatal MI, whichever occurred

first. MI was defined as an elevation of cardiac necrosis
markers (troponin I or creatine kinase-MB) with typical
chest pain and/or ST-segment deviation, or elevation of
creatine kinase-MB at 3 times its normal value after coronary
intervention or 5 times after coronary surgery.?? Clinical
follow-up was performed during routine ambulatory visits in
the outpatient clinic.

Statistical Analysis

Continuous variables were expressed as mean 41 standard
deviation or median (interquartile range [IRQ]) when appro-
priate. Discrete variables were presented as percentages.
Cumulative risk for death or nonfatal MI during follow-
up was estimated using the Kaplan-Meier method and the
log-rank test. Kaplan-Meier curves were built according to
the SCI and were stratified in relation to revascularization
procedures.

Owing to the observational nature of this study, a
propensity score for undergoing coronary angiography
was created that aimed to minimize the inherent referral
bias.23 We created a multivariable logistic regression model
to identify those variables associated with undergoing
a coronary angiography (a necessary step prior to
revascularization). A propensity score was created using
all variables yielding a P < 0.25 in univariate analysis.
The final model included: age, gender, dyslipidemia,
ST-segment depression, troponin-I elevation, Killip > I,
ability of physical activity, anemia (defined as hemoglobin
<12 g/dL for women or <13 g/dL for men), white blood
cell count >10 x 10%, left ventricular dysfunction (left
ventricular ejection fraction <50%), recurrent angina, and
previous history of ischemic heart disease, known coronary
stenosis >50%, percutaneous coronary intervention, chronic
obstructive pulmonary disease, renal failure, peripheral
artery disease, and heart failure. The most important
predictors of performing a coronariography ranked in order
of importance were: age (R = 67%), estimated GFR (R? =
7.3%), known coronary stenosis >50% (R% = 6.1%), ST-
segment depression (R% = 4.1%), hemoglobin (R* = 4%),
troponin-I elevation (R? = 2.5%), and Killip > I (R? = 2.4%).
The area under the receiver operating characteristic curve
of the resulting model was 0.837, indicating an excellent
discriminative ability.

The association between SCI and the time to the combined
end point of death or nonfatal MI was assessed using a
Cox proportional hazard regression model. A parsimonious,
highly predictive model was derived using backward step-
down selection. The proportionality assumption for the
hazard function over time was tested by means of the
Schoenfeld residuals. For the final Cox regression model
we included the propensity score, the interaction among
SCI points, and revascularization procedures during index
hospitalization. The model’s discriminative accuracy was
assessed by the Harrell’s C statistic, whereas its calibration
was tested by the Gronnesby and Borgan test.2* A 2-tailed
P value of <0.05 was considered statistically significant. An
additional Cox regression analysis adapted for competing
events was performed for the combined end point of
MI/cardiovascular death. All analyses were performed
using Stata 11 statistical software (StataCorp, College
Station, TX)
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Table 1. Baseline Characteristics According to Simple Comorbidity Index Categories

All, n = 1017 SCl=o0,n =560 SCl=1,n=236 SCl > 2,n =221 P for Trend
Age,y 68 +13 64 +12 71.3 £ 13 74.3 =10 <0.001
Male, n (%) 668 (66) 379 (67.7) 148 (63) 141 (64) 0.212
Hypertension, n (%) 656 (65) 329 (59) 167 (71) 162 (73.3) <0.001
Dyslipidemia, n (%) 494 (49) 271 (48.4) 109 (46.2) 115 (52) 0.486
Smokers, n (%) 243 (24) 177 32) 37 (15.7) 29 (13.1) <0.001
Diabetes mellitus, n (%) 404 (40) 185 (33) 85 (36) 134 (61) <0.001
Family CHD, n (%) 60 (6) 49 (9) 73) 4 (2) <0.001
Previous PCl, n (%) 85 (8) 17 (3) 38 (16) 30 (13.6) <0.001
Previous CABG, n (%) 74 (7) 13 (2.3) 26 (11) 35 (16) <0.001
Stroke, n (%) 81 (8) 33 (6) 25 (11) 23 (10) 0.015
Troponin elevation, n (%) 692 (68) 369 (66) 166 (70) 157 (71) 0.122
ST-segment depression, n (%) 384 (38) 202 (36.1) 92 (39) 90 (41) 0.202
Killip > 1, n (%) 148 (14.5) 28 (5) 36 (15.3) 84 (38) <0.001
LVEF, % 60 + 13 64 (10) 57 (12.4) 52 (14.5) <0.001
LVEF < 55%, n (%) 164 (27.6) 82 (14.6) 84 (35.6) 115 (52) <0.001
Creatinine, mg/dL 1.21+0.81 0.97 £ 0.19 1.26 +0.39 1.79 £1.52 <0.001
WBC > 10 x 103 cells/mL, n (%) 316 (31) 173 (31) 65 (27.5) 78 (35.5) 0.369
TIMI risk score 2.93+1.34 2.44 +1.18 3.34 +1.15 3.72+1.39 <0.001
In-hospital revascularization procedures
In-hospital coronariography, n (%) 725 (71) 467 (83.4) 160 (67.8) 98 (44.3) <0.001
In-hospital PCl, n (%) 359 (35) 250 (44.6) 74 (31.4) 35 (15.8) <0.001
In-hospital CABG, n (%) 92 (9) 53 (9.5) 24 (10.2) 15 (6.8) 0.323
Revascularization, n (%) 450 (44) 303 (54.1) 97 (41.1) 50 (22.6) <0.001
Pharmacologic treatment
Aspirin, n (%) 930 (91) 498 (90) 213 (93) 185 (93) 0.136
Clopidogrel, n (%) 448 (44) 279 (50.4) 96 (42) 70 (35) <0.001
Statins, n (%) 701 (68.9) 390 (70.4) 161 (70) 135 (68) 0.527
B-Blockers, n (%) 795 (78) 427 (77) 187 (81.3) 150 (75.4) 0.995
ACE inhibitors, n (%) 666 (65) 250 (45.1) 96 (42) 82 (41.2) 0.295

Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass grafts; CHD, coronary heart disease; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; SCI, simple comorbidity index; TIMI, thrombolysis in myocardial infarction;
WBC, white blood cell. Data represent the baseline characteristics of the study sample, coronarographies/revascularization procedures performed during
the index hospitalization, and pharmacologic treatment according to SCI categories .

Results the patient population among SCI points was 560 (55.1%),
Basic demographic and clinical characteristics, revascular- 23§ (23.2%), 91. (8.9%), and 130 (12.8%) for 0, 1, 2, and >2
ization procedures, and pharmacologic treatment at dis- points, respectively.

charge are summarized in the Table 1. The prevalence of
SCI comorbidities were: 249 (25%), 218 (21%), 93 (9%), 74

(7.4%), 27 (2.7%), and 14 (1.4%) for previous MI, moderate Revascularization and Prognosis According to SCI
renal failure, peripheral artery disease, heart failure, severe Coronary angiography was performed less frequently when
renal failure, and dementia, respectively. The distribution of moving from a lower to higher SCI score: 83.4%, 67.8%,
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56%, and 36.2% for 0, 1, 2, and >2, respectively (P for trend
<0.001). A similar trend was observed for revascularization
procedures: 54.1%, 41.1%, 29.7%, and 17.7% for 0, 1, 2,
and >2 points, respectively (P value for trend <0.001).
Nevertheless, revascularization rates among patients who
received a coronary angiography showed less marked
differences across SCI scores (64.9, 60.6%, 52.9%, and 48.9%;
P value for trend = 0.001, from SCI 0 to >2, respectively).

Patients with higher SCI points showed higher rates of
death/MI at short- and long-term follow-up (Supplementary
Table 1).

Differential Prognostic Effect of Revascularization
According SCI

During a median follow-up of 16 months (IQR: 12-36
months), 202 (19.9%) patients died and 170 (16.7%) suffered
a MI. The composite end point (death/MI) was experienced
by 305 (30%) patients.

In the entire study group, revascularization was associ-
ated with lower rates of the composite end point (1.239 vs
2.239 per 10 person-year of follow-up, P < 0.001). Never-
theless, the prognostic impact of revascularization was not
homogeneous along the SCI distribution. Compared to the
nonrevascularized patients, revascularized patients with 0
and 1 points did not show lower rates of the composite
end point (1.017 vs 1.021 per 10 person-year of follow-up,
P = 0.587 and 1.812 vs 2.345 per 10 person-year of follow-
up, P = 0.497, respectively). In contrast, in those patients
with 2 and >2 points, revascularization was associated with
a significant decrease of the occurrence of the combined
end point (0.711 vs 3.415 per 10 person-year of follow-up,
P = 0.002 and 2.684 vs 7.042 per 10 person-year of follow-up,
P = 0.028). Because patients with 2 and >2 points exhibited
a prognostic benefit attributable to revascularization, they
where collapsed in one SCI category (>2). Figures 1 and 2
display similar cumulative risk of the composite end point
death/MI for patients with SCI =0 and 1 across revas-
cularization status. Conversely, Figure 3 illustrates how
revascularized patients with SCI >2 points showed a lower
risk of the composite end point, with noticeable differences
observed after the first months. This differential effect was
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Figure 1. Prognostic impact of revascularization on combined end point in
patients with simple comorbidity index score = o points. Abbreviation:
MI, myocardial infarction.
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Figure 3. Prognostic impact of revascularization on combined end point
in patients with simple comorbidity index score >2. Abbreviation: M,
myocardial infarction.

observed not only for the incidence of MI but also for the
cumulative risk of all-cause mortality (Figure 4).

In a multivariate analysis adjusted for a propensity score to
receive a coronary angiography during hospitalization, this
differential prognostic effect of coronary revascularization
remained significant for SCI >2 (P value for interaction =
0.006). Thus, patients with SCI >2 displayed a significant and
notorious risk reduction when revascularized (HR: 0.51, 95%
CI: 0.29-0.89, P = 0.018). Conversely, in those with 0 and 1
point, no significant benefit attributable to revascularization
was observed (HR: 1.31, 95% CI: 0.88-1.94, P =0.171
and HR: 1.11, 95% CI: 0.70-1.76, P = 0.651, respectively).
Harrell’s C statistic of the multivariate model was 0.710, and
the Gronnesby and Borgan test was 0.604.

This differential prognostic benefit attributable to revas-
cularization persisted in those with SCI >2 in 3 addi-
tional sensitivity analyses: (1) forcing in the multivari-
ate model pharmacological treatment such as aspirin,
clopidogrel, B-blockers, angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers, and statins as
binary variables (HR: 0.55, 95% CI. 0.31-0.96, P for
interaction = 0.002); (2) excluding periprocedural MI (n =
33) from the composite end point (HR: 0.45, 95%
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Abbreviation: MI, myocardial infarction.

CI: 0.25-0.81, P for interaction = 0.043); and (3) for the
composite endpoint MI/cardiovascular death (n = 244),
adjusting for noncardiac death as a competing event (HR:
0.41, 95% CI: 0.21-0.81, P for interaction = 0.007).

Comparison With TIMI Risk Score. Therapeutic Implications

Patients with higher SCI categories showed higher mean
thrombolysis in myocardial infarction (TIMI) risk points
(Table 1), but the concordance index was 18% (95% CI:
15-20, P < 0.001), indicating a significant although weak
agreement between both scores. Respecting therapeutic
implication of the TIMI risk score, intermediate and high-
TIMI risk categories showed a significantly favorable
prognostic benefit effect attributable to revascularization
compared to the low-risk group in a univariate setting
(HR: 0.53, 95% CI: 0.39-0.73 and HR: 0.52, 95% CI:
0.31-0.88 for intermediate and high-TIMI risk groups,
respectively) as is shown in Supplementary Table 2. In
the multivariate model including SCI groups as covariate,
revascularization differential effect did not persist for
TIMI risk groups but did for SCI groups (Supplementary
Table 2).

Discussion

The main finding of the present study was that high-
risk NSTEACS patients with greater comorbidity, defined
as SCI >2, benefit significantly in terms of reduction

of long-term mortality and/or reinfarction attributable
to revascularization during index hospitalization despite
adjustments for several potential confounders. Results
also remained consistent in additional sensitivity analysis
indicating the strength of the present results, even adjusting
for TIMI risk score. SCI appears to be a simple tool for
tailoring the expected benefit when an RIS is applied.

Invasive Strategy vs Conservative Strategy

Despite current recommendations for an RIS in high-risk
NSTEACS,? evidence derived from clinical trials reveals
heterogeneous and insufficient results when an RIS and a
CS are compared. Regarding major end points, early trials
did not demonstrate a superiority of an RIS over a CS or
even inferiority.® Nevertheless, the use of antithrombotic
therapies was not optimal, the frequency of complications
was unacceptably high, and coronary stents were not or
only anecdotically used. In more recent trials and meta-
analyses the prognostic discrepancies still persist.!~46:26-28
Several reasons, such as differences in methodology and
protocols, have been proposed to explain these conflicting
results.6:26-28

Randomized Studies vs Observational Studies. Different
risk scenarios

Strikingly, the rate of deaths and MI reported in observa-
tional studies is much higher than in controlled studies.*®
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There may be various reasons for this circumstance, but
the most plausible one is the difference in baseline risk
profile of patients included in these studies. Patients with
a high risk such as the elderly, patients with significant
cardiovascular comorbidities, or those with hemodynamic
complications are commonly under-represented or excluded
in randomized trials.510:29

Several observational studies have shown that an RIS is
associated with a lower risk of in-hospital and long-term
major events,’~ "1 with risk reductions greater than those
observed in randomized trials. The prognostic impact of
hemodynamic instability, age, and vascular and extravascu-
lar comorbidity has been previously reported,®%1-15 and
data derived from observational studies indicate that an
RIS is beneficial in terms of major event reduction in the
elderly.!b12 Similarly, several post hoc analyses from ran-
domized trials indicate that the benefit of an RIS is greater
in patients with high baseline risk.!314

SCI: An Easy Tool for Quantifying Comorbidity
and the Expected Benefit From an RIS

In this study we found that a non-negligible 21.7% of patients
showed >2 independent comorbid factors according to
the SCI. These results are congruous with current large
registries.>~8

Conversely, to other comorbidity and risk stratification
scores, the advantages of SCI are based on simplicity and
excellent prognosis accuracy in a nonselected population
with high-risk NSTEACS? that allows its easy application in
daily clinical practice. In addition to prognostic implication,
we reported that the SCI may be a useful tool for tailoring
therapy. In contrast to a common clinician belief, patients
with a high comorbidity burden appear to be the subgroup
where the application of an RIS appears to have a dramatic
effect on prognosis. Based on the present results, clinical
utility of the SCI score is reinforced by the fact that the
SCI score, and not TIMI risk score, provides independent
information for selecting those who benefit from an RIS.
Thus, our results would be in accordance with the apho-
rism: the higher the risk, the higher benefit. In this regard,
patients with previous heart failure, severe renal failure,
or dementia, conditions that are normally associated high
frailty and prohibitive risk of cardiovascular and noncardio-
vascular complications, exhibit per se SCI >2. Consonantly,
patients presenting at least 2 of the most frequent comor-
bidities included in the SCI (prior MI, moderate renal failure
and peripheral artery disease) would identify the rest of the
patients with a substantial benefit when revascularized.

Explaining a Paradox: The Higher the Risk, the Lower
the Adherence to Recommendations

The greater burden of coronary atherosclerosis expected
in patients with cardiovascular comorbidities (renal failure,
peripheral artery disease, prior MI, or heart failure) and the
greater vulnerability to intercurrent processes associated
with comorbidities may explain why revascularization
exhibits a greater benefit in this subgroup of patients.

This study showed that although patients with comorbid-
ity had a higher baseline risk profile, they were less likely to
undergo coronary angiography and revascularization. This

paradox is also observed in current national and interna-
tional NSTEACS registries.30-32

Physicians, patients, and psychosocial contextual factors
involved in clinical decision making largely influence
diagnostic and therapeutic attitudes.?®3* In this sense,
it is undoubtedly that in the context of acute coronary
syndromes, comorbidity, age, and gender play a crucial role
in clinical decision making.5-34

The results presented here should caution physicians
about whether we are performing properly by being too
conservative.

Limitations

This is an observational study from 2002 to 2008, in which
the treatment strategy was left at the discretion of the physi-
cian, introducing a potential for selection bias that cannot
be fully eliminated by adjusting for a propensity score. On
the other hand, the medical treatment at discharge illus-
trates the suboptimal implementation of current guidelines
for NSTEACS, which has already been observed in other
registries.’ The mean time for coronarography was 96 hours
and not 72 hours as suggested by current guidelines, a delay
that could have some prognostic implications. In addition,
the lack of assessment of systolic blood pressure and heart
rate preclude to calculate GRACE (Global Registry of Acute
Coronary Events) risk score and compare the prognostic
ability and therapeutic implications of both scores. Finally,
we assessed the presence of comorbid entities, but we did
not take into account the severity, quality of life, functional
impact, or frailty of the patients.

Conclusion

High-risk NSTEACS patients with high comorbidity,
expressed as SCI >2, display a significantly larger benefit
from revascularization in terms of long-term death/MI risk
reduction over a long follow-up period. Further randomized
studies are needed to confirm these results. The inclusion
criteria of further trials should reflect a real picture of
patients seen in clinical practice. Furthermore, the impact
of an RIS on other outcomes, such as quality of life in
patients with high comorbidity, needs to be evaluated.
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