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Abstract

Aims: We aimed to appraise the predictive accuracy of a novel and user-friendly risk score, the ACEF (age, cre-
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Methods and results: A multicentre, retrospective study was conducted enrolling consecutive patients undergoing
bifurcation PCI between January 2002 and December 2006 in 22 Italian centres. Patients with complete data to enable
computation of the ACEF score were divided into three groups according to tertiles of ACEF score. The primary
endpoint was 30-day mortality. The discrimination of the ACEF score as a continuous variable was also appraised
with area under the curve (AUC) of the receiver-operating characteristic. A total of 3,535 patients were included: 1,119
in the lowest tertile of ACEF score, 1,190 in the mid tertile, and 1,153 in the highest tertile. Increased ACEF score was
associated with significantly different rates of 30-day mortality (0.1% in the lowest tertile vs. 0.5% in the mid tertile
and 3.0% in the highest tertile, p<0.001), with similar differences in myocardial infarction (0.3% vs. 0.7% and 1.8%,
p<0.001) and major adverse cardiac events (MACE, 0.5% vs. 1.2% and 4.3%, p<0.001). After an average follow-up
of 24.4+15.1 months, increased ACEF score was still associated with a higher rate of all-cause death (1.3% vs. 2.4%
and 11.0%, p<0.001), cardiac death (0.9% vs. 1.4% and 7.2%, p<0.001), myocardial infarction (3.4% vs. 2.7% and
5.7%, p<0.001), MACE (13.6% vs. 15.9% and 22.3%, p<0.001), and stent thrombosis (2.3% vs. 1.8% and 5.0%,
p<0.001). Discrimination of ACEF score was satisfactory for 30-day mortality (AUC=0.82 [0.77-0.87], p<0.001),
30-day MACE (AUC=0.73 [0.67-0.78], p<0.001), long-term mortality (AUC=0.77 [0.74-0.81], p<0.001), and mod-
erate for long-term MACE (AUC=0.60 [0.57-0.62], p<0.001).

Conclusions: The simple and extremely user-friendly ACEF score can accurately identify patients undergoing PCI

for coronary bifurcation lesions at high risk of early fatal or non-fatal complications, as well as long-term fatality.
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Introduction

Percutaneous coronary intervention (PCI) is a mainstay in the man-
agement of coronary artery disease. Whereas PCI for simple lesions
is easily and safely accomplished in most cases, bifurcation lesions,
especially when proximally located,' are more technically demand-
ing and may be associated with adverse events, at both early and
long term.>*

Risk prognostication in patients undergoing PCI has been the
subject of several studies, leading to the development and recom-
mendation of several different scores and approaches.>” Numerous
variables have been proposed in such scores, including admission
diagnosis, age, congestive heart failure symptoms, diabetes mel-
litus, dyslipidaemia, extent of coronary artery disease, gender,
lesion complexity, neurologic function, peripheral artery disease,
pulmonary disease, renal failure, salvage index, shock, smoking
status, and thrombolytic therapy. However, all such scores appear
complex, as they include several of the above clinical and proce-
dural variables with individual weights and, occasionally, interac-
tion terms, and thus are only occasionally used in clinical
practice.

The parsimonious age, creatinine, ejection fraction (ACEF)
score has been tested and validated in the setting of elective coro-
nary artery bypass grafting (CABG), but its role in patients under-
going PCI, despite being very promising, has not been studied
thoroughly.®!° Indeed, the ACEF score appears inherently more
appealing than most other available or foreseeable scores given its
unique user-friendliness and immediacy. Moreover, no data are
available on the usefulness of the ACEF score in patients undergo-
ing bifurcation PCI.

The multicentre I-BIGIS study has already provided several
important insights into the management of patients undergoing PCI
for coronary bifurcation lesions given its very large sample and cur-
rent stance.''> We hypothesised that the ACEF score can prove to
be a very user-friendly yet informative predictive tool for cardiolo-
gists managing patients undergoing bifurcation PCI. We thus aimed
to test the predictive accuracy of the ACEF score in patients under-
going bifurcation PCI enrolled in the [-BIGIS registry.

Methods

DESIGN

The present work stems from the I-BIGIS study, a large retrospec-
tive multicentre Italian registry of patients undergoing bifurcation
PCI between 2002 and 2006, which has already been described in
detail."™? This was a retrospective, observational clinical study
sponsored by the Italian Society of Invasive Cardiology (SICI-
GISE) and thus no extramural funding was used to support this
work. All the Italian catheterisation laboratories constituting the
SICI-GISE data set providers were invited to join the registry. Min-
imum requirements were the routine performance of PCI, DES
availability, and presence of a dedicated procedural database
throughout the study period. To avoid selection bias or incomplete
data reports, centres unable to achieve a complete clinical form rate
>90% were also not considered eligible for the registry.

PATIENTS AND PROCEDURES

Percutaneous coronary revascularisation of a bifurcation lesion of
a major epicardial vessel (defined as presence of >50% diameter ste-
nosis in a bifurcation with a 2.5-4.5 mm reference vessel diameter in
the main branch [MB] and 2.25-4.5 mm in the side branch [SB]) was
required for inclusion. Patients underwent blood draws for serum cre-
atinine at admission and left ventricular ejection fraction was assessed
by transthoracic echocardiography using the standard Simpson
method during hospital stay. Treatment strategies were at the opera-
tor’s discretion. Patients were discharged on oral thienopyridines for
3-12 months plus aspirin indefinitely, depending on admission diag-
nosis as well as stent choice. Patients were followed by direct check
of hospital charts, patient visit, phone interview, contact with refer-
ring physicians, and/or inspection of local civil registries.

For the purpose of this work, only patients with complete data
enabling computation of the ACEF score were included (3,535
[81.9%] subjects out of an initial 4,314 enrolled). These patients
had similar baseline and procedural features in comparison to those
without complete data to compute the ACEF score. All subjects
provided written informed consent and ethical committee approval
was waived given the observational design.

Notably, given the number of centres and diversity of local data-
bases we expected issues in data capturing and non-consecutive
enrolment. Accordingly, only high-volume centres with detailed
and dedicated databases were offered the chance to participate.
These databases are used routinely for case reporting and thus cap-
ture all salient patient and procedural features, including bifurca-
tion PCI. Thus, data capture was assumed adequate with a very high
likelihood of consecutive enrolment. In addition, we systematically
and repeatedly queried participating centres in cases of data dis-
crepancies or significant temporal gaps in enrolment, which would

have suggested non-consecutive and inhomogeneous data entry.

OBJECTIVES, ENDPOINTS AND DEFINITIONS

We aimed to appraise the predictive role of the ACEF score when
exploited as a three-level category (lowest tertile of ACEF score,
mid tertile of ACEF score, and highest tertile of ACEF score) and as
a continuous variable. The primary endpoint of the study was
30-day mortality. Additional endpoints were long-term mortality,
30-day rate of major adverse cardiac events (MACE, i.e., the com-
posite of death, myocardial infarction [MI], coronary artery bypass
grafting [CABG], or target lesion revascularisation [TLR]), and
long-term rate of MACE. Myocardial infarction was defined as
Q-wave MI in the presence of new pathologic Q-waves on the elec-
trocardiogram in two or more contiguous leads or non-Q-wave MI
in the presence of an elevation of creatine-kinase level or its MB
isoenzyme to three times or more the normal upper limit. Target
lesion revascularisation was defined as any revascularisation proce-
dure (angioplasty, stenting, or CABG) performed because of angio-
graphic restenosis at the site of the treated bifurcation (within the
stent or 5 mm proximal or distal to it) associated with clinical and/
or objective evidence of inducible myocardial ischaemia. Stent
thrombosis rate was assessed using the Academic Research Consortium



definition as definite, probable, or possible, and as acute, subacute,
late, or very late. Each patient could provide only one hard event
per event type, thus avoiding any risk of tautology or redundancy.
The ACEF score was computed according to Ranucci et al,?® as age
(in years) divided by ejection fraction (in %) plus one (if serum
creatinine >2.0 mg/dL).

STATISTICAL ANALYSIS

Continuous variables are reported as meantstandard deviation and
categorical variables as n (%). Continuous variables were com-
pared with analysis of variance for Gaussian variables and Kruskal-
Wallis test for non-Gaussian variables (p<0.05 at Shapiro-Wilk
test), and categorical variables with the chi-squared test. Logistic
regression analysis was used to appraise discrimination (c statistic)
of an ACEF-based model to predict 30-day events, as well as inde-
pendent association with outcomes (reported as odds ratios [OR],
with 95% confidence intervals), whereas Cox proportional hazard
analysis was used to appraise discrimination (Harrell c-index) of
the same model to predict long-term events, as well as independent
association with outcomes (reported as hazard ratios [HR], with
95% confidence intervals). The proportional hazards assumption
was checked both graphically and by means of scaled Schoenfeld
residuals. Confidence intervals (CIs) for the Harrell c-indices were
calculated using jackknife variance estimation by means of the
“somersd” STATA command. Finally, calibration was appraised
comparing observed and expected event rates. SPSS 19.0 (IBM,
Armonk, NY, USA) and STATA 11.2 (StataCorp LP, College Sta-
tion, TX, USA) were used for statistical analyses.

Results

From a total of 3,535 patients with ACEF scores (Figure 1), 1,119
were in the lowest tertile (ACEF score <1.090), 1,190 in the mid
tertile (ACEF score between 1.090 and 1.380), and 1,153 in the
highest tertile (ACEF score >1.380). Baseline features are reported
in Table 1. Several features were significantly different among
ACEF tertiles, including age, male gender, family history of coro-
nary disease, hypertension, dyslipidaemia, smoking history, diabe-
tes mellitus, chronic kidney disease, prior myocardial infarction,
prior CABG, multivessel coronary disease, unprotected left main
disease, ejection fraction, admission diagnosis, and admission to a
low-volume centre (all p<0.05).

Lesion and procedural features are reported in Table 2. ACEF
score tertiles differed significantly for several variables, including
bifurcation site, drug-eluting stent use, MB stent diameter, dual
antiplatelet therapy duration, and angiographic control during fol-
low-up (all p<0.05).

Short-term clinical outcomes were different among ACEF score
tertiles, with significantly higher 30-day rates in the highest tertile
for death (0.1% in the lowest tertile, 0.5% in the mid tertile, and
3.0% in the highest tertile, p<0.001), MI (0.3%, 0.7%, and 1.8%,
p<0.001), and MACE (0.5%, 1.2%, and 4.3%, p<0.001), with
trends towards significance also for TLR (0.2%, 0.7% and 0.9%,
p=0.065) and definite stent thrombosis (0.3%, 0.5%, and 1.0%,
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Figure 1. Cumulative distribution of the age, creatinine, and ejection

fraction (ACEF) score.

p=0.063). Accordingly, long-term (24.4+15.1 months) follow-up
showed significant differences among ACEF score tertiles for death
(1.3%, 2.4%, and 11.0%, p<0.001), cardiac death (0.9%, 1.4%, and
7.2%, p<0.001), MI (3.4%, 2.7%, and 5.7%, p<0.001), MACE
(13.6%, 15.9%, and 22.3%, p<0.001), probable stent thrombosis
(0.1%, 0.4%, and 0.8%, p=0.023), and possible stent thrombosis
(0.4%, 0.4%, and 2.2%, p<0.001), and trends towards significance
also for TLR (11.3%, 13.6%, and 14.0%, p=0.061) (Table 3).

Formal appraisal of the predictive accuracy of the ACEF score
showed satisfactory discrimination and calibration for 30-day mor-
tality (c statistic=0.82 [0.77-0.87], p<0.001; Figure 2), 30-day rate
of MACE (c statistic=0.73 [0.67-0.78], p<0.001; Figure 3), and
long-term mortality (Harrell c-index=0.77 [0.74-0.81], p<0.001,
Figure 4), whereas discrimination for long-term rate of MACE
appeared only moderate (Harrell c-index=0.60 [0.57-0.62],
p<0.001, Figure 5). Similar findings were obtained when distin-
guishing patients according to admission diagnosis (Table 4),
despite some variability between predictive accuracy in stable coro-
nary disease, non-ST-elevation acute coronary syndrome, and
ST-elevation myocardial infarction.

Exploiting the ACEF score as a three-level variable (i.e.,
according to tertiles) rather than as a continuous variable only
mildly decreased its discrimination for 30-day mortality (c statis-
tic=0.77 [0.72-0.82], p<0.001), 30-day rate of MACE (c statis-
tic=0.71 [0.65-0.76], p<0.001), and long-term mortality (Harrell
c-index=0.73 [0.69-0.76], p<0.001, Figure 4), whereas discrimina-
tion for long-term rate of MACE appeared only moderate (Harrell
c-index=0.58 [0.56-0.60], p<0.001). Calibration was appraised by
comparing expected versus observed event rates, showing satisfactory
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Table 1. Baseline patient characteristics.
1+ tertile of ACEF | 2 tertile of ACEF | 3" tertile of ACEF

score (n=1,119) score (n=1,190) score (n=1,153)
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Age (years) 54.4+7.9 66.5+7.1 72.2+8.4 <0.001
Male gender 980 (87.1%) 932 (77.3%) 928 (77.0%) <0.001
Family history of coronary artery disease 486 (45.3%) 408 (35.8%) 382 (33.8%) <0.001
Hypertension 648 (58.7%) 834 (71.0%) 862 (73.5%) <0.001
Dyslipidaemia 709 (64.3%) 680 (57.9%) 647 (565.2%) <0.001
Smoking history 720 (65.3%) 546 (46.5%) 533 (45.5%) <0.001
Diabetes mellitus 191 (17.3%) 304 (25.9%) 376 (32.1%) <0.001
Chronic kidney disease 0 0 306 (26.5%) <0.001
Prior myocardial infarction 282 (25.1%) 305 (25.3%) 474 (39.3%) <0.001
Prior percutaneous coronary intervention 293 (26.1%) 326 (27.2%) 352 (29.3%) 0.213
Prior coronary artery bypass grafting 55 (4.9%) 85 (7.1%) 141 (11.7%) <0.001
Multivessel coronary artery disease 727 (64.6%) 807 (67.0%) 868 (72.0%) <0.001
Concomitant unprotected left main disease 63 (5.6%) 95 (7.9%) 112 (9.3%) 0.003
Left ventricular ejection fraction (%) 58.7+6.3 54.4+5.5 45.1+9.8 <0.001
Admission diagnosis <0.001

Stable coronary disease 578 (51.4%) 662 (54.9%) 538 (44.6%)

Non-ST-elevation acute coronary syndrome 387 (34.4%) 419 (34.8%) 465 (38.6%)

ST-elevation myocardial infarction 160 (14.2%) 124 (10.3%) 202 (16.8%)
Admission to a low-volume centre (<800 PCl/year) 289 (25.7%) 268 (22.2%) 260 (21.6%) 0.042

Table 2. Lesion and procedural characteristics.

1+ tertile of ACEF | 2 tertile of ACEF | 3" tertile of ACEF

score (n=1,119) | score (n=1,190) | score (n=1,153) | Palue
Bifurcation site (%) 0.010
Left main 74 (6.6%) 111 (9.2%) 130 (10.8%)
Left anterior descending/diagonal artery 751 (66.8%) 791 (65.6%) 747 (62.0%)
Left circumflex/obtuse marginal artery 224 (19.9%) 234 (19.4%) 259 (21.5%)
Right coronary/posterior descending/posterolateral branch 76 (6.8%) 69 (5.7%) 69 (5.7%)
True bifurcation lesion 724 (64.4%) 776 (64.4%) 795 (66.0%) 0.641
Multiple lesions on the target vessel 182 (17.8%) 197 (18.5%) 207 (20.1%) 0.385
Restenosis treatment 48 (4.5%) 70 (6.0%) 70 (6.0%) 0.204
Stenting technique 0.263
Main vessel stenting 716 (63.6%) 723 (60.0%) 717 (59.5%)
T 123 (10.9%) 169 (14.0%) 184 (15.3%)
\ 195 (17.3%) 216 (17.9%) 208 (17.3%)
Crushing 37 (3.3%) 37 (3.1%) 35 (2.9%)
Culottes 37 (3.3%) 36 (3.0%) 34 (2.8%)
Other 17 (1.5%) 24 (1.9%) 27 (2.3%)
Drug-eluting stent use 923 (82.0%) 977 (81.1%) 925 (76.8%) 0.003
Main branch stent diameter (mm) 3.0+0.4 3.0+0.4 3.0+0.4 0.017
Cumulative stent length on main branch (mm) 21.9+8.2 22.2+8.4 21.4+8.5 0.075
Side branch stent diameter (mm) 2.7+0.4 2.7+0.4 2.7+0.4 0.145
Cumulative stent length on side branch (mm) 19.1+8.3 18.7+8.9 18.9+8.7 0.724
Final kissing balloon performed 613 (54.5%) 662 (54.9%) 656 (54.4%) 0.964
Intravascular ultrasound 69 (6.1%) 86 (7.1%) 61 (5.1%) 0.104
Dual antiplatelet therapy duration (months) 10.4+9.7 10.4+10.2 7.5+£0.2 0.030
Angiographic control during follow-up 470 (42.4%) 447 (37.7%) 383 (32.4%) <0.001
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Figure 2. Receiver-operating characteristic curves of the age,
creatinine, and ejection fraction (ACEF) score for 30-day mortality
(area under the curve=0.82 [95% confidence interval 0.77-0.87],

p<0.001).
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Figure 3. Receiver-operating characteristic curves of the age,
creatinine, and ejection fraction (ACEF) score for 30-day major
adverse cardiac events (area under the curve=0.73 [95% confidence
interval 0.67-0.78], p<0.001).

calibration, especially for mid and high ACEF scores and short-
term events (Table 5).

We have previously reported that the most important independent
predictors of events in the I-BIGIS study were age, creatinine, com-
plex stenting strategy, DES usage, diabetes mellitus, ejection frac-
tion, multivessel disease, PCI for in-stent restenosis, prior PCI, and
prior CABG."" We thus aimed to confirm our prior findings by
appraising the independent prognostic role of the ACEF score adjust-
ing for all the above factors (excluding age, creatinine, and ejection
fraction). Indeed, in such multivariable models, the ACEF score was
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Figure 4. Receiver-operating characteristic curves of the age,
creatinine, and ejection fraction (ACEF) score for long-term
mortality (area under the curve=0.77 [95% confidence interval
0.74-0.81], p<0.001).
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Figure 5. Receiver-operating characteristic curves of the age,
creatinine, and ejection fraction (ACEF) score for long-term major
adverse cardiac events (area under the curve=0.60 [95% confidence
interval 0.57-0.62], p<0.001).

confirmed as an independent and significant predictor of 30-day mor-
tality (OR=3.78 [2.68-5.32], p<0.001), 30-day MACE (OR=2.45
[1.84-3.25], p<0.001), long-term mortality (HR=2.66 [2.30-3.09],
p<0.001), and long-term MACE (HR=1.48 [1.30-1.67], p<0.001).

Discussion

This work, originally reporting on the predictive accuracy of
a simple and user-friendly prognostic score in subjects undergo-
ing bifurcation PCI, has the following implications: a) PCI for
coronary bifurcation lesions is generally safe and effective, but
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Table 3. Thirty-day and long-term clinical outcomes.

1t tertile of ACEF | 2™ tertile of ACEF | 3" tertile of ACEF

score (n=1,119)

score (n=1,190) score (n=1,153)

Thirty-day outcomes
Major adverse cardiac events 6 (0.5%) 15 (1.2%) 52 (4.3%) <0.001
Death 1(0.1%) 6 (0.5%) 36 (3.0%) <0.001
Myocardial infarction 3(0.3%) 8 (0.7%) 22 (1.8%) <0.001
Target lesion revascularisation 2 (0.2%) 8 (0.7%) 11 (0.9%) 0.065
Definite stent thrombosis 3 (0.3%) 6 (0.5%) 12 (1.0%) 0.063
Long-term outcomes (24.4+15.1 months)
Major adverse cardiac events 153 (13.6%) 191 (15.9%) 269 (22.3%) <0.001
Death 15 (1.3%) 29 (2.4%) 133 (11.0%) <0.001
Cardiac death 10 (0.9%) 17 (1.4%) 87 (7.2%) <0.001
Myocardial infarction 38 (3.4%) 33 (2.7%) 69 (5.7%) <0.001
Target lesion revascularisation 127 (11.3%) 164 (13.6%) 175 (14.5%) 0.061
Stent thrombosis
Definite 20 (1.8%) 12 (1.0%) 22 (1.8%) 0.162
Probable 1(0.1%) 5 (0.4%) 10 (0.8%) 0.023
Possible 4 (0.4%) 5 (0.4%) 26 (2.2%) <0.001
Definite, probable or possible 25 (2.3%) 22 (1.8%) 58 (5.0%) <0.001

Table 4. Predictive accuracy for the age, creatinine, and ejection fraction (ACEF) for selected outcomes distinguishing patients
according to admission diagnosis, reported as point estimate (95%) confidence interval of the c statistic or Harrell c-index.

30-day mortality

30-day major adverse

Long-term major
adverse cardiac events

Long-term mortality

cardiac events

Overall 0.82 (0.77-0.87) 0.73 (0.67-0.78) 0.77 (0.74-0.81) 0.60 (0.57-0.62)
Stable coronary disease 0.84 (0.77-0.91) 0.69 (0.60-0.78) 0.79 (0.75-0.84) 0.55 (0.51-0.58)
Non-ST-elevation acute coronary syndrome 0.75 (0.64-0.86) 0.71 (0.61-0.80) 0.70 (0.64-0.77) 0.60 (0.55-0.64)
ST-elevation myocardial infarction 0.85(0.78-0.92) 0.78 (0.70-0.87) 0.80 (0.72-0.88) 0.55 (0.51-0.58)

Table 5. Comparison of observed and expected events according to the age, creatinine, and ejection fraction (ACEF).

- 30-day mortality 30'3::’ d?;?g,:::s erse Long-term mortality

Long-term major
adverse cardiac events

1st quintile 0.4% 0.4% 1.1% 1.3% 2.3% 13.8% 14.0%
2" quintile 0.3% 0.6% 1.0% 1.3% 1.4% 2.9% 13.9% 15.2%
3 quintile 0.3% 0.7% 1.0% 1.5% 2.5% 3.4% 15.1% 16.1%
4 quintile 1.8% 3.4% 2.9% 1.8% 6.2% 4.3% 18.7% 17.4%
5t quintile 3.6% 3.4% 4.9% 4.5% 13.2% 11.9% 24.9% 23.8%

fatal and non-fatal adverse events do occur in a subset of patients;
b) risk prognostication with the ACEF score is effective and accu-
rate for both short-term and long-term outcomes; c) given such
independent predictive accuracy, use of the ACEF score is thus
recommended to inform clinicians and patients when bifurcation
PCl is envisaged.

Coronary bifurcation lesions have been the subject of extensive
research given their uniqueness and association with procedural fail-

ure, early complications, and late adverse events.”> Much evidence
has thus accumulated on the lesion classification, techniques and
devices.*!3!* Several issues regarding bifurcation PCI have already
been largely sorted out. First, the Medina classification has clearly
come out as the most practical and informative one."* Second, provi-
sional T stenting clearly appears as the most cost-beneficial tech-
nique whenever feasible.'> Third, dedicated devices have not so far
proved to be superior to second-generation DES. #1416



Despite such collective scientific effort focusing on bifurcation PCI,
no dedicated prognostic tools dedicated to patients with this peculiar
type of coronary disease are available. Indeed, several clinical risk
scores have already been developed and tested for unselected PCI
patients (Table 6), such as the Mayo Clinic,” the Michigan
Cardiovascular Consortium,'® the National Cardiovascular Database
Registry,"” the New York State Registry,” the Society for Cardiovascular
Angiography and Intervention,?' the STENT®, and the Toronto scores.*
Other tools are also available, with different scope and focus, which
may include subtle patient features (e.g., presence of concomitant
infections) or coronary anatomy (e.g., SYNTAX score).”

A quick glance at Table 6, which summarises the variables

exploited by a selection of the available scores, clearly provides
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support to our current findings on the role of the ACEF score for
risk prognostication in bifurcation PCI. Excluding age, ejection
fraction and renal function, most variables are used only in a subset
of the scores. Moreover, all scores require computing several vari-
ables, making them cumbersome and difficult to use in everyday
practice. Besides user-friendliness, our findings show that the
ACEF score has a satisfactory predictive accuracy for mortality at
both short and long term and for non-fatal events at short term. The
prognostic value of the ACEF score is only moderate for long-term
non-fatal outcomes, but the reader should take into account the fact
that long-term MACE are largely dominated by repeat revasculari-
sations, which have an altogether different pathophysiology and
clinical implications in comparison to death.

Table 6. Selected risk scores to predict outcomes in patients undergoing percutaneous coronary intervention (PCI), with (+) indicating

variables included in the risk model.

Michigan
Cardiovascular
Consortium (18)

ACEF
(8-9)

Variables included

HE()

Age + + +

EuroHeart | Mayo Clinic| NCDR

New York State | SCAI STENT | Toronto

()] (19) Registry (20) | (21) () (22)

Ejection fraction

Serum creatinine/renal failure

+ |+ |+

Cardiac arrest

Aortic valve disease

Baseline TIMI flow

Bifurcation lesion

+ |+ |+ |+

Body weight

Congestive heart failure

Coronary thrombus +

Diabetes mellitus

Gender +

Geographic region

Haemodynamic state

Haemoglobin

Left anterior descending PCI

Left main disease

Lung disease

Multivessel disease + +

Ostial lesion

Peripheral artery disease

Preprocedural myocardial + +
infarction

Preprocedural statin therapy

Primary PCI

Prior coronary bypass grafting

Prior stroke

Rescue or facilitated PCI

Shock +

Smoking status

Type C lesion

Unstable angina

Urgent or emergent PCI
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The favourable results on the predictive role of the ACEF score
in bifurcation PCI hereby reported confirm recent data from the
1,208-patient sub-analysis of the LEADERS trial. Specifically,
Wykrzykowska et al applied the ACEF score in an all-comers popu-
lation and showed at 1-year follow-up higher rates for cardiac
death, MI, TVR, MACE, and stent thrombosis in patients with
higher ACEF scores (all p<0.05).!° The most relevant difference
between the data reported by Wykrzykowska and colleagues and
ours concerns different thresholds for tertiles. Whereas we divided
our study population into three groups according to ACEF score
<1.090, between 1.090 and 1.380, and >1.380, Wykrzykowska et al
used the following cut-offs: <1.0225, between 1.0226 and 1.277,
and >1.277. Several reasons can explain these differences, includ-
ing different patient selection features, timing of cardiac function
assessment, and assays for serum creatinine. Specifically, the
LEADERS trial was indeed an all-comers study, but still a trial
comparing two DES!. Accordingly, several patients with contrain-
dications to DES implantation or prolonged dual antiplatelet ther-
apy were not included in LEADERS. Conversely, our study is truly
an all-comers retrospective registry including any patient with
bifurcation PCI treated at participating centres.

Predictive accuracy of the ACEF score was indeed satisfactory, but
not perfect. However, we should bear in mind that no risk prediction
tool in biomedical science can be expected to have perfect accuracy
(unless the corresponding data are fabricated). Moreover, if several
additional variables (5, 10, or even 15) must be added to improve only
slightly the predictive accuracy of a given score, the value of parsi-
mony and the Pareto principle (according to which 80% of your overall
prognostic yield comes from only 20% of your predictive variables)
clearly and eventually favour the ACEF score, which includes only the
three most important prognostic factors: age, systolic function, and
renal function.®*?* On the other hand, in keeping with its original devel-
opmental context, the ACEF score is most likely better fitted to low-
risk elective patients undergoing revascularisation procedures, where
the cardiac event rate is low, the number of events recorded per year is
limited, and the more complex risk model may be overfitted, rather
than to acute settings.?* Despite this, practitioners who already rely on
the more detailed and accurate risk scores (e.g., the Mayo Clinic score)
should probably not abandon it to move to the ACEF score, which is
not likely to outperform them. Conversely, cardiologists who have so
far been wary of using any score can safely and comfortably adopt the
ACETF score given its clinical usefulness and simplicity.

This work has limitations, however, as does any observational
retrospective study. In addition, we did not perform multivariable
adjusted analyses to prove the independent prognostic value of the
ACEF score, as our goal was not to make the case for using the
ACEF as an adjustment factor, but rather to support its broader use
in everyday clinical practice. Another drawback of our study is the
exclusion of the 18.1% of subjects originally enrolled in the I-BIGIS
registry who had no complete data enabling computation of the
ACEF score. Whereas the baseline and procedural features of these
patients were similar to those of patients with complete data, point
estimates and confidence intervals for the predictive accuracy of

the ACEF score may have been expected to vary, albeit slightly, if
these patients had also been included. In addition, information
regarding complete revascularisation would of course have been of
interest and prognostically relevant; however, collecting this piece
of information or other details on multivessel PCI was beyond the
scope of our work. The use of the ACEF score to guide manage-
ment of patients undergoing bifurcation PCI cannot be supported or
disproved by the present work. While we may speculate that pre-
dicting a patient risk of adverse events may change procedural strat-
egy, further studies are required to appraise this specific scientific
question. However, we may tentatively suggest that patients with
high ACEF scores should be offered more aggressive medical ther-
apies and risk factor modifications. Finally, comparing the prognos-
tic role of the ACEF score with those of other scores was beyond
the scope of our work. However, the parsimony principles stated
above would tend to favour the ACEF score even if a more complex
score appeared statistically more accurate.

In conclusion, the simple and extremely user-friendly ACEF
score can accurately identify patients undergoing PCI for coronary
bifurcation lesions at high risk of early fatal or non-fatal complica-
tions, as well as long-term fatality.
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