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Although lesion complexity is predictive of outcomes after balloon angioplasty, it is unclear
whether complex lesions continue to portend a worse prognosis in patients with acute coronary
syndrome (ACS) undergoing percutaneous coronary intervention (PCI) with contemporary
interventional therapies. We sought to assess the impact of angiographic lesion complexity,
defined by the modified American College of Cardiology/American Heart Association classifi-
cation, on clinical outcomes after PCI in patients with ACS and to determine whether an
interaction exists between lesion complexity and antithrombin regimen outcomes after PCI.
Among the 3,661 patients who underwent PCI in the Acute Catheterization and Urgent Inter-
vention Triage strategy study, patients with type C lesions (n[ 1,654 [45%]) had higher 30-day
rates of mortality (1.2% vs 0.6%, p[ 0.049), myocardial infarction (9.2% vs 6.3%, p[ 0.0006),
and unplanned revascularization (4.3% vs 3.1%, p[ 0.04) comparedwith those without type C
lesions. In multivariate analysis, type C lesions were independently associated with myocardial
infarction (odds ratio [95% confidence interval][ 1.37 [1.04 to 1.80], p[ 0.02) and composite
ischemia (odds ratio [95% confidence interval] [ 1.49 [1.17 to 1.88], p [ 0.001) at 30 days.
Bivalirudinmonotherapy compared with heparin plus a glycoprotein IIb/IIIa inhibitor reduced
major bleeding complications with similar rates of composite ischemic events, regardless of the
presence of type C lesions. There were no interactions between antithrombotic regimens and
lesion complexity in terms of composite ischemia andmajor bleeding (p [interaction][ 0.91 and
0.80, respectively). In conclusion, patients with ACS with type C lesion characteristics under-
going PCI have an adverse short-term prognosis. Treatment with bivalirudin monotherapy
reduces major hemorrhagic complications irrespective of lesion complexity with comparable
suppression of adverse ischemic events as heparin plus glycoprotein IIb/IIIa inhibitor. � 2014
Elsevier Inc. All rights reserved. (Am J Cardiol 2014;114:1638e1645)

The modified American College of Cardiology/American
Heart Association (ACC/AHA) lesion morphology classifica-
tion was devised and validated for outcomes after balloon an-
gioplasty.1 Whether lesion complexity, as defined by the

original ACC/AHA criteria, remains valuable in assessing the
prognosis of patients with acute coronary syndrome (ACS)
who undergo percutaneous coronary intervention (PCI) has not
been studied in a contemporary trial. Furthermore, in the
treatment of noneST-segment elevation ACS, early use of
antithrombin and antiplatelet therapy plays a key role in
improving patient outcomes.2,3 The benefit of bivalirudin
monotherapy in reducing bleeding risk while suppressing
adverse ischemic events has been demonstrated to date in
several high-risk patient groups including patients with
diabetes and chronic kidney disease.4e6 However, the safety
and efficacy of bivalirudin monotherapy in patients with ACS
with high-risk angiographic lesions has not been evaluated. In
the current analysis, we investigate the impact of angiographic
lesion morphology and complexity on short-term outcomes
and the safety and efficacy of bivalirudin monotherapy in
angiographic high-risk patients treated with PCI.

Methods

The design of the Acute Catheterization and Urgent
Intervention Triage strategy (ACUITY) trial has been
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published previously.7 In brief, the ACUITY trial random-
ized 13,819 patients with moderate or high-risk noneST-
segment elevation ACS to receive unfractionated heparin or
enoxaparin with a glycoprotein IIb/IIIa inhibitor (GPI),
bivalirudin plus a GPI, or bivalirudin monotherapy. The
antithrombin and antiplatelet drug-dosing regimens have
been previously described.7 Patients assigned to heparin plus
a GPI or bivalirudin plus a GPI were randomly assigned
again in a 2-by-2 factorial design to either upstream or de-
ferred initiation of a GPI. In patients assigned to bivalirudin
monotherapy, GPI administration was reserved for “bail-out”
use at operator discretion for procedural PCI complications or
suboptimal results. Coronary angiography was required
within 72 hours of randomization with subsequent triage to
PCI, coronary artery bypass grafting (CABG), or medical
management. The study was approved by the institutional
review board or ethics committee at each participating center,
and all patients signed a written informed consent.

The ACUITY trial included a prespecified angiographic
substudy in 6,921 consecutive patients from selected centers
in the United States. An independent angiographic core
laboratory (Cardiovascular Research Foundation, New York,
New York) analyzed all preprocedural and final angiograms
using standardized definitions including the baseline ACC/
AHA lesion complexity criteria (interobserver and intra-
observer Kappa statistic >0.7; data on file at the Cardio-
vascular Research Foundation) by reviewers blinded to the
treatment assignment. The lesions were classified according
to the ACC/AHA grading system.1 In addition, we compared
the outcomes based on the more recent Society for Cardiac
Angiography and Interventions (SCAI) classification, which
includes 4 subgroups: (1) nontype C with patent vessel
(Thrombolysis in Myocardial Infarction [TIMI] grade 2/3
flow), (2) nontype C with occluded vessel (TIMI grade 0/1
flow), (3) type C with patent vessel, and (4) type C with
occluded vessel.8 To quantify the extent and burden of cor-
onary artery disease (CAD), the angiographic analysis also
included the number of diseased vessels (defined by a
diameter stenosis of at least 30% in amajor epicardial vessel),
the extent of CAD burden (the total length in millimeters of
all lesions with a >30% diameter stenosis in a major
epicardial vessel), the jeopardy score,9 baseline TIMI grade
flow,10 and myocardial blush grade.11

Patient demographics and outcomes were compared based
on lesion complexity as defined by ACC/AHA type C versus

nontype C lesions. For patients with �2 intervened lesions,
patients were selected on the basis of the intervened lesion
with the worst morphology, and thrombotic occlusions were
not included in the definition of chronic total occlusions. The
primary end point of this subanalysis was composite
ischemia (defined as death from any cause, myocardial
infarction [MI], or unplanned revascularization for ischemia)
at 30 days. In addition, we analyzed (1) components
of composite ischemia at 30 days, (2) stent thrombosis
(Academic Research Consortium definition; definite or
probable) at 30 days, and (3) non-CABG related major and
minor bleeding at 30 days according to ACUITY protocol
definitions.7 All end points were adjudicated by an inde-
pendent blinded clinical events committee.

Categorical values were compared by the chi-square or
Fisher’s exact test. Continuous variables are presented as me-
dians with interquartile ranges, and these were compared using
Kruskal-Wallis test. Thirty-day follow-up analysis was per-
formedusing time-to-eventmethodand comparedwith the log-
rank test, based on the ACC/AHA classification and SCAI
lesion classification. Interaction testing was performed to
assess interaction between treatment allocation (heparin plus a
GPI vs bivalirudin plus a GPI vs bivalirudin monotherapy) and
lesion complexity for composite ischemia and bleeding
complications. To examine the impact of lesion complexity on

Figure 1. Flow chart of the current study.

Table 1
Baseline characteristics

Variable Type C Lesions p value

Yes
(N¼1654)

No
(N¼2007)

Age (years) 61 [53, 70] 61 [53, 71] 0.71
Men 1204 (72.8%) 1348 (67.2%) 0.0002
Weight (kilogram) 86.3 [75.8, 100.0] 88.0 [75.8, 102.0] 0.10
Diabetes mellitus 509/1650 (30.8%) 656/1995 (32.9%) 0.20
Insulin-treated diabetes 141/1650 (8.5%) 198/1995 (9.9%) 0.17
Hypertension 1103/1651 (66.8%) 1456/1995 (73.0%) <0.0001
Hyperlipidemia 981/1633 (60.1%) 1268/1984 (63.9%) 0.02
Current smoker 549/1647 (33.3%) 595/2000 (29.8%) 0.02
Prior myocardial

infarction
550/1616 (34.0%) 691/1952 (35.4%) 0.40

Prior percutaneous
coronary intervention

716/1644 (43.6%) 1038/2000 (51.9%) <0.0001

Prior coronary artery
bypass grafting

364/1648 (22.1%) 445/2006 (22.2%) 0.97

Renal insufficiency* 265/1554 (17.1%) 322/1870 (17.2%) 0.93
High risk† 1160/1565 (74.1%) 1135/1895 (59.9%) <0.0001
Creatinine Kinase-

MB/troponin
elevation

1014/1543 (65.7%) 916/1854 (49.4%) <0.0001

ST-segment deviation 464/1654 (28.1%) 481/2007 (24.0%) 0.005
Thrombolysis in

myocardial
infarction risk
score

0-2 (low) 182/1360 (13.4%) 204/1635 (12.5%) 0.48
3-4 (intermediate) 736/1360 (54.1%) 934/1635 (57.1%) 0.10
5-7 (high) 442/1360 (32.5%) 497/1635 (30.4%) 0.22

* Renal insufficiency - calculated creatinine clearance <60 mL/min using
the Cockcroft-Gault equation.

† High risk was defined as either: CKMB or troponin elevation or ST-
deviation.
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