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A bs tr ac t

Background
Atherosclerotic plaques that lead to acute coronary syndromes often occur at sites 
of angiographically mild coronary-artery stenosis. Lesion-related risk factors for 
such events are poorly understood.

Methods
In a prospective study, 697 patients with acute coronary syndromes underwent 
three-vessel coronary angiography and gray-scale and radiofrequency intravascular 
ultrasonographic imaging after percutaneous coronary intervention. Subsequent 
major adverse cardiovascular events (death from cardiac causes, cardiac arrest, 
myocardial infarction, or rehospitalization due to unstable or progressive angina) 
were adjudicated to be related to either originally treated (culprit) lesions or un-
treated (nonculprit) lesions. The median follow-up period was 3.4 years.

Results
The 3-year cumulative rate of major adverse cardiovascular events was 20.4%. Events 
were adjudicated to be related to culprit lesions in 12.9% of patients and to noncul-
prit lesions in 11.6%. Most nonculprit lesions responsible for follow-up events were 
angiographically mild at baseline (mean [±SD] diameter stenosis, 32.3±20.6%). 
However, on multivariate analysis, nonculprit lesions associated with recurrent 
events were more likely than those not associated with recurrent events to be char-
acterized by a plaque burden of 70% or greater (hazard ratio, 5.03; 95% confidence 
interval [CI], 2.51 to 10.11; P<0.001) or a minimal luminal area of 4.0 mm2 or less 
(hazard ratio, 3.21; 95% CI, 1.61 to 6.42; P = 0.001) or to be classified on the basis 
of radiofrequency intravascular ultrasonography as thin-cap fibroatheromas (haz-
ard ratio, 3.35; 95% CI, 1.77 to 6.36; P<0.001).

Conclusions
In patients who presented with an acute coronary syndrome and underwent percu-
taneous coronary intervention, major adverse cardiovascular events occurring dur-
ing follow-up were equally attributable to recurrence at the site of culprit lesions 
and to nonculprit lesions. Although nonculprit lesions that were responsible for 
unanticipated events were frequently angiographically mild, most were thin-cap 
fibroatheromas or were characterized by a large plaque burden, a small luminal area, 
or some combination of these characteristics, as determined by gray-scale and ra-
diofrequency intravascular ultrasonography. (Funded by Abbott Vascular and Volcano; 
ClinicalTrials.gov number, NCT00180466.)
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Approximately 1,350,000 Americans 
annually have an acute coronary syn-
drome (unstable angina or myocardial in-

farction with or without ST-segment elevation).1 
Although percutaneous coronary intervention 
and pharmacologic therapies have improved the 
prognosis for such patients,1-4 recurrent major 
adverse cardiovascular events occur in a substan-
tial proportion of cases.

Recurrent cardiac ischemic events can be due 
to recurrence at the original treatment site, the 
presence of untreated lesions elsewhere, or pro-
gressive lesions. However, prospective, system-
atic data on the origin of recurrent events are 
lacking. Moreover, retrospective studies have 
shown that most atherosclerotic plaques respon-
sible for future acute coronary syndromes are 
angiographically mild,5,6 and the lesion-related 
risk factors for major adverse cardiovascular 
events are poorly understood. Pathological stud-
ies have shown that thrombotic coronary occlu-
sion after rupture of a lipid-rich atheroma with 
only a thin fibrous layer of intimal tissue cover-
ing the necrotic core (a thin-cap fibroatheroma) 
is the most common cause of myocardial infarc-
tion and death from cardiac causes.7-9 However, 
the prospective identification of thin-cap fibro-
atheromas has not been achieved, in part be-
cause the imaging tools to identify them in vivo 
did not exist until recently.

We therefore performed a prospective, multi-
center study of the natural history of coronary 
atherosclerosis, using multimodality intravascu-
lar imaging to identify the clinical and lesion-
related factors that place patients at risk for ad-
verse cardiac events.

Me thods

Study Design
The Providing Regional Observations to Study 
Predictors of Events in the Coronary Tree (PROS-
PECT) study was conducted at 37 sites in the 
United States and Europe. The study was de-
signed by the principal investigator and the spon-
sor, Abbott Vascular, and was funded by Abbott 
Vascular and Volcano. The sponsor participated 
in site selection and management and in data 
collection and analysis (see the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org). The principal investigator had 
unrestricted access to the data, maintained the 
database, prepared all drafts of the manuscript, 

made the decision to submit the manuscript for 
publication, and vouches for the integrity of the 
study. The study was approved by the institution-
al review board at each participating center.

Study Patients and Protocol
Patients with acute coronary syndromes were en-
rolled after undergoing successful and uncompli-
cated percutaneous coronary intervention for the 
treatment of all coronary lesions believed to be 
responsible for the index event and after the 
completion of any other planned interventions. 
Detailed inclusion and exclusion criteria are list-
ed in Table 1 in the Supplementary Appendix. All 
patients provided written informed consent. The 
study was conducted in accordance with the pro-
tocol, which is available at NEJM.org.

Angiography was performed, followed by both 
gray-scale and radiofrequency intravascular ultra-
sonography of the left main coronary artery and 
the proximal 6 to 8 cm of each of the major epi-
cardial coronary arteries, with the use of a syn-
thetic-aperture-array, 20-MHz, 3.2-French catheter 
(Eagle Eye, In-Vision Gold, Volcano) with motor-
ized catheter pullback (0.5 mm per second). In 
contrast to conventional gray-scale intravascular 
ultrasonography, radiofrequency intravascular ul-
trasonography uses spectral (frequency) analysis 
as well as amplitude data from the intravascular 
ultrasonographic signal, providing information 
about tissue composition that has been corre-
lated with data from histologic samples.10,11 The 
analysis was performed offline and was not used 
for procedural guidance. Levels of serum creati-
nine, fasting lipids, glucose, glycated hemoglo-
bin, and high-sensitivity C-reactive protein were 
measured at baseline. Medication use after dis-
charge was according to local standards. Clinical 
follow-up occurred at 30 days, at 6 months, and 
then yearly for at least 2 years.

Imaging Analysis
All baseline angiograms and intravascular ultra-
sonographic images were prospectively analyzed 
at independent core laboratories by means of pre-
specified methods,12,13 without knowledge of sub-
sequent events. Angiographic qualitative and quan-
titative measurements12 were obtained for the 
entire length of the coronary tree, including each 
epicardial vessel and side branch that was at least 
1.5 mm in diameter, with the use of proprietary 
methods modified from Medis CMS software, 
version 7.0 (Leiden, the Netherlands), which were 
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validated in 78 randomly selected coronary seg-
ments. For each 1.5 mm of vessel, we recorded 
the reference diameter, minimal luminal diame-
ter, and diameter stenosis (the percentage of 
cross-sectional diameter lost to stenosis). Analy-
sis of all angiographic lesions with at least 30% 
visible diameter stenosis was also prespecified.

Offline gray-scale and radiofrequency intra-
vascular ultrasonographic analyses were performed 
in the core laboratory with the use of QCU-CMS 
software (Medis) for contouring, pcVH 2.1 soft-
ware (Volcano) for contouring and data output, 
and proprietary qVH software (Cardiovascular 
Research Foundation) for segmental qualitative 
assessment and quantitative data output. Exter-
nal-elastic-membrane and luminal borders were 
contoured for each frame (median interslice dis-
tance, 0.40 mm). Quantitative intravascular ultra-
sonographic measurements included the cross-
sectional areas of the external elastic membrane, 
the lumen, and the plaque and media (cross-
sectional area of the external elastic membrane 
minus that of the lumen), plaque burden (plaque-
and-media cross-sectional area divided by exter-
nal-elastic-membrane cross-sectional area), and 
minimal luminal area. On the basis of radiofre-
quency intravascular ultrasonography, plaque com-
ponents were identified as dense calcium, ne-
crotic core, fibrofatty tissue, or fibrous tissue, 
with the cross-sectional area and percentage of 
total plaque area reported for each component.10

A lesion on intravascular ultrasonographic 
imaging was defined as at least three consecu-
tive frames with a plaque burden of at least 40%. 
Such lesions were classified by means of radio-
frequency analysis as one of the following: thin-
cap fibroatheroma, thick-cap fibroatheroma, 
pathologic intimal thickening, fibrotic plaque, 
or fibrocalcific plaque (Fig. 1 in the Supplemen-
tary Appendix).13 Each gray-scale and radiofre-
quency intravascular ultrasonographic frame was 
coregistered with the corresponding frame from  
the angiographic roadmap with the use of side 
branches for alignment.

Data, End Points, and Definitions
Independent study monitors verified all data on 
case-report forms. The prespecified primary end 
point was the incidence of major adverse cardio-
vascular events (the composite of death from car-
diac causes, cardiac arrest, myocardial infarction, 
or rehospitalization due to unstable or progres-

sive angina according to the Braunwald Unstable 
Angina Classification and the Canadian Cardio-
vascular Society Angina Classification). The pri-
mary end point was adjudicated by a clinical 
events committee that had no knowledge of 
other patient data and that used original source 
documents. On the basis of follow-up angiogra-
phy, major adverse cardiovascular events were 
further adjudicated as occurring at initially treat-
ed sites (culprit lesions) or at previously untreated 
coronary segments (nonculprit lesions). If follow-
up angiography was not performed, the site asso-
ciated with the event was classified as indetermi-
nate. An example of plaque characterization from 
an event related to a nonculprit lesion is shown 
in Figure 2 in the Supplementary Appendix.

Statistical Analysis
Sample size was calculated to provide adequate 
power to identify variables associated with non-
culprit-lesion–related major adverse cardiovascu-
lar events on the basis of a range of assumptions 
about the frequency of high-risk characteristics, 
their predictive accuracy, the overall rate of such 
events, and the hazard ratio for the risk factor. 
For example, if 71% of patients had a high-risk 
variable with 85% sensitivity and 85% specificity, 
700 patients would be needed to provide 83% and 
99% power to detect a hazard ratio of 3.0 for 
nonculprit-lesion–related rates of major adverse 
cardiovascular events of 5% and 10%, respective-
ly, with a one-sided alpha of 0.025.

Time-to-event data are presented as Kaplan–
Meier estimates. Baseline variables that were 
considered clinically relevant or that showed a 
univariate relationship with outcome were en-
tered into multivariate Cox proportional-hazards 
regression models. Variables for inclusion were 
carefully chosen, given the number of events 
available, to ensure parsimony of the final mod-
els.14 Lesion-level multivariate models were ad-
justed for patient effects by means of the mar-
ginal Cox model,15 and nonsignificant variables 
were dropped by means of backward selection. 
Statistical analyses were performed with the use 
of SAS software, version 9.1.3 (SAS Institute).

R esult s

Patients
Between October 29, 2004, and June 8, 2006, a 
total of 697 patients with acute coronary syn-
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dromes were enrolled after they had undergone 
successful percutaneous coronary intervention 
(Table 1). The median age was 58.1 years, 24.0% 
were women, and 17.1% had diabetes mellitus. 
The median follow-up was 3.4 years. The rate of 
use of antiplatelet, lipid-lowering, and other 
medications was high throughout the follow-up 
period (Table 2 in the Supplementary Appendix).

Baseline Imaging
Angiographic images, gray-scale intravascular ul-
trasonographic images, and radiofrequency intra-
vascular ultrasonographic images from the index 
procedures could be evaluated in 697 (100%), 673 
(96.6%), and 623 (89.4%) of the patients, respec-
tively. Intravascular ultrasonographic imaging was 
restricted to the proximal and middle portions of 
the coronary arteries, where the vessel diameter 
was sufficient to accommodate the imaging cath-
eters (Table 3 in the Supplementary Appendix).

The frequency of residual disease after percu-
taneous coronary intervention varied substan-
tially depending on the imaging technique. On 
angiography, 1814 untreated lesions (i.e., those 
with a visually ascertained diameter stenosis of 
at least 30%) were identified in the entire coro-
nary vasculature, including 110 with a diameter 
stenosis of at least 50% and 12 with a diameter 
stenosis of at least 70%. Gray-scale intravascular 
ultrasonography identified 3160 lesions in the 
proximal-to-middle segments of the three major 
epicardial coronary arteries in 673 patients, in-
cluding 620 lesions with a minimal luminal area 
of 4.0 mm2 or less and 283 lesions with a plaque 
burden of at least 70%. On the basis of radio-
frequency intravascular ultrasonography, most 
lesions were classified as pathologic intimal 
thickening or fibroatheromas (Table 4 in the 
Supplementary Appendix); 596 thin-cap fibroath-
eromas were identified in 313 of 623 patients.

Adverse Events
Eleven patients (1.6%) had complications that 
were attributed to the three-vessel imaging pro-
cedure (10 dissections and 1 perforation). These 
complications resulted in 3 nonfatal myocardial 
infarctions (in 0.4% of patients).

During a median follow-up period of 3.4 
years, 149 major adverse cardiovascular events 
occurred in 135 patients (3-year cumulative rate, 
20.4%) (Fig. 1). Most events were rehospitaliza-
tions for unstable or progressive angina; cardio-

vascular events (death from cardiac causes, cardiac 
arrest, or myocardial infarction) occurred in only 
31 patients (3-year cumulative rate, 4.9%) within 
3 years (Table 2). The 3-year cumulative rate of 
major adverse cardiovascular events that were 
judged to be recurrent disease at originally treat-
ed culprit lesions was 12.9% (118 lesions in 83 
patients). The 3-year cumulative event rate judged 
to be related to nonculprit lesions was 11.6% 
(104 lesions in 74 patients). The origin of 18 
events in 17 patients (2.7%) was indeterminate.

Correlates of Events Related to Nonculprit 
Lesions

The mean angiographic diameter stenosis of the 
106 nonculprit lesions subsequently responsible 
for major adverse cardiovascular events was 
32.3±20.6% at baseline and 65.4±16.3% at follow-
up (P<0.001). At baseline, 32 of these lesions 
(30.2%) were angiographically inconspicuous 
(less than 30% stenosis on the basis of visual 
assessment). On quantitative angiography, 30 
(28.3%) of these 106 lesions were at least 50% 
stenotic but less than 70% stenotic, and 5 (4.7%) 
were at least 70% stenotic. Among these 106 
nonculprit lesions, 55 were imaged by intravascu-
lar ultrasonography, and all were found to have a 
baseline plaque burden of at least 40%.

The baseline patient-level and lesion-level cor-
relates of nonculprit-lesion–related major adverse 
cardiovascular events are given in Table 3, and 
Tables 5 and 6 in the Supplementary Appendix. 
The strongest patient-level predictor of nonculprit-
lesion–related major adverse cardiovascular events 
at follow-up was insulin-requiring diabetes, where-
as a baseline plaque burden of at least 70%, a 
minimal luminal area of 4.0 mm2 or less, and the 
presence of thin-cap fibroatheromas were in-
dependent predictors of subsequent nonculprit- 
lesion–related major adverse cardiovascular events. 
During follow-up, major adverse cardiovascular 
events originated from lesions that included 0, 1, 
2, or all 3 of these variables in 0.3%, 4.8%, 10.5%, 
and 18.2% of lesions, respectively. Of 51 noncul-
prit lesions that were evaluated and classified 
based on radiofrequency intravascular ultraso-
nographic imaging and that resulted in major 
adverse cardiovascular events, 26 (51.0%) were 
thin-cap fibroatheromas, 8 (30.8%) of which had 
a minimal luminal area greater than 4.0 mm2 
and a plaque burden of less than 70% (i.e., thin-
cap fibroatheroma was the only independent 
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risk factor for subsequent major adverse cardio-
vascular events). Nonculprit-lesion–related major 
adverse cardiovascular events arose more fre-
quently from thin-cap fibroatheromas with a 
large plaque burden, a small minimal luminal 
area, or both (Fig. 2). In contrast, follow-up 
events rarely originated from nonfibroatheromas, 
regardless of lesion severity (Fig. 3 in the Supple-
mentary Appendix).

Discussion

We used gray-scale and radiofrequency intravas-
cular ultrasonographic imaging prospectively to 
characterize coronary atherosclerosis before lon-
gitudinal follow-up. We found that approximate-
ly one in five patients with acute coronary syn-
dromes who were successfully treated with 
percutaneous coronary intervention and contem-

Table 1. Demographic, Clinical, and Procedural Characteristics of the Patients.*

Characteristic Value

Age — yr

Median 58.1

Interquartile range 50.5–66.6

Female sex — no. of patients/total no. (%) 167/697 (24.0)

Diabetes mellitus — no. of patients/total no. (%) 119/694 (17.1)

Diabetes requiring insulin — no. of patients/total no. (%) 21/694 (3.0)

Metabolic syndrome — no. of patients/total no. (%) 327/673 (48.6)

Current cigarette use — no. of patients/total no. (%) 328/687 (47.7)

Hypertension — no. of patients/total no. (%) 320/691 (46.3)

Hyperlipidemia — no. of patients/total no. (%) 279/632 (44.1)

Previous myocardial infarction — no. of patients/total no. (%) 73/693 (10.5)

Family history of coronary artery disease — no. of patients/total no. (%) 276/616 (44.8)

Framingham risk score†

Median 7.0

Interquartile range 5.0–9.0

Previous PCI — no. of patients/total no. (%) 77/696 (11.1)

Clinical presentation — no. of patients/total no. (%)

ST-segment elevation myocardial infarction 211/697 (30.3)

Non–ST-segment elevation myocardial infarction 457/697 (65.6)

Unstable angina with ECG changes 29/697 (4.2)

Body-mass index‡

Median 27.9

Interquartile range 25.1–31.2

Cholesterol — mg/dl§

Total

Median 170.0

Interquartile range 149.0–198.0

LDL

Median 93.6

Interquartile range 62.6–121.4

HDL

Median 38.6

Interquartile range 33.0–45.0
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porary medical therapy had recurrent major ad-
verse cardiovascular events within 3 years. Events 
were nearly equally divided between those relat-
ed to initially treated lesions and those related to 
previously untreated lesions. Most events were 
rehospitalizations for unstable or progressive an-
gina; death from cardiac causes, cardiac arrest, 
and myocardial infarction were less common. Al-
though the nonculprit lesions that led to major 
adverse cardiovascular events were frequently mild 
on angiographic assessment, most were charac-
terized by a large plaque burden, a small luminal 
area, or both, as seen on gray-scale intravascular 
ultrasonography but not on angiography; no ma-
jor adverse cardiovascular events arose from un-

treated segments with a plaque burden resulting 
in less than 40% loss of cross-sectional luminal 
area. The prospective identification of nonculprit 
lesions associated with major adverse cardiovas-
cular events was further enhanced by the use of 
radiofrequency intravascular ultrasonography to 
characterize the morphologic features of plaques, 
with thin-cap fibroatheromas representing the 
highest-risk phenotype. Conversely, major ad-
verse cardiovascular events related to nonculprit 
lesions rarely developed from nonfibroathero-
mas, regardless of the plaque burden or minimal 
luminal area.

The primary purpose of this natural-history 
study was to provide prospective in vivo confir-

Table 1. (Continued.)

Characteristic Value

Triglycerides — mg/dl¶

Median 124.0

Interquartile range 88.6–177.1

Glycated hemoglobin — %

Median 5.8

Interquartile range 5.3–6.2

Estimated creatinine clearance — ml/min

Median 97.8

Interquartile range 76.4–123.6

High-sensitivity C-reactive protein — mg/dl

Median 7.2

Interquartile range 2.5–18.9

No. of diseased epicardial coronary arteries — no. of patients/total no. (%)∥

One 149/697 (21.4)

Two 283/697 (40.6)

Three 265/697 (38.0)

Intervention — no. of patients/total no. (%)

One-vessel PCI 507/697 (72.7)

Two-vessel PCI 190/697 (27.3)

Stent implanted in PCI-identified culprit lesions 891/928 (96.0)

Drug-eluting stent implanted, among stented lesions 589/891 (66.1)

* ECG denotes electrocardiogram, HDL high-density lipoprotein, LDL low-density lipoprotein, and PCI percutaneous cor-
onary intervention.

† The Framingham risk score ranges from 0 to 40, with higher scores indicating a greater likelihood of first-time overt or 
recurrent coronary heart disease.

‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ To convert the values for cholesterol to millimoles per liter, multiply by 0.02586.
¶ To convert the values for triglycerides to millimoles per liter, multiply by 0.01129.
∥ This category refers to any lesion with a stenosis ≥30% of vessel diameter.
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Table 2. Kaplan–Meier Estimates for Cumulative Rates of Major Adverse Cardiovascular Events at 3 Years.*

Event
Events Related to 
Culprit Lesions

Events Related to 
Nonculprit Lesions

Indeterminate 
Events All Events

percent (number of patients)

Composite cardiac events† 12.9 (83)‡ 11.6 (74) 2.7 (17) 20.4 (13)

Death from cardiac causes, cardiac arrest, or myocardial 
 infarction

2.2 (14) 1.0 (6) 1.9 (12) 4.9 (31)

Death from cardiac causes 0.2 (1) 0 1.8 (11) 1.9 (12)

Cardiac arrest 0.3 (2) 0 0.2 (1) 0.5 (3)

Myocardial infarction 2.0 (13) 1.0 (6)§ 0.3 (2) 3.3 (21)

Rehospitalization for unstable or progressive angina 11.5 (74) 10.8 (69) 0.8 (5) 17.5 (113)

Other events

Revascularization 10.9 (70) 10.5 (67) 0 17.1 (110)

Stent thrombosis¶ 2.0 (13) 0 1.3 (8) 3.3 (21)

* Rates shown are Kaplan–Meier estimates at 3 years. Events occurred in three patients after the 3-year data presented here had been collected.
† Composite cardiac events were death from cardiac causes, cardiac arrest, myocardial infarction, or rehospitalization for unstable or progressive 

angina.
‡ Events related to culprit lesions were due to stent thrombosis (in 13 patients), restenosis (in 107 patients), and new stent-related side-branch 

lesions (in 5 patients).
§ All six myocardial infarctions were spontaneous infarctions; none were related to revascularization procedures.
¶ This category includes definite and probable stent thrombosis according to the Academic Research Consortium criteria.
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Figure 1. Time-to-Event Curves for Major Adverse Cardiovascular Events after Successful, Uncomplicated Percutaneous Coronary Inter-
vention in 697 Patients with Acute Coronary Syndromes.

The 3-year cumulative rates of major adverse cardiovascular events are shown (Kaplan–Meier estimates). The 1-year rates were 13.2% 
for all such events, 7.9% for events related to culprit lesions (CL), 6.4% for events related to nonculprit lesions (NCL), and 0.9% for 
events of indeterminate origin. CL-related events were those adjudicated to be recurrent disease at the sites of originally treated culprit 
lesions, NCL-related events were adjudicated to be at sites of nonculprit lesions. Some patients had both CL-related and NCL-related 
events, and some patients had multiple CL-related events, multiple NCL-related events, or both at different times (in which case the first 
event is represented in the time-to-event curve). Major adverse cardiovascular events were defined as death from cardiac causes, cardiac 
arrest, myocardial infarction, and rehospitalization for unstable or progressive angina.
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mation of the hypothesis that acute coronary 
syndromes arise from atheromas with certain 
histopathological characteristics, and that these 
characteristics are not necessarily dependent on 
the degree of angiographic stenosis at that site. 
Although most of the lesions responsible for ma-
jor adverse cardiovascular events during follow-
up were angiographically mild, intravascular 
ultrasonography showed that most had either a 
small luminal area, a large plaque burden, or 
both — findings that are consistent with the 
results of pathological studies.7-9 Moreover, al-
though actual histologic assessment of the 
coronary arteries in vivo is not feasible, the de-
velopment of radiofrequency intravascular ultra-
sonography makes it possible to characterize the 
vessel wall with the use of an imaging technique 
that has been shown to correlate reasonably well 
with histologic findings. Events related to non-
culprit lesions typically occurred at sites that 
were classified as thin-cap fibroatheromas on 
the basis of radiofrequency intravascular ultra-
sonography, a finding that is consistent with the 
established concept of vulnerable plaque.7-9

Of 51 nonculprit-lesion–related recurrent 
events occurring in the imaged segments, 26 
(51%) occurred at sites with thin-cap fibroath-
eromas. There may be several explanations for 
why adverse events were also associated with 
other plaque types (most commonly thick-cap 
fibroatheromas). First, some thin-cap fibroath-
eromas may not have been identified during the 
study because of equipment limitations. Second, 
because intravascular ultrasonography was per-
formed only at baseline, it is possible (indeed 
likely) that some atheromas evolved over time 
— that is, thick-cap fibroatheromas developed 
into thin-cap fibroatheromas.18 This concept is 
supported by the observation that thick-cap fibro-
atheromas were associated with an intermediate 
risk of cardiac events — higher than the risk 
associated with plaques that were not fibroath-
eromas and lower than the risk associated with 
thin-cap fibroatheromas. Such a model is con-
sistent with the construct of Virmani et al., 
whereby the atherosclerotic lesion progresses 
from a low-risk to a high-risk phenotype before 
plaque rupture.19

A second objective of this study was to deter-
mine prospectively and systematically how often 
recurrent events occur at the sites of nonculprit 
lesions as opposed to the sites of previously 
treated lesions. Of 157 recurrent events for which 

the lesion location could be determined, 74 (47%) 
were related to original nonculprit lesions. Despite 
undergoing successful percutaneous coronary 
intervention for all coronary stenoses believed to 
require revascularization, within 3 years after 
treatment 11.6% of patients had unanticipated 
major adverse cardiovascular events associated 
with untreated coronary segments. Most of these 
sites showed no evidence of severe stenosis on 
conventional angiography, but we were able to 
identify three characteristics of lesions that were 
significant predictors of subsequent events: a 
small luminal area, a large plaque burden, and 
the presence of a thin-cap fibroatheroma.

Although the in vivo detection of potentially 
vulnerable plaque is of considerable mechanistic 
interest, there are several reasons why the meth-
ods we have used are not currently suitable for 
clinical application as a means of identifying 
sites in the coronary vasculature for potential 
intervention. First, the specificity of our meth-
ods is insufficient for such a purpose. Of 595 

Table 3. Independent Correlates of Major Adverse Cardiovascular Events 
Related to Nonculprit Lesions during Follow-up.*

Correlates
Hazard Ratio

(95% CI) P Value

Predictors of patient-level events†

Insulin-requiring diabetes 3.32 (1.43–7.72) 0.005

Previous percutaneous coronary intervention 2.03 (1.15–3.59) 0.02

Predictors of events at individual lesion sites‡

Plaque burden ≥70% 5.03 (2.51–10.11) <0.001

Thin-cap fibroatheroma 3.35 (1.77–6.36) <0.001

MLA ≤4.0 mm2 3.21 (1.61–6.42) 0.001

* Major adverse cardiovascular events comprised death from cardiac causes, 
cardiac arrest, myocardial infarction, and rehospitalization for unstable or pro-
gressive angina. MLA denotes minimal luminal area.

† Demographic, clinical, and laboratory-based variables were considered for entry 
into the patient-level multivariate regression model. The final variables en-
tered were age, sex, hypertension, insulin-requiring diabetes, previous percu-
taneous coronary intervention, baseline C-reactive protein level, and family 
history of premature coronary artery disease.

‡ Angiographic and ultrasonographic variables, as well as the significant patient-
level predictors, were considered for entry into the lesion-level multivariate re-
gression model. The final variables entered were MLA, plaque burden at the 
MLA, external elastic membrane at the MLA, lesion length, distance from the 
coronary ostium to the MLA, remodeling index, thin-cap fibroatheroma, 
insulin- requiring diabetes, and previous percutaneous coronary intervention. 
An MLA of 4.0 mm2 or less and a plaque burden of 70% or more were pre-
specified for use in this model, since they have been used frequently in previ-
ous studies.16,17 However, the same variables (plaque burden, MLA, and thin-
cap fibroatheroma) were identified as the three independent determinants of 
future cardiac events associated with specific nonculprit lesions in post hoc 
multivariate models that incorporated MLA and plaque burden as continuous 
data or with cutoff points selected on the basis of receiver-operating-charac-
teristic curves (Table 7 in the Supplementary Appendix).
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thin-cap fibroatheromas identified on radiofre-
quency intravascular ultrasonography, only 26 
were sites of recurrent events at a median follow-
up of 3.4 years (estimated Kaplan–Meier event 
rate, 4.9%). Specificity was similarly limited for 
a plaque burden of at least 70% (event rate, 9.6%) 
and a minimal luminal area of 4.0 mm2 or less 
(event rate, 5.3%). Even when all three predictive 
variables were present, the event rate rose to 
only 18.2%. These figures suggest that although 
such lesion characteristics are conducive to the 
occurrence of a subsequent event, they are not 
sufficient to predict which atheromas will un-
dergo plaque progression in the intermediate 
term. Second, the intravascular ultrasonograph-
ic catheters used in this study cannot be used to 
evaluate the distal portions of the coronary ar-
teries; in our protocol, we examined only the 
proximal 6 to 8 cm of the coronary tree. All 106 
nonculprit lesions associated with recurrent 
events were evaluated with the use of baseline 
angiography, but only 55 of these lesions were 
seen on gray-scale ultrasonography and only 51 

were seen on radiofrequency intravascular ultra-
sonography. Third, the use of intravascular ul-
trasonography was associated with serious ad-
verse events in 11 patients, including 10 coronary 
dissections and 1 perforation, indicating that 
these procedures are not without risk. Finally, it 
is unclear what therapeutic approaches might be 
effective in mitigating the risk associated with 
specific lesion features.

In summary, we used conventional coronary 
angiography, gray-scale intravascular ultrasonog-
raphy, and radiofrequency intravascular ultraso-
nography to assess the coronary vasculature in 
patients who had undergone successful percuta-
neous coronary intervention for an acute coro-
nary syndrome. At 3 years, the rate of recurrent 
major adverse cardiovascular events was 20.4%; 
nearly half these events were associated with 
nonculprit lesions, most of which appeared by 
angiography to be mild. Lesion characteristics that 
were predictive of events associated with noncul-
prit lesions included a large plaque burden, a 
small luminal area, and thin-cap fibroatheromas.
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Figure 2. Event Rates for Lesions That Were and Those That Were Not Thin-Cap Fibroatheromas, at a Median 
 Follow-up of 3.4 Years.

Event rates associated with 595 nonculprit lesions that were characterized as thin-cap fibroatheromas (TCFA) and 
2114 that were not by means of radiofrequency intravascular ultrasonographic imaging are shown according to mini-
mal luminal area (MLA) and plaque burden (PB) as detected on gray-scale intravascular ultrasonography. The inset 
shows an example of a thin-cap fibroatheroma imaged by radiofrequency ultrasonography. Data on prevalence are 
for one or more such lesions per patient. Lesions in patients with indeterminate events were excluded. (For addi-
tional details, see Table 6 in the Supplementary Appendix.) CI denotes confidence interval.
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