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Abstract
Background: Plaque volume (PV) is related to major cardiovascular events (MACE) after coronary stent implantation.

Objective: To evaluate the association between PV before the procedure evaluated by angiography and clinical outcomes.

Methods: This is a prospective cohort study of patients undergoing coronary stent implantation in a referral center. PV 
before the stent implantation was evaluated by the formula described by Giugliano (Am J Cardiol 2005, 95:173): VP = π 
X (lesion length) X [(vessel diameter/2)2 - (minimum luminal diameter/2)2]. The MACE were registered at clinical follow-
up of one year and multiple linear regression analysis was performed to identify predictors of events.

Results: The sample consisted of 824 patients, mean age 60 ± 11 years, 70.0% were male. Diabetes mellitus was present 
in 21.0% and triple vessel involvement in 12.0%. Average reference diameter was 3.3 ± 3.2 mm, average lesion length 
was 10.2 ± 4.7 mm and mean residual stenosis was 1.0% ± 12.0%. Patients with MACE had higher PV than those 
without events (92.84 ± 42.85 vs 85 ± 46.85, p = 0.03). Other variables associated with MACE in the univariate analysis 
were triple vessel involvement, myocardial infarction, vessel diameter and length of the lesion treated. PV maintained a 
significant association with MACE after adjusting for the variables described and diabetes mellitus.

Conclusion: The volume of atheromatous plaque before stenting was higher in patients with MACE on clinical follow-up 
in one year, regardless of other predictors of events. (Arq Bras Cardiol 2010;95(6):679-684)

Keywords: Angioplasty, transluminal, percutaneous coronary/prognosis; coronary artery disease; stents; coronary 
angiography.

progression and outcomes14-18. Although the evaluation of 
atherosclerotic plaque by IVUS is one of the most sensitive 
methods for evaluation, this technology is costly, and is not 
available in several centers and cannot be used in subtotal 
lesions without predilatation with balloon19-21.

The assessment of plaque volume by an estimate based 
on angiography has been recently described22. However, 
the influence of atherosclerotic plaque volume assessed by 
angiography on clinical outcomes in patients undergoing 
coronary stent implantation has not been studied and is 
purpose of this study.

Methods

Patients
A prospective cohort study in which patients undergoing 

PCI with coronary stents, from Apr/1997 to Dec/2001 in 
our institution were considered for inclusion. We excluded 
patients with cardiogenic shock, implantation of intra-aortic 
balloon or those with residual stenosis > 30.0% after stent 
implantation. Clinical, angiographic characteristics, data on 
procedures and in-hospital complications were prospectively 
recorded in the Access database. 

Introduction
Percutaneous coronary interventions (PCI) are the 

primary method of myocardial revascularization in current 
clinical practice1. Aiming to estimate the risk and clinical 
outcome of these patients, various models of risk prediction 
and therapeutic success have been tested2-6. However, the 
prognostic evaluation of such patients is limited due to the 
low predictive accuracy of models and risk scores currently 
available3-6. This suggests the need to identify new clinical 
and angiographic characteristics associated with major 
cardiovascular events (MACE) in long-term clinical follow-up 
in patients undergoing PCI.

Studies evaluating the quantity, area, consistency 
and volume of coronary atherosclerotic plaque, both by 
angiography and by intravascular ultrasound (IVUS), have 
been performed7-13 and reveal that the amount of plaque, 
both pre and post-PCI may play a prognostic value in disease 
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The study was approved by the Institutional Ethics Board 
and participants signed a consent form.

Clinical characteristics
Hypertension was considered present when the patient 

reported history or was taking antihypertensive drugs. Diabetes 
mellitus and dyslipidemia were defined as previous history 
or use of oral hypoglycemic agents or insulin, or statins, 
respectively. Family history was defined by the occurrence 
of AMI or sudden death by the father (< 45 years) or by the 
mother (< 55 years). Stable angina was defined as a stable 
pattern of onset of pain in the last two months before the 
procedure. Unstable angina was defined as worsening of the 
intensity and/or frequency of the pattern of angina in the last 
two months before the procedure, with or without chest pain 
at rest. Acute myocardial infarction (AMI) as an indication for 
stent implantation was defined as chest pain and ST-segment 
elevation requiring immediate revascularization of the infarct-
related artery.

Procedure for coronary stenting
The patients were receiving aspirin and thienopyridine 

upon the PCI. Intravenous bolus of unfractionated heparin 
were administered to achieve an ACT > 300 seconds, 
and intracoronary nitroglycerin was administered prior to 
angiography. The procedures for stent implantation were 
performed as described in literature23, and conventional stents 
were implanted in all cases. 

The clinical success of the procedure was defined as 
coronary flow TIMI 3 and residual stenosis < 30.0% after stent 
implantation, without occurrence of death, myocardial infarction 
or emergency coronary artery bypass grafting. Acute myocardial 
infarction was defined as elevation of creatine kinase MB fraction 
(CK-MB)> 3 times the upper limit of normality or development 
of new pathological Q waves on electrocardiogram.

Angiographic analysis
All analyzes were performed with angiographic quantitative 

coronary angiography (Siemens Axiom Artis, Munich, 
Germany). The diameter of the target vessel was defined as the 
average diameter of the segments proximal and distal to the 
lesion. The severity of stenosis was measured in two orthogonal 
projections. Longer lesions were considered as a single lesion 
only when a segment < 10 mm in length was between them. 
The stenoses were classified according to criteria established 
by the American College of Cardiology (ACC)24, and complex 
lesions were defined as those of type B2/C. 

Artherosclerotic plaque volume was calculated by the 
formula proposed by Giugliano et al22: VP = π X (lesion length) 
X [(DRV/2)2 - (MLD/2)2]. We considered π = 3.14, DRV = 
reference vessel diameter in mm, MLD = minimal luminal 
diameter in mm.

Follow-up and clinical outcomes 
Patients were followed for one year by clinical evaluation 

in the office, contact with the responsible physician or phone 
interview. Angiographic control was performed for suspected 

recurrent myocardial ischemia. 
The primary outcome of this study was a combination of 

MACE including death related to cardiac causes, myocardial 
infarction (AMI), coronary artery bypass grafting (CABG) and 
percutaneous revascularization of the target vessel (TVR) within 
one year after the initial procedure of stent implantation.

Statistical analysis
Categorical variables were expressed as percentages and 

continuous variables as the mean ± standard deviation (SD). 
The differences between the two groups were evaluated 
by chi-square (categorical variables) and t test (continuous 
variables). Survival free of MACE during follow-up period of 
one year was analyzed and the difference between survival 
curves was evaluated by log-rank test.

Multivariate analysis by multiple linear regression was 
performed to identify predictors of MACE in one year. The 
variables included in the model were associated with MACE 
in the univariate analysis (plaque volume, lesion length, 
reference diameter, AMI, and triple vessel involvement) or 
with biological significance demonstrated in previous studies 
(diabetes mellitus, lesion length, reference diameter, AMI, and 
triple vessel involvement).

For all tests associations with p < 0.05 were considered 
statistically significant.

Results
In this study, 824 patients who underwent implantation of 

891 stents met the inclusion criteria and were followed for 
one year post-PCI. 

The clinical characteristics are presented in Table 1, 
observing that the individuals were predominantly middle-
aged men who presented unstable angina. The clinical 
presentation of MI was more frequent in patients who had 
MACE, with no statistical significance in comparison with the 
other variables analyzed.

The angiographic evaluation showed that the average 
diameter of the vessel studied was 3.3 ± 0.32 mm, the mean 
length of the lesion that suffered intervention was 10.2 ± 
4.7 mm, and the percentage of residual stenosis after stent 
implantation was 1 ± 12.0% (Table 2). Those patients who 
had MACE had more often three-vessel involvement, thinner 
vessels and longer lesions.

The artherosclerotic plaque volume before the procedure 
was significantly higher in individuals who, one year after PCI, 
showed an outcome consisting of MACE compared to those 
without events (93 ± 43 x 85 mm3 ± 46 mm3, p = 0.03) . 
This result was irrespective of other variables analyzed in the 
multivariate analysis model (reference diameter, lesion length, 
triple vessel involvement, diabetes mellitus and myocardial 
infarction) (Table 3 and Figure 1).

Discussion
Our results demonstrate that individuals who had major 

cardiovascular events (MACE) within one year after stent 
implantation, plaque volume had before the procedure 
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Table 2 - Angiographic characteristics of procedures

All patients 
(n = 891)

MACE 
(n = 82)

No MACE 
(n = 809) p

Vessel treated

Anterior descending,% 53 50 53 0,7

Circumflex,% 13 13 10 0,8

Right, % 28 31 28 0,8

Bypass surgery,% 5 8 5 0,7

Triple vessel involvement,% 12 21 11 0,03

Vessel diameter, mm 3.32 ± 0.32 3.21 ± 0.34 3.32 ± 0.41 0.01

Lesion length, mm 10.21 ± 4.7 12.06 ± 5.32 9.98 ± 4.52 < 0.001

Minimal luminal diameter, mm 0.53 ± 0.36 0.57 ± 0.42 0.53 ± 0.35 0.06

Deployment pressure, ATM 13.20 ± 2.56 13.27 ± 2.54 13.19 ± 2.57 0.77

Stenosis %

Before implantation, % 84.10 ± 10.63 82.64 ± 12.45 84.28 ± 10.45 0.23

After implantation, % 1 ± 12 0.42 ± 8.37 0.70 ± 8.37 0.24

MACE - major cardiovascular events, ATA - atmospheres.

Table 1 - Clinical characteristics of patients

All 
patients 
(n = 824)

MACE 
(n = 81)

No MACE 
(n = 743) p

Male gender,% 70 80 70 0.07

Age (years) 60 ± 11 58.7 ± 11.5 60.3 ± 10.7 0.28

Hypertension, % 64 65 64 0.90

Diabetes mellitus, 
% 23 28 22 0.25

Dyslipidemia, % 46 42 46 0.48

Family history, % 36 37 36 0.72

Smoking, % 42 38 43 0.41

Previous history

AMI,% 25 28 24 0.40

PCI, % 9 12 9 0.34

CABG,% 11 15 11 0.29

Ejection fraction,% 67 ± 13.1 64 ± 16.2 67 ± 12.6 0.12

Clinical presentation

Stable 
angina,% 24 17 25 0.07

Unstable 
angina,% 62 62 62 0.98

AMI,% 14 18 10 0.04

MACE - major cardiovascular events, AMI - acute myocardial infarction, PCI - 
percutaneous coronary intervention, CABG - coronary artery bypass grafting.

The intracoronary ultrasound is more accurate than 
angiography for assessment of artherosclerotic plaque 
volume13,19, but it is not available in all centers and adds costs 
to the procedures. Besides this, in subtotal stenosis it is not 
possible to introduce the ultrasound catheter without prior 
balloon dilatation, which prevents the accurate evaluation 
of more severe stenosis. To test the hypothesis of association 
between the plaque volume before the procedure and events 
in the follow-up period, the exclusion of more severe stenoses 
would represent a significant bias, since these are the cases 
in which a higher incidence of events would be expected.

The assessment of atherosclerotic plaque by angiography, as 
used in this study, was described by Giuliano et al22 and does 
not have the limitations described above. The mathematical 
formula proposed estimates the plaque volume based on 
the reference diameter, minimal luminal diameter and 
lesion length. In our study, the plaque volume assessed by 
angiography presented an independent predictive value for 

significantly greater than those individuals who showed 
no events in the same period. This result was maintained 
independent of other predictors of events after percutaneous 
coronary intervention, as demonstrated by multivariate analysis.

Table 3 - Multivariate analysis

Odds 
ratio

Confidence interval 95%
p

Inferior Superior

Plaque volume, 
mm3 1.04 1.02 1.07 0.03

Diabetes mellitus 1.45 .75 1.95 0.26

Lesion length 1.28 1.066 1.54 0.01

Reference diameter 1.36 .342 5.42 0.66

AMI 2.23 1.199 4.14 0.01

Triple vessel 2.15 1.186 3.90 0.01

Constant .014 0.07

mm3 - cubic millimeters, AMI - acute myocardial infarction.
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cardiovascular events, and the risk adjusted by multivariate 
analysis was 1.04 (CI = 1.02 to 1.07). 

Although an excess risk of 4.0% may be considered 
borderline, it is important to consider that the variable “plaque 
volume” was expressed in cubic millimeters, ranging from 
93 ± 43 mm3 and 85 ± 46 mm3 in each group. Therefore, 
the 4.0% increase of risk refers to each cubic millimeter of 
plaque, which is much lower than the standard deviation of 
each group. If this variable had been used as increments of 10 
mm3, for example, we would have a 40.0% increase in risk.

In this trend, Prati et al18 described the significant direct 
relationship between the plaque - assessed by angiography 
- and the same volume assessed by IVUS with the intensity 
of neointimal proliferation. Similar findings correlating the 
percentage area of residual plaque and restenosis have been 
described in the studies OARS25, ABACAS26 and GUIDE 
II27. Berry et al13 compared angiographic and ultrasound 
findings of 525 patients, revealing significant correlation in the 
measurement of plaque volume by both methods. The same 
study reported that individuals with angiographic evolution of 
the disease had greater plaque volume measurements by IVUS.

In our study, we did not explore the mechanisms 
responsible for the association between artherosclerotic 
plaque volume before the procedure and the incidence of 
clinical events. A possible explanation could be related to 
a higher content of atheroma and inflammatory cells in the 
arteries with bulkier atheroma. Restenosis and the need for 
new revascularizations of the target vessel are the main events 
after PCI, and the association between neointimal proliferation 
and inflammatory phenomena is well known28,29.

The clinical implications of the association between plaque 
volume before the procedure and the risk of cardiovascular 
events in patients undergoing PCIs with stent refer to the 
stratification of long-term risk in this clinical scenario, as 
discussed by many previous studies2-6,27,30-33. In most studies, 

the predictors of new events were diabetes mellitus, reference 
vessel diameter and lesion length treated. 

Our group developed and validated a score system for 
evaluation of events in which it was possible to identify 
subgroups of high and low risk for new revascularizations of 
target-vessel6. The angiographic assessment of plaque volume 
could be a new variable to be included in risk stratification 
algorithms, considering that the diagnostic accuracy of such 
models is relatively limited.

Another important aspect is that the plaque volume would 
also be predictive of events in patients undergoing implantation 
of drug-eluting stents, which have been used with increasing 
frequency in recent years. The capacity of these new devices in 
reducing intimal hyperplasia that occurs after vascular damage 
imposed by the stent or balloon, provided a significant reduction 
in the rates of restenosis and revascularization of target-vessel34,35, 
and the predictors of cardiovascular events in patients treated with 
drug-eluting stents are similar to those who received conventional 
stents36-38. However, to show an additional predictive value of 
the plaque volume to known predictors in patients treated with 
drug-eluting stents would require a much larger number of 
patients than the present study, since the incidence of events 
with drug-eluting stents is much smaller.

In conclusion, we demonstrated that the atherosclerotic 
plaque volume assessed before stenting by an angiographic 
method was associated with cardiovascular events in the long 
term. These results may be used for subsequent evaluations, 
to investigate whether the plaque volume may increase the 
diagnostic accuracy of risk stratification algorithms already 
established, and whether this association also occurs in 
patients treated with drug-eluting stents.

Limitations in study design should be considered and 
include lack of randomization, blinding, and long-term 
follow-up. Randomized trials comparing this technique for 
assessment of atherosclerotic plaque with the conventional 

Figure 1 - Comparison of plaque volume in patients with and without major cardiovascular events (mean ± SD).

p = 0.03
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techniques currently available are becoming essential for the 
consolidation and validation of this method for diagnosis and 
prognosis of coronary artery disease.
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