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Abstract

The aim of this study was to investigate the possible association of plasma C-reactive protein (CRP) levels with the presence of
angiographically multiple complex lesions (CLs) in patients with primary unstable angina (PUA). For the purpose of this study, 228
consecutive patients with PUA who underwent in-hospital catheterization were evaluated. Plasma CRP levels were measured upon
patients’ admission. Coronary plaques were classified as CL or non-CL according to Ambrose’s criteria. There were 100 (43.9%)
patients with no or one CL ( < 1) and 128 (56.1%) patients with multiple CLs ( > 2). Tertiles of plasma CRP levels upon admission
were significantly associated with the number of CLs on angiographic studies. In particular there was a significant gradual increase
in either the number of CLs, or the presence of apparently thrombus-containing CLs with increasing of CRP tertiles. By multivariate
analysis CRP was independently associated with the presence of either multiple CLs (R.R. = 1.8, 95%CI =1.5-2.2, P <0.001), or
angiographically apparent thrombus-containing CLs (R.R. =1.4, 95%CI =1.2-1.7, P =0.03).

High plasma levels of CRP may reflect a multifocal activation of the coronary tree in patients with PUA. This finding suggests a
generalized inflammatory reaction throughout the coronary tree in these patients. © 2002 Elsevier Science Ireland Ltd. All rights

reserved.
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1. Introduction

Primary unstable angina (PUA) results mainly from
coronary artery thrombosis superimposed on sites of
plaque fissure, rupture or superficial erosion [1]. The
components of the disrupted plaque, the superimposed
thrombosis, and intraplaque bleeding, all contribute to
the delineation of the angiographically rough contour of
the so called complex lesion (CL) [2-5].

The disruption of the fibrous cap occurs mainly at the
rupture-prone shoulders of the coronary plaque, which
are areas of accumulated inflammatory cells [6-9]. It
has been postulated that activation of the plaque-
infiltrating inflammatory cells may play an important
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role in plaques disruption resulting to the induction of
acute coronary events.

Although the focus of inflammation of a single plaque
is so small that systematic signs of inflammation might
not be expected [10], however acute-phase reactants are
increased in acute coronary events. In particular, plasma
levels of C-reactive protein (CRP) are increased in a
significant proportion of patients with unstable coron-
ary artery disease and this increase is significantly
associated with either short- or long-term ischemic
complications [11].

Moreover, there is an increased body of evidence that
supports a multifocal pattern of plaque disruption
throughout the coronary artery tree during acute
coronary events [12—15]. It is possible that in some
patients, multiple coronary plaques become inflamed,
vulnerable and probably ruptured during acute coron-
ary syndromes. Accordingly, the hypothesis that more
than one ruptured, thrombotic, and therefore angiogra-
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phically CLs may be found in patients with PUA and
that the number of these CLs may be associated with
plasma CRP levels, seems possible. The aim of this
prospective study was to evaluate this hypothesis.

2. Patients and methods
2.1. Study patients

The study population constituted 271 consecutive
eligible patients with PUA who were admitted at our
institute. Eligible patients fulfilled the following criteria:
(a) new rest angina during the last 12 h lasting >5 but
<30 min; (b) diagnostic electrocardiographic ST-seg-
ment depression of at least 1, 2 mm after the J point in
> 2 contiguous leads or T waves inversion > 1 mm in
leads with predominant R waves. Exclusion criteria
were: (a) elevated creatin kinase-MB (= 17 IU/l, upper
normal value) or cardiac troponin T levels ( =>0.1 ug/l)
upon admission; (b) history of coronary artery bypass
grafting; (c) significant valvular disease, uncontrolled
hypertension, or congestive heart failure; (d) anemia
(Het <30%), fever or thyrotoxicosis; (e) left bundle
branch block, left ventricular strain electrocardio-
graphic pattern, or pacemaker rhythm; (f) sustained
supraventricular or ventricular arrhythmia; (g) evolu-
tion to fatal or non-fatal myocardial infarction before
in-hospital coronary angiography; (h) conditions known
to affect plasma CRP levels (e.g. infection, malignancy,
renal or hepatic insufficiency, inflammatory diseases);
and (i) myocardial infarction, revascularization proce-
dure or surgery in the last 6-months.

Of the 271 eligible patients, 13 with normal coronary
angiograms, 18 who experienced in-hospital fatal or
non-fatal myocardial infarction before angiographic
evaluation and 12 without in-hospital coronary angio-
graphy were excluded. Thus, 228 patients with in-
hospital coronary angiography comprised the final
study cohort. The local Ethics Committee approved
the study protocol and informed consent was obtained
from all participants.

2.2. Collection of blood samples and biochemical assays

Upon admission, venous blood samples were ob-
tained before the intravenous administration of drugs.
Coded plasma samples were stored at —80 °C for CRP
analysis at the end of the study. CRP was measured
utilizing a quantitative nephelometric method (The
Binding Site, Birmingham, UK). The lower limit of
detection was 0.12 mg/l. For values below the limit of
detection, the lower limit value was used for statistical
analysis. Plasma cardiac troponin T levels were mea-
sured upon admission by an enzyme based immunoas-
say method (Boehringer Mannheim, Germany). The

lower limit of detection was 0.01 pg/l, and the diagnostic
threshold level was 0.1 pg/l.

2.3. Treatment

All patients received aspirin, intravenous unfrac-
tioned heparin, intravenous nitroglycerin, and an oral
B-blocker upon admission in the absence of contra-
indications, or intolerance. Chewed aspirin was given in
a dose of 160-325 mg upon admission, and was
continued indefinitely. Intravenous infusion of unfrac-
tioned heparin or nitroglycerin was continued for at
least 24 h in uncomplicated cases. Thereafter patients
received a low molecular weight heparin subcutaneously
as well as oral or topical nitrates. Further, antiischemic
therapy was titrated to patients’ blood pressure and
heart rate at the discretion of the attending physician.

2.4. Cardiac catheterizations and analysis of the
angiographic characteristics

All catheterizations were performed by the femoral
approach using the Seldinger technique. The same non-
ionic contrast agent was used in all patients. At least five
and two views for the left and right coronary system
were included, respectively. All obstructive lesions were
visualized in two orthogonal views. Two independent
and experienced angiographers, who were blinded to the
study, performed qualitative analysis of the coronary
atheromatic lesions (= 50% diameter stenosis) in the
culprit and non-culprit arteries. Two atheromatic le-
sions, located in the same coronary artery, were
considered as distinct if there was at least 3 cm
apparently normal lumen between them. Atheromatic
plaques were qualitatively classified as simple or com-
plex according to the morphologic criteria introduced by
Ambrose et al. and reconfirmed by other investigators
[2-5]. Flow in the culprit arteries was graded according
to the TIMI criteria.

2.5. Culprit artery, culprit lesion, and CL determination

Culprit artery was identified, taking into account the
coronary anatomy, the localization of electrocardio-
graphic changes and the segmental wall motion ab-
normalities of the left ventricle. Culprit lesion was
determined by correlating the presence of a CL and
the aforementioned criteria. An atheromatic lesion was
considering as complex if angiographic characteristics
indicative of irregular borders, ulcerations, or the
presence of intraluminal thrombus were presented [2—5].

Irregular borders were characterized by ulceration of
the plaque, or saw-toothed contour suggesting a friable
surface, and intimal flaps. Intimal flap was characterized
by a mobile and radiolucent extension of plaque surface
into the arterial lumen. Plaque ulceration was defined as
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a small and discrete crater with hazy contour beyond the
vessel lumen. Intracoronary thrombus was defined as a
filling defect at the area of an atheromatic plaque,
visible in multiple projections, with at least three edges
surrounded by contrast agent [2—5]. Total or subtotal
occluded arteries (TIMI flow grade 0 or 1) were
considered as CL as well. Restenotic lesions following
previous percutaneous coronary angioplasty were not
included.

3. Statistical analysis

Continuous variables were expressed as mean+SD
for normally distributed and as median with range for
non-normally distributed CRP values. Dichotomous
variables were presented as percentages. Patients were
classified into three groups according to the tertiles of
CRP values upon admission. Comparisons of contin-
uous variables among CRP groups were made using
ANOVA test, or Kruskal-Wallis test, as appropriate.
Bonferroni in ANOVA, t-test, or Mann—Whitney U test
were used, as appropriate, for pairwise comparisons
between CRP groups. Associations between two cate-
gorical variables were tested by Chi-square test, or
Fisher’s exact test, as appropriate. Correlations were
evaluated by Spearman’s r. Inter-observer agreement in
the classification of the CLs was tested by Cohen’s
kappa method. Univariate and multivariate logistic
regression analyses were constructed for the determina-
tion of univariate and multivariate predictors of either
the presence of multiple CLs or the detection of
angiographically apparent thrombus-containing CLs.
All possible predictors (presented in Table 1) as well
as electrocardiographic pattern (ST depression vs. T
inversion) upon admission were evaluated and all

Table 1
Comparison of baseline data among tertiles of CRP

variables with P < 0.1 were included into multivariate
models. All tests were two-tailed and P <0.05 was
considered as the level of statistical significance. Statis-
tical analysis was performed with spss statistical soft-
ware (release 10.0, spss, Chicago, IL).

4. Results

The mean age of the 228 study patients was 62 +9
years (range: 35 through 82 years). There were 168
(73.7%) males. Median CRP value upon admission was
2.35 mg/l (range: 0.12 through 29.9 mg/l). The mean
time interval from patients’ symptoms initiation through
admission (pre-hospital delay) was 6.3+3.4 h. There
was no significant relationship between pre-hospital
delay and CRP values upon patients’ admission (r =
0.09, P=0.24). Differences among tertiles of CRP
regarding to the baseline characteristics are presented
in Table 1.

There were 770 simple or CLs on the angiographic
studies. Inter-observer agreement in the classification of
CLs was ‘very good’ (Cohen’s kappa =0.97, 95%CI =
0.93-1.0). There were 337 CLs in patent arteries and 12
patients had one (8 patients) or two (4 patients) arteries
with TIMI flow grade 0 or 1. Thus, there were 353 CLs
and 417 non-CLs. There were 20 patients with no CL, 80
with a single CL, and 128 with multiple CLs. Concern-
ing the patients with multiple CLs, 112 had two, and 16
had three CLs. There were no significant differences in
the number of the diseased arteries or the number of the
total coronary plaques among the groups defined by
CRP tertiles. However, there was a significant gradual
increase in the number of angiographically apparent
CLs with increasing of CRP tertiles (Table 2). Forty-two
patients (18.4%) had angiographically apparent throm-

First (n = 78) Second (n = 71) Third (n=79) P

CRP median (range) mg/l
Age (years), mean +SD
Male gender, %

BMI (kg/m?), mean +SD
Hypertension, %

Current smoking, %
Diabetes mellitus, %
Family history of CAD, %
Hypercholesterolemia?®, %
History of stable angina, %
History of MI®, %

History of PCI®, %

Time from onset of pain through admission in hours, mean +SD

0.95(0.12-1.0) 2.3 (1.1-4.3) 7.0 (4.5-29.9)

62.449.9 61.3+8.8 62.449.5 0.69
75.6 85.9 60.8 0.002
269439 27.143.0 26.9+3.1 0.91
62.8 55.7 59.1 0.66
577 50.7 45.6 0.32
15.4 239 38.0 0.005
56.4 56.3 46.8 0.39
55.1 63.4 63.3 0.49
7.7 12.7 11.4 0.58
9.0 113 24.1 0.02
10.3 16.9 24.1 0.07
6.043.6 6.24+33 6.6+3.4 0.56

CRP, C-reactive protein; BMI, body mass index; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary

intervention; SD, standard deviation.

# Previously treated elevated cholesterol levels or total plasma cholesterol values > 200 mg/dl upon admission.

® No in the last 6 months.
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Table 2

Comparison of electrocardiographic and angiographic data among tertiles of CRP

First (n =78) Second (n=71) Third (n=79) P

ST depression®,%

Time interval between admission through in-hospital CA in days, mean+SD

Left main or 3-vessels CAD, %

Total coronary lesions per patient, mean +SD
Number of CLs per patient, mean +SD
Patients with no CL, %

Patients with a single CL, %

Patients with two CLs, %

Patients with three CLs, %

Patients with multiple CLs ( > 2), %

Patients with thrombus-containing CLs, %

76.9 74.6 74.7 0.93
3.7£13 3.6£1.2 3.8+1.2 0.59
35.9 35.2 41.8 0.65
33111 34+1.1 34+1.1 0.48
1.1+£0.8 1.5+0.7 2.0+0.7 < 0.001
20.5 4.2 1.3 < 0.001
48.7 49.3 8.9 < 0.001
28.2 40.8 77.2 < 0.001
2.6 5.6 12.7 0.04
30.8 46.3 89.9 < 0.001
10.3 15.5 29.1 0.02

CRP, C-reactive protein; CAD, coronary artery disease; CL, complex lesion; SD, standard deviation.

# On admission electrocardiogram.

bus-containing CLs in open arteries (with 2 or 3 TIMI
flow) (Table 2).

Multivariate analysis showed that plasma CRP levels
upon admission were positively related with a signifi-
cantly increased risk of the presence of either multiple
CLs ( =2 CLs, Table 3) or thrombus-containing CLs (in
arteries with 2 or 3 TIMI flow) (Table 4) on angio-
graphic studies.

5. Discussion

The primary finding of this study is that in a
significant proportion of patients with PUA a multifocal
activation of the coronary artery tree is present and the
extent of this activation is positively related to plasma
CRP levels. The results of the present study suggest a
generalized active inflammatory process throughout the
coronary tree during acute coronary syndromes. This
generalized inflammatory process may induce both a
multifocal destabilization of multiple coronary plaques
and elevation of the plasma CRP concentrations as well.

Multifocal activation of the coronary artery tree
during acute coronary syndromes has been previously

Table 3
Univariate and multivariate predictors of multiple CLs ( > 2)

Univariate logistic re-
gression

Multivariate logistic re-
gression

R.R. (95%CI) P R.R. (95%CI) P

Diabetes mellitus 3.8 (1.9-7.4)  <0.001 2.3 (1.1-5.3) 0.04

History of MI* 1.8 (0.9-3.8) 0.1

ST-depression® 2.3 (1.2-4.2) 001 3.7 (1.5-8.6) 0.003
CRP, mg/l 1.7(1.5-2.1)  <0.001 1.8(1.5-22) <0.001

R.R., relative risk; MI, myocardial infarction; CRP, C-reactive
protein.

% No in the last 6 months.

® On electrocardiogram upon admission.

Table 4
Univariate and multivariate predictors of thrombus-containing CLs

Univariate logistic re-
gression

Multivariate logistic re-
gression

R.R. (95%CI) P R.R. (95%CI) P

Diabetes mellitus 3.0 (1.5-6.1) 0.002
CRP, mg/l 1.5(1.2-1.8) 0.006

25(1.2-52) 0.0l
14(12-1.7)  0.03

CL, complex lesion; R.R., relative risk; CRP, C-reactive protein.

documented by pathologic [12,13] or angiographic
studies [14,15]. In particular, Falk [12] as well as Roberts
and Buja [13] have found, by postmortem pathologic
examination, the presence of multiple thrombi in
discrete ruptured coronary atherosclerotic plaques in
patients who died because of acute myocardial infarc-
tion. Guazzi et al. [14] as well as Golstein et al. [15] have
shown the presence of multiple angiographically CLs, in
a significant proportion of patients with acute myocar-
dial infarction. However, in these angiographic studies
CRP levels were not measured. Moreover, a positive
correlation between plasma CRP levels and complex
angiographic morphology of the culprit lesion in
patients with unstable angina has been described by
Katritsis et al. [16] and by Moucarbel et al. [17]. The
results of the present study showing a strong association
between plasma CRP levels and angiographically ap-
parent multiple CLs may confirm and expand the
findings of the aforementioned reports.

The underlying mechanism of this multifocal activa-
tion during acute coronary syndromes is not well-known
but may include an extensive inflammatory response
throughout the coronary tree induced by several ex-
trinsic or intrinsic factors. It is possible that in some
patients, virus [18,19], bacteria [20] or oxidized low-
density lipoprotein molecules [10] to induce a general-
ized stimulation of atherosclerotic plaques-associated
inflammatory cells (e.g. macrophages, T lymphocytes).
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This inflammatory cell activation may result in an
enhanced secretion of metaloproteinases, or cytokines,
which may disrupt the matrix components [1,10] in
several atherosclerotic plaques (multiple CLs) and
trigger the liver for an enhanced production of CRP.

5.1. Limitations of the study

Coronary angiography, which provides only the
silhouette of the vessel lumen, is less sensitive than
angioscopy and intravascular ultrasound for the detec-
tion of CLs. However, coronary angiography is highly
specific for the detection of CLs. The identification of a
CL by coronary angiography does not always indicate
an acutely ruptured plaque. Some CLs may remain
stable for a long period [21]. Accordingly, the presence
of multiple CLs in patients with high plasma CRP levels
observed in this study may only mean that these patients
had disruption of the coronary plaques in the past.
More studies are needed to elucidate these issues.

5.2. Conclusions

In conclusion, high plasma levels of CRP may be
associated with the number of activated, unstable,
ruptured and consequently complex atherosclerotic
lesions in patients with PUA. The underlying mechan-
ism of this multifocal activation is not well-known but
may include an extensive inflammatory response
throughout the coronary tree induced by several ex-
trinsic or intrinsic factors.
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