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Abstract

We evaluated the possible association of the serum levels of C-reactive protein (CRP), serum amyloid A (SAA), fibrinogen, and cardiac
troponin | (cTnl) with the presence of complex angiographic characteristics throughout the coronary artery tree in 519 consecutive patients with
non-ST-elevation acute myocardial infarction (NSTEMI). Blood samples were obtained in the first 12 h of NSTEMI invasion and all patients
underwent in-hospital coronary angiography. Coronary lesions were classified as complex lesion (CL) or non-CL according to Ambrose
criteria. Serum levels of CRR & 0.001), SAA 0<0.001), or fibrinogeng=0.001), but not of cTnlg=0.9), were significantly related to
the presence of multiplex2) CLs. On the contrary, serum levels of cTpk(0.001), but not of CRPp(=0.5), SAA (=0.9), or fibrinogen
(p=0.9), were significantly associated with the severity of coronary artery disease. The results of the present study suggest that elevated levels
of inflammatory biomarkers are associated with a generalized activation of coronary artery tree while elevated cTnl levels are associated with
the severity of coronary artery disease in the setting of NSTEMI. It seems that inflammatory biomarkers and cTnl reflect different aspect of
the process involved in unstable coronary artery disease.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction proportion of patients with acute coronary events, which has
been connected with an adverse outcdifje Although the
Acute coronary events are consequent of abrupt exact pathophysiologic process of this transcoronary plaque
atherosclerotic plaque rupture, fissure, or superficial erosiondestabilization and disruption is not completely known, a
that results in thrombus formation and intraplague bleeding generalized inflammatory response seems to play a role
[1,2]. The disrupted plague becomes angiographically evi- [8,9,12,13] In particular, several studies in patients with
dent by the presence of a coarsely outlined lesion, the so-acute coronary syndromes have shown an association of
called complex lesion (CL|3-6]. elevated serum levels of C-reactive protein (CRP) or other
Recent angiographi{@-9], angioscopi¢10], or intravas- inflammatory biomarkers with the presence of multiple CLs
cular ultrasoun§iL1] studies have shown awidespread pattern in coronary arterie$8,9,12] Moreover, similar studies in
of coronary plaque activation and disruption in a significant patients with non-ST-elevation acute coronary syndromes
have shown that complex characteristics of the culprit coro-
* Corresponding author. 40 Acti Themistokleous Street, Piraeus 18537, nary_plaque ar_e more usually present !n those with elevaFed
Greece. Tel.: +30 210 4284387: fax: +30 210 4284387. cardiac troponin levels (non-ST-elevation acute myocardial
E-mail addresszairis@hellasnet.gr (M.N. Zairis). infarction, NSTEMI), than in those with no cardiac troponin
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elevation (unstable anging)4—-16] However, the possible

association of high serum levels of cardiac troponin and of

other inflammatory biomarkers, including serum amyloid
A (SAA) and fibrinogen, with the presence of complex an-
giographic characteristics in culprit and non-culprit arteries
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2.3. Treatment

All patients received aspirin, intravenous unfractioned
heparin, intravenous nitroglycerin, and an opablocker
upon admission in the absence of contraindications, or intol-

(generalized coronary plaque activation and disruption), in erance. Chewed aspirin was given in a dose of 160-325 mg

the setting of NSTEMI, has not been previously investigated.

The aim of this prospective observational study was to

upon admission, and was continued indefinitely. Clopidogrel
was not routinely administered at the time the study was

evaluate the possible association of serum levels of CRP,conducted and glycoprotein lib/llla inhibitors were given in

SAA, fibrinogen (inflammatory biomarkers), and cardiac tro-
ponin | (cTnl) with the presence of complex angiographic

12.8% of patients. Intravenous infusion of unfractioned hep-
arin or nitroglycerin was continued for at least 24 h. There-

characteristics throughout the coronary artery tree in a rela- after patients received low molecular weight heparin subcu-

tive large cohort of patients with NSTEMI.

2. Patients and methods
2.1. Study patients

The study cohort comprised 581 consecutive eligible
patients with NSTEMI who were admitted at our institute.
Eligible patients fulfilled the following criteria: (a) precordial
pain at rest starting in the last 12 h lastinrg?0 min; (b)
diagnostic electrocardiographic ST depressior0f5 mm,
0.08 s after the J point ir2 contiguous leads, or T waves
inversion >1 mm in leads with predominant R waves; (c)
elevated cardiac troponin | levels (cTal0.2 mcg/dl) upon
admission. Exclusion criteria were: (a) history of coronary
artery bypass grafting; (b) left bundle branch block, or
pacemaker rhythm; (c) evolution to ST-elevation myocardial
infarction or death before in-hospital coronary angiography;
(d) conditions known to affect serum levels of inflammatory
biomarkers (e.g., infection, malignancy, renal, or hepatic
insufficiency, inflammatory diseases); (e) myocardial in-

farction, revascularization procedure, or surgery in the last

month. Of the 581 eligible patients, 23 who experienced
an in-hospital ST-elevation myocardial infarction or died
before coronary angiography and 39 without in-hospital

taneously as well as oral or topical nitrates. Further therapy
was left at the discretion of the attending physician titrated
to patients’ blood pressure and heart rate.

2.4. Cardiac catheterizations and angiographic analysis

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 pa-
tients’ data, performed qualitative analysis of the coronary
atheromatic lesions=50% diameter stenosis estimated by
guantitative analysis) in the culprit and non-culprit arteries.
Two atheromatic lesions, located in the same coronary artery,
were considered as distinct if there was at least 3 cm appar-
ently normal lumen between them. Atheromatic lesions were
classified as simple or complex according to the morpho-
logic criteria introduced by Ambrose et al. and reconfirmed
by other investigator§3—6]. Flow in the coronary arteries
was graded according to the TIMI criteria.

2.5. Culprit artery, culprit lesion, and CL determination
Culprit artery was identified taking into account of the

coronary anatomy, the localization of electrocardiographic
changes, and the segmental wall motion abnormalities of

angiographic evaluation were excluded. Thus, 519 patientsthe left ventricle. Culprit lesion was determined by corre-
who underwent in-hospital coronary angiography comprised lating the presence of a CL and the aforementioned crite-

the final study cohort.

2.2. Collection of blood samples and biochemical assays

ria. An atheromatic lesion was considering as complex if
angiographic characteristics indicative of irregular borders,
ulcerations, or the presence of intraluminal thrombus were
presented3—6].

Upon admission, venous blood samples were obtained be-  Irregular borders were characterized by ulceration of the
fore administration of drugs. Serum cTnl levels were mea- plaque, or saw-toothed contour suggesting a friable surface,
sured upon admission and coded plasma samples were storednd intimal flaps. Intimal flap was characterized by a mobile
at —80°C for CRP, fibrinogen, and SAA determinations at and radiolucent extension of plaque surface into the arterial
the end of the study. Serum cTnl and SAA levels were mea- lumen. Plaque ulceration was defined as a small and discrete
sured by an enzyme-based immunoassay (Abbot Diagnosticsgrater with hazy contour beyond the vessel lumen. Intracoro-
IL), with a threshold level for the diagnosis of myocardial in- nary thrombus was defined as a filling defect at the area of an
farction>0.2 mcg/dl and with a lower limit of detection for  atheromatic plaque, visible in multiple projections, with at
SAA at 0.08 mg/dl. Serum CRP and fibrinogen levels were least three edges surrounded by contrast d§e6{. Total or
measured by a highly sensitive nephelometric method (BNII subtotal occluded arteries (TIMI flow grade 0 or 1) were con-
Dade Behring Inc., Germany) with a lower limit of detection sidered as CL as well. Restenotic lesions following previous
at 0.02 and 10 mg/dl, respectively. coronary angioplasty were notincluded. Coronary artery dis-
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ease severity was graded according to the number of vesselg. Results
with >1 atheromatic lesions producingb0% narrowing in
lumen diameter. 4.1. Baseline characteristics

Baseline clinical and biochemical characteristics of the
study cohort are presented ifable 1 Serum levels of
CRP were significantly related to SAA (Spearman’s0.7;
p<0.001), or to fibrinogen (Spearmarr’'s0.4; p<0.001)

tributed variables and as median with 25th and 75th per- . . .
. o ) levels. None of the study inflammatory biomarkers was sig-
centile for the non-normally distributed study biomarkers. .. . )
nificantly related to cTnl levels (Spearman;9:<0.1; 0.2,

Dichotomous variables were presented as percentages. Comio.l' 0.6, and <0.1; 0.7 for correlation of cTnl with CRP
parisons of continuous variables among groups were madeSAA’ and’ fibrino en’ respectively) '
using ANOVA test, or Kruskal-Wallis test, as appropriate. ¥ beti °9 ,h dp' ii y .I higher levels of
Bonferroni in ANOVA, t-test, or Wilcoxon rank sum test D&‘? et'g gane/l:jtls a S|%n;3|car/1ty 0'%Oer eSves of CRP
were used, as appropriate, for pairwise comparisons between(r?ne 'an, ©.9 mg/dl VErsus ©. mg_qﬂ,< 001), AA (me-

L . . dian, 1.4mg/dl versus 1.2 mg/dh=0.04), and fibrinogen
groups. Associations between two categorical variables Were(median 350 mg/dl versus 340 mg/gli=0.04) but not of
tested byy?-test, or Fisher's exact test, as appropriate. Corre- - 9 giet=>. _

! . cTnl (median, 2.9 mcg/dl versus 2.9 mcg/@l=0.8) than
lations were evaluated by Spearman’terobserver agree- non-diabetics
ment in the classification of the CLs was tested by Cohen’s Patients With fior therapy with a statin had sia-
kappa method. Univariate and multivariate logistic regres- nificantly lower IeF\)/eIs of CF% (median, 0.6 mg/d| ve?—
sion analyses were conducted to identify the univariate and y . ) » ©-OMg
L ; . : : sus 0.9mg/dl;p<0.001), SAA (median, 0.4 mg/dl versus
multivariate predictors of angiographically apparent multiple 2.1 mg/dl:p< 0.001), and fibrinogen (median, 310 mg/di ver-
(=2) or thrombus-containing CLs. All variables presented in _’ gialp=". 7 9 N 9
. . . sus 350 mg/dlp=0.04) but not of cTnl (median, 2.7 mcg/dl|
Table 1 as well as delay through in-hospital angiography, and _ . .
. . versus 2.9 mcg/dip=0.8) than those without prior therapy
extent of coronary artery disease was evaluated by univari-_ . .
: . . with a statin.
ate analysis. Subsequently, all variables with<e0.1 were The time interval from patients’ symotoms. initiation
introduced in multivariate regression models. All tests were h h hospital P h v’ pl | .
two-tailed and < 0.05 was considered significant. Statis- through hospital presentation (pre-hospital delay), was sig-

tical analysis was performed with SPSS statistical software ?Tgag_ tly<cC§) gglf;tiitvﬂgl \E\r/]i(teh Ifﬁ,’:'fe\?;sz?l téipsii;m?:_s
(release 11.0, SPSS Inc., Chicago, IL). 2 P y

flammatory biomarkers (Spearman: 0.1; 0.2, <0.1; 0.8,

3. Statistical analysis

Values were expressed as mea8.D. for normally dis-

Table 1 and <0.1; 0.2 for correlation between pre-hospital delay and
Baseline data of the study cohoni=519) CRP, SAA, and fibrinogen, respectively).
Age (years), meatt S.D. 634+9.4
Male gender (%) 3 4.2. Angiographic characteristics and study biomarkers
Body mass index (kg/&), meant S.D. 269+3.2
(H:ﬁfreer;fgif)ii%)(% ) 255 Angiographic characteristics of the study cohort are pre-
Diabetes mellitus (%) 33 sented ifTable 2 Patients with left main or 3-vessel coronary
Hypercholesterolemfa(%) 657 artery disease had significantly higher levels of cTnl (me-
Family history of coronary artery disease (%) 84 dian, 3.6 mcg/dlversus 2.5 mcg/dk 0.001), but not of CRP
Previous therapy with a stafiif%) 168 (median, 0.8 mg/dl versus 0.8 mg/gi= 0.5), SAA (median,
History of stable angina (%) 18
History of myocardial infarctioh (%) 218
Pro-hospital delay in hodfsmeant 5.0 Ta7423 Table 2
re-nospital delay Iin no meal .D. . . .
ST deprgssion orzladmisss)n electrocardiogram (%) 85 Angiographic data of the study cohort 519)
C-reactive protein, median (25th, 75th percentile) 0.8 (0.5, 1.3) From admission through in-hospital angiography in 33+1.2
(mg/dl) days, meast: S.D.
Serum amyloid A, median (25th, 75th percentile) 1.3 (0.4, 6.4) Left main or 3-vessel coronary artery disease (%) .836
(mg/dl) Total coronary lesions per patient, meas.D. 38+1.3
Fibrinogen, median (25th, 75th percentile) (mg/dl) 350 (260, 410) Number of complex lesions per patient, meia8.D. 19+0.7
Cardiac troponin |, median (25th, 75th percentile) 29(1.7,4.7) Patients with one complex lesion (%) 21
(mcg/dl) Patients with two complex lesions (%) 29

) . . 0
S.D.. standard deviation. Patients with>3 complex lesions (%) 19

a ) Patients with multiple$2) complex lesions (%) 73
Previously treated elevated cholesterol levels or total plasma cholesterol Number of simple lesions per patient (%) 13
values >200 mg/dl upon admission. Patients with one (or none) simple lesion (%) .87

b Previous statin therapy starting for a least 1 month before the current
event.

¢ No in the last month.

d Time interval from index pain starting through hospital presentation.  S.D., standard deviation.

Patients with two simple lesions (%) B
Patients with>3 simple lesions (%) 36
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Fig. 1. Box and whiskers plots showing the differences in the baseline levels of study biomarkers according to the number of angiographicedly estimat
complex lesions. Values are presented as median with 25th and 75th percentile in parenthesis.

1.3 mg/dl versus 1.3 mg/di=0.9), and fibrinogen (median,
350 mg/dl versus 350 mg/dh=0.9) than those with 1- or
2-vessel disease.

Angiographic analysis has shown the presence of 2028
simple (1042 lesions) or CLs (986 lesions) in culprit or In the present study, there was a significant positive rela-
non-culprit arteries. There were 825 CLs in patent arteries tion of high serum levels of CRP, SAA, and fibrinogen with
and 126 (24.3%) patients had one (91 patients), two (31 both the number of CLs throughout the coronary tree and the
patients), or three (4 patients) main coronary arteries with presence of visible thrombus-containing CLs, in the setting
0 or 1 TIMI flow grade. All patients had at least 1 CL, of NSTEMI. However, due to the significant interrelations
and 60 (11.6%) did not have any simple lesidalfle 2. among these biomarkers, only CRP was an independent pre-
There was a significant gradual increase in the levels of CRPdictor of both of the aforementioned angiographic findings
(p<0.001), SAA 0<0.001), or fibrinogeng=0.001), but and SAA was independently related to the presence of mul-
not of cTnl (p=0.9), with increasing the number of CLs tiple CLs. On the other hand, even though, cTnl was inde-
(Fig. 1). There was not any significant association between pendently associated with the presence of visible thrombus-
the study biomarkers and the number of simple lesions (datacontaining CLs, it was not related to the number of CLs
not presented). throughout the coronary tree. Moreover, cTnl, but not the

There were 213 (41%) patients with a visible thrombus- studied inflammatory biomarkers, was significantly higher
containing CL in patent culprit arteries. Serum levels of CRP in patients with severe coronary artery disease.

(p<0.001), SAA <0.001), fibrinogeng=0.01), and cTnl The present results are in agreement with many previous
(p<0.001), were significantly higher in patients with a visi- studies which using different imaging modalities have con-
ble thrombus-containing CL than those without that finding firmed the widespread activation of coronary artery lesions
(Fig. 2. [7-13] and the association of this activation with an acute

Univariate and multivariate predictors of multiple Z) inflammatory respong@®,9,12,13] in the setting of unstable
CLs and of a thrombus-containing CL are presented in coronary artery disease. Moreover, even though numerous
Tables 3 and drespectively. Among the studied biomarkers reports have established the strong association of elevated
serum levels of CRP, of SAA but not of fibrinogen, were inde- cardiac troponin levels with complex angiographic charac-
pendently associated with the presence of multipt2)(CLs. teristics or the presence of a visible thrombus in the culprit
Moreover, serum levels of CRP, cTnl, but not of SAA or fib- lesion[14—-16] the possible relation of cardiac troponin levels
rinogen, were independent predictors of a visible thrombus- with the widespread coronary artery tree activation, has not
containing CL. been previously investigated. In the present study, although

5. Discussion

5.1. Main findings
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Fig. 2. Box and whiskers plots showing the differences in the baseline levels of study biomarkers between patients with or without angiogiajtiécally v
thrombus-containing complex lesions. Values are presented as median with 25th and 75th percentile in parenthesis.

Table 3
Univariate and multivariate predictors of multipleZ) complex lesions
Univariate logistic regression Multivariate logistic regression
R.R. (95% ClI) p R.R. (95% CI) p
History of myocardial infarction r (1.1-2.8) 4 1.8(0.9-3.1) a
Prior therapy with a statin .0 (0.2-0.6) <01 0.5(0.3-0.9) 02
ST depression on admission electrocardiogram .2 (B9-5.2) <001 2.2(1.2-3.9) 01
Diabetes mellitus 5 (1.6-4.1) <01 2(1.2-3.3) m1
C-reactive protein (mg/dl) 10 (5.2-19.3) <01 4.6 (2.2-9.8) <001
Serum amyloid A (mg/dl) B(1.2-1.4) <01 1.2(1.1-1.3) <001
Fibrinogen (mg/dl) 155 (1.2-1.8) <01 1.1(0.8-1.5) a
Left main or 3-vessels coronary artery disease .1(2.4-3.2) <01 2.2(1.4-3.7) 002

R.R., relative risk; CI, confidence interval.

All variables presented ifiable 1 as well as delay through in-hospital angiography, and extent of coronary artery disease were evaluated as possible predictors
of multiple (>2) complex lesions.

Table 4
Univariate and multivariate predictors of thrombus-containing complex lesions
Univariate logistic regression Multivariate logistic regression
R.R. (95% CI) p R.R. (95% CI) p
Diabetes mellitus 2.1(1.4-3) <0.001 1.9(1.1-3.3) .040
Pre-hospital delay (h) 1.5(1.4-1.7) <0.001 1.4(1.2-1.6) .06D
C-reactive protein (mg/dl) 3.1(2.3-4.1) <0.001 8.1 (4.9-13.5) .08D
Serum amyloid A (mg/dl) 1.2(1.1-1.4) <0.001 1.1(0.9-1.2) 10
Fibrinogen (mg/dl) 1.4(1.2-1.6) <0.001 1.1 (0.8-1.5) 40
Cardiac troponin | (mcg/dl) 2.4(2.1-2.8) <0.001 3.1(2.5-3.8) .0e0

R.R., relative risk; CI, confidence interval.

All variables presented ifiable 1 as well as delay through in-hospital angiography, and extent of coronary artery disease were evaluated as possible predictors
of thrombus-containing complex lesions.
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elevated cTnl was a potent predictor of a visible thrombus- imaging modalitieg10,11] It could not be excluded that
containing CL, it was not related to the degree of coronary the present findings might had been modified if serial mea-
artery tree activation. The present results suggest that inflam-surements of the study biomarkers were obtained or patients
matory biomarkers and cTnl may reflect different aspects of with history of a recent myocardial infarction or percuta-
unstable coronary artery disease process early in the cours@eous coronary revascularization, were included. However,
of NSTEMI. These findings may explain, at least partially, the last patients were excluded in order only those with ele-
the independent prognostic value of inflammatory biomark- vated biomarkers because of the current event to be studied.

ers or cTnl in the setting of unstable coronary artery disease
[17]. 5.4. Conclusions

5.2. Other findings In conclusion, the present study suggests that elevated
serum levels of cardiac troponin | and inflammatory biomark-
Pre-hospital delay was a major predictor of cTnl levels, ers reflect different aspects of the process involved in unsta-
but not of the levels of the study inflammatory biomarkers. ble coronary artery disease early in the course of non-ST-
Moreover, the levels of inflammatory biomarkers were not elevation acute myocardial infarction. In particular, cardiac
related to cTnl levels. Therefore, the levels of inflammatory troponin | may be related to the severity of coronary artery
biomarkers may reflect the extent of acute inflammatory re- disease while C-reactive protein, serum amyloid A, and fib-
sponse throughoutthe coronary tree, but are unlikely to reflectrinogen, may reflect a generalized activation of the coronary
myocardial necrosis at least in the first 12 h of NSTEMI inva- artery tree in this setting.
sion. Pre-hospital delay was additionally a strong predictor
of a visible thrombus-containing CL, suggesting a negative
impact of the time delay through the starting of anticoagulant Réferences
therapy on the dissolution of the NSTEMI-related coronary _ ,
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