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Complex coronary artery stenosis and 

unstable angina are positively associated 

with the extent of plaque inflammation 
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CHAPTER 2 

ABSTRACT 

Background 

Unstable coronary syndromes may exhibit complex morphology of coronary stenoses at angi

ography. We evaluated the association between qualitative assessment of coronary stenoses 

according to the Ambrose classification and plaque inflammation determined by immuno-

histochemistry. 

Methods and results 

A total ot 79 patients with unstable (n = 46) and stable angina (n - 33) underwent directional 

coronary atherectomy for culprit coronar) lesions. Qualitative analysis of coronary angiograms 

was performed using a modified Ambrose classification. Coronary lesions were divided in sim

ple lesions (concentric and eccentric type 1, n = 29) or complex lesions (eccentric type II and 

multiple irregularities, n 50). Cryostat sections of retrieved atherosclerotic specimen were 

immunohistochemically stained with monoclonal antibodies, a-actin (smooth muscle cells), 

CD-68 (macrophages) and CD-3 (T-lymphocytes). The extent of atherosclerotic inflammation 

within each coronary lesion was determined by the percentage immunopositive macrophages 

per total tissue area (including smooth muscle cells) and the number of T-lymphocytes/mm . 

Atherectomy specimens of patients with unstable angina (21 ± 14 vs. 13 ± 10, p = 0.01) and 

complex coronary lesions (23 ± 13 vs. 9 ± 8, p < 0.001) contained a significantly higher per

centage macrophages compared to stable angina and simple coronary lesions. The association 

between lesion complexity and macrophages content was more pronounced amongst patients 

with unstable angina. 

Conclusions 

There is a positive association between angiographic grading of coronary lesion complexity, 

unstable angina and the extent of atherosclerotic plaque inflammation. 
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INTRODUCTION 

Coronary angiography is still used as the gold standard in the evaluation of coronary artery 

disease. However, the angiographic severity of a coronary stenosis is not necessarily associated 

with the clinical manifestation of coronary syndromes. In fact, there is substantial overlap in 

the degree of severity of coronary stenoses of patients presenting with unstable or stable angi

na [ 1, 2j. Clinical studies by Ambrose et al. revealed a relationship between qualitative angio

graphic characteristics of coronary stenoses and the presentation of coronary syndromes [2,3]. 

Angiographically irregular eccentric coronary stenoses with ruptured atherosclerotic plaque, 

with or without occlusive thrombus, were associated with unstable angina. Post mortem ana

lysis performed by Levin and Fallon showed a positive relationship between the irregularity of 

coronary stenoses on angiography and complexity of coronary plaques evaluated by histology 

[4]. Immunohistochemical studies of autopsy and coronary atherectomy specimens underlin

ed the pivotal role of atherosclerotic inflammation in destabilization of fibrous cap tissue resul

ting in unstable coronary syndromes [5-7]. The aim of the present study was to evaluate the in 

vivo relationship between angiographic complexity of coronary lesions using the Ambrose 

classification [3] and plaque inflammation assessed by immunohistochemical analysis of athe

rosclerotic specimens retrieved by directional coronary atherectomy. 

METHODS 

Study patients 

Directional coronary atherectomy for de novo culprit coronary lesions suitable for coronary 

atherectomy, i.e. proximal and eccentric, was performed in 79 consecutive patients with unsta

ble (Braunwald's class I-III, n = 46) [8] or stable angina (Canadian Cardiovascular Society class 

1-3, n = 33) [9]. The coronary lesion was identified as the "culprit lesion" based on clinical and 

electrocardiographic findings. 

Qualitative and quanti tat ive assessment of coronary stenosis 

Qualitative assessment of coronary lesions was performed following Ambrose's classification 

[2, 3]. Simple coronary lesions were concentric or eccentric and characterized by a smooth sur

face and a broad neck [Figure 1 ]. Complex coronary lesions were eccentric with a narrow neck, 

overhanging edges and/or irregular borders or were characterized by multiple irregularities 

[Figure 1 ]. Coronary angiography was performed before directional coronary atherectomy in 

at least two orthogonal views after an intracoronary bolus (0.1 mg) of nitroglycerin. With the 

guiding catheter used as a scaling device, percentage diameter stenosis, reference diameter in 
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m m and minimal luminal diameter in mm were assessed by quantitative coronary angiogra

phy using the CMS-QCA software version 4.0 (MEDIS, Leiden, The Netherlands). The project

ion showing the most severe coronary stenosis in percentage diameter stenosis was used for 

analysis. 

Simple Coronary Lesions Complex Coronary Lesions 

III III 
Concentric Eccentric Type I Eccentric Type II Multiple 

Irregularities 
Figure i illustration of ample and complex coronary lesions. Simple lesions were concentric or eccentric 

ind a broad neck. (3) Complex lesions were eccentric with a narrow neck, 
ulers or were characterized by serial lesions or severe diffuse disease. (3) 

Immunohistochemical analysis 

The retrieved coronary plaque specimens were immediately frozen in liquid nitrogen and 

stored at -80°C. The specimens were serially sectioned at 5 mm thickness and mounted for 

immunohistochemistry. The primary monoclonal antibodies used were anti-CD68 (Dakopatts, 

(ilostrup, Denmark) for Macrophages, anti-CI)3 (Becton and Dickinson, Mountain View, CA) 

for T-lymphocytes and anti-u-smooth muscle actin (SMA-1: Dakopatts, Denmark) for smooth 

muscle cells. In all cases a three-step indirect peroxidase method was used as previously des

cribed [ 10 J and antibody complexes were visualized by 3-amino-ethylcarbazole. No counter 

stain was used. 

Morphometr ic analysis 

The results of immunostaining for macrophages, T-lymphocytes and smooth muscle cells were 

planimetrically quantified with the use of image analysis software (version 1.6065, National 

Institute of Health) on a personal computer connected to a video-mounted microscope. The 
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total tissue area of each atherectomy section was outlined manually on the video screen and 

measured. In these areas the immunostained areas (macrophages or smooth muscle cells) were 

measured automatically using gray scale detection with a fixed threshold. Immunopositive 

areas (macrophages or smooth muscle cells) were calculated as a percentage of the total tissue 

area. T-lymphocytes were counted at lOOx magnification throughout the entire section and 

expressed as number of cells per mm . The pathologists were blinded to the results of the cli

nical findings. 

Statistical analysis 

Data are expressed as mean + SI). Continuous variables were compared using an unpaired 

Student's /-test ( SPSS for Windows vs. 10.0, Arlington, VA). A Mann-Whitney test was used for 

not normally distributed continuous data. A Fisher's exact test was performed for categorical 

data. To identify clinical and angiographical parameters associated with plaque inflammation 

(macrophages and T lymphocytes) and plaque smooth muscle cells multivariate linear regres

sion analysis was performed using clinical characteristics (age, gender, unstable angina, risk 

factors and medication), angiographical data (percentage diameter stenosis, reference diame

ter and minimal lumen diameter in mm, Ambrose classification [3]) by dichotomized values. 

Analysis was performed with P values for inclusion and elimination set at 0.10 and 0.20, to 

determine independent correlates of immunopositive areas of macrophages, T lymphocytes 

and smooth muscle cells of atherectomy specimen. Values of P < 0.05 were considered statisti

cally significant. 

RESULTS 

Study patients 

Mean age of the predominantly male (76%) study population was 59.4 ± 1.2 yrs. Clinical cha

racteristics of all patients are summarized in Table 1. 
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Table i Baseline Clinical Characteristics 

40 

60 

46 

27 

32 

32 

40 

7 

33 

04 

68 

67 

73 

13 

(51) 

(78) 

(58) 

(34) 

(41) 

(41) 

(51) 

(9) 

(42) 

(81) 

(86) 

(85) 

(92) 

(16) 

Age > 6oyrs. 

Male sex 

Unstable angina 

Hypertension 

Hyperlipidemia 

Family history 

Current cigarette smoking 

Diabetes mellitus 

Prior myocardial infarction 

Nitrates 

Beta-blockers 

Calcium-antagonists 

Aspirin 

Statins 

Values are N (%). 

Qualitative and quant i tat ive assessment of coronary stenosis 

The majority (82%) of coronary lesions were located in the left anterior descending coronary 

artery, whereas only 15% of the coronary lesions were located in the right coronary artery and 

3 % in the left circumflex coronary artery. We identified 29 simple coronary lesions (concen

tric; n = 9 and eccentric type IA-B; n = 20) and 50 complex lesions (eccentric type IIA-B; 

n = 42 and multiple irregularities; n = 8) according to Ambrose' classification. 

Mean diameter stenosis was 70 ± 2%, mean minimal lumen diameter was 1.08 ± 0.04 mm and 

mean reference diameter was 3.50 ± 0.07 mm. 

Correlates of plaque macrophages, T cells and smooth muscle cells 

Univariate analysis identified variables positively (p <. 0.2) associated with the presence of pla

que macrophages, T-lymphocytes and smooth muscle cells, which are shown in Table 2. 

Complex coronary lesion and unstable angina were the strongest positive predictors for plaque 

macrophages content and, although not significant, plaque T-lymphocytes content. 
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Table 2 Variables Positively Associated With the Presence of Plaque Macrophages, T-Lymphocytes 

and Smooth Muscle Cells. 

(n =) Macrophages p-value T-Lymphocytes p-value Smooth Muscle p-value 

(% ± SD) (mm' ± SD) Cells (% ± SD) 

Age 

>6oyrs. 

<6oyrs. 

Gender 

Male sex 

Female sex 

Manifestation 

of angina 

Stable 

Unstable 

Family history 

Yes 

No 

40 

39 

60 

19 

33 

46 

32 

47 

Diabetes mellitus 

Yes 

No 

7 

72 

Lesion complexity 

Simple 

Complex 

29 

50 

20 ±14 

15 ±11 

19 ±13 

14 ±13 

13 ±10 

21 ±14 

15 ± 9 

19 ±15 

11 ±11 

18 ±13 

9 ± 8 

23 ±13 

}0.1 

}0.2 

}0.01 

}0.1 

}0.2 

} <0.001 

14 ±10 

16 ±13 

15 ±12 

13 ±11 

13 ±10 

17 ±12 

16 ±12 

14 ±11 

12 ± 9 

15 ±12 

12 ±7 

17 ±13 

}0.4 

}0.5 

}0.1 

}0.4 

}0.6 

}0.09 

20 ±13 

24 ±14 

21 ±13 

27 ±15 

5 ±15 

21 ±13 

23 ±12 

21 ±15 

31 ±13 

21 ±13 

26 ±12 

20 ±14 

}0.3 

}0.1 

}0.2 

}0.6 

}0.08 

}0.< 

Table 3 shows the results of an explorative analysis of the simultaneous effects of coronary 

lesion characteristics and presentation of anginal symptoms on the immunohistochemical 

parameters. The positive association between lesion complexity and macrophages content was 

more pronounced in patients with unstable angina than in patients with stable angina 

(p = 0.01, interaction term in linear regression). The association between lesion complexity and 

T-lymphocytes content was similar amongst patients with stable and unstable angina. An 

inverse relationship between lesion complexity and plaque smooth muscle cells content was 

seen in patients with unstable angina. 
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Table 3 Immunopositive Areas of Macrophages, T-Lymphocytes and Smooth Muscle Cells in 

Atherectomy Specimens in Relation to Angiographic Lesion Complexity Within Patients wi th 

Stable or Unstable Angina. 

(n =) Macrophages p-value T-Lymphocytes p-value Smooth Muscle p-value 

(%±SD) (mm±SD) Cells (% ± SD) 

Simple lesions 

Concentric 9 13 ±11 )Q} 15 ±11 ^ 30 ± 15 ^ 

Eccentric type I 20 7 ± 5 10 ± 5 24 ± 9 

Complex lesions 

Eccentric type II 42 22 ±12 16 ±13 20 ±15 

Multiple 

irregularities 8 28 ±13 19 ± 14 21 ± 12 

No significant differences in percentage plaque macrophages, T-lymphocytes and smooth mus

cle cells were observed within subgroups of simple (concentric vs. eccentric type I) and com

plex (eccentric type II and multiple irregularities) coronary lesions (Table 4]. 

Table 4 Quantitative Immunohistochemical Data of Coronary Lesions According to the Ambrose 

Classification. 

(n =) Macrophages P-value T-Lymphocytes P-value Smooth Muscle P-value 

(% + SD) (mm' ± SD) Cells (% ± SD) 

Stable angina 

Simple lesion 12 10 ± 8 } Q 0 7 9 ± 6 )Q2 27 ±11 ^ 

Complex lesion 21 16 ± 10 14 ±11 23 ±16 

Unstable angina 

Simple lesion 17 9 ±7 ]<QO^ 13 ±8 ^ 26 ±13 )QQ6 

Complex lesion 29 28 ±12 18 ± 14 18 ±12 

Figures 2 and 3 demonstrate examples of angiographic and immunohistochemical images of a 

patient with stable angina and a simple coronary lesion and a patient with unstable angina and 

a complex coronary lesion. 
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D :^ 

Figure 2 

(A-B) Angiographic images of a patient with stable angina showing a simple coronary lesion with a smooth 

surface located at the proximal part of the left anterior descending coronary artery (A- left anterior oblique 

view, B; right anterior oblique view). Arrowheads indicate coronary lesion. 

(C) Part of atherectomy specimen of the corresponding simple coronary lesion cut into serial sections. Overview 

of a haematoxylin & eosin stained frozen section showing parts of fibrous cap tissue. 

(D) Adjacent section immunohistochemically stained with anti CD 68 showing few macrophages (arrowhead). 

(E) Detail of boxed area in C, stained with anti CD 3 showing one 1'lymphocyte, (arrowhead) 

(F) Section adjacent to C and D, stained with anti a-actin, showing large numbers of smooth muscle cells 

(asterisk). 
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Figure 3 
(AB) Angiographic images of a patient with unstable angina showing a complex coronary lesion with irregular 

surface and ulceration located at the proximal part of the left anterior descending coronary artery (A; left 

anterior oblique view. B, right anterior oblique view). Arrowheads indicate coronary lesion 

(C) Part of atherectomy specimen of the corresponding complex coronary lesion cut into serial sections. 

Overview of a haematoxylin & eosin stained frozen section showing thrombus (arrowhead) and plaque 

tissue with foam cells and fibrous tissue (asterisks). 

(D) Adjacent section immunohistochemically stained with anti CD 68 showing large numbers of macrophages. 

(E) Detail of boxed area in C, stained with anti CD 3 showing an infiltrate of T-lymphocytes. 

(F) Section adjacent to C and D, stained with anti a-actin, showing smooth muscle cells particularly at sites 

where macrophages are scant or absent. 
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DISCUSSION 

Several mechanical and biological factors underlie the clinical presentation of unstable angina. 

Angiographic complex coronary lesions have been associated with a reduced coronary flow and 

clinical manifestation as unstable angina [11]. Culprit lesions of patients with unstable angina 

contain large amounts of macrophages and T-lymphocytes relative to such lesions in patients 

with stable angina [6, 7). These inflammatory cells may cause deleterious effects in the shoul

der region of a lipid rich plaque, the site prone for plaque disruption [5, 7, 12]. Macrophages 

play a key role in plaque progression and atheroma formation by phagocytosis of oxidized-LDL 

[12]. Activated macrophages and T-lymphocyte produce numerous growth factors and prote

ases, which destabilize the fibrous cap leading to plaque rupture. This event may be expressed 

as a dissection or ulceration on coronary angiography [4]. Moreover, inflammation can cause 

superimposed thrombus formation followed by total coronary occlusion with ensuing myo

cardial infraction and / or cardiac death [13]. In addition to the studies based on atherectomy 

specimens, recent studies performed on plasma markers of inflammation, such as C-Reactive 

protein and serum amyloid A protein support the concept of a positive association between tis

sue inflammation and acute coronary syndromes [14]. In addition, serum neopterin, an indi

cator of macrophage activity, was associated with complex coronary artery stenosis in patients 

with unstable angina [15]. Complex lesions, according to the Ambrose classification, were clas

sified in a similar fashion in the present study [2]. However, the present study included patients 

with both clinically stable and unstable angina pectoris. Furthermore, immunohistochemical 

documentation of plaque inflammation of culprit coronary lesions was related to complex ste

nosis morphology. The present study underscores the established relationship between the cli

nical manifestation of unstable angina and the extent of plaque inflammation [6, 7). Moreover, 

this study also demonstrates that complex angiographic lesions show a positive relationship 

with intraplaque inflammation. A relationship anticipated but as yet not known to be establis

hed. Furthermore, the strongest relationship with plaque inflammation was found for the 

interaction between lesion complexity and the severity of anginal complaints; the highest per

centage of coronary plaque inflammation was observed in plaque specimens of patients with 

unstable angina in addition to a complex coronary lesion [Table 3]. 

As this study reveals that patients with complex coronary lesions exhibit more plaque inflam

mation, it may be concluded that these patients may benefit from aggressive medical treatment 

aimed at reducing plaque inflammation to lower acute and late cardiac complications [16]. 
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