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Plaque inflammation in restenotic 

coronary lesions of patients with stable 

or unstable angina 
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CHAPTER i 

ABSTRACT 

Background 

To evaluate immunohistochemically various parameters of inflammation in coronary athe

rectomy specimens obtained from restenotic culprit lesions of patients presenting with either 

stable or unstable angina. There is no information regarding the relationship between atheros

clerotic plaque inflammation and the severity of the coronary syndromes in patients with reste

notic coronary lesions. 

Methods and Results 

A total of 37 patients with either stable angina or unstable angina underwent directional coro

nary atherectomy (DC A) for restenotic coronary lesions. Cryostat sections of atherectomy spe

cimen were immunohistochemically stained with monoclonal antibodies CD68 (macropha

ges), CD3 (T-lymphocytes) and a-actin (smooth muscle cells). Smooth muscle cell (SMC) 

contents and macrophage (MAC]) contents were planimetrically quantified as the percentage 

immunopositive tissue area of the total tissue area. T-lymphocytes were counted at 100-x mag

nification throughout the entire section, and expressed as number of cells per mm2. Restenotic 

coronary lesions of patients with unstable or stable angina showed no significant difference in 

SMC areas (31.9% ± 16.3% vs. 38.5% ± 18.8% respectively; p = NS). However, restenotic coro

nary lesions of patients presenting with unstable angina contained significantly more macro

phages (24.4% ± 15.1 vs. 10.5% ± 5.8%, p= 0.001) and T-lymphocytcs (18.8 cells/mm' ± 15.1 

cells/mm' vs. 8.6 cells/mm- ± 9.8 cells/mm2; p = 0.034) than patients with stable angina. 

Conclusions 

These results suggest that inflammation appears to affect plaque instability in restenotic coro

nary lesions resulting in unstable coronary syndromes. 
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INTRODUCTION 

Studies evaluating atherosclerotic plaque specimens retrieved by directional coronary athe

rectomy (DCA) have demonstrated dilterences in the extent of plaque inflammation between 

patients with stable and unstable angina [1-3]. These studies provided further support to the 

contention that infiltration of macrophages is crucial for the onset of unstable coronary syn

dromes [4-6]. Thus far, these clinicopathologic relations between the type of angina and the 

extent of inflammation in culprit lesions are derived from patients with de novo lesions. Recent 

literature suggests an association between infiltrated plaque macrophages and the development 

of restenosis after DCA [7]. Tissues of patients with a restenotic lesion as their culprit have not 

been studied from this point of view. The aim of the study was to evaluate the relationship bet

ween the presence of inflammatory cells in restenotic lesions and the types of evolving ische

mic coronary syndromes. 

METHODS 

Patient populat ion. 

A total of 37 patients with a restenotic culprit lesion that was suitable for DCA were included. 

The patient cohort consisted of 18 patients with chronic stable angina, classes 1 -3 according to 

the Canadian Cardiovascular Society classification [8] and 19 patients with unstable angina, 

classes I-III according to Braunwald's classification [9]. 

Immunohistochemistry. 

Immediately after the DCA procedure, the obtained tissue fragments were carefully oriented in 

embedding fluid (Tissue Tek), in such a way that the sites with the largest surface area were in 

the plane of cutting the sections. Thereafter, they were frozen in liquid nitrogen and stored at 

B80EC. Frozen sections were cut at 5 pm, one section was stained with hematoxylin-eosin for 

morphologic evaluation and adjacent serial sections were mounted for immunohistoche

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

Denmark) for the detection of macrophages (MAC), anti-CD3 (Beckton and Dickinson, 

Mountain View, CA) for the detection of T-lymphocytes and anti a-actin (SMA-1: Dakopatts) 

for the detection of SMCs. In both cases a three-step indirect peroxidase method was used as 

previously described [10] and antibody complexes were visualized by 3-amino-ethylcarbazole 

I AEC). No counter stain was used. 
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Morphometr ic analysis 

Results of anti-CD 68, anti-CD3 and anti-u-actin immunostaining were planimetrically quan

tified using image analysis software [NIH image program, available on internet from 

zippy.niinh.nih.gov) on a personal computer connected with a video-mounted microscope.The 

total tissue area of the immunostained sections of each atherectomy specimen was outlined 

manually on the video screen and measured. The tissue areas of the immunostained sections, 

that were occupied by immunopositive stained cells (macrophages or SMCs), were measured 

automatically using gray scale detection with a fixed threshold. Thereafter, the smooth muscle 

and macrophage areas were calculated as percentages o! the total tissue area. T-lymphocytes 

were counted at 100-x magnification throughout the entire section, and expressed as number 

of ceils per mm . The pathologists were blinded to the results of the clinical classification of 

anginal symptoms. 

Statistical analysis 

Data are expressed as mean ± SD. For comparison of clinical, angiographical and immuno-

histochemical data an unpaired Student's t-test was used for continuous data and a Chi-squa-

red test for categorical data. A Mann-Whitney test was performed for non-parametric conti

nuous data and a Fisher's exact test for categorical data. We used multivariate linear regression 

to adjust differences in SMC, MAC and T-lymphocytes between patients with stable and unsta

ble angina for difference in baseline characteristics between these patients groups. The SPSS 

package for Windows version 9.0 (SPSS Inc. 1999, Arlington, VA) was applied for these purpo

ses. Values of p < 0.05 were considered statistically significant. 

RESULTS 

Patient population 

Clinical and angiographical characteristics of the study patients are shown in Table 1 and 2. 

Patients with unstable angina were significantly older than patients with stable angina 

(p = 0.02), otherwise the patient populations were comparable. 

Quanti tat ive immunohistochemistry 

Inflammatory cells, macrophages (anti-CD68) and T-lymphocytes (anti-CD3), were found in 

specimen of all patients, but in highly variable amounts. Moreover, their tissue localization 

showed two distinct patterns. First, the inflammatory cells could be observed scattered or in 

small clusters in tissue fragments imposed of loosely arranged myxoid tissue also containing 
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large amounts of a-actin positive SMC ("neointimal tissue"). Second, they were present in 

atheromatous tissue fragments as tight infiltrates. In this type of tissue, the CD68-positive 

macrophages often had a foam cell appearance. A representative example of this feature is 

shown in Figures 1-3. 

Table i Clinical Characteristics of Patients w i th Restenotic Coronary Lesions 

Age (yr ± SD) 

Male 

Risk factors 

Hypercholesterolemia 

Hypertension 

Diabetes mellitus 

Family history 

Cigarette smoking 

Medication 

Beta blocker 

Nitrate 

Calcium antagonist 

Aspirin 

Unstable angina at first PTCA 

First intervention balloon PTCA 

Time to restenosis (months ± SD) 

' p < 0.05 (unpaired Student's t-test) 

STABLE A N G I N A 

n = 18 (%) 

56.1 ±13.4 

17 (94 %) 

9 (50 %) 

8 (44 %) 

0 

9 (50 %) 

9 (50 %) 

16 (89 %) 

15 (83 %) 

16 (89 %) 

17 (94 %) 

7 (39 %) 

17 (94 %) 

8.7 ± 14.3 

UNSTABLE A N G I N A 

n = 19 (%) 

65.2 ± 8.2' 

13(68%) 

7 (37 %) 

12 (63 %) 

2 (11 %) 

9 (47 %) 

4 (21 %) 

13 (79 %) 

18 (95 %) 

17 (89 %) 

18 (95 %) 

9 (47 %) 

17 (89 %) 

7.2 ± 5.4 
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Cr 

Figurei a-c Part of an atherectomy specimen derived from a restenotic culprit coronary lesion of a patient with 

unstable angina, H&E stained frozen section. Fig w. overview, boxed areas are shown in ib and K. Fig ib: detail of 

hypercellular myxoid area showing stellate shaped cells amidst abundant extracellular matrix. Figic. Detail of 

atheromatous tissue showing a rim of mononuclear cells near to atheroma (upper part). 

Figure ia-c Serial section adjacent to Fig i, immunostained with anti a-SMC actin. Fig 2b. detail of myxoid tissue 

showing a large amount of young stellate smooth muscle cells. Fig 2c detail of atheromatous tissue containing 

only few smooth muscle cells. 

Figure sac Serial section adjacent to Fig i, immunostained with anti-CD 68. Fig ja. overview. Fig 3b. detail of 

myxoid tissue showing low numbers of diffusely spread small macrophages Fig 3c detail of atheromatous tissue 

showing rim of closely packed immunostained macrophages. 
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Table 2 Angiographical Characteristics of Patients wi th Restenotic Coronary Lesions 

Coronary vessel 

RCA 

LAD 

LCX 

Coronary lesion classification 

ACC/AHA class t 

Multi vessel disease 

OCA 

DS (% ± SD) 

MLD(mm±SD) 

R E F ( M M ±SD) 

A 

Bl 

Bll 

STABLE A N G I N A 

n = 18 (%) 

1 (6 %) 

14 (78 %) 

3(17%) 

2 (11 %) 

2 (11 %) 

14 (78 %) 

2 (11 %) 

70 ±11 

0.97 + 0.41 

3.20 ±0.63 

UNSTABLE A N G I N A 

n 

1 

16 

2 

3 

6 

10 

4 

72 

1.0C 

3.53 

= 19 (%) 

(5 %) 

(84 %) 

(11 %) 

(18 %) 

(32 %) 

(53 %) 

(21 %) 

±8 

±0.33 

±0.36 

r ACC/AHA represents classification according to the criteria of the American College of Cardiology and the 

American Heart Association (22). 

Quantitative immunohistochemical of restenotic coronary lesions of patients with unstable or 

stable angina showed no significant difference in SMC areas (31.9% ± 16.3% vs. 38.5% ± 18.8% 

respectively; p = NS). However, restenotic coronary lesions of patients presenting with unstable 

angina contained significantly more macrophages (24.4% ± 15.1% vs. 10.5% ± 5.8%, p = 0.001) 

and T-lymphocytes (18.8 cells/mm' ±15.1 cells/mm2 vs. 8.6 cells/mnr ± 9.8 cells/mm2; p = 0.034) 

than patients with stable angina [Figure 4]. We corrected these differences for the uneven age 

distribution between patients with stable and unstable angina. This correction did not influen

ce the observed differences. 
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Figure 4 Percentages of immunostained smooth muscle cell areas and macrophage areas and number of T-lym-

phocytes/mm' in restenotic coronary lesions underlying stable angina (CCS 1-3) and unstable angina (Braunwald 

hill). Data are expressed as mean ± SD. 
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Figure 5 Area quantification of immunostained atherectomy sections showed that macrophage areas were similar 

in patients with de novo (n = 80) or restenotic (n = 37J lesions (de novo; 17.3 ± 7.5% and restenosis; 17.6 ± 2.2%; 

p = NS). However, smooth muscle cell areas (cumulative anti-n actin positive areas) in patients with restenotic 

lesions were significantly larger than in patients with de novo lesions f35.2 ± 2.g % vs. 21.6 ± 7.6%; p < 0.0001). 
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DISCUSSION 

The results of the present study demonstrate that there is a positive association between the cli

nical manifestation of coronary syndromes and the extent of inflammation (macrophage and 

T-lymphocytes) in atherectomy specimens of patients with a restenotic lesion. This association 

could not be statistically attributed to the age difference between patients with stable and 

unstable angina. 

A study by Moreno et al [1] on atherectomy specimens obtained from de novo lesions revea

led that macrophage infiltration of plaque tissue represents a marker for plaque instability. 

Subsequent studies of atherectomy specimens confirmed the relationship between plaque 

instability and unstable coronary syndromes by demonstrating increased amounts of T-lym

phocytes and expression of HLA-DR molecules on cells [3], macrophages producing the pro

teolytic enzyme gelatinase B [11] and macrophages producing the thrombosis initiator tissue 

factor [12]. In contrast, there is no information in the literature regarding the role of inflam

mation in restenotic coronary lesions. Thus far, clinicopathological studies, evaluating tissue 

specimens obtained by DCA, revealed SMC proliferation with concomitant extracellular 

matrix synthesis and marked expression of growth factors as principal features of restenotic 

lesions [2, 12-16]. The principal role of SMCs is in accordance with autopsy based studies, 

demonstrating the local wall response to mechanical injury after percutanous coronary inter

ventions [17-19]. Indeed, it has been postulated that massive SMC proliferation with abundant 

extracellular matrix production could give rise to plaque expansions, which eventually could 

lead to symptoms of unstable angina [13, 15]. This concept was based on similarities in SMC 

proliferation and the expression of the SMC growth factors aFGF and bFGF between lesions of 

patients with unstable angina and patients with restenotic coronary lesions. Moreover, Chen et 

al. [15] found a similar phenotypic modulation of SMCs in patients with unstable angina and 

post-angioplasty restenosis using transmission electron microscopy. However, these patients 

with restenosis were not divided in the subgroups of stable and unstable angina. More recent 

insight suggests that excessive SMC growth results in a preference for presentation of stable 

rather than a presentation of unstable coronary syndromes [20, 21]. Be that as it may, the fact 

remains that the present study showed no relationship between the content of SMCs and the 

clinical presentation of anginal symptoms. Moreover, none of previous reports quantified 

macrophage density, as a marker of plaque inflammation, in patients with stable or unstable 

angina as part of their restenosis. Our finding of large concentrations of inflammatory cells in 

atheromatous tissue and relatively small amounts in the classical type restenosis tissue suggests 

that the inflammatory activity results from preexisting plaque at the site of restenosis (plaque 

burden). One could hypothesize that these inflammatory cells destabilize the tissue of resteno

tic coronary lesions in a similar way as has been described for unstable primary coronary 

lesions. 
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In conclusion, our findings suggest that plaque instability relates to inflammation rather than 

to the extent of SMC proliferation. This observation provides a novel insight into pathophysi

ology of restenosis supporting the contention that plaque inflammation is pivotal in destabili-

zation of restenotic coronary lesions resulting in unstable coronary syndromes. 

LIMITATIONS 

The present study suggests that inflammation relates to de novo atherosclerotic plaque tissue 

rather than due to newly formed restenotic tissue. However, it cannot be excluded that the 

atheromatous tissue with inflammatory coils has developed after the interventional procedure, 

particularly not in patients with a long time interval between the initial intervention and the 

atherectomy procedure. Nevertheless, this limitation doesn't alter the conclusion regarding the 

positive association between the extent of macrophage infiltration in restenotic coronary 

lesions and its clinical presentation. 
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