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CHAPTER 13 

SUMMARY 

In this thesis, both pathomorphological and functional aspects of coronary atherosclerotic 

disease have been studied. The first part (Chapters 2-6) concerns investigations regarding the 

association between the inflammatory state of atherosclerotic lesions and clinical manifesta

tions of coronary syndromes. The second part (Chapters 7-12) concerns the evaluation of 

coronary hemodynamics for diagnostic and prognostic purposes during cardiac catheteriza

tion. 

Pathomorphology and inflammation of the coronary artery plaque 

During the past years, more insight has been gathered regarding the involvement of the inflam

matory process that causes atherosclerosis. [ 1 -3 ] Our present knowledge of the elementary role 

of inflammation for the onset of plaque rupture in atherosclerotic coronary lesions primarily 

stems from autopsy studies. [4] However, the introduction of directional coronary atherectomy 

catheters has provided a unique opportunity to directly investigate the role of inflammation in 

coronary syndromes. 

Chapter 2 involves a study in which directional coronary atherectomy was performed of 'de 

novo' culprit atherosclerotic narrowings in patients with stable and unstable angina pectoris. A 

multivariate model was used to evaluate which clinical and angiographical factors are associa

ted with the amount of plaque inflammation. The degree of plaque inflammation was determ

ined by immunohistochemical staining for macrophages and T-lymphocytes. The results of 

this study show that angiographically complex lesions and unstable anginal complaints are 

positively associated with the amount of plaque inflammation. 

The tissue composition of restenotic coronary plaques in patients with stable and unstable 

angina is described in Chapter 3. Restenosis tissue contains a significantly higher density ol 

smooth muscle cells than 'de novo' atherosclerotic tissue. This study shows that despite the pre 

sence of a high density of smooth muscle cells in atherectomy specimens, a similar relation is 

present as in 'de novo' lesions between the presentation of the anginal complaints and the 

amount of inflammation. Patients with unstable anginal complaints due to restenosis have a 

large amount of plaque inflammation as reflected by the density of macrophages and T-lym

phocytes. The conception is that a smoldering inflammatory wound after balloon angioplasty 

is responsible for recurrent plaque destabilization and thereby, responsible for recurrent unsta

ble anginal complaints. 

In Chapter 4, illustrations of a plaque specimen of an in-stent restenotic lesion are shown. In-

stent restenosis is characterized by an even more prominent smooth muscle cell proliferation 

compared to restenosis after balloon angioplasty. The suggestive 'foot-print' of the stent struts 

in the restenosis specimen, as shown by equidistant T-lymphocyte infiltrates, illustrates a stent 

induced inflammatory process. 
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Besides macrophages and T-lymphocytes, a variety of other inflammatory cells and mediators 

are involved in atherosclerosis. In Chapter 5 is described how an acute phase protein, the C-

reactive protein (CRP), is involved in the clinical manifestation of acute coronary syndromes. 

CRP is produced in the liver, damaged tissues such as myocardial infarction and in atheroscle

rotic plaques causing catalyzation of the inflammatory process. CRP co-localizes in the plaque 

with macrophages, cholesterol (oxidized LDL) and the membrane attack complex, that is invol

ved in cell apoptosis and thrombosis formation. The coincidence of these factors was more 

pronounced in atherosclerotic tissue of patients with an acute myocardial infarction or unsta

ble anginal complaints than in patients with stable anginal complaints. The amount of plaque 

CRP was also significantly higher in patients with an acute myocardial infarction or unstable 

anginal complaints compared to patients with stable anginal complaints. 

In Chapter 6, the predictive value of plaque inflammation on the incidence of cardiac events 

after angioplasty was assessed by evaluating the relationship between the extent of plaque 

macrophages and T-lymphocytes and the recurrence of stable or unstable anginal complaints 

and restenosis within one year after directional coronary atherectomy. No relationship between 

the extent of inflammation and the incidence of restenosis was found in this consecutive 

patient population. However, this study demonstrated a positive relation between the amount 

of initial plaque inflammation and the severity of recurrent anginal complaints at long term 

follow up after directional coronary atherectomy. These observations strongly suggest that the 

inflammatory process at the site of the culprit lesion is not eradicated by atherectomy, so that 

the smoldering effects of the inflammation again may destabilize the repair tissues responsible 

for the severity of anginal complaints at follow-up. 

Evaluation of functional stenosis severity 

Besides the role of inflammation in the pathogenesis of stable and unstable coronary syndro

mes, this thesis addressed the assessment of the hemodynamic severity of a coronary stenosis 

in the cardiac catheterization laboratory for diagnostic and prognostic purposes. 

Chapter 7 describes a comparison between the diagnostic accuracy of coronary flow velocity 

reserve (CFVR), relative CFVR (RCFVR) and fractional flow reserve (FFR). Myocardial perfu

sion scintigraphy was used as the non-invasive 'gold standard' for the assessment of myocardi

al ischemia. This study, which was performed in patients with multivessel coronary artery dise

ase, showed that CFVR, RCFVR and FFR have a similar diagnostic accuracy for predicting 

reversible ischemia. However, this study also showed that the overall agreement with the results 

of perfusion scintigraphy was lower (75%) than that of previous studies (85%) that were main

ly performed in patients with single vessel disease. This may be related to the difficulty of assig

ning the perfusion defect detected by scintigraphy to a particular lesion in patients with mul

tivessel disease. 
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In Chapter 8, CFVR and FFR were compared in a large patient group with 150 coronary 

lesions. Alter stratifying these functional parameters according to their cut-off value (2.0 and 

0.75, respectively), discordant results between CFVR and FFR were obtained in 27% ot the 

cases. These discordant outcomes were associated with differences in coronary microvascular 

resistance. RCFVR did not improve insight in clinical decision making in this patient cohort. 

This study showed that in about a quarter of patients with intermediate lesions, interventional 

procedures may be carried out or deterred, depending on whether a pressure- or flow velocity-

derived parameter was used to reach the decision. 

In Chapter 9, the microvascular resistances ot the three main coronary artery beds were com

pared in 27 patients with two-vessel coronary artery disease. This study demonstrated a pro

found heterogeneity in the spatial distribution of coronary microvascular resistance during 

maximal hyperemia, with a positive association between coronary lesion severity and hyper-

emic microvascular resistance. Angioplasty of the target lesion restored hyperemic microvas

cular resistance to values similar to that of the minimally diseased reference vessel. These fin

dings challenge the concept of a homogenous distribution of hyperemic microvascular 

resistance that is relevant for the interpretation of both non-invasive and invasive diagnostic 

tests . 

A new parameter to assess the physiological severity of a coronary artery stenosis, which is 

based on the combination of intracoronary blood flow velocity and pressure, is described in 

Chapter 10. The hyperemic stenosis resistance index (h-SRv), defined as the ratio of pressure 

gradient and flow velocity measured during maximal hyperemia, had a significantly higher 

predictive power to identify reversible perfusion defects as detected by SPECT than traditional 

hemodynamic parameters based on either flow velocity (CFVR) or pressure measurements 

l FFR). This gain in accuracy was predominantly achieved in cases of intermediate lesions with 

discordant predictive outcomes between FFR and CFVR. The hyperemic stenosis resistance 

index represents a better characterization of the hemodynamic impediment due to the steno

sis. It has a high potential to improve clinical decision-making in the catheterization laborato

ry, especially since recent advancements in wire technology facilitates for the simultaneous 

measurement of intracoronary velocity and pressure. 

In Chapter 11, the predictive value of CFVR, FFR and h-SRv for the incidence of adverse car

diac events was evaluated in 151 patients with 162 intermediate coronary lesions in whom 

PTCA was deferred. Deferral of PTCA was associated with a low event rate (8%) when FFR, 

( I VR or h-SRv was normal. Multivariate analysis identified h-SRv as the strongest predictor 

for major adverse coronary events during one-year follow up, with a clear cut-off value of 0.80 

mmHg/cm/sec. The adverse event rate was even lower (3.8%) when all three hemodynamic 

parameters were indicative of a non-significant lesion. In contrast, deferral of PTCA was asso

ciated with a high (25%) event rate in those 28% of the patients who had discordant results 
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between FFR and CFVR. This finding underscores the need for combined measurements as 

these patients may benefit from coronary revascularization. 

In Chapter 12, a possible explanation is given for the adverse cardiac events that occur in 5% 

to 10% of the patients with an intermediate stenosis after deferral of PTCA. In a pilot study, 

plasma CRP was determined in 71 patients in whom angioplasty was deferred based on a nor

mal FFR. CRP is an acute phase protein that can be easily determined in whole blood and, 

hence, useful for daily clinical practice. During one-year follow-up six adverse cardiac events 

occurred. All patients, except one, in whom an event occurred, had a high CRP (> 5 mg/1). 

High values of plasma CRP may thus be indicative of an active inflammatory process underly

ing plaque progression, remodeling and destabilization resulting in plaque rupture triggering 

new coronary syndromes. Low values of CRP were associated with an almost event free survi

val indicating that these patients may have stable or stabilized coronary lesions. These findings 

suggest that in patients with intermediate lesions in whom PTCA was deferred, additional dia

gnostic techniques such as coronary thermography, elastography, MRI etc. to identify the pre

sence of a vulnerable plaque should be reserved for patients with an abnormal CRP. 

INTERPRETATION AND CONCLUSIONS 

Inflammation plays an important role in the initiation, development, progression and compli

cations of atherosclerotic vascular disease. The studies concerning plaque inflammation des

cribed in this thesis lead to the following conclusions: 

1. Patients presenting with stable angina compared to patients presenting with unstable angi

na or acute myocardial infarction are characterized by marked differences in the extent of 

plaque inflammation of culprit coronary lesions. 

2. A similar positive association between the manifestation of anginal symptoms and the 

extent of plaque inflammation exists for patients with restenotic lesions. 

3. Restenosis is associated with abundant smooth muscle cell proliferation irrespective of the 

presentation as stable or unstable angina. 

4. Initial plaque inflammation is not predictive for the occurrence of restenosis. 

5. The presence of a large amount of plaque inflammation has prognostic value for the recur

rence of unstable complaints during one-year follow-up after PTCA, suggesting that a 

'smoldering' process of inflammation is responsible for the recurrent destabilization of 

coronary plaques. 

These findings suggest that the degree of plaque inflammation is an important indicator for the 

incidence of adverse cardiac events such as unstable angina or myocardial infarction. 

Furthermore, plaque inflammation plays an important role in the development of complica-
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lions after percutaneous coronary interventions. 

The functional severity of coronary lesions is commonly assessed during cardiac catheteriza

tion on the hasis of either intracoronary flow velocity or pressure measurements using cur

rently available guide wires equipped with a single sensor. The investigation of traditional 

hemodynamic parameters of stenosis severity such as CFVR and FFR in comparison to a new 

functional parameter (h-SRv) that utilizes both pressure and flow velocity information has led 

to the following conclusions: 

1. FFR and CFVR provide complementary information about the physiologic significance of 

a coronary artery stenosis, especially in patients with intermediate lesions showing discor

dant outcomes between these two parameters in approximately 25 percent of the patients. 

2. The new parameter (h-SRv), based on a combination of both intracoronary flow velocity 

and pressure measurements, is a better indicator of the functional significance of interme

diate coronary lesions. 

3. The prognostic value of the h-SRv with respect to the recurrence of adverse cardiac after 

deferral of PTCA in intermediate coronary lesions is better than the prognostic value ol 

CFVR or FFR only. 

4. The relationship between FFR and CFVR is partly determined by the variability in micro

vascular resistance that is not homogeneously distributed between different coronary vas

cular beds. 

5. Plasma C-reactive protein is of additional value for clinical decision making in patients with 

intermediate coronary lesions exhibiting a normal FFR. 

These findings strongly suggest that additional information on the hemodynamics of interme

diate coronary lesions can be obtained using combined intracoronary blood flow velocity and 

pressure measurements that is relevant for clinical decision making during cardiac catheteriza

tion. 

Recent deve lopments and future recommendations regarding plaque inflammation 

The inflammatory marker CRP has an important predictive value for the occurrence of adver

se cardiac events. | 5-7] Recently, it was demonstrated that CRP is a useful guidance of medical 

treatment. [8] The decrease of CRP levels after statin therapy is a more sensitive parameter for 

the incidence of cardiac events compared to the decrease in cholesterol levels. 

Aspirin and ACE inhibitors [3, 9] have proven to be effective in the treatment of atherosclero

tic disease. Recent studies suggest that treatment with statins in particular useful in patients 

with an elevated CRP-level. Furthermore, it has been reported that a change in lifestyle using a 

modified diet and more exercise also decreases the plasma CRP levels. [10] The findings in the 

present thesis and aforementioned studies indicate that the presence of a high level of plasma 

CRP should be considered as an additional risk factor for of atherosclerotic disease. 
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Recent developments and future recommendations regarding intracoronary 

physiological measurements 

Recent developments allow the simultaneous assessment of both fractional flow reserve and 

coronary flow reserve using a pressure wire only, based on either the thermodilution principle 

[ I I , 12] or computer-based algorithms. [13] Furthermore, the introduction of a dual-sensor 

wire equipped with pressure-sensor and a Doppler-crystal [1-igure 1] allows direct assessment 

of both parameters and vascular resistances. [ 14,15] At present, this dual-sensor wire is emplo

yed in preliminary clinical studies to assess the effect of percutaneous interventions on the 

hemodynamic severity of a stenosis and on the coronary microcirculation. In the future, the 

assessment of non-invasive medical treatment (alpha-blockcrs, IIB/IIIA receptor antagonists, 

gene therapy) may also benefit from use of the Combowire. The synthesis of information 

obtained from combined hemodynamic measurements and from the assessment of inflamma

tory markers may provide additional information relevant for patient management. [16] 

Figure 1 Photograph of the newly developed Combowire (JOMED, Rancho Cordova, CA. USA), with a Doppler cry
stal at the tip and a miniaturized pressure sensor three centimeters proximal to the tip. 
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