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CHAPTER 12 

ABSTRACT 

Background 

An abnormal plasma C-reactive protein (CRP) is a strong predictor ot future cardiovascular 

events. However, the follow-up alter deferral ol treatment in patients with intermediate coro

nary lesions (40-70% diameter stenosis; based on a normal fractional tlow reserve ( MR > 0.75 I 

is rather uncomplicated. This study was conducted to investigate the prognostic value of plas

ma CRP in patients with intermediate lesions, in whom angioplasty was deferred based on a 

normal FFR. 

Methods and Results 

Plasma levels of CRP were measured in 71 patients with stable angina undergoing cardiac 

catheterization lor an intermediate coronary lesion with a mean diameter stenosis ol 52% 

(range 32-72%). Maximum hyperemia was induced by 20-40 ug IC adenosine to determine 

FFR, defined as the ratio ot mean distal coronary pressure to mean aortic pressure during 

maximum hyperemia. Six (8%) major adverse cardiac events (MAC1 ; o deaths, 0 myocardial 

infarctions, 1 CABG and 5 PTCAs) occurred during a mean follow up of 318 ± 112 days. 

Receiver operating characteristic curve analysis was used to evaluate the prognostic perfor

mance of CRP. The best cut off value for CRP, defined at the highest sum of sensitivity and 

specificity, was determined at 5.0 mg/1. All, except one event, occurred in the group with a CRP 

5.0 mg/1 (log rank = 11.17,p = 0.0008). CRP was significantly higher in the group with com 

pared to the group without MACK (median; 5.5 mg/1, range; 4.7-42.4 vs. 2.1 mg/1, 0.20-16.9, 

/) 0 . ( 1 0 0 1 ) . 

Conclusions 

These initial results indicate that CRI' provides additional information relevant for clinical 

decision-making in patients with hemodynamically non-significant coronary lesions. 
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C-REACTIVE PROTEIN AND INTERMEDIATE LESIONS 

INTRODUCTION 

The majority ol coronary interventions are performed in patients with multi-vessel coronary 

artery disease exhibiting frequently intermediate coronary lesions, i.e. 40-70 % diameter ste

nosis on angiography. [1] Several hemodynamic parameters during cardiac catheterization 

have been demonstrated to be useful in selecting those coronary lesions that will benefit form 

PTCA and those, which can safely be deferred from PTCA. [2, 3] Of these parameters, myo

cardial fractional flow reserve (FFR) has been widely used to evaluate functional coronary 

lesions severity. [4] I towever, 5 to 10 percent of patients with a hemodynamic non-significant 

coronary lesion still suffer from major adverse cardiac events (MACE). [2, 3] Cardiac events 

have been suggested to occur predominately at the site of previous mild coronary lesions. [5| 

An active inflammatory process underlying progression and or plaque rupture may characte

rize these unidentified vulnerable lesions. Inflammatory markers, such as C-reactive protein 

(CRP), have been used to identify patients at higher risk for future coronary events. [6] 

Therefore, CRP may add prognostic information in patients with intermediate coronary 

lesions. The purpose of this study was to evaluate the prognostic value of plasma CRP in 

patients with intermediate coronary lesions in whom angioplasty was deferred based on a 

normal FFR i ITR > 0.75). 

METHODS 

Patients 

A total of 71 patients with stable coronary artery disease (Canadian Cardiovascular Society 

class 1-3 and Braunwald class I) undergoing cardiac catheterization for a single intermediate-

coronary lesion were included. Exclusion criteria were: more than one lesion in a vessel, severe 

renal or valvular disease, previous coronary artery bypass grafting, recent myocardial infarcti

on (< 6 weeks), collateral development, recent (< 2 weeks) infections and/or presence of chro

nic inflammatory disease. The Institutional Ethics Committee approved the study protocol. All 

patients gave written informed consent. 

Cardiac Catheterization 

Blood was collected in heparin-coated tubes through the arterial sheath. Plasma levels of 

('. reactive protein were determined as previously described. (7| 

Cardiac catheterization was performed following routine procedures and quantitative assess 

ment of coronary stenosis dimensions was performed off-line {MEDIS, Leiden, Netherlands). 

Nitroglycerin (0.1 mg IC) was administered every 30 minutes throughout the procedure. 1 lean 

rate was monitored and aortic pressure was measured via the guiding catheter. 
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CHAPTER 12 

Hemodynamic Measurements 

Coronary pressure measurements were performed with a 0.014-in pressure-monitoring guide 

wire (JOMED, Ranch Cordova, CA), which was first calibrated and then positioned distal to the 

coronary lesion as previously described. [8] Mean aortic and distal pressures were obtained 

during baseline and maximum hyperemia induced by a bolus of 20-40 ug intracoronary ade

nosine. FFR was calculated as the ratio of mean distal pressure to mean aortic pressure during 

maximum hyperemia. Measurements were performed two to three times and the mean was 

used for further analysis. Patients were not included when FFR was < 0.75 and or when PTCA 

was performed. 

Follow up and Study End points 

Follow up was obtained from the patients using written questionnaires and telephone contacts 

for documentation of MACE. MACE was defined as cardiac death, myocardial infarction, hos

pital admission for unstable angina, coronary artery bypass grafting (CABG) and (urgent) 

revascularization of the target artery, in which the FFR measurement was performed. Patients 

with residual or recurrent anginal symptoms requiring revascularization were all referred to 

our hospital. 

Statistical Analysis 

Continuous variables were expressed as mean ± SD and compared using an unpaired Student's 

t-test. A paired t-test was used for comparison of continues variables at baseline and follow-up 

within patients. A Mann-Whitney test was used for not normally distributed continuous data 

and a Chi-square lest was performed for categorical data. Receiver-operating-characteristic-

curve (ROC.) analysis was used to evaluate the prognostic performance of CRP by the area 

under curve (AUC). Accuracy was calculated for the best-cut-off-value (BCV) of the present 

data set, defined as the highest sum of sensitivity and specificity. Data analysis was performed 

using the SPSS 11.0 software package for Windows {SPSS Inc. 1999, Arlington, VA). A value of 

p < 0.03 was considered statistically significant. 
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RESULTS 

Baseline clinical, angiographic and hemodynamic characteristics of all patients are shown in 

Table 1 and 2 (left column). 

Table i Baseline Clinical Characteristics 

Age >6o yrs. 

Male sex 

Angina CCS class 3 and 

Braunwald class 1 

Hypertension 

Hyperlipidemia 

Family history 

Current cigarette smoking 

Diabetes mellitus 

Prior myocardial infarction 

Prior PTCA 

Mult i vessel disease 

Nitrates 

Beta blockers 

Calcium antagonists 

Aspirin 

Statins 

ACE inhibitors 

MACE 

All 

Patients 

(n = 71) 

n = 37 

n = 57 

n = 50 

n = 21 

n = 44 

n = 34 

n = 21 

n = 12 

n = 28 

n = 23 

n = 60 

n = 46 

n = 60 

n = 43 

n = 70 

n = 47 

n = 9 

n = 6 

C-Reactive 

Protein < 5.0 mg/l 

(n = 53) 

59% 

83% 

68% 

28% 

57% 

47% 

28% 

19% 

36% 

32% 

83% 

68% 

85% 

55% 

98% 

66% 

11% 

2% 

C-Reactive 

Protein > 5.0 mg/l 

(n = 18) 

33% 

72% 

78% 

33% 

78% 

50% 

33% 

11% 

50% 

33% 

89% 

56% 

83% 

78% 

100% 

67% 

17% 

28%* 

'P<o.ooi compared to group C-Reactive Protein <s.o 

Society classification of angina; MACE, major adverse 

mg/l. CCS indicates Canadian Cardiovascular 

cardiac events. 
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Table 2 Baseline Angiographic and Hemodynamic Characteristics 

Right coronary artery 

Left anterior descending 

coronary artery 

Left circumflex coronary artery 

ACC/AHA* lesion class type B2-C 

Diameter stenosis (%) 

Minimal lumen diameter (mm) 

Reference diameter (mm) 

b-Pa (mmHg) 

b-Pd (mmHg) 

FFR 

h-Pa (mm Hg) 

h-Pd (mm Hg) 

Heartrate (beats/min) 

All 

Patients 

(n = 7i) 

n =16 

n = 35 

n = 2 0 

n=10 

52 + 9 

1.42 + 0.35 

2.96 ±0.60 

98±13 

93 ±13 

0.85 + 0.07 

95 + 12 

81 ±13 

67 ±11 

C-Reactive 

Protein < 5.0 mg/ l 

(n = 53) 

21% 

49% 

30% 

13% 

53 ± 9 

1.41 ± 0.37 

3.03 ±0.61 

100 ± 14 

95 ±14 

0.84 ± 0.06 

96 ±13 

81 ±13 

66 ±12 

C-Reactive 

Protein > 5.0 mg/ l 

(n = 18) 

28% 

50% 

22% 

17% 

48 ± 7 

1.44 + 0.24 

2.72 ± 0.51 

94 ±10 

88 ±12 

0.88 ± 0.08t 

90 ± 9 

80 ±12 

72 ±10 

Values are mean ± SD or number (%). 'ACC/AHA classification according to the American College of 

Cardiology and the American Heart Association, b = baseline, h = hyperemia, Pa = aortic pressure, 

Pd=distal pressure, tp < 0.05 compared to group C-Reactive Protein < 5.0 mg/l. 

Table 3 Outline of All Patients Which Experienced Major Adverse Coronary Events Related to the 

Deferred Coronary Lesions Wi th a Normal FFR and an Abnormal CRP 

Baseline 

Sex 

Female 

Female 

Male 

Male 

Age 

74 

70 

68 

78 

Target 

Coronary 

Artery 

LCx 

RCA 

LCx 

LAD 

Diameter 

Stenosis 

(%) 
40 

42 

54 

50 

FFR 

0.85 

0.81 

0.93 

0.76 

CRP 

(mg/l) 

5.4 

6.3 

4.7 

42.4 

Female 46 LCx 46 0.78 5.5 

Male 71 LAD 44 0.80 5.6 

LCx indicates left circumflex coronary artery, RCA; right coronary artery, LAD; left anterior descending 

coronary artery, FFR; myocardial fractional f low reserve, CRP; C-reactive protein, UAP; unstable angina 
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Six (8%) major adverse cardiac events (MACE; 0 deaths, 0 myocardial infarctions, 1 CABG and 

5 PTCAs) occurred during a mean follow up of 318 ± 112 days. An overview of all events is 

listed in Table 3. 

The AUC (as measured by ROC analysis) was 0.85 ± 0.05 for CRP. A BCV for CRP was determ

ined at 5.0 mg/1. Sensitivity and specificity for CRP was 83% and 80%, respectively. All, except 

one event, occurred in the group with a CRP > 5.0 mg/1 (log rank = 11.17, p = 0.0008, Figure 

1). CRP was significantly higher in the group with compared to the group without MACE 

(median; 5.5 mg/1, range; 4.7-42.4 vs. 2.1 mg/1, 0.20-16.9, p = 0.0001). Initial DS (46.1 ± 5.4 % 

vs. 52.4 ± 8.7 %, NS) and FFR (0.82 ± 0.06 vs. 0.85 ± 0.07, NS) were not different between the 

groups with and without MACE. Moreover, multi vessel disease was more present, although 

not significantly, in the group with (100%) compared to the group without MACE (83%). 

Follow Up 

Event Days to Diameter Remarks 

Event Stenosis 

(%) 

PTCA 

PTCA 

PTCA 

PTCA 

CABG 

PTCA 

147 

355 

92 

145 

151 

31 

72 

57 

60 

71 

53 

59 

UAP followed by PTCA LCx; dissection towards the main stem followed by CABG. 

Recurrent angina, reversible inferior ischemia on SPECT, followed by PTCA RCA. 

UAP with signs of ischemia in lateral leads followed by PTCA LCx. 

Recurrent angina, reversible antero-septal ischemia on SPECT and FFR: 0.70, 

followed by PTCA LAD. 

Recurrent angina, anetro-septal ischemia on SPECT, CFVR (LCx): 1.7 and CFVR 

(LAD): 1.3, followed by CABG. 

UAP with signs of ischemia in antero-septal leads followed by PTCA LAD. 

pectoris, SPECT; single photon emission tomography, CFVR; coronary flow velocity reserve. 

165 



CHAPTER 12 

CRP < 5 mg / l 

(n=53) 

CRP> 5mg/ l 

(n=i8) 

0 100 200 300 400 500 

C R P < 5 m g / l 53* 52 44 39 5 4 

C R P > 5 m g / l 18* 17 13 13 3 3 

'Number of patients in follow up 

Figure i The Kaplan-Meier survival curves for the 77 patients with a low CRP (< 5.0 mg/l) and 18 patients with a 
high CRP in which an intermediate coronary lesion was deferred from PTCA based on a normal FFR (> 0.7s) during 
a follow up of 1 year. MACE was defined as cardiac death, myocardial infarction, hospital admission for unstable 
angina, coronary artery bypass grafting and (urgent) revascularization of the intermediate lesion. 

DISCUSSION 

In this selected cohort of patients with mild coronary lesions, the value of plasma CRF adds 

prognostic information relevant for clinical decision-making. A normal CRP was associated 

with an uncomplicated long-term follow up after deferral of PTCA for hemodynamically non

significant coronary lesions. 

Our current understanding regarding the significance of inflammation in coronary artery dise

ase has dramatically changed over the last years. [6] Various studies underlined the prognostic 

value of inflammatory acute phase proteins for future cardiac events. High levels of CRP were 

related positively with (the severity of) future cardiovascular events in healthy individuals, 

patients with stable and unstable coronary artery disease. Furthermore, CRP may predict 

30% 

80% 

60% 

40% 

20% 

log 

P = 

\ 

rank =11.17 

0.0008 
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recurrent coronary events after percuteneous coronary intervention. [9] Therefore, perfor

mance of PTCA must be based on adequate patient selection, i.e. only those patients with coro

nary lesions responsible for myocardial ischemia need revascularization. Particularly, in 

patients with coronary lesions of intermediate severity PTCA may not always be necessary. 

Recently, two prospective studies showed a low (5-10%) cardiovascular event rate after defer

ral from PTCA for intermediate coronary lesions that were hemodynamically not significant. 

[2,3] However, a mild lesion with a normal FFR may progress and may become significant lea

ding to new cardiac events. Therefore, this relatively low event rate has led to a controversy 

regarding management of patients with intermediate coronary lesions. [ 10] The present study 

provides novel information relevant for patient management in intermediate lesions. In this 

study we showed a positive association between the plasma levels of CRP and MACE in 

patients with intermediate lesions in whom a PTCA was deferred based on a normal FFR. All 

but one patient that experienced an event had an high CRP. High values of CRP may be indi

cative of an active inflammatory process underlying plaque progression, remodeling, and 

destabilization resulting in plaque rupture triggering new coronary syndromes. On the other 

hand, low values of CRP in these patients were associated with an almost event free survival. 

These patients with hemodynamically similar coronary lesions may have stable or stabilized 

coronary lesions with a low risk for future coronary events. Therefore, additional diagnostic 

techniques to identify the vulnerable plaque [11] should be reserved for patients with an 

abnormal CRP, e.g. in patients with intermediate lesions in whom PTCA was deferred. In con

clusion, these initial findings indicate that plasma levels of CRP provide additional informa

tion relevant for clinical decision-making in a small and selected cohort of patients with hemo

dynamically non-significant intermediate coronary lesions. 
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