


































































































































TABLE I Clinical Characteristics of the Study Groups 

Placebo Group Diltiazem Group 
(n = 13) (n = 13) 

Age (yrs). average 58 58 
Range 43-72 37-74 

Sex: M/F 10(3 11(2 
Patients in CCS 

Grade II 4 4 
Grade Ill 7 6 
Grade IV 2 3 

Average severity of stenosis(%) 
Before angioplasty 79 82 
After angioplasty 37 35 

Average ejection fraction (%) 64 66 
Mean aortic pressure during 102 97 

transluminal occlusion 
(mmHg) 

Mean heart rate during 74 68 
transluminal occlus·1on 
{beats/min) 

None of the differenC(!s reached Slgnrficonce at p <0.05. 
ccs =canadian Gardiovascu~r Society. 
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FIGURE 1. Effect of diltiazem on ST -segment elevation during 
angioplasty, measured with the intracoronary lead (top} and 
the precordial leads (bottom). Bars indicate the median 
values, ranges are given above the columns. Open bars = 
placebo; hatched bars = d!iltiazem. No significant effects 
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oral artery. The left anterior descending artery was 
visualized by injection of contrast medium after the 
first blood samples had been taken. Then, the angio­
plasty balloon (Advanced Cardiovascular System Inc.) 
was introduced. Coronary angioplasty was performed 
according to Simpson et al,20 using a steerable guide­
wire (Advanced Cardiovascular System, high torque 
floppy, 0.014 inch). Balloon diameters were 3.0 or 3.5 
mm. The maximal inflation pressures ranged from 6 to 
12 atmospheres. For each patient, the dilatations were 
sustained for 90 seconds or until the onset of chest pain. 
In each patient, 4 consecutive dilatations were per­
formed, with a 5 minute recovery between inflations. 
Control coronary angiography was then performed. 

Samp5ng: Great cardiac venous and femoral arterial 
blood samples, taken before, immediately after each de­
flation and 15 minutes after the procedure, were treated 
as previously described." 

Ladate and purine analysis: In the deproteinized 
samples, lactate was determined enzyrnatically.22 In ad­
dition, the adeuine nucleotide catabolites hypoxanthine 
and urate were assayed by high-performance liquid 
chromatography,23 as modified by Huizer et al.21 Urate 
was detected at 290 nm. 

Elec:trocardiograms: These were monitored from the 
precordial leads V 2, V 4 and V 6, and from the intracoro­
nary lead, using the guidewire placed in the left anterior 
descending artery. Each lead was calibrated before the 
procedure (10 mm = 1 mV). Maximal ST elevation at 
the end of each inflation was measured 0.80 second af­
ter the J point, with the T-wave-P-wave interval as the 
isoelectric line. 

Experimental regimen: The patients were randomly 
assigned to treatment with placebo or diltiazem ( dou­
ble-blind). Five minutes before the first dilatation, and 
immediately after data collection at rest, they received 
either DL-diltiazem (0.4 mgjkg intravenously [Lorex]), 
or solvent, as a bolus over 5 minutes, followed by a con­
tinuous infusion of either 15 mgjhr diltiazem or solvent. 
Plasma diltiazem was determined with the methodology 
described for verapami!.24 

Stetistical analysis: Results are given as median and 
range, uuless indicated otherwise. Nonparametric statis­
tical methods were used: for within-group analysis the 
Wilcoxon signed rank test, for between-group analysis 
the Mann-Whitney rank sum test. A p value <0.05 was 
considered statistically siguificant. 

RESULTS 
Clinical characteristics: The clinical characteristics 

of the study groups assigned to diltiazem or placebo are 
listed in Table I. Age, Canadian Cardiovascular Society 
grade, severity of the stenosis in the left anterior de­
scending artery and left ventricular ejection fraction in 
the 2 groups were comparable. Inflation time (approxi­
mately 80 seconds), inflation pressure (approximately 9 
atmospheres) and pain symptoms (in 10 or II of 13 
patients) during the 4 consecutive inflations were com­
parable in the 2 groups. Cross-sectional area of the ste­
nosis before and after coronary angioplasty was similar 
in both groups (approximately 80 and 35%, respective­
ly). The baseline values of lactate, hypoxanthine and 



1' ABLE II Effect of Diltiazem on Arterial and Great Cardiac Venous Plasma Lactate Concentrations During Angioplasty 

Lactate Concentration (mM) 

Dilatation 
Sampling 
Site Treatment No. Pee I 2 3 4 Post 

Arterial Placebo 13 0.68 0.65 0.64 0.63 0.57 0.56 
(0.41-1.64) (0.41-1.46) (0.44-1.57) (0.38-1.61) (0.38-1.54) (0.38-1.85) 

Arterial Diltiazem 13 0.73 0.66 0.69 0.66 0.67 0.64 
(0.43-().99) (0.40-0.91) (0.36-{).93) (0.39-0.84) (0.39-0.86) (0.34-0.91) 

Venous Placebo 13 0.53 1.54 1.45 1.46 1.50 0.59 
(0.37-1.65) (0.90-2.56) (0.62-2.34) (0.81-2.67) (0.7 4-2.93) (0.29-1.71) 

Venous Diltiazem 13 0.60 1.47 0.94 1.37 1.05 0.69 
(034-0.86) (0.54-2.39) (0.45-232) (0.41-2.51) (0.43-3.24) (036-{).98) 

No. - number of observations. Medi;:m values a regiven w1th ranges in parentheses. No s•gmficanteffects of treatment were observed. 

TABLE m Effect of Diltiazem on Arterial and Great Cardiac Venous Plasma Hypoxanthine Concentrations During Angioplasty 

Hypoxanthine Concentration ifl.M) 

Dilatation 
Sampling 
Site Treatment No. Pee I 2 3 4 Post 

Arterial Placebo 11 0.60 0.41 0.33 0.25 0.20 0.15 
(0.23-0.96) (0.07 -0.63) (0.07-0.79) (0.06-{).55) (0.06-{).79) (0.02-0.46) 

Arterial Diltiazem 12-13 0.70 0.31 0.34 0.29 0.24 0.16 
(0.25-1.60) (0.11-0.87) (0.08-0.84) (0.09-0.52) (0.06-0.54) (0.08-0.49) 

Venous Placebo 11 0.41 0.94 1.30 1.31 1.04 0.42 
(0.11-0.97) (0.44-5.20) (0.16-2.33) (0.33-2.07) (0.33-2.41) (0.03-0.93) 

pValue 0.017 0.017 0.023 0.017 
Venous Diltiazem 13 0.31 0.42 0.33 0.43 0.37 0.18 

(0.09-0.85) (0.17-2.52) (0.10-4.89) (0.06-5.58) (0.05-3.13) (0.03-0.65) 

No. number of observotions. Med1on volues ore gwen w1th r.:mges 1n porentheses. Where d1fferenccs betv<e<:n plocebo :md dilt•azcm were statistically sigmfocant. p vJiues Jre 
g1ven 

TABLE IV Effect of Diltiazem on Arterial and Great Cardiac Venous Plasma Urate Concentrations During Angiop!asty 

Urate Concentration ifl.M) 

Dilatation 
Sampling 
Site Treatment No. Pee 1 2 3 4 Post 

Arterial Placebo 13 236 224 234 220 212 225 
(192-449) (185-457) (179--431) (177-455) (174-469) (168-462) 

Arterial Diltiazem 12-13 246 244 240 226 243 238 
(138-347) (136-352) (131-351) (128-358) (126-348) (115-348) 

Venous Placebo 13 242 221 217 230 238 221 
(188-495) (181-481) (182-478) (178-480) (174-512) (173-469) 

Venous Diltiazem 13 244 250 251 251 247 238 
(144-342) (131-356) (130-351) (130-352) (128-359) (124-348) 

No. number of observations. Median v<Jiuesare given w1th r<~nges in parentheses. No signrficont effects of tre;Jtmentwere observed. 

urate were similar for both groups (Tables II through 
IV). 

Eleclrocarcliographic measurements: No ST -seg­
ment or T-wave abnormalities were observed before an­
gioplasty. Figure I shows the actual degree of ST-seg­
ment elevation during each occlusion. Electrocardio­
graphic measurements taken from the intracoronary 
lead and the anterior wall leads V 2, V 4 and V 6 show 
that ST elevation tended to be smaller in the placebo 
group, but the differences were not significant. Some 
patients did not develop ST-segment elevation during 
transluminal occlusion. Although they did not show any 

collaterals on pretreatment coronary arteriography, it is 
possible that they developed collaterals during balloon 
occlusion. ST-segment depression during occlusion was 
observed on only I occasion. 

lactate release: The arterial lactate concentrations 
were not affected by diltiazem (Table II). Mter angio­
plasty great cardiac venous lactate increased 2- to 3-fold 
(p <0.01) in both the placebo and diltiazem groups. 
Figure 2 shows the arteriovenous difference of lactate at 
control and after each balloon dilatation. Patients in 
both groups produced lactate immediately after the bal­
loon deflations. Treatment with diltiazem tended to 
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reduce lactate production after angioplasty was per­
formed (p >0.05). 

1-ilfi'Oxanthine metabolism: The hypoxanthine con­
centrations are listed in Table HI. Diltiazem did not af­
fect the arterial values. In the placebo group, the great 
cardiac venous hypoxanthine concentrations increased 
3- to 5-fold (p <0.01) after each dilatation. In contrast, 
only a minor increase was observed in diltiazem-treated 
patients (Table III). In these patients venous hypoxan­
thine was lower (p ~0.02) than that in the placebo 
group. Figure 3 shows the effect of placebo and diltia­
zem on hypoxantllli'1e production by the heart. Samples 
taken directly after the 4 occlusions showed 63 to 88% 
lower hypoxanthine production in the diltiazem group 
than in the placebo group (p <0.05). 

Urate release: Diltiazem had no significant effect on 
the arterial and venous urate concentrations (Table IV). 
Figure 4 shows the effect of placebo and diltiazem on 
urate production by the heart. At rest and directly after 
the first 3 dilatations, there were no significant differ­
ences between the groups. Only immediately after the 
fourth dilatation was urate release smaller (p = 0.047) 
in the diltiazem group. 

Diltiazem levels: The plasma concentrations of dilti­
azem, measured 5 minutes after the last deflation, var­
ied widely (132 to 4,730 l'g/liter, median 902). 

DISCUSSION 
Elec:trocardiographic data: We did not detect a sta­

tistically significant effect of diltiazem treatment on 
ST -segment changes during coronary angioplasty. The 
changes tended to be larger in the diltiazem group. In 
contrast, several investigatorsS-7.8 observed that severity 
and time to onset of ischemic ST- and T-wave changes 
during coronary angioplasty were significantly reduced 
after treatment with this drug. In other studies, the ad­
ministration of diltiazem has also been shown to reduce 
ST-segrnent elevations due to pacing-induced ischemia 
in dogs9 as well as in man. 10 We cannot explain the 
discrepancies between our resnlts and these reports. 

ll..actate produc:lion: In this study, diltiazem tended 
to reduce the amount of lactate produced by the heart 
subjected to coronary angioplasty. However, this effect 
was not statistically significant. Hanet,4 Werner6 and 
their co-workers reported a significant reduction in 
lactate production with other calcium antagonists used 
intracoronarily. Remme et al10 observed that diltiazem 
could attenuate significantly lactate production induced 
by rapid atrial pacing. 

1-ilfi'Oxanthine and urate release: After ischemia the 
human heart releases hypoxanthine due to adenosine 
triphosphate catabolism. This has been demonstrated 
during pacing stress testing,23·25 coronary angioplasty26 

and heart surgery. 2•27 In our study, hypoxanthine pro­
duction was also obvious after each balloon deflation. 
Diltiazem could diminish this production. Based on ani­
mal studies,"- 15 it seems unlikely that the drug influ­
enced purine uptake/release independent of adenosine 
triphosphate hydrolysis. An interesting aspect of the 
present investigation is the production of urate (Figure 
4)." This could be partly suppressed by diltiazern. The 

appearance of urate indicates that the human heart con­
tains xanthine oxidoreductase. This enzyme exists in the 
heart in a number of species, 28 but its presence in hu­
man heart is controversia1.29•30 We cannot exclude that 
the enzyme could be active in the intact human heart, 
generating free radicals in its oxidase form. 

Diltiazem levels: We are puzzled by the large varia­
tion in plasma diltiazem concentrations. The same phe­
nomenon has been noted in other clinical trials (W.J. 
Remme, personal communication). Whether distribu­
tion or metabolism of the drug varies greatly from pa­
tient to patient is not known. We did not see a correla­
tion between diltiazem blood level and suppression of, 
for example, hypoxanthine release. 
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CHAPTER ll 

Effect of Intravenous Metoprolol Given 
During Angioplasty in Patients with Single-Vessel 

Coronary Artery Disease 
Jan Willem de Jong, PhD, FESC, Johannes J.R.M. Bonnier, MD, FESC, Tom Huizer, PhD, 

Renzo Ciampricotti, MD,and Jos R.T.C. Roelandt, MD, PhD, FACC, FESC 

In a double-blind, randomized, placebo-control­
led trial, the possible cardioprotective effect of 
metoprolol during ischemia caused by percutane­
ous transluminal coronary angioplasty was test­
ed. Electrocardiograms, hemodynamics and myo­
cardial metabolism were studied in 27 patients 
with a stenosis in the left anterior descending 
coronary artery. Measurements took place before 
angioplasty, after each of 4 1-minute occlusions 
and 15 minutes after the last balloon deflation. 
Patients were randomly given placebo or meto­
prolol (15mg as a bolus intravenously, followed by 
an infusion of 0.04mg/kg per hour). At the end of 
the procedure, the rate• pressure product had de­
creased by 15% (IllS) and 23% (p = 0.001) in tile 
placebo and metoprolol group, respectively. This 
was mainly due to similar decreases in heart rate. 
Metoprolol tended (p = 0.060) to reduce time to 
recovery of precordial and intracoronary ST -seg­
men_t elevation due to angioplasty. Chest pain 
was lower in the treated group, but the effect was 
not statistically significant. Lactate, hypoxan­
thine and urate release immediately after defla­
tion was similar in both groups. Metoprolol re­
duced the arterial plasma hypoxanthine 
concentration throughout the procedure, by about 
30% (p:S0.02 vs. placebo}. 

Thus, intravenous infusion of metoprolol tend­
ed to attenuate chest pain and ST -segment eleva­
tion, but failed to affect cardiac lactate and oxy­
purine release. It did, however, reduce 
significantly the arterial hypoxanthine concentra­
tions during angioplasty, possibly indicating that 
the B-blocker inhibits extracardiac adenosine-tri­
phosphate catabolism. 

Running heJd: Metoprolol during Angiopla~ty 

From the Thoraxeenter, Erasmu' Cnive,...,ity Rotterdam. Jnd the Department of Cardiolosy. 
Cutharina Ho~pituL Eindhoven, The Netherl:tnd~. Thi' ,tudy W;h 'upported in part by A~tra 
Phurmaceuticu BY. Rij"vijk. The :-J<':therland~. 

Addrc~' for rcprim': Jun Willcm de Jong. PhD. Cardiochcmical Laborutory!Thorax­
ccmcr. Em,mu_, Univc"ity Ronerdam. P.O. Bo" 173$, 3000 DR Rotterdam. The >!ether-
land~. 

Corre,pondins uuthor: Jan Willem de Jonr,. PhD. Cardiochemical Laboratory/Thorax­
center. Em>mU> Univer~ity Rotterdam. P.O. Box 1738. 3000 DR Rottcrdum, The I" ether­
lund>. Telcphon~:31-(l 0)-40SS05:?:. fux 3 H 1 0)-4365191. 

B eta-blockers protect against unstable angina 
and reduce the risk for myocardial infarction 
and sudden deathi-6 In isolated hearts propra­

nolol exerts an energy-sparing effect during ische­
mia.7·8 A beta-blocker. administered intravenously or 
intracoronarily. protects against ischemia during acute 
coronary occlusion in man.9.1° Bonnier et aL showed 
recently that a calcium entry blocker. diltiazem. could 
reduce oxypurine production from high-energy phos­
phates. induced by percutaneous transluminal coro­
nary angioplasty (PTCA). In the present study. pub­
lished in abstract form 12• we tested whether metoprolol 
could further attenuate ischemic injury during this 
procedure. e.g .. by diminishing adenosine-triphos­
phate breakdown. 

EXPERiMENTAl. 
Study population: The trial involved 27 patients 

with 1-vessel coronary artery disease undergoing 
PTCA. They all showed an isolated proximal stenosis 
< 1 em in the left anterior descending artery (narrowing 
>80%). without demonstrable collaterals. Beta-block­
er treatment was discontinued ;;:::: l week before the 
procedure: other cardioactive drugs were withheld 48 
hours before the study. With the exception of heparin. 
no drugs were given during the study before comple­
tion of data acquisition. The institutional committee on 
patient research approved the project. All patients gave 
informed consent before the study: they did not suffer 
protocol-related complications. 

Coronary angioplasty: The procedure has been 
described in detail before. 11 Briefly. a diagnostic cath­
eter was introduced in the great cardiac vein. A guiding 
catheter was introduced percutaneously and advanced 
to the aortic root. The left anterior descending artery 
was visualized with contrast medium after the first 
venous and arterial samples were taken. Then PTCA 
was performed using a standard balloon catheter over 
the guide-wire. with maximal inflation pressures 
ranged from 6 to 12 atmospheres. For each patient. the 
dilatations were sustained for 60 seconds. regardless of 
chest pain: 4 consecutive dilatations were done. with 
;;::::5 minutes between each inflation. and followed by 
control coro'nary angiography. 

Sampling: Great cardiac venous and femoral arte-
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rial blood samples, taken before, immediately after 
each deflation and 15 minutes after the procedure. were 
processed as previously described. 13 

Lactate and purine analysis: In the deprotein­
ized samples. lactate was determined enzymatically. 14 

In addition, the adenosine-triphosphate catabolites hy­
poxanthine and urate were assayed by high-perform­
ance liquid chromatography 15• as modified by Huizer 
et al. 13 Hypoxanthine and urate were detected at 254 
and 290 nm, respectively. 

Electrocardiograms: These were monitored 
from the precordial leads V 2• V 4 and V 6 and the intra­
coronary lead. and analyzed as described before. 11 

Experimental regimen: The patients were ran­
domly treated with placebo or beta-blocker (double­
blind). After baseline arterial and venous samples had 
been taken. 3 loading doses of 5 mg (5 ml) of a racemic 
mixture of S- and R-metoprolol tartrate (SelokenR. 
Astra) or placebo (5 ml saline) were rapidly injected 
intravenously at 2-minute intervals. Then the first dil­
atation took place. The bolus injections were followed 
by a continuous infusion of metoprolol 0.04 mg/kg per 
hour (or placebo) after the second balloon deflation. 
(For continuous use the drug was diluted with saline to 
0.1 mg/m1.) Plasma metoprolol was determined gas 
chromatographically with electron capture detection. 16 

Pain: At the end of each inflation. patient's chest 
discomfort was scored with Borg's new pain-scale. 17 

Statistical analysis: The statistical package for 
social science (SPSS-X) was used for data analysis. 
Adequacy of metoprolol dosing was evaluated by com­
paring the post-PTCA heart-rate and double-product 
values with baseline data (Student's t-test). ECG vari­
ables and arteriovenous differences were expressed as 
changes from baseline before being subject to multi­
variate analysis. Analysis of variance with repeated 
measurements was used. with treatment and time as 
variables. Studenfs t-test was used for the between­
group analysis. except for the comparison of the chest­
discomfortrating scale (Mann-Whitney 2-sample test). 
Unless otherwise stated. results are given as mean ± 
standard error. p <0.05 was considered significant. 

RESULTS 
Clinical characteristics: The study population 

was relatively homogeneous: for example. age and 
severity of the stenosis in the left anterior descending 
artery (Table I), and ejection fraction of the left ventri­
cle (not shown) in the 2 groups were comparable. The 
disease of all patients was classifted as Grade Ill ofthe 
Canadian Cardiovascular Society. They experienced 
angina pectoris only during exercise and received an­
tianginal therapy. 

Inflation time. inflation pressure and pain symptoms 
during the 4 consecutive inflations were comparable in 
the metoprolol group (average 59.8 seconds, II out of 
12 patients with pain) and the placebo group (average 
60.2 seconds, all !5 patients with pain). Cross-section­
al area of the stenosis before and after coronary angi­
oplasty decreased by about 85% in both groups (Table 
1). The baseline values of plasma lactate. hypoxanthine 
and urate were similar for both groups. 

64 

TABLE I Clinical Characteristics of the Study Groups 

Variable Placebo MetoproJoJ 
Group Group 
n=15 n==12 

Age (yrs), Average± SE 59± 2 57± 2 

Range 46-75 42-72 

Sex: MF 12/3 10/2 

Essential hypertension 1 1 
Hyperlipidemia 0 1 

Smokers (presently) 6 8 
Irregular heart rhythm 0 2 

Diabetes mellitus 1 0 

Severity of stenosis (%) 

Before ang·loplasty 93.0 ± 0.8 92.5 ± 1.3 
After angioplasty 15.6 ± 0.7 15.3 ± 1.3 

None of the differences reached sign"lficance at p <0.05. 

systolic blood pressure (mmHg) 

100 

90 
diastolic blood pressure (mmHg) 

70 

50 

100 heart rate (beats I min) 
~:~ p < 0.05 vs placebo 
+ p < 0.05 vs placebo 

50 

12 
RPP (mmHg I min, thousands) 

9 

6 

placebo metroprolol 

c:::::J baseline ~ pre PTCA E22ZJ post PTCA 

medication 

FIGURE 1. Hemodynamics before medication, after the 
bolus injections, and 15 minutes after the last deflation. 
Metoprolol treatment (n = 12) induced a larger decrease 
in heart rate than placebo treatment (n = 15} did; how~ 
ever, the drop in rate-pressure product (RPP) did not dif~ 
fer significantly between the groups. 



Hemodynamics: Systolic and diastolic blood 
pressure did not change significantly throughout the 
procedure (Figure 1). In the placebo group. heart 
rate decreased 15% 15 minutes after the last deflation 
(p = 0.007 versus baseline): in the metoprolol group. 
heart rate dropped by 23% (p <0.001 versus baseline. 

1.0 arterial 

0.5 

p = 0.03 versus placebo). The rate· pressure product fell 
significantly only in the latter (by 23%. p = 0.001). 
Metoprolol did not influence this variable significantly ~ 
in comparison with placebo (Figure 1). E 

0.0 

Electrocardiographic measurements: No -
Q) statistically significant differences were found be- -

1.5 venous 

tween the treatments for the ST -segment changes (as n 
the mean of the anterior wall leads V 2• V 4 and V 6• ~ 

Figure 2). The absolute intracoronary and peak 1.0 

ST -segment changes. as well as for the time to onset 
of the ST -changes. showed similar results. A trend 
(p = 0.060) in reduction in time to recovery of 
ST -changes with metoprolol compared to placebo was 
found (Figure 2): The time to recovery of ST -elevation 
-initially somewhat higher in the metoprolol group­
decreased under the influence of the drug. and in­
creased in the placebo group. 

mean ST-change (mm) 
2 

1 

0 

40 
recovery from ST-elevation (s) 

30 

10 

0 

Borg's chest-pain scale 

0 

PTCA1 PTCA2 PTCA3 PTCA4 

[::J placebo ~ metoprolol 

FIGURE 2. Effect of metoprolol on precordial ST-seg­
ment changes, recovery of ST-elevation, and chest pain 
during angioplasty. The pain scale is in arbitrary units: 
0 = no pain, 10 = extremely strong pain. No significant 
effects of metoprolol treatment were found, although 
there was a trend (p = 0.060) in favor of the drug in time 
to recovery of ST-elevation. n = 9-15. 

0.5 

0.0 

pre PTCA 1 PTCA2 PTCA3 PTCA4 post 

[::J placebo ~ metoprolol 

FIGURE 3. Effect of metoprolol on lactate metabolism 
of the heart. Drug treatment started after collection of 
baseline data. Immediately after angioplasty, lactate 
production was noted, as the great cardiac venous con­
centrations exceeded the arterial ones. No significant 
effects of metoprolol treatment were found. n = 12-15. 

Chest pain: The groups did not differ statistically 
with regard to pain experienced during balloon in­
flation. However. for the metoprolol group consistent­
ly less pain was scored than for the placebo group 
(Figure 2). 

Lactate metabolism: The arterial lactate con­
centrations were lower in the metoprolol group than in 
the placebo group, but the drug did not significantly 
affect them (p = 0.059. Figure 3). The same was true for 
the great cardiac venous lactate concentrations after 
angioplasty. which doubled in both groups. Also the 
arteriovenous difference in lactate was comparable 
between the groups. 

Hypoxanthine metabolism: The arterial and 
venous concentrations of hypoxanthine are given in 
Figure 4 on page 66. In both groups, the arterial con­
centrations fell after the first deflation and remained 
low. After each dilatation. the arterial hypoxanthine 
concentrations in the metoprolol group were about 
30% lower than in the placebo group (p :£ 0.02). The 
great cardiac venous levels remained more or less 
constant during the study. The groups showed no sig­
nificant differences in venous hypoxanthine concen­
trations or hypoxanthine production due to PTCA. 
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FIGURE 4. Effect of metoprolol on arterial and great 
cardiac venous hypoxanthine concentrations. Treat­
ment with B·blocker lowered the arterial concentration 
during the procedure significantly. However, cardiac 
hypoxanthine production due to angioplasty was not 
significantly influenced. n = 12-15. 

Urate release: Metoprolol had no significant ef­
fect on the arterial and venous urate concentrations. nor 
on urate production by the heart (Figure 5). Only 30% 
of the hearts produced (small amounts of) urate before 
PTCA. in contrast to the majority of hearts (usually 
70%) after each deflation. 

Metoprolollevels: The plasma concentrations of 
metoprolol. measured 5 minutes after the last deflation. 
varied relatively little (164 ± 18 nM). 

DISCUSSION 
Metoprolol dosing: The plasma levels measured 

at the end of the procedure were within the therapeuti­
cal range for metoprolol. 18 We observed the expected 
drop in heart rate and double product (Figure 1). indi· 
eating that the drug suppressed partially the beta­
adrenergic system of the patients. The time-effects 
found with some variables is perhaps due to metoprolol 
accumulation in cardiac tissue. 19 

ECG changes and chest pain: The leads used 
included those optimal for monitoring ischemia of the 
area perfused by the left anterior descending coronary 
artery.20 We did not detect a statistically significant 
effect ofmetoprolol treatment on ST-segment changes 
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c:::J placebo ~ metoprolol 

FIGURE 5. Effect of metoprolol on urate production by 
the heart. The drug did not affect the arterial and great 
cardiac venous urate concentrations, nor their differ­
ence across the heart. n = 12·15. 

or chest pain during coronary angioplasty (Figure 2). 
However. the ST -segment changes and chest pain tend­
ed to be smaller in the metoprolol group. Labovitz et 
al. 21 recently observed some decrease of duration and 
extent of maximal ST -segment elevation during angi­
oplasty by ultrashort-acting beta-adrenergic blockade. 
Metoprolol administration is highly effective in reduc­
ing ambulatory ischemia as evidenced by angina pec­
toris during daily life.22 

Lactate production: Metopro1ol was without ef­
fect on cardiac lactate metabolism (Figure 3). The drug 
tended to reduce the arterial lactate levels. which is in 
line with the reduction of arterial hypoxanthine (vide 
infra). 

Oxypurine metabolism: After ischemia. the hu­
man heart releases hypoxanthine due to adenosine­
triphosphate catabolism. This has been demonstrated 
during an atrial pacing stress test 15·23• during coronary 
angioplasty 1L24• and during open-heart surgery.25 In 
contrast to earlierwork1 L24• coronary occlusion did not 
influence venous hypoxanthine. Still the arteriovenous 
difference became negative. because the arterial levels 
fell. The difference with earlier work. the relatively 
short balloon inflation time. could explain the discrep-



arrey. Metoprolol reduced the arterial hypoxanthine 
concentrations during the procedure (Figure 4). This 
could indicate that beta-blockade attenuates extracar­
diac adenosine-triphosphate breakdown. We speculate 
that beta-blockade leads to less anginal attacks22 (cf. 
tendency in Figure 2) by lowering the plasma levels of 
the hypoxanthine precursor adenosine26 (see also 
ref.S). 

The appearance of urate ( cf. ref.27 ) indicates that 
the human heart contains xanthine oxidoreductase. In 
line with in vitro observations28• perfusion of explant­
ed human hearts with hypoxanthine shows little pro­
duction of xanthine and urate in comparison to several 
other species. 29 Harrison et al. 30 demonstrated recently 
that xanthine oxidase. purified from human milk. has 
little affinity for its normal substrate(s). 
However. it has considerable reduced-nicotinamide­
adenine-dinucleotide oxidase activity: this generates 
free radicals. Hopefully future investigations will re­
veal whether or not human heart contains this xanthine 
oxidase (the desulpho form). 

Conclusions: (i) Metoprolol tended to attenuate 
chest pain and ST -segment changes due to coronary 
angioplasty. (ii) Cardiac lactate. hypoxanthine and 
urate release were similar in both groups. (iii) The drug 
lowered the arterial hypoxanthine concentration. pos­
sibly indicating that beta-adrenergic-blockade reduces 
extracardiac adenosine-triphosphate catabolism. 
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Summary and general discussion 

The first part of this thesis deals with clinical and 
pathophysiological aspects of thrombolysis. 

A comparison of intravenous anisoylated plasmino­
gen streptokinase activator complex (APSAC or ani­
streplase) with intracoronary streptokinase for the 
treatment of patients with an acute myocardial infarc­
tion is presented in chapter one. Intravenously admin­
istered anistreplase appeared equally effective as 
streptokinase given intracoronary in lysing the throm­
bus responsible for acute myocardial infarction. The 
advantage of anistreplase would be its rapid and con­
venient mode of administration by single bolus intrave­
nous injection over 5 minutes. The findings of our 
study were confirmed by Anderson et al1 and Relik­
van Wely et al. 2 Earlier studies indicated that adminis­
tration of intracoronary streptokinase is more efficient 
to recanalize the infarct-related coronary artery than 
intravenous streptokinase (60%-75% versus 45-
60%).3·6 So it could be expected that intravenous ani­
streplase might be superior to intravenous streptoki­
nase. In the AIMS study7 a 50% reduction in mortality 
was observed after treatment with anistreplase. com­
pared with placebo. This difference was greater than 
the 25% relative mortality reduction after intravenous 
streptokinase in the GISSI-1 s and ISIS-29 studies. al­
though the confidence intervals overlapped. The abso­
lute reductions in mortality in these studies were: 
AIMS: mortality anistreplase versus placebo: 6 versus 
12%: difference (95% CI) -6% (-9 to -3%): G!SSI-1: 
mortality streptokinase IV versus control: 11 versus 
13%: difference (95% Cl) -2% (-3% to -1 %): !S!S-2: 
mortality streptokinase IV versus placebo: 9 versus 
12%: difference (95% Cl) -3% (-4 to -2%). However 
more recently Anderson et al. directly compared intra­
venous anistreplase with intravenous streptokinase in 
370 patients and observed no differences neither in 
early patency nor in infarct size nor in hospital mortal­
ity.10 Furthermore in the ISIS-3 11 mega-trial no differ­
ences were found in mortality and morbidity between 
anistreplase and streptokinase and r-tPA (duteplase®) 
all administered intravenously. The lack of survival 
difference in spite of superior early patency after r-tPA 
and anistreplase in comparison with streptokinase led 
to considerable discussion and confusion. White 12 in-

dicated that although patency after 90 minutes for r­
tPA is superior. no differences are apparent between 
various thrombolytic agents after 3 hours or 24 hours. 
He questioned the influence of very early patency on 
infarct size and clinical outcome. Others have indicat­
ed that the r-tPA regimen used in G!SSI-2 and ISIS-3 
was not optimaL particularly because no immediate 
anticoagulation with intravenous heparin was achieved 
(ECSG-6)13 

Unfortunately the discussion on the choice of throm­
bolytic drugs has been dominated by financial issues. 
and the use of streptokinase was advocated mainly 
because of considerable difference in price. If this price 
difference would become less important. other factors 
should also be considered. For example. anistreplase 
can be given as a bolus intravenous injection over 5 
minutes. while streptokinase has to be administered via 
an intravenous infusion over a one hour period. There­
fore anistreplase can be used more easily in the ambu­
lance as done in the EMIP study. 14 When a bolus 
injection of anistreplase is administered, or a streptoki­
nase infusion is given. the thrombolytic effect persists 
for 48 hours. On the other hand the action of alteplase 
stops immediately after its infusion is discontinued. 
This might result in a higher reocclusion rate after 
alteplase. unless a high level of anticoagulation is 
maintained. However Anderson et al. 15 in the TEAM-
3 trial found no difference between anistreplase and 
alteplase in mortality and morbidity. Thus it remains 
uncertain whether the prolonged lytic state is indeed 
clinically significant. In contrast with streptokinase 
and anistreplase. alteplase does not produce any aller­
gic reactions or drop in bloodpressure. In wider per­
spective. the difference in price, should not be exagger­
ated because the costs of the thrombolytic drug are only 
a fraction of the total costs of treatment of a myocardial 
infarction. 16 Pharmacological differences and ease of 
use should be considered. Particularly streptokinase 
and anistreplase should be avoided in patients with a 
reinfarction. because of development of anti-streptoki­
nase antibodies when the patient was previously treat­
ed with streptokinase or anistreplase. 

It is possible that in some patients a combination of 
thrombolytic drug may provide a more optimal result. 
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An example of such a regimen is the KAMIT trial. 
where a combination of alteplase and streptokinase 
compaired with streptokinase alone improved coro­
nary patency. without excessive bleeding complica­
tions. 17 This is currently under investigation in the 
GUSTO trial. where the effectiviness of four different 
regimens is compared: streptokinase with aspirin and 
delayed subcutaneous heparin as in ISIS-3. and altepla­
se. streptokinase and the combination of alteplase and 
streptokinase. all with aspirin and intravenous heparin 
are investigated. The dose of intravenous heparin is 
adjusted to APTT measurements. 

It is now appreciated that the study of a single 
thrombolytic drug should be changed to studies of drug 
regimens or strategies. Further drug regimens may 
include newer drugs as hirudine (an antithrombotic 
drug) or antiplatelet drugs (lib-lila receptorblocking 
agents) 18• which might improve further reperfusion 
and prevent reocclusion. 

Chapter two gives insight into the systemic effects 
of anistreplase and intracoronary streptokinase. We 
studied the major components of the coagulation and 
fibrinolytic process and looked for the relation be­
tween the systemic lytic state and clinical events such 
as reperfusion. reocclusion and bleeding complica­
tions. Both intravenous anistreplase and intracoronary 
streptokinase gave rise to a similar degree of activation 
of the fibrinolytic system. which became apparent in 
93% of the patients. In this small patient cohort. there 
were no significant bleeding complications. In the 
Anderson study 1, where a larger group of patients was 
studied. intravenous anistreplase caused less bleeding 
complications than intracoronary streptokinase. This 
probably reflects the increased bleeding risk after vas­
cular access and angiography. 

The third chapter actresses the significance of anti­
bodies to streptokinase in relation to coronary throm­
bolytic therapy both with streptokinase and anistrepla­
se. There is a possibility that patients undergoing 
thrombolytic therapy for acute myocardial infarction 
have had a streptococcus infection in the past. If subse­
quently streptokinase or streptokinase related ani­
streplase is used. their effect may be mitigated by the 
presence of antibodies. Similarly antibodies can be 
induced by previous treatment with anistreplase or 
streptokinase for an acute myocardial infarction. which 
limits the use of these components for the treatment of 
reinfarction. The aim of our study was to investigate 
whether antibodies are responsible for failure to restore 
reperfusion when these drugs are used. In eight patients 
who received streptokinase on two occasions. because 
treatened reinfarction White observed allergic reac­
tions in four patients. 19 In patients where alteplase was 
readministered no allergic reactions were observed. 
Unfortunately antibodies were not measured in this 
study. In our patients without preceding streptokinase 
or anistreplase infusions. we did not find IgE antibo­
dies and did not observe any anergic reactions. 

Furthermore reperfusion rate appeared not to be 
related to lgG antibodies to streptokinase. although the 
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systemic state was significantly influenced by such 
anti-streptokinase antibodies. Large series are required 
to determine whether increased IgG antibody levels 
tend to reduce the efficacy of streptokinase and ani­
streplase. Also the increased risk oflate complications 
such as serum sickness and Guillain-Barre syndrome. 
which are occasionally seen after initial treatment20•21 

should be investigated. Therefore streptokinase and 
anistreplase are a good choice for the first infusion in 
patients with myocardial infarction. but for reinfarc­
tion alteplase. saruplase (Pro-urokinase) and uroki­
nase. are probably better alternatives. 

In chapter four we report a study on the influence of 
intravenous anistreplase on blood viscosity and plate­
let function in patients with acute myocardial infarc­
tion. We found a rapid and significant decrease of 
plasma- and blood-viscosity. which paralleled the de­
crease in plasma fibrinogen. Platelet aggregation ra­
pidly decreased and fully recovered within 24 hours. 
which was followed by a state of hyperaggregation 
after 48 hours. This effect disappeared after one week. 
The phase of hyperaggregation might induce reocclu­
sion. particularly if PTCA has been performed. which 
may result in extensive intravascular damage.20 

The results of the study on the rheological effects of 
a nonionic contrast medium in vivo are discussed in 
chapter five. In the management of patients with acute 
myocardial infarction. contrast medium may be inject­
ed for various reasons. This study was performed to 
investigate the influence of nonionic contrast medium 
on rheology and platelet function. We found that non­
ionic contrast has a beneficial effect mainly by causing 
hemodilution. This can be concluded from the observa­
tion that blood viscosity decreases together with a 
marked fall in hematocrit while there was no change in 
plasma viscosity. The fall in hematocrit is caused by 
the added volume of the contrast medium plus a shift of 
water from the extravascular space to the plasma as a 
result of the high osmolarity of the nonionic contrast 
agent. Nonionic contrast had no effect on platelet 
aggregation. 23 

In chapter six we addressed the value of immediate 
PTCA after intravenous streptokinase in acute myocar­
dial infarction. 

In this observational study patients were divided 
into three groups immediately after thrombolysis and 
angiography: patients with total occlusion: patients 
with an open vessel with > 70% residual stenosis and 
patients with an open vessel with < 70% residual 
stenosis in the infarct related vesseL In 28 out of 32 
patients (87%) with total occlusion in spite of thrombo­
lytic therapy. PTCA of the occluded vessel was suc­
cessfuL In those with an open vessel after thromboly­
sis. PTCA was effective in 40 out of 42 patients (95%)! 
During long-term follow-up (mean 23 months) one 
patient out of the group with totally occluded vessels 
after thrombolysis required re-PTCA and two under­
went elective coronary bypass surgery. Furthermore 
one patient had an asymptomatic reocclusion. one had 



a late myocardial infarction and one patient died sud­
denly after l7 months. In the ESCG-5. TAMI-l and 
TAMI-224•25·26• rescue PTCA appeared less satisfacto­
ry: mortality figures were respectively 7%.4% and 3% 
and reocclusion occurred in 17%. 9% and 15%. The 
lower rate of reocclusion in our experience might be 
explained by the fact that we used streptokinase. while 
alteplase or urokinase were used in the ECSG-5 and the 
T AMI studies. It may be postulated that the systemic 
effect after streptokinase protects the patient against 
reocclusion. Furthermore we treated a selected group 
of patients and not all of the patients who arrived with 
a myocardial infarction got thrombolysis. 

The role of PTCA in acute myocardial infarction 
remains controversial22 in spite of several randomized 
trials. 2427·28 More recently it has been proposed to 
perform direct PTCA. without thrombolysis in patients 
with evolving myocardial infarction. This would pre­
vent activation of the coagulation sequence as induced 
by thrombolytic drugs.22 In an ongoing trial Zijlstra et 
aL 29 now compare direct coronary angioplasty versus 
intravenous streptokinase in acute myocardial infarc-

tion. From the preliminary results they concluded. that 
direct PTCA results in a higher patency rate. better 
preserved left ventricular function. and that there is 
less recurrent ischemia. More data are required. how­
ever. before this procedure can be recommended in 
clinical practice. In his thesis on thrombolysis and 
coronary angioplasty for acute myocardial infarction. 
H.Bosker-3° presented recommendations which were 
similar to those reached in the TIM! II-B27 and the 
ECSG-5 studies24 He concluded that some subsets of 
patients may benefit from early PTCA: patients in 
cardiogenic shock. patients with a large anterior wall 
infarction and patients with a large area of myocardium 
at risk. 

The approach we presently follow is summarized in 
the diagram and based on the experience gathered from 
our own studies and literature. 22-31 It should be appre­
ciated. that such a scheme is oversimplified and that 
many other factors may play a role and contribute to the 
decisions in clinical practice. 

Acute myocardial infarction 

:0: 4 hours 
in selected patients: 4- 6 hours 

~ --------.. 
Candidate for 
thrombolysis 

1.500.000 U streptokinase i.v. 
(60 min) 

or 

30 U APSAC i.v. (5 min) 

or 

100 mg rt-PA i.v. (3 hours) 

~~ 

Contraindication for 
thrombolysis 

Reperfusion No repirfusion
7 

___ ._:~-.A 

Positive excercise test 

or 

Recurrent ischemia 

t 
Elective catheterization: 
- PTCA 
-Bypass 
- Conservative 

If patient is stable Unstable or large 
and no large area of area of myocardium 
myocardium at risk at risk • • Conservative Emergency 

Stable 
t 

'Watchful waiting' 

catheterization: 
- PTCA 
-Bypass 
- Conservative 

Decision making diagram in patients with acute myocardial infarction. 
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This approach can be explained as follows: 

Timeframe: Most patients with an acute myocar­
dial infarction arrive or are admitted to the hospital 
within 4 hours. In general patients in the Nether lands 
arrive earlier compared with GISSI-2, ISIS-2 and ISIS-
3. For example thrombolytic therapy in our study de­
scribed in chapter one was started at an average of 2.4 
hours after the onset of symptoms and in the study by 
the Interuniversity Cardiology Institute patients were 
entered in the hospital after a median of 90 minutes31 

In contrast in Andersons study 1 conducted in the USA. 
treatment started after an average of 3.3 hours. which is 
approximately one hour later. The more rapid treat­
ment in our study may be related to the short travel 
distances within The Netherlands. Furthermore it is 
possible that educational programmes. can help pa­
tients to recognize the symptoms of a heart attack 
earlier. 

In GISSI-1 18 no benefit of thrombolytic therapy was 
observed after a treatment delay exceeding 9 hours. 
Similarly the EMERAS study. did not show any benefit 
in mortality from thrombolytic therapy after 6 hours. 32 

Therefore we limit thrombolysis to patients admitted 
within 4-6 hours after onset of symptoms. even though 
ISIS-2 suggested some benefit of late therapy in a 
subset of patients. 

Reperfusion: In our practice reperfusion was as­
sessed without coronary angiography on the basis of 
clinical judgement including the general condition of 
the patient. disappearance of chest pain and recovery of 
the ST -segment in the electrocardiogram. It is possible 
that in the future continuous ST -segment monitoring 
will make this decision easier.33.34 

'Unstable': Coronary angiography is considered 
in ·unstable· patients with recurrent pain, new electro­
cardiographic changes. sweating. bloodpressure drop 
or excessive bloodpressure elevation. 

Exercise test: A submaximal exercise test is 
performed in stable patients before they leave the 
hospital. A positive test (ischemic ST -segment chang­
es on the electrocardiogram during excercise with or 
without angina) is an indication for elective coronary 
angiography to assess whether PTCA or CABG should 
be offered. This decision depends on the extent of 
disease27 In our experience only 5%-10% of all pa­
tients treated with a thrombolytic agent need urgent 
CABG or PTCA because of instability. 

The majority of patients can be managed with 
an initially ·conservative' approach. Of these patients 
15%-30% will need PTCA or CABG at a later stage. 
as demonstrated in the TIMI-II study27 and our own 
data. In 1991 27 patients (7%) out of 360 patients with 
an acute myocardial infarction required urgent inter­
ventions and 48 ( 13%) underwent an elective interven­
tion. 

In the second part of the thesis various aspects of 
PTCA are discussed. 
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The initial- and long-term results of the first 100 
patients. who underwent PTCA for left anterior de­
scending artery stenosis in our department are de­
scribed in chapter seven. Although ultimately most 
patients may require bypass surgery. the majority in 
our study did not need surgery over an average follow­
up of I 02 months, despite the fact that 'restenosis · 
(defined as an increase of the luminal diameter stenosis 
of the dilated lesion above 50%) occured in 22% of the 
patients. More than half of the patients remained 
asymptomatic and led a completely normal life after an 
average follow-up of 102 months. It is also noteworthy 
that all these patients undergoing a first PTCA proce­
dure. were discharged from the hospital within 2 days 
and that none needed to be readmitted for anginal 
symptoms. In several large ongoing trials in which 
PTCA is compared with CABG (BART: bypass angi­
oplasty randomized investigation; CABRI: coronary 
angioplasty bypass randomized investigation. and oth­
ers35) the cost/benefit aspect and quality oflife aspects 
of both procedures will be investigated. 

Chapter eight deals with symptomatic coronary ar­
tery disease in a population of75 years or older. This is 
an increasing proportion of patients in our society. If 
the symptoms cannot be sufficiently controlled by 
medical treatment. the question arises what the optimal 
management for those patients should be: PTCA or 
CABG? Data in chapter eight indicate that PTCA gives 
very good results and in most patients may be prefera­
ble to coronary bypass surgery. Indeed our results show 
less major complications (4% in PTCA versus 7% in 
CABG), as well as a lower rate of other complications 
(4% in PTCA versus 30% in CABG) and a shorter 
hospital stay (4.3 days versus 14.2 days). PTCA of the 
culprit lesion alone was performed in 75% of all pa­
tients. At long-term follow-up. there was no difference 
in outcome between the PTCA and CABG patients. A 
point of criticism of this study is the selection of the 
patients. since it was a non-randomized series. and it is 
not recorded why PTCA was done in certain patients 
and CABG in the others (indication bias). An interest­
ing observation was the fact that after a successful 
PTCA or CABG. late mortality in this group mainly 
resulted from non cardiac disease (cancer). 

Factors which increase the risk of complications of 
the PTCA procedure and the results of emergency 
coronary bypass surgery in patients after failed PTCA 
are discussed in chapter nine. Although some groups of 
patients can be identified with increased risk during 
PTCA. it should be appreciated that even in 'low risk' 
patients unexpected complications occur. therefore 
also in these patients the risk is not negligible. The 
number of patients who are candidates for PTCA is 
increasing rapidly. In 1980 in our institution 20 pa­
tients underwent PTCA: in 1991 the number of inter­
ventions has increased to 1199 ! ! ! In order to cope with 
these volumes it has been proposed to conduct low risk 
PTCA without immediate surgical standby. In fact. in 
Germany PTCA is already done on a large scale with 
surgical ·standby' in another remote hospital. Similar 



practice is emerging in the United Kingdom.36 This 
tendency seems to become more accepted by some 
cardiology groups. Apparently. in Germany and in the 
UK the number of centres performing cardiac surgery 
was not sufficient to accommodate the required 
number of PTCA procedures. In order to achieve some 
level of surgical standby a system of rapid transporta­
tion (ambulance. helicopter) to cardiac surgical centres 
was arranged. Recently this situation has somewhat 
improved. because several new centers started with 
cardiac surgery. The safety of remote PTCA has also 
improved through the development of 'bail ouf coro­
nary stenting. which allows to operate patients with 
PTCA complications on an elective basis.37 However 
this approach should be investigated on a large scale, 
before it will be accepted in general practice. 

In spite of new technical developments we believe, 
that remote PTCA should not be accepted in TheN eth­
erlands for several reasons. First of all we have suffi­
cient cardiac surgical centres which are well distribut­
ed over the whole country. Thus, it is always possible 
to send a candidate for PTCA to a centre with surgical 
facilities. Secondly. there is (still) enough capacity for 
performing more PTCA' s in the established centres. 
The waiting-lists do notresultfrom lack of capacity but 
from budgetary restrictions. In several registries, it had 
been shown that large centres performing PTCA have 
higher primary success rates and less complications 
than centres where limited numbers of procedures are 
being done.3839 Finally it should be appreciated there 
are no reliable predictors which allow to identify the 
patient who is at low or high risk of complications 
during the PTCA procedure. In their recent 'Guidelines 
for percutaneous transluminal angioplasty'. the Amer­
ican Heart Association and the American College of 
Cardiology classify the coronary lesions in types A. B 
and C40 This classification is only of limited help in 
predicting complication risk, because even in type A 
lesion. which has a high success rate and low risk of 
acute complications, such complications occur in some 
patients. Thus surgical standby during PTCA is still 
mandatory in all patients. 

The study described in chapter ten was initiated to 
test the idea that the calcium-antagonist diltiazem 
could have a local cardioplegic effect during the PTCA 
procedure. This hypothesis was based on experimental 
evidence that diltiazem is able to delay the occurence of 
pacing induced myocardial ischemia.41 The adminis­
tration of the drug before the intervention would thus 
potentially allow longer balloon inflations which 
might improve the PTCA results42, while the negative 
effects of ischemia would be avoided. However. it 
appeared that intravenous infusion of diltiazem did not 
reduce ST-segment elevation and lactate release43, al­
though cardiac adenosinetriphosphate breakdown dur­
ing angioplasty was reduced. 

Subsequently we studied the effect of the beta­
blocker metoprolol given intravenously during PTCA 
in patients with single-vessel coronary artery stenosis 
(chapter eleven). We found a tendency towards less 

chest pain and a reduction of precordial ST -segment 
elevation which suggests that the degree of ischemia 
was reduced. This was not confirmed by the metabolic 
measurements since there was no effect on cardiac 
lactate. hypoxanthine and urate release immediately 
after deflation of the balloon. Metoprolol did. however. 
reduce the arterial plasma hypoxanthine level through­
out angioplasty by about 30% (p < 0.02 versus place­
bo). A possible explanation for this finding is that the 
beta-blocker metoprolol inhibits extracardiac adeno­
sinetriphosphate catabolism. but not the cardiac adeno­
sinetriphosphate catabolism. Again our results were 
inconclusive. This may be explained by the fact that 
balloon inflation to induce ischemia was limited to 60 
seconds. instead of 90 or 150 seconds as in other 
investigations. 44.45 

It should be appreciated that it has not been estab­
lished which medication should be given during and 
after PTCA. To reduce thrombotic complications ad­
ministration of aspirin or other equivalent anti platelet 
agents is mandatory .46 The value of dextran is still 
unknown.47.48A9 More powerful antiplatelet agents 
such as monoclonal antibodies are under investigation. 
Prolonged postprocedural heparinization may be use­
ful in high risk PTCA patients50 It should be appreci­
ated that patient response to heparin is highly variable. 
The standard '10.000' U heparin bolus injected before 
PTCA leads to activated clotting time (ACT)< 300 sec. 
(what has been associated with thrombus formation) in 
5% of patients with stable angina and in up to 15% of 
patients with unstable angina pectoris. 5 1 Nitrates are 
helpful in the event of occurrence of coronary spasm, 
but are not necessary in most patients.52 The role of 
calcium channel blockers as diltiazem has been advo­
cated to allow longer balloon inflations and prevent 
ischemia. This is probably only a theoretical benefit. 
Serruys et a1.53 showed that nifedipine intracoronary. 
when the left anterior descending artery was occluded 
during PTCA. reduces the contractile and mechanical 
function of the anterior wall of the left ventricle by a 
·regional cardioplegic' effect, but increased the post­
stenotic flow. Nifedipine prevents the metabolism of 
the ischemic cardiac cells from becoming anaerobic 
during transluminal occlusion for periods lasting up to 
90 sec. Halpern et ai.'4 showed a similar but less 
pronounced effect after diltiazem. Piessens et al.43 

reported reduction of ST -segment elevation and lactate 
release after infusion of diltiazem. This was, however. 
not shown in our study described in chapter 10. al­
though we found a reduction of cardiac adenosinetri­
phosphate breakdown. Thus diltiazem may serve as a 
potential cardioprotective agent. Serruys55 showed a 
similar effect for nifedipine. It should be appreciated 
that in spite of some beneficial effect of calcium chan­
nel blockers demonstrated in these studies it still needs 
to be proven whether it is indeed beneficial to locally 
treat the myocardium with a calciumantagonist imme­
diately before PTCA. The role of calcium channel 
blockers during coronary spasm. occassionally seen 
during PTCA is well established.5657 Nevertheless in 
our study where half of the patients did not get calcium 
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channel blockers, no spasm was observed. It is possible 
that the new soft PTCA balloon material gives less 
stimuli to provoke spasm. in contrast with the old rigid 
catheters. The use of beta-blockers to prevent ischemia 
during PTCA is discussed extensively by Zalewski et 
al.45 and Feldman et al.44 They found a reduction in the 
degree of myocardial injury. judged by the extent of 
ST-segment elevation during occlusion of the left ante­
rior descending artery and less pain during balloon 
inflation. We, however. could not confirm these find­
ings in our study with metoprolol (chapter ll). So the 
benefit of using this drug during PTCA needs further 
investigation. 

In this thesis some aspects of thrombolysis and inter­
ventional cardiology are discussed. Our aim was to 
optimize these new treatment modalities after their 
implementation in a nonacademic institution. We be­
lieve. that it remains mandatory to assess the results of 
such interventions in clinical practise. especially when 
these are still in an evolutionary phase. Continuous 
critical assessment of our medical practice is most 
essential in improving our therapeutic decisions to the 
benefit of our patients. 

As Willem Einthoven said: 

.. The truth is all that matters. and what you and I think 
is inconsequential.'' 
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Samenvatting 

Dit proefschrift behandelt twee onderwerpen die in de 
afgelopenjaren het karakter van de klinische cardiolo­
gie en meer bepaald de behandeling van patienten met 
coronarialijden sterk hebben beYnvloed. 
Dee! een behandelt de trombolyse van het acute hartin­
farct en deel twee behandelt de interventie cardiologie. 

Seder! de herintroductie van trombolyse als behande­
ling bij het acute hartinfarct in 1979 door P. Rentrop is 
door vele grate studies bewezen dat het geven van een 
trombolyticum een verbeterde overlevingskans geeft. 
Aanvankelijk werd streptokinase intracoronair toege­
past. hetgeen omslachtig is en 24 uur per dag standby 
van de catheterisatiekamer vereist. 
In ooze kliniek vergeleken wij daarom het trombolyti­
cum APSAC (anisoylated plasminogen streptokinase 
activator complex. anistreplase) een middel dat intra­
veneus in 5 minuten als een bolus gegeven kan worden 
met intracoronair toegediende streptokinase. 

De resultaten. beschreven in hoofdstuk 1. Iaten zien dat 
intraveneus toegediende anistreplase even effectief is 
als intracoronair toegediende streptokinase, anis­
treplase heeft echter voordelen: de snelle toedienings­
vorm. de lage reocclusie en de goede verdraagzaam­
heid door de patient. 

Hoofdstuk 2 bebandelt de effecten van intracoronair 
toegediende streptokinase en intraveneus toegediende 
anistreplase op bet stollingsmecbanisme. Er bleek vrij­
wel geen verschil te zijn. Slechts de totale fibrino­
lytische activiteit gemeten door de euglobuline-clot­
lysistijd bleek Ianger te duren. Dit is mogelijk de 
verklaring voor de lagere reocclusie in de anistreplase 
groep, vergeleken met reocclusie in de streptokinase 
groep. 

In hoofdstuk 3 wordt nagegaan of circulerende antili­
chamen tegen streptokinase in bet bloed bij trombo­
lytische therapie met streptokinase en anistreplase ver­
antwoordelijk zijn voor het feit. dat niet bij 100% van 
de patienten reperfusie wordt bereikt. In deze studie 
konden we niet aantonen. dat reperfusie beYnvloed 
wordt door IgG antilichamen. wanneer streptokinase 
en anistreplase in een tberapeutische dosering worden 
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toegepast. We! werd de systemische lyse duidelijk 
be"inv loed door de antilichamen zonder echter de reper­
fusie te be"invloeden. 

In boofdstuk 4 wordt ingegaan op bet effect van ani­
streplase op de viscositeit van het bloed en bloed­
plaatjesfunctie. Verondersteld wordt dat een reductie 
van viscositeit gunstig kan zijn omdat bet bloed beter 
zou kunnen doorstromen. We von den dat inderdaad de 
viscositeit zowel in plasma als bloed significant afnam 
samen met een daling van bet fibrinogeengehalte. Bo­
vendien vonden we dat er na de fase van inhibitie van 
plaatjesaggregatie een tot twee dagen later een fase van 
hyperaggregatie ontstaat. Dit is mogelijk een verkla­
ring voor de minder goede resultaten van PTCA enkele 
dagen na trombolyse. Nader onderzoek is noodzakelijk 
om deze hypothese te toetsen. 

In hoofdstuk 5 worden de rheologische effecten in bet 
bloed bebandeld van een ··non-ionisch" contrastmiddel 
dat wordt gebruikt tijdens catheterisatie. We vonden 
een duidelijke verlaging van de bloedviscositeit door 
een daling van de haematocriet. De plasmaviscositeit 
bleef gelijk ondanks de boge viscositeit van bet con­
trast. De haematocrietdaling wordt deels veroorzaakt 
door bet volume van bet contrast en door een verschui­
ving van water van de extravasculaire ruimte naar bet 
plasma. als gevolg van de hoge osmolariteit van bet 
contrastmiddel. Dus. uit rheologisch oogpunt. is een 
""non-ioniscb"" contrastmiddel uiterst geschikt omdat 
bet hemodilutie geeft en dus de circulatie bevordert. 

In boofdstuk 6 komt een controversieel onderwerp aan 
de orde: bet nut van percutane transluminale coronair 
angioplastiek (PTCA) van de verantwoordelijke steno­
se voor bet hartinfarct na trombolyse. De studie is niet 
gerandomizeerd en de getallen zijn relatief klein. Het 
blijkt dat de patienten in onze kliniek die een PTCA 
ondergingen het goed deden. De patienten die een 
afgesloten vat hadden v66r de PTCA deden het zelfs 
beter dan degenen die een open vat hadden en dus geen 
PTCA nodig had den omdat de vernauwing in het vat na 
trombolyse minder dan 70% was. Het is niet mogelijk 
uit dit niet gerandomizeerd onderzoek conclusies te 
trekken. Men kan zich echter wel afvragen of de 



afwezigheid van een ernstige stenose na behandeling 
bij deze patienten niet een rol speelt. 

In deel 2 van dit proefschrift wordt ingegaan op ver­
schillende aspecten van de interventie cardiologie. 

In hoofdstuk 7 worden de lange termijnresultaten be­
sproken van de eerste I 00 patienten die in ons zieken­
huis een PTCA van de ramus descendes anterior onder­
gingen. Het blijkt dat na de eerste behandeling meer 
dan de helft na 85 jaar geen angina pectoris heeft en 
geen dokter meer heeft geraadpleegd voor hart­
klachten. Dus PTCA is een uitstekende behandelings­
methode. 

Hoofdstuk 8 behandelt de korte- en lange termijnre­
sultaten van patienten die vijfenzeventig jaar of ouder 
waren en die of een PTCA of een bypassoperatie on­
dergingen vanwege medicamenteus niet te behandelen 
angineuze klachten. Ofschoon dit geen gerandomi­
zeerd onderzoek is. kunnen toch enkele belangrijke 
concl usies worden getrokken. PTCA blijkt bij oudere 
patienten een veilige procedure te zijn. Ongeacht de 
uitgebreidheid van het coronarialijden blijkt dilatatie 
van de laesie. verantwoordelijk voor de klachten. 
voldoende. De peri-procedurale complicaties zijn 
minder vergeleken met patienten die een kransvatom­
leidingsoperatie ondergingen. In onze optiek verdient 
PTCA daarom de voorkeur boven bypasschirurgie 
bij deze categorie patienten. wanneer de laesie. ver­
antwoordelijk voor de klachten. kan worden vast­
gesteld. 

Hoofdstuk 9 behandelt de uitkomst van patienten die 
vanwege een PTCA met een complicatie een spoed 
bypassoperatie dienden te ondergaan. Uit deze studie 

blijkt eens te meer dat adequate chirurgische standby 
van groat belang is. De mortaliteit van alle patienten 
die een spoedoperatie ondergingen vanwege een mis­
lukte PTCA bedroeg 2.6%. ondanks het feit dat 24 
patienten in cardiogene shock waren toen ze werden 
geopereerd. Snelheid van handelen na een PTCA met 
complicaties is van levensbelang! 

Hoofdstukken I 0 en II behandelen het effect van 
intraveneus diltiazem en metoprolol (een beta-receptor 
blokker) op myocardischemie veroorzaakt door het 
opblazen van de ballon tijdens PTCA. In samenwer­
king met het Cardiochemisch laboratorium van het 
Thoraxcentrum van de Erasmus Universiteit in Rotter­
dam werden diverse metabolieten gemeten zoals 
lactaat. hypoxanthine en uraat. Verder werd het ECG 
continu geregistreerd. We vonden dat diltiazem de 
cardiale adenosinetrifosfaatafbraak reduceert tijdens 
PTCA. wat blijkt uit een verminderde produktie van 
uraat en hypoxanthine. diltiazem had echter geen in­
vloed op de lactaat-produktie en ST-segment afwij­
kingen. 
Voor metopro!ol gold dat het mogelijk de pijn op de 
borst tijdens PTCA verminderde en dater minder ST­
segment elevatie optrad. maar dat het geen invloed had 
op de lactaat en oxypurine uitstorting. Het had wei 
invloed op de arterie!e hypoxantbineproduktie. water 
mogelijk op duidt dat metoprolol het extracardiale 
adenosinetrifosfaat catabolisme bei"nvloedt. 

Dit proefschrift geeft antwoord op een aantal vragen 
betreffende nieuwe behandelingsmethoden uit de kli­
nische praktijk en draagt bij aan de discussie over een 
aantal controversiele onderwerpen. Duidelijk is dat 
zowel in de trombolyse als in de interventie cardiologie 
nog vele vragen onbeantwoord blijven. 

77 



Curriculum vitae 

Hans Bonnier was born on the 4th of December 1941 in 
Arnhem. 
He received his medical degree from the University of 
Nijmegen in 1971 and his certificate in cardiology after 
his training in the Thoraxcenter in Rotterdam (chief: 
Prof. P.G. Hugenholtz) and a training period of 6 
months at the University of Alabama in Birmingham. 
USA. in the department of Prof. John Kirklin and Prof. 
Thomas James. in 1977. 
Since October 1978 he has worked at the Catharina 
Hospital in Eindhoven as a staff member of the depart­
ment of cardiology. 

78 

Since 1980 he has worked in the field of interventional 
cardiology and thrombolysis. 
He has written several articles on these subjects and 
participated as course director in several interventional 
courses in- and outside Europe. 
He has participated in the past and is presently parti­
cipating in several international trials. 
At present he is the President of the working group on 
interventional cardiology of the Dutch Society of Car­
diology and a member of several committees. 
He is married with Henriette and has 2 children: Cecile 
and Marieke. 


