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Abstract 
Efforts to improve Percutaneous Transluminal Coronary Angioplasty (PTCA) have resulted 

in the usage of new antiplatelets, and antithrombotic agents. These new agents may increase 
bleeding complications. However, EPIC, EPILOG and CAPTURE trials showed benefits of 7E3, 
a GPIIb/IIIa platelets receptor blocker, in high risk PTCA patients. On the other hand, direct 
thrombin inhibitors, Hirudin and Hirulog, did not clearly show any benefit when compared to 
heparin in patients with unstable angina undergoing PTCA. Combination of oral antiplatelets, 
ticlopidine and aspirin, is widely utilized following stent implantation. However, its benefit over 
aspirin alone has not been demonstrated. This article aims to review mechanisms and benefits of 
these new agents in cardiovascular field. 

The role of anticoagulant and antithrom­
botic therapy during interventional procedures has 
been emphasized since the introduction of percuta­
neous transluminal coronary balloon angioplasty 
(PTCA). By its mechanism, angioplasty increases 
vessel luminal diameter by breaking atheromatous 
plaque and exposing subendothelial structures such 
as collagen and other plaque materials to blood 
which results in activation of coagulation system. 
Platelets and thrombus play a major role in this 
process. It may lead to acute vessel closure and 
restenosis after PTCA(l-3). Hence, platelet and 
thrombus have been targets of pharmacologic 
agents in efforts to prevent acute and subacute 
vessel closure as well as restenosis. The impor­
tance of these agents, anticoagulants, antithrom-

botics and antiplatelets, has grown as the proce­
dures have included an increasing number of 
patients with acute ischemic syndromes and myo­
cardial infarction. Patients in these situations are 
in higher thrombogenic state compared to patients 
in a chronic stable condition. Moreover, the wide­
spread use of intracoronary stent requires aggres­
sive antiplatelet and anticoagulant therapy. 

Antiplatelet Agents 
At present, aspirin remains the first-line 

anti platelet therapy( 4-8). It has been shown to 
reduce acute thrombosis in patients undergoing 
coronary intervention(7,8). Aspirin is targeted only 
toward the arachidonic acid pathway, one of many 
different pathways leading to platelet activation. 
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Most platelet agonists can independently expose 
the GPIIb/IIIa and platelet aggregation can occur 
even if the arachidonic acid pathway is completely 
blocked with aspirin. Aspirin irreversibly inhibits 
cyclooxygenase enzyme which is responsible for 
synthesis of eicosanoids. This action prevents 
generation of thromboxan Az and results in 
decreased platelet aggregation(6). It also acts to 
block synthesis of prostacyclin, which further 
inhibits platelet aggregation, although this latter 
effect occurs at higher aspirin doses(9-ll). Aspirin 
appears to have a greater effect than antiplatelet 
agents such as Sulfinpyrazone02). Addition of dipy­
ridamole experimentally did not appear to enhzince 
the effectiveness of aspirin(12,13). Schwartz et al 
showed that aspirin and dipyridamole were not 
associated with a decreased restenosis rate after 
angioplasty (37.7% and 38.6% drug versus pla­
cebo), but did have a dramatic effect on thrombo­
embolic complication (6.9% and 1.6%, p = 0.01, 
placebo versus drugs)O). 

At the present time, patients undergoing 
interventional procedures should be treated with 
aspirin unless it is contraindicated or cannot be 
given. Pretreatment 24 hours prior to the proce­
dure is optimal. Because of lower absorbance, 
enteric-coated aspirin should be avoided if possible. 
A high dose of aspirin and chewable or intrave­
nous route of administration appear to reduce 
platelet aggregation and thrombus formation more 
quickly and effectively(! 0, 11), Effervescent-buf­
fered aspirin can also substantially increase absorp­
tion. However, des.pite aspirin therapy, patients 
with unstable angina or MI continue to have 
heightened platelet activity and enhanced propen­
sity for platelet thrombus formation on an injured 
artery(l4). 

Nowadays, dipyridamole is rarely used in 
combination with aspirin in interventional cardio­
lQgy. This drug inhibits phosphodiesterase, acti­
vates adexylate cyclase and increases adenosine, 
all of which result in decreased platelet activity. It 
has been shown that a combination of aspirin and 
dipyridamole 75 mg tid is effective in maintaining 
vein graft patency after coronary bypass graft sur­
gery(4,5). However, it is now believed that aspirin 
alone is as effective. The combination was also 
initially used following stent implantation. Its 
usage is now uncommon in coronary intervention. 

Ticlopidine is a more potent antiplatelet 
agent than aspirin. If aspirin cannot be used it is 
an alternative. It inhibits the first and second 
phases of ADP-induced platelet aggregation which 
is the inhibition of binding of fibrinogen to the 
platelet GPIIbiiiia receptor. It is 85 per cent effec­
tive at inhibiting platelet aggregation. Its effect is 
both dose and time dependent. Although ticlopi­
dine exerts its maximal antiplatelet effect at 3-5 
days, antiplatelet effects can be detected within 
hours after ingestion. It has been suggested that 
loading with 500 mg bid for the first 2-3 days 
may reduce platelet aggregation more than the 
conventional 250 mg dose. In a randomized trial, 
ticlopidine when compared to aspirin reduced the 
stroke rate in patients with transient ischemic 
attacks05,16). It also reduced the rate of MI and 
rest angina in patients with unstable angina07). 
Ticlid and aspirin act synergistica!ly08). In 
humans, it has been shown to reduce the post­
PTCA thrombus generationC19). It is widely re­
commended that combination of the two drugs 
should be used pre and for one month post coro­
nary intervention. 

The newest generation of antiplatelet 
agent blockers the GPIIb!IIIa receptor, leads to a 
dose dependent inhibition of platelet aggregation. 
The EPIC(20,21) (Evaluation of 7E3 in the Preven­
tion of Ischemic Complications, n = 2099) trial 
showed that the acute and 6 months ischemic end­
point in high risk PTCA patients (unstable angina, 
MI or high risk coronary morphology) were re­
duced following both primary angioplasty (n = 42) 
and rescue angioplasty (n = 22)(22). Among the 
489 patients with unstable or post MI angina the 
rate of MI was 1.8 per cent vs 9 per cent in 7E3 
and placebo groups respectively(23). Eventhough 
the early (30 days) rate of death or revasculariza­
tion was not different, a significant difference was 
observed at 6 months in favor of 7E3 (1.8% vs 
6.6%, p = 0.038). These beneficial effects were 
achieved at the risk of increased major bleeding 
from 7 per cent to 14 per cent(24). The use of 7E3 
plus aspirin was also shown to profoundly inhibit 
platelet aggregation after thrombolysis. This 
combination was found to be well tolerated and 
associated with fewer post thrombolysis ischemic 
events. The same study also showed that infarct 
related artery patency in 7E3 group was 92 per 
cent vs 56 per cent in the control group(25). 
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It was thought that 7E3 increased bleed­
ing complications in the EPIC trial because of 
higher ACT levels in this group. Hence, the 
EPILOG study used medium and low dose hepa­
rin. This study demonstrated a therapeutic bene­
fit by reduction of asymptomatic CK elevation(26) 
with no increased risk of bleeding. CAPTURE 
study in which patients with medically refractory 
unstable angina were randomized to 7E3 vs placebo 
also showed reduction of the combined endpoint 
of in-hospital ischemic complications. However, 
because of its high cost, most interventionists are 
not using 7E3 prophylactically. 

Another GPIIb!IIIa antagonist, a peptide -
Integrelin, was tested in 4000 PTCA patients. 
There was no significant difference in the death 
rate, MI, urgent revascularization or need for 
stenting observed between placebo and Integrelin 
groups at 30 days(27). Currently many oral and 
intravenous forms ·lib/Ilia antagonists are being 
evaluated. Results are awaited. 

Antithrombin Inhibitors 
Since thrombin is the most potent platelet 

activation, inhibition of thrombin should theoreti­
cally improve PTCA outcome. Direct thrombin 
inhibitors are not dependent on anti-thrombin III 
for their anticoagulant action like heparin. Thus, 
they are better inhibitors of fibrin bound thrombin 
and are not inhibited by platelet factor 4 or hepa­
rinase. Moreover, these agents have more predic­
table anticoagulation response to a given dose. 

Hirudin, a peptide derived from the medi­
cinal leech has been shown to reduce platelet depo­
sition and restenosis in angioplasty animal models. 
There was no clear benefit demonstrated when 
compared to heparin in 1141 patients with unstable 
angina undergoing PTCA. Although ischemic 
events within the first 96 hours were higher in the 
heparin group compared to the two hirudin groups 
(11.0 vs 7.9 vs 5.6%, p = 0.03), this benefit was 
not sustained(28). It did not reduce the restenosis 
rate. Frequency of angina and major cardiac 
events and minimal luminal diameter on follow-up 
angiography were similar in all groups at 7 months. 
Hirulog, a synthetic peptide, also did not reduce 
ischemic events when compared to heparin (11.4% 
vs 12.2%) in 4098 patients undergoing PTCA for 
unstable angina or post MI angina, but hirulog 
did lower the incidence of bleeding (3.8% vs 
9.8%)(29), 
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Despite these new agents, the mainstay of 
anticoagulation and antithrombotic therapy during 
coronary intervention in general is heparin. It has a 
number of different effects on blood coagulation 
and platelet actions. Its anticoagulation action is 
dependent on binding of antithrombin m(30) 0 

Heparin administration is required for all inter­
ventional procedures. A number of different regi­
mens have been described, but in general an ACT 
level should be above 300 seconds and maintained 
at this level throughout the procedure. This level 
of ACT or above during the entire procedure has 
been shown to reduce the risk of abrupt closure in 
elective cases(31). The optimal level of ACT is not 
clear. It has been shown in 4000 patients who 
underwent PTCA for unstable angina that, higher 
levels of anticoagulation reduced ischemic events. 
For each 10 second increase in ACT, abrupt closure 
was reduced by 1.3 per cent, even up to ACTs of 
400 seconds(32). Nairns found that there was an 
inverse linear relationship between abrupt closure 
and ACTs (p=0.018). From his study of 1290 PTCA 
patients, those who had abrupt closure, had signi­
ficantly lower ACT levels (376 vs 346 sec, p = 
0.009)(33). The EPIC trial showed a higher mean 
ACT level of 40 seconds in the 7E3 group com­
pared to the placebo(24). Hence, it is possible that 
some of the improved outcome may have been due 
to potentiation of heparin activity. Care must be 
given not to underdose patients who are brought 
to the catheterization laboratory with heparin 
infusion. Studies have shown that despite higher 
initial ACTs, the procedural heparin requirement 
was no different for patients not on continuous 
heparin(34). 

Few data exist regarding the optimal dose 
and duration of heparin infusion after PTCA. Pro­
longed infusion is commonly used after the proce­
dures if the final results are suboptimal, or a signi­
ficant dissection is seen at the end of the proce­
dure. It is not known if this practice is beneficial. 
However, if prolonged heparin is used, it should 
not be abruptly stopped since a rebound hyper­
coagulable state may occur and increase the risk 
of reinfarct(35-39). Low molecular weight heparin 
given subcutaneously may be an alternative. How­
ever, the superiority of low molecular weight 
heparin over regular heparin during angioplasty 
has not been demonstrated in a clinical study. 
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SUMMARY 
In the future there will be significant 

changes in the specific antithrombotic and anti­

platelet medication usage in cardiology. Currently 

available antithrombotics; heparin, hirudin, hirulog 

and antiplatelet; aspirin, ticlopidine, 7E3, integrelin 

will be used in clinical trials in different dosages 

and regimens to try to achieve optimal results. 

Newer agents will also soon be available in the 

market. However, reduction of thrombotic com­

plications is at the expense of increased bleeding 

complications, high cost is another concern. It is 

possible that specific antithrombosis will take the 

place of heparin and IIb!IIIa receptor blockers may 

replace aspirin. 

(Received for publication on June 4, 1997) 

REFERENCES 
I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

Wilentz JR, Sanborn TA, Haudenschild CC, eta!. 12. 
Platelet accumulation experimental angioplasty: 
time course in relation to vascular injury. Circu-
lation 1987; 75: 636-42. 
Ip J, Fuster V, Israel D, eta!. The role of platelets, 13. 
thrombin, and hyperplasia in restenosis after 
coronary angioplasty. J Am Coli Cardiol 1991: 
77B-88B. 14. 
Ring ME, Vicchione JJ, Fiore LD, eta!. Detection 
of intracoronary fibrin degradation after coro-
nary balloon angioplasty. Am J Cardiol 1991; 67: 15. 
1330-4. 
Chesebro JH, Clements IP, Fuster V, eta!. A plate­
let inhibitor drug trial in coronary artery bypass 
operations. Benefit of perioperative dipyridamole 16. 
and aspirin therapy on early postoperative vein 
graft patency. N Eng! J Med 1982; 307: 73-8. 
Chesebro JH, Fuster V, Elveback LR, eta!. Effect 17. 
of dipyridamole and aspirin on late vein graft 
patency after coronary bypass opertation. N Engl 18. 
J Med 1984; 310: 209-14. 
Patrano C. Aspirin as an antiplatelet drug. N Eng! 
J Med 1994; 330: 1287-95. 19. 
Schwartz L, Bourassa MG, Lesperance J, et a!. 
Aspirin and dipyridamole in the prevention of 
restenosis aft~r percutaneous transluminal coro- 20. 
nary angioplasty. N Engl J Med 1988; 318: 1714-9. 
Theroux P, Lidon RM. Anticoagulants and their 
use in acute ischemic syndromes. In: Topol EJ, 
ed. Philadelphia: Textbook of interventional car- 21. 
diology. WB Saunders, 1994. 
Coller BS. Platelets and thrombolytic therapy. N 
Engl J Med 1990; 322: 33-42. 
Lacoste L, Lam JYT, Letchacovski G. Compara­
tive antithrombotic efficacy of aspirin: 80mg vs 
325mg daily. Circulation 1994; 90: I-552. 22. 
Dabaghi SF, Damat S, Hendricks 0, et a!. Low 
dose aspirin inhibits in vitro platelet aggregation 
within minutes after ingestion. Circulation 1992; 
86: I-261. 23. 

Faxon DP, Sanborn TA, Haudenschild CC, Ryan 
TJ. The effect of antiplatelet therapy on reste­
nosis after experimental angioplasty. Am J 
Cardioll984; 53: 72C-76C. 
Lam JVT, Chesebro JH, Steel PM, et al. Anti­
thrombotic therapy for deep arterial injury by 
angioplasty. Circulation 1991; 84: 814-20. 
Lacoste L, Lam JYT. Enhanced platelet thrombus 
formation in unstable angina. Circulation 1994; 
90: 1374. 
Noble S, Goa KL. Ticlopidine, a review of its 
pharmacology, clinical efficacy and tolerability in 
the prevention of cerebral ischemia and stroke. 
Drugs Aging 1996; 8: 214-32. 
Raps EC, Galetta SL. Stroke prevention therapies 
and management of patient subgroups. Neurology 
1995; 45: SJ9-24. 
Schror K. Antiplatelet drugs. A comparative 
review. Drugs 1995; 50: 7-28. 
Jeong M, Owen W, Staabon, et a!. Does ticlopi­
dine effect platelet deposit and acute stent throm­
bosis? Circulation !995; 92: 1-489. 
Gregorini L, Marco J, Fajadet J, eta!. Ticlopidine 
alternates post-angioplasty thrombin generation. 
Circulation 1995; 92: I-608. 
EPIC Investigators. Use of a monoclonal antibody 
directed against the platelet glycoprotein lib/Ilia 
receptor in high-risk coronary angioplasty. N Eng! 
J Med 1994; 330: 956-61. 
Topol EJ, Califf RM, Weisman HF, et al. On 
behalf of the EPIC investigators. Randomised 
trial of coronary intervention with antibody 
against platelet lib/Ilia integrelin for reduction of 
clinical restenosis: Results at six months. Lancet 
1994; 343: 881-6. 
Lefkovits J, Ivanhoe R, Anderson K, et al. Platelet 
lib/lila receptor inhibition during PTCA for 
acute myocardial infarction: Insights from the 
EPIC trial. Circulation 1994; 90: I-564. 
Linoff AM, Califf R, Anderson K, et a!. Striking 



46 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

N. MAHANONDA 

clinical benefit with platelet lib/lila inhibition by 
C7E3 among patients with unstable angina: Out­
come in the EPIC trial. Circulation 1994; 90: I-21. 
Molitemo D, Califf R, Anderson K, et a!. Acti- 32. 
vated clotting time is increased during coronary 
interventions with platelet lib/Ilia antagonism: 
results from the EPIC trial. 1 Am Coli Cardiol 
1994: 106A. 
Kleinman NS, Ohman EM, Califf RM, et a!. 33. 
Profound inhibition of platelet aggregation with 
monoclonal antibody 7E3 Fab after thrombolytic 
therapy. Results of the Thrombolysis and Angio-
plasty in Myocardial Infarction (T AMI) 8 pilot 34. 
study. 1 Am Coli Cardiol 1993; 22: 381-9. 
Tcheng JE. Glycoprotein lib/Ilia receptor inhibi­
tors: putting the EPIC, IMPACT II, RESTORE, 
and EPILOG trials into perspective. Am 1 Cardiol 35. 
1996; 78: 35-40. 
Tcheng 1E, Lincoff AM, Sigmon K. Platelet 
glycoprotein lib/lila inhibition with integrelin 
during PTCA: The Impact trial. Circulation 1995; 
92: I-543. 36. 
Serruys P, Herrman 1, Simon R, eta!. A compari-
son of Hirudin with heparin in the prevention of 
restenosis after coronary angioplasty. N Eng! 1 
Med 1995; 333: 757-63. 
Bitt! 1A, Strony 1, Brinker JA, et a!. Treatment 37. 
with Bivalirudin (Hirulog) as compared with 
heparin during coronary angioplasty for unstable 
or post infarction angina. N Eng! 1 Med 1995; 
333: 764-9. 38. 
Nakagawa Y, Iwasaki Y, Takeshi, Nobuyoshi M. 
Serial angiographic follow-up after successful 
direct angioplasty for acute myocardial infarc- 39. 
tion. Am J Cardioll996; 78: 980-4. 
Ferguson 1, Dougherty K, Gaos C, et a!. Relation 
between procedural activated coagulation time 

J Med Assoc Thai January 1998 

and outcome after percutaneous transluminal 
coronary angioplasty. J Am Coli Cardiol 1994; 
23: 1061-5. 
Ahmed W, Meckel C, Grines C, et a!. Relation 
between ischemic complications and activated 
clotting times during coronary angioplasty: Differ­
ent profiles for heparin and Hirulog. Circulation 
1995; 92: I-608. 
Naims CR, Hillegass WG, Nelson CL, eta!. Acti­
vated clotting time predicts abrupt closure risk 
during angioplasty. 1 Am Coli Cardiol 1994; 23: 
470A. 
Blumenthal R, Wolff M, Resar 1, eta!. Preproce­
dural anticoagulation does not reduce angioplasty 
heparin requirements. Am Heart 1 199 3; 125: 
1221. 
Granger C, Armstrong P. For the GUSTO Iia 
investigators. Reinfarction following discontinua­
tion of intravenous heparin or hirudin for un­
stable angina and acute myocardial infarction. 
Circulation 1995: 92: 1-460. 
Granger C, Miller J, Bovill E, et a!. Rebound 
increase in thrombin generation and activity after 
cessation of intravenous heparin in patients with 
acute coronary syndromes. Circulation 1995; 91: 
1929-35. 
Flather M, Weitz J, Campeau 1, eta!. Evidence for 
rebound activation of the coagulation system 
after cessation of intravenous anticoagulant 
therapy for acute MI. Circulation 1995; 92: 1-485. 
Strony J, Ahmed W, Meckel C, et a!. Clinical evi­
dence for thrombin rebound after stopping hepa­
rin but not hirulog. Circulation 1995; 92: 1-609. 
Khan M, Sepulveda J, 1eroudi M, eta!. Rebound 
increase in thrombin activity with associated 
decrease in antithrombin III levels after PTCA. 
Circulation 1995; 92: 1-785. 

anti-thrombotic anticoagulant 

DB :J./Yill.J'l./1{ W.lJ., F.R.A.C.P· 

receptor blocker LLiiitnn~l-J direct antithrombin L'lf'W Hirudin LLOI:; Hirulog m1u1l-JLi1'WI'llll-JLLI?In!iil~ii?IL"l'Wl'W~thtJ 

'YI~~nl'l'lltJlrJL~'WLiilli?l ~UW'WI5L~YIUYil'W'lllll;!OI'liEl~tJln~l-J~~n<iTll 'W~'l}W t 'l1'1lf'l hLLOI:;'YIOIEli?ILiiEJi?l 


