
Supplementary Table 1: Studies Investigating the Role of Platelet Function Testing for Treatment Tailoring in Percutaneous Coronary 

Intervention Patients. 

Study Population Comparison Main Clinical 
Efficacy and 
Safety Endpoints 

Main Results Representation of C-PCI in the Study Primary 
endpoint results 
in a pre-specified 
subgroup of C-
PCI 

 

C-PCI patients 
included 

Conventional 
group, n (%) 

PFT-guided treatment 
tailoring group, n (%) 

 

Major Randomized Studies   

GRAVITAS 
(2011)24 

2214 patients with 
HTPR 
(VerifyNow, ≥230 
PRU) 12–24 h 
after PCI with 
DES 
 
ACS: 40% 

High-dose 
clopidogrel (600 mg 
LD, 150 mg daily 
MD) versus 
standard-dose 
clopidogrel (no 
additional LD, 
75 mg daily MD) 

6 month incidence 
of CV death, 
nonfatal 
MI, or ST 
 
Severe or 
moderate GUSTO 
bleeding 

No difference in 
the primary 
endpoint (2.3% 
versus 2.3%; HR 
1.01; 95% [CI: 
0.58–1.76]; 
p=0.97) 
 
Bleeding not 
increased with the 
high-dose regimen 
(1.4% versus 2.3%; 
HR 0.59; 95% CI 
[0.31–1.11]; 
p=0.10) 

Multivessel PCI 176 (15.9%) 192 (17.3%) Not reported  

ARCTIC (2012)28 2440 patients 
scheduled for PCI 
 
ACS: 27%  

PFT + drug 
adjustment in HTPR 
(VerifyNow, ≥230 
PRU or 15% IPA) 
versus conventional 
strategy (no PFT or 
drug adjustment) 

Death, MI, ST, 
stroke, or urgent 
revascularization 
at 1 year 
 
STEEPLE major 
bleeding 

No significant 
difference in the 
primary endpoint 
(34.6% in PFT 
group versus 31.1% 
in conventional 
group; HR 1.13; 
95% CI [0.98–
1.29]; p=0.10) 
 
No significant 
difference in 
bleeding (2.3% in 
PFT group versus 

LM PCI 
Saphenous-vein 
graft PCI 
Number stents 
≥2  
 

45 (3.7%) 
 
13 (1.1%) 
184 (41.2%) 
 

42 (3.5%) 
 
9 (0.7%) 
442 (33.2%) 

 
 
 
RR 1.06 (0.87; 
1.30); pinter=0.52 

 



3.3% in 
conventional 
group; HR 0.70; 
95% CI [0.43–
1.14]; p=0.15) 

TRIGGER-PCI 
(2012)29 

423 stable CAD 
patients with 
HTPR 
(VerifyNow, ≥208 
PRU) after PCI 
with DES 

Prasugrel 10 mg 
daily versus 
clopidogrel 75 mg 
daily 

6-month incidence 
of cardiac death 
or MI 
Non-CABG TIMI 
major bleeding 

Inconclusive study 
(premature 
termination due to 
low rate of 
ischemic events) 

≥3 stents 
Overlapping 
stents  
Saphenous vein 
graft PCI 

48 (22.8%) 
 
61 (28.9%)  
 
5 (2.4%) 

49 (23.1%) 
 
59 (27.8%) 
 
4 (1.9%) 

Not reported  

ANTARCTIC 
(2016)30 

877 patients aged 
≥75 years 
subjected to PCI 
for ACS 
 
 

Prasugrel 5 mg daily 
+ dose/drug 
adjustment in 
HTPR/LPR 
(VerifyNow HTPR 
≥208 PRU, LPR ≤85 
PRU) (monitoring 
group) versus oral 
prasugrel 5 mg daily 
with no 
monitoring/treatment 
adjustment 
(conventional group) 

CV death, MI, 
stroke, ST, urgent 
revascularization, 
and BARC 
bleeding 2, 3, or 5 
at 12 months 

No difference in 
the primary 
endpoint (28% in 
the monitoring 
group versus 28% 
in the conventional 
group; HR 1.003; 
95% CI [0.78–
1.29]; 
p=0.98) 
 
 

LM PCI 
Multivessel or 
LM PCI 
 
Coronary bypass 
graft PCI 
Number of 
stents>3 

26 (6%) 
 
263 (28.5%) 
 
7 (2%) 
 
19 (15.8%) 

21 (5%) 
 
261 (26.1%) 
 
10 (2%) 
 
22 (13.6%) 

 
 
RR 1.11 (0.80; 
1.54); pinter=0.34 
 
 
RR 1.33 (0.27; 
6.58); pinter =0.74 

 

TROPICAL-ACS 
(2017)31 
 
 
 
 
 
 
 
 

2610 ACS patients 
with successful 
PCI 

Standard treatment 
with prasugrel for 12 
months (control 
group) versus PFT-
guided (Multiplate 
analyzer, HTPR: 
ADP test ≥46U) de-
escalation (guided 
group) 

Net clinical 
benefit (CV death, 
MI, stroke, or 
BARC ≥2 
bleeding at 1 year) 
 
BARC ≥ 2 
bleeding 

Non-inferiority for 
the primary 
endpoint (7% in 
guided  
versus 9% in 
control group; pnon-
inf=0.0004; HR 
0.81; 95% CI 
[0.62–1.06]) 
 
Bleeding event 
rates did not differ 
significantly (5% in 
guided versus 6% 
in control group; 
HR 0.82; 95% CI 
[0.59–1.13]; 
p=0.23) 

LM PCI 
Coronary bypass 
graft PCI 
Bifurcation 
lesion 
 

12 (1%) 
 
35 (3%) 
195 (15%) 
 

29 (2%) 
 
14 (1%) 
204 (16%) 
 

Not reported  



Other randomized studies  

Bonello et al. 
(2008)43 
 

162 PCI patients 
with HTPR after 
clopidogrel LD 
(VASP>50%) 
 
ACS: 46.3% 

VASP-guided versus 
nonguided 
clopidogrel 
treatment 

MACE at 1 month 
 
TIMI major and 
minor bleeding 

MACE 
significantly lower 
in the VASP-
guided compared 
with the control 
group (0% versus 
10%; p=0.007) 
 
No difference in 
the rate of bleeding 
(5% versus 4%; 
p=1) 

Not reported     

Bonello et al. 
(2009)44 

429 PCI patients 
with HTPR after 
clopidogrel LD 
(VASP>50%) 
 
ACS: 51.5% 

VASP-guided versus 
nonguided 
clopidogrel 
treatment 

ST at 1 month 
 
Bleeding 

ST significantly 
lower in the VASP-
guided group (0.5% 
versus 4.2%, p 
<0.01) 
 
No difference in 
the rate of bleeding 
(2.8% versus 3.7%, 
p=0.8) 

Not reported     

Valgimigli et al. 
(2009)45 

263 elective PCI 
patients, poor 
responders to 
aspirin, clopidogrel 
or both 
(VerifyNow) 
 
ACS: 32.7% 

Tirofiban 
versus placebo on 
top of standard 
aspirin and 
clopidogrel therapy 

Troponin I/T 
elevation ≥3 x 
URL within 48 
hours of PCI 
 
MACE within 
30 days 
 
TIMI minor and 
major bleeding 

Periprocedural MI 
significantly lower 
in the tirofiban 
group compared 
with placebo 
(20.4% versus 
35.1%; p=0.009) 
 
MACE within 30 
days in the 
tirofiban group 
lower (3.8% versus 
10.7%; p=0.031) 
 
Bleeding did not 
differ between the 
two groups 

Multivessel PCI 
LM PCI 
Bypass vein 
graft PCI 
Complex lesions 
(B2 or C) 
Thrombus 
present 
CTO 
Bifurcation 
Restenotic lesion 

25 (19.1%) 
3 (1.6%) 
 
1 (0.5%) 
 
103 (55.6%) 
8 (4.3%) 
19 (9.8%) 
34 (18.1%) 
18 (9.6%) 

32 (24.2%) 
5 (2.6%) 
 
4 (2.1%) 
 
110 (58.2%) 
11 (5.7%) 
11 (5.8%) 
48 (24.9%) 
15 (7.8%) 

Not reported 
 

 

Cuisset et al. 
(2008)46 

149 clopidogrel 
non-responders 

‘Conventional 
group’ versus ‘active 

MACE at 1 month 
 

MACE at 1 month 
significantly lower 

Not reported     



(ADP-induced 
aggregation >70%) 
undergoing 
elective PCI 
 
 

group’ with GP 
IIb/IIIa 
antagonist 

TIMI major 
bleeding 

in the active group 
than in the 
conventional group 
(19% versus 40%; 
OR 2.8; 95% CI: 
[1.4–6.0]; p=0.006) 
No patient in either 
group had TIMI 
major bleeding 

Wang et al. 
(2011)47 

306 patients with 
HTPR on 
clopidogrel (VASP 
>50%) after PCI 
 
ACS: 19.9% 

Clopidogrel MD 
75 mg daily (control 
group) versus 
clopidogrel MD 75–
375 mg daily 
(VASP-guided 
group) 

MACE at 1 year 
 
Major and minor 
bleeding 

MACE at 1 year 
lower in the VASP-
guided group 
compared with the 
control group  
(9.3% versus 
20.4%; p=0.008)  
 
No difference in 
the rate of major 
and minor bleeding 
(12.9% in the 
VASP-guided 
versus 16.6% in the 
control group; 
p=0.06) 

Not reported     

Aradi et al. 
(2012)48 

200 elective PCI 
patients with 
HTPR on 
clopidogrel 
(LTAADP≥34%) 

75 mg clopidogrel 
daily MD versus 
150 mg clopidogrel 
daly MD 

CV death, MI, or 
TVR at 12 months 

Significantly lower 
incidence of the 
primary endpoint in 
the higher 
clopidogrel MD 
group (3.1% versus 
24.6%; p=0.01) 

Not reported     

Hazarbasanov et 
al. (2012)49 

192 PCI patients 
 
ACS: 56.8% 

Guided treatment 
tailoring 
(clopidogrel 600 mg 
LD/150 mg MD in 
HTPR; Multiplate 
analyzer 
ADPtest>46U) 
versus non-guided 
treatment 

Cardiac death, MI, 
stroke or ST at 6 
months 

The incidence of 
the primary 
endpoint 
significantly 
higher in the 
standard 
clopidogrel group 
compared with the 
tailored arm (5.3% 
versus 0%, p=0.03) 

Multivessel 
CAD 
Lesion type 
B2/C 
CTO 

56 (59%) 
78 (82.1%) 
6 (6.3%) 
 
 

71 (73.2%) 
79 (81.4%) 
9 (9.3%) 

Not reported  

CREATIVE trial 1078 patients ‘Standard group’: MACCE (all- Adjunctive  Standard Double Triple Not reported 



(2018)50 undergoing PCI 
with HTPR on 
clopidogrel (TEG) 
 
ACS: 60.1%  

ASA+clopidogrel 
75mg daily versus 
‘double group: ASA 
+ clopidogrel 
150 mg daily versus 
‘triple group’: ASA 
+ clopidogrel 75mg 
daily + cilostazol 
100 mg twice a day 

cause death, MI, 
TVR, or stroke) at 
18 months 

cilostazol  
significantly 
reduced MACCE 
without increasing 
the risk for major 
bleeding compared 
with standard 
treatment (8.5% 
versus 14.4%; p < 
0.05) 

Lesion type 
B2/C 
LM lesions 
CTO 
Bifurcation 
lesions 

282 (78.8%) 
15 (4.1%) 
48 (13.4%) 
 
114 (31.5%) 

297 
(83.9%) 
14 (3.9%) 
56 (15.6%) 
 
109 
(30.4%) 

277(78.7%) 
16 (4.5%) 
47 (13.3%) 
 
105(29.6%) 

Non-randomized Studies   

MADONNA study 
(2013)51 

798 PCI patients 
 
ACS: 36.8%  

Guided (escalation 
to repeated 
clopidogrel LD or 
prasugrel after 
assessment by MEA) 
versus non-guided 
treatment 

ST at 1 month 
 
Major bleeding 

ST significantly 
lower in the guided 
group compared 
with the non-
guided group (0.2% 
versus 1.9%; 
p=0.027) 
 
Major bleedings 
did not differ 
between groups 

Not reported     

ISAR-HPR 
registry (2014)52 

999 PCI patients 
with HTPR on 
clopidogrel (AU x 
min ≥468 on the 
Multiplate 
analyzer) 
 
ACS: 50.4% 

Guided therapy 
cohort (selective 
intensification of 
antiplatelet treatment 
[clopidogrel 
reloading, switching 
to prasugrel, re-
testing]) versus 
historical control 
cohort (no change of 
treatment based on 
PFT)  

Death from any 
cause or ST after 
30 days 
 
TIMI major 
bleeding 

Incidence of the 
primary outcome 
significantly lower 
in the guided than 
the control cohort 
(1.2% versus 3.7%; 
HR 0.32; 95% CI 
[0.13–0.79]; 
p=0.009) 
 
Major bleeding did 
not differ 
statistically 
between cohorts 
(1.9 in the guided 
versus 0.7% in the 
control cohort; 
p=0.10) 

LM PCI 
Venous bypass 
graft PCI 
Multivessel 
disease 
Lesion type 
B2/C 
Bifurcational 
lesions 
 

32 (7.5%) 
 
14 (3.3%) 
 
368 (86%) 
321 (75%) 
 
106 (24.8%) 
 
 
 
 

19 (3.3%) 
 
17 (3%) 
 
486 (85.1%) 
438 (76.7%) 
 
130 (22.8%) 

Not reported  

Aradi et al. 
(2014)53 

741 ACS patients, 
pre-treated with 

High-dose 
clopidogrel versus 

All-cause death, 
MI, ST, or stroke 

Incidence of the 
primary efficacy 

Not reported   Number of stents 
used (per 1 

 



clopidogrel and 
subjected to 
successful PCI 

prasugrel for HTPR 
patients (Multiplate 
device, >46U) 

at 1 year 
 

endpoint higher in 
HTPR + high-dose 
clopidogrel group 
versus HTPR + 
prasugrel group 
(9.9% versus 
22.7%; p<0.03) 

increase): HR 
1.44; 95% CI 
[1.22–1.70]; 
p<0.0001 
(univariate Cox 
proportional 
hazard model) 
 
Stent length (per 
10 mm increase): 
HR 1.13; 95% CI 
[1.03–1.24]; 
p=0.01 
(multivariate Cox 
proportional 
hazard model) 

RECLOSE-3 
study (2015)54 

550 clopidogrel 
LD nonresponders 
(LTA: platelet 
aggregation by 
ADP ≥70%) 
undergoing PCI 
 
ACS: 68% 

Switching to 
prasugrel 10 mg 
daily (RECLOSE-3 
cohort) versus 
clopidogrel 
continuation 
(RECLOSE-2-ACS 
cohort) 

2-year cardiac 
mortality 
 
Major bleeding 

Primary endpoint 
lower in the cohort 
that switched to 
prasugrel (4% in 
the RECLOSE-3 
study versus 9.7% 
in nonresponders of 
the RECLOSE-2-
ACS study; 
p=0.007) 

3-vessel PCI 
LM PCI 
 

162 (65%) 
22 (8.9%) 

213 (70%) 
43 (14%) 
 

Not reported  

 
ACS = acute coronary syndrome; ADP = adenosine diphosphate; ASA = aspirin; BARC = Bleeding Academic Research Consortium; CABG = coronary artery bypass graft; C-PCI = 
complex percutaneous coronary intervention; CTO = chronic total occlusion; CV = cardiovascular; DES = drug-eluting stent; GUSTO = Global Use of Strategies to Open Occluded 
Coronary Arteries; HTPR = high on treatment platelet reactivity; IPA = inhibition of platelet aggregation; ISAR-HPR registry = Intracoronary Stenting and Antithrombotic Regimen – 
High Platelet Reactivity registry; LD = loading dose; LM = left main; LPR = low platelet reactivity; LTA = light transmission aggregometry; MACCE = major adverse cardiovascular 
and cerebrovascular events; MACE = major adverse cardiac events; MEA = multiple electrode aggregometry; PCI = percutaneous coronary intervention; PFT = platelet function 
testing; PRU = platelet reactivity units; ST = stent thrombosis; STEMI = ST-segment elevation MI; TEG = thromboelastography; TIMI = thrombolysis in MI; TVR = target vessel 
revascularization; URL = upper reference limit; VASP = vasodilator-stimulated phosphoprotein phosphorylation analysis. 
 

 


