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To the Editor,

The benefit of dual antiplatelet therapy (DAPT) before primary
percutaneous coronary intervention (pPCI) in patients with ST-segment
elevation myocardial infarction (STEMI) remains controversial.
Although current clinical practice guidelines recommend the early
administration of acetylsalicylic acid, they do not provide a strong
recommendation for the systematic administration of P2Y,, receptor
inhibitors before coronary angiography,! largely because the avail-
able evidence is limited and heterogeneous. Findings from the
ATLANTIC trial** and subsequent studies have been inconsistent
regarding the effects of antiplatelet pretreatment on initial culprit-
artery patency before pPCI, acute stent thrombosis, reinfarction,
major bleeding, and 30-day mortality.

Furthermore, the interpretation of these studies may be influenced
by the use of heterogeneous concomitant antithrombotic strategies
across studies. Recent studies, including a meta-analysis of unfrac-
tionated heparin (UFH) pretreatment in patients with STEMI,®®
suggested that the timing of anticoagulation administration may
affect initial culprit-artery patency before pPCI and early clinical
outcomes.

We therefore evaluated the available evidence comparing DAPT
pretreatment vs single antiplatelet therapy (SAPT) in patients with
STEMI undergoing pPCI, while also considering the concomitant
UFH strategy reported in the included studies.

We conducted a systematic review and meta-analysis in accordance
with PRISMA recommendations. The literature search was
conducted through PubMed and the Cochrane Library until October
2025 using terms related to STEMI, pPCI, antiplatelet pretreatment,
and antiplatelet therapy. Two investigators independently performed
study selection and data extraction.

Additionally, we included randomized clinical trials and observa-
tional studies comparing DAPT vs SAPT pretreatment in patients
with STEMI undergoing pPCI (see supplementary data). Studies
without a comparator group, studies including populations without
STEMI, and those providing insufficient information on concomi-
tant antithrombotic strategies were excluded.

Statistical analyses were performed using random-effects models
and relative risks (RRs) with 95% confidence intervals (95%Cis).
The random-effects model was prioritized because of the

Table 1. Clinical outcomes according to P2Y,, inhibitor pretreatment and the concomitant unfractionated heparin strategy

Event Prehospital UFH
RR (95%ClI)

UFH in the cath lab
RR (95%CI)

Overall RR
(95%Cl)

Timing of UFH administration
not specified
RR (95%CI)

Initial culprit-artery patency 1.19 (0.70-2.01)

1.04 (0.95-1.14)

0.98 (0.82-1.17) 1.05 (0.96-1.15)

Acute stent thrombosis 0.72 (0.33-1.61)

0.80 (0.46-1.40)

0.15 (0.02-1.48) 0.60 (0.34-1.09)

Major bleeding 1.10 (0.57-2.12)

0.87 (0.60-1.27)

0.94 (0.61-1.45) 0.89 (0.68-1.18)

30-day mortality 0.61 (0.28-1.33)

0.75 (0.54-1.04)

0.61 (0.42-0.89) 0.73 (0.57-0.94)

95%Cl, 95% confidence interval; RR, relative risk; UFH, unfractionated heparin.

Values are derived from the random-effects model. For initial culprit-artery patency before primary percutaneous coronary intervention, an RR > 1 favors dual antiplatelet
therapy (DAPT). For acute stent thrombosis, major bleeding, and 30-day mortality, an RR < 1 favors DAPT.

A difference was considered statistically significant when the 95%CI did not cross 1.
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A Study Events DAPT Events TAPS Weight Risk ratio Risk ratio
total total MH, random, 95%ClI MH, random, 95%CI
Group A
Zeymer et al. CIPAMI (2011) 69 153 71 144 5.0% 0.91 [0.72-1.16] -
Pepe M et al. (2018) 66 166 41 162 3.2% 1.57 [1.14-2.17] .
Total (random effects, 95%Cl) 319 306 8.2% 1.19 [0.70-2.01] e ———
Heterogeneity: 12 = 0.1251; %2 = 6.89; df = 1 (P = .0087); I° = 85.5%
Test for random effect: Z = 0.63 (P = .5294)
Group B
Gallo et al. (2024) 141 286 330 628 9.6% 0.94 [0.82-1.08] —
Yudi MB et al. (2017) 196 892 370 1915 8.7% 1.14 [0.98-1.33] 1l g
Ducci et al. (2013) 54 112 26 56 2.9% 1.04 [0.74-1.46]
Lupi A et al. (2016) 20 143 7 143 0.6% 2.86 [1.25-6.55]
Lev El et al. (2008) 69 165 47 127 3.8% 1.13 [0.85-1.51]
Redfors B et al. (2019) 2025 6812 2680 8742 16.0%  0.97 [0.92-1.02]
Dancin N et al. (2018) 471 1563 570 1985 12.1%  1.05 [0.95-1.16]
Guedes JPM et al. (2020) . . . . 0.0%
De Waha S et al. (2014) 40 84 160 339 4.7% 1.01 [0.78-1.30]
Fefer P et al. (2009) . . . . 0.0%
Rohla M et al. (2024) 165 1116 136 847 6.1% 0.92 [0.75-1.13] _ g
lkegami Y et al. (2015) . . . . 0.0%
Almendro Delia M et al. (2024) 233 1033 109 591 6.3% 1.22 [1.00-1.50] L
Total (random effects, 95%Cl) 12206 15373 70.7%  1.03 [0.97-1.10] >
Heterogeneity: 12 = 0.0030; x2 = 17.16; df = 9 (P = .0463); I2 = 47.5%
Test for random effect: Z = 0.88 (P = .3813)
Group C
Déler J et al. (2011) 379 1526 1.090 3967 12.2%  0.90 [0.82-1.00] —|
Montalescot et al. ATLANTIC (2014) 251 859 238 882 8.9% 1.08 [0.93-1.26] J S —
Total (random effects, 95%Cl) 2385 4849 21.1%  0.98 [0.82-1.17] i
Heterogeneity: 12 = 0.0120; x2 = 3.82; df = 1 (P = .0506); I = 73.8%
Test for random effect: Z = -0.22 (P = .8267)
Total (random effects, 95%CI) 14910 20528 100.0% 1.03 [0.97-1.10] &>
Heterogeneity: 12 = 0.0060; 32 = 30.01; df = 13 (P = .0047); I = 56.7% I f f 1
Test for overall effect (random effects): Z = 0.93 (P = .3508) 0.5 1 15 2 25 3
Test for subgroup differences: x2 = 0.55; df = 2 (P = .7614) Favors SAPT Favors DAPT
B Study Events DAPT Events TAPS Weight Risk ratio Risk ratio
total total MH, random, 95%CI MH, random, 95%CI
Group A
Zeymer et al. CIPAMI (2011) 5 164 8 171 6.7% 0.65 [0.22-1.95] —I——
Pepe M et al. (2018) 5 166 6 162 6.4% 0.81 [0.25-2.61] —
Total (random effects, 95%Cl) 330 333 13.1% 0.72 [0.33-1.61] —a—
Heterogeneity: 1 = 0; x? = 0.07; df = 1 (P = .7863); I> = 0%
Test for random effect: Z = —0.80 (P = .4263)
Group B
Gallo et al. (2024) 2 286 13 614 5.5% 0.33 [0.08-1.45] =
Yudi MB et al. (2017) 20 892 48 1915 8.4% 0.89 [0.53-1.50] e
Ducci et al. (2013) 0 112 1 56 2.3% 0.17 [0.01-4.04] -
Lupi A et al. (2016) 5 143 4 143 6.0% 1.25 [0.34-4.56] =
Lev El et al. (2008) 0 165 7 127 2.7% 0.05 [0.00-0.89] ™
Redfors B et al. (2019) 127 6812 159 8742 8.9% 1.03 [0.81-1.29]
Dancin N et al. (2018) 30 1563 47 1985 8.5% 0.81 [0.52-1.28] =
Guedes JPM et al. (2020) 27 2733 1 1336  4.2% 13.20 [1.80-97.03] - =
De Waha S et al. (2014) . . . . 0.0%
Fefer P et al. (2009) 5 217 1 166 6.8% 0.35 [0.12-0.98] B
Rohla M et al. (2024) 5 708 7 798 6.5% 0.81 [0.26-2.53] B
Ikegami Y et al. (2015) 3 4449 0 2079 25% 3.27 [0.17-63.31] =
Almendro Delia M et al. (2024) 37 1033 27 591 8.4% 0.78 [0.48-1.27] g
Total (random effects, 95%Cl) 19113 18552 70.6%  0.89 [0.74-1.08] P
Heterogeneity: 12 = 0.0061; x? = 19.61; df = 11 (P = .0509); I? = 43.9%
Test for random effect: Z = —1.17 (P = .2402)
Group C
Déler J et al. (2011) 10 1635 61 480 8.0% 0.05 [0.02-0.09] S
Montalescot et al. ATLANTIC (2014) 18 906 39 952 8.3% 0.48 [0.28-0.84] —_—
Total (random effects, 95%Cl) 2541 1432 16.3%  0.15 [0.02-1.48] e ——
Heterogeneity: 12 = 2.5722; y2 = 27.69; df = 1 (P < .0001); I? = 96.4% ;
Test for random effect: Z = —1.62 (P = .1052)
Total (random effects, 95%Cl) 21984 20317 100.0% 0.60 [0.35-1.05] | l’ | —
ity: T2 = s 2 = . — S12 — 0,
Heterogeneity: t2 = 0.8836; x2 = 93.37; df = 15 (P < .0001); I2 = 83.9% 0.01 05 1 5 1015

Test for overall effect (random effects): Z = —1.79 (P = .0733)

Test for subgroup differences: y2 = 2.53; df = 2 (P = .2828)

Figure 1. Forest plots of the clinical outcomes analyzed according to the P2Y,, pretreatment strategy. A: initial culprit-artery patency before primary percuta-
neous coronary intervention. B: acute stent thrombosis. C: major bleeding. D: 30-day mortality. Group A: pretreatment with unfractionated heparin (UFH). Group
B: UFH administered in the cath lab. Group C: timing of UFH administration not specified. 95%CI, 95% confidence interval; DAPT, dual antiplatelet therapy; MH,
Mantel-Haenszel; SAPT, single antiplatelet therapy. Full references for the studies included in this figure are provided in the supplementary data. (Continues)

Favors SAPT Favors DAPT
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C Study Events DAPT Events TAPS Weight Risk ratio Risk ratio
total total MH, random, 95%ClI MH, random, 95%ClI
Group A
Zeymer et al. CIPAMI (2011) 15 164 14 171 7.3% 1.12 [0.56-2.24] i
Pepe M et al. (2018) 2 166 2 162 2.0% 0.98 [0.14-6.85]
Total (random effects, 95%Cl) 330 333 9.3% 1.10 [0.57-2.12] e

Heterogeneity: 12 = 0; 2 = 0.02; df = 1 (P = .8981); I> = 0%
Test for random effect: Z = 0.29 (P = .7753)

Group B

Gallo et al. (2024) 22 301 23 703 8.3% 2.94 [0.82-1.08] —a
Yudi MB et al. (2017) 32 892 75 1915 9.7% 0.14 [0.98-1.33] R
Ducci et al. (2013) 2 112 0 56 0.9% 2.04 [0.74-1.46]

Lupi A et al. (2016) 9 143 1 143 6.1% 0.86 [1.25-6.55] sl

Lev El et al. (2008) . 165 127 0.0%

Redfors B et al. (2019) 112 6812 152 8742 11.0%  0.97 [0.92-1.02]

Dancin N et al. (2018) 35 1563 40 1985  9.4% 1.05 [0.95-1.16] _ﬁi
Guedes JPM et al. (2020) 32 2733 60 1336  9.6% 0.01 [0.78-1.30] — B

De Waha S et al. (2014) . . . . 0.0%

Fefer P et al. (2009) 3 217 1 166 1.6% 2.29 [0.24-21.86]

Rohla M et al. (2024) 21 708 26 798 8.4% 0.91 [0.52-1.60] —8
lkegami Y et al. (2015) 3 4449 4 2079  3.0% 0.35 [0.08-1.56] = H
Almendro Delia M et al. (2024) 17 1033 11 591 6.8% 0.88 [0.42-1.87] S ] E—
Total (random effects, 95%Cl) 19128 18641 74.8%  0.87 [0.59-1.30] i

Heterogeneity: 12 = 0.2897; x2 = 45.84; df = 10 (P < .0001); I = 78.2%
Test for random effect: Z = —0.67 (P = .5039)

Group C

Doler J et al. (2011) 16 1635 41 4320  8.3% 1.03 [0.58-1.83] —_—
Montalescot et al. ATLANTIC (2014) 16 908 20 950 7.6% 0.84 [0.44-1.61] f
Total (random effects, 95%Cl) 2543 5270 15.9%  0.94 [0.61-1.45] -

Heterogeneity: 12 = 0; x? = 0.22; df = 1 (P = .6379); I> = 0%
Test for random effect: Z = —0.28 (P = .7823)

Total (random effects, 95%Cl) 22001 24244 100.0% 0.90 [0.66-1.21]
Heterogeneity: 12 = 0.2010; y2 = 46.76; df = 14 (P < .0001); I2 = 70.1% ' ' ' T
Test for overall effect (random effects): Z = -0.71 (P = .4792) 0.1 0.5 1 2 3 45
Test for subgroup differences: x2 = 0.35; df = 2 (P = .8386) Favors SAPT Favors DAPT
D Study Events DAPT Events TAPS Weight Risk ratio Risk ratio
total total MH, random, 95%CI MH, random, 95%CI
Group A
Zeymer et al. CIPAMI (2011) 5 164 12 171 3.9%  0.43[0.16-1.21] =
Pepe M et al. (2018) 5 166 5 162 3.0% 0.98 [0.29-3.31]
Total (random effects, 95%Cl) 330 333 6.9% 0.61 [0.28-1.33] —ee

Heterogeneity: 12 = 0; x? = 0.99; df = 1 (P = .3189; I = 0%
Test for random effect: Z = —1.25 (P = .2104)

Group B

Gallo et al. (2024) 1 301 6 703 1.2% 0.39 [0.05-3.22]

Yudi MB et al. (2017) 25 892 96 1915  8.6% 0.56 [0.36-0.86] — B

Ducci et al. (2013) 0 112 2 56 0.6% 0.10 [0.00-2.06]

Lupi A et al. (2016) 5 143 13 143 4.0% 0.38 [0.14-1.05] =

Lev El et al. (2008) 1 165 2 127 1.0% 0.38 [0.04-4.20]

Redfors B et al. (2019) 248 6812 312 8742 11.2%  1.02 [0.87-1.20] B
Dancin N et al. (2018) 33 1563 89 1985  9.0% 0.47 [0.32-0.70] " —

Guedes JPM et al. (2020) 109 2733 38 1336  9.3% 1.40 [0.97-2.02] T
De Waha S et al. (2014) 8 84 17 339 5.2% 1.90 [0.85-4.25] N ™ —
Fefer P et al. (2009) 12 217 6 166 4.2% 1.53 [0.59-3.99] =
Rohla M et al. (2024) 38 708 52 798 8.9% 0.82 [0.55-1.24] — i
lkegami Y et al. (2015) 7 4449 11 2079 4.3% 0.30 [0.12-0.77] =

Almendro Delia M et al. (2024) 60 1033 49 591 9.3% 0.70 [0.49-1.01] —

Total (random effects, 95%Cl) 19212 18980 76.9%  0.75 [0.55-1.03] e

Heterogeneity: 12 = 0.1803; 2 = 40.4; df = 12 (P < .0001); 12 = 70.3%
Test for random effect: Z = —1.78 (P = .0751)

Group C

Déler J et al. (2011) 55 1635 264 4320 10.1%  0.55[0.41-0.73] B

Montalescot et al. ATLANTIC (2014) 14 906 17 952 6.0% 0.87 [0.43-1.75] =

Total (random effects, 95%CI) 2541 5272 16.2%  0.61 [0.42-0.89] e

Heterogeneity: 12 = 0.0277; y2 = 1.37; df = 1 (P = .2416); 1> = 27.1%

Test for random effect: Z = —2.54 (P = .0112)

Total (random effects, 95%CI) 22083 24585 100.0% 0.73 [0.57-0.94] -

Heterogeneity: 12 = 0.1348; 2 = 50.77; df = 16 (P < .0001); 12 = 68.5% ' ' T
Test for overall effect (random effects): Z = —2.48 (P = .0133) 0.1 0.5 1 2 3 45
Test for subgroup differences: x2 = 0.79; df = 2 (P = .6745) Favors SAPT Favors DAPT

Figure 1. (Continued). Forest plots of the clinical outcomes analyzed according to the P2Y,, pretreatment strategy. A: initial culprit-artery patency before
primary percutaneous coronary intervention. B: acute stent thrombosis. C: major bleeding. D: 30-day mortality. Group A: pretreatment with unfractionated
heparin (UFH). Group B: UFH administered in the cath lab. Group C: timing of UFH administration not specified. 95%Cl, 95% confidence interval, DAPT,
dual antiplatelet therapy; MH, Mantel-Haenszel, SAPT, single antiplatelet therapy. Full references for the studies included in this figure are provided in the
supplementary data.
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anticipated clinical and methodological heterogeneity among
studies. Between-study heterogeneity was assessed using the 12
statistic. Stratified analyses were performed according to the
concomitant anticoagulation strategy reported in each study, which
were categorized into 3 groups: UFH administered as pretreatment,
UFH administered in the cath lab, and unspecified timing of UFH
administration.

The meta-analysis included a total of 17 studies (3 randomized
clinical trials and 14 observational studies), comprising a total of
47 185 patients with STEMI undergoing pPCI (see supplementary
data).

The mean age was 64.1 £ 12.2 years, and 75.8% of the patients
were men. The main findings are summarized in table 1 and figure 1.
Figure 1 illustrates forest plots of the clinical outcomes analyzed
using the random-effects model. These outcomes included initial
culprit-artery patency before pPCI, acute stent thrombosis or early
reinfarction, depending on the outcome reported in each study;
major bleeding; and 30-day mortality, according to the definitions
used in the individual studies.

In the overall analysis, no statistically significant differences were
found in initial culprit-artery patency before pPCI (RR, 1.05; 95%CI,
0.96-1.15), acute stent thrombosis (RR, 0.60; 95%CI, 0.34-1.09), or
major bleeding (RR, 0.89; 95%CI, 0.68-1.18). DAPT pretreatment
was associated with lower 30-day mortality compared with SAPT
(RR, 0.73; 95%CI, 0.57-0.94), with moderate-to-high heterogeneity
across studies (I = 68.5%). Heterogeneity was substantial in several
analyses, particularly those involving thrombotic and bleeding
outcomes.

In analyses stratified according to the concomitant UFH anticoag-
ulation strategy, no consistent statistically significant differences in
the main clinical outcomes were observed among studies in which
UFH was administered as pretreatment, in the cath lab, or at an
unspecified time.

Moreover, there was substantial variability among studies in the
definitions of clinical outcomes. Some studies assessed angiographi-
cally confirmed definite or probable stent thrombosis, whereas
others combined stent thrombosis with early clinical or angiographic
reinfarction. The definitions of major bleeding and concomitant
antithrombotic strategies used were heterogeneous across studies.

A sensitivity analysis excluding the largest observational study
preserved the direction of the effect on 30-day mortality, but the
association was no longer statistically significant. Furthermore, this
finding was not accompanied by statistically significant differences
in initial culprit-artery patency before pPCI, acute stent thrombosis,
reinfarction, or major bleeding. The observed reduction in mortality
was therefore sensitive to the influence of large observational
registries and does not establish a direct causal relationship between
antiplatelet pretreatment and the observed reduction in mortality.

The ongoing controversy regarding the benefit of P2Y , receptor
inhibitor pretreatment in patients with STEMI likely reflects, at
least in part, the complexity of the antithrombotic strategies used
in contemporary clinical practice. The included studies differed in
the P2Y,, inhibitor used, the use of glycoprotein IIb/IIIa inhibitors,
and other procedural characteristics, thus limiting direct compari-
sons among studies. This therapeutic heterogeneity limits the
interpretation of the isolated incremental effect of DAPT
pretreatment.

An important finding of this review is the limited number of studies
that describe concomitant antithrombotic strategies in sufficient
detail, particularly the timing of UFH administration. This

M. Roldan-Medina et al. REC Interv Cardiol. 20XX;XX(X): XX-XX

methodological limitation complicates appropriate contextualization
of the effect of antiplatelet pretreatment and highlights an important
gap in the STEMI literature.

These findings suggest that future studies of antiplatelet pretreat-
ment in patients with STEMI should therefore report in a standard-
ized manner not only the timing of P2Y,, inhibitor administration
but also the concomitant anticoagulation strategies and other anti-
thrombotic treatments used before and during pPCI.

Prospective studies specifically designed to evaluate integrated
antithrombotic strategies in patients with STEMI undergoing pPCI
are needed. Such studies should include detailed information on
the timing of each antithrombotic treatment and its potential impact
on early clinical outcomes.
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