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Abstract
Background: In the ATLANTIC (Administration of Ticagrelor in the catheterization laboratory or in the Ambulance 
for New ST elevation myocardial Infarction to open the Coronary artery) trial the early use of aspirin, anticoagulation, 
and ticagrelor coupled with very short medical contact-to-balloon times represent good indicators of optimal treatment 
of ST-elevation myocardial infarction and an ideal setting to explore which factors may influence coronary reperfusion 
beyond a well-established pre-hospital system.
Methods: This study sought to evaluate predictors of complete ST-segment resolution after percutaneous coronary 
intervention in ST-elevation myocardial infarction patients enrolled in the ATLANTIC trial. ST-segment analysis was 
performed on electrocardiograms recorded at the time of inclusion (pre-hospital electrocardiogram), and one hour after 
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percutaneous coronary intervention (post-percutaneous coronary intervention electrocardiogram) by an independent 
core laboratory. Complete ST-segment resolution was defined as ≥70% ST-segment resolution.
Results: Complete ST-segment resolution occurred post-percutaneous coronary intervention in 54.9% (n=800/1456) 
of patients and predicted lower 30-day composite major adverse cardiovascular and cerebrovascular events (odds ratio 
0.35, 95% confidence interval 0.19–0.65; p<0.01), definite stent thrombosis (odds ratio 0.18, 95% confidence interval 
0.02–0.88; p=0.03), and total mortality (odds ratio 0.43, 95% confidence interval 0.19–0.97; p=0.04). In multivariate 
analysis, independent negative predictors of complete ST-segment resolution were the time from symptoms to pre-
hospital electrocardiogram (odds ratio 0.91, 95% confidence interval 0.85–0.98; p<0.01) and diabetes mellitus (odds ratio 
0.6, 95% confidence interval 0.44–0.83; p<0.01); pre-hospital ticagrelor treatment showed a favorable trend for complete 
ST-segment resolution (odds ratio 1.22, 95% confidence interval 0.99–1.51; p=0.06).
Conclusions: This study confirmed that post-percutaneous coronary intervention complete ST-segment resolution is 
a valid surrogate marker for cardiovascular clinical outcomes. In the current era of ST-elevation myocardial infarction 
reperfusion, patients’ delay and diabetes mellitus are independent predictors of poor reperfusion and need specific 
attention in the future.
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Introduction

In the randomized, double-blind, placebo-controlled 
ATLANTIC (Administration of Ticagrelor in the catheteriza-
tion laboratory or in the Ambulance for New ST elevation 
myocardial Infarction to open the Coronary artery) trial, pre-
hospital (pre-H) administration of ticagrelor in patients with 
acute ST elevation myocardial Infarction (STEMI) appeared 
to be safe but did not improve coronary or myocardial reper-
fusion before percutaneous coronary intervention (PCI).1 It 
is possible that the brief interval time from ambulance to 
catheterization laboratory (cath lab) may explain the absence 
of a detectable benefit of pre-H administration before PCI, 
however the effects of pre-hospital ticagrelor became appar-
ent after PCI.2

In the ATLANTIC trial the frequent early use of aspirin 
and anticoagulation and the early use of ticagrelor coupled 
with very short medical contact-to-balloon times represent 
good indicators of optimal treatment of STEMI patients.3 
Since achieving myocardial reperfusion is the main goal in 
STEMI patients for improving prognosis, this setting is 
ideal to explore which factors may influence myocardial 
reperfusion beyond a well-established pre-H system.

Therefore, we undertook an exploratory analysis 
describing the predictors, and clinical significance, of com-
plete ST resolution (STR) post PCI in STEMI patients 
enrolled in the ATLANTIC trial.

Methods

Study design and procedures

ATLANTIC was an international study that randomized 
patients presenting with ongoing STEMI to receive double-
blind treatment with a 180 mg loading dose of ticagrelor 

either pre-H (in-ambulance) or in-H (in- catheterization 
laboratory), in addition to aspirin and standard of care.

The trial design and main results have been published.1,4 
Briefly, eligible patients were identified by ambulance per-
sonnel for inclusion in the study following diagnosis of 
STEMI of more than 30 min but less than 6 h duration, and 
with expected time from qualifying electrocardiogram 
(ECG) to first balloon inflation of less than 120 min. 
Randomization and first loading dose of ticagrelor or 
matching placebo took place immediately after ECG con-
firmed the diagnosis of STEMI. Patients were then trans-
ferred to undergo coronary angiography and PCI, and the 
second loading dose was administered in the cath lab. All 
patients then received maintenance treatment with ticagre-
lor 90 mg twice daily for at least 30 days, up to a maximum 
of 12 months. In-ambulance use of glycoprotein (GP) IIb/
IIIa inhibitors was discouraged, but left to physicians’ 
discretion.

Electrocardiographic analysis, definitions and 
endpoints used

ST-segment analysis was performed on ECGs recorded 
pre-H (at the time of inclusion) and one hour after PCI 
(post-PCI ECG). The degree of STR was assessed by an 
independent core laboratory (eResearch Technology, 
Peterborough, UK) blinded to study treatment. The STR 
was calculated as the mean ST-segment elevation pre-H 
minus the mean ST-segment elevation post-PCI divided by 
the mean ST-segment elevation pre-H and expressed as a 
percentage, i.e.

STR=((STpre-hospital–STpost-PCI)/STpre-hospital)×100
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Complete STR was defined as ≥70% STR.5

Clinical endpoints, evaluated up to the date of the last 
study visit (≤32 days), included composite major adverse 
cardiovascular clinical events (MACCE; defined as death, 
myocardial infarction, stroke or urgent revascularization), 
definite stent thrombosis, and total mortality.

Safety endpoints analyzed included major or minor 
bleeding (excluding coronary artery bypass graft (CABG)-
related bleeding) within 48 h of first dose and after 48 h and 
up to the last study visit using the Platelet Inhibition and 
Patient Outcomes (PLATO) study definitions; or major, 
minor and minimal bleeding up to the last study visit using 
Thrombolysis in Myocardial Infarction (TIMI), and Safety 
and Efficacy of Enoxaparin in Percutaneous Coronary 
Intervention Patients (STEEPLE) definitions.4 An inde-
pendent adjudication committee conducted a blinded 
review of all clinical endpoints (except deaths and minimal 
bleeding events).

Statistical analysis

For continuous variables, mean, standard deviation and 
Student’s t-test p-value are presented in cases of Gaussian 
distribution, or median, interquartile ranges and Mann-
Whitney’s or Wilcoxon test p-value in cases of non-Gaussian 
distribution. For categorical variables, number, percentage 
and chi-square test p-value are presented or Fisher’s test 
p-value is presented in cases of low numbers of events. 
Ischemic endpoints analyses were performed in the modified 
intention-to-treat population, i.e. those patients who under-
went randomization, received at least one dose of the study 
drug and had complete data for STR post-PCI. For each end-
point, the two groups (complete STR and incomplete STR) 
were compared with the use of a logistic regression model. 
The 95% confidence interval (CI) for the odds ratio (OR) 
was calculated. Potential predictors of complete STR post-
PCI were first identified as those variables with a 
p-value<0.10 in univariate analyses; these were then intro-
duced in the multivariate analysis adjusted for baseline char-
acteristics, with a p-value<0.05 threshold for significance.

All tests had a two-sided significant level of 5% and 
were performed with the use of SAS software, version 9.4 
(SAS Institute).

Results

Complete descriptive analysis of patients with post-PCI 
complete STR compared to incomplete STR is shown in 
Table 1.

Patient characteristics

In the ATLANTIC trial, 1862 consenting patients were 
randomized to receive either pre-H or in-H ticagrelor. Of 
these, a total of 1456 patients who underwent PCI and had 

both pre-H and post-PCI ECGs available were included in 
the present analysis. Patients received pre-H ticagrelor and 
in-H ticagrelor in 49% (713) and in 51% (743), respec-
tively. Complete STR post-PCI occurred in 54.9% 
(n=800/1456) of patients. Patients with complete STR 
were younger (59 (51–68 years) vs 61 (52–71 years), 
p=0.01), were less frequently diabetics (9.6% vs 16.5%, 
p<0.01) and had lower TIMI risk scores (see Table 1) com-
pared with incomplete STR. Patients with complete STR 
had shorter interval time from symptom onset to pre-H 
ECG (69 (41–122) vs 76 (42–150) min, p=0.03) or from 
symptom onset to first loading dose of study medication 
(85 (60–142) vs 96 (60–166) min, p=0.02). No other 
patient demographic characteristics were significantly dif-
ferent between the two groups.

The use of heparin (any type) pre-PCI was more fre-
quent in the complete STR group compared with incom-
plete STR (62.9 vs 58.2%, p=0.07). Use of aspirin (99.6%) 
was not different between complete STR and incomplete 
STR group as well as the use of GP IIb/IIIa inhibitors 
(GPIs) (32.1%). It has to be noted that in-ambulance use of 
GPI was discouraged and GPI was used only in 3.3% dur-
ing patients’ transfer to the catheterization lab.

Effect of pre-hospital ticagrelor on ST 
resolution post-PCI

Post-PCI complete STR occurred in 57.5% of patients in 
the pre-H ticagrelor group and in 52.5% of patients in the 
control group (p=0.055). The degree of STR was signifi-
cantly greater in the pre-H group (median, 75.0% vs 71.4%, 
p=0.049).

Clinical significance of post-PCI complete ST 
resolution

On logistic regression analysis, post-PCI complete STR pre-
dicted both lower 30 days composite MACCE (OR 0.35, CI 
0.19–0.65) p<0.01), definite stent thrombosis (OR 0.18, 
95% CI 0.02–0.88; p=0.03) and total mortality (OR 0.43, 
95% CI 0.19–0.97; p=0.04) (Table 2, Figures 1 and 2). 
Complete STR predicted both lower major (OR 0.31, 0.11–
0.88, p=0.03) and a composite of major and minor (OR 
0.48, CI 0.24–0.998, p=0.049) non-CABG-related bleeding 
events according to PLATO definition (Table 3).

Predictors of post-PCI complete ST 
resolution

The results of univariate and multivariate analysis of post-
PCI complete STR are presented in Table 4. At multivariate 
analysis, independent negative predictors of complete STR 
were time from symptoms to pre-H ECG (OR=0.91, 95% 
CI 0.85–0.98, p<0.01) and diabetes mellitus (OR=0.6, CI 
0.44–0.83, p<0.01); pre-H ticagrelor treatment showed a 
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Table 1. Descriptive analysis.

Characteristic ST resolution post-PCI 
incomplete (<70%)
(n=656)

ST resolution post-PCI 
complete (≥70%)
(n=800)

Total
(n=1456)

p-Value

Age, years; median (Q1–Q3) 61 (52–71) 59 (51–68) 60 (52–69) 0.0070
Age≥75 years, % 113 (17.2) 106 (13.3) 219 (15.0) 0.0347
Female, n (%) 122 (18.6) 150 (18.8) 272 (18.7) 0.9408
Weight, kg; median (Q1–Q3) 80 (70–88) 80 (70–90) 80 (70–90) 0.8466
BMI ≥30 kg/m2, n (%) 121 (18.5) 164 (20.5) 285 (19.6) 0.3255
Diabetes mellitus, n (%) 108 (16.5) 77 (9.6) 185 (12.7) <0.0001
TIMI risk score group, n (%) 0.0076
0–2 379 (57.8) 516 (64.5) 895 (61.5)
3–6 264 (40.2) 278 (34.8) 542 (37.2)
>6 13 (2.0) 6 (0.8) 19 (1.3)
Prior cardiac history, n (%)
Prior MI 54 (8.2) 56 (7.0) 110 (7.6) 0.3762
Prior PCI 50 (7.6) 49 (6.1) 99 (6.8) 0.2589
Prior CABG 3 (0.5) 4 (0.5) 7 (0.5) 1.0000
Prior hemorrhagic stroke 2 (0.3) 2 (0.3) 4 (0.3) 1.0000
Prior ischemic stroke 9 (1.4) 5 (0.6) 14 (1.0) 0.1462
Prior TIA 9 (1.4) 4 (0.5) 13 (0.9) 0.0784
Other medical history, n (%)
COPD 30 (4.6) 29 (3.6) 59 (4.1) 0.3613
Chronic renal failure 14 (2.1) 8 (1.0) 22 (1.5) 0.0776
Killip class I, n (%) 597 (91.0) 736 (92.0) 1333 (91.6) 0.4975
Procedures for index event, n (%)
Thrombo-aspiration 369 (56.3) 485 (60.6) 854 (58.7) 0.0917
PCI 656 (100) 800 (100) 1456 (100)
Without stent 41 (6.3) 42 (5.3) 83 (5.7) 0.4129
With stent 615 (93.8) 758 (94.8) 1373 (94.3)
DES 391 (59.6) 444 (55.5) 835 (57.4) 0.1152
BMS 237 (36.1) 325 (40.6) 562 (38.6) 0.0795
Study medication
Aspirin use
Any use 653 (99.5) 797 (99.6) 1450 (99.6) 1.0000
Maintenance dose 641 (97.7) 787 (98.4) 1428 (98.1) 0.3604
Pre-PCI ECG use 500 (76.2%) 620 (77.5%) 1120 (76.9%) 0.5639
Use in the 24 h before index event 201 (30.6%) 234 (29.3%) 435 (29.9%) 0.5642
Other antithrombotic medication for 
index event
GP IIb/IIIa inhibitor 205 (31.3) 262 (32.8) 467 (32.1) 0.5418
Intravenous anticoagulant during 
hospitalization

584 (89.0) 720 (90) 1304 (89.6) 0.5447

Use of heparin before  
pre-PCI ECG

382 (58.2%) 503 (62.9%) 885 (60.8%) 0.0710

Time from symptoms to Pre-H 
ECG (min)

76 (42–150) 69 (41–122) 71 (42–135) 0.0332

Time from symptoms to 1st 
loading dose (min)

96 (60–166) 85 (60–142) 90 (60–151) 0.0195

Time from pre-H ECG to pre-PCI 
ECG (min)

50 (39–62) 49 (38–61) 49 (39– 61) 0.5687

BMI: body mass index; BMS: bare metal stent; CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; DES: drug eluting 
stent; ECG: electrocardiogram; GP: glycoprotein; MI: myocardial infarction; PCI: percutaneous coronary intervention; pre-H: pre-hospital;  
TIA: transient ischemic attack. 
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favorable trend for complete STR (OR 1.22, 95% CI 0.99–
1.51; p=0.06).

Discussion

This ATLANTIC trial sub-analysis evaluated a large pro-
spective cohort of STEMI patients focusing on myocar-
dial reperfusion expressed as post-PCI complete STR. In 
this cohort of patients who received early antithrombotic 
treatment and fast transportation to the cath lab we found 
that patient delay and diabetes mellitus were independ-
ent predictors of reduced myocardial reperfusion after 
PCI. These findings provide further insights into the 
potential optimization of STEMI management in the cur-
rent era of STEMI reperfusion, and are particularly 

important because they clearly identify patient subtypes 
who need particular attention.

Interestingly, the time from pre-H ECG to pre-PCI ECG 
was not different in the two groups (complete vs incom-
plete STR). However, in our study this time was very short, 
and when time to PCI is as brief as it was in the ATLANTIC 
trial, it might blunt the risk associated with patients’ trans-
fer delay, and at the same time it may suggest that when a 
well-established pre-hospital system has optimal perfor-
mance further efforts to reduce time to PCI time (i.e. the 
system-of-care-dependent time (system delay)) might not 
further improve outcomes. Therefore, these data may sug-
gest that other additional strategies are needed to improve 
outcomes in the STEMI population. Indeed, despite the 
efforts to reduce door-to-balloon time over the past decade, 

Table 2. Post-percutaneous coronary intervention (PCI) ST-segment resolution and ischemic endpoints,a logistic regression analysis.

Ischemic endpoints ST resolution post-PCI 
incomplete (<70%)
(n=656)

ST resolution post-PCI 
complete (≥70%)
(n=800)

Odds ratiob

(CI)
p-Valueb

Composite of death, MI, stroke and 
urgent revascularization - n, (%)

34 (5.2%) 15 (1.9%) 0.35 (0.19–0.65) 0.0008

Definite stent thrombosis - n, (%) 9 (1.4%) 2 (0.3%) 0.18 (0.02–0.88) 0.0282
Death (all-cause) - n, (%) 17 (2.6%) 9 (1.1%) 0.43 (0.19–0.97) 0.0410

CI: confidence interval; MI: myocardial infarction.
aEvents occurring up to the date of the last study visit (≤32 days) are included in the table; bexact if n<5 in one group.

Figure 1. Total mortality curves in relation to complete and incomplete ST-segment resolution (STR). CI: confidence interval: PCI: 
percutaneous coronary intervention.

5



Figure 2. Composite major adverse cardiovascular clinical events (MACCE) curves in relation to complete and incomplete ST-
segment resolution (STR) post-percutaneous coronary intervention (PCI). CI: confidence interval.

Table 3. Post-percutaneous coronary intervention (PCI) ST-segment resolution and non-coronary artery bypass graft (CABG)-
related bleeding events,a logistic regression analysis.

Bleedings events ST resolution post-PCI 
incomplete (<70%)
(n=656)

ST resolution post-
PCI complete (≥70%)
(n=800)

Odds ratiob

(CI)
p-Valueb

Non-CABG-related bleeding events 
(PLATO definition)
Within 48 h of first dose
Major 13 (2.0) 5 (0.6) 0.31 (0.11–0.88) 0.0273
Minor 7 (1.1) 7 (0.9) 0.82 (0.29–2.35) 0.7091
Composite of major and minor 20 (3.1) 12 (1.5) 0.48 (0.24–0.998) 0.0494
After 48 h and up to 30 daysa

Major 10 (1.5%) 5 (0.6%) 0.41 (0.14–1.20) 0.1017
Minor 4 (0.6%) 7 (0.9%) 1.44 (0.36–6.73) 0.7631
Composite of major and minor 14 (2.1%) 12 (1.5%) 0.70 (0.32–1.52) 0.3657
Non-CABG-related bleeding events up to 
30 daysa (TIMI and STEEPLE definitions)
TIMI
Major 9 (1.4%) 6 (0.8%) 0.54 (0.19–1.53) 0.2493
Minor 20 (3.1%) 16 (2.0%) 0.65 (0.33–1.26) 0.2030
Minimal 4 (0.6%) 3 (0.4%) 0.61 (0.09–3.64) 0.7076
STEEPLE
Major 21 (3.2%) 10 (1.3%) 0.38 (0.18–0.82) 0.0133
Minor 10 (1.5%) 11 (1.4%) 0.90 (0.38–2.13) 0.8121
Unknown 2 (0.3%) 4 (0.5) 1.64 (0.24–18.21) 0.6960

CI: confidence interval; PLATO: Platelet Inhibition and Patient Outcomes; STEEPLE: Safety and Efficacy of Enoxaparin in Percutaneous Coronary 
Intervention Patients; TIMI: Thrombolysis in Myocardial Infarction.
aEvents occurring up to the date of the last study visit (≤32 days) are included in the table; bexact if n<5 in one group.
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a recent analysis from the Cath-PCI registry6 questioned 
the usefulness of decreasing door-to-balloon times in the 
contemporary era. However, that study did not collect 
information regarding the ischemic time determined by the 
time from symptom onset to ECG thus suggesting that 
additional factors also need to be targeted in contemporary 
treatment. Indeed the prognostic importance of short ECG-
to-PCI times7,8 is likely to be modulated by the duration of 
ischemia until diagnostic ECG is performed.9 This is rele-
vant considering that a significant proportion of patients 
still continue to delay seeking medical care voluntarily or 
not.10 Moreover, considering that the education profile of 
patients is an important component in reducing delay,11 
considerable efforts should still be made to educate the gen-
eral public about the positive effects of an early and ade-
quate first emergency call.

Patient delay is crucial, in fact the early period after symp-
tom onset represents a golden opportunity for antithrombotic 
therapy,12 because the platelet content of the fresh coronary 
thrombus is maximal and more susceptible to powerful anti-
platelet agents;13 and early reperfusion has the maximal life-
saving potential, through myocardial salvage.

Although a slight decrease in patient delay during the 
years has been reported, effort should be made especially in 
those at higher risk of prolonged patient delays, such as 
elderly patients, diabetics, female and those who have 
symptoms presentation during the night.14,15

Although the known worse outcome observed in diabetic 
patients may be partially related due to the longer time delay 
to presentation, diabetes has been associated with abnormal 
coronary endothelial function, diminished coronary flow 
reserve, and impaired ischemic preconditioning,16–18 all of 
which may result in abnormal myocardial perfusion. This 

study confirmed that diabetes is an independent predictor of 
impaired myocardial perfusion after primary PCI.19–21 
Indeed, these patients may cumulate both the additional risk 
of being diabetic and a longer delay from chest pain to emer-
gency call due a higher pain threshold or a more atypical 
clinical presentation. Additional research is required to 
develop further approaches to enhance microcirculatory 
function after primary PCI,22 which may improve clinical 
outcomes. This should be considered a high priority because 
diabetes is an increasing international health burden and its 
prevalence continues to rise.23

Interestingly, myocardial reperfusion rates numerically 
favored pre-H ticagrelor treatment, and although pre-H 
treatment did not reach statistical significance as an inde-
pendent predictor of myocardial reperfusion, pre-H ticagre-
lor showed a favorable trend. The possible efficacy of 
pre-treatment with antiplatelet agents should be viewed 
from the perspective of early or delayed access to coronary 
angiography and revascularization, and pre-H ticagrelor 
administration may help to achieve early (pre-PCI) myo-
cardial reperfusion in patients with longer transfer delays24 
and may help to reduce ischemic endpoints, over the first 
24 h.2 This may be particularly pertinent in patients who do 
not receive pre-H opiate treatment, which might counteract 
the time advantage of pre-H administration of oral P2Y12 
inhibitors.25 Although the routine pre-H initiation of a high-
bolus dose of GPIs has been showed to improve STR,26 in 
this analysis GPIs did not emerge as a predictor of STR; 
however, in the ATLANTIC trial, ambulance use of GPIs 
was discouraged and therefore GPIs were used in a very 
small percentage during patients’ transfer (3.3%) and were 
frequently used for bailout situations. Thus this setting may 
conceal the potential effect of GPI administration.

Table 4. Univariate and multivariate analysis of predictors of complete ST resolution post-percutaneous coronary intervention 
(PCI).

Variables Univariate logistic modela Multivariate logistic modelb

n Odds-ratio
(95% CI)

p-Value n Odds-ratio
(95% CI)

p-Value

Ticagrelor pre-H vs ticagrelor in-H 1456 1.22 (1.00–1.51) 0.0547 1455 1.22 (0.99–1.51) 0.0609
Age 1456 0.99 (0.98–1.00) 0.0054
Age (Group ≥75 Years vs <75 Years) 1456 0.73 (0.55–0.98) 0.0352 1455 0.94 (0.66–1.34) 0.7507
Chronic renal disease (yes vs no) 1456 0.46 (0.19–1.11) 0.0847 1455 0.57 (0.23–1.40) 0.2229
Diabetes mellitus (yes vs no) 1456 0.54 (0.40–0.74) 0.0001 1455 0.60 (0.44–0.83) 0.0018
Use of heparin before pre PCI ECG (yes vs no) 1456 1.21 (0.98–1.50) 0.0711 1455 1.17 (0.95–1.46) 0.1416
Sex (female vs male) 1456 1.01 (0.77–1.32) 0.9408
TIMI risk score category (0–2 vs >6) 1456 2.95 (1.11–7.83) 0.0099 1455 2.32 (0.82–6.50) 0.0851
TIMI risk score category (3–6 vs >6) 1456 2.28 (0.85–6.09) 0.2812 1455 2.01 (0.73–5.50) 0.2985
Time from symptoms to 1st LD (≤1 vs >3 h) 1445 1.36 (0.99–1.86) 0.2299
Time from symptoms to 1st LD (>1–3 vs >3 h) 1445 1.35 (1.03–1.78) 0.1587
Time from symptoms to pre-H ECG (min)c 1455 0.89 (0.83–0.96) 0.0016 1455 0.91 (0.85–0.98) 0.0078
Transient ischemic attack (yes vs no) 1456 0.36 (0.11–1.18) 0.0915 1455 0.37 (0.11–1.24) 0.1079

CI: confidence interval; ECG: electrocardiogram; in-H: in-hospital; LD: loading dose; pre-H: pre-hospital; TIMI: Thrombolysis in Myocardial Infarction.
a The univariate logistic model; bmultivariate logistic model: variables with p-value<0.10 in univariate analysis; cunit=60 for Time from symptoms to 
pre-H ECG.
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Pre-H administration of a fast-acting antiplatelet agent, 
such as cangrelor, may represent a new strategy to be tested 
in order to improve myocardial reperfusion. Because can-
grelor is administered intravenously and has rapid onset, it 
could offer particular advantages in the STEMI primary PCI 
setting, especially where there is little opportunity for pre-
treatment as in patients who are intubated or in cardiogenic 
shock or those experiencing nausea and vomiting. In a 
pooled analysis of patient-level data from the three 
CHAMPION trials,27 cangrelor compared to control (clopi-
dogrel or placebo), reduced PCI periprocedural thrombotic 
complications, at the expense of increased bleeding, how-
ever only 12% of STEMI where included in these studies.27

This analysis highlighted the key factors that in the cur-
rent era of STEMI treatment may influence reperfusion 
post-primary PCI expressed as STR. This is relevant con-
sidering that this study confirmed the prognostic impor-
tance of electrocardiographic assessments of early 
reperfusion,28 showing that post-PCI complete STR still 
represents a valid surrogate marker for cardiovascular clini-
cal outcomes at 30 days. Finally, the lower ischemic com-
plications associated with post-PCI complete STR was 
associated with lower major non-CABG-related bleeding 
events according to the PLATO and STEEPLE definitions. 
This could be related to the fact that patients with early 
optimal reperfusion may require less frequent use of more 
potent post-PCI antithrombotic regimens, including pro-
longed GPI administration, however it is also possible that 
patients with complete STR were at lower risk of bleeding 
because of other factors.

Limitations

This analysis was a post-hoc analysis and therefore should 
be viewed as hypothesis-generating. This analysis consid-
ered only STR as a marker of myocardial reperfusion and 
did not consider TIMI 3 flow in the culprit artery. However, 
patients with complete STR are likely to have a patent 
infarct artery;29 moreover, STR can be considered as a sur-
rogate for tissue-level reperfusion30 and, in the fibrinolytic 
era, STR showed a prognostic power that persists even after 
accounting for the effects of epicardial blood flow.31

Conclusions

Post-PCI complete STR is confirmed to be a valid surro-
gate marker for cardiovascular clinical outcomes. In the 
current era of STEMI reperfusion, patients’ delay and dia-
betes are independent predictors of poor reperfusion and 
would need specific attention in the future.

Short key messages

What is already known on this subject?

The achievement of early myocardial reperfusion in 
patients with ST-elevation myocardial infarction (STEMI) 

improves prognosis. In the current era of STEMI treatment, 
which factors may influence myocardial reperfusion 
beyond the well-established pre-hospital (pre-H) system is 
poorly known.

What might this study add?

This study which evaluated a large cohort of STEMI patients 
who received early antithrombotic treatment during the 
pre-H phase coupled with fast transportation to the cath lab, 
showed that diabetes mellitus and patients’ delay are inde-
pendent predictors of poor myocardial reperfusion.

How might this impact on clinical practice?

These findings provide further insights into the potential 
optimization of STEMI treatment. In the current era of 
STEMI reperfusion characterized by early pre-H drug 
administration and fast transportation, diabetic patients are 
still a subgroup of patients who require further approaches 
for improving outcomes, and additional strategies are 
needed also to improve patient’s delay.
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