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Abstract

Aims: We aimed to evaluate the impact of delay from diagnostic pre-hospital electrocardiogram (ECG)
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(CMR) markers of reperfusion success and clinical outcome in patients with ST-segment elevation myocar-
dial infarction (STEMI).

Methods and results: We included 1,492 patients in the analyses of clinical outcome. CMR was per-
formed in 748 patients to evaluate infarct size and myocardial salvage. In total, 304 patients (20%) had
ECG-to-wire >120 minutes, which was associated with larger acute infarct size (18% [interquartile range
(IQR), 10-28] vs. 15% [8-24]; p=0.022) and smaller myocardial salvage (0.42 [IQR 0.28-0.57] vs. 0.50
[IQR 0.34-0.70]; p=0.002). However, 33% of the patients with ECG-to-wire >120 minutes still had a sub-
stantial myocardial salvage >0.50. In a multivariable analysis, ECG-to-wire >120 minutes was associated
with an increased risk of all-cause mortality and heart failure (hazard ratio 1.61, 95% confidence interval
[CI] 1.14-2.26, p=0.007).

Conclusions: ECG-to-wire >120 minutes was associated with larger infarct size, smaller myocardial
salvage and a poorer clinical outcome in STEMI patients transferred for primary percutaneous coronary
intervention. However, myocardial salvage was still substantial in one third of patients treated beyond

120 minutes of delay.
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Abbreviations

CMR cardiovascular magnetic resonance

DANAMI-3  The Third Danish study on Optimal Acute
Treatment of Patients with ST-segment Elevation
Myocardial Infarction

ECG electrocardiogram

ECG-to-wire time from diagnostic ECG to wiring of the infarct-

related vessel

HR hazard ratio

Lv left ventricle

LVEF left ventricular ejection fraction

Mvo microvascular obstruction

PCI percutaneous coronary intervention

STEMI ST-segment elevation myocardial infarction
TIMI Thrombolysis In Myocardial Infarction

Introduction

ST-segment elevation myocardial infarction (STEMI) is a major
cause of morbidity and mortality in the Western world'. The rec-
ommended therapy for STEMI is reperfusion with primary percu-
taneous coronary intervention (primary PCI) to restore coronary
blood flow as soon as possible’. This increases myocardial sal-
vage, reduces infarct size and improves prognosis®*. According to
the recently updated guidelines, the time from STEMI diagnosis in
the out-of-hospital setting to wire should not exceed 120 minutes,
and initiation of fibrinolysis should be considered if PCI cannot
be performed within this time window?. However, it is difficult
to use a strict cut-off of 120 minutes on a patient-based level, and
in many patients transferred for primary PCI with intended delay
<120 minutes the recommended time limit may be exceeded.
Since existing data on the effect of primary PCI in patients with
time delay >120 minutes are post hoc analyses, the true impact of
primary PCI performed beyond 120 minutes is unknown in the
modern era of catheter-based revascularisation. Cardiovascular
magnetic resonance (CMR) imaging accurately quantifies myocar-
dial infarct size®, area at risk®, myocardial salvage index’, micro-
vascular obstruction (MVO)? and left ventricular (LV) function’
and can thus be utilised to assess treatment efficacy in STEMI
patients. Therefore, evaluating these parameters and the clinical
outcome may put into perspective the effect of primary angio-
plasty in STEMI patients undergoing late (>120 minutes) versus
timely treatment (<120 minutes).

Danish ambulances and emergency medical service helicopters
are equipped for the acquisition of teletransmitted electrocardio-
grams (ECG), that are used for field triaging of STEMI patients to
primary PCI. In this context, time of first ECG represents an exact
time point of treatment initiation, and time from diagnostic ECG
to wire (ECG-to-wire) serves as an accurate parameter for delay in
treatment of STEMI patients.

We evaluated the effect of ECG-to-wire <120 minutes and
ECG-to-wire >120 minutes on infarct size, left ventricular ejec-
tion fraction (LVEF), myocardial salvage, MVO and clinical out-
come in a large STEMI cohort.

ECG-to-wire delay and reperfusion success in STEMI

Methods

STUDY POPULATION

The patients in this post hoc study participated in DANAMI-3
(The Third Danish study on Optimal Acute Treatment of Patients
with ST-segment Elevation Myocardial Infarction), which has
been described previously'®. All patients in the present substudy
were included at Rigshospitalet, Copenhagen University Hospital,
Denmark, where CMR was performed. Rigshospitalet is the largest
PCI centre in Denmark and performs primary PCI on a twenty-four
hour, seven days a week basis. The hospital covers a population of
2.6 million citizens with transport distances of up to 175 kilometres.
Patients were eligible if they had STEMI, were >18 years old and
had acute onset of chest pain of <12 hours’ duration. None of the
patients received fibrinolysis prior to the primary PCI. All patients
provided written informed consent. The study was undertaken in
accordance with the Declaration of Helsinki, and a local ethics com-
mittee in Copenhagen, Denmark, approved the protocol. The study
was registered at www.clinicaltrials.gov (identifier: NCT01435408
and NCT01960933).

TIME POINTS

Time of diagnostic ECG and time of wiring of the infarct-related
vessel were prospectively collected and stored at the Clinical Trial
Unit of Rigshospitalet, Copenhagen University Hospital, Denmark.

CLINICAL ENDPOINTS

All-cause mortality and heart failure were identified using national
registries, validated using hospital records, and constituted the
combined clinical endpoint. Heart failure was defined as prolon-
gation of the index hospitalisation due to worsening of heart fail-
ure or later presentation with an exacerbation of heart failure to
an acute care facility requiring at least six hours hospitalisation,
which required treatment. An independent clinical events commit-

tee validated all events.

CARDIOVASCULAR MAGNETIC RESONANCE
The CMR protocol and the image analyses have been described in
detail previously'. All patients without CMR-related contraindi-
cations were offered an in-hospital CMR during the index admis-
sion (median of 1 day [interquartile range (IQR), 1-1] following
primary PCI) and a follow-up CMR three months later (median
of 91 days [IQR, 88-96]). Both scans were performed on a 1.5 T
scanner (Siemens, Erlangen, Germany) using a six-channel body
array coil. The myocardial area at risk was assessed on the initial
scan using a T2-weighted short tau inversion-recovery sequence.
Infarct size was obtained on both examinations after intravenous
injection of 0.1 mmol/kg body weight gadolinium-based contrast
(Gadovist; Bayer Schering, Berlin, Germany) using an ECG-
triggered inversion-recovery sequence. LV function and volumes
were measured on both CMR examinations using a standard ECG-
triggered balanced steady-state free precession cine sequence.
A blinded observer analysed the images, using CVI42 (Circle
Cardiovascular Imaging Inc., Calgary, Canada). A second observer
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reviewed all analyses. The epicardial and endocardial contours were
manually traced, and the papillary muscles were incorporated as
part of the LV cavity. The area at risk was defined as the hyperin-
tense area on T2-weighted images. An area was reported as hyper-
intense when the signal intensity was >2 SD of the mean signal
intensity of the normal myocardium. The infarct was defined as the
hyperenhanced myocardium on the delayed gadolinium-enhanced
images. A myocardial area was regarded as hyperenhanced when
the signal intensity was >5 SD of the mean intensity of the normal
myocardium. MVO was defined as hypointense core areas in the
enhanced myocardium and included in the total infarct size. The sal-
vage index was calculated as (area at risk-infarct size)/area at risk.
Inter-observer reproducibility was assessed in 20 randomly cho-
sen patients, and reproducibility for LVEF, infarct size and salvage

index was considered highly acceptable!’.

STATISTICAL ANALYSIS

Differences between group means and medians were assessed with
the Student’s t-test or Mann-Whitney U test according to normal-
ity for continuous variables. Categorical variables were compared
using the chi-square test or Fisher’s exact test. Hazard ratios were
calculated using Cox proportional hazards regression analyses, and
the incidence of the combined endpoint of all-cause mortality and
heart failure was presented using cumulative incidence curves. To
adjust for potential confounders, a multivariable Cox regression
analysis was performed adjusting for the following risk factors that
are known to affect infarct size and/or outcome: age, sex, diabe-
tes mellitus, hypertension, symptoms-to-ECG, Killip class, anterior
infarct location, Thrombolysis In Myocardial Infarction (TIMI) flow
pre-PCI, TIMI flow post-PCI and multivessel disease. The assump-
tions of proportional hazards and linearity of continuous variables
were visually checked and deemed valid. Acute salvage index in
four groups of ECG-to-wire delay (0-60, 61-120, 121-180 and
>180 minutes, respectively) were compared by trend analysis using
the Kruskal-Wallis test, and regression analyses were performed
to assess the relationship between salvage index and ECG-to-wire
as a continuous variable. In multivariable regression analysis, the
effect of ECG-to-wire on salvage index was adjusted for the same
variables as the survival analysis. Logistic regression analyses were
used to identify predictors of small acute salvage index (<0.50).
A predefined subgroup analysis of acute salvage index for patients
with TIMI flow pre-PCI 0/1 versus 2/3 in the two groups of ECG-
to-wire was carried out. Finally, interaction between TIMI flow pre-
PCI and ECG-to-wire on salvage index and interaction between
ECG-to-wire and randomised treatment (ischaemic post-condi-
tioning and deferred stenting) on salvage index were assessed in
analyses of covariance. A two-sided p-value <0.05 was considered
statistically significant. All analyses were performed with SPSS
software, Version 23.0 (IBM Corp., Armonk, NY, USA).

Results
The study comprised 1,492 out of 1,620 patients enrolled in
the DANAMI-3 trial at Rigshospitalet, Copenhagen, Denmark.

Seventeen patients were excluded due to unsuccessful PCI, and
111 patients (8% in total) were excluded as the time of diagnos-
tic ECG had not been recorded (Figure 1). A total of 304 patients
(20%) had ECG-to-wire >120 minutes. Baseline characteristics
are shown in Table 1.

During the follow-up period of 37 months (IQR, 29-47)
the combined endpoint of all-cause mortality and heart failure
occurred in 107 (9%) patients with ECG-to-wire <120 minutes
and in 51 (17%) patients with ECG-to-wire >120 minutes. The
hazard ratio (HR) was 1.89 (95% confidence interval [CI]: 1.36-
2.65), p<0.001 (Figure 2). The association between the combined
endpoint and ECG-to-wire >120 minutes remained statistically
significant in multivariable analysis (Figure 3). The HRs for the
individual components in the multivariable model were 1.42 (95%
CI: 0.98-2.22), p=0.064 for all-cause mortality, and 2.10 (95% CI:

1,620 patients
randomised in
the DANAMI-3 trial

17 excluded
- 17 unsuccessful PCI
111 time of ECG L
not available
1,492 included
115 not considered for CMR
50 other
671 lost to acute CMR L 47 CMR substudy not
143 claustrophobia yet initiated
141 refusal 18 previous AMI/PCI
123 contraindication in the IRA
62 discharged before CMR
61 other
50 clinically unstable ]
39 arrhythmia
32 technical issues
17 could not cooperate
3 death
706 acute CMR
102 lost to follow-up CMR
49 refusal
19 contraindications
—— 17 other
7 death
42 follow-up CMR 4 clinically unstable
) — 3 technical issues
without acute CMR 3 claustrophobia
| |
604 with data 102 with data 42 with data
from acute and from acute CMR from follow-up
follow-up CMR only CMR only

Figure 1. Trial profile. AMI: acute myocardial infarction;
CMR: cardiovascular magnetic resonance;
ECG: electrocardiogram; IRA: infarct-related artery;

PCI: percutaneous coronary intervention
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Table 1. Baseline characteristics. BT ___ 2120 minutes g.
<120 minutes | >120 minutes | = >120 minutes 3
(1=1,188) | (n=304) |PVal® g =
= = _ | HR1.89(95% CI: 1.36-2.65), p<0.001 S
Age, years 62+12 63+13 0.177 2 15 N
Male 926 (78%) | 220(72%) | 0.040 £ =
BMI 274 2745 0.997 5 10 IS
Diabetes mellitus 121 (10%) 28 (9%) 0.669 = 5 é‘
Family history of CAD 527 (45%) 135(46%) | 0.844 3
Current smoking 614 (52%) 161 (53%) 0.748 0 . . . ! =
, S o 0 12 2 36 48
Hypertension 468 (39%) 144 (47%) 0.013 NUmber at risk Follow-up (months)
Hyperlipidaemia 434(36%) | 111(40%) | 0.256| 150 minutes 1,188 1,128 1,105 650 249
Previous M| 76 (6%) 8 (6%) 0.691 >120 minutes 304 283 270 165 65
Previous PCI 71 (6%) 5 (5%) 0.498
ieai Figure 2. Event rates of the combined endpoint. CI: confidence
Heart rate at admission,
bpm 74+18 7622 0.125 interval;, HR: hazard ratio
Systolic BP at admission, 134423 134425 0.807
mmHg
Diastolic BP at admission,
mmHg 84+18 83+19 0.557 1.25-3.54), p=0.005 for heart failure. In contrast, symptoms-to-
ECG-to-wire, minutes 80 (68-97) | 150 (131-190) | <0.001 ECG was not associated with adverse prognosis (Figure 3), even

Symptoms-to-ECG, minutes | 75 (43-150) | 101 (48-210) | <0.001 after exclusion of ECG-to-wire from the multivariable analysis

Symptoms-to-wire, minutes | 159 (124-238) | 282 (204-410) | <0.001 (HR 1.00 [95% CI: 0.99-1.00], p=0.808).

Killip class 1| at admission 79 (7%) 29 (10%) 0.083 The CMR group consisted of 748 patients who had at least one

Peak troponins, ng/l 2,955 3,660 0.049 CMR examination and for whom pre-hospital times were avail-

(1,160-6,245) | (1,500-6,750) able. Patients with ECG-to-wire >120 minutes had larger acute
477 (40%) 142 (47%) 0.043 infarct size and smaller myocardial salvage index both in the

Anterior infarct, verified by

ECG
acute phase and at follow-up (Table 2). Furthermore, significant
TIMI flow pre-PCI 0/1 758 (64%) 168 (55%) 0.007 diff “ b d the f ¢
TIMI flow post-PCI 3 1,135 (96%) | 290 (95%) |>0.999 Elcér‘:nces, ovetr lmte Wire © s.el;lve :H;((’)ngo 4; OOZZ gr(zl‘(’):z_
Multivessel disease 488 (41%) | 127 (42%) | 0.845 , (;O(Zw(ls_e n az;l eEéanfge mn e:l 2(0’ N and. o
=0. igure 4). -to-
Thrombectomy 733 62%) | 169 (56%) | 0.057| P 0-004 (Fig o-wire funutes was numerically
, — associated with lower acute and final LVEF, larger final infarct
Location of culprit lesion ) d a hicher incid £ MVO. H h It did
Left main artery 2 0%) 00%) size and a 1g' e.r 1nc1' en'ce 0 . However, these resu s i
- - not reach statistical significance. A total of 49% of the patients
Left anterior descending 471 (40% 141 (46% . . . .
artery (40%) (46%) 0.044 with ECG-to-wire <120 minutes had an acute salvage index >0.50
Circumflex artery 168 (14%) 51 (17%) compared to 33% of the patients with ECG-to-wire >120 minutes,
Right coronary artery 544 (46%) 112 (37%) p=0.002. A salvage index <0.50 was associated with increased risk
Data are presented as mean+SD, median (interquartile range) or n (%). of all-cause mortality and heart failure (HR 2.85 [95% CI: 1.23-

BMI: body mass index; BP: blood pressure; bpm: beats per minute;

CAD: coronary artery disease; ECG: electrocardiogram; MI: myocardial
infarction; PCI: percutaneous coronary intervention; TIMI: Thrombolysis In are shown in Table 3. ECG-to-wire as a continuous variable was
Myocardial Infarction

6.61], p=0.015). Independent predictors of a salvage index <0.50

inversely associated with acute salvage index (B=-0.101, p=0.01)

Table 2. Outcomes evaluated by CMR.

‘ n ‘ <120 minutes ‘ n ‘ >120 minutes ‘ p-value
In-hospital CMR Acute infarct size (%LV) 552 15 (8-24) 126 18 (10-28) 0.022
Area at risk (%LV) 538 32 (26-40) 129 33 (24-40) 0.844
Acute salvage index 522 0.50 (0.34-0.70) 121 0.42 (0.28-0.57) 0.002
Presence of MVO 552 271 (49%) 126 73 (58%) 0.076
Acute LVEF 569 52 (44-57) 130 50 (43-56) 0.100
Follow-up CMR Final infarct size (%LV) 526 11 (4-19) 116 12 (6-20) 0.078
Final salvage index 467 0.66 (0.50-0.85) 104 0.60 (0.46-0.78) 0.032
Final LVEF 527 60 (53-65) 118 57 (51-63) 0.068
Data are presented as median (interquartile range) or n (%). CMR: cardiac magnetic resonance; LV: left ventricle; LVEF: left ventricular ejection
fraction; MVO: microvascular obstruction
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Hazard ratio (95% ClI)

Age . 1.07 (1.05-1.09)
Male —e— 1.35(0.92-1.97)
Hypertension ——— 1.52(1.09-2.12)
Diabetes mellitus ——— 1.95 (1.26-3.03)
TIMI flow pre-PCI 0/1 —e— 1.34 (0.95-1.89)
TIMI flow post-PCI 3 ————— 0.98 (0.51-1.87)

Multivessel disease —e—i
Anterior infarct, verified by ECG
Killip class >II at admission
Symptoms-to-ECG, minutes .
ECG-to-wire >120 minutes

0.96 (0.69-1.33)
1.37 (0.97-1.92)
. + 3.97 (2.73-5.78)
1.00 (0.99-1.00)
1.61 (1.14-2.26)

Hazard ratio

Figure 3. Multivariable Cox regression analysis of predictors of the combined endpoint. CI: confidence interval; ECG: electrocardiogram,

TIMI: Thrombolysis In Myocardial Infarction

Table 3. Independent predictors of an acute salvage index <0.50.

ECG-to-wire >120 minutes 2.50 1.52-4.10 | <0.001
Symptoms-to-ECG, minutes 1.00 0.99-1.00 0.317
Male 1.55 0.98-2.44 0.060
Hypertension 0.79 0.53-1.18 0.244
Hyperlipidaemia 0.75 0.51-1.12 0.158
Heart rate at admission, bpm 1.02 1.00-1.03 0.008
aniransl’Eloinc BP at admission, 1.00 0.99-1.02 0.460
Killip class =1l at admission 7.11 1.52-33.30 0.013
Anterior infarct, verified by ECG 1.68 1.14-2.49 0.009
TIMI flow pre-PCI 0/1 6.36 4.24-9.53 | <0.001
Thrombectomy 1.53 1.05-2.23 0.027

Multiple logistic regression analyses. Only variables with a p-value <0.1
for the difference between the two groups were included. BP: blood
pressure; bpm: beats per minute; Cl: confidence interval;

ECG: electrocardiogram; TIMI: Thrombolysis In Myocardial Infarction
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0-60 minutes 61-120 minutes 121-180 minutes >180 minutes
(n=87) (n=435) (n=92) (n=29)

ECG-to-wire

Figure 4. Acute salvage index according to ECG-to-wire. Box plots
(25™ percentile, median and 75" percentile) and whiskers (5" and
95" percentile) illustrating the influence of ECG-to-wire (0-60),
61-120, 121-180 and > 180 minutes) on acute salvage index. P-value
by Kruskal-Wallis=0.004.

in a linear regression analysis. The association remained statisti-
cally significant in the multivariable model (=-0.117, p=0.001).
Symptoms-to-ECG was also inversely associated with acute sal-
vage index (B=-0.114, p=0.001) in a multivariable linear regres-
sion model.

In_the subgroup of patients with TIMI flow pre-PCI 0/1, the
median acute salvage index was 0.40 (IQR, 0.29-0.54) for patients
with ECG-to-wire <120 minutes and 0.31 (IQR, 0.21-0.44) for
patients with ECG-to-wire >120 minutes (p<0.001). In patients
with TIMI flow pre-PCI 2/3, the median salvage index was 0.68
(IQR, 0.48-0.85) for patients with ECG-to-wire <120 minutes and
0.57 (IQR, 0.45-0.77) for patients with ECG-to-wire >120 minutes
(p=0.15). There was no interaction between TIMI flow pre-PCI
and ECG-to-wire (p=0.162) on the effect on salvage index.

Among patients with ECG-to-wire <120 minutes, ECG-to-wire
as a continuous variable was associated with a decreased acute sal-
vage index (f=—0.092, p=0.035) and an increased risk of the com-
bined endpoint of all-cause mortality and heart failure per minute
longer ECG-to-wire delay (HR 1.01 [95% CI: 1.003-1.023],
p=0.008).

There was no interaction between ECG-to-wire and randomised
treatment (ischaemic post-conditioning [p=0.197] or deferred
stenting [p=0.149]) on the effect on salvage index.

Discussion

The present study demonstrates for the first time that STEMI
patients treated with primary PCI >120 minutes from diagnostic
ECG have less myocardial salvage, larger infarct size and conse-
quently a higher risk of all-cause mortality and heart failure. These
findings support the current recommendation that PCI should be
performed as soon as possible within 120 minutes to salvage myo-
cardium. Importantly however, among patients with ECG-to-wire
>120 minutes, 33% still experienced substantial myocardial sal-
vage >0.50 and preserved LVEF, which indicates a marked effect
of primary PCI also in these patients.



Time is a pivotal factor in successful treatment of STEMI
patients'>'*. Guidelines recommend that initiation of fibrinolysis
followed by angiography, and PCI if indicated, should be consid-
ered in settings where primary PCI cannot be performed within
120 minutes of the STEMI diagnosis®>. However, to the best
of our knowledge, no clinical randomised trials have reported
any beneficial effect of fibrinolysis or fibrinolysis followed
by PCI compared with primary PCI alone regardless of delay.
Different analyses using data from almost identical clinical tri-
als concluded that acceptable PCl-related delays range from 60
to at least 120 minutes'>'*. These delays were calculated on the
basis of linear regression analyses plotting the absolute mortal-
ity benefit achieved by primary PCI compared with fibrinoly-
sis against the observed PCl-related delay. However, the studies
were hampered by inaccuracies in extraction of tabulated data,
resulting in a possible underestimation of the maximal accept-
able PCl-related delay'®" and by a suboptimal treatment strategy
in more than 50% of the patients who underwent primary PCI'.
Of particular importance, after correction of the data, a repetition
of the regression analysis did not document a statistically signi-
ficant negative slope between increasing delay and loss of mor-
tality benefit achieved by primary PCI®. This questions whether
primary PCI ever becomes inferior to fibrinolysis regardless of
delay. These results were also confirmed by the STREAM trial,
which reported an increased risk of intracranial haemorrhage
when using pre-hospital fibrinolysis followed by angiography
versus primary PCI alone, but no difference in the composite
clinical endpoint'®. Thus, according to existing data, timely PCI
is superior to fibrinolysis and the better outcome with primary
PCl is levelled to be comparable with increasing time to wire but
is at no time inferior to fibrinolysis. Our findings support recent
2017 guidelines that primary PCI should be initiated as soon as
possible after a confirmed diagnosis of STEMI. However, our
study also exemplifies that in a real-world setting it is impossible
to ensure that all patients who are intended to undergo primary
PCI within 120 minutes are actually treated within this time
frame. Since it is inevitable that some patients will be treated
with primary PCI beyond 120 minutes, it is important to evalu-
ate the impact of primary PCI in these patients. In this perspec-
tive, our results suggest a considerable effect of primary PCI in
patients with a delay >120 minutes, albeit the effect of pre-hospi-
tal fibrinolysis in patients with a delay >120 minutes is unknown.

The independent association between ECG-to-wire >120 min-
utes and increased risk of all-cause mortality and heart failure
demonstrates that time to reperfusion mirrors salvaged myo-
cardium and confirms the strong association between clini-
cal outcome and infarct size”!”. However, 83% of patients with
>120 minutes of reperfusion delay still did not suffer death or
heart failure during 37 months of follow-up. This, in combina-
tion with the substantial amount of myocardial salvage and the
relatively well-preserved LVEF (57% at three months), indicates
that primary PCI offers robust results even beyond this timeline.
Additionally, the effect of catheter-based revascularisation was

ECG-to-wire delay and reperfusion success in STEMI

independent of TIMI flow pre-PCI, which also points to an effect
of late reperfusion. However, based on the present data, we are
not able to determine whether fibrinolysis would have had simi-
lar beneficial effects.

The association between symptoms-to-ECG delay and ECG-to
wire delay in the present study is interesting and may have been
influenced by several factors. Patients with a subtle clinical pres-
entation may have both longer symptoms-to-ECG delay and ECG-
to-wire delay due to less prompt reaction by the patients and the
medically trained staff triaging the patients. Another possibility is
that patients presenting late are simply less affected by their myo-
cardial infarction®. Regardless of the reasons, this may confound
the effect of ECG-to-wire delay. However, patients presenting early
were not at higher risk at presentation (Table 1), and symptoms-
to-ECG had no influence on clinical outcome. It therefore seems
reasonable to assume that a potential confounding effect of symp-
toms-to-ECG delay on the effect of ECG-to-wire delay was quite
modest.

Several studies have investigated the association between time
intervals and myocardial damage using CMR or single photon
emission computed tomography>'®!°. An imaging study showed
that the salvage capacity of fibrinolysis decreased rapidly as time
from symptom onset to treatment (treatment delay) increased,
while the effect of primary PCI is less time-dependent'®. On the
other hand, a trial in primary PClI-treated patients reported a signi-
ficant association between increasing treatment delay and increas-
ing infarct size". These conflicting reports may result from patient
recall bias of symptom onset, pre-infarct angina with potential
myocardial conditioning and the survivor-cohort effect’. A previ-
ous study used a more objective measure of delay (system delay;
delay from first medical contact to PCI) and investigated its impact
on myocardial salvage index’. These results are in line with ours,
showing a substantial myocardial salvage in many patients despite
a delay of more than 120 minutes.

Limitations

This study is a post hoc analysis based on data from the DANAMI-3
trial in which the effect of ischaemic post-conditioning, deferred
stenting and complete revascularisation was evaluated. Although
no interaction was observed, unmeasured randomisation effects
may be present. In addition, data from post hoc analyses should
always be interpreted with caution. Secondly, almost 50% of the
patients considered for CMR in the DANAMI-3 trial were lost.
However, this does not necessarily impact on estimates of clini-
cal outcome®. Thirdly, it would have been informative to include
the patients with unsuccessful PCI in the analyses. However, data
were not available. Finally, the study did not include data on
fibrinolysis in STEMI patients, as our population was limited to
STEMI patients treated with primary PCIL.

Conclusions
ECG-to-wire >120 minutes resulted in larger infarct size, more
MVO, less myocardial salvage, and a worse clinical outcome in
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STEMI patients treated with primary PCI. However, myocardial
salvage and LVEF preservation were still substantial in patients
treated with primary PCI beyond 120 minutes of reperfusion delay.

Impact on daily practice

There is no doubt that PCI should be performed as soon as
possible as myocardial salvage continues to decrease over time.
However, a substantial beneficial effect may still be achieved
in a large proportion of STEMI patients treated with acute
angioplasty beyond 120 minutes of delay from diagnosis to
reperfusion.
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