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which

was

twice

the

number

in

our

study.

Unlike our study, which was restricted to only
inpatients

undergoing

PCI,

the

NCDR

analysis

included only intermediate coronary stenoses. In
addition,

the

NIS

database

represents

a

more

generalizable portion of hospitals, as participation in
the NCDR database is voluntary.
This study is limited by the data source, which is
restricted to only inpatients and does not capture
data on outpatient PCI procedures. In addition, being
an administrative database, it could be subject to
coding errors. Although this study suggests that there
has been a nonstatistically signiﬁcant relative in-
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crease in the rate of inpatient IVUS use from 2007 to
2013, intravascular imaging has been used in only a
small fraction of inpatient PCI procedures (<10%).

There is an ongoing debate on potential differences in

Future studies should investigate the potential bar-

outcome between ST-segment elevation myocardial

riers that could explain the low rates of intravascular

infarction (STEMI) patients presenting outside of

imaging use in clinical practice.

usual hospital working hours (“off-hours”) compared
with patients presenting during classical working
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hours (“on-hours”) (1,2). The aim of this study was to
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patients presenting <12 h after symptom onset

evaluate potential differences in the amount of
salvaged myocardium and the extent of myocardial
damage by applying cardiac magnetic resonance
(CMR) imaging in a large contemporary cohort of
STEMI patients.
This was an analysis of the pre-deﬁned CMR substudy of the AIDA STEMI (Abciximab Intracoronary
versus intravenous Drug Application in ST-Elevation
Myocardial Infarction) trial (3). Consecutive STEMI
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were included. Off-hours was deﬁned as primary
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percutaneous coronary intervention (PPCI) during
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weekdays from 6

PM

to 8

AM ,

weekends or holidays.
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Patients underwent CMR within 10 days after the
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index event. The standardized scan protocol for
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assessment

of

myocardial

elsewhere

(3,4).

damage

have

Differences

been

between

groups were tested by means of the t test (Welch) and
the Wilcoxon-Mann-Whitney U test. Proportions were
compared by the chi square test and Fisher exact test.
All tests were 2-tailed, and a p < 0.05 was considered
statistically signiﬁcant. Statistical analysis was performed using SPSS Statistics 22.0.0 (IBM, Armonk,
New York). The power of this study to exclude a
difference in myocardial salvage or infarct size of 5%
between groups is 83% and 99%, respectively.
Between July 2008 and April 2011, 795 patients
consented to participate. A total of 791 patients
(99%) had information regarding the time of PPCI. Of
these, 461 patients (58%) received off-hours PPCI.
The comparison between off-hour and on-hour
patients revealed well-balanced age, risk factors,
and comorbidities, resulting in similar Thrombolysis
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F I G U R E 1 CMR Findings

Box-and-whisker plots (box indicates the 25th percentile, median, and 75th percentile; whiskers indicate minimum and maximum within 1.5
interquartile range of the lower and upper quartile, respectively) of left ventricular ejection fraction (52% interquartile range (IQR): [43% to
58%] vs. 50% [IQR: 43% to 57%]), myocardial salvage index (50% [(IQR): 32% to 72%] vs. 52% [(IQR): 33% to 68%]), infarct size (16% of
left ventricle [(IQR): 8% to 25%] vs. 17% of left ventricle [(IQR): 10% to 25%]), and microvascular obstruction (0.0% of left ventricle [(IQR):
0.0% to 1.5%] vs. 0.2% of left ventricle [(IQR): 0.0% to 1.9%]) according to “on-hour” and “off-hour” primary percutaneous coronary
intervention. CMR ¼ cardiac magnetic resonance; LV ¼ left ventricle.

In Myocardial Infarction risk score (all p > 0.05).

major determinants to limit myocardial injury before

There was no signiﬁcant difference in angiographic

PPCI are reduction of ischemia time and severity, and

characteristics or concomitant treatment. There was

the major determinants thereafter are restoring

also no signiﬁcant difference in CMR ﬁndings

microvascular coronary blood ﬂow and reducing

between groups (Figure 1). We observed 53 major

reperfusion injury. In our analysis, total ischemia

adverse cardiac events (all-cause death, re-infarction,

time and door-to-balloon time were not signiﬁcantly

and new congestive heart failure) events (6.7%)

different between both groups. This observation and

after 12 months. Patients with off-hour or on-hour

similar ﬁndings in other studies (5) underscore that

PPCI had a comparable major adverse cardiac events

short reperfusion delays can be achieved after

(6.7% vs. 6.7%; p ¼ 0.97) rate.

hospital working hours, which is likely to be of major

The majority of patients underwent PPCI outside of

prognostic relevance. Of note, our cohort is too small

usual hospital working hours, which is in line with

to draw deﬁnitive conclusions regarding differences

previous studies (1,2) and highlights how commonly

in clinical outcome.

this scenario occurs in a time period with typically

In conclusion, this study ﬁlls knowledge gaps

reduced resources. Our ﬁndings with so far unique

left by previous trials by showing that there are

recording of CMR outcome measures are reassuring

no signiﬁcant differences in myocardial damage

and indicate that revascularization outcomes in

following PPCI whether it is undertaken during or

STEMI patients do not depend on time of PPCI. The

after routine working hours. These data suggest
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efﬁcacy and safety for PPCI in STEMI patients
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independent of the time of revascularization in
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contemporary health care systems.

Ó 2018 by the American College of Cardiology Foundation. Published by Elsevier.

Sebastian J. Reinstadler, MD, PhD
Thomas Stiermaier, MD
Charlotte Eitel, MD
Georg Fuernau, MD
Suzanne de Waha, MD
Hans-Josef Feistritzer, MD, PhD
Mohammed Saad, MD
Janine Pöss, MD
Steffen Desch, MD
Bernhard Metzler, MD
Holger Thiele, MD
*Ingo Eitel, MD

Please note: The authors have reported that they have no relationships relevant
to the contents of this paper to disclose.

*University Heart Center Lübeck
Medical Clinic II
Department of Cardiology
Angiology and Intensive Care Medicine
University of Lübeck
Ratzeburger Allee 160
23538 Lübeck
Germany

REFERENCES
1. Sorita A, Ahmed A, Starr SR, et al. Off-hour presentation and outcomes
in patients with acute myocardial infarction: systematic review and metaanalysis. BMJ 2014;348:f7393.
2. Enezate TH, Omran J, Al-Dadah AS, et al. Comparison of outcomes
of ST-elevation myocardial infarction treated by percutaneous coronary
intervention during off-hours versus on-hours. Am J Cardiol 2017;120:
1742–54.
3. Eitel I, Wohrle J, Suenkel H, et al. Intracoronary compared with intravenous bolus abciximab application during primary percutaneous coronary
intervention in ST-segment elevation myocardial infarction: cardiac magnetic
resonance substudy of the AIDA STEMI trial. J Am Coll Cardiol 2013;61:
1447–54.
4. Reinstadler SJ, Stiermaier T, Liebetrau J, et al. Prognostic signiﬁcance of
remote myocardium alterations assessed by quantitative noncontrast T1
mapping in ST-segment elevation myocardial infarction. J Am Coll Cardiol Img
2018;11:411–9.
5. Noman A, Ahmed JM, Spyridopoulos I, Bagnall A, Egred M. Mortality
outcome of out-of-hours primary percutaneous coronary intervention in the
current era. Eur Heart J 2012;33:3046–53.

917

