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Background—A cardioprotective role of morphine acting via opioid receptors has been demonstrated, and previous preclinical
studies have reported that morphine could reduce reperfusion injury and myocardial infarct size in a way similar to that of ischemic
periconditioning. This study aimed to evaluate the effect of intracoronary morphine on myocardial infarct size in patients with
ST-elevation myocardial infarction undergoing primary percutaneous coronary intervention.

Methods and Results—This study was designed as a 2-center, prospective, randomized, open-label, blinded end point trial. A total
of 91 ST-elevation myocardial infarction patients with thrombolysis in myocardial infarction flow grade of O to 1 undergoing primary
percutaneous coronary intervention were randomly assigned to a morphine or control group at a 1:1 ratio. The morphine group
received 3 mg of morphine sulfate diluted with 3 mL of normal saline, and the control group received 3 mL of normal saline into a
coronary artery immediately after restoration of coronary flow. The primary end point was myocardial infarct size assessed by
cardiac magnetic resonance imaging The cardiac magnetic resonance images were evaluated for 42 and 38 patients in the
morphine and control groups, respectively. Myocardial infarct size was not different between the 2 groups (25.64+11.2% versus
24.6+10.5%, P=0.77), nor was the extent of microvascular obstruction or myocardial salvage index (6.01+6.3% versus 5.1+4.6%,
P=0.91; 31.1+£15.2% versus 30.3+10.9%, P=0.75, respectively). There was no difference in peak creatine kinase-MB level, final
thrombolysis in myocardial infarction flow, myocardial brush grade, or complete resolution of ST-segment.

Conclusions—Intracoronary morphine administration could not reduce myocardial infarct size in ST-elevation myocardial infarction
patients undergoing primary percutaneous coronary intervention.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01738100. (/ Am Heart Assoc. 2017;6:
€005426. DOI: 10.1161/JAHA.116.005426.)
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S ince the introduction of primary percutaneous coronary reduced to below 10%." However, a significant number of
intervention (PCI), the mortality of ST-segment elevation patients are still at risk for cardiac death or heart failure due
acute myocardial infarction (STEMI) has been dramatically to left ventricular systolic dysfunction.? This is because blood
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flow restoration in the epicardial coronary artery is not
identical to myocardial perfusion, and myocardial perfusion
may be more important.** Myocardial damage occurs not
only during the ischemic period but also during reperfusion;
this is called reperfusion injury. The benefit of reperfusion is
limited by this phenomenon during the first few minutes after
restoration of blood flow.>¢ Recently, several strategies have
been attempted to reduce reperfusion injury and myocardial
infarct size.” Among several pharmacological agents, mor-
phine has demonstrated a cardioprotective effect via opioid
receptors, and previous laboratory and animal studies have
reported that morphine could reduce reperfusion injury and
myocardial infarct size in a way similar to that of ischemic
periconditioning.>'® However, to date, limited data are
available on the cardioprotective effects of morphine in
STEMIL.

Regarding route of administration, several studies have
suggested that intracoronary injection of cardioactive drugs
showed superior efficacy compared with intravenous applica-
tion."""® Morphine may be more protective against reperfu-
sion injury by intracoronary injection compared with
intravenous injection. Therefore, we conducted a randomized
trial to compare the effects of intracoronary morphine
administration on myocardial infarct size in STEMI patients
undergoing primary PCI using cardiac magnetic resonance
imaging (CMR).

Methods
Study Design and Patients

This study was designed as a 2-center, prospective,
randomized open-label, blinded end point study. The study
incorporated 2 sequential randomized phases to allow a
comparison of ticagrelor with clopidogrel and a comparison
of intracoronary morphine with intracoronary saline with
regard to myocardial infarct size. Eligible patients were those
who had STEMI and planned primary PCI. Inclusion criteria
were the presence of chest pain for less than 12 hours after
symptom onset and ST-segment elevation of more than
1 mm in more than 2 contiguous leads. We excluded patients
with the following features: (1) hemodynamic instability; (2)
rescue PCl after thrombolysis or facilitated PCI; (3) noncar-
diac comorbidities with life expectancy of <1 year or that
might result in protocol noncompliance according to the
investigator’s medical judgment; (4) female of childbearing
potential, unless a recent pregnancy test was negative, or
planning to become pregnant any time after enrollment; (5)
contraindications to study medications or contrast agent; (6)
receiving clopidogrel 300 mg or more before the first
randomization; (7) a history of previous myocardial infarction;
or (8) contraindications to CMR. Hemodynamic instability

was defined as cardiogenic shock, respiratory failure,
ventricular tachyarrhythmias requiring electrical cardioversion
or defibrillation, or any situation in need of cardiopulmonary
resuscitation or percutaneous cardiopulmonary support. The
protocol was approved by the local institutional review board,
and written informed consent was obtained from all partic-
ipants. The study protocol was registered at clinicaltrials.gov
(NCT01738100).

Randomization and Study Procedures

The first randomization assigned patients to the ticagrelor
group or the clopidogrel group in a 1:1 ratio. In the ticagrelor
group patients received a 180-mg loading dose followed by a
maintenance dose of 90 mg twice daily. In the clopidogrel
group, patients received a 600-mg loading dose followed by a
daily maintenance dose of 75 mg. The results of the
comparison between P2Y,, inhibitors will be reported else-
where. The second randomization was performed after
diagnostic angiography. Patients with a thrombolysis in
myocardial infarction (TIMI) flow grade of O or 1 in the
culprit vessel were randomly assigned to receive a bolus
intracoronary (IC) injection of either morphine sulfate or
saline at a 1:1 ratio. Randomization was performed with a
web-based response system (www.ecrf.kr/tica) and stratified
by the enroliment site and infarct location (anterior or
nonanterior).

All patients received 300 mg of aspirin unless they had
previously taken this medication. Intravenous heparin was
administered to maintain an activated clotting time of
>250 seconds. Coronary angiography and stent implantation
were performed using standard interventional techniques.
Thrombus aspiration, balloon predilation and postdilation,
type of stents, use of glycoprotein llb/llla inhibitors, and
intravascular imaging were left to the operators’ discretion. In
the IC morphine group, 3 mg of morphine sulfate diluted with
3 mL of normal saline was injected into a coronary artery
immediately after restoration (TIMI grade >2) of coronary flow
regardless of the method of restoration. In the control group,
patients received an IC injection of 3 mL normal saline
instead.

The myocardial band fraction of creatine kinase (CK-MB)
was measured before PCl and every 8 hours for 2 days after
the index procedure. Then CK-MB was measured once daily
until the level was normalized. Twelve-lead ECGs were
obtained before and 30 minutes after the procedure. The
definition of complete ST-segment resolution was a decre-
ment in the sum of ST-segment elevation of 70% or more."*
TIMI flow and myocardial blush grades were evaluated by
standard methods.'®> ECG and angiographic analyses, which
included postprocedural TIMI flow grade, myocardial blush
grade, and complete ST-segment resolution at 30 and
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60 minutes after the procedure, were performed by 2 inde-
pendent observers blinded to the study group assignment.

Both groups received 100 mg of aspirin daily. We recom-
mended optimal pharmacological therapy in all patients,
which included statins, B-blockers, or renin-angiotensin
system blockers according to current guidelines.'®

Cardiac Magnetic Resonance Imaging and
Analysis

CMR was performed within 5 days after the index event, and
CMR images were acquired on a 1.5-T scanner (Magnetom
Avanto, Syngo MR B15 version; Siemens Medical Solutions,
Erlangen, Germany) with a 32-channel phased-array receiver
coil. Cine images were acquired using a steady-state free-
precession sequence with 8 to 10 contiguous short-axis slices
to cover the entire left ventricle (LV) with a slice thickness of
6 mm and a 4-mm gap. T2-weighted imaging was performed
in the continuous short-axis direction using a dark-blood
inversion recovery fast-spin echo sequence before contrast
was administered. A phase-sensitive inversion recovery
technique was used for standard delayed gadolinium-
enhanced imaging. The field of view and image matrix were
35x35 and 256 x256 cm, respectively.

All measurements were performed at our CMR core
laboratory by an experienced observer blinded to patient
data using commercialized software (CAAS MRV version 1.0,
Pie Medical Imaging BV, Maastricht, The Netherlands). Infarct
size was defined as the proportion of delayed hyperenhance-
ment to LV myocardial volume, and hypoenhanced region
surrounded by a hyperenhanced area was considered a sign
of microvascular obstruction (MVO)."” The myocardial salvage
index was calculated as (area-at risk—infarct size)x 100/area-
at risk. Transmural infarct extent was expressed as a
percentage of infarct thickness and categorized into 5
transmural scores. Infarct thickness was defined as the
enhanced wall thickness/total wall thickness of the infarct LV
segment. A transmural score was categorized according to
infarct thickness: 0, no infarction; 1, 1% to 25%; 2, 26% to
50%; 3, 51% to 75%; and 4, 76% to 100% of wall thickness. The
mean infarct transmurality score was calculated by dividing
the sum of hyperenhancement segmental scores by the
number of segments with any delayed hyperenhancement.'®

Study End points

The primary end point was myocardial infarct size (percentage
LV volume) assessed by CMR. Secondary end points included
the extent of MVO and myocardial salvage index, postproce-
dural TIMI flow grade, myocardial blush grade, complete
ST-segment resolution at 30 minutes after the procedure, and
peak CK-MB level. The definition of complete ST-segment

resolution was a decrement in the sum of ST-segment
elevation of 70% or more."* TIMI flow and myocardial blush
grades were evaluated by standard methods.’®> ECG and
angiographic analyses, which included postprocedural TIMI
flow grade, myocardial blush grade, and complete ST-segment
resolution at 30 and 60 minutes after the procedure, were
performed by 2 independent observers blinded to study group
assignment. In-hospital complications after primary PCI
included death, intra-aortic balloon pump use, acute pul-
monary edema, bleeding, recurrent ischemia, stent thrombo-
sis, arrhythmias, stroke, or infection. Major adverse cardiac
events included death, MI, and hospital readmission for heart
failure at 6 months based on the definition used in our
previous study.'*

Statistical Analysis

The expected SD for myocardial infarct size was estimated
to be 10% based on the previous study, and a relative
reduction of 30% in infarct size from 25% to 17.5% was
considered significant.”'® For a power of 0.90 and an o
error of 0.05, the estimated sample size needed to be 38
patients in each group. The final sample size of 45 was
chosen to account for up to 15% unavailable CMR studies
in each group. The Statistical Analysis Software package
(SPSS Inc, Chicago, IL) was used for all analyses. Contin-
uous variables were expressed as the median and
interquartile range or the mean+SD and compared using
t test or Mann-Whitney U nonparametric test as appropri-
ate. Categorical variables were expressed as counts or
percentages and analyzed using Pearson chi-squared or
Fisher exact tests. We also performed subgroup analyses to
evaluate the consistency of treatment effects of morphine
using generalized linear models. All tests were 2 sided, and
P values less than 0.05 were considered statistically
significant.

Results

Baseline Characteristics

During the study period, a total of 110 patients undergoing
primary PCl were randomly assigned to the ticagrelor group or
the clopidogrel group. Of these, 91 patients with TIMI flow
grade of 0 to 1 were randomly assigned to the IC morphine
group (n=45) or the control group (n=46). We excluded
patients with symptom-to-balloon time more than 12 hours
(n=1), previous history of myocardial infarction (n=1), hemo-
dynamic instability (n=1), concurrent brain tumor (n=1),
withdrawal from the trial (n=3), or refusal to CMR (n=4).
Finally, CMR could be evaluated in 42 patients in the IC
morphine group and 38 patients in the control group
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110 Randomized patients (15t randomization) |

3 Underwent delayed PCI

1 Had previous history of MI

>|‘15 Initial TIMI flow >1

| 91 Randomized patients (2" randomization) |

45 Received
IC morphine

1 Had previous history of Ml

1 Wanted withdrawal

1 Had concurrent brain tumor

| 42 CMR available |

|

46 received
IC saline

1 Underwent delayed PCI

1 Was hemodynamically
unstable

1 Wanted withdrawal
Refused CMR

[ 39 performed CMR |

—>| 1 Wanted withdrawal

| 38 CMR available |

Figure 1. Study flow. CMR indicates cardiac magnetic resonance; IC, intracoronary; MI, myocardial
infarction; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction.

(Figure 1). Baseline characteristics are shown in Table 1.
There were no significant differences in baseline demographic
and laboratory findings between the IC morphine and control
groups. The median age of the total patients was 60 years
(49.5-66.5 years). More than 80% of patients were male in
both groups. There was no significant difference in use of
P2Y,, receptor inhibitor (ticagrelor or clopidogrel). Angio-
graphic and procedural findings were well balanced between
the groups as well. Forty-two patients (52.5%) had 1-vessel
disease, and the left anterior descending artery was the most
commonly involved coronary artery. Most patients underwent
stent implantation in the culprit coronary artery.

Cardiac Magnetic Resonance Results

There was no significant difference in the intervals from PCI to
CMR between the 2 groups (3 [3-4] days for both groups,
P=0.88). CMR data are shown in Table 2. LV mass was
significantly smaller in the control group, but both primary and
secondary outcomes did not show any differences between
the groups. The primary outcome, myocardial infarct size, was
similar (25.6+£11.2% vs 24.6+-10.5%, P=0.77) between the 2
groups, as were other CMR parameters including MVO extent
and myocardial salvage index (Figure 2). In subgroup analysis
the neutral effect of IC morphine was consistent among the
various subgroups, but there was significant interaction
between the treatment effect of IC morphine during primary
PCl and prior use of morphine. IC morphine tended to
decrease infarct size in patients receiving morphine before
randomization (Figure 3).

Angiographic, ECG, Biochemical, and Clinical
Outcomes

Angiographic, ECG, and biochemical outcomes are displayed
in Table 3. All but 1 patient achieved final TIMI flow grade of
3, and the prevalence of postprocedural myocardial blush
grade 2 to 3 was similar in both groups. The frequency of
complete ST-segment resolution 30 minutes after PCI and
peak CK-MB levels were not different between the 2 groups.
In-hospital complications and pharmacologic therapy did not
show differences between the IC morphine and the control
group (Tables S1 and S2). During the 6-month follow-up, only
1 patient in the IC morphine group was admitted for heart
failure management.

Discussion

In this prospective randomized study we investigated whether
IC morphine administration could reduce the size of myocar-
dial infarction in STEMI patients undergoing primary PCI. The
major finding of this study was that IC morphine administra-
tion could not reduce myocardial infarct size evaluated by
CMR compared with the control group. There were no
differences in myocardial salvage index or the extent of
MVO between the 2 groups either. Other estimates of
myocardial injury including ST-segment resolution and a peak
CK-MB level showed no difference between groups. Explora-
tory subgroup analyses showed consistent neutral effects of
morphine in various subgroups. To our knowledge, this is the
first prospective randomized study to evaluate the
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IC Morphine (n=42) Control (n=38) P Value

Age, y 57.5 (49.0-66.0) 62.0 (50.0-67.0) 0.42
Male 37 (88.1) 31 (81.6) 0.54
Height, cm 168.0 (162.0-173.0) 167.5 (164.0-171.0) 0.43
Weight, kg 69.2 (63.9-76.2) 67.4 (59.3-72.3) 0.26
Hypertension 17 (40.5) 14 (36.8) 0.82
Diabetes mellitus 10 (23.8) 9 (23.7) >0.999
Dyslipidemia 1(26.2) 10 (26.3) >0.999
Smoking 33 (78.6) 28 (73.7) 0.79
History of CVA 4 (9.5 0 (0) 0.12
Platelet count, x10° 233 (205-270) 221 (191-249) 0.19
Total cholesterol, mg/dL 201 (183-230) 193 (169-216) 0.24
LDL, mg/dL 137.5 (117.0-161.0) 117.0 (104.5-142.5) 0.06
Serum creatinine, mg/dL 0.98 (0.83-1.07) 0.90 (0.79-1.05) 0.18
Initial glucose, mg/dL 157 (137-179) 141 (123-173) 0.16
Hs-CRP, mg/dL 0.11 (0.04-0.29) 0.08 (0.05-0.18) 0.93
Symptom to balloon time, minutes 167 (112-283) 158 (108-243) 0.78
Door to balloon time, minutes 67 (53-76) 69 (51-78) 0.64
Culprit vessel

LAD 23 (54.8) 21 (55.3) >0.999

LCX 3(7.1) 3(7.9 >0.999

RCA 16 (38.1) 14 (36.8) >0.999
Number of diseased vessels

1 22 (52.4) 20 (52.6) >0.999

2 4 (33.3) 15 (39.5) 0.64

3 6 (14.3) 3(7.9 0.49
Lesion type B2/C 38 (90.5) 36 (94.7) 0.68
Initial TIMI flow grade

0 38 (90.5) 37 (97.4) 0.36

1 4 (9.5) 1 (2.6)
Thrombus aspiration 27 (64.3) 25 (65.8) >0.999
Stent insertion 42 (100) 36 (94.7) 0.22

Stent diameter, mm 3.0 (2.75-3.5) 3.0 (2.75-3.5) 0.91

Stent length, mm 28 (23-30) 27 (19-33) 0.33
P2Y,, receptor inhibitor

Clopidogrel 25 (59.5) 20 (52.6) 0.65

Ticagrelor 17 (40.5) 18 (47.4)
Glycoprotein Iib/llla inhibitors 4 (9.5) 3(7.9) >0.999

Values are reported as median (25"‘—75th percentiles) or n (%). CVA indicates cerebrovascular accident; Hs-CRP, high-sensitivity C-reactive protein; IC, intracoronary; LAD, left anterior
descending; LCX, left circumflex; LDL, low-density lipoprotein; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.

cardioprotective effect of IC morphine in STEMI patients
undergoing primary PCl using CMR.

Primary PCI has been shown to be an effective reperfusion
therapy for STEMI to restore coronary artery blood flow and

has contributed to reducing mortality of STEML.' However,
abrupt reperfusion after prolonged coronary occlusion can
induce myocardial and vascular injury. The beneficial effects
of primary PCl are limited by reperfusion injury, and lethal
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Table 2. CMR Findings
IC Morphine | Control
(n=42) (n=38) P Value
LV end-diastolic volume, mL | 143.7+£31.0 | 139.9+28.7 | 0.57
LV end-systolic volume, mL | 67.6+25.6 67.2+20.9 0.90
LV ejection fraction, % 53.9+10.0 | 52.4+7.8 0.42
LV mass, mL 116.2+27.7 | 104.7+23.5 | 0.04
Infarct size (%LV) 25.6+11.2 | 24.6+105 | 0.77
Area at risk (%LV) 35.7+11.9 | 3444132 | 0.59
Myocardial salvage index, % | 31.1+15.2 | 30.3+10.9 | 0.75
Extent of MVO (%LV) 6.0+£6.3 5.1+4.6 0.91
Mean transmurality score 21+0.4 2.0+0.4 0.31
Number of segments with 3 (2-6) 4 (2-6) 0.86
transmural infarction >75%

Values are reported as mean+SD or median (25th-75th percentiles). CMR indicates
cardiac magnetic resonance; intracoronary; LV, left ventricle; MVO, microvascular
obstruction.

reperfusion injury is reported to account for up to 50% of the
final size of a myocardial infarct.' Although several cardio-
protective strategies have been attempted to prevent reper-
fusion injury and to reduce myocardial infarct size, none of
them has been definitively proven to be effective. %2922
Considering the high mortality and substantial rate of patients
with LV dysfunction after STEMI, identifying an effective
therapy for preventing lethal reperfusion injury is highly
demanding. Therefore, we conducted the present trial to
investigate the beneficial effects of IC morphine on myocar-
dial infarct size in patients undergoing primary PCI.

5Q- 2961112 246 ‘i 10.5
S .
=3 A
2 404 "
[ A s A
N T
2 30-
i ajs
<=
= 204 N
= o
=
© -
i " * P=0.77
) N
|
0 T T
IC morphine Control

Figure 2. Myocardial infarct size in the intracoronary morphine
and saline group. IC indicates intracoronary; LV, left ventricle.

Morphine has been used to control nitrate-unresponsive
chest pain in acute myocardial infarction.'®?* Apart from its
analgesic effects, morphine can also lower myocardial
oxygen demand by reducing sympathetic activation and
dilating peripheral vessels.?* Moreover, previous laboratory
and animal data reported a protective effect of morphine and
its derivatives for prevention of reperfusion injury. Addition-
ally, a cardioprotective role of morphine via opioid receptors
has been demonstrated, and previous studies have reported
that morphine can reduce reperfusion injury and infarct size
of the myocardium in a way similar to that of ischemic
periconditioning.'®?° One previous clinical trial showed that
remote ischemic periconditioning and morphine infusion
played a preventive role in reperfusion injury of STEMI
patients.?® It compared the efficacy of 3 treatment groups:
control, remote ischemic periconditioning alone, or remote
ischemic periconditioning plus morphine infusion. The last
group showed the best efficacy, and the authors suggested a
potential role of opioid action in ischemic postconditioning.
Thus, we conducted a prospective, randomized trial on STEMI
patients and analyzed myocardial infarct size using CMR
images to investigate the cardioprotective role of morphine
more accurately and directly. We administered morphine into
the coronary artery expecting superior efficacy based on
recent studies implying improved results with intracoronary
injection of cardioactive drugs compared with intravenous
application.'""®

In our present study we demonstrated that IC morphine
during primary PCI did not reduce myocardial infarct size, but
there is a possibility that our findings resulted from study
design rather than lack of actual morphine benefit. First,
morphine could not reach the infarcted myocardium due to
impaired coronary flow. However, we injected morphine into
the coronary artery immediately after restoration of blood
flow. In some patients morphine was administered locally at
the site of the infarct lesion via thrombus aspiration catheter
instead of via guiding catheter only, but subgroup analysis
showed no significant difference in treatment effect of IC
morphine according to method of administration. Local
concentrations of morphine might be much higher with IC
administration than with intravenous administration regard-
less of the use of thrombus aspiration catheter. Second,
whether the dose of morphine was adequate is uncertain. Due
to lack of data, we arbitrarily chose 3 mg of morphine sulfate,
which was a little bit smaller than the conventional intra-
venous dose. Third, some patients received intravenous
morphine at the emergency room for pain control. We did
not exclude those receiving morphine before randomization
because pain control is 1 of the important treatment goals in
patients with STEMI, and the use of morphine is frequently
inevitable in real-world practice. Subgroup analysis showed a
significant interaction between the treatment effect of IC
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Mean difference Infarct size (%LV) Mean difference P for
Subgroups Number
(95% Cl) IC morphine control (95% CI) interaction
Overall 80 [ — 256+11.2 246+105 1.1(-3.8105.9)
Sex 0.81
Male 68 e et 257117 244 +10.4 13(4.1106.7)
Female 12 = 24869 252121 .04 (-13.9 t013.1)
Age 0.84
<60 years 39 —_— 27.7+104 26.7+10.6 1.0(-59107.9)
> 60 years 41 —_— 230£119 230105 0.05(-7.0t07.1)
Diabetes . 0.77
Yes 19 l 21787 21.9+11.8 -0.2(-10.2109.7)
No 61 —— 268+117 25.4£10.2 15(-42107.1)
Location of MI 067
anterior 44 '—-l—' 30.7+114 28.7+9.7 2.0(-4.7108.6)
others 36 —— 20.0 £8.0 19.9+9.6 0.1(-5.7105.9)
P2Y,; receptor inhibitor 0.96
Ticagrelor 35 '—!—' 230:10.3 22490 0.6 (-6.0107.3)
Clopidogrel 45 . 274%116 265116 0.9(-6.2t07.9)
Prior IV morphine . 0.02
Yes 25 _'_"' 238+129 31.3+83 -75(-16.3101.3)
No 55 H—a— 2664102 221£103 45(-1.11010.0)
Administration of IC morphine ' 0.31
via guiding catheter 39 = 271%127 226102 45(-46t0135)
via aspiration catheter 41 e 248£105 2564108 08(671052)
Favors IC morphine T T T T T 1Favors control
-15  -10 -5 0 5 10 15

Figure 3. Forest plot subgroup analyses for myocardial infarct size. Cl indicates confidence interval; IC, intracoronary; 1V, intravenous; LV, left

ventricle; MI, myocardial infarction.

Table 3. Angiographic, ECG, and Biochemical Outcomes

IC Morphine (n=42) Control (n=38) P Value
Final TIMI >0.999
flow grade
2 1(2.4) 0 (0)
3 41 (97.6) 38 (100)
Myocardial >0.999
blush grade
0/1 9 (21.4) 9 (23.7)
2 13 (31.0) 12 (31.6)
3 20 (47.6) 17 (44.7)
Complete ST 16 (38.1) 14 (36.8) >0.999
resolution at
30 minutes
Complete ST | 18 (42.9) 21 (55.3) 0.37
resolution at
60 minutes
Peak CK-MB, | 231 (133.6-307.0) | 234.9 (110.1-288.7) | 0.54
ng/mL

Values are reported as median (25th-75th percentiles) or n (%). CK-MB indicates creatine
kinase-myocardial band fraction; ECG, electrocardiogram; IC, intracoronary; TIMI,
thrombolysis in myocardial infarction.

morphine during primary PCI and prior use of morphine. Prior
use of morphine per se might have protective effects on
myocardial infarct size, or the accumulated dose might reach
therapeutic concentration. However, these findings should be
interpreted with caution and are hypothesis generating at
best. We cannot exclude a possibility of play of chance.

The potential beneficial effects of morphine might be
negated by a pleomorphic effect that counterbalances its
cardioprotective effect. Several pharmacokinetic and phar-
macodynamic studies have proposed adverse effects of
morphine in association with delayed activity of P2Yy,
receptor inhibitors by its delaying absorption in the gastroin-
testinal tract.?®*” A recent study reported adverse effects of
morphine in terms of larger infarct size, higher extent of MVO,
and lower myocardial salvage index.?® However, morphine did
not show any harmful effects in our study. Taken together, it
seems to be unlikely that morphine administration during
primary PCl is protective in patients undergoing primary PCI
under current standard practices. Our primary end point of
infarct size measured by CMR is a widely accepted gold
standard for myocardial damage and is significantly correlated
with long-term clinical outcomes in patients with STEMI.?’
However, because morphine delays absorption of P2Y,,
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receptor inhibitors, a large study is needed to investigate the
consequence of reduced inhibition of platelet activation by
morphine administration.

Study Limitations

There are some limitations of the current study. First, all study
drugs were open label, but primary outcome measurement
was blinded. Second, there is a chance of selection bias
because CMR analysis was not available for all randomized
patients. However, this study is comparable to other studies
in the acquisition rate of CMR (87.9%).3%3" Third, the primary
outcome of our study was measured at a relatively early phase
after STEMI, and only 6-month clinical outcomes were
evaluated. Assessment of long-term results regarding ventric-
ular remodeling after infarct maturation and long-term clinical
events is still needed.

Conclusions

In this prospective randomized trial, IC morphine could not
reduce myocardial infarct size compared with the control in
STEMI patients undergoing primary PCIl. However, it may be
worthwhile to investigate whether different dose, timing, or
route of administration of morphine would reduce myocardial
infarct size.
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Table S1. In-hospital complications

IC morphine (n=42)  Control (n=38) P value
Death 0(0) 0(0) N/A
Intra-aortic balloon pump 1(2.4) 1(2.6) >0.999
Acute pulmonary edema 0 (0) 1(2.6) 0.48
Bleeding 0(0) 1(2.6) 0.48
Recurrent ischemia 0(0) 0(0) N/A
Arrhythmia 1(2.4) 2(5.3) 0.60
Stroke 0 (0) 1(2.6) 0.48
Infection 1(2.4) 1(2.6) >0.999

Values are reported as n (%). IC indicates intracoronary; N/A, not applicable.



Table S2. Pharmacology therapy

IC morphine (n=42)  Control (n=38) P value
Aspirin 100 (100) 100 (100) N/A
P2Y 12 receptor inhibitor 100 (100) 100 (100) N/A
Statins 100 (100) 100 (100) N/A
Beta blockers 38 (90.5) 34 (89.5) >0.999
Renin-angiotensin system blocker 35 (83.3) 35(92.1) 0.32

Values are reported as n (%). IC indicates intracoronary; N/A, not applicable.



