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Abstract

Background Microvascular injury in patients with ST-segment elevation myocardial infarction (STEMI) occurs in up to
50%, yet no therapeutic target exists. Inflammation contributes directly to myocardial damage in STEMI and may also
cause deleteriously effects on the microcirculation. The aim of this prespecified sub-study was to determine the effect
of prehospital pulse-dose glucocorticoid on the microcirculation determined by index of microvascular resistance
(IMR) and its relation to inflammation.

The PULSE-MI trial was a 1:1 randomized, blinded, placebo-controlled clinical trial in patients with STEMI transferred
for primary percutaneous coronary intervention (PCl) investigating the cardioprotective effects of prehospital
pulse-dose glucocorticoid (methylprednisolone 250 mg) compared with placebo. In this prespecified sub-study,
we investigated microvascular function as IMR by thermodilution after primary PCl and inflammation defined by
C-reactive protein (CRP) at 24 hours after onset of STEMI.

Results Of 530 patients included in the PULSE-MI trial, 295 (56%) were assessed with coronary physiology of whom
142 (48%) were treated with glucocorticoid and 153 (52%) with placebo. Baseline characteristics were overall well-
balanced in both groups. The median IMR in the glucocorticoid group was 23 (interquartile range (IQR), 11-38) and
18 (IQR, 11-42) in the placebo group (p=0.49). CRP upon arrival did not differ between treatment groups (p=0.81), but
CRP at 24 hours was significantly lower in the glucocorticoid group compared to placebo (p<0.001).

Conclusions Prehospital glucocorticoid did not impact IMR assessed immediately after primary PCl, albeit this
compound, demonstrated significant anti-inflammatory effects as determined by CRP levels at 24 hours.
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Trial registration http://www.clinicaltrials.gov; Unique Identifier: NCT05462730.
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Introduction

Restoration of epicardial blood flow with primary percu-
taneous coronary intervention (PCI) is pivotal to salvage
myocardium at risk in ST-segment elevation myocardial
infarction (STEMI) [1]. In patients with STEMI, reperfu-
sion of the epicardial artery may not necessarily signify
successful treatment, as microvascular damage occurs in
up to half of patients with STEMI resulting in microvas-
cular dysfunction [2].

Myocardial and microvascular damage including
intramyocardial hemorrhage assessed by cardiac mag-
netic resonance (CMR) has shown to predict long-term
outcomes following STEMI [3]. Function of the micro-
circulation can also be assessed directly by thermo-
dilution-derived intracoronary physiology measuring
coronary flow reserve (CFR) and the index of micro-
vascular resistance (IMR) which is an index of minimal
microvascular resistance [4, 5]. Thus, IMR represents an
index corresponding to flow and microvascular damage
[5]. IMR measured immediately after primary PCI has
shown to be a strong indicator of microvascular dysfunc-
tion and is a prognostic predictor for major cardiovascu-
lar events after STEMI [4]. Despite novel non-invasive
and invasive modalities of assessing microvascular dam-
age, prevention and treatment hereof remains a perpetual
challenge.

The cause of microvascular damage in STEMI is mul-
tifactorial but potentially includes distal embolization,
vasospasm, and lethal reperfusion injury [6]. Inflamma-
tion is initiated immediately after acute ischemia and
further exacerbated following reperfusion, and inflamma-
tion has been linked to extensive microvascular damage
[7, 8]. High-dose glucocorticoids exert broad anti-inflam-
matory effects with several immunomodulatory activities
that is of positive influence in acute diseases [9-11]. In
addition to the anti-inflammatory effects, glucocorti-
coids may exhibit stabilizing, acute effects at high doses
(>100 mg), known as the non-genomic effect [12]. These
actions are proposed to confer cardioprotection by cell
membrane stabilization and reducing infarct size [12].
Whether the anti-inflammatory properties along with the
non-genomic effects of pulse-dose glucocorticoids in the
prehospital setting, prior to reperfusion, translate into
less microvascular dysfunction remains unknown.

In patients with STEMI, we conducted a randomized,
blinded, placebo-controlled clinical trial “Prehospital
Pulse Glucocorticoid Therapy in Patients with ST-Seg-
ment Elevation Myocardial Infarction” (PULSE-MI) to
investigate the cardioprotective effects of glucocorti-
coids evaluated by CMR [13]. The trial found no effect of

glucocorticoid on final infarct size at three months, but
glucocorticoids reduced acute infarct size and improved
acute left ventricular ejection fraction. In addition, less
presence of microvascular obstruction was observed in
these patients [14]. The present prespecified sub-study
of the PULSE-MI trial aimed to investigate the effect of
prehospital pulse-dose glucocorticoid in patients with
STEMI on the microcirculation.

Methods

Trial design

This was a prespecified sub-study of the PULSE-MI trial
(Prehospital Pulse Glucocorticoid Therapy in Patients
with ST-Segment Elevation Myocardial Infarction). The
trial was a blinded, placebo-controlled, randomized
clinical trial investigating the cardioprotective effect of
prehospital pulse-dose glucocorticoid in patients with
STEMI transferred for primary PCI [13]. The trial was
conducted at the Department of Cardiology, Rigshos-
pitalet, Denmark and all patients were randomized in
the prehospital setting by the Emergency Medical Ser-
vices in Region Zealand and Capital Region of Den-
mark. The trial was registered at https://clinicaltrials.g
ov (Unique Identifer: NCT05462730) and approved in
the Clinical Trials Information System (EU-CT number:
2022-500762-10-00) and by the Danish Data Protection
Agency (ID: P-2022-280). The trial protocol and primary
results have previously been published [13, 14]. The trial
was conducted in compliance with the Helsinki Decla-
ration, European and national laws. The conduct of the
trial was monitored by the Good Clinical Practice unit
of Copenhagen, Denmark and monitored for safety and
efficacy by an independent Data and Safety Monitoring
Board. All patients provided informed consent following
the acute treatment according to European law [13].

Patients

Between November 2022 and October 2023, patients
with STEMI [1], aged >18 years and <12 h of symptoms
were randomized and treated in the ambulance prior to
acute coronary angiogram. Main exclusion criteria were
out-of-hospital cardiac arrest, previous acute myocardial
infarction in assumed culprit, and a history of maniac/
psychotic episodes. The full list eligibility criteria and
study design have been published [13]. Of 742 random-
ized patients, 530 patients with STEMI were included in
the modified intention-to-treat population [14].
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Intervention and randomization

Patients were randomized in the prehospital setting
to a single injection of methylprednisolone 250 mg
(2x125 mg/2 mL) (glucocorticoid group) or placebo
(0.9% NaCl 4 mL). The study medicine (active or placebo)
was administered as a bolus injection over a period of
5 min as soon as the patient was accepted for an acute
coronary angiogram at Rigshospitalet. Randomization
was done using a random number generator with allo-
cation in a 1:1 ratio. All ambulances throughout Region
Zealand and Capital Region of Denmark were equipped
with identical, opaque study medicine boxes, each num-
bered randomly according to allocation. Prehospital
study medicine was administered by the ambulance staff
who was blinded when randomly picking a study medi-
cine box. The treating ambulance staff was unblinded
after opening the box. All in-hospital personnel, trial
investigators, and the patients were blinded for treatment
allocation. All patients included in the trial were other-
wise treated according to guidelines and standard proce-
dures [1].

Outcome measures and objectives

This prespecified sub-study encompassed patients with
invasive coronary physiology assessment following pri-
mary PCIL The objective was to determine the effect of
prehospital pulse-dose glucocorticoid compared with
placebo on the microcirculation determined by IMR in
the culprit artery following primary PCI. Moreover, we
sought to investigate the relation between microvascular
function and randomized treatment using CMR, intra-
coronary physiology, and inflammation using C-reactive
protein (CRP) levels.

Coronary physiology

Coronary physiology was assessed in eligible patients at
the discretion of the operator and was assessed imme-
diately following primary PCI. Coronary physiology was
performed during all hours and during weekends. The
theoretical basis of the physiological thermodilution-
derived indices have been published elsewhere [15]. In
brief, thermodilution-derived indices were measured by
a pressure/temperature gauge guidewire (PressureWire
X; Abbott) and data from the guidewire were analyzed
with dedicated software (CoroFlow v.3.01; Coroventis).
Equalization of the wire pressure and aortic pressure
was done with the pressure sensor positioned at the tip
of the guide catheter after it was secured that damping
was not present. The wire was subsequently advanced to
the distal third of the vessel. The mean transit time (Tmn)
was calculated from the thermodilution curves by bolus
injections of room temperature saline (3 mL) at rest and
during maximal hyperemia. The Tmn was measured
three times at rest and during maximal hyperemia, and
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the average Tmn was calculated by the computer in each
physiological state. The software automatically marked
any recordings of Tmn, deviating with more than 30%
from the average value. If a recording was marked, the
measurement for the specific recording was repeated. A
two-minute infusion of adenosine (140 pg/kg/min) in a
large vein was used to induce maximal hyperemia. IMR,
reflecting the minimal microcirculatory resistance, was
defined as the mean distal pressure multiplied by Tmn
during maximal hyperemia [5].

Blood samples and cardiac magnetic resonance
CRP was collected upon admission by arterial blood
samples. Between 12 and 36 h of symptom debut, CRP
was collected using venous blood samples and the sample
closest to 24 h was used for all analyses in this sub-study.
The CMR protocol and analyses has been described
[13]. In brief, patients underwent two CMR scans, one
during admission and three months after STEMI. This
sub-study only included CMR outcomes of the acute
scan, as glucocorticoid improved acute CMR outcomes
in the primary analysis. Infarct size was measured by
late gadolinium enhancement on short axis images per-
formed 6—10 min following contrast infusion using a 5
standard deviations (SD) threshold of visually identified
remote healthy myocardium on each short axis slice [16].
Microvascular obstruction was defined as hypointense
areas within the infarct region [17]. T2 -images prior to
contrast injection were used to identify intramyocardial
hemorrhage defined as either hypointense regions within
the infarcted area with mean T2 -value >2 SD below T2'-
value of remote healthy myocardium [18], or T2 -value
within the infarcted area of <20 [19]. All quantitative
analyses were performed in circle cardiovascular imaging
(CVI42) by a reader blinded to clinical data.

Statistical analysis

Continuous variables were presented as mean (SD) if
parametric and median (interquartile range (IQR)) if
non-parametric. Categorical variables were presented
as numbers and percentages. To investigate differences
between groups, the Wilcoxon Rank sum test was used
for numeric variables and Chi-square or Fishers test for
categorical variables, as appropriate.

Box plots showing distributions of CRP at 24 h and
IMR in the glucocorticoid and placebo group were con-
ducted. Linear regression was used to investigate the
relation between both IMR and CRP at 24 h, and treat-
ment allocation. Logarithmic transformation was used
to improve normality. Interaction analysis with culprit
artery was performed to elucidate the potential differ-
ence of IMR in the treatment arms according to culprit
artery. Interaction analysis between IMR and CRP at 24 h
according to treatment arm was performed to elucidate
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the relation between microvascular damage and inflam-
mation. To investigate the microvascular function and
inflammation in relation to CMR outcomes according
to treatment arm, interaction analyses between IMR,
CRP, and CMR outcomes (acute and final infarct size,
microvascular obstruction, intramyocardial hemor-
rhage, left ventricular ejection fraction) were performed.
In all interaction analyses, linear regression was used for
numeric outcomes, whereas logarithmic regression was
used for binary outcomes.

As judged by the operator, not all patients had coronary
physiology assessed. To investigate potential differences
between these patients and those with coronary physi-
ology, a baseline table stratified by coronary physiology
assessment was conducted.

IMR and CMR outcomes were assessed in patients
with and without pre-infarction angina in the treatment
groups. Pre-infarction angina was defined as episodes of
chest pain <48 before symptom onset.

The P-values were two-sided and considered statisti-
cally significant if less than 0.050. All statistical analyses
were performed in R Studio, version 4.3.2 (RStudio Team
[2020]. RStudio: Integrated Development for R. RStudio,
PBC, Boston, MA; URL: http://www.rstudio.com/).

Results

Of 530 patients included in the modified intention-to-
treat population of the PULSE-MI trial, a total of 295
(56%) had invasive physiology following primary PCI of
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whom 142 patients were treated with glucocorticoid and
153 with placebo (Fig. 1). Baseline characteristics strati-
fied by assessment of coronary physiology are presented
in Supplementary Table 1. Patients without coronary
physiology were older, had higher heart rate in the pre-
hospital setting, higher Killip Class at admission, and
more often culprit in left main or left anterior descending
artery (LAD).

In patients assessed for coronary physiology, baseline
characteristics were overall well-balanced in the treat-
ment groups besides lactate on arrival (glucocorticoid:
1.80 (IQR, 1.50 to 2.40) vs. placebo: 1.60 (IQR, 1.20 to
2.30), p=0.010) (Table 1). The median age was 62 years
(IQR, 55 to 71) and 82% were men, the culprit lesion was
LAD in 42%, 56% had thrombolysis in myocardial infarc-
tion flow 0—1 before PCI, and the overall duration from
symptom to study intervention was 105 min (IQR, 66 to
222).

Distribution of IMR values in both treatment groups
is presented in Fig. 2. There was no difference in IMR
between the glucocorticoid (23 (IQR, 11 to 38)) and pla-
cebo (18 (IQR, 11 to 42)) group (p=0.49) (Table 2). Dif-
ferences in IMR between treatment groups in linear
regression remained non-significant (p=0.74) and there
was no interaction with culprit lesion (p=0.71). Associa-
tions between IMR and CMR outcomes were similar in
both treatment groups (Fig. 3). There was no interaction
between IMR and glucocorticoid treatment regarding
acute infarct size (p=0.82), microvascular obstruction

Randomized in the PULSE-MI trial
(n=742)

Excluded patients (n=212)

Not meeting eligibility criteria (n=122)
Other reason for ST-segment elevation (=90)

PULSE-MI study population

modified intention-to-treat

(n=530)

Glucocorticoid ’

(n=262) ’
No coronary physiology
(n=120)
Glucocorticoid
(n=142)

[ Placebo
t (n=268)
No coronary physiology
(n=115)
Placebo
(n=153)

Fig. 1 Flowchart of the study population. Legend: The modified intention-to-treat population included all patients who fulfilled all eligibility criteria.
Excluded patients include all post-randomization exclusions with comprises patients who were randomized but either did not fulfill eligibility criteria or

had other reasons for ST-segment elevation
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Table 1 Baseline characteristics
Variable Randomization p-value”
Glucocorticoid Placebo
(n=142) (n=153)
Demographics
Age, years, median (IQR) 62 (54,72) 62 (55,71) 0.94
Male sex, n (%) 113 (80) 130 (85) 0.23
BMI, kg/m2, median (IQR) 27.1(24.3,294) 26.7 (24.5,29.9) 083
Comorbidities, n (%)
Smoking
Current 55(39) 65 (42) 051
Previous 48 (34) 40 (26) 0.15
Never 40 (27) 48 (31) 0.46
Predisposition to ischemic heart disease 54 (38) 58 (38) 0.98
Hypertension 51(36) 64 (42) 0.30
Peripheral arterial disease 1(0.7) 3(2.0) 0.62
Hypercholesterolemia 35(25) 51 (33) 0.10
Previous stroke or transient ischemic attack 2(1) 7 (5) 0.18
Diabetes mellitus 15(11) 22 (14) 0.32
Previous myocardial infarction 5(4) 6 (4) 0.86
Prehospital
Anterior infarction, n (%) 58 (41) 62 (47) 0.54
Cardiac arrest with shockable rhythm, n (%) 6 (4) 3(2) 0.32
Nitroglycerine, n (%) 124 (87) 136 (89) 0.68
Acetylsalicylic acid, n (%) 142 (100) 152 (99) 1.00
Heparin, n (%) 142 (100) 151 (99) 0.50
Arrival
Pre-infarction angina, n (%) 42 (30) 57 (37) 0.16
Killip class > 1, n (%) 4(3) 8(5) 0.30
Left ventricular ejection fraction, %, median (IQR) 45 (35, 55) 45 (35, 55) 1.00
Heart rate, bpm, median (IQR) 74 (66, 85) 75 (64, 87) 0.77
Systolic blood pressure, mmHg, median (IQR) 133(114, 150) 140 (120, 155) 0.07
Diastolic blood pressure, mmHg, median (IQR) 75 (65, 82) 75 (67, 85) 0.38
Lactate, mmol/L, median (IQR) 1.80 (1.50, 2.40) 1.60 (1.20, 2.30) 0.018
Glucose, mmol/L, median (IQR) 8.30(7.20,9.55) 8.00 (7.00, 9.60) 0.18
Time durations, median (IQR)
Symptom to study intervention, mins 113 (75, 202) 104 (62, 235) 0.81
Symptom to first wire, mins 188 (132, 280) 171 (123, 305) 0.56
Study intervention to first wire, mins 62 (80,117) 58 (80, 115) 043
Procedural data
Admission during off-hour™ 82 (58%) 92 (60%) 0.77
Radial access, n (%) 140 (99) 150 (98%) 1.00
Culprit lesion, n (%) 0.57
Left anterior descending artery 58 (41) 66 (43)
Circumflex artery 27 (19) 22(14)
Right coronary artery 57 (40) 65 (42)
Pre-PCI TIMI flow 0-1, n (%) 83 (58) 82 (54) 040
Post-PCI TIMI flow IIl, n (%) 138 (97) 149 (97) 1.00
Lesion Type, n (%) 0.53
Type A 1(1) 3(2)
Type B1 15(11) 13(9)
Type B2 77 (54) 92 (60)
Type C 49 (35) 45 (29)
Multivessel disease, n (%) 80 (56) 81 (53) 0.56
Use of glycoprotein Ilb/llla inhibitor, n (%) 12 (9) 7 (5) 0.18
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Table 1 (continued)
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Variable Randomization p-value”
Glucocorticoid Placebo
(n=142) (n=153)
Primary treatment with DES, n (%) 142 (100) 147 (96) 0.06
Total stent length in the culprit lesion, median (IQR) 33 (25, 48) 32(23,43) 0.12
Largest balloon diameter, median (IQR) 4.25 (4.00, 4.50) 4,00 (4.00,4.50) 041
Thrombus aspiration, n (%) 0(0) 4(3) 0.12
Use of intracoronary imaging, n (%) 73 (51) 76 (50) 0.81

Percentages may not total 100 because of rounding

BMI body mass index, DES drug-eluting stent, /QR interquartile range, PC/ percutaneous coronary intervention, TIMI thrombolysis in myocardial infarction

“Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test

"Off-hour was defined as procedure start outside the time window of 08:00am to 03:00pm
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Fig. 2 Distribution of index of microvascular resistance and C-reactive protein. Legend: Shown are two box plots of the distribution of C-reactive protein
(CRP) and index of microvascular resistance (IMR). Boxplots show median, lower and upper quartile for each group. The line within the box is the median
and the upper and lower edge of the box is the upper and lower quartile, respectively. The blue presents the glucocorticoid group whereas the red pres-

ents the placebo group. CRP was measured in mg/L at 24 hours

Table 2 Microvascular assessment

n Randomization p-value”
Glucocorticoid n Placebo
Coronary Physiology, median (IQR)
Fractional Flow Reserve 142 0.97 (0.94, 0.99) 153 0.96 (0.92,0.99) 0.24
Coronary Flow Reserve 142 1.60 (1.10, 2.30) 153 1.70 (1.30, 2.30) 0.15
Index of Microvascular Resistance 142 23(11,38) 153 18(11,42) 049

IQR interquartile range

“Wilcowon Rank sum test
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(p=0.40), intramyocardial hemorrhage (p=0.68), or left
ventricular ejection fraction (p=0.08) between treatment
groups. Figure 3 shows the association between IMR and
CMR outcomes. In both treatment groups, elevated IMR
was associated with larger infarct size, more presence of
microvascular obstruction and intramyocardial hemor-
rhage, and lower left ventricular ejection fraction.

In analysis stratified by pre-infarction angina, there
was no difference between IMR values in the two treat-
ment groups (Supplementary Table 2). Patients with pre-
infarction angina and were treated with glucocorticoids
had less microvascular obstruction, smaller infarct size
and higher left ventricular ejection fraction compared to
patients treated with placebo (Supplementary Table 2).

CRP at arrival did not differ between treatment groups
(glucocorticoid: 3 (IQR, 1 to 4), placebo: 2 (IQR, 1 to 5),
p=0.81). CRP at 24 h was significantly lower in the glu-
cocorticoid group (4 (IQR, 2 to 10)) compared with the
placebo group (11 (IQR, 4 to 21)) p<0.001. There was no
interaction between CRP at 24 h and IMR according to
treatment group (p=0.58). In both treatment groups, an
increased CRP was associated with larger acute infarct
size and lower left ventricular ejection fraction (Fig. 3),
and no interaction was found in either analysis (p=0.97)
and (p=0.87), respectively. There was no interaction
between CRP at 24 h and presence of microvascular

obstruction (p=0.72) or intramyocardial hemorrhage
(p=0.93) according to treatment group.

Discussion
This was a prespecified sub-study of the PULSE-MI trial,
evaluating the acute effects of prehospital glucocorticoid
on the microcirculation in patients with STEMI. Com-
pared to placebo, prehospital pulse-dose glucocorticoid
did not affect IMR but had significant anti-inflammatory
effects determined by a significant CRP reduction.
Elevated microvascular resistance evaluated by IMR
and presence of microvascular obstruction on CMR
show concordance in the majority of patients with
STEMI [4]. IMR serves as a functional measure of the
hyperemic resistance in the microcirculation and can
be used to directly identify microvascular dysfunction
in the artery subtending myocardium at risk [4]. When
assessed acutely, IMR reflects functional impairment of
both reversible damage such as edema or stunning of the
myocardium, as well as irreversible damage caused by
cellular necrosis [20]. Conversely, microvascular obstruc-
tion on CMR is an anatomic impairment representing a
severe perfusion defect and thus represent an irrevers-
ible damage [17]. Intuitively, glucocorticoid could pre-
vent both but in this sub-study, no effect of prehospital
glucocorticoid on IMR was found. However, as reported
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in the main trial, prehospital glucocorticoid on the other
hand was associated with less microvascular obstruction
[14]. Previous studies found varying discordance between
IMR and microvascular obstruction [4]. One reasonable
explanation is that IMR measured immediately after the
acute phase of STEMI with primary PCI change rap-
idly over time and thus may not be representative at the
time when CMR is performed [4]. In this study, IMR was
assessed immediately after primary PCI while microvas-
cular obstruction was assessed on CMR conducted in the
following 6—24 h after STEMI. The discordance between
the two measures, IMR and microvascular obstruction,
may therefore simply be explained by the different time
of assessment.

In the acute phase of STEMI, inflammation is a poten-
tial deleterious component contributing to excessive
microvascular damage [7]. The inflammatory damage is
especially significant in relation to reperfusion, affect-
ing the endothelial and myocardial cells and thus their
integrity [2]. This study investigated the broad acting
anti-inflammatory drug, glucocorticoid, given as pulse-
dose in the prehospital setting to alleviate the rapid
acting non-genomic effects of glucocorticoid, prior to
reperfusion [13]. Our findings showed that 24 h CRP
levels were significantly lower after treatment with glu-
cocorticoid, and thus glucocorticoid, with high prob-
ability, had an anti-inflammatory effect. In addition,
CRP levels associated with microvascular obstruction
supporting the relationship between the inflammatory
level and microvascular damage [2]. However, no effect
of prehospital glucocorticoid on CRP measured upon
arrival was observed. Our findings support more pro-
longed effect of the compound which become evident
when microvascular obstruction is measure using CMR.
Still in this context, our data on IMR suggest that glu-
cocorticoid do not exert rapid effects to mitigate micro-
vascular damage. This view is challenged, however, since
lactate upon arrival was significantly higher in the glu-
cocorticoid group compared to placebo. Increased lac-
tate is a natural physiological response to glucocorticoid
administration due to its effect on the glucose metabo-
lism [21]. This emphasize that glucocorticoid initiated
rapid cellular processes very early after administration.
Of note, lactate accumulates during ischemia, leading to
decreased myocardial intracellular pH levels [6]. During
reperfusion, lactate is washed out and physiological pH
is rapidly restored, a process referred to as lethal reper-
fusion injury as the dramatic change in intracellular pH
causes additional cardiomyocyte death [6]. Therefore,
the higher lactate levels in the glucocorticoid group sup-
port the existence of an acidic environment for a pro-
longed period of time during reperfusion and may play
a cardioprotective role. Of note, the main trial showed
smaller acute infarct size, higher left ventricular ejection
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fraction and less microvascular obstruction compared
to placebo [14]. The above suggestions together with the
fact that IMR was unaffected by glucocorticoid could
indicate that the acute beneficial effects of prehospital
glucocorticoid in STEMI manifest at a direct myocardial
cellular level with no effect on microvascular hyperemic
flow and IMR. Remarkably, these findings are in line with
experimental studies of pulse-dose glucocorticoid cellu-
lar effects in the myocardium and they may explain the
discrepancy between functional microvascular dysfunc-
tion determined by IMR and anatomical microvascular
damage as defined by acute CMR [12, 22].

Several studies have investigated pharmacological
therapies aimed at preventing microvascular damage
in STEMI [23]. Yet, no larger, blinded, randomized trial
exists on pharmacological therapies aimed at improving
IMR following primary PCI. In a non-blinded, random-
ized trial in forty-one patients with STEMI, streptokinase
administered prior to primary PCI reduced IMR two days
following PCI but failed to show improvement in left
ventricular function [24]. In another open-label, random-
ized trial including 110 patients with STEMI, ticagrelor
was non-superior to prasugrel in improving IMR at base-
line and after one month, infarct size, and microvascular
obstruction but showed less intramyocardial hemorrhage
in the ticagrelor group [25]. Thus, the majority of trials
have focused on an antithrombotic or fibrinolytic strat-
egy to reduce microvascular damage and have shown
varying results. In this study, IMR may therefore reflect
the acute microcirculatory state whereas previous studies
could reflect the potential recovery on the microvascu-
lar function [26]. Taken altogether, any future study with
IMR as an endpoint should cautiously consider the opti-
mal timing of IMR measurement.

Finally, this sub-study suggest that acute anti-inflam-
matory treatment prevents microvascular obstruction
on CMR independent of IMR assessed directly following
primary PCI [14]. However, the role of anti-inflammatory
treatment in prevention and treatment of microvascular
damage warrants future randomized trials to delineate its
efficacy in the setting of STEML

Study limitations

There are some limitations to this sub-study. The blood
used for analysis was peripheral blood which may not
reflect the inflammatory processes in the infarcted myo-
cardium directly. Moreover, there may be a risk of selec-
tion bias as not all patients in each randomization group
had invasive physiology assessed at the discretion of the
operator due to either slow/no reflow, logistics, or low
blood pressure. Patients with no coronary physiology
assessment were sicker than patients who had coronary
physiology assessment. The IMR findings of this sub-
study may therefore be confounded by selection bias.
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In addition, microvascular obstruction was assessed on
acute CMR which was performed within a median of one
day after STEMI. Thus, we cannot rule out that micro-
vascular obstruction develops further beyond this point.
However, the presence of microvascular obstruction in
this study is similar to previous studies [17]. The IMR val-
ues in this study were lower than in other studies [4, 27].
This suggests that the patients included in this study may
represent a lower risk population. Finally, IMR may be
limited by its operator dependency with a high variabil-
ity and may not be as precise as measurement of abso-
lute microvascular resistance which may be more reliable
[26].

Conclusions

Prehospital glucocorticoid did not impact IMR assessed
immediately after primary PCI, albeit this compound,
demonstrated significant anti-inflammatory effects as
determined by CRP levels at 24 h.
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