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Abstract
Aims: The Oxford Acute Myocardial Infarction PICSO (OxAMI-PICSO) study aimed to assess the efficacy 
of index of microcirculatory resistance (IMR)-guided therapy with pressure-controlled intermittent coro-
nary sinus occlusion (PICSO) in anterior ST-elevation myocardial infarction (STEMI).

Methods and results: Patients with anterior STEMI treated with primary percutaneous coronary inter-
vention (pPCI) were enrolled. Pre-stenting IMR was measured and PICSO treatment delivered if pre-stent-
ing IMR was >40. No PICSO treatment was considered in patients with a pre-stenting IMR ≤40. The 
control group was derived from a historical cohort of STEMI patients with pre-stenting IMR >40 enrolled 
in the observational OxAMI study. IMR was measured after completion of pPCI in all patients and within 
48 hours in PICSO patients and controls. Cardiac magnetic resonance imaging was performed per protocol 
for infarct size (IS) assessment within 48 hours after pPCI and at six months. A total of 105 patients were 
enrolled (25 PICSO, 50 controls with pre-stenting IMR >40, 30 with pre-stenting IMR ≤40). Compared to 
controls, patients treated with PICSO had a lower IMR at 24-48 hours (24.8 [18.5-35.9] vs. 45.0 [32.0-51.3], 
p<0.001) and lower IS at six months (26.0% [20.2-30.0] vs. 33.0% [28.0-37.0], p=0.006).

Conclusions: An IMR-guided treatment with PICSO in anterior STEMI is feasible and may be associated 
with reduced IS and improved microvascular function.
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Abbreviations
AAR area at risk
ATI age – thrombus burden – index of microcirculatory 

resistance
AUC area under the curve
cMRI cardiac magnetic resonance imaging
CS coronary sinus
IMR index of microcirculatory resistance
IRA infarct-related artery
IS infarct size
LGE late gadolinium enhancement
MBG myocardial blush grade
MSI myocardial salvage index
MVO microvascular obstruction
OxAMI Oxford Acute Myocardial Infarction
PICSO pressure-controlled intermittent coronary sinus occlusion
pPCI primary percutaneous coronary intervention
STEMI ST-elevation myocardial infarction
TIMI Thrombolysis In Myocardial Infarction

Introduction
Prompt restoration of coronary blood flow of the infarct-related 
artery (IRA) by primary percutaneous coronary intervention 
(pPCI) is the current gold standard treatment for patients with 
ST-elevation myocardial infarction (STEMI)1. However, the con-
ventional revascularisation strategy, combining coronary stenting 
with state-of-the-art antithrombotic and antiplatelet therapy, can 
still be associated with a poor clinical outcome in some patients.

These patients, accounting for up to 40% of cases, have evidence 
of no reflow, a condition related to severe post-procedural coronary 
microvascular injury2. Consequently, to improve the outcomes in 
STEMI patients, it is desirable to identify as early as possible patients 
likely to have a suboptimal result with a conventional revascularisation 
strategy and then consider them for additional or alternative therapies.

The index of microcirculatory resistance (IMR) is a pressure 
wire-derived parameter assessing the functional status of the coro-
nary microcirculation. It has been used in STEMI patients and dem-
onstrates a significant association with microvascular injury and 
long-term clinical outcome3. Notably, recent evidence supports its 
feasibility to assess the degree of coronary microvascular impair-
ment before proceeding to stenting2. In this regard, it has been 
shown that a pre-stenting IMR greater than 40 units can at an early 
stage identify, alone or in combination with other clinical variables, 
high-risk STEMI patients who could benefit from additional thera-
peutic strategies in addition to conventional stenting4,5.

Pressure-controlled intermittent coronary sinus occlusion 
(PICSO®) (Miracor Medical SA, Awans, Belgium) is a therapeutic 
strategy proposed for STEMI patients. PICSO consists of a bal-
loon-tipped catheter which is placed in the coronary sinus (CS). 
The balloon inflates and deflates cyclically leading to an intermit-
tent CS pressure increase, which could lead to an improved per-
fusion of the ischaemic area mainly by redistributing blood flow 
from the remote myocardium to the infarcted area6.

The Oxford Acute Myocardial Infarction – Pressure-controlled 
Intermittent Coronary Sinus Occlusion (OxAMI-PICSO) study 
(NCT03473015) aimed to assess the feasibility of an IMR-guided 
PICSO strategy in a high-risk cohort of patients with anterior 
STEMI, selected using a pre-stenting procedural IMR >40.

Methods
STUDY DESIGN
OxAMI-PICSO is a single-centre, investigator-initiated study, pro-
spectively enrolling patients with anterior STEMI admitted for 
pPCI at the Oxford Heart Centre from August 2015 to September 
2017. The study protocol was approved by the local ethics com-
mittee (REC 15/SC0167) and conducted in accordance with the 
Declaration of Helsinki.

Main inclusion criteria were clinical presentation for PCI with 
stenting for anterior STEMI and left anterior descending artery 
as the clear culprit vessel. Main exclusion criteria were previous 
STEMI, previous coronary artery bypass grafting, and presenta-
tion with cardiogenic shock. A full list of inclusion and exclusion 
criteria can be found in Supplementary Appendix 1. Figure 1 sum-
marises the study design.

Patients with anterior STEMI
admitted for pPCI

OxAMI-PICSO assent procedure

OxAMI study

Coronary flow restoration

Pre-stenting IMR assessment

Pre-stenting IMR ≤40
group

Post-stenting IMR
measurement

Stenting ±
post-dilation

24-48-hour cMRI

6-month cMRI

Post-stenting IMR
measurement

Stenting ± post-dilation

PICSO treatment
delivered aiming for 

PICSO dose of 800 mmHg

PICSO treatment
group

Control group
(historical patients with
pre-stenting IMR >40)

24-48-hour cMRI
and invasive IMR

assessment

6-month cMRI

Post-stenting IMR
measurement

Stenting ± post-dilation

24-48-hour cMRI
and invasive IMR

assessment

6-month cMRI

Pre-stent
IMR

≤40 >40

Figure 1. OxAMI-PICSO study design. cMRI: cardiac magnetic 
resonance imaging; IMR: index of microcirculatory resistance; 
OxAMI: Oxford Acute Myocardial Infarction; PICSO: pressure-
controlled intermittent coronary sinus occlusion; pPCI: primary 
percutaneous coronary intervention; STEMI: ST-elevation 
myocardial infarction
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After verbal assent to take part in the study and following prompt 
restoration of flow in the infarct-related artery (IRA), via balloon 
predilation plus/minus thrombus aspiration, IMR was measured 
before proceeding to stenting. Patients with a pre-stenting IMR 
>40 were formally considered for inclusion in the OxAMI-PICSO 
study and, if still in agreement, were treated with PICSO before pro-
ceeding to stenting. At the end of the procedure, IMR was remeas-
ured. After full written informed consent, patients were considered 
for cardiac magnetic resonance imaging (cMRI) and for a second 
assessment of IMR within 48 hours from the index procedure. 
A second cMRI scan was scheduled at six-month follow-up.

Patients with a pre-stenting IMR ≤40 units and patients with 
an IMR >40 unwilling to be treated with PICSO or in case of 
PICSO unavailability were enrolled in the parallel running obser-
vational Oxford Acute Myocardial Infarction (OxAMI) study 
(REC 10/H0408/24)2. As in OxAMI-PICSO, also in the OxAMI 
study, IMR is measured in all patients at completion of pPCI and 
within 48 hours from the index procedure if the pre-stenting IMR 
is >40. Similarly, cMRI is performed within 48 hours and at six-
month follow-up.

Notably, between December 2015 and September 2016, all 
anterior STEMI had to be enrolled solely in the OxAMI study, 
since recruitment to OxAMI-PICSO had to be provisionally 
paused. This was due to an expired CE mark on the device, requir-
ing a new submission to the local ethics committee for approval, 
which ultimately allowed resumption of recruitment into the 
OxAMI-PICSO study.

pPCI was performed according to international guidelines in all 
patients. Decisions about thrombectomy, glycoprotein IIb/IIIa inhib-
itor adoption and post-dilation were all left to the operators’ discretion.

DEFINITION OF GROUPS
According to pre-stenting IMR and PICSO therapy, three groups 
of patients were ultimately considered: 1) patients with a pre-
stenting IMR >40 treated with PICSO, 2) controls with a pre-
stenting IMR >40 not treated with PICSO (formally enrolled in 
the OxAMI study), 3) patients with a pre-stenting IMR ≤40 not 
treated with PICSO (formally enrolled in the OxAMI study).

INDEX OF MICROCIRCULATORY RESISTANCE
IMR was measured using the thermodilution technique as previ-
ously described and was calculated as distal pressure at hyperae-
mia multiplied by mean transit time at hyperaemia (Supplementary 
Appendix 2)2.

PRESSURE-CONTROLLED INTERMITTENT CORONARY 
SINUS OCCLUSION
The PICSOAMI Impulse System consists of the PICSOAMI Impulse 
Console and PICSO Impulse Catheter (all Miracor Medical). The 
PICSO Impulse Catheter is an 8 Fr triple-lumen catheter with 
a low-profile, semi-compliant balloon at the tip. The catheter is 
placed in the coronary sinus over a 0.032-inch wire by a 10 Fr pre-
shaped delivery long steerable sheath (Destino™ Steerable Sheath 

DS856750/22; Oscor Inc., Palm Harbour, FL, USA) inserted via 
the femoral vein.

A PICSO dose of 800 mmHg has previously been related with 
a positive trend for improved myocardial recovery7. For this rea-
son, in the OxAMI-PICSO study, PICSO treatment was deliv-
ered to patients, if tolerated, until a minimum PICSO dose of 
800 mmHg was achieved.

CARDIAC MAGNETIC RESONANCE IMAGING
cMRI scans were performed within two days after pPCI and at 
six months using a 3.0 Tesla scanner (either MAGNETOM® Trio 
Tim® or MAGNETOM® Verio; Siemens Healthcare, Erlangen, 
Germany). The following parameters were assessed: left ventri-
cular end-diastolic volume, end-systolic volume, ejection fraction, 
area at risk (AAR), infarct size (IS), myocardial salvage index 
(MSI), microvascular obstruction (MVO), intramyocardial haem-
orrhage and IS shrinkage (Supplementary Appendix 3).

STATISTICAL ANALYSIS
Continuous variables were expressed as mean and (±) stand-
ard deviation (SD) or as median accompanied by interquartile 
range (IQR), as appropriate, after checking for normality using 
the Shapiro-Wilk test. Frequencies were compared using the chi-
square test or Fisher’s exact test, as appropriate. Normally dis-
tributed continuous variables were compared using the t-test or 
analysis of variance (ANOVA) with Bonferroni’s post hoc com-
parisons, as appropriate, whilst non-normally distributed continu-
ous variables were compared using the Mann-Whitney test or 
Kruskal-Wallis test, as appropriate.

To assess the effect of PICSO on IMR and IS over time in 
patients with elevated pre-stenting IMR, a mixed design ANOVA 
model was used after controlling for sphericity with Mauchly’s test 
of sphericity and for equality of error variances with Levene’s test.

Finally, in patients with a pre-stenting IMR >40, a binary logis-
tic regression model was used to calculate the odds ratio (OR) for 
predictors of IMR >40 at 24-48 hours and IS >24% at six months8. 
In both models, besides PICSO treatment, age – thrombus burden 
– index of microcirculatory resistance (ATI) score, TIMI flow 0 at 
presentation, ischaemic time, abciximab and bivalirudin adoption 
were included as covariates.

All statistical analyses were performed using SPSS, Version 
24.0 (IBM Corp., Armonk, NY, USA) and a p-value <0.05 was 
considered statistically significant.

Results
CLINICAL AND PROCEDURAL CHARACTERISTICS
The patient flow chart is displayed in Supplementary Figure 1. A total 
of 105 patients were ultimately enrolled and distributed as follows: 
25 patients with a pre-stenting IMR >40 formally enrolled in the 
OxAMI-PICSO study and successfully treated with PICSO; 50 con-
trol patients with a pre-stenting IMR >40 not treated with PICSO 
and enrolled in the OxAMI study; 30 patients with pre-stenting 
IMR ≤40 not treated with PICSO and enrolled in the OxAMI study.
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Clinical and procedural characteristics are reported in Table 1, 
Table 2, and Supplementary Table 1, and stratified according to 
the three main groups.

PICSO treatment was successfully delivered in 25 patients with 
only two cases in which PICSO therapy could not be delivered 
because of technical issues (kinking in the pneumatic tubes for 
helium shuttling). PICSO treatment was associated with longer 
procedural and fluoroscopic times, but not with larger volume of 
contrast dye or radiation dose (Table 2). The prolonged procedural 
time can be ascribed mainly to the time required to deliver the 
target PICSO dose of 800 mmHg (33.0±10.6 minutes) rather than 
to the time needed to insert the device in the CS (15.0 minutes 
[8.5-22.5]) (Supplementary Table 2).

No device-related complications and no clinical events were 
reported throughout the duration of the study.

EFFECT OF PICSO ON IMR
Pre- and post-stenting IMR were available in all 105 patients. Notably, 
no significant difference was observed in pre-stenting IMR values 
between PICSO patients and controls with an initial IMR >40 (p=0.40) 
(Supplementary Table 3, Figure 2). After stenting, IMR was not 

statistically different between PICSO patients and controls with an 
initial IMR >40 (p=0.40). Conversely, patients with a pre-stenting 
IMR ≤40 had a significantly lower IMR after stenting compared 
to both PICSO patients (p=0.002) and controls with an initial pre-
stenting IMR >40 (p<0.001) (Supplementary Table 3, Figure 2).

IMR was reassessed after 24-48 hours post pPCI in 20/25 PICSO 
patients and in 31/50 controls with a pre-stenting IMR >40. Interval 
time from index procedure to IMR reassessment did not differ 
between PICSO and controls (27.3±5.3 hours vs. 25.9±4.3 hours, 
p=0.30). Notably, IMR measured after 24-48 hours was significantly 
lower in PICSO patients compared to controls (24.8 [18.5-35.9] vs. 
45.0 [32.0-51.3], p<0.001), with a smaller proportion of patients in 
the PICSO group presenting an IMR >40 after 24-48 hours from the 
index procedure (10.0% vs. 64.5%, p<0.001).

These findings were further confirmed by the mixed design 
ANOVA model showing an overall significant effect of time on 
IMR reduction in both PICSO patients and controls (p-value for 
time effect <0.001). More importantly, both PICSO (p-value 
for PICSO effect=0.004) and PICSO-time interaction (p-value 
for interaction=0.002) had a significant effect on IMR values 
(Supplementary Figure 2, Supplementary Figure 3).

Table 1. Clinical characteristics.

Overall 
(105 patients)

Pre-stenting 
IMR ≤40 

(30 patients)

Pre-stenting IMR 
>40 controls 
(50 patients)

Pre-stenting IMR 
>40 PICSO 

(25 patients)

p-value 
(overall)

p-value 
(controls 

vs. PICSO)
Age, years 61.4±10.3 59.6±9.4 60.4±10.2 65.6±10.9 0.06 0.12

Male gender, n (%) 86 (81.9) 24 (80.0) 43 (86.0) 19 (76.0) 0.54 0.28

Hypertension, n (%) 49 (46.7) 15 (50.0) 22 (44.4) 12 (48.0) 0.86 0.74

Hypercholesterolaemia, n (%) 30 (28.6) 11 (36.7) 15 (30.0) 4 (16.0) 0.23 0.19

Active smoker, n (%) 45 (42.8) 13 (43.3) 23 (46.0) 9 (36.0) 0.71 0.41

Diabetes, n (%) 23 (21.9) 3 (10.0) 14 (28.0) 6 (24.0) 0.16 0.71

Family history of CAD, n (%) 42 (40.0) 11 (36.7) 23 (46.0) 8 (32.0) 0.46 0.25

Previous history of CAD, n (%) 23 (21.9) 5 (16.7) 15 (30.0) 3 (12.0) 0.15 0.08

Ischaemic 
time

<3 hours, n (%) 54 (51.5) 19 (63.3) 20 (40.0) 15 (60.0)

0.01 0.26≥3 hours and <6 hours, n (%) 31 (29.5) 11 (36.7) 15 (30.0) 5 (20.0)

≥6 hours, n (%) 20 (19.0) 0 (0.0) 15 (30.0) 5 (20.0)

Number 
vessel 
disease, 
n (%)

1 78 (74.0) 24 (80.0) 35 (70.0) 19 (76.0)

0.25 0.122 17 (16.0) 3 (10.0) 8 (16.0) 6 (24.0)

3 10 (10.0) 3 (10.0) 7 (14.0) 0 (0.0)

TIMI flow 
at 
presenta-
tion, n (%)

0 86 (82.0) 21 (70.0) 43 (86.0) 22 (88.0)

0.12 0.92
1 5 (4.8) 2 (6.7) 2 (4.0) 1 (4.0)

2 8 (7.6) 2 (6.7) 4 (8.0) 2 (8.0)

3 6 (5.6) 5 (16.6) 1 (2.0) 0 (0.0)

Angio- 
thrombus 
score, 
n (%)

0-1-2 12 (11.4) 4 (13.3) 7 (14.0) 1 (4.0)

0.08 0.05
3 20 (19.0) 9 (30.0) 10 (20.0) 1 (4.0)

4 46 (43.8) 11 (36.7) 23 (46.0) 12 (48.0)

5 27 (25.8) 6 (20.0) 10 (20.0) 11 (44.0)

ATI score, 
n (%)

0-1 20 (19.0) 16 (53.3) 4 (8.0) 0 (0.0)

<0.001 0.062-3 55 (52.4) 10 (33.3) 33 (66.0) 12 (48.0)

4-5-6 30 (28.6) 4 (13.4) 13 (26.0) 13 (52.0)

ATI: age-thrombus burden-index of microcirculatory resistance; CAD: coronary artery disease; IMR: index of microcirculatory resistance; 
PICSO: pressure-controlled intermittent coronary sinus occlusion; TIMI: Thrombolysis In Myocardial Infarction
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Table 2. Procedural characteristics.

Overall 
(105 patients)

Pre-stenting IMR 
≤40 (30 patients)

Pre-stenting IMR 
>40 controls 
(50 patients)

Pre-stenting IMR 
>40 PICSO 

(25 patients)

p-value 
(overall)

p-value 
(controls 

vs. PICSO)

Thrombus aspiration, n (%) 85 (81.0) 20 (66.7) 43 (86.0) 22 (88.0) 0.06 0.81

Predilation, n (%) 101 (96.0) 29 (97.0) 49 (98.0) 23 (92.0) 0.43 0.21

Max balloon diameter, mm (IQR) 2.5 (2.5-2.5) 2.5 (2.5-2.5) 2.5 (2.5-3.0) 2.5 (2.5-2.5) 0.49 0.47

Number of stents, 
n (%)

1 88 (84.0) 24 (80.0) 44 (88.0) 20 (80.0)

0.51 0.122 14 (13.0) 5 (16.7) 4 (8) 5 (20.0)

3 3 (3.0) 1 (3.3) 2 (4) 0 (0.0)

Stent length, mm (IQR) 26.0 (20.0-35.5) 28.0 (22.7-38.0) 24.0 (19.5-32.2) 28.0 (19.0-38.0) 0.44 0.49

Stent diameter, mm (IQR) 3.5 (3.0-3.5) 3.5 (3.0-3.5) 3.5 (3.0-3.5) 3.5 (3.0-3.5) 0.96 0.83

Post-dilation, n (%) 80 (76.2) 26 (86.7) 34 (68.0) 20 (80.0) 0.14 0.27

Max balloon diameter, mm (IQR) 3.5 (3.5-4.0) 3.5 (3.5-4.0) 3.5 (3.5-4.0) 3.9 (3.5-4.0) 0.52 0.25

Fluoroscopy time, minutes (IQR) 12.0 (10.0-16.7) 11.0 (7.0-16.0) 11.0 (8.5-15.0) 17.0 (12.0-23.5) 0.001 0.001

Radiation dose, µGy (IQR) 2,524.5 
(1,697.5-3,837.4)

1,692.0 
(1,200.0-3,694.0)

2,745.0 
(1,741.7-3,837.4)

2,854.0 
(2,105.5-4,600.0) 0.03 0.26

Contrast dye volume, ml (IQR) 182.5 
(160.0-221.2)

170.0 
(155.0-200.0)

200.0 
(160.0-228.7)

180.0 
(152.5-222.5) 0.39 0.47

Procedural time, minutes 77.3±26.5 62.0±18.7 70.3±22.3 99.8±23.1 <0.001 <0.001

Final TIMI flow, 
n (%)

0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

0.47 0.50
1 1 (0.9) 1 (3.3) 0 (0.0) 0 (0.0)

2 15 (14.3) 3 (10.0) 9 (18.0) 3 (12.0)

3 89 (84.8) 26 (86.7) 41 (82.0) 22 (88.0)

MBG, n (%) 0-1 21 (20.0) 3 (10.0) 15 (30.0) 3 (12.0)

0.06 0.052 32 (30.5) 9 (30.0) 17 (34.0) 6 (24.0)

3 52 (49.5) 18 (60.0) 18 (36.0) 16 (64.0)

Incomplete ∑STR (<70%), n (%) 73 (69.5) 23 (76.7) 31 (62.0) 19 (76.0) 0.28 0.22

IMR: index of microcirculatory resistance; IQR: interquartile range; MBG: myocardial blush grade; PICSO: pressure-controlled intermittent coronary 
sinus occlusion; TIMI: Thrombolysis In Myocardial Infarction; ∑STR: ST resolution
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p<0.001

p=0.40 p=0.002

Controls pre-stenting IMR >40
PICSO pre-stenting IMR >40
Pre-stenting IMR ≤40

IM
R

Figure 2. Effect of PICSO treatment on IMR. Graph shows trend 
over time of IMR in the three groups of patients. Dotted red line 
highlights the threshold of 40 units for IMR. Data are reported as 
median, error bars represent interquartile range. IMR: index of 
microcirculatory resistance; PICSO: pressure-controlled intermittent 
coronary sinus occlusion

No correlation was observed between PICSO dose and IMR 
(Supplementary Figure 4).

EFFECT OF PICSO ON ACUTE INFARCT SIZE AND 
MICROVASCULAR OBSTRUCTION
An acute cMRI scan within 48 hours was performed on 
63/105 patients (time from pPCI to scan 31.2±11.1 hours) (Supple-
mentary Table 4). Patients with a pre-stenting IMR ≤40 had a signi-
ficantly lower IS and less evidence of MVO and intramyocardial 
haemorrhage (overall p<0.001, p=0.002 and p=0.004, respectively).

Acutely, compared to controls with a pre-stenting IMR >40, 
PICSO patients had a similar extent of area at risk (AAR) 
(p=0.21), IS (p=0.42), MVO occurrence (p=0.08), MVO extent 
(p=0.36), intramyocardial haemorrhage occurrence (p=0.12) and 
extent (p=0.36) (Supplementary Table 4). A similar trend was 
observed when IS was assessed using peak troponin I and troponin 
I area under the curve (AUC) (Supplementary Figure 5).

EFFECT OF PICSO ON FINAL INFARCT SIZE
A follow-up cMRI scan at six months was performed in 
54/105 patients (time from pPCI to scan 190.9±39.0 days). A total 
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p=0.006 p=0.11
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Figure 3. Effect of PICSO treatment on infarct size. Graph shows 
trends of IS in the three groups of patients. Data are reported as 
median, error bars represent interquartile range. IS: infarct size; 
PICSO: pressure-controlled intermittent coronary sinus occlusion

of nine patients with initially acute cMRI missed the follow-up 
cMRI scan (Supplementary Table 4).

Compared to untreated controls, patients treated with PICSO 
presented a significantly smaller IS (26.0% [20.2-30.0] vs. 33.0% 
[28.0-37.0], p=0.006) (Supplementary Table 4, Figure 3). Notably, 
IS did not differ between PICSO patients and patients with an initial 
pre-stenting IMR ≤40 (p=0.11) (Supplementary Table 4, Figure 3).

These findings were further confirmed in the mixed design 
ANOVA model, showing a significant effect of time (p-value 
for time effect <0.001) and PICSO treatment (p-value for 
PICSO=0.01) on IS (Supplementary Figure 6).

ATI score ≥3

TIMI flow 0
on presentation
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Bivalirudin

Abciximab

PICSO

ATI score ≥3

TIMI flow 0
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Abciximab

PICSO

0 1 2 3 4 5 6 7 8 9 10 11 12
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Odds ratio
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0.51

0.20

0.04

Figure 4. Predictors of IMR >40 at 24-48 hours and of IS >25% at six-month follow-up. The forest plot shows the results of the binary logistic 
multivariable models for prediction of final IMR and IS. (Graph shows odds ratio and 95% confidence interval for each covariate).

No correlation was observed between PICSO dose and IS 
(Supplementary Figure 7).

PREDICTORS OF 24-48 HOUR IMR AND FOLLOW-UP 
INFARCT SIZE
In patients with an elevated pre-stenting IMR, PICSO treatment 
was the only parameter significantly and inversely associated 
with an IMR >40 at 24-48 hours (OR 0.10, 95% CI: 0.02-0.56, 
p=0.009, model R2=0.35) and with an IS >24% at six months 
(OR 0.24, 95% CI: 0.10-0.98, p=0.04, model R2=0.27) (Figure 4).

Discussion
Prompt restoration of patency of the IRA by pPCI with stenting has 
improved the outcome of most STEMI patients. However, subopti-
mal myocardial reperfusion secondary to no reflow is still observed 
in up to 40% of cases, with significant implications for long-term 
prognosis. In order to prove a benefit of novel/additional therapies 
beyond conventional stenting, early identification of that minority 
of patients at risk of suboptimal reperfusion is crucial.

In this study, the feasibility of a pre-stenting IMR-based 
approach to guide novel/additional treatment has been tested and 
prospectively validated. We observed that patients with a pre-
stenting IMR ≤40 treated with conventional pPCI had a good out-
come in terms of IMR and cMRI findings. This confirms that these 
patients were unlikely to benefit from further additional treatment 
and it allowed a targeted approach to the two thirds of patients 
with anterior STEMI who were potentially eligible.

With this premise, it was possible to apply pre-stenting IMR to 
assess the feasibility of PICSO therapy. PICSO is a device for the 
treatment of STEMI patients with a mode of action of intermit-
tent and cyclical occlusion of the CS. Its efficacy in reducing IS 
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has been shown in animal models and at least three mechanisms 
have been proposed to explain such an effect: 1) redistribution of 
blood flow from the remote myocardium to the border zone of the 
ischaemic myocardium; 2) enhanced washout of noxious, inflam-
matory factors and embolic material from the microvascular bed 
(suction effect upon balloon release); 3) improvement in collater-
als through release of vascular growth factors as a consequence of 
venous pressure increase6.

The OxAMI-PICSO study confirms the feasibility of PICSO, 
extending the initial preliminary results of the Prepare PICSO 
and Prepare RAMSES studies7,9. No PICSO-related complications 
were reported and PICSO therapy was delivered in the vast major-
ity of enrolled patients. PICSO treatment was associated with pro-
longed procedural time, mainly related to the time required to 
achieve 800 mmHg of dose rather than additional time needed to 
deliver PICSO into the CS. This confirms the utility of an IMR-
guided approach, restricting the PICSO-related prolonged proce-
dural time to only those patients with the highest chance of benefit.

The study shows that IMR-guided and targeted application 
of PICSO is associated with an early improvement of coronary 
microvascular function. Whilst IMR was reported to improve over 
time in all patients, confirming previous evidence about progres-
sive microvascular function recovery over time10, PICSO appeared 
to accelerate such recovery, with significantly lower IMR at 
24-48 hours in PICSO patients.

The benefit of an IMR-guided application of PICSO was con-
firmed also by cMRI findings. Even though starting from simi-
lar IS acutely, PICSO patients had a significantly smaller IS at 
six months compared to controls. Importantly, high-risk patients 
treated with PICSO presented an IS extent at six months similar to 
that observed in low-risk patients with pre-stenting IMR ≤40, dem-
onstrating the potential impact of a targeted application of PICSO 
therapy. These findings might seem in contrast with those reported 
in the Prepare RAMSES study, which failed to detect a significant 
effect of PICSO on IS. However, the unselected inclusion of low-
risk patients (40% presented TIMI flow >1 on admission), fail-
ure in delivering PICSO treatment in one third of cases, and the 
PICSO treatment delivered entirely after stenting7 may account for 
the contrasting results.

In our study, a positive effect of PICSO on IS was not detected 
acutely. Two possible mechanisms may explain this potential dis-
crepancy. Firstly, the very early timing for the first cMRI scan 
should be acknowledged. At 24-48 hours it has been shown that 
late gadolinium enhancement tends to overestimate the actual IS. 
This might have affected the ability to detect a significant differ-
ence in IS between PICSO and controls acutely11.

Secondly, the preserved microvascular function observed 
in PICSO patients may reflect the fact that, even though both 
PICSO patients and controls started with similar “anatomi-
cal IS” and “anatomical extent of MVO”, those treated with 
PICSO ended up having a smaller IS at six months because of 
the positive effect of PICSO on coronary microvascular function, 
reflected by a lower IMR.

Limitations
Firstly, OxAMI-PICSO was a non-randomised study using, as 
control, patients with available pre-stenting IMR measurement 
enrolled in the parallel OxAMI study. Even though a propensity 
score matching could have overcome such a limitation, an analysis 
on the overall cohorts was preferred in order to maintain a reason-
able sample size and statistical power. Such a choice was further 
justified by the observation that no significant differences in clini-
cal characteristics were reported between PICSO patients and con-
trols. Additionally, the effect of PICSO on outcome measures was 
confirmed in the multivariable models adjusting for potential con-
founding variables.

A second limitation is the number of patients without cMRI. 
This is a common finding in an emergency all-comers design but, 
while cMRI within 24-48 hours was performed in only 60% of the 
study population, most of these patients completed follow-up with 
cMRI at six months (85.7%). This is not a trivial achievement con-
sidering the highly demanding design of the study. Additionally, 
the mixed model ANOVA worked as a sensitivity analysis, con-
firming the main result of the study.

Thirdly, OxAMI-PICSO did not use the age – thrombus score 
– index of microcirculatory resistance (ATI) score4 to select high-
risk STEMI patients, since it was not yet validated at the time of 
study design. However, the ATI score was not different between 
PICSO patients and controls, with PICSO patients presenting 
a slightly higher risk profile compared to controls (ATI score >3 
in 52% of cases vs. 26%, p=0.06).

Conclusions
This study has contributed to further validation of pre-stenting 
IMR as an early triaging tool for novel/additional treatment in 
STEMI, showing the ability of PICSO to improve microvascu-
lar function and reduce IS in selected high-risk STEMI patients. 
Because of the design of the study, these results need to be inter-
preted as hypothesis-generating and warrant further validation in 
a large randomised clinical trial.

Impact on daily practice
The OxAMI-PICSO study has prospectively shown the feasibil-
ity of preprocedural IMR to guide the application of additional 
treatment options in STEMI patients. This strategy has helped 
to show, in a non-randomised environment, the potential benefit 
of PICSO treatment in selected anterior STEMI.
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Supplementary Appendix 1. OxAMI-PICSO study inclusion and exclusion criteria. 

Inclusion criteria 

 
- Male or Female, aged 30 to 90 years  

- Clinical presentation with anterior STEMI 

- Left anterior descending artery clear culprit lesion 

- Referred for coronary angiography with a view to proceed to PCI with stenting.   

Exclusion criteria 
 

- Patients in whom safety or clinical concerns preclude participation  

- Known anaemia (Hb <9) 

- Pregnant or breastfeeding females 

- Revascularisation by means of balloon angioplasty without stenting 

- History of stroke, TIA or reversible ischaemic neurological disease within the last 6 months 

- Known severe renal failure (eGFR < 30 ml/min/1.73 m²) or history of dialysis or renal 

transplant 

- Previous coronary artery bypass grafting  

- Known severe valvular abnormalities 

- Previous STEMI presentation 

- Suboptimal flow (TIMI ≤2) before stenting, making IMR measurement difficult or 

unreliable  

- Presentation with cardiogenic shock 

- Severe bradycardia (heart rate <50 beats per minute) 

- Anterior STEMI due to stent thrombosis 



	

	

- Unconscious on presentation 

- Non-cardiac comorbidities and life expectancy <1 year 

- Use of warfarin 

- Presence of pacemaker or other electrodes in the coronary sinus 

- Contraindications to adenosine 

- Additional exclusion criteria for participants undergoing CMR 

o Claustrophobia which limits/prevents participants from remaining in CMR scanner 

o Patients who cannot lie flat on the scan table 

o Patients with metallic implants, pacemakers, implantable defibrillators, etc., unless known to 

be CMR compatible 

o Patients with known allergy to medium of contrast (gadolinium) 

 

 
Supplementary Appendix 2. Measurement of index of microcirculatory resistance (IMR). 

A standard pressure wire (Certus™; St. Jude Medical, St. Paul, MN, USA) was calibrated, equalised 

and advanced towards the distal third of the infarct-related artery (IRA). After intracoronary 

injection of 250 µg isosorbide dinitrate, the following parameters were measured both at baseline 

and then after inducing hyperaemia with intravenous infusion of adenosine at a rate of 140 

µg/kg/min: 1) mean aortic pressure (Pa), 2) mean distal pressure (Pd) and 3) mean transit time. 

Mean transit time was calculated as the average of three transit time measurements during three 

separate injections of 3 ml of room temperature 0.9% saline solution. 

IMR was then calculated as distal pressure at hyperaemia multiplied by meant transit time at 

hyperaemia.  

 
 
 
  



	

	

Supplementary Appendix 3. Cardiac magnetic resonance imaging. 
 
The protocol included: SSFP cine imaging, native T1 mapping, T2* mapping and late gadolinium 

enhancement (LGE).  

SSFP cine images were acquired using retrospective gating with the following sequence 

parameters: TE/TR = 1.4/3.2 msec; flip angle =50° and voxel size: 1.6 × 1.6 × 8 mm. Native 

ShMOLLI T1 maps were generated from 5-7 SSFP images with variable inversion preparation 

time. Typical sequence parameters were: TE/TR =1.07/2.14 msec, flip angle =35°, FOV=340×255 

mm, matrix size=192×144, 107 phase encoding steps, actual experimental voxel size =1.8×1.8×8 

mm, interpolated reconstructed voxel size =0.9×0.9×8 mm, GRAPPA =2, 24 reference lines, 

cardiac delay time TD =500 msec and 206 msec acquisition time for single image, phase partial 

Fourier 6/8. T2* maps were obtained using a gradient echo sequence. Typical imaging parameters 

were: flip angle 20°; voxel size 1.8x1.8x8 mm. LGE was performed with a T1-weighted segmented 

inversion recovery gradient echo-phase sensitive-inversion recovery (GRE_PSIR) sequence (TE/TR 

=2.5 msec/5 msec, voxel size 1.8×1.4×8 mm, flip angle 20°). Images were acquired 10-15 min after 

contrast agent administration (0.1 mmol/kg of gadoterate meglumine [Dotarem®]; Guerbet, 

Villepinte, France). The inversion time was adjusted for optimal nulling of remote normal 

myocardium.  

 

Matching short-axis slices covering the left ventricle were analysed using cvi42 software (Circle 

Cardiovascular Imaging Inc., Calgary, Canada) by two expert and independent operators (AB, 

EDA). Disagreement was resolved by consensus. Left ventricular end-diastolic volume, end-

systolic volume, and ejection fraction were assessed on cine images. Area at risk (AAR) and infarct 

size (IS) were quantified as percentage of left ventricle mass on T1-mapping and LGE, respectively, 

by placing a reference region of interest in remote myocardium and setting the signal intensity 

threshold at two and five standard deviations above the mean intensity of the reference region of 

interest, respectively. 



	

	

Myocardial salvage index was calculated as previously described as [(Mass of Area at risk – Mass 

of Infarct)/Mass of Area at risk]*100, using IS assessed at six-month follow-up. Microvascular 

obstruction (MVO) was defined as hypointense area within the hyperenhancement region on late 

gadolinium enhancement and manually contoured [3]. On T2* map, intramyocardial haemorrhage 

was quantified as the region where T2* was at least 2SD below that in remote myocardium. Infarct 

size shrinkage was calculated as [(Mass of Infarct (acute cMRI scan) – Mass of Infarct (follow up cMRI scan))/ 

Mass of Infarct (acute cMRI scan)]*100.  

  



	

	

 
Supplementary Figure 1. Patient flow chart. 

 

  



	

	

Supplementary Figure 2. Change in IMR at 24 hours. Change of IMR after 24 hours post 

revascularisation in control patients with initial IMR >40 (A) and patients treated with PICSO (B).  

 

  



	

	

Supplementary Figure 3. Temporal trend of IMR in patients with pre-stenting IMR >40. Data are 

reported as median and 95% confidence interval. 

Ctrls: controls; IMR: index of microcirculatory resistance; PICSO: pressure-controlled intermittent 

coronary sinus occlusion 

 

  



	

	

Supplementary Figure 4. Effect of PICSO dose on IMR. Scatter plots show the correlation 

between PICSO dose and IMR after stenting and 24-48 hours after pPCI. Red dotted lines highlight 

the threshold of 800 mmHg for PICSO dose (vertical dotted line) and the threshold of 40 for IMR 

(horizontal red dotted line). Lower plot describes temporal trend in IMR in PICSO patients 

stratified according to tertiles of PICSO dose. Data are reported as median and 95% confidence 

interval. IMR: index of microcirculatory resistance; PICSO: pressure-controlled intermittent 

coronary sinus occlusion 

 

  



	

	

Supplementary Figure 5. Effect of PICSO treatment on peak troponin I levels and AUC troponin. 

Graph shows trends of peak troponin I and AUC troponin in the three groups of patients (pre-

stenting IMR ≤40, controls with pre-stenting IMR >40, pre-stenting IMR >40 treated with PICSO). 

Data are reported as median and 95% confidence interval. AUC: area under the curve; Ctrls: 

controls; IMR: index of microcirculatory resistance; PICSO: pressure-controlled intermittent 

coronary sinus occlusion 

 

  



	

	

Supplementary Figure 6. Temporal trend of IS in patients with pre-stenting IMR >40. Data are 

reported as median and 95% confidence interval.  

Ctrls: controls; IMR: index of microcirculatory resistance; PICSO: pressure-controlled intermittent 

coronary sinus occlusion 

 

  



	

	

Supplementary Figure 7. Effect of PICSO dose on IS. Scatter plots show the correlation between 

PICSO dose and IS at 24-48 hours and 6-month cMRI. Red dotted lines highlight the threshold of 

800 mmHg for PICSO dose (vertical dotted line). Lower plot describes the temporal trend in IS in 

PICSO patients stratified according to tertiles of PICSO dose. Data are reported as median and 95% 

confidence interval. cMRI: cardiac magnetic resonance imaging; IMR: index of microcirculatory 

resistance; PICSO: pressure-controlled intermittent coronary sinus occlusion 

 



	

	

Supplementary Table 1. Medical management in OxAMI PICSO study. 

 
Overall 

(105 patients) 

Pre-stenting IMR 

≤40 

(30 patients) 

Pre-stenting IMR >40 

Controls 

 (50 patients) 

Pre-stenting IMR >40 

PICSO 

(25 patients) 

p 

(overall) 

p 

(Ctrls vs. PICSO) 

Periprocedural medication  

Aspirin (%) 105 (100.0) 30 (100.0) 50 (100.0) 25 (100.0) 1.00 1.00 

Clopidogrel (%) 94 (89.5) 27 (90.0) 43 (86.0) 24 (96.0) 0.41 0.18 

Ticagrelor (%) 11 (10.5) 3 (10.0) 7 (14.0) 1 (4.0) 0.41 0.18 

Heparin (%) 17 (16.0) 5 (10.0) 12 (40.0) 0 (0.0) 0.03 0.008 

Bivalirudin (%) 90 (86.0) 27 (90.0) 38 (76.0) 25 (100.0) 0.01 0.008 

GP IIb/IIIa inhibitors (%) 34 (32.0) 5 (10.0) 21 (42.0) 8 (32.0) 0.06 0.40 

Medications at discharge  

Aspirin (%) 105 (100.0) 30 (100.0) 50 (100.0) 25 (100.0) 1.0 1.0 

Clopidogrel (%) 16 (15.2) 3 (10.0) 11 (22.0) 2 (8.0) 0.18 0.13 

Ticagrelor (%) 89 (84.8) 27 (90.0) 48 (78.0) 23 (92.0) 0.18 0.13 

Statin (%) 105 (100.0) 30 (100.0) 50 (100.0) 25 (100.0) 1.0 1.0 

Beta-blockers (%) 99 (94.3) 28 (93.3) 49 (98.0) 22 (88.0) 0.21 0.09 



	

	

	

ACE inhibitors (%) 100 (95.2) 28 (93.3) 48 (96.0) 24 (96.0) 0.84 1.0 

Sartans (%) 5 (4.8) 2 (6.7) 2 (4.0) 1 (4.0) 0.84 1.0 

Diuretics (%) 4 (3.8) 1 (3.3) 2 (4.0) 1 (4.0) 0.99 1.0 

Medications at 6 months  

Aspirin (%) 105 (100.0) 30 (100.0) 50 (100.0) 25 (100.0) 1.0 1.0 

Clopidogrel (%) 16 (15.2) 3 (10.0) 11 (22.0) 2 (8.0) 0.18 0.13 

Ticagrelor (%) 89 (84.8) 27 (90.0) 48 (78.0) 23 (92.0) 0.18 0.13 

Statin (%) 103 (98.1) 29 (96.7) 49 (98.0) 25 (100.0) 0.66 0.48 

Beta-blockers (%) 95 (90.5) 27 (90.0) 45 (90.0) 23 (92.0) 0.96 0.78 

ACE inhibitors (%) 96 (91.4) 27 (90.0) 46 (92.0) 23 (92.0) 0.95 1.00 

Sartans (%) 8 (7.6) 3 (10.0) 4 (8.0) 1 (4.0) 0.70 0.51 

Diuretics (%) 3 (2.8) 0 (0.0) 3 (6.0) 0 (0.0) 0.18 0.21 



	

	

Supplementary Table 2. PICSO procedural details.  

IQR: interquartile range; PICSO: pressure-controlled intermittent coronary sinus occlusion 

 Pre-stenting IMR >40 PICSO (25 patients) 

PICSO dose, mmHg (IQR) 814.8 (801.7-1,326.5) 

PICSO dose <800 mmHg (%) 4 (16.0) 

PICSO treatment duration, minutes 33.0±10.6 

PICSO implantation time, minutes (IQR) 15.0 (8.5-22.5) 

PICSO balloon displacement (%) 13 (52.0) 

Number of PICSO displacements 

1 6 (24.0) 

2 6 (24.0) 

3 1 (4.0) 

PICSO repositioning time after displacement, minutes (IQR) 3.0 (2.0-6.5) 

PICSO-related complications, n (%) 0 (0.0) 

	



	

	

Supplementary Table 3. Invasive coronary physiology parameters. CFR: coronary flow reserve; Ctrls: controls; FFR: fractional flow reserve; IMR: 

index of microcirculatory resistance; IQR: interquartile range; Pa: aortic pressure; Pd: distal pressure, PICSO: pressure-controlled intermittent coronary sinus 

occlusion 

Post-stenting  
Overall 

(105 patients) 

Pre-stenting IMR ≤40 

(30 patients) 

Pre-stenting IMR >40 

Controls 

 (50 patients) 

Pre-stenting IMR >40 

PICSO 

(25 patients) 

p 

(overall) 

p 

(Ctrls vs. PICSO) 

Baseline  

Pamean, mmHg 95.1±17.5 92.9±17.2  96.7±18.5 95.3±16.6 0.67 0.95 

Pdmean, mmHg  88.7±17.4  87.4±16.7 89.0±18.3 89.5±16.9 0.89 0.99 

Transit time, sec (IQR) 0.66 (0.50-0.97) 0.57 (0.28-1.06) 0.66 (0.50-0.96)  0.79 (0.61-0.91) 0.12 0.15 

Pd/Pa 0.93±0.04 0.93±0.04 0.92±0.05 0.94±0.04 0.29 0.97 

Hyperaemia  

Pamean, mmHg 86.0±17.1 84.3±15.9 86.7±18.5 86.6±15.9  0.81 0.99 

Pdmean, mmHg 78.1±16.1 76.4±16.0 78.6±16.2 79.0±16.4 0.80 0.99 

Transit time, sec (IQR) 0.49 (0.27-0.69) 0.28 (0.19-0.58) 0.52 (0.32-0.80) 0.50 (0.38-0.58) 0.02 0.42 

FFR 0.90±0.06 0.90±0.05 0.90±0.06 0.91±0.05 0.94 0.95 

CFR, (IQR) 1.5 (1.2-2.0) 1.7 (1.4-2.3) 1.3 (1.0-1.9) 1.6 (1.3-2.0) 0.02 0.06 



	

	

IMR, (IQR)  33.4 (21.5-54.5) 22.3 (15.4-31.9) 42.2 (23.8-65.3) 35.9 (28.0-48.7) < 0.001 0.40 

IMR >40 (%)  38 (36.2) 4 (13.3) 25 (50.0) 9 (36.0) 0.006 0.25 

24-48 hours  

 

Pre-stenting IMR >40 

Controls 

 (31 patients) 

Pre-stenting IMR >40 

PICSO 

(20 patients) 

 

p 

(Ctrls vs. PICSO) 

Baseline   

Pamean, mmHg 81.2±11.7 81.8±15.1 0.90 

Pdmean, mmHg  76.2±12.5 75.2±15.7 0.80 

Transit time, sec (IQR) 1.10 (0.68-1.59) 0.82 (0.70-1.28) 0.20 

Pd/Pa 0.92±0.05 0.93±0.04 0.90 

Hyperaemia   

Pamean, mmHg 75.5±11.6 76.3±13.0 0.59 

Pdmean, mmHg 67.5±12.0 64.5±13.9 0.42 

Transit time, sec (IQR) 0.65 (0.56-0.79) 0.38 (0.27-0.59) 0.002 

FFR 0.88±0.06 0.90±0.05 0.45 

CFR, (IQR) 1.9 (1.5-2.6) 2.2 (1.7-3.0) 0.30 



	

	

IMR, (IQR)  45.0 (32.0-51.3) 24.8 (18.5-35.9) <0.001 

IMR >40 (%) 20 (64.5) 2 (10.0) <0.001 

	

  



	

	

Supplementary Table 4. Cardiac magnetic resonance imaging parameters. cMRI: cardiac magnetic resonance imaging; Ctrls: controls; EDV: end-

diastolic volume; ESV: end-systolic volume; IMR: index of microcirculatory resistance; LV: left ventricle; MVO: microvascular obstruction 

Acute cMRI (within 48 hours)  

 
Overall 

(63 patients) 

Pre-stenting IMR 

≤40 

(17 patients) 

Pre-stenting IMR >40 

Controls 

(29 patients) 

Pre-stenting IMR >40 

PICSO 

(17 patients) 

p 

(overall) 

p 

(Ctrls vs. PICSO) 

EDV, ml  170.7±38.6 167.3±32.7 172.9±44.5 170.1±34.4 0.90 0.97 

ESV, ml  97.5±27.6 92.6±25.3 99.0±28.4 99.0±29.2 0.73 0.99 

Stroke volume, ml  75.6±20.0 74.7±19.4 77.1±21.9 75.6±17.5 0.59 0.59 

Ejection fraction, %  43.7±8.4 46.2±8.2 43.4±8.3 41.7±8.5 0.30 0.79 

Area at risk% of LV mass, (IQR)  49.0 (39.8-55.0) 40.8 (37.0-50.9)  50.8 (36.8-55.3)  50.8 (47.5-57.4) 0.03 0.21 

Infarct size% of LV mass, (IQR)  34.0 (12.0-44.0) 23.0 (19.0-33.8) 41.0 (31.5-46.0) 39.0 (27.5-44.0) 0.002 0.42 

MVO occurrence (%) 42 (66.7) 6 (35.3) 25 (86.2) 11 (64.7) 0.002 0.08 

MVO% of LV mass, (IQR)  4.0 (0.0-7.3) 0.0 (0.0-3.0) 5.0 (1.4-9.3) 4.0 (0.0-9.0) 0.001 0.36 

Myocardial salvage index %, (IQR) 25.6 (16.8-44.3) 48.6 (19.0-53.9) 20.4 (11.3-34.5) 25.0 (18.6-40.0) 0.05 0.40 

Haemorrhage occurrence (%) 32 (51.0) 4 (23.5) 19 (65.5) 9 (52.9) 0.004 0.12 

Haemorrhage extent %, (IQR) 1.0 (0.0-4.0) 0.0 (0.0-0.7) 3.0 (0.1-6.0) 3.0 (0.0-6.0) 0.004 0.36 



	

	

6-month cMRI  

 
Overall 

(54 patients) 

Pre-stenting IMR 

≤40 

(16 patients) 

Pre-stenting IMR >40 

Controls 

 (24 patients) 

Pre-stenting IMR 

>40 PICSO 

(14 patients) 

p 

(overall) 

p 

(Ctrls vs. PICSO) 

EDV, ml  166.8±49.0 157.3±29.8 162.4±62.0 185.2±37.8 0.25 0.51 

ESV, ml  88.0±37.2 73.5±19.1 96.0±47.9 91.1±28.1 0.16 0.99 

Stroke volume, ml  84.5±20.2 84.2±16.5 79.2±21.5 94.1±19.5 0.09 0.09 

Ejection fraction %  51.5±10.4 53.1±6.1 46.0±11.1 51.4±7.6 0.06 0.27 

Infarct size% of LV mass, (IQR) 28.0 (21.0-33.5) 19.0 (10.7-28.0) 33.0 (28.0-37.0) 26.0 (20.2-30.0) < 0.001 0.006 

Infarct size% shrinkage, (IQR) 20.0 (7.7-33.0) 30.0 (0.0-42.8) 11.1 (7.5-20.8) 25.0 (12.2-37.9) 0.23 0.04 

Myocardial salvage index%, (IQR) 41.7 (27.9-55.7) 56.0 (44.0-70.3) 28.5 (14.0-39.7) 48.9 (36.9-59.1) 0.001 < 0.001 

	

 


