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Abstract

Aims: The aim of this study was to ascertain whether a minimalist immediate mechanical intervention
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artery, followed >7 days later by a second percutaneous coronary intervention with intentional stenting, is
safe in patients with ST-segment elevation myocardial infarction and large thrombotic burden.

Methods and results: SUPER-MIMI was a prospective, observational trial conducted between January
2014 and April 2015 in 14 French centres. A total of 155 patients were enrolled. The pharmacological ther-
apy was left to the operator’s discretion. Eighty-one patients (52.3%) had glycoprotein IIb/Illa inhibitors
(GPI) initiated before the end of the first procedure. The median (interquartile range [IQR]) delay between
the two procedures was eight (seven to 12) days. Infarct-related artery reocclusion between the two proce-
dures (primary endpoint) occurred in two patients (1.3%), neither of whom received GPI treatment. TIMI
flow was maintained or improved between the end of the first procedure and the beginning of the second
procedure in all patients. Thrombotic burden and stenosis severity diminished significantly between the two
procedures. Stents were ultimately implanted in 97 patients (62.6%).

Conclusions: Deferred stenting (>7 days) in patients with a high thrombus burden was safe on a back-
ground of GPI therapy.
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Abbreviations
BARC  Bleeding Academic Research Consortium

GPI glycoprotein IIb/Illa inhibitor(s)

IGR interquartile range

MIMI minimalist immediate mechanical intervention
PCI percutaneous coronary intervention

STEMI  ST-segment elevation myocardial infarction

TIMI Thrombolysis In Myocardial Infarction

Introduction

Primary percutaneous coronary intervention (PCI) is the preferred
reperfusion strategy in acute ST-segment elevation myocardial
infarction (STEMI), the main objective being to relieve myocar-
dial ischaemia by restoring epicardial coronary flow and myo-
cardial tissue reperfusion!. However, up to two thirds of STEMI
patients treated with primary PCI and stent implantation have
suboptimal myocardial reperfusion, with undesirable short- and
long-term consequences®. The pathological phenomenon associ-
ated with myocardial injury may occur secondary to downstream
microvascular embolisation of thrombotic/atheromatous debris
during PCT'.

To minimise injury in such a friable, emboligenic terrain, the
“deferred/delayed stenting” concept was born: a first PCI aim-
ing to restore the best possible Thrombolysis In Myocardial
Infarction (TIMI) flow in the culprit artery using minimal inter-
vention (none if the initial flow is TIMI 3), followed by a sec-
ond intervention (hours/days later) to stent any residual lesion
in a more stable environment. Initial studies have suggested
favourable outcomes with delayed stenting regarding the rate of
procedural success’, six-month left ventricular ejection fraction
values*®, and rates of major adverse cardiac events®’. However,
the randomised minimalist immediate mechanical intervention
(MIMI) study®, which evaluated whether delayed (24-48 hours)
versus immediate stenting improved myocardial reperfusion in
a non-selected STEMI population treated with primary PCI,
failed to show a reduction in microvascular obstruction with
delayed stenting.

We hypothesised that delayed stenting would be more beneficial
in patients with a high thrombus burden and a delay between the
procedures of >2 days. Indeed, Sianos et al’° emphasised the influ-
ence of initial coronary thrombotic load on myocardial reperfusion
in primary PCI. Moreover, Souteyrand et al'® demonstrated pro-
gressive thrombus regression during the first seven days after the
acute event. It is therefore possible that a longer delay, to achieve
optimal thrombus regression, would be beneficial before stent
implantation. However, the benefit of a longer delay must be
balanced against the risk of culprit artery reocclusion, although
this would be low with the use of potent antiplatelet regimens.
Therefore, this study was conducted primarily to demonstrate the
safety of MIMI followed by a second PCI with the intention of
culprit-lesion stenting after >7 days in patients with STEMI and
a large thrombotic load.

Editorial, see page 381

The SUPER-MIMI study

Methods

SUPER-MIMI was a multicentre, prospective, observational trial
performed in accordance with the Declaration of Helsinki and
French laws. The protocol was approved by the national eth-
ics committee (Commission Nationale de 1’Informatique et des
Libertés; authorisation number DR-2014-335). Patients provided
oral informed consent.

Eligible adults (=18 years) met the following three criteria at
first coronary angiography: symptoms consistent with myocar-
dial ischaemia and persistent (>30 minutes) ST-segment elevation
>1 mm in >2 contiguous limb leads or >2 mm in >2 precordial leads
on electrocardiogram, intended for primary, rescue (secondary to
inefficient pharmacological reperfusion), or routine PCI <48 hours
after successful pharmacological or spontaneous reperfusion; opti-
mal epicardial flow in the culprit artery (assessed by the operator),
either spontaneously or after minimal coronary manipulation using
the thinnest tool/device (e.g., wire passage, thromboaspiration, or
small diameter [<2 mm] balloon); and indication for coronary stent-
ing and a sufficiently important thrombotic burden for the operator
to opt for delaying stent implantation for >7 days.

Pharmacological therapy - including glycoprotein IIb/I1Ia inhib-
itors (GPI) - and the decision to postpone stent implantation based
on the level of thrombotic burden were at the operator’s discre-
tion. The main exclusion criteria were pre-hospital cardiac arrest,
life expectancy <30 days, and indication for revascularisation by
coronary artery bypass graft at the time of first coronary angio-
graphy. Patients selected for deferred stenting, but within seven
days, were not included even if the second procedure was per-
formed >7 days after the first.

Patients received pharmacological treatment according to cur-
rent recommendations'. Between the two procedures, patients
received anticoagulant treatment. Patients were divided into two
groups according to GPI use for a post hoc analysis.

Data were collected and recorded in electronic case report
forms. Distant monitoring ensured consistency. Two operators not
involved in the study reviewed and analysed the angiograms: they
independently quantified degree of stenosis in the culprit artery,
thrombus burden, rate of no/slow flow, and distal embolisation
related to the first procedure. They also independently confirmed
data from case report forms for culprit artery identification, TIMI
flow grade, the specific tools used to restore optimal coronary flow
at the first procedure, and the final percutaneous treatment strategy
(presence/absence of stent implantation) at the second procedure.

The primary endpoint was the rate of culprit artery reocclusion
between the two procedures, defined as: (1) recurrence of symptoms
typical of myocardial ischaemia (accompanied by ST-segment ele-
vation in the same electrocardiogram leads as the initial event) lead-
ing to an urgent coronary angiogram that showed, with respect to
the initial culprit artery, a TIMI flow at the beginning of the second
procedure inferior to the TIMI flow at the end of the first procedure;
or (2) unexplained sudden cardiac death between the two proce-
dures. Secondary endpoints were: evolution of TIMI flow grade
(independent of symptoms) between the procedures, thrombotic
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burden, degree of stenosis in the culprit artery, and the rate of stent-
ing at the second procedure. Thrombus burden was evaluated angio-
graphically using Gibson grades. We evaluated initial thrombotic
burden after at least a TIMI 1 flow was obtained in the culprit artery,
thereby resulting in a maximal Gibson grade of 4. Periprocedural
bleeding complications were quantified using Bleeding Academic
Research Consortium (BARC) definitions'!. Periprocedural myo-
cardial infarction was defined as a >5-fold increase in troponin
between the beginning and end of the procedure; contrast-induced
nephropathy was defined as an increase in creatinine >0.5 mg/dL or
>25% from baseline.

STATISTICAL ANALYSIS

Continuous variables are expressed as medians (interquartile
ranges [IQRs]), categorical variables as numbers (percentages). To
compare thrombotic burden and degree of culprit artery stenosis,
we used tests for paired samples, the Wilcoxon test for stenosis,
and the Kendall test for Gibson score. To compare the proportions
of patients with stenosis >50%, we used tests adapted to paired
samples (McNemar test). A p-value <0.05 was considered statisti-
cally significant. Statistical analysis was performed using SPSS,
Version 22 (IBM Corp, Armonk, NY, USA).

Results

Between January 2014 and April 2015, from 4,410 patients admit-
ted for acute STEMI treatment in 14 centres, 155 patients (3.5%)
met the study criteria and were enrolled (Tahle 1).

At the first PCI, most patients were admitted for primary PCI
(Table 2). After MIMI (no intervention, guidewire, thromboaspi-
ration, or balloon angioplasty), nearly all patients achieved TIMI
flow 2-3 (Figure 1). Eighty-one patients (52.3%) had GPI initi-
ated before the end of the procedure. Median residual stenosis was
70% (IQR 50-85%), and the rates of distal embolisation and no/
slow flow were 8.3% and 26.2%, respectively (Table 2).
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Figure 1. Evolution of TIMI flow grade in the infarct-related artery
at the start and end of the first procedure and the start of the second
procedure. TIMI: Thrombolysis In Myocardial Infarction

Table 1. Baseline characteristics.

Wl GPl | NoGPI

(H=81 ) (n=74)

population
(n=155)

Demograph- | Age, years 56 (47-64) | 55 (46-65) | 56 (48-63)
lcs Men 132(85.2) | 66(815) | 66(89.2)
Risk factors | Diabetes mellitus 13(8.4) 6 (7.4) 7(9.5)
Hypercholesterolaemia 33(21.3) 24(29.6) | 9(12.2)
ramiy historyof mocardial | 41 o6g) | 2159 | 20078
Hypertension 46 (29.7) 21(25.9) | 25(33.8)
Smoker (current/former) 108 (69.7) | 57(70.4) | 51(68.9)
History Myocardial infarction 9(5.8) 8(9.9) 1(1.4)
PCl in the culprit lesion 6(3.9) 5(6.2) 1(1.4)
PCl in another lesion 8(5.2) 7(8.6) 1(1.4)
Angina pectoris 8(5.2) 7(8.6) 1(1.4
Coronary artery bypass graft 1(0.6) 0 1(1.4)
Stroke 4(2.6) 33.7) 1(1.4)
Gl |t e stk | 500 | 9 | s
Body mass index, kg/m? 26 (24-29) | 26 (24-28) | 27 (24-31)
Systolic blood pressure’ 133 130 141
(118-152) | (115-141) | (120-161)
Killip class | 131(84.5) | 72(88.9) | 59(79.7)
Delay from symptom onset 199 216 167
to puncture, min? (129-349) | (154-360) | (121-299)
Infarct Anterior 56 (36.1) 30(37.0) | 26(35.1)
location ' terior 89(574) | 45(556) | 44(595)
Lateral 10(6.5) 6(7.4) 4(5.4)
Initial Aspirin 148 (95.5 | 76(93.8) | 72(97.3)
Ipohgaig'a“f“" Prasugrel 2(335) | 19(235) | 33(446)
treatment™ | Ticagrelor 0(38.7) 41(50.6) | 19(25.7)
Clopidogrel 2 (20.6) 15(18.5) | 17(23.0)
Unfractionated heparin 44 (28.4) 26 (32.1) | 18(24.3)
Enoxaparin 7(43.2) 38(46.9) | 29(39.2)
Bivalirudin 5(29.0) 21(25.9) | 24(32.4)
Troponin concentration (maximum), pg/L** 7(7-98) | 27 (5-105) | 32 (10-97)
Values are n (%) or median (interquartile range). *81 GPI and 72 no-GP!I patients. $79 GPI
and 72 no-GPI patients. *For 130 patients treated with PCI. 78 GPI and 74 no-GPI patients.
**79 GPI and 69 no-GPI patients.

The median (IQR) delay between the two procedures was eight
(seven to 12) days (Figure 2). The second procedure was performed
<6 days after the first in 16.1% of patients for logistical reasons
(n=22), reocclusion of the culprit artery (n=2), and recurrent angina
leading to coronary artery bypass grafting (n=1). Two patients (1.3%)
had culprit artery reocclusion between the two procedures 15 and
30 minutes after the first procedure (primary endpoint). Neither had
received GPL. The first patient was a 56-year-old man admitted for
coronary angiography 100 minutes after the clinical onset of an infe-
rior STEMI complicated with a third-degree atrioventricular block.
Pre-hospital treatment consisted of prasugrel, bivalirudin, and intra-

venous aspirin, noting that the oral medication administration was



Table 2. Angiographic and procedural characteristics during the
first PCI.

Overall | o | NogpI

(I'I=81 ) (n=74)

population
(n=155)

130 (83.9)

Indication | Primary PCI 68 (84.0) | 62(83.8)

Rescue PCl after fibrinolysis 11(7.1) 4(4.9) 7(9.5)

PCI after medical reperfusion | 14 (9.0) 9(11.1) 5(6.8)

PCI after successful 4(286) 1(1L1) 3(60.0)

fibrinolysis*
Radial access 137(88.4) | 70(86.4) | 67(90.5)
Infarct- Right coronary artery 77 (49.7) 39 (48.1) | 38(51.4)
related Proximal left anteri
artery A 3219 | 20(24.7) | 14(18.9)
[l - escending artery
Mid left anterior descending 21(135) 9(1L1) 12(16.2)
artery
Posterior descending artery 1(0.6) 1(1.2) 0
Circumflex artery 15(9.7) 10(12.3) 5(6.8)
Obtuse marginal artery 7(4.5) 2(2.5) 5(6.8)
Culpritlegion Bifurcation 27 (17.4) 11(13.6) | 16(21.6)
EhareClets | piameter, mim 35(3-35) | 35(3-37) | 35(3-35)
Length, mm$ 15(11-20) |18 (11.5-20) |13 (10-18.5)
First Nothing 30(19.4) 16 (19.8) 14 (18.9)
d .
Bovice uss | Onlywire 17(1L0) | 9011 | 8(108)
Only aspiration 71 (45.8) 35(43.2) | 36(48.6)
Balloon (+aspiration) 37(23.9) 21(25.9) | 16(21.6)
Culprit 0-30% 27(17.4) | 12(14.8) | 15(20.3)
residual o
S 30-50% 24(15.5) | 10(12.3) | 14(18.9)
50-70% 29 (18.7) 18(22.2) 11 (14.9)
>70% 75(48.4) | 41(50.6) | 34(45.9)
Complica- | Distal embolisation 12 (8.3) 7(9.2) 5(7.2)
i ;3
tons No/slow flow! 38(26.2) | 20(26.3) | 18(26.1)

Values are n (%) or median (interquartile range). *Percentages are out of those with PCI
after medical reperfusion. $81 GPI and 72 no-GP! patients. ¥62 GPI and 82 no-GPI patients.
Transient/permanent TIMI flow grade <3.
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Figure 2. Delay between the two procedures.

The SUPER-MIMI study

disturbed by vomiting. Coronary angiography showed a total throm-
botic occlusion of the right coronary artery, without other significant
lesions in the coronary tree. Thromboaspiration restored a TIMI 3
flow grade with a 75% thrombotic residual stenosis. GPI treatment
was started 5 minutes after the first procedure, but 10 minutes later
the patient suffered a recurrence of chest pain and ST-segment re-
elevation in the inferior leads that justified a second coronary angio-
gram which showed a thrombotic reocclusion (TIMI 0) of the right
coronary artery. Treatment consisted of stent implantation, and there
was a good procedural result. The second patient was a 59-year-old
man admitted for anterior STEMI 180 minutes after symptom onset.
He was treated before the primary PCI with aspirin, prasugrel, and
enoxaparin. Coronary angiography showed a long thrombotic ste-
nosis of 70% in the left anterior descending artery with a TIMI 3
flow and other significant, but stable, stenoses in the left circumflex
and right coronary arteries. Thromboaspiration achieved a residual
stenosis of 50% with normal coronary flow. Thirty minutes after the
procedure, the symptoms reoccurred, accompanied by a new ante-
rior ST-segment elevation. Coronary angiography showed a throm-
botic reocclusion of the proximal left anterior descending artery
(TIMI 0) that was treated by thromboaspiration, stent implantation,
and GPI. The procedural result and follow-up were favourable.

Between the end of the first procedure and the beginning of the
second, TIMI flow in the infarct-related artery improved overall
(Figure 1), and did not worsen in any patient. The median (IQR)
Gibson score decreased from 4 (0-7) at the end of the first proce-
dure to 2 (1-6) at the beginning of the second (p<0.01). Figure 3
illustrates thrombus evolution between the two procedures. The
degree of culprit artery stenosis diminished significantly between
the procedures (Figure 4). At the end of the first PCI, 84.0% of
patients had a stenosis >50%; this reduced to 50.0% at the begin-
ning of the second PCI (p<0.001).

End of Beginning of
1t procedure 2 procedure

Patient 1

Patient 2

Patient 3

Figure 3. Examples of thrombus evolution between the procedures.
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Figure 4. Evolution of the degree of stenosis between the procedures.

A stent was implanted in 97 patients (62.6%); the residual lesion
was considered non-significant in 56 patients (36.1%) (Table 3).
One patient was treated by coronary artery bypass grafting and
one by deferred PCI (due to a large residual thrombotic burden
at the time of the second procedure). Besides the two patients
with reocclusion of the infarct-related artery, the overall rate of

Table 3. Treatment between procedures and characteristics of the
second coronary procedure.

Overall | oo | NogpI

(n=81) | (n=74)

population
(B )]

Medications | Aspirin 153(98.7) | 81(100) | 72(97.3)
petween e | pragugrel 74G7.7) | 25(309) | 49(662)
procedures | Ticagrelor 66 (42.6) | 45(55.6) | 21(28.4)
Clopidogrel* 21(13.6) | 13(16.3) | 8(10.8)
Unfractionated heparin® 30(19.6) | 22(27.8) | 8(10.8)
Enoxaparin 100 (64.5) | 59(72.8) | 41(55.4)
Bivalirudin 12 (1.7) 9(11.1) 3(4.1)
Radial access 135(87.1) | 69(85.2) | 66(89.2)
Same access site in both procedures 119(76.8) | 55(67.9) | 64 (86.5)
Stent Implanted 97 (62.6) | 42(51.9) | 55(74.3)
Drug-eluting stent* 67(69.1) | 24(57.1) | 43(78.2)
Diameter, mm 35(3-4) | 35(3-4) |35(3-3.5)
Length, mm 20 (15-30) | 19 (15-28) |22 (15.5-30)
Medical treatment 56 (36.1) | 37(45.7) | 19(25.7)
Decision for coronary artery bypass graft 1(0.6) 1(1.2) 0
Deferred PCI 1(0.6) 1(1.2) 0

Values are n (%) or median (interquartile range). *80 GPI and 74 no-GP!I patients. 879 GPI
and 74 no-GP!I patients. *Of those with stents.

complications was 3.8% (6/155): three patients had a periproce-
dural myocardial infarction during the second procedure (exclud-
ing culprit artery reocclusions); two had rectorrhagia (Bleeding
Academic Research Consortium 3a) (one patient [on GPI] bled
48 hours after the second procedure; the other [no GPI therapy]
bled immediately after the first PCI); and one developed transient
contrast-induced nephropathy after the first PCI (creatinine before
146 uM/L; after 196 uM/L) which was successfully controlled
with adequate hydration. No deaths were recorded between the
first and second procedures.

Discussion

The SUPER-MIMI study demonstrated the safety of a new PCI
strategy in STEMI patients with suspected large culprit artery
thrombotic burden: the strategy comprised a minimalist immedi-
ate mechanical intervention to restore optimal blood flow in the
responsible artery followed by a second PCI to stent the culprit
lesion >7 days later.

Only 2/155 patients had culprit artery reocclusions (neither
received GPI) between the two procedures, both of which occurred
soon after the first procedure. Our findings are similar to the rate
of culprit artery reocclusion in non-selected STEMI populations
treated with immediate stenting (0.6-1.7%)'*'*. However, our
patients had high thrombotic burden, and stenting in such patients
carries a higher risk of acute stent thrombosis than in non-selected
STEMI patients.

Three randomised studies have investigated a deferred strategy
in STEMI, with dissimilar results. DEFER-STEMI"* demonstrated
a lower rate of no/slow reflow with deferred (four to 16 hours)
versus immediate stenting (5.9% vs. 28.6%; p=0.005; primary
outcome) among patients with >1 risk factor for no reflow. The
rate of culprit artery reocclusion in the deferred group was 3.8%.
However, MIMI® found no significant difference in microvascular
obstruction between deferred (24-48 hours) and immediate stent-
ing (4.0% vs. 1.9%; p=0.051; primary endpoint) and no culprit
artery reocclusion occurred in the former. DANAMI 3-DEFER!®
reported no difference in the composite of all-cause mortality,
hospital admission for heart failure, recurrent infarction and any
unplanned revascularisation of a target vessel in two years of fol-
low-up between >24-hour deferred (median [IQR] delay of three!-
days) and immediate stenting (17% vs. 18%; p=0.92; primary
endpoint); the frequency of infarct-related artery reocclusion was
1.3% in the deferred group (secondary endpoint).

A meta-analysis'” of six observational studies comparing
immediate versus delayed stenting in patients with acute coro-
nary syndromes reported no culprit artery reocclusions between
the procedures with delayed stenting among those with STEMI
(n=175). Similar results were recently reported by Souteyrand et
al'’, who recorded no culprit artery reocclusion with a mean time
of five days between the initial and second procedure (n=101).

Regarding the safety of the SUPER-MIMI strategy, culprit
artery reocclusion (in our study and DEFER-STEMI") occurred
early after the first PCI (<2 hours), facilitating immediate



treatment. Our results may indicate the importance of early
adjunctive GPI therapy (started before the end of the first pro-
cedure), as neither patient with a reocclusion received GPI
treatment. In MIMI®, patients were treated with GPI before ran-
domisation. In DEFER-STEMI"®, GPI were started after randomi-
sation, during or immediately after the first procedure, leading to
a short vulnerable window. In DANAMI 3-DEFER', GPI were
only used in 35% of patients in the deferred stenting group. Two
situations may be important regarding GPI therapy. Firstly, GPI
would increase the risk of bleeding after fibrinolysis, and this
could be critical when deferred stenting is an option. However,
an observational study'® showed few bleeding complications in
such patients. In SUPER-MIMI, GPI therapy was administered
in 5/15 patients (33.3%) after fibrinolytic therapy, with no major
bleedings. Secondly, one patient who met the primary endpoint
received bivalirudin, which has been associated with acute stent
thrombosis'. Therefore, the place of GPI therapy in this situa-
tion could be further consolidated.

In our study, five patients with low thrombotic burden (Gibson
score <3) at the end of the first PCI were enrolled. This is because
thrombus burden quantification in the primary PCI setting is chal-
lenging, and the proportions of thrombotic and atherosclerotic
components in the residual lesion may be questionable. However,
high thrombus burden can be suspected in the presence of long,
complex, high-volume, compact lesions. Therefore, the Gibson
score may not be the most accurate method for thrombus bur-
den quantification in “high thrombus suspected” lesions. After the
specified time window between the initial angiographic evaluation
and the final therapeutic decision, a significant reduction in the
degree of stenosis was reported. This positive evolution, mainly
due to thrombus resolution, is one of the possible benefits of the
SUPER-MIMI strategy, leading to the avoidance of stenting in
36.1% of cases.

Nevertheless, prolongation of hospital stay may jeopardise the
cost of strategies such as SUPER-MIMI. The cost-effectiveness
of this strategy and the subsequent clinical evolution of patients
included in the study have yet to be investigated.

Limitations

For logistical reasons, 25 patients (16.1%) had <7 days between
the two procedures (including both those with reocclusion), but
remained in the intent-to-treat population. GPI were not rou-
tinely used, despite a presumed large thrombus burden. This may
have been due to high bleeding risk, a long time between symp-
tom onset and PCI, or a low amount of jeopardised myocardium.
In 25.8% of patients, TIMI 3 flow was not achieved at the end
of the first procedure. This was because the operator considered
that coronary flow could not be improved by further percutane-
ous manipulation (including stent implantation) in the absence of
continuous myocardial ischaemia, implying the possible involve-
ment of the collateral coronary network. This analysis does not
include long-term follow-up data; once available, these data will
be the subject of a future article.

The SUPER-MIMI study

Conclusions

These observational data suggest that a strategy of deferred stent-
ing (=7 days) in patients with a high thrombus burden appears
safe, whereas delayed stenting without GPI may be questionable.
A substantial proportion of patients did not require stent implan-
tation as the final therapeutic strategy. These findings require
confirmation in larger randomised trials.

Impact on daily practice

Intentionally delaying stenting procedures for >7 days (after
MIMI) in STEMI patients with high thrombotic burden appears
safe and reduces the need for stent insertion. However, patients
should probably be given GPI to reduce the risk of infarct-
related artery reocclusion.
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