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Abstract

Aims: The aim of the study was to identify independent correlates of survival in patients undergoing PCI
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for refractory cardiogenic shock due to myocardial infarction (RCS-MI) with the need for extracorporeal

e cardiogenic shock
life support (ECLS).

¢ |IABP

¢ multidisciplinary
Heart Team

¢ pulmonary oedema

o STEMI

e ventricular assist

Methods and results: This observational single tertiary centre study enrolled 106 consecutive patients
(52.7£10.4 years) with ECLS placed before or after the PCI. Half of the patients had triple vessel disease
and PCI was attempted whenever possible (74.5%). The 30-day mortality rate was 63.2%. Left main culprit
vessel disease (19% of patients) (adj. HR [95% CI]: 2.31 [1.27-4.18], p=0.006) and sepsis-related organ
failure assessment >13 (adj. HR 2.17 [1.25-3.75], p=0.005) were independently associated with 30-day
mortality. The use of intra-aortic balloon pump (IABP) combined with ECLS was an independent protective
factor (adj. HR 0.48 [0.28-0.80], p=0.006). Neither complete (p=0.66) nor successful (p=0.69) myocardial
revascularisation was associated with 30-day survival.

device

Conclusions: RCS in MI patients often reveals a severe multivessel coronary artery disease with no
impact of early percutaneous coronary revascularisation on clinical outcome. The survival advantage of
TABP when combined with ECLS further suggests that achieving an early effective haemodynamic support
should be the major goal in this young patient population.
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Abbreviations

Cl confidence interval

CABG  coronary artery bypass graft
CAD coronary artery disease
ECLS extracorporeal life support
IABP intra-aortic balloon pump

IGR interquartile range

LVAD left ventricular assist device

LVEF left ventricular ejection fraction

Mi myocardial infarction

OR odds ratio

PCI percutaneous coronary intervention
RCS refractory cardiogenic shock

SOFA sepsis-related organ failure assessment
VTl velocity time integral

Introduction

Cardiogenic shock is the most severe complication of myocar-
dial infarction (MI), arising in 5-10% of patients, and is assoc-
iated with a mortality rate as high as 40%' or even higher in
refractory cardiogenic shock due to MI (RCS-MI). Acute left
ventricular failure is the main cause of CS whereas mechani-
cal complications are less common. The European guidelines
recommend emergency revascularisation with either percutane-
ous coronary intervention (PCI) or coronary artery bypass graft
(CABGQG) surgery and complete revascularisation if there is multi-
vessel disease®. The use of an intra-aortic balloon pump (IABP)
may be considered as a haemodynamic support in selected
patients with severe mitral insufficiency or ventricular sep-
tal defect. Mechanical left ventricular assist devices (LVADs),
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including percutaneous short-term mechanical circulatory sup-
port devices, have been evaluated in RCS-MI with mitigated
results’. These devices are recommended as rescue therapy to
preserve organ perfusion as a bridge either to recovery of myo-
cardial function or to heart transplantation®, or even as a bridge
to LVAD destination therapy. The decision is usually made on an
individual basis by a shock team when available.

The benefit of myocardial revascularisation in these seriously ill
patients presenting with RCS-MI remains unknown. Early haemo-
dynamic stabilisation is often the first goal’. The aim of the ret-
rospective Pitié-Salpétriére Cardiogenic Shock Registry was to
determine the independent predictors of mortality. In the present
analysis, we selected RCS-MI presenters who were also implanted
with extracorporeal life support (ECLS).

Editorial, see page 2099

Methods

PATIENT SELECTION AND STUDY DESIGN

All consecutive patients presenting with an RCS-MI treated with
an ECLS and addressed to the catheterisation laboratory of our
institution between 2007 and 2013 were considered. Acute MI
was defined according to the third universal definition with a rise
in cardiac troponin above the 99" percentile upper reference limit
with symptoms of ischaemia, new or presumed new significant
ST or T-wave changes or new left bundle branch block. Early
revascularisation was the primary strategy in all cases with PCI as
the preferred option and thrombolysis as an alternative when PCI
could not be performed within 120 minutes of symptom onset.
Patients without coronary artery disease (CAD) and those who did
not undergo coronary angiography were excluded (Figure 1).

117 eligible patients

Excluded patients, n=11
— Diagnostic angiography not performed, n=4
— Death of unknown aetiology, n=2

|3 —Nosignificant coronary lesion, n=2

— Sepsis with shock and troponin elevation, n=1
— Prior heart transplantation, n=1
— Known CAD without ongoing ACS, n=1

106 ACS patients with ECMO

/

ECMO after angiography
n=65 (61.3%)

— <24 hrs, n=48 (45.3%)
—>24 hrs, n=17 (16%)

l

— Stent PCI, n=55 (51.8%)
—CABG, n=4 (3.8%)
— No revascularisation, n=6 (5.7%)

Figure 1. Flow chart.

l

ECMO hefore angiography
n=41 (38.7%)

— Stent PCI, n=37 (34.9%)
— No revascularisation, n=4 (3.8%)
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Coronary angiographies were performed by experienced opera-
tors. Complete angiographic revascularisation was defined as suc-
cessful dilation of all stenoses of >50% in the proximal halves of
the right coronary artery, left circumflex artery, left main coro-
nary artery, left anterior descending coronary artery, and any pre-
vious grafts. Angiographically, PCI success was defined for the
culprit vessel as a residual stenosis of less than 50% of the lumi-
nal diameter and post-angioplasty TIMI flow >2/3. Clinical suc-
cess of revascularisation was defined as the angiographic success
combined with the resolution of the ST-segment deviation or life-
threatening arrhythmia and no referral for coronary artery bypass
grafting during hospital stay.

ECLS was indicated as short-term mechanical circulatory sup-
port for RCS, defined as the combination of left ventricular ejec-
tion fraction <25%, cardiac index <2.2 L/min/m?, blood pressure
<90 mmHg for >30 min or need for catecholamines to maintain
systolic pressure over 90 mmHg, and impaired organ perfusion
despite a high dose of catecholamines (dobutamine >20 pg/kg/
min and norepinephrine >1 pg/kg/min). Precluding criteria for
ECLS were life expectancy <1 year and prolonged cardiac arrest
(>60 min). Cardiac arrest >30 minutes refers to the timing of CPR.

Our shock team provides a 24-hr/7-day service together with an
ECMO mobile unit coordinated by the SAMU for out-of-hospital
patients. In refractory cardiac arrest, ECLS was implanted as soon
as possible. All ECLS devices were surgically inserted wherever the
patient was with a median time of 15 minutes allowing circulatory
support within 20 minutes after onset of implantation. An additional
7 Fr catheter was systematically inserted into the femoral artery to
prevent leg ischaemia. Pump speed was adjusted to obtain blood
flow of 3.5-4.5 L/min. Intravenous (IV) unfractionated heparin was
given to maintain the activated partial thromboplastin time at 1.5-2
times normal. The decision to wean off ECLS, bridging to long-term
mechanically assisted circulatory support or heart transplantation
was made by the Heart Team. Weaning off ECLS was performed
according to established echocardiographic criteria including an aor-
tic velocity time integral (VTI) 210 cm, LVEF >20-25%, and lateral
mitral annulus peak systolic velocity >6 cm/s when ECLS flow was
reduced to <1.5 L/min®. All ECLS were retrieved surgically.

The use of IABP (CS100%; Datascope/Maquet, Getinge Group,
Rastatt, Germany) was left to the discretion of the treating physi-
cians and was inserted into the femoral artery on the opposite side
to ECLS. Pumping was set at a 1:1 ratio with electrocardiographic
triggering and maintained until weaning from ECLS.

Patient characteristics, treatment and outcome data were
extracted from our ECLS database and patients’ medical records.
Patients were followed up to 30 days.

OBJECTIVES AND OUTCOMES
The primary objective was to evaluate mortality and identify the
independent predictors of mortality. The primary study endpoint
was 30-day mortality. The secondary outcome was in-hospital
mortality. Major bleedings according to the BARC definitions
were also recorded (type 3 to 5)".

STATISTICAL ANALYSIS

Continuous variables are presented as mean (standard deviation)
or median (IQR) and categorical variables as number (percent-
age). Baseline characteristics were compared between survivors
and non-survivors by means of the chi-square (¥?) or Fisher’s
exact test. The Student’s t-test or the Mann-Whitney-Wilcoxon
test (normality tested with the Shapiro-Wilk test) was used for
quantitative variables. Variables were considered for multivari-
able analysis if associated with one-month mortality on uni-
variate analysis with a p-value <0.2. Collinearity between the
explanatory variables was examined and associated variables
were not included in the model. Because a change of clinical
practices could result in time-related confounding, we consid-
ered two periods (before 2011, and 2011 and after) for adjust-
ment in the multivariable analysis.

Independent predictors of 30-day mortality were identified with
multivariable stepwise Cox proportional hazards analysis with an
exit p-value threshold set at 0.1. Proportional hazards assumption
was verified for all variables. Results are reported as adjusted haz-
ard ratio (adj. HR) with 95% confidence interval (95% CI). The
Kaplan-Meier method was used to build survival curves for vari-
ables of interest (complete revascularisation, left main coronary
disease, IABP). A p-value <0.05 was considered significant unless
otherwise specified. SPSS software, Version 20.0 (IBM Corp.,
Armonk, NY, USA) was used.

Results

BASELINE CHARACTERISTICS

The patient population (n=106) consisted predominantly of young
active smoking males (Table 1). Abnormal ST segment was
observed in the vast majority and cardiac arrest lasting more than
30 minutes was reported in almost half of them, highlighting the
very high risk of this population. Severe CAD at presentation
was common with significant left main disease in one out of five
patients. PCI was attempted in 75% of patients and reperfusion
was successful in 72% of them. Reperfusion delay was four hours
after symptom onset. Troponin peak was high, suggesting an
extended myocardial damage, and lactate levels were elevated at
presentation (>2.0 mmol/L) in 85% of patients.

Coronary angiography was performed as soon as possible
and at the time of ECLS implantation in 38.7% of patients in
whom RCS occurred shortly before or during angiography/PCI
(Supplementary Table 1, Figure 2). IABP was used in 59.4% and
was implanted at the time of angiography or PCI in all patients.
Early ECLS implantation (45.3%) was performed in patients at
much higher risk with more profound multiple organ failure and
higher 30-day mortality versus ECLS implantation during or after
angiography (Figure 2).

Patients presenting with cardiac arrest (n=83) less frequently
had multiple vessel disease, IABP use, more severe multiple organ
failure, more frequently received ECLS before or at the time of
coronary angiography and had higher 30-day mortality than those
without cardiac arrest.
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Table 1. Characteristics according to 30-day survival status. 2

Cardiovascular history Overall N=106 Alive N=39 Dead N=67 p-value* §

Age, years 52.7+10.4 50.5+10.3 54.0+10.4 0.09 g

Gender (male) 89 (84.0%) 32 (82.1%) 57 (85.1%) 0.68 N

Enrolment >2011 46 (43.4%) 22 (56.4%) 24 (34.8%) 0.039 g

Previous coronary disease 24 (22.6%) 8 (20.5%) 16 (23.9%) 0.69 5

Previous Ml 22 (20.8%) 8 (20.5%) 14 (20.9%) 0.96 ®

Previous CABG 3 (2.8%) 0 3 (4.5%) 0.29 >

Smokers 82 (80.4%) 35 (92.1%) 47 (73.4%) 0.02 ('T;’

Hypertension 38 (36.5%) 13 (34.2%) 25 (37.9%) 0.71 N

Diabetes 22 (20.9%) 6 (15.4%) 16 (24.2%) 0.28 b
Dyslipidaemia 42 (40.4%) 15 (38.5%) 27 (41.5%) 0.76

Initial presentation
Initial recorded rhythm ST abnormal

80 (75.5%)

37 (94.9%)

43 (64.2%)

Revascularisation

VT or VF 13 (12.3%) 2(5.1%) 11 (16.4%) 0.001

Asystolia 13 (12.3%) 0 13 (19.4%)
Cardiac arrest 83 (78.3%) 28 (71.8%) 55 (82.1%) 0.215
Cardiac arrest >30 min 45 (42.4%) 9 (23.1%) 36 (53.8%) 0.002
Glasgow score 5.8+4.4 7.7+4.8 4.7+3.7 0.0006
SOFA 13.2+3.9 11.3+3.6 14.6+£3.6 <0.0001
Multiple vessel 72 (67.9%) 26 (66.7%) 46 (68.7%) 0.83
Left main disease as culprit vessel 20 (18.9%) 2 (5.1%) 18 (26.9%) 0.006
Stent thrombosis 13(12.3%) 6 (15.4%) 7 (10.4%) 0.54
TIMI flow grade before 3 16 (15.1%) 4 (10.3%) 12 (17.9%) >0.05
angioplasty 2 7 (7.0%) 3(7.7%) 4 (6.0%) >0.05

1 6 (6.0%) 3(7.7%) 3 (4.5%) >0.05

0 77 (72.6%) 29 (74.4%) 48 (71.6%) >0.05
Electrical storm 53 (50%) 20 (51.3%) 33 (49.3%) 0.84

Primary PCI 79 (74.5%) 32 (82.0%) 47 (70.1%) 0.17
Culprit only 61 (57.5%) 21 (53.8%) 40 (59.7%) >0.05
Multivessel PCI 33 (31.1%) 16 (41%) 17 (25.4%) >0.05

Complete revascularisation 60 (56.6%) 21 (563.9%) 39 (58.2%) 0.66

Thrombolysis before CA 17 (16.0%) 5(12.8%) 12 (17.9%) 0.49

Clinical successful revascularisation 75(72.1%) 29 (74.4%) 46 (70.8%) 0.693

Time to reperfusion (minutes)* 240 (120-420) 360 (180-1,440) 210 (120-345) 0.002

IABP 63 (59.4%) 30 (76.9%) 33 (49.2%) 0.005

Timing CA to ECLS Immediate 41 (38.7%) 7 (17.9%) 34 (50.7%)

<24 hrs 48 (45.3%) 23 (59.0%) 25 (37.3%) 0.003
>24 hrs 17 (16.0%) 9 (23.1%) 8 (11.9%)

Lactates (mmol/L) 9.11+6.41 6.00+4.63 10.92+6.62 <0.0001

Blood pH 7.27+0.77 7.29+0.15 7.25+0.96 0.71

Peak troponin (ng/mL) 424.4+630 207+238 551+744 0.0008

Troponin at admission (ng/mL) 164+518 80+194 21+4,634 0.11

Haemoglobin (g/dL) 10.6x2.5 10.5+2.3 10.7+2.6 0.67

Creatinine (umol/L) 150+88 147111 152472 0.83

Fibrinogen (g/L) 3.94+2.55 4.86+2.41 3.40+2.49 0.004

Glycaemia (mmol/L) 13.7 (14.4) 11.5(10.1) 16.0 (13.4) 0.010

Data are presented as number (%) and means (SD) or median (IQR) when marked with *. CA: coronary angiography; CABG: coronary artery bypass graft;
ECLS: extracorporeal life support; MI: myocardial infarction; PCI: percutaneous coronary intervention; SOFA: sepsis-related organ failure assessment;
TIMI: Thrombolysis In Myocardial Infarction; VF: ventricular fibrillation; VT: ventricular tachycardia

OUTCOMES
In-hospital and 30-day mortality was 61.3% and 63.2%, respec-  (10/39) were bridged to long-term haemodynamic support or heart

survivors recovered and were weaned off ECLS, while 25.6%

tively. Patient characteristics according to 30-day vital status are  transplantation (n=2). Significantly more patients recovered and
described in Table 1. A total of 69.2% (27/39) of the one-month ~ were weaned off ECLS with than without IABP (eight [19%]
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CA: coronary angiography; ECLS: extracorporeal life support; IABP: intra-aortic balloon pump

Figure 2. Time delay from ECLS/IABP implantation to coronary angiography and one-month clinical outcome.

vs. 24 [37.5%], p=0.043). Recovery in one-month survivors did
not differ according to whether revascularisation was successful
or not, despite a trend towards better recovery when revascular-
isation was successful (8/10 [80%] vs. 19/29 [65.5%], p>0.05,
respectively).

The rate of major bleedings according to BARC definitions was
34.9% and was not associated with survival, probably due to the
high background mortality in this cohort and the small sample
size. There was no difference in major bleeding in patients who
received IABP versus those who did not.

INDEPENDENT CORRELATES OF SURVIVAL

Age, smoking status, initial recorded rhythm, cardiac arrest >30
min, sepsis-related organ failure assessment (SOFA), left main
coronary disease, primary PCI, IABP, timing of ECLS regard-
ing coronary angiography, lactate level, troponin peak, fibrinogen
level and year of enrolment >2011 were associated with one-
month mortality (p-value <0.2) (Table 2).

Table 2. Independent predictors of 30-day all-cause mortality.

Survivors were younger, had less severe coronary anatomy, had
a lower SOFA score and higher Glasgow score, more frequently
had a shockable rhythm and more frequently underwent PCI and
TABP implantation as compared to non-survivors. Survival did not
differ according to the completeness of coronary revascularisation
(Figure 3A). The frequency of use of TABP did not differ between
the before and from and including 2011 periods (p=0.757) in our
cohort.

Blood lactate, fibrinogen and SOFA score were transformed
into binary variables to satisfy the proportional hazards assump-
tion. Left main culprit vessel disease (Figure 3B) and admission
SOFA score >13 were independently associated with 30-day
mortality (Table 2), whereas the use of IABP (Figure 4) com-
bined with ECLS was identified as an independent protector to
30-day mortality. Time delay from ECLS to coronary angio-
graphy was not independently associated with 30-day mortal-
ity even if forced into the model (adj. HR 0.81 [0.39-1.67],
p=0.561).

‘ B coefficient Adj. HR (95% CI) p-value
Left main disease 0.836 0.303 7.594 2.31(1.27-4.18) 0.006
VT or VF (vs. ST abnormal) 0.738 0.365 4.090 2.09 (1.02-4.28) 0.043
Asystolia (vs. ST abnormal) 1.509 0.382 15.611 4.52 (2.14-9.56) <0.001
IABP -0.747 0.270 7.668 0.48 (0.28-0.80) 0.006
Lactate >7.7 mmol/L 0.553 0.280 3.888 1.74 (1.00-3.01) 0.049
Fibrinogen >3 g/L -0.729 0.283 6.654 0.48 (0.28-0.84) 0.010
SOFA score >13 0.774 0.280 7.634 2.17 (1.25-3.75) 0.006
95% Cl: 95% confidence interval. HR: hazard ratio; IABP: intra-aortic balloon pump; PCI: percutaneous coronary intervention; SE: standard error;
SOFA: sepsis-related organ failure assessment; ST: ST segment; VF: ventricular fibrillation; VT: ventricular tachycardia
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Figure 3. Kaplan-Meier curves of cumulative survival with and
without complete revascularisation (A) and with and without left
main culprit vessel disease (B).

Discussion

In this observational study, we found that the left main involve-
ment was frequent (19% of patients) and independently assoc-
iated with mortality in the acute setting of a refractory cardiogenic
shock related to myocardial infarction. The second major finding
was that percutaneous coronary revascularisation was not assoc-
iated with survival benefit. This was observed irrespective of
whether it was complete and/or successful. Finally, there was an
improved survival when intra-aortic balloon pump was combined
with ECLS, which was placed in all patients either before or after
coronary intervention.

This is the first study reporting on the lack of association
between coronary revascularisation and survival, although left
main culprit artery disease was found to be a major prognostic
factor. The presence of multiple vessel disease did not alter the
prognosis in our cohort, highlighting further left main disease as
the main coronary anatomy feature threatening survival. Post-PCI
TIMI >2/3 flow was obtained in more than 90% of patients with
left main disease and did not differ according to multiple versus
simple vessel disease. One possible explanation accounting for
such a discrepancy between the severity of the underlying CAD

Revascularisation in patients with refractory cardiogenic shock

Adj. HR (95% Cl): 0.48 (0.28-0.80),
p=0.006

Survival

IABP
— No
— Yes
0.0 T T T T T |
0 5 10 15 20 25 30
Number at risk Days from admission
No IABP 4 17 13 12 10 10 8
IABP 63 45 4 36 3 34 3R

Figure 4. Kaplan-Meier curve of cumulative survival with and
without IABP implantation.

and the lack of benefit of revascularisation could be the very short
period available for opening an occluded left main and the very
large amount of suffering myocardium.

Early revascularisation is recommended as the primary treat-
ment of acute MI with haemodynamic instability®. It seems that,
in patients with RCS-MI, revascularisation does not have the abil-
ity to reverse myocardial injury fully when jeopardised myocar-
dium is extended, as in our study population. In addition, complex
PCI procedures may result in additional reperfusion injury, and
do not immediately offload the injured ventricle and reverse sys-
temic inflammatory response syndrome and multi-organ dysfunc-
tion syndrome, which are common in RCS-MI. All these factors
may have accounted for such an unusually low success rate of
72% as compared with that of primary PCI, although this is in line
with previous reports’. Furthermore, the risk in these gravely ill
patients may not be that the non-infarct myocardium is subtended
by potentially vulnerable distant lesions but that potentially recov-
erable myocardium in the peri-infarct area needs support while
trying to recover. Although our patient population differs drasti-
cally from that of the CULPRIT-SHOCK trial where the clinical
benefit of an early and complete revascularisation approach was
evaluated in cardiogenic shock patients responding to inotropes,
our results are consistent with the lack of benefit of complete
revascularisation and its potential harm'®>. CULPRIT-SHOCK sub-
studies on patients with left main disease and/or ECLS, very com-
mon features in our study population, are awaited.

Alternative strategies are necessary to improve outcomes in
patients with RCS-MI. No short-term mechanical circulatory
support device demonstrated a reduction of mortality in patients
with cardiogenic shock due to myocardial infarction''? including
refractory cardiogenic shock. Percutaneous left ventricular assist
devices such as TandemHeart™ (CardiacAssist, Inc., Pittsburgh,
PA, USA) and Impella® (Abiomed, Danvers, MA, USA) have
been evaluated in small randomised trials that failed to con-
vert the observed haemodynamic improvement into decrease
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of mortality'"3. This may be explained by the selection of too
gravely ill patients. Percutaneous ECLS is expanding as a salvage
therapy given full circulatory support (up to 4.0 L/min), rapid
improvement in tissue oxygenation in situations of cardiogenic
shock combined with severe pulmonary oedema, and rapid and
easy implantation at the patient’s bedside at a low cost!"'3.

International guidelines do not recommend the routine use of
IABP for cardiogenic shock due to MI after the IABP-SHOCK
IT randomised trial', despite previous reports of improved haemo-
dynamic status'*!5. Comparable to our study, almost half of the
patients in the JABP-SHOCK 1I trial experienced cardiac arrest.
A recent meta-analysis'® reported better survival when IABP was
associated with ECLS>!. The preventive effect of TABP on left
ventricle overload caused by the arterial cannula of ECLS! has
been further characterised by a decreased hydrostatic pulmonary
oedema and more days off mechanical ventilation'®. As opposed to
previous reports, we observed a reduction in mortality and a higher
rate of recovery when IABP was added to ECLS", a finding sup-
portive of the systematic use of IABP in these young patients pre-
senting with RCS-MI and in whom ECLS is placed.

Time delay from cardiac arrest to ECLS has been reported to be
a major factor for worse outcomes®**' because late haemodynamic
restoration could favour systemic inflammatory response syn-
drome and multi-organ dysfunction syndrome. We did not observe
any significant association between the time delay from coro-
nary angiography to ECLS and mortality. Mortality was high in
our study (63%) but comparable to previously published data?>?,
probably reflecting the severity of the condition of the patients
included in this real-life cohort.

Limitations

This work has major limitations. First, this is a retrospective obser-
vational study with all the known methodological flaws; however,
literature on these patients treated with ECLS and revascularisa-
tion is scarce. Confounders were handled by adjusting the results
in the multivariate logistic regression analysis but residual unknown
confounders cannot be ruled out. Importantly, when considering
the relationship between ECLS and mortality, one should keep in
mind the great patient heterogeneity in terms of RCS severity and of
time delay from ECLS to coronary angiography. While all patients
underwent ECLS and/or IABP, it was sometimes needed at initial
presentation while delayed in others due to worsening of haemody-
namic conditions. Finally, some patients developed RCS after coro-
nary angiography while in the intensive care unit and then received
ECLS. Unfortunately, the limited sample size does not allow any
robust conclusion with respect to clinical outcome according to
patient flow. Time delay from ECLS to coronary angiography was
not significantly associated with mortality in the multivariable Cox
regression analysis. Whether statistical models taking into account
all possible alternatives of mechanical circulatory support devices,
time delay of implantation and severity of patients’ conditions are
relevant remains to be established. The reported mortality reduction
of combined IABP with ECLS, although supported by physiological

arguments, should be further evaluated in a prospective randomised
trial to address this question. A diagnostic coronary angiogram is
recommended in these patients when haemodynamic stabilisation
has been obtained, and PCI should be performed if indicated to
improve myocardial salvage or recovery. Patients presenting with
RCS should receive ECLS as soon as possible, aiming at restoring
haemodynamic stability, together with IABP to prevent LV overload
and pulmonary oedema.

Conclusions

Although there is a strong association between the presence of left
main coronary artery disease and mortality in patients with refrac-
tory cardiogenic shock due to myocardial infarction, the use of per-
cutaneous coronary revascularisation is not associated with survival
improvement in this young population requiring ECLS. Means aim-
ing at restoring haemodynamic stability should be prioritised.

Impact on daily practice

Urgent percutaneous coronary intervention is not associated
with better survival in patients with RCS-MI in need of haemo-
dynamic mechanical support. The use of intra-aortic balloon
pump is associated with better survival as a consequence of
a more effective haemodynamic support with avoidance of left
ventricle overload. The degree of organ failure is a strong deter-
minant of survival. Means aiming at restoring haemodynamic
stability should be prioritised. It is likely that early mechanical
circulatory support has a better chance of improving outcome
than PCI but this warrants further investigation. Whether coro-
nary revascularisation improves myocardial recovery when suc-
cessful in survivors warrants further investigation.
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Supplementary data

Supplementary Table 1. Characteristics according to the timing of ECLS placement.

Whole ECLS <24 hrs or ECLS after p-value
(n=106) during angiography angiography (n=65)
(n=41)

Cardiovascular history
Age, years 52.7+10.4 53.8 (17.0) 52.4 (16.1) 0.979
Gender (male) 89 (84.0%) 36 (87.8) 53 (81.5) 0.392
Enrolment >2011 46 (43.4%) 18 (43.9) 23 (38.3) 0.933
Previous coronary disease 24 (22.6%) 14 (34.1) 10 (15.4) 0.025
Previous Ml 22 (20.8%) 10 (24.4) 12 (18.5) 0.464
Previous CABG 3 (2.8%) 2 (4.9 1(1.5) 0.558
Smokers 82 (80.4%) 33 (80.5) 51 (78.5) 0.802
Hypertension 38 (36.5%) 18 (46.2) 20 (30.8) 0.115
Diabetes 22 (20.9%) 10 (25.0) 12 (18.5) 0.424
Dyslipidaemia 42 (40.4%) 16 (40.0) 26 (40.0) 0.999
Initial presentation
Initial recorded rhythm: <0.001

- ST abnormal 80 (75.5%) 18 (43.9) 62 (95.4)

- VTorVF 13 (12.3%) 10 (24.4) 3 (4.6)

- Asystolia 13 (12.3%) 13 (31.7) 0
Cardiac arrest 83 (78.3%) 37 (90.2) 46 (70.8) 0.018
Cardiac arrest >30 min 45 (42.4%) 30(73.2) 15 (23.1) <0.001
Glasgow score 5.8+4.4 3(0) 4 (8) <0.001
SOFA score 13.243.9 14 (6) 12 (6) 0.206
Angiographic characteristics
Multiple vessel 72 (67.9%) 27 (65.9) 45 (69.2) 0.717
Left main disease 20 (18.9%) 7(17.1) 13 (20.0) 0.708
Stent thrombosis (yes) 13 (12.3%) 5(12.2) 8 (12.3) 0.986
TIMI flow grade before angioplasty

- 3 16 (15.1%) 7(17.2) 48 (73.8) >0.05

- 2 7 (7.0 %) 2 (4.9 3(4.6) >0.05

-1 6 (6.0%) 3(7.3) 5(7.7) >0.05

- 0 77 (72.6%) 29 (70.7) 9 (13.8) >0.05
Revascularisation
Primary PCI 79 (74.5%) 34 (82.9) 45 (69.2) 0.115

- Culpritonly 61 (57.5%) 23 (56.1) 38 (58.5) >0.05

- Multivessel PCI 33 (31.1%) 14 (34.1) 19 (29.2) >0.05
Complete revascularisation 60 (56.6%) 24 (58.5) 36 (55.4) 0.750
Thrombolysis before angiography 17 (16.0%) 3(6.3) 14 (21.5) 0.052
Successful revascularisation 75 (72.1%) 27 (67.5) 48 (75.0) 0.407
Time to reperfusion (minutes)* 240 (120-420) 210 (120-360) 240 (120-720) 0.157
IABP 63 (59.4%) 13 (31.7) 51 (78.5) <0.001
Clinical outcome
1-month mortality 67 (63.2%) 34 (82.9) 33 (50.8) 0.001
Biology
Lactates (mmol/L) 9.1+6.4 14.5 (10.1) 6 (7.9) <0.001
Blood pH 7.3+0.8 7.1 (0) 7.3 (0) <0.001
Peak troponin (ng/mL) 424.44630 400 (846.7) 140.4 (241) <0.001
Troponin at admission (ng/mL) 1644518 6.9 (19.5) 14.0 (103.2) 0.128
Haemoglobin (g/dL) 10.6+2.5 10.5 (4.6) 10.3 (3.6) 0.512
Creatinine (umol/L) 150+88 125 (49.5) 122 (113.8) 0.987
Fibrinogen (g/L) 3.942.5 2(2.7) 4(4.9) <0.001
Glycaemia (mmol/L) 13.7 (14.4) 15.9 (15.7) 12.4 (12) 0.072

Data are presented as number (%) and means (SD) or median (IQR) when marked with *.




CABG: coronary artery bypass graft; ECLS: extracorporeal life support; IABP: intra-aortic balloon
pump; MI: myocardial infarction; PCI: percutaneous coronary intervention; SOFA: sepsis-related
organ failure assessment; TIMI: Thrombolysis In Myocardial Infarction; VVF: ventricular fibrillation;

VT: ventricular tachycardia



