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Abstract

Aims This study aimed to assess, in patients with cardiogenic shock secondary to unprotected left main coronary artery-re-
lated myocardial infarction (ULMCA-related AMICS), the incidence and predictors of no recovery of left ventricular function
during the admission.
Methods and results This was an observational study conducted at two tertiary care centres (2012–20). The main outcome
measured was death or requirement for heart transplantation (HT) or left ventricular assist devices (LVAD) during the admis-
sion. A total of 70 patients were included. Percutaneous coronary intervention (PCI) was successful in 53/70 patients (75.7%).
The combined endpoint of death or requirement of HT or LVAD during the admission occurred in 41/70 patients (58.6%). The
highest incidence of the primary endpoint was observed among patients with profound shock and occluded left main coronary
artery (LMCA) (20/23, 87%, P < 0.001). Although a successful PCI reduced the incidence of the event in the whole cohort
(51.9% vs. 82.4% in failed PCI, P = 0.026), this association was not observed among this last group of complex patients
(86.7% vs. 87.5% in failed PCI, P = 0.731). The predictive model included left ventricular ejection fraction, baseline ULMCA
Thrombolysis In Myocardial Infarction flow, and severity of shock and showed an optimal ability for predicting death or re-
quirements for HT or LVAD during the admission (area under the curve 0.865, P < 0.001).
Conclusions ULMCA-related AMICS was associated with a high in-hospital mortality or need for HT or LVAD. Prognosis was
especially poor among patients with profound shock and baseline occluded LMCA, with a low probability of recovery regard-
less of successful PCI.
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Introduction

Cardiogenic shock (CS) is a state of severe hypoperfusion due
to cardiac dysfunction. It represents approximately 5% of
admissions to intensive care units and its incidence has in-
creased in recent years.1 CS due to acute coronary syndromes

(ACS) is described in 5–10% of the cases, and despite the
widespread use of revascularization and other therapeutic
advances, the in-hospital mortality of CS in this scenario
remains remarkably high (40–60% for most case series).2–4

Revascularization in the acute phase of ACS-related CS is
practically the only therapeutic measure that has shown a
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prognostic impact.2,5–8 For this reason, immediate coronary
angiography with the intention of revascularization is
strongly recommended in this setting.9

Culprit ACS lesions located in the left main coronary artery
(LMCA) are associated with a faster presentation of CS, more
severe systemic organ failure, and slower restoration of the
organ function even in cases with successful revascularization
(SR).10 In this sense, information about the clinical course and
the probability of recovery and weaning from short-term me-
chanical circulatory support (MCS) in patients with
LMCA-related acute myocardial infarction complicated with
cardiogenic shock (AMICS) is scarce.11–16 Recent data de-
scribe a high mortality (up to 75%) in those patients.17 Car-
diac arrest, initial Thrombolysis In Myocardial Infarction
(TIMI) flow grade, and unsuccessful revascularization have
been suggested as predictors of mortality in this setting.17

Patients with AMICS treated with MCS are usually associ-
ated with a significant delay in the decision-making process
as candidates for heart transplantation (HT), because in most
cases, short-term MCS is used as a bridge to recovery after
percutaneous coronary intervention (PCI) in this context.9 In
critical patients with LMCA-related AMICS, this delay can lead
to a higher incidence of MCS-related complications such as
bleeding, infections, vascular events, and death.

The aims of this study were to assess the rate of death or
requirements for HT and long-term left ventricular assist de-
vices (LVAD) at hospital discharge in a series of consecutive
patients with unprotected left main coronary artery
(ULMCA)-related AMICS undergoing emergent angiography
and to investigate the main predictors of no recovery in this
complex clinical setting.

Methods

Study design and population

This was an observational, retrospective registry conducted
at two tertiary care referral centres, including consecutive pa-
tients admitted for LMCA-related AMICS between February
2012 and December 2020. Inclusion criteria were consecutive
patients aged 18 years or older with ACS due to culprit coro-
nary lesion in ULMCA who presented CS before or during cor-
onary angiography. Patients with CS undergoing PCI in an-
other centre that were referred to one of the study centres
for continuation of CS management were also included. In or-
der to better assess the impact of PCI on left ventricular re-
covery, patients with severe brain injury dying from neurolog-
ical causes (n = 5) were excluded from the present study. The
rest of patients with cardiac arrest but without death from
brain injury were included in the analysis. No other exclusion
criteria were applied. A total of 70 patients were finally in-
cluded (Figure 1).

Data collection and definitions

Based on prospective clinical registries of both participating
institutions, including clinical condition at hospital admission,
all patients with CS were screened for the present study.
Baseline demographic, clinical, blood tests, echocardio-
graphic, and angiographic data, as well as variables related
to clinical management and in-hospital complications, were
registered for all selected patients.

ACS was defined as the presence of (a) chest pain with per-
sistent elevation of more than 1 mm of the ST segment in two
or more contiguous leads on the electrocardiogram or (b)
chest pain and one of the following: (1) elevation of markers
of myocardial damage (high-sensitivity troponin) above the
corresponding threshold of the laboratory or (2) electrocar-
diogram suggestive of myocardial ischaemia at the discretion
of the treating cardiologist. CS was defined as the presence of
(1) systolic blood pressure < 90 mmHg (in the absence of
hypovolaemia and after proper fluid resuscitation) for
30 min or need for vasoactive drugs to maintain systolic
blood pressure > 90 mmHg and (2) signs of hypoperfusion
(altered mental status or confusion, peripheral coldness,
oliguria < 0.5 mL/kg/h during the previous 6 h, and blood
lactate > 2 mmol/L). The severity of CS was defined by the
Society for Cardiovascular Angiography and Interventions
(SCAI) classification considering SCAI-C and D as
non-profound shock and SCAI-E as profound shock.18 The def-
inition of culprit lesion in LMCA was at the discretion of the
interventional cardiologist responsible for the procedure,
based on angiographic criteria such as the presence of throm-
bus, ulceration, degree of stenosis, distal flow, and anatomi-
cal characteristics of the rest of the coronary tree. LMCA
was defined as unprotected (ULMCA) when there was no cor-
onary artery bypass grafting (CABG) on left anterior descend-
ing artery (LAD) and circumflex artery (Cx). SR was defined as
residual stenosis of <30% and final TIMI 3 flow. The remain-
ing definitions are available in the Supporting Information,
Appendix S1.

The decision regarding PCI in non-culprit lesions was also
at the discretion of the interventional cardiologist responsible
for the procedure, according to lesion characteristics. The in-
dication of MCS devices (either before or during PCI) was at
the discretion of the treating heart team, according to sever-
ity of CS, coronary anatomy, and suitability of SR. Intra-aortic
balloon pump (IABP) was used in cases with haemodynamic
unstability, especially when multivessel disease was present
and complex PCI was anticipated. IABP was positioned
sheated per protocol. Impella 2.5® or Impella CP® was used
in cases with ongoing CS with high-risk lesions and complex
PCI. Venoarterial extracorporeal membrane oxygenation
(VA-ECMO) was preferably used in cases with profound CS
with multiorganic failure criteria. A distal perfusion cannula
was used per protocol in cases undergoing femoral VA-
ECMO. Levitronix Centrimag® and Impella 5® were indicated
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after recovery of multiorganic failure, as a bridge to HT,
LVAD, or delayed recovery in cases with initial short-term
MCS weaning failure.

Clinical outcomes

The primary endpoint was the composite of death, HT, or
LVAD at hospital discharge. Cause of death adjudication was
based on the clinical judgement of the physician at the time
of death. Cardiac death was classified when recurrent myo-
cardial infarction, heart failure, or sudden death was regis-
tered as main cause of death.

Statistical analysis

The normality of the variables was evaluated using the Sha-
piro–Wilk test. Continuous variables were expressed, accord-
ing to their distribution, as mean ± standard deviation (SD) or
as median and interquartile range (IQR). The categorical var-
iables were reported as n and percentages. Descriptive statis-
tics were used to present the demographic, clinical, and ana-
lytical characteristics of the sample.

The analysis of predictors of ventricular recovery was
performed by a logistic regression method, considering the
survival free from HT or LVAD as dependent variable and
the variables significantly associated (P < 0.2) with the main
outcome in the univariate analysis as independent variables.
The final model was built by a backward stepwise logistic
regression model. The predictive ability of this final model
was assessed by the receiver operating characteristic (ROC)
curves and the corresponding area under the curve (AUC).
SPSS Statistics, Version 21 (SPSS Inc., Chicago, IL, USA) and
Stata v14.1 (StataCorp, College Station, TX, USA) were used
for the analyses.

Ethics

This observational study was performed in accordance
with ethical principles consistent with the Declaration
of Helsinki. Management of patients was performed
according to current recommendations. Confidential
information of the patients was protected according to
national normative. The protocol was revised and approved
by the reference Clinical Research Ethics Committee
(IRB00005523).

Figure 1 Study flowchart. LMCA, left main coronary artery; ULMCA, unprotected left main coronary artery.
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Results

Characteristics of patients are shown in Table 1. The preva-
lence of comorbidities such as diabetes mellitus, prior acute
myocardial infarction (AMI), prior heart failure, chronic kid-
ney disease, or anaemia was significant, with a mean
Charlson comorbidity index (CCI) value of 4.53. Likewise,
most patients showed a high-risk profile at admission, with
a significant proportion of profound shock (30/70, 42.9%)
and cardiac arrest (27/70, 38.6%). High requirements of vaso-
active drugs and invasive mechanical ventilation were also
described (Table 2).

Angiographic data and invasive management

All patients underwent emergent angiography, in most cases
(38/70, 54.3%) by femoral approach (Supporting Information,
Table S1). Most patients (37/70, 52.9%) had TIMI 0 flow in
LMCA before PCI, and 47/70 patients (67.1%) had multivessel
disease. PCI in LMCA was successful in 53/70 patients
(75.7%). PCI in non-culprit lesions was performed in 19/70
patients (27.1%), in most cases during the first emergent an-
giography (15/19) and by staged procedures among the rest
of cases (4/19). Most patients (57/70, 81.4%) required the
use of short-term MCS devices, being IABP the most com-
monly used (Table 3).

In-hospital clinical outcomes

A significant incidence of in-hospital complications was ob-
served (Table 4). In-hospital bleeding events occurred in 28/
70 patients (40%). Most bleeding episodes were non-device
related (23/28, 82.1%), being the most common locations
gastrointestinal and respiratory bleeding [6/23 (26.1%) and
6/23 cases (26.1%), respectively].

A total of 27/70 patients (38.6%) presented infectious
complications, mostly respiratory infections (12/27, 44.4%)
and catheter-related bacteraemia (6/27, 22.2%). A total of
10/70 patients (14.3%) had limb ischaemia. Overall, a total
of 4/70 patients (5.7%) underwent HT during index hospital-
ization and none received LVAD. The incidence of in-hospital
mortality was 38/70 (54.3%). The combined endpoint of
death, HT, or LVAD during the admission occurred in 41/70
patients (58.6%).

Clinical characteristics according to the
occurrence of the main endpoint

Patients presenting with any of the components of the
primary endpoint during hospitalization were significantly

Table 1 Baseline characteristics

n = 70

Age (years), mean (SD) 66.0 (13.45)
Male sex, n (%) 49 (70.00)
Hypertension, n (%) 36 (50.70)
Diabetes mellitus, n (%) 25 (35.71)
Dyslipidaemia, n (%) 43 (61.43)
Ever smokers, n (%) 49 (70.00)
Previous AMI, n (%) 14 (20.00)
Previous PCI, n (%) 11 (15.71)
Previous CABG, n (%) 0 (0.00)
History of AF/atrial flutter, n (%) 5 (7.14)
Previous CHF, n (%) 14 (20.00)
Previous ACVE, n (%) 8 (11.43)
Peripheral vascular disease, n (%) 6 (8.57)
COPD, n (%) 12 (17.14)
OSAHS, n (%) 6 (8.57)
CKD, n (%) 10 (14.29)
Active malignancy, n (%) 4 (5.71)
Anaemia at admission, n (%) 15 (21.43)
Previous clinically significant bleeding, n (%) 3 (4.29)
CCI (points), mean (SD) 4.53 (2.89)

Abbreviations: ACVE, acute cerebrovascular event; AF, atrial
fibrillation; AMI, acute myocardial infarction; CABG, coronary ar-
tery bypass grafting; CCI, Charlson comorbidity index; CHF, conges-
tive heart failure; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; OSAHS, obstructive sleep apnoea/
hypopnea syndrome; PCI, percutaneous coronary intervention;
SD, standard deviation.

Table 2 Characteristics of shock

Severity of cardiogenic shock
SCAI score during PCI, ni/N (%)
C 22/70 (31.43)
D 18/70 (25.71)
E 30/70 (42.86)

Drugs administered during admission, ni/N (%)
Dobutamine 65/70 (92.86)
Norepinephrine 60/70 (85.71)
Epinephrine 9/70 (12.86)
Levosimendan 5/70 (7.25)

Laboratory testing at admission
pH, median (IQR) 7.26 (0.18)
Lactate (mmol/L), median (IQR) 4.63 (5.11)
Haemoglobin (g/dL), mean (SD) 13.58 (2.33)
WBC (×109/L), mean (SD) 15.51 (6.27)
Platelets (×109/L), median (IQR) 221 (86)
Creatinine (μmol/L), median (IQR) 103 (43)
ALT (U/L), median (IQR) 78 (140.6)
INR, median (IQR) 1.15 (0.26)

LVEF at admission (%), mean (SD) 24.49 (9.97)
CPR prior or during PCI
CPR, ni/N (%) 27/70 (38.57)
Total time (min), median (IQR) 21 (42)
Advanced CPR (min), median (IQR) 17.5 (42)

Timing of revascularization
Time from OS to PCI (h), median (IQR) 3.43 (5.52)
Time from OS to FMC (h), median (IQR) 2.75 (5.37)
Time from FMC to PCI (h), median (IQR) 0.59 (0.65)

Respiratory support before PCI
Non-invasive MV, ni/N (%) 11/70 (15.71)
Invasive MV, ni/N (%) 45/70 (64.29)

Abbreviations: ALT, alanine aminotransferase; CPR, cardiopulmo-
nary resuscitation; FMC, first medical contact; INR, international
normalized ratio; IQR, interquartile range; LVEF, left ventricular
ejection fraction; MV, mechanical ventilation; OS, onset of symp-
toms; PCI, percutaneous coronary intervention; SD, standard devi-
ation; WBC, white blood cells.
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younger and had lower proportion of comorbidities such as
diabetes mellitus and dyslipidaemia, with a lower CCI value
(Supporting Information, Table S3) than patients without
the primary endpoint. In contrast, those patients had higher
severity of shock during PCI (SCAI-E class 61% vs. 17%,
P < 0.001), higher creatinine, lactate, and transaminases
values, lower left ventricular ejection fraction (LVEF) (21%
vs. 30%, P < 0.001), and a higher proportion of complete
occlusion (TIMI 0 flow) in LMCA before PCI (73% vs. 24%,
P < 0.001). Besides, a successful PCI was less commonly
achieved among patients presenting with the primary
endpoint as compared with recovered patients (65.9% vs.
89.7%, P = 0.026). The use of mechanical support was not
significantly associated with the occurrence of the primary
endpoint [36/31 (63.2%) in patients with MCS and 21/29
(36.2%) in patients without MCS, P = 0.172].

Patients with cardiac arrest

Among patients with cardiac arrest, ventricular fibrillation
was the presenting rhythm in most patients (18/27, 66.6%),
followed by pulseless electrical activity. Patients with cardiac
arrest were significantly younger and had a lower proportion

of hypertension and dyslipidaemia and a lower burden of
overall comorbidity. In contrast, they had a much higher pro-
portion of severe shock and a trend towards higher propor-
tion of occluded ULMCA at baseline. These patients had a
higher incidence of the primary endpoint [20/27 (74.1%) vs.
21/43 (48.8%), P = 0.028; Supporting Information, Table S4].

Predictors of the primary endpoint

The components of the multivariate prediction model of the
primary endpoint were LVEF, occluded ULMCA before PCI,
and profound shock (SCAI E class) at admission. This
predictive model showed an optimal ability for predicting
the main outcome (AUC 0.865, 95% CI 0.776–0.953,
P < 0.001; Figure 2).

Clinical profile and outcomes according to
baseline left main coronary artery Thrombolysis
In Myocardial Infarction flow and shock severity

Complete occlusion of the ULMCA (37/70, 52.86%) was
observed in younger patients (mean age 63 vs. 69 years,
P = 0.049) with a lower burden of comorbidities (mean CCI
3.76 vs. 5.39, P = 0.017). LVEF was statistically significantly
lower (mean 21% vs. 29%, P < 0.001) and reperfusion time

Table 3 Indication of mechanical circulatory support devices

Short-term mechanical circulatory devices
IABP, ni/N (%) 48/70 (68.57)
IABP before PCI, ni/N (%) 39/48 (81.25)
Impella CP/2.5, ni/N (%) 15/70 (21.43)
Impella CP/2.5 before PCI, ni/N (%) 7/15 (46.67)
Impella CP/2.5—removal criteria: complete

weaning, ni/N (%)
6/15 (40.00)

Impella CP/2.5—duration of support (days),
mean (SD)

4.4 (3.36)

VA-ECMO, ni/N (%) 19/70 (27.14)
VA-ECMO before PCI, ni/N (%) 3/19 (15.79)
VA-ECMO—removal criteria: complete

weaning, ni/N (%)
4/19 (21.05)

VA-ECMO—duration of support (days),
median (IQR)

9 (3)

VA-ECMO—pulmonary congestion during
support, ni/N (%)

10/19 (52.63)

IABP for LV unloading in VA-ECMO
patients, ni/N (%)

3/10 (30.00)

Impella CP/2.5 for LV unloading in VA-ECMO
patients, ni/N (%)

2/10 (20.00)

Intermediate and long-term mechanical
ventricular devices

Levitronix Centrimag, ni/N (%) 8/70 (11.43)
Levitronix Centrimag—duration of

support (days), mean (SD)
8 (9.12)

Impella 5.0, ni/N (%) 3/70 (4.29)
Impella 5.0—duration of support (days),

mean (SD)
12.67 (7.23)

LVADa, ni/N (%) 0 (0.00)

Abbreviations: IABP, intra-aortic balloon pump; IQR, interquartile
range; LVAD, left ventricular assist devices; PCI, percutaneous coro-
nary intervention; SD, standard deviation; VA-ECMO, venoarterial
extracorporeal membrane oxygenation.
aConsidering HeartMate II, HeartMate3, Heartware, and BerlinHeart
Excor.

Table 4 In-hospital clinical outcomes

Infection, ni/N (%) 27/70 (38.57)
RRT, ni/N (%) 14/70 (20.00)
Bleeding, ni/N (%) 28/70 (40.00)
Limb ischaemia, ni/N (%) 10/70 (14.29)
Arterial embolism, ni/N (%) 7/70 (10.00)
Ischaemic ACVE, ni/N (%) 5/70 (7.14)
Duration of IMVa (days), median (IQR) 1 (8)
Duration of IMVb (days), median (IQR) 5 (15)
Prone positioning, ni/N (%) 3/70 (4.29)
Tracheostomy, ni/N (%) 7/70 (10.00)
LMCA stent thrombosis, ni/N (%) 2/70 (2.86)
Repeated PCI on LMCA, ni/N (%) 1/70 (1.43)
PCI on non-culprit lesion, ni/N (%) 19/70 (27.14)
Death, ni/N (%) 38/70 (54.29)
HT, ni/N (%) 4/70 (5.71)
LVAD implantation, ni/N (%) 0 (0.00)
Combined (death, HT, LVAD), ni/N (%) 41/70 (58.57)
Impella 5.0 implantation, ni/N (%) 3/70 (4.29)
Centrimag implantation, ni/N (%) 8/70 (11.43)
CPC score 1, ni/N (%)c 20/32 (62.5)

Abbreviations: ACVE, acute cerebrovascular event; CPC, Cerebral
Performance Category; HT, heart transplantation; IMV, invasive
mechanical ventilation; IQR, interquartile range; LMCA, left main
coronary artery; LVAD, left ventricular assist devices; PCI, percuta-
neous coronary intervention; RRT, renal replacement therapy.
aThe entire cohort (n = 71) is considered for calculation.
bOnly IMV recipients (n = 49) are considered for calculation.
cThe percentage is calculated considering the number of patients
who presented cardiopulmonary resuscitation (CPR) before or
during PCI and who did not die from postanoxic encephalopathy
during admission.
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was significantly shorter (P = 0.027) in those patients. How-
ever, this group of patients had a significantly higher
proportion of severe shock (62% vs. 21%, P = 0.001).

Likewise, patients with profound shock (30/70, 42.86%)
tended to be younger (mean age 62.5 vs. 68.6 years,
P = 0.059) and had a lower burden of comorbidities (median

CCI 3 vs. 5.5 points, P = 0.002). Lactate levels were signifi-
cantly higher (P < 0.001) and LVEF was significantly poorer
(P = 0.035) in this group.

The occurrence of the primary endpoint progressively in-
creased according to the severity of shock and the presence
of an occluded LMCA before PCI (Figure 3). In this sense, pa-
tients with non-profound shock (SCAI class C–D) and patent
LMCA (initial TIMI flow 1–3) had the lowest incidence of the
primary endpoint (23.08%). Both the group of non-profound
shock with occluded LMCA and the group of profound shock
with patent LMCA had a higher incidence of the primary end-
point (10/14, 71.43% and 5/7, 71.43%, respectively). How-
ever, the highest incidence was observed among patients
combining profound shock and occluded LMCA (20/23,
86.96%, P < 0.001). A successful PCI did not significantly re-
duce the incidence of the event among this last group of
complex patients (86.7% in successful PCI vs. 87.5% in failed
PCI, P = 0.731).

Discussion

The main findings from this study are as follows: (a) Patients
with ULMCA-related AMICS had a high-risk profile at admis-
sion and poor outcomes, with a high mortality and a low
probability of survival free from HT or LVAD; (b) the predic-
tors of no recovery were a poorer left ventricular function,
profound shock, and baseline occluded ULMCA; and (c) the
prognosis was specially poor in patients with occluded
ULMCA and profound shock, with a low probability of recov-
ery (<15%) even in cases of successful PCI.

Figure 2 Receiver operating characteristic (ROC) curve for the prediction
of mortality or requirement of heart transplantation (HT) or left ventric-
ular assist devices (LVAD) during the admission.

Figure 3 Incidence of mortality or requirement of heart transplantation (HT) or left ventricular assist devices (LVAD) during the admission according to
severity of shock and baseline ULMCA Thrombolysis In Myocardial Infarction (TIMI) flow. LMCA, left main coronary artery; ULMCA, unprotected left
main coronary artery.
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AMICS is an entity associated with high mortality. In the
last 20 years, most of the cohorts report a 40–60% in-hospital
or 30 day mortality.19 This occurs despite the widespread use
of emergent coronary revascularization in the context of
AMICS. The SHOCK trial showed a trend towards improve-
ment in 30 day mortality and a significant reduction in
6 month mortality among patients with AMICS undergoing
urgent revascularization.20 Concurrent studies demonstrated
an improvement in 30 day mortality in AMICS patients admit-
ted to centres with the possibility of performing urgent coro-
nary angiography and coronary angioplasty.21 Currently, clin-
ical practice guidelines strongly recommend urgent coronary
angiography with the intention of revascularization based
on this evidence.22,23

However, information on the prognosis according to the
culprit coronary artery in patients with AMICS is scarce. In a
substudy of the CULPRIT-SHOCK trial, a worse prognosis
was observed among patients with culprit critical lesions in
LMCA, LMCA-equivalent, proximal LAD, or single patent ves-
sel (30 day mortality 55.8% vs. 39.5%, P< 0.001). This finding
was observed both in cases in whom PCI was performed only
in culprit lesion and in cases with immediate multivessel
PCI.24 Likewise, a higher 30 day mortality has been described
in AMICS patients undergoing urgent revascularization with
an LMCA as the culprit lesion compared with culprit lesions
in other vessels (66% vs. 43–48%).10 All these data support
the idea of a worse prognosis of patients with LMCA-related
AMICS. In addition, different factors of poor prognosis such
as initial LMCA TIMI flow or prior cardiac arrest have been
proposed in these patients.25,26

Data from our series also showed a very high mortality in
this complex setting, with a high incidence of in-hospital com-
plications. Our data are in line with previous series including
high-risk patients with CS, and this high rate of complications
in CS makes especially important the need for centralizing the
care of these patients at high-volume hospitals with full avail-
ability of resources for treating CS and its complications.27

Interestingly, prognosis was especially poor among pa-
tients with profound shock and baseline LMCA complete oc-
clusion. These patients had a very low probability of recovery
(<15%) despite successful PCI. In this study, we obtained a
simple predictive model with three variables showing an op-
timal ability for predicting in-hospital mortality or need for
HT or LVAD. It is important to note that these factors (LVEF,
baseline LMCA TIMI flow, and severity of shock) are easily
identifiable upon admission and allow a quick and easy way
to characterize the expected probability of recovery in these
patients.

Patients with cardiac arrest deserve special comment, be-
cause this group has usually a different prognosis, manage-
ment, and specific causes of death.28 Interestingly, patients
with cardiac arrest from our study were significantly younger
and had a lower burden of comorbidities. This fact is proba-
bly related to the high probability of death before hospital

admission in older sicker patients with cardiac arrest in this
complex clinical setting. In addition, patents with cardiac ar-
rest had a higher incidence of death or requirement for HT/
LVAD during the admission. However, cardiac arrest was not
significantly associated with the primary endpoint in the mul-
tivariate analysis, probably due to the strong association be-
tween cardiac arrest and other potent predictors of poorer
outcomes, especially profound shock at admission.

As stated above, emergent angiography and PCI are
strongly recommended in this setting. Despite PCI was per-
formed in a very complex and challenging setting, a success-
ful PCI was achieved in most patients from our series (75.7%),
a proportion similar to those observed in studies including
ULMCA-related AMICS cases.17 Our study showed a signifi-
cant association between a successful PCI and a lower
in-hospital mortality or need for HT or LVAD in the whole co-
hort. However, in patients with profound shock and baseline
occluded LMCA, a successful PCI did not significantly reduce
the incidence of the primary endpoint. In our opinion, this
might be one of the main messages from this study. However,
these findings should be carefully interpreted. Short-term
MCS devices are commonly needed among critical patients
with profound shock to maintain haemodynamics while
waiting for recovery or deciding the final strategy. As ob-
served in our series, the incidence of complications is high
in this setting, and they are closely related to the severity
of shock and the duration of support. To our judgement,
emergent angiography and PCI should be highly encouraged
also in these patients, but studies about HT or LVAD candi-
dacy should be promptly started to avoid unnecessary delays
in patients who finally do not recover. This would be espe-
cially important in those patients under MCS in whom the
risk of serious complications is greater. Thus, while waiting
for future confirmatory and larger studies on the subject, in
patients with baseline complete occlusion of the ULMCA
and profound shock, the ‘bridge-to-transplantation or long-
term LVAD implantation’ strategy might be strongly adopted
along with the ‘bridge-to-recovery’ strategy.

A total of 38 patients from this study died, and 4
underwent HT. No patient underwent LVAD implantation
during the admission. In this sense, it is important to note
that this study reflects local clinical practice during a long pe-
riod of time. During the last years, the indication of LVAD has
been very selective in most countries because of lack of ex-
pertise and economic issues. The increasing number of po-
tential candidates and the improvement in outcomes of these
patients have led to a higher number of indications.
ULMCA-related AMICS is one of most complex CS scenarios,
requiring an early stabilization and a thorough assessment
for LVAD candidacy. This is probably the main reason for
the lack of LVAD indication in our series, which probably
may change during the upcoming years.

A significant limitation from this study is that we only
assessed ULMCA-related AMICS who survived until hospital
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admission. This is a clinically relevant question, because older
patients with a higher burden of comorbidities might have a
much higher probability of death before arriving at hospital,
especially in cases with cardiac arrest. The paradoxical
shorter time from symptom onset to PCI in patients with
poorer outcomes and the younger age and lower burden of
comorbidities among patients with cardiac arrest from this
series might support this idea. However, despite this poten-
tial selection bias, our findings are clinically relevant, because
we assessed the profile of ULMCA-related AMICS patients
usually managed at intensive cardiac care units. As other lim-
itations, this was an observational and retrospective investi-
gation, so it is not possible to rule out other selection biases
and unmeasured confounding factors such as emergent or
staged PCI of non-culprit lesions.29 While most patients
underwent MCS, the proportion of use of advanced MCS
(VA-ECMO or Impella® devices) was low, especially before
PCI. Taking into account the low number of patients undergo-
ing advanced MCS and the different strategies used,
assessing the impact of MCS on outcomes was not feasible.
In addition, despite a significant number of events, sample
size was relatively small. Finally, this study reflects the picture
of LMCA-related AMICS patients from two tertiary care refer-
ral centres. Therefore, this registry should be considered a
hypothesis-generating study, and these findings should be
validated in larger series with different clinical profile and
management.

Despite these limitations, the results of the present study
add novel and interesting data about risk stratification and
management of patients with LMCA-related AMICS, espe-
cially related to the low probability of recovery among
high-risk patients (baseline occluded LMCA and profound
shock at admission) despite successful PCI. Improving man-
agement and outcomes of these critically ill patients may lead
to important clinical, economic, and social consequences.

Conclusions

ULMCA-related AMICS was associated with a high in-hospital
mortality and need of HT or LVAD. LVEF, baseline TIMI flow,
and severity of shock at admission were independently asso-
ciated with a worse prognosis. Prognosis was especially poor
among patients with profound shock at admission and base-
line occluded LMCA, with a low probability of recovery
(<15%), regardless of successful PCI in ULMCA.
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