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T he incidence of cardiogenic shock (CS)
complicating acute myocardial infarction
(AMI-CS) remains between 3% and 10%

and in-hospital mortality is hardly less than 30%.[1–3]

In addition, the economic cost of caring for these
patients is high.[4] Revascularization in the acute
phase is the only measure that has demonstrated to
modify the prognosis of AMI-CS.[5] However, data
about the real prognostic impact of revasculariza-
tion when the culprit lesion is the unprotected left
main coronary artery (ULMCA) are scarce. The pro-
gressive development of mechanical circulatory sup-
port (MCS) is promising in this scenario. In the con-
text of AMI-CS, an initial bridge-to-recovery strategy
is used in most cases due to the belief in the revers-
ibility of the process.[6] However, in ULMCA-rela-
ted AMI-CS, recovery could be much less frequent.

Hereinafter, we present an article on the current
literature analyzing the rate of short-term mortality
of ULMCA-related AMI-CS, the use of MCS, and
the prognostic impact of coronary revascularization
in this scenario in terms of survival free from heart
transplantation (HT) and permanent ventricular as-
sist devices (PVAD).

Articles published between 1st January 2000 and
31st December 2020 were included. The bibliographic
search was carried out in PubMed and Embase data-
bases. The search terms were myocardial infarction,
CS, and left main coronary artery. Articles with pe-
diatric population, patients recruited before 2000,
case reports (less than five cases) and conference ab-
stracts were not included. A total of 22 final articles

were analyzed. The flow chart of the articles inclu-
ded in the review is shown in Figure 1. Character-
istics of the review cohort are summarized in Table 1.

Only one of the studies specifically focused on
patients with ULMCA-related AMI-CS as the main
population (n = 17),[20] whereas the remainder pro-
vided information from a larger study population
with a specific analysis for the ULMCA-related AMI-
CS subgroup. All but one of the studies[13] were ob-
servational and most of them were retrospective
and contained a small number of patients (range:
5–545). High variability was observed in the incid-
ence and prognosis of ULMCA-related AMI-CS,
probably due to the heterogeneous definitions of
ULMCA culprit lesion and CS. A significant variab-
ility in the definition of culprit left main coronary
artery was found, differing from stenosis more than
50%–70% to total occlusion and the term unprotec-
ted was specified only in eight studies.[9–12,15,17,19,22] A
definition of CS was not systematically explained.
Sustained systolic blood pressure value below 90
mmHg was the most widespread criteria for its def-
inition and the need of vasoactive drugs or MCS
was necessary to accomplish with the diagnosis in
nine articles.[7,8,12,13,15,18,22,23,27] Successful revasculariz-
ation (SR) was defined only in seven studies as fi-
nal thrombolysis in myocardial infarction (TIMI)
flow grade ≥ 2 after percutaneous coronary inter-
vention (PCI) and residual angiographic stenosis
less than 20%–30%.[9,11,17,19,25,27,28] Successful reperfu-
sion was reported only in some of the studies in-
cluded, ranging from 74% to 100%.[7,13,18,23,26,27]

Data regarding the association between SR and
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outcomes were available in a minority of studies. In
one study (n = 40), both a higher residual syntax
score and a lower SYNTAX score revascularization
index, which represents the proportion of coronary
artery disease burden treated by PCI, were associ-
ated to higher mortality.[9] In another study (n = 74),
one-year mortality or need for urgent HT for pa-
tients with postprocedural TIMI grade 3, 2, and 1 or
0 flows were 38%, 92%, and 90%, respectively (P <
0.001). The adjusted analysis revealed that left main
coronary artery occlusion (HR = 3.75, 95% CI: 1.09−
12.84) and postprocedural TIMI < 3 grade flow (HR =

3.37, 95% CI: 1.48−7.72), both were associated with
poorer outcomes. However, those data were not
only referred to patients with ULMCA as a culprit
lesion.[23]

The use of short-term MCS other than intra-aortic
balloon pump such as Impella or venoarterial ex-
tracorporeal membrane oxygenation, was descr-
ibed in 10 of the 22 studies analyzed, including a
total of 160 patients.[7,8,10–12,14,18,20,22,23] Mortality in pa-
tients undergoing mechanical support devices
(MSD) was not systematically reported. A 50% of
mortality was described in one study[18] and was not

 

Figure 1    Flow chart of patients eligible for the article.
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Table 1    Summary table of the studies included in the article.

References Basal characteristics LMCA PCI LMCA SR Outcomes

Josiassen J, et al.[7]

n = 194, mean age: 69 yrs, male (73%), right
coronary dominance (74%), multivessel
intervention (44%), initial TIMI 0 flow (30%),
IABP (20%), Impella (30%), VA-ECMO (10%),
OHCA (22%)

92% 78% 24-hour mortality: 39%
30-day mortality: 66%

Kim HS, et al.[8] n = 15 NA NA 100-day mortality: 73.3%

Homorodean C, et al.[9]
n = 40, initial TIMI 2/3 (67.5%), initial TIMI
0/1 and collaterals (12.5%)/no collaterals
(20%)

100% NA

30-day mortality: 60%
Initial TIMI 0/1: 84.6% vs. TIMI 2/3: 44%
Initial TIMI 0/1 and no collaterals: 100% vs.
TIMI 0/1 and collaterals: 60%

Higami H, et al.[10]

n = 115, mean age: 70 yrs, male (77%),
femoral approach (75%), LMCA only (20%),
initial TIMI ≤ 1 flow (22%), IABP (85%), VA-
ECMO (26%)

99%
NA

No-reflow/slow flow
during PCI (26%)

30-day mortality: 36.6%
180-day mortality: 49.5%

Édes IF, et al.[11] n = 20, CPR (55%), IABP (35%), VA-ECMO
(15%) 100%

NA
Final TIMI 3 flow in
LAD and LCX (70%)

In-hospital mortality: 60%
CPR: 91% vs. no-CPR: 22%

Meraj PM, et al.[12]

n = 36, mean age: 70 yrs, male (77.8%), initial
TIMI flow ≤ 1 (35%), cardiac arrest (44.4%),
MV (72.2%), Impella 2.5® pre-PCI (55.6%),
Impella 2.5® post-PCI (44.4%)

100%
NA

TIMI flow 0 or 1 post-
PCI (1.49%)

In-hospital mortality: 61%
Impella 2.5® pre-PCI: 45% vs. Impella 2.5®

post-PCI: 81.25% (P = 0.041)

Fuernau G, et al.[13]

n = 76, mean age: 69 yrs, male (87%), initial
TIMI flow 0 (39%), IABP (53%), MV at
admission (47%), CPR prior to admission
(41%)

92% 87% 30-day mortality: 49%
1-year mortality: 60%

Kawaji T, et al.[14] n = 62 100% NA 30-day mortality: 54.8%
1-year mortality: 62.9%

Almudarra SS, et al.[15] n = 545 including STEMI (n = 323) and
NSTEACS (n = 222) 100% NA

30-day mortality (STEMI and CS): 52%
1-year mortality (STEMI and CS): 61.1%
No data of mortality in NSTEACS and CS

Kim U, et al.[16] n = 42, mean age: 66 yrs, male (83.3%), IABP
(69%) 85.7% NA In-hospital mortality: 47.6%

1-year mortality: 50%

Parma A, et al.[17] n = 30, IABP (100%) 100% NA 30-day mortality: 63.3%

Hussain F, et al.[18]

n = 8, mean age: 62 yrs, male (75%), right
coronary dominance (100%), complete
revascularization (50%), thrombolysis pre-
PCI (63%), MV (63%), CPR (50%), IABP
(88%), VA-ECMO (25%), Impella 5.0® (12.5%)

100% 100% In-hospital mortality: 38%

Pappalardo A, et al.[19] n = 22, MV (45%), IABP (100%) NA NA In-hospital mortality: 32%

Barone-Rochette G, et al.[20]

n = 17, mean age: 64 yrs, male (76%), right
coronary dominance (82%), thrombolysis pre-
PCI (29%), MV (41%), IABP (70%), VA-
ECMO (41%)

100% 94% In-hospital mortality: 29%

Pedrazzini GB, et al.[21] n = 42 100% NA In-hospital mortality: 54.8%

Pepe M, et al.[22] n = 13 100% NA
In-hospital mortality: NA
30-day MACE (death, MI, TLR, TVR, ST,
restenosis): 30.8%

Garcia-Alvarez A, et al.[23] n = 12 NA 7% in UHT
22% in non-UHT

In-hospital mortality: 75%
UHT: 25%

Jensen LO, et al.[24] n = 29 NA NA 30-day mortality: 51.7%
18-months mortality: 55.2%

Prasad SB, et al.[25] n = 18 100% NA In-hospital mortality: 50%

Tan CH, et al.[26] n = 11, mean age: 61 yrs, male (73%),
multivessel disease (63%), IABP (100%) 100% 100% In-hospital mortality: 63%

Barlis P, et al.[27] n = 5, median age: 70 yrs, male (80%), initial
TIMI flow 0−2 (60%) 100% 100% In-hospital mortality: 60%

Bonello L, et al.[28] n = 5, GpIIb/IIIa receptor antagonists (100%) 100% NA In-hospital mortality: 40%

CPR: cardiopulmonary resuscitation; CS: cardiogenic shock; IABP: intra-aortic balloon pump; LAD: left anterior descending; LCX: left circumflex; LMCA: left
main coronary artery; MACE: major adverse cardiovascular events; MI: myocardial infarction; MV: mechanical ventilation; NA: non-applicable; NSTEACS:
non-ST-elevation acute coronary syndrome; OHCA: out-of-hospital cardiac arrest; PCI: percutaneous coronary intervention; SR: successful revascularization;
ST: stent thrombosis; STEMI: ST-elevation myocardial infarction; TIMI: thrombolysis in myocardial infarction; TLR: target lesion revascularization; TVR: target
vessel revascularization; UHT: urgent heart transplantation; VA-ECMO: venoarterial extracorporeal membrane oxygenation.
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even addressed in MSD recipients in the rest of the
articles.

The timing of MSD implantation was not prop-
erly specified in most studies. However, in a study
including 36 patients,[12] the strategies of support
with Impella 2.5® before versus after PCI were com-
pared. The authors described better survival to dis-
charge in the pre-PCI group (55.0% vs. 18.8%, P =
0.041), but a higher proportion of non-ST-elevation
myocardial infarction in the pre-PCI group was
found.

CS is a severe clinical condition which is com-
monly associated to multiorgan failure and an un-
acceptably high rate of mortality despite current ad-
vances in management of critically ill patients.[29,30]

PCI is the only measure that has shown to reduce
mortality in AMI-CS. In addition, MSD are prom-
ising tools that can contribute to support the failing
heart during and after revascularization, allowing
the recovery process to complete.

Most studies included in this article had a small
sample size, assessed different profiles of patients
and had significant methodological limitations such
as the fact of being observational, with different
definitions of ULMCA culprit lesion and without
data regarding successful reperfusion in a signifi-
cant proportion of cases. Therefore, it is difficult to
draw solid conclusions in this complex clinical set-
ting, beyond the fact that patients have a significant
mortality despite performing PCI. In studies where
SR was achieved in 100%,[26,27] in-hospital mortality
was around 60%, highlighting the possibility of an
adverse prognosis regardless SR. Therefore, speci-
fically designed, adequately powered studies are
needed to properly answer this important question
in ULMCA-related AMI-CS.

As stated before, MSD have emerged as essential
tools for the rescue of critical patients with refractory
CS. Specifically, in ULMCA-related AMI-CS, MSD
may be useful during and after revascularization
either for allowing the recovery process to complete
or as a bridge to advanced therapies such as HT or
PVAD. The description of a significant benefit of
PCI in refractory ULMCA-related AMI-CS is a clin-
ically relevant question, because the duration of
support in patients on MCS is closely related to the
rate of complications. The description of a lack of

significant benefit of PCI in this complex clinical
setting should lead to earlier initiation of HT or
PVAD candidacy studies to optimize time intervals
and clinical outcomes.

However, evidence about the potential benefit of
MCS in this setting is scarce. The real benefit of
MCS in addition to revascularization of the culprit
lesion in AMI-CS has yet to be demonstrated in ran-
domized clinical trials.[31,32] There is even less in-
formation in ULMCA-related AMI-CS, with a lim-
ited number of studies with small sample size, most
of them are observational and show conflicting res-
ults.

The timing of MCS is also a matter of debate. While
some authors suggest that MCS should be used after
PCI in the ULMCA lesion,[11] others have described
better outcomes of the “before-PCI” strategy.[12] Once
again, due to the limitations of these studies, this
question remains unanswered.

On the other hand, independent factors for mor-
tality have not been directly evaluated for patients
with ULMCA-related AMI-CS. The results of the
studies with higher mortality[7–9,11,17,23,26,27] suggest
that the initial TIMI 0 flow, cardiorespiratory arrest,
and the absence of collaterals may be predictors for
mortality in this setting. For instance, in the only
study focused on ULMCA-related AMI-CS,[9] in-
hospital mortality was significantly higher when
initial TIMI was 0−1 (84% vs. 44%) and was espe-
cially high in cases with TIMI 0−1 and absence of
collaterals (100%). Other authors have described a
better prognosis in patients with shorter median
symptom-to-revascularization time.[14]

Finally, one of the main issues when interpreting
the results of studies in CS is the significant hetero-
geneity regarding the severity of shock. In this sense,
no graduation of shock through validated scales
such as INTERMACS[33] or SCAI[34] was detailed in
any of the studies included in the review. This could
lead to articles with non-strict criteria for the defini-
tion of CS to include patients who do not have a real
compromise of organ perfusion. Therefore, the short-
term risk of adverse events could be underestim-
ated.[20] On the contrary, some studies with strict
definitions recruited patients with established mul-
tiorgan failure that inevitably were related to worse
outcomes.[7,8,17,23,27] An accurate determination of
shock severity is crucial to be addressed in future stu-
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dies to compare different populations and properly
interpret the results of trials and registries of AMI-CS.

To summarize, patients suffering from ULMCA-
related AMI-CS have a high short-term mortality
(30%−75%). Studies on this topic are scarce and
have significant limitations in most cases, such as
their small sample size, their observational and ret-
rospective nature, the heterogeneity of the included
patients, the lack of information about SR and the
severity of shock. The available data do not allow to
adequately demonstrate the prognostic impact of
SR of the ULMCA nor that of MSD. Larger and spe-
cifically designed studies are needed to fully ad-
dress this clinically relevant question. 
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