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Abstract
Aims: The aim of the study was to establish the value of new-generation mechanical circulatory support
(MCS) devices such as HeartMate PHP, Impella CP and PulseCath iVAC2.

Methods and results: We retrospectively analysed all consecutive elective high-risk PCI procedures
performed in the Erasmus Medical Center (2011-2018) in order to compare MCS protected and unpro-
tected patients. The primary endpoint was a composite of procedure-related adverse events including death
(<24 hours), cardiac arrest, need for vasopressors, rescue MCS, endotracheal intubation and limb ischae-
mia with need for surgery. Secondary endpoints included 30-day survival. A total of 198 elective high-risk
PCI patients were included (69 [35%] MCS protected, 129 [65%] MCS unprotected). When compared with
unprotected patients, MCS protected patients had a significantly worse left ventricular ejection fraction
(LVEF) (25410 vs 33+£8%, p<0.01) and higher SYNTAX I score (33+11 vs 2448, p<0.01). The primary
endpoint occurred in 26 (20%) of the unprotected patients and in 6 (9%) of the MCS protected patients
(OR 0.38, 95% CI: 0.15-0.97, p=0.04). Patients under 75 years of age, with a SYNTAX I score above 32
and with an LVEF below 30% showed most potential benefit from MCS. Survival during the first 24 hours
after the procedure and at 30 days was significantly higher in MCS protected patients (100% vs 95%,
p=0.04 at 24 hours, and 98% vs 87%, OR 10.32, 95% CI: 1.34-79.31, p=0.006 at 30 days).

Conclusions: In a consecutive real-world cohort of high-risk PCI patients, protection with new-generation
MCS resulted in better procedural outcomes despite worse EF and more complex coronary artery disease at
baseline. Larger prospective studies are needed to confirm these findings.
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Abbreviations

IABP intra-aortic balloon pump

LVEF left ventricular ejection fraction
MCS mechanical circulatory support

PCI percutaneous coronary intervention

Introduction

Coronary artery bypass is the gold standard of care to treat
patients with complex multivessel coronary artery disease'”.
Nevertheless, a significant number of patients are denied surgery
because of frailty, poor left ventricular (LV) function and comor-
bidities. Percutaneous coronary interventions (PCI) in vulnerable
patients with complex coronary artery disease (CAD) may com-
prise atherectomy, repetitive and prolonged balloon inflations,
complex stenting and high contrast load. The cumulative ischaemia
that results from these repetitive coronary manipulations may trig-
ger the deathly cardiogenic shock cascade with hypotension lead-
ing to reduced coronary perfusion and further reduction in cardiac
output or ventricular arrhythmias. Pre-emptive mechanical circula-
tory support (MCS) can facilitate high-risk PCI*. Nevertheless, two
randomised trials failed to show a benefit of the use of either an
intra-aortic balloon pump (IABP) or the Impella® 2.5L (Abiomed,
Danvers, MA, USA) as compared to unprotected high-risk PCI>¢,
Apart from possible methodological flaws in these trials, the over-
all performance of the IABP and the Impella 2.5L may be insuffi-
cient to provide adequate haemodynamic support. New-generation
MCS devices were developed to generate either a higher or a pulsa-
tile output and may be more effective. The Impella® CP (Abiomed)
is a 14 Fr axial flow pump able to deliver 3.5 L/min continuous
flow. The HeartMate™ percutaneous heart pump (PHP) (Abbott
Laboratories, Abbott Park, IL, USA) is a 13 Fr-compatible device
that is unsheathed across the aortic valve to a 24 Fr pump, gen-
erating flow up to 5.0 L/min, depending on the haemodynamic
state’. The iVAC2L (PulseCath BV, Amsterdam, the Netherlands)
is a 17 Fr bi-directional flow catheter which produces pulsatile sup-
port up to 2.0 L/min®*'® (Figure 1). The clinical value of these new
MCS devices in high-risk PCI remains unclear. We therefore aimed
to compare retrospectively the procedural outcome of high-risk
PCI with or without protection with new-generation MCS.

HeartMate PHP

Impella CP

PulseCath iVAC2L

Figure 1. New-generation MCS devices: PulseCath iVAC2L,
Impella CP and HeartMate PHP.

Methods

STUDY DESIGN

This is a retrospective cross-sectional study including all con-
secutive elective high-risk PCI conducted at the Erasmus MC,
Rotterdam, the Netherlands, between January 2011 and March
2018. We performed an automatic search of our local cath lab
database in order to identify high-risk PCI patients having either
a PCI of the unprotected left main or PCI of a single remaining
vessel or PCI of the proximal LAD in patients with two- or three-
vessel disease. Additionally, to be included patients had to have at
least a moderately reduced left ventricular ejection fraction (LVEF
<45%). Patients with indication for primary PCI (ST-elevation
myocardial infarction [STEMI], non-ST-elevation myocardial
infarction [NSTEMI] with persisting pain) and patients in shock,
on inotropes or on mechanical ventilator support were excluded
from the present analysis. The indication for high-risk PCI was
based on Heart Team consensus, consisting of at least one cardiac
surgeon and one interventional cardiologist. The decision to use
MCS was at the operator’s discretion. The study was performed in
accordance with the Declaration of Helsinki. Since this is a purely
observational and retrospective study, the need for ethics commit-
tee approval was waived. However, all patients signed informed
consent including authorisation for anonymous data analysis for
scientific purposes before the procedure.

DATA ANALYSIS

Baseline and procedural characteristics of the study patients were
collected from our dedicated prospective database. Continuous
variables are described as meanststandard deviation and cate-
gorical variables as numbers and percentages. MCS protected
and unprotected patients were compared using two-sided t-tests
(continuous variables assuming normal distribution based on vis-
ual inspection of histograms, Q-Q plots and box plots) or y? tests
(categorical variables) with calculation of odds ratios and 95%
confidence intervals. The primary endpoint was a composite of
procedure-related adverse events including death (up to 24 hours),
cardiac arrest requiring resuscitation, hypotension with need for
vasopressor support, need for rescue MCS, limb ischaemia with
need for surgery and need for endotracheal intubation. To assess
the interaction between candidate variables and potential benefit of
MCS, a forest plot was constructed. Univariate logistic regression
was used to identify all factors associated with the occurrence of
the primary endpoint and a backward multivariate logistic regres-
sion model was constructed using all univariate candidate vari-
ables with a p-value below 0.10. The current status of the study
patients (dead/alive) was collected using municipal civil registry
data. Follow-up data were censored at 1,000 days. Kaplan-Meier
survival curves were constructed and compared using the log-rank
test. Logistic Cox regression analysis was used to calculate the
hazard ratio for long-term survival taking unprotected patients as
a reference!. Statistical analysis was performed with SPSS soft-
ware, Version 24 (IBM Corp., Armonk, NY, USA). A p-value
below 0.05 was considered significant.



Results

STUDY PATIENTS

A total of 198 elective high-risk PCI patients were included.
MCS protected PCI was performed in 69 (35%) patients.
PulseCath iVAC2L was used in 26 patients (38%), HeartMate
PHP in 25 patients (36%) and Impella CP in 18 patients (26%).
In the remaining 129 (65%) patients, PCI was performed with-
out MCS protection. One patient in whom the MCS device could
not be positioned across the aortic valve due to severe aortic
arch calcifications was not included in the present analysis. The
baseline characteristics of the study patients are summarised in
Table 1. When compared with unprotected patients, MCS pro-
tected patients were more often considered inoperable by Heart
Team discussion, had a significantly worse LVEF (25+10 vs

Table 1. Baseline characteristics.

Unpro- | protected | OR | 95%CI | p-value

New-generation MCS for protected PCI

33+8%, p<0.01) and more often had severe mitral regurgitation
before the procedure.

PROCEDURAL CHARACTERISTICS

Procedural characteristics are summarised in Table 2. When com-
pared with unprotected patients, MCS protected patients had a higher
SYNTAX I score (33+11 vs 2448, p<0.01), a higher SYNTAX II
predicted four-year mortality (54427 vs 38+28%, p<0.01), were
more often treated for unprotected left main disease (59 vs 44%,
p=0.04) and were more often treated with two-stent bifurcation
strategies (36 vs 19%, p=0.01). The duration of the procedure
was significantly longer in MCS protected patients (2:42+0:44 vs
1:32+0:42 hours, p<0.01). The completeness of revascularisation
was comparable between the groups. Dedicated closure devices
were used in MCS supported patients: ProGlide® (Abbott) in
39 patients (57%), MANTA™ (Teleflex, Morrisville, NC, USA)
in 24 patients (35%) and Prostar® (Abbott) in 6 patients (9%).

tected
Male 91 (71) 42 (61) | 0.65|(0.35-1.20) | 0.17
Age (years) L7l | 7310 093 Tahle 2. Procedural characteristics.
Rejected CABG 38(29) 50(72) | 6.30 |(3.29-12.07)| <0.01 Unprotected | Protected | OR | 95% Cl | p-value
‘o
Indication PCI
néication Duration (hrs:min) 1:32+0:42 | 2:42+0:44 <0.01
(un)stable angina 45 (35) 32(46) | 1.61 |(0.89-2.93)| 0.11
Number of stents 3.32+1.62 | 3.74x1.75 0.09
nSTEMI 58 (45) 19(28) | 0.47 |(0.25-0.88) | 0.02
Total stent length (mm) 66+38 7442 0.15
Heart failure 26 (20) 18 (26) 1.40 | (0.70-2.78) | 0.34
Contrast (ml) 156+74 178+88 0.07
Post-O0HCA 6 (4.7) 6(9) 1.95 | (0.60-6.30) | 0.26
SYNTAX | 24+8 33+11 <0.01
Risk factors SYNTAX Il pred PCI
Smoking 22(17) | 10(14) | 082 |(0.37-1.86) | 0.64 A-year mortality 3828 | 54827 <0.01
Diabetes 45 (35) 19(28) | 0.71 | (0.37-1.35) | 0.29 Presence of CTO 53 (41) 38(55) | 1.76 | (0.97-3.17) | 0.06
Hypercholesterolaemia 67 (52) 51(74) | 2.62 | (1.38-4.97) | <0.01 Unprotected left main 57 (44) 41(59) | 1.85|(1.02-3.35)| 0.04
Hypertension 77(60) | 53(77) |2.24 | (1.16-4.33)| 0.02 Protected left main 1(1) 2(3) | 3.82(0.34-42.91)| 0.24
Familial history 34 (26) 16 (23) 0.84 | (0.43-1.67) 0.62 Bifurcation (>2.5 mm 58 (45) 38 (55) 1.50 | (0.83-2.70) 0.17
Comorbidities side branch)
Stroke/TIA 2419 | 46 |027](0.09-08) ] 001 tBe'l‘mﬂg” Bsiail 25(19 | 25(36) | 236 | (1.23-456)| 001
COPD 22 (17) 14 (20) | 1.24 | (0.59-2.61) | 0.57 LAD 113 (88) 53 (77) 047 | 022-1.01) | 0.05
PAD SLed) | 175 | L03|(052-200 | 058 | [pypny) 130100 | 812 | 117046298 | 074
eGrR P36:20 | 4918 012 | Fiex 6349) | 37(58) |121|(067-218)| 052
Cardiac history oM 2006 | 3(4 |025]0.0-087] 002
ACS 3330 21(39) | 148 (080-274)) 021 RCA 43 (33) 26 (38) 1.21 | (0.66-2.22) | 0.54
CABG 6(4.7) 9(13) 3.08 | (1.05-9.04) | 0.03 LIVA 000) 203) / 0.05
PCI 42 (33) 23(33) | 1.04 [(0.56-1.93)| 0.91 T ——— 1) 609) / <0.01
LVEF 337284 | 258+10 <0011 [ Rotablation 119 | 903 | 161]063410)| 031
Severe aortic stenosis 11 (8.5) 2(3) 0.32 | (0.07-1.49) | 0.13 VUS 207) 1400 | 124 | (059-261)| 057
Severe mitral regurgitation | 5 (3.9) 10(14) | 4.20 |(1.38-12.85)| 0.01 ConpIEia Tevase
Atrial fibrillation 431 | 500 |244 |(063-941)| 018 excl. CT0 i) | ) ) 2 alae)
Post-00HCA 6(4.7) 6(9) 1.95 | (0.60-6.30) | 0.26 Complete revasc. 78(60) 3754 | 076 | (042-136)| 0.35
incl. CTO ’ B ’

Data are presented as n (%) or mean=SD. ACS: acute cardiac syndrome; CABG: cardiac
artery bypass graft; COPD: chronic obstructive pulmonary disease; eGFR: estimated
glomerular filtration rate; LVEF: left ventricular ejection fraction; nSTEMI: non-ST-elevation
myocardial infarction; OOHCA: out-of-hospital cardiac arrest; PAD: peripheral artery
disease; PCI: percutaneous coronary intervention; TIA: transient ischaemic attack

Data are presented as n (%) or mean+SD. CTO: chronic total occlusion; IVUS: intravascular
ultrasound; LAD: left anterior descending artery: LCX: left circumflex artery; LIMA: left
internal mammary artery; OM: obtuse marginal; RCA: right coronary artery;

PCI: percutaneous coronary intervention
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SEVERE PROCEDURAL ADVERSE EVENTS

Severe procedural adverse events are summarised in Figure 2. The
primary endpoint occurred in 26 (20%) of the unprotected patients
and in 6 (9%) of the MCS protected patients (OR 0.38, 95% CI:
0.15-0.97, p=0.04). The primary endpoint occurred in one patient
with Impella CP, two patients with HeartMate PHP and three
patients with PulseCath iVAC2L. Regarding the components of the
primary endpoint, MCS protected patients had significantly lower
rates of death, cardiac arrest, cardioversion, chest compressions
and need for endotracheal intubation. One MCS protected patient
needed surgery for a major vascular complication. Additionally,
three patients needed a one-unit blood transfusion (BARC type 3a
bleeding), one patient with a tamponade needed pericardiocentesis
(BARC type 3b bleeding) and one patient underwent percutaneous
treatment of a femoral pseudoaneurysm. Univariate and multivari-
ate logistic regression identified age and history of CABG to be
associated with a higher incidence and the use of MCS to be inde-
pendently associated with a lower incidence of severe procedural
adverse events (Table 3, Table 4). Both SYNTAX I and II scores
did not predict severe procedural adverse events. The forest plot is
shown in Figure 3. The potential benefit of MCS seemed largest in
patients under 75 years of age, with a SYNTAX I score above 32
and with a left ventricular ejection fraction below 30%.

SURVIVAL

No patients were lost to follow-up. Survival during the first
24 hours after the procedure and at 30 days was significantly
higher in MCS protected patients (100% vs 95%, p=0.04 at 24
hours, and 98% vs 87%, OR 10.32, 95% CI: 1.34-79.31, p=0.006
at 30 days). One MCS protected patient died at day 16 due to
refractory heart failure. Reasons for 30-day mortality in unpro-
tected patients included death on the table due to technical com-
plications such as dissection or perforation (n=6), refractory
cardiogenic shock post PCI (n=6), and acute stent thrombosis

(n=3). The cause of death could not be determined retrospectively

Table 3. Candidate predictors of primary endpoint by univariate
logistic regression.

| OR | 95%Cl | pvalue
Male 0.66 (0.30-1.45) 0.30
Age (per 5 years) 1.32 (1.06-1.64) 0.01
g g0t oy CHE 083 | (038179 | 064
Indication PCI nSTEMI 0.93 (0.42-2.03) 0.86
Diabetes 1.31 (0.59-2.89) 0.49
History of stroke 1.51 (0.55-4.08) 0.41
History of CABG 2.88 (0.91-9.11) 0.07
History of PAD 1.82 (0.80-4.12) 0.15
History of COPD 2.01 (0.84-4.82) 0.11
eGFR 0.99 (0.97-1.01) 0.46
LVEF 1.01 (0.97-1.05) 1.01
Presence of CTO 0.56 (0.25-1.24) 0.16
UPLM 1.38 (0.64-2.96) 0.40
Rotablation 0.54 (0.12-2.48) 0.43
SYNTAX | 1.00 (0.96-1.03) 0.98
SYNTAX 11 1.01 (0.98-1.04) 0.28
Protected/unprotected 0.38 (0.15-0.97) 0.04

Table 4. Backward multivariate logistic regression model
integrating factors associated with the primary endpoint.

‘ OR ‘ 95% CI ‘ p-value
Age (per 5 years) 1.36 (1.08-1.71) 0.01
History of CABG 3.82 (1.08-13.53) 0.04
Protected/unprotected 0.27 (0.09-0.77) 0.01

in two patients. In MCS protected patients, after a mean follow-
up of 5914500 days, survival was 81% (56/69 patients). In unpro-
tected patients, after a mean follow-up of 631£714 days, survival

(%) 257
p=,£(|]4 Unprotected
W MCS protected
20
p=0.12
1
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o p=0.005
& 1
5
S (20 i
[0l
o - p00s P p=0.04 p=0.04
1 1 1
i n
: p=0.17 p=020
M 5 6 5 5
0 T T 0 T 0 - T 0 T 0 T 0 T 2 0 T 0 1
Primary Adrenalin Cardiac Limb Cardioversion Chest Intubation Rescue Death on table/in
endpoint arrest ischaemia compression MCS first 24 hours

Figure 2. Components of the primary endpoint.



New-generation MCS for protected PCI

Age >75 years 0.52 (0.26; 1.03) 0.06
Age <75 years 0.25 (0.12; 0.50) <0.01

No CABG 0.35 (0.21; 0.59) <0.01
CABG 0.33 (0.08;1.48) 0.14

eGFR <35 0.30 (0.11; 0.82) 0.02
eGFR >35 0.38 (0.22; 0.66) <0.01

UPLM 0.30 (0.20; 0.60) <0.01
No UPLM 0.42 (0.21; 0.85) 0.02

SYNTAX>32 0.13 (0.05; 0.33) <0.01
SYNTAX 25-32 0.62 (0.26; 1.47) 0.27

e+l SYNTAX<24 0.75 (0.32;1.77) 0.52
o——¢+——o |VEF >30% 1.00 (0.49; 2.03) 1.00
— LVEF <30%  0.15 (0.07; 0.29) <0.01
— o CcTOo 0.19 (0.09; 0.41) <0.01
— 1 No CTO 0.60 (0.32;1.13) 0.11
Rotablation 0.14 (0.02; 0.75) 0.01
oo No rotablation 0.40 (0.24; 0.66) <0.01
001 0.10 1.00 10,00

MCS protected better

Figure 3. Forest plot.

was 73% (94/129 patients). Kaplan-Meier survival curves show
an early separation with progressive increase during follow-up
(Figure 4). Although there was a trend towards better survival in
MCS protected patients, the log-rank test did not show statisti-
cal significance (p=0.12). The hazard ratio was 1.70 (95% CI:
0.85-3.40).

1.0

— MCS protected
— Unprotected
+ MCS protected censored
0.9 + Unprotected censored
> 034
£
3
30-day survival 98% vs 87%,
79 0R10.32,95% CI: 1.34:79.31,
p=0.006
Hazard ratio: 1.70 (95% Cl: 0.85:3.40)
Log rank: p=0.12
0.6

8 T T T T T
0.00 200.00 400.00 600.00 800.00 1,000.00
Time (days)

Figure 4. Kaplan-Meier survival curves.

Discussion

The key findings of this cross-sectional study on elective high-
risk PCI are: 1) new-generation MCS devices increased proce-
dural safety and were associated with improved 30-day survival,
2) MCS benefit was more pronounced in the setting of high
SYNTAX I score (>32) and poor LVEF (<30%); and 3) access-
site complications related to large-bore MCS were low.

Unprotected better

Our data support the use of new-generation MCS devices in high-
risk PCI and suggest a substantial additive procedural value not pre-
sent with first-generation MCS devices. The Balloon Pump Assisted
Coronary Intervention Study (BCIS-1) failed to show benefit in
reducing major adverse cardiac and cerebrovascular events at 28
days associated with the use of pre-emptive IABP in high-risk PCI
patients’. Additionally, the PROTECT Il study also failed to show
a reduction of a composite of major adverse events at 30 days assoc-
iated with the use of the Impella 2.5L as compared with TABP®. The
new-generation MCS devices analysed in the present report pro-
vide more powerful left ventricular support. While IABP (0.5 L/
min) and Impella 2.5L generate only modest support, the Impella
CP (+3.5 L/min) and HeartMate PHP (+5 L/min) are clearly more
potent MCS devices*”!°. Also, pulsatile displacement of 2 L/min by
the iVAC2L may potentially be superior to continuous displacement
of 2.5 L/min by an Impella device. While asynchronous pumps may
increase left ventricular afterload by ejecting blood on top of the
native systole, the counterpulsation strategy applied by the iVAC2L
may lower afterload and may optimise ventricular arterial coupling,
thereby aiming to reduce myocardial oxygen consumption and to
promote native cardiac output. Second, the risk profile of the patients
included in these trials with previous-generation MCS may not have
been high enough to benefit fully from MCS. In our study, pre-emp-
tive MCS benefit was limited to patients with SYNTAX I score >32
or LVEF <30%. This is in accordance with a pre-specified subgroup
analysis of the PROTECT Il trial showing that patients with three-
vessel disease and the highest Society of Thoracic Surgeons (STS)
score benefited most from MCS during high-risk PCI®. Patients in
the PROTECT II trial had a lower SYNTAX score when compared
with our MCS protected cohort (33.3+11.1 vs 29.8+13.3, p=0.05)°.
Also, 30-day mortality in our unprotected cohort (13%) seemed to
be higher when compared with other contemporary revascularisation
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studies on left main or multivessel PCI such as NOBLE, EXCEL,
FREEDOM and SYNTAX reporting a 30-day mortality of between
0.8 and 1.3%!'"*. The majority of our patients would not be elig-
ible for these trials as they were turned down for CABG by Heart
Team consensus. Furthermore, the EF of patients included in these
revascularisation trials seemed more preserved, which may further
explain differences in 30-day mortality. The number needed to treat
to prevent one major adverse event in the present study was nine.
Given the costs of MCS devices, fine-tuning of risk scores will be
paramount to define the patient group that benefits most from MCS.
Third, effects of MCS may only appear during longer-term follow-
up. A post hoc analysis of the BCIS-1 trial showed reduced all-cause
mortality in the IABP arm at a median follow-up of 51 months and
a pre-specified analysis in the PROTECT Il study showed a reduc-
tion of the primary endpoint with Impella 2.5L at 90 days®'">. Similar
to both trials, Kaplan-Meier survival curves in our study continued
to diverge during follow-up, suggesting an early treatment effect
that is subsequently reinforced. Hypothetically, adequate MCS
may allow optimal PCI conditions, complex stent techniques and
increase the likelihood of complete revascularisation. Furthermore,
MCS effects on periprocedural ischaemia and type 2 myocardial
infarctions may only manifest later and result in better long-term
outcome because of a lower risk of fatal arrhythmias and adverse
ventricular remodelling. Fourth, in line with our results, rates of
procedural complications such as ventricular arrhythmias requiring
chest compressions and severe hypotension requiring vasopressors
were significantly lower with TABP in the BCIS-1 trial’. Finally,
the crossover rate in the BCIS-1 trial was 18%, and the PROTECT
IT trial was prematurely stopped after inclusion of 69% of the tar-
get population of patients, rendering both trials underpowered>®.

Further adequately powered research should focus on refined
patient selection and might need to target patients with high
SYNTAX I scores and LVEF <30% to establish the use of pre-
emptive MCS placement in high-risk PCI. Also, haemodynamic
and clinical studies comparing different MCS platforms (includ-
ing continuous vs pulsatile flow) may help to unravel device-spe-
cific mechanisms of LV support and potentially develop a more
patient-tailored MCS selection. A few smaller trials are cur-
rently underway. The PULSE trial (NCT03200990) is address-
ing the haemodynamic effects with iVAC2L and Impella CP
in 40 high-risk PCI patients in order to establish the difference
between continuous and pulsatile flow devices. SHIELD II, a ran-
domised trial comparing PHP with Impella CP in high-risk PCI
(NCTO02468778), was stopped because of selected device mal-
functioning. Other MCS trials are focusing mainly on cardio-
genic shock and STEMI patients. Previously, the IABP-SHOCK
II trial failed to show 30-day survival benefit of IABP in STEMI
patients with cardiogenic shock'® and the IMPRESS trial did not
show 30-day survival benefit of Impella CP versus IABP in car-
diogenic shock patients'”. The Danish cardiogenic shock trial
(NCT01633502) is currently randomising 360 patients with severe
cardiogenic shock to optimal medical therapy (+/- IABP) and
Impella CP. The Door to Unloading (DTU) trial (NCT03000270)

aims to investigate whether unloading the ventricle with Impella
CP prior to primary PCI may reduce infarct size in anterior
STEMI patients. The EURO SHOCK heart attack study aims to
investigate whether early insertion of veno-arterial extracorporeal
membrane oxygenation (ECMO) in shocked STEMI patients may
improve survival.

Pre-emptive use of large-bore MCS mandates a scrutinised access-
site management. In our study vascular complications were rare.
Preprocedural planning included comprehensive evaluation of the
peripheral arterial tree by multislice computed tomography (MSCT)
in selected cases. Ultrasound-guided femoral artery access was rou-
tinely performed in all patients. Additionally, operators involved in
the MCS programme were highly experienced with suture-based and
plug-based closure devices such as ProGlide, Prostar and MANTA.

Limitations

This single-centre retrospective study with a modest sample
size has inherent limitations of selection and operator bias. Our
findings seem limited to institutions with ample experience of
large-bore arteriotomies.” Because MCS protected patients had
much higher SYNTAX scores and worse LVEF than unprotected
patients, propensity matching seemed less relevant. Nevertheless,
despite worse baseline characteristics, MCS protected patients
fared better, and one might assume that differences in procedural
adverse events and survival might have been even more pro-
nounced in a properly matched cohort or in a randomised clinical
trial. Finally, the three types of assist device used are clearly dif-
ferent in terms of mechanism and level of support, and our results
should be regarded as hypothesis-generating.

Conclusions

In a consecutive cohort of high-risk PCI patients, protection with
new-generation MCS devices resulted in better procedural outcomes
despite worse EF and more complex coronary artery disease at base-
line. Larger prospective studies are needed to confirm these findings.

Impact on daily practice

Interventional cardiologists should consider pre-emptive MCS
when revascularising patients with complex coronary artery
disease (SYNTAX score >32) and poor LVEF (<30%).
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