Interactive CardioVascular and Thoracic Surgery 34 (2022) 676-682 ORIGINAL ARTICLE
https://doi.org/10.1093/icvts/ivab311  Advance Access publication 11 November 2021

Cite this article as: Pappalardo F, Potapov E, Loforte A, Morshuis M, Schibilsky D, Zimpfer D et al. Left ventricular assist device implants in patients on extracorporeal
membrane oxygenation: do we need cardiopulmonary bypass? Interact CardioVasc Thorac Surg 2022;34:676-82.

Left ventricular assist device implants in patients on extracorporeal
membrane oxygenation: do we need cardiopulmonary bypass?

Federico Pappalardo (® *®, Evgenij Potapov®, Antonio Loforte (® ¢, Michiel Morshuis @ ¢, David Schibilsky ® *,
Daniel Zimpfer (® & Julia Riebandt (® &, Christian Etz", Matteo Attisani', Mauro Rinaldi', Assad Haneya/,
Faiz Ramjankhank, Dirk Donker ® ¥, Ulrich P. Jorde', Daniel Lewin (® €, Radi Wieloch", Rafael Ayala ©® f
Jochen Cremepr, Letizia Bertoldi™, Michael Borgerh, Artur Lichtenberg", Jan Gummert ® € and
Diyar Saeed ® ""*; On behalf of the Durable MCS after ECLS study group

@ Advanced Heart Failure and Mechanical Circulatory Support Program, Vita-Salute San Raffaele University, Milan, Italy
® Department of Cardiothoracic and Vascular Anesthesia and Intensive Care, AO SS. Antonio e Biagio e Cesare Arrigo, Alessandria, Italy
¢ Department of Cardiac Surgery, German Heart Center Berlin, Berlin, Germany

¢ Department of Cardiac Surgery, Bologna University, Bologna, Italy

Department of Cardiovascular and Thoracic Surgery, Heart and Diabetes Center NRW, Bad Oeynhausen, Germany

f Department of Cardiac and Vascular Surgery, Faculty of Medicine Freiburg University, Freiburg, Germany

& Department of Cardiac Surgery, Medical University Vienna, Vienna, Austria

" Department of Cardiac Surgery, Leipzig Heart Center, Leipzig, Germany

Department of Cardiac Surgery, University of Turin, Turin, ltaly

J' Department of Cardiac Surgery, University Hospital Schleswig Holstein, Campus Kiel, Germany

k Department of Cardiothoracic Surgery, University Medical Center Utrecht, Utrecht, The Netherlands

" Department of Medicine, Montefiore Medical Center, Bronx, NY, USA

™ CardioCenter, IRCCS Humanitas Clinical and Research Hospital, Rozzano, Italy

" Clinic for Cardiovascular Surgery, Dusseldorf University Hospital, Dusseldorf, Germany

e

* Corresponding author. University Department for Cardiac Surgery, Leipzig Heart Center, Germany, Striimpellstr. 39, Leipzig 04289, Germany. Tel: +49-341-865-256184;
e-mail: diyar.saeed@helios-gesundheit.de (D. Saeed).

Received 13 January 2021; received in revised form 12 September 2021; accepted 20 September 2021

Key question
Do we need to transition to CPB when
implanting an LVAD in patients on ECLS?
| TRANSITION DIRECT
l FROM VA-ECMO IMPLANTATION
TOCPB ON VA-ECMO
Key finding(s) 175 pts 175 pts
Transition from ECLS to CPB has similar .
mortality but higher bleeding rates 285 mins e spu:ggrgo:lme 209 mins
compared with a direct LVAD implant. !
l Re-exploration for bleeding
41% p=0,01 29%
Take-home message
30-days mortality
Omitting CPB when implanting an LVAD in 27% p=0,20 20%
patients on ECLS results in better perioperative
outcomes. No difference in mortality is observed.
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Abstract

OBJECTIVES: Implanting a durable left ventricular assist device (LVAD) in a patient on extracorporeal life support (ECLS) is challenging.
The goal of this study was to compare the results of patients from a European registry who had a durable LVAD implanted with or without
transition from ECLS to cardiopulmonary bypass (CPB).

METHODS: A total of 531 patients on ECLS support who had an LVAD implant between January 2010 and August 2018 were analysed; af-
ter 1:1 propensity score matching, we identified and compared 175 patients in each group.

RESULTS: The duration of preoperative ECLS was 7 [standard deviation (SD) 6] vs 7 (SD 6) days in patients with or without CPB (P =0.984).
The surgical time was longer in the CPB group [285 (SD 72) vs 209 [SD 75] min; P <0.001). The postoperative chest tube output was compa-
rable [1513 (SD 1311) vs 1390 (SD 1121) ml; P=0.3]. However, re-exploration for bleeding was necessary in 41% vs 29% of patients with or
without CPB (P=0.01) and a significantly higher number of packed red blood cells and fresh frozen plasma [8 (SD 8) vs 6 (SD 4) units;
P=0.001 and 6 (SD 7) vs 5 (SD 5) units; P=0.03] were administered to patients operated on with CPB. A postoperative mechanical right
ventricular support device was necessary in 50% vs 41% of patients (P = 0.08). The stroke rate was not significantly different (P 0.99). No dif-
ference in survival was observed.

CONCLUSIONS: Omitting CPB for an LVAD implant in patients on ECLS is safe and results in shorter operating time, less re-exploration for

bleeding and fewer blood products. However, no survival benefit is observed.

Keywords: ECLS « CPB - assist device + outcome * mechanical circulatory support

ABBREVIATIONS

CPB Cardiopulmonary bypass

ECLS Extracorporeal life support

ECMO  Extracorporeal membrane oxygenation

LVAD  Left ventricular assist device

MCS Mechanical circulatory support

PSM Propensity score matching

SD Standard deviation
INTRODUCTION

Continuous flow left ventricular assist devices (LVADs) have rev-
olutionized the outcome of patients suffering from refractory
heart failure [1, 2]; yet, this therapy is also applied ‘in extremis’
for patients with cardiogenic shock and temporary circulatory
support. Indeed, implanting a durable LVAD in patients sup-
ported with extracorporeal life support (ECLS) is challenging,
and all efforts should be made to decrease perioperative mor-
bidity and mortality. Our group recently published the limited
outcomes and postoperative morbidities of patients bridged
with ECLS prior to durable mechanical circulatory support
(MCS) [3].

With the goal of minimizing surgical trauma at the time of
durable MCS implantation, several surgeons omit cardiopulmo-
nary bypass (CPB) at the time of implantation [4]. It is unclear if
omitting CPB would provide any clinical benefit for this criti-
cally ill patient population [5, 6]. CPB bears an inherent risk of
coagulopathy and inflammatory response driven by the interac-
tion of blood with air and the active collection of activated
shed blood in the cardiotomy reservoir. On the other hand,
CPB allows safe inspection of the left ventricular (LV) cavity and,
eventually, thrombus removal when the LVAD is implanted.
Understanding the challenges and the impact on outcomes in a
large ‘real-world’ cohort of patients is paramount. The goal of
this study was to compare the perioperative results of patients
who had an LVAD implanted with or without switching from
ECLS to CPB in the largest European registry (Durable MCS after
ECLS registry).

METHODS
Ethical statement

Each institutional review board/ethical committee approved the
study.

Patient population

Our study represents a retrospective analysis; process and analy-
sis were performed after approval from the institutional review
board of each participating centre. The Durable MCS after ECLS
registry is a multicentre retrospective study that gathered data on
consecutive patients who had durable MCS implants while on
ECLS between January 2010 and August 2018 in 11 European
centres: Patients did not meet weaning criteria and were neuro-
logically intact. A total of 531 patients were collected; patients re-
quiring primary biventricular support with the SynCardia Total
Artificial Heart (SynCardia, Tucson, AZ, USA) or a biventricular as-
sist device, those who were implanted with a pulsatile LVAD and
those who required concomitant procedures at the time of dura-
ble MCS implantation were excluded from this analysis.

Pre-, intra- and postoperative data were recorded. ECLS devi-
ces were implanted on an emergency basis; patients with post-
cardiotomy cardiogenic shock were also included. Weaning
attempts under flow reduction and echocardiographic evaluation
were performed in all patients according to institutional proto-
cols. All preimplant (prior to durable MCS) patient characteristics,
including renal and liver function tests (model of end-stage liver
disease score), complete blood count and blood gas analysis
parameters and inotropic support on the day the durable MCS
was implanted, were evaluated. Long-term follow-up data were
obtained from subsequent clinic visits. The Interagency Registry
for Mechanically Assisted Circulatory Support definitions were
used for postoperative complications.

The primary end-point was 30-day and long-term survival;
postoperative bleeding (need for blood products and surgical re-
exploration) as well as end organ dysfunction/failure including
right ventricular failure, stroke and infections were considered as
secondary outcome measures.

=
(-4
e
=1 o
33
Zz
T O
O =
=
E:
(V)
[
(U]




678 F. Pappalardo et al. / Interactive CardioVascular and Thoracic Surgery

Table 1: Preoperative characteristics of the overall population

Parameter CPB (n=198) ECLS (n=204) SMD P-value
Age, years (SD) 52(11) 52 (11) 0.03 0.75
Male, n (%) 169 (85) 158 (77) 0.20 0.04
BMI, mean (SD) 26.8 (5.5) 26.3(5.2) 0.09 0.37
Reoperative surgery, n (%) 53 (27) 42 (21) 0.15 0.14
ICM, n (%) 111 (56) 123 (60) 0.09 0.42
Afib, n (%) 80 (42) 69 (36) 0.05 0.65
Diabetes mellitus, n (%) 47 (24) 51 (25) 0.03 0.76
Peripheral artery disease, n (%) 10 (5) 14 (7) 0.08 0.44
CPR, n (%) 62 (31) 63 (31) <0.01 0.90
Platelet count, x10% mean (SD) 119 (92) 86 (43) 0.51 <0.01
Haemoglobin, g/dl, mean (SD) 9.8(1.6) 9.6 (1.6) 0.10 0.36
Lactate, mean (SD) 1.6(1.4) 1.4(1.7) 0.13 0.25
pH, mean (SD) 7.38(0.12) 7.37(0.11) 0.13 037
Liver enzymes/AST, mean (SD) 469 (1518) 428 (1020) 0.03 0.74
Liver enzymes/ALT, mean (SD) 302 (683) 365 (694) 0.10 0.45
Bilirubin, mean (SD) 3.0(34) 32(37) 0.04 0.68
CRP mg/l, mean (SD) 45,5 (75) 13.1(8.8) 0.78 <0.01
Leucocytes, mean (SD) 124 (5) 12.4 (5.4) 0.02 0.89
INR, mean (SD) 1.4 (0.4) 1.5(0.7) 0.24 0.03
Creatinine mg/dl, mean (SD) 1.9(5.3) 1.5(1) 0.14 0.26
Preoperative renal replacement therapy, n (%) 66 (32) 56 (27) 0.10 0.28
MELD score, mean (SD) 19(7) 18 (8) 0.06 0.56
Preoperative intra-aortic balloon pump, n (%) 57 (29) 37(18) 0.28 0.01
Preoperative ECMO cannulation (central), n (%) 30(15) 19(9) 0.18 0.09

A fib: atrial fibrillation; ALT: alanine transaminase; AST: aspartate aminotransferase; BMI: body mass index; CPB: cardiopulmonary bypass; CPR: cardiopulmonary
resuscitation; CRP: C-reactive protein; ECLS: extracorporeal life support; ECMO: extracorporeal membrane oxygenation; ICM: ischaemic cardiomyopathy; INR: in-
ternational normalized ratio; MELD: model of end-stage liver disease; SD: standard deviation; SMD: standardized mean difference.

Surgical procedures

At the time of the operation, intravenous heparin was adminis-
tered with a target activated clotting time >400s in all patients. A
cell saver was used in both groups. In the CPB group, the ECLS
cannulas were connected to the CPB machine during a short
pump stop. The pump was implanted in a standard fashion using
a full sternotomy in the CPB group; a less invasive approach
(small anterolateral thoracotomy and j-sternotomy) was also
used. The outflow graft was anastomosed to the ascending aorta
after application of a side clamp. De-airing was performed
through a needle inserted in the aorta and outflow graft when
ECLS was used for surgery. Cannulas were removed at the end of
the procedure, and full heparin reversal with protamine was ad-
ministered. Blood products and coagulation factors were admin-
istered according to institutional guidelines. In case of right
ventricular failure, mechanical right ventricular support was used.
A temporary right ventricular assist device was implanted in the
majority of the patients. In a few cases, the ECLS was left in place
as mechanical right ventricular support. Anticoagulation was
started in the intensive care unit as soon as bleeding (chest tube
output and need for blood products) subsided. Patients requiring
concomitant procedures were all operated on with CPB except
for those having coronary artery bypass grafting.

Notably, the decision to proceed with the operation using CPB
or ECLS was left to the surgeon’s preference; presumably, there
might be institutional and surgeon bias across the 11 centres on
which technique was selected. The presence of LV thrombus was
considered a contraindication for omitting CPB. In these cases,
CPB was used to remove thrombi prior to implanting the durable
MCS.

Statistical analyses

All statistical analyses were performed with SPSS for Windows
(Version 22, 2013; IBM Corporation, Armonk, NY, USA).
Demographic and clinical patient characteristics of both groups
were compared with the independent samples Student’s t-test
for continuous variables and the y° test for categorical variables.
Group differences in intraoperative and postoperative variables
were evaluated with the same method. The Fisher exact test was
used for comparisons of categorical variables with a minimum
expected cell count of 5 or less in 20% of cases. Survival was esti-
mated using the Kaplan-Meier method. The log-rank test was
used to compare survival differences between the groups and the
stroke rate throughout the duration of support. Propensity score
analysis was performed to identify 2 identical groups, 1 which
was operated on without CPB (no CPB group) and 1 which was
operated on using CPB (CPB group). Baseline criteria identified as
clinically meaningful were entered for matching. Only this
matched cohort was used for outcome analysis. Propensity
scores were computed by binary logistic regression with CPB us-
age as an outcome variable. A 1:1 nearest neighbour matching
algorithm with a calliper of <0.2 of the standard deviation of the
logit of the propensity score was chosen to achieve the highest
possible representativeness and precision. To check for residual
imbalance of the propensity score matching (PSM) model, we
used standardized mean differences for each matched variable.
Due to the heterogeneous nature and number of clinical varia-
bles included in the matching process, we deemed a standard-
ized bias threshold of 0.2 acceptable, also taking into account the
perceived clinical impact of the respective variables. Clinical out-
comes and differences between matched CPB and no-CPB



F. Pappalardo et al. / Interactive CardioVascular and Thoracic Surgery

Table 2: Preoperative characteristics: propensity matched population
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Parameter CPB ECLS SMD P-value
(n=175) (n=175)
Age, years, mean (SD) 53(11) 52(11) 0.02 0.88
Male, n (%) 149 (85) 149 (85) <0.01 1.00
BMI, mean (SD) 27 (5.6) 26.4 (5.2) 0.11 031
Reoperative surgery, n (%) 48 (27) 39(22) 0.12 0.26
ICM, n (%) 98 (56) 105 (60) 0.08 0.52
AFib, n (%) 72 (43) 64 (39) 0.03 078
Diabetes, n (%) 45 (26) 46 (26) 0.01 0.90
Peripheral artery disease, n (%) 9(5) 12(7) 0.07 0.50
CPR, n (%) 53 (30) 55(31) 0.03 0.81
Platelet count/x10°, mean (SD) 99 (56) 98 (53) 0.02 0.86
Haemoglobin g/dl, mean (SD) 9.8(1.5) 9.6 (1.5) 0.11 0.32
Lactates, mean (SD) 1.5(1.3) 15(1.7) 0.01 0.93
pH, mean (SD) 7.37(0.12) 7.38(0.1) 0.10 0.40
Liver enzymes/AST, mean (SD) 487 (1592) 411 (957) 0.06 0.58
Liver enzymes/ALT, mean (SD) 321(728) 358 (682) 0.06 0.68
Bilirubin, mean (SD) 32(35) 33(3.8) 0.02 0.82
CRP mg/l, mean (SD) 15.3 (10.5) 14,5 (11.1) 0.08 0.45
Leukocytes, mean (SD) 12 (4.8) 12.5(5.1) 0.10 0.31
INR, mean (SD) 1.4 (0.4) 1.5(0.7) 0.20 0.07
Creatinine mg/dl, mean (SD) 1.9(5.3) 1.5(1) 0.11 0.26
Preop renal replacement therapy, n (%) 61 (35) 50 (29) 0.14 0.20
MELD score, mean (SD) 19(7) 18(8) 0.07 0.52
Preoperative intra-aortic balloon pump, n (%) 47 (27) 35(20) 0.16 0.13
Preoperative ECMO cannulation (central; N, %) 26 (15) 16 (9) 0.18 0.14

A fib: atrial fibrillation; ALT: alanine transaminase; AST: aspartate aminotransferase; BMI: body mass index; CPB: cardiopulmonary bypass; CPR: cardiopulmonary
resuscitation; CRP: C-reactive protein; ECLS: extracorporeal life support; ECMO: extracorporeal membrane oxygenation; ICM: ischaemic cardiomyopathy; INR: in-
ternational normalized ratio; MELD: model of end-stage liver disease; SD: standard deviation; SMD: standardized mean difference.

groups were compared with the Student’s t-test for continuous
variables and the y? test (or the Fisher exact test as appropriate)
for categorical variables. A P-value of 0.05 was considered statis-
tically significant.

RESULTS
Patient characteristics

Between January 2010 and August 2018, a total of 505 patients
had durable MCS implanted while on ECLS because of failure to
wean. Of these, 299 patients were operated on with conversion
to CPB and 206 were left on ECLS; 93 patients who required con-
comitant procedures were excluded from the study. After 1:1
propensity matching, 175 patients were identified for each group
and analysed. The baseline characteristics and the clinical presen-
tation criteria were well balanced between the matched groups;
detailed preoperative clinical characteristics are presented in
Tables 1 and 2. The mean age of the patients in the CPB versus
the ECLS group was 53 [standard deviation (SD) 11] and 52 (SD
11) years (P=0.88). About 30% of the patients were on renal re-
placement therapy in both groups; all patients were receiving at
least 2 inotropes with inotropic scores >10. Notably, the mean
preoperative ECLS support duration was 7 (SD 6) vs 7 (SD 6) days
in patients with or without CPB, respectively (P=0.984).

Operative data

All patients received an implantable continuous flow LVAD, with
apical cannula and ascending aorta outflow graft anastomosis.

Devices used are reported in Table 3. As many as 38 patients had
a less invasive approach via an anterolateral left thoracotomy
and an upper hemisternotomy (6% in the CPB vs 16% in the ECLS
group, respectively; P=0.002). The total operating time was sig-
nificantly longer in the CPB group [285 (SD 72) vs 209 (SD 75)
min; P<0.001].

Perioperative outcomes

The postoperative chest tube blood loss on the day of surgery
was comparable between the groups [1513 (SD 1311) vs 1390
(SD 1121) ml; P=0.3]; however, patients in the CPB group had a
significantly greater need of reoperation for bleeding (41% vs
29%; P=0.01) and also required a significantly greater number of
packed red blood cells [8 (SD 8) vs 6 (SD 4) units; P=0.001] and
fresh frozen plasma [6 (SD 7) units vs 5 (SD 5) units; P=0.03]
compared to patients operated on while on ECLS. The number of
platelets transfused was comparable. It was necessary to implant
a temporary postoperative right ventricular assist device in 50%
versus 41% of the patients with or without CPB, respectively
(P=0.08). No significant difference was observed for postopera-
tive renal, liver and respiratory failure. The overall stroke rate was
not significantly different between groups (CPB 42 events: total
LVAD support duration 83 351 days, events per patient year 0.18
vs ECLS 59 events: total LVAD support duration 117 877 days,
events per patient year 0.18; P=0.99). Moreover, the incidence
of stroke at 30 days did not different according to the pump type
(HeartMate 1l 9.6% vs HVAD 7.2%; P=0.5). Similarly, there was
no statistically significant difference in the 30-day stroke rate in
the CPB versus the ECLS group (CPB 5% vs ECLS 10%; P=0.07). A
total of 81 patients died in the hospital: 47 (27%), in the CPB
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Table 3: Intra-/postoperative results: propensity matched

cohort

Parameter CPB ECLS P-value

N=175 N=175

Intraoperative, n (%)
HeartWare HVAD 121 (69) 156 (89) <0.001
HeartMate Il 35(20) 11 (6) <0.001
HeartMate IlI 18 (10) 8(5) 0.04
Other LVAD 1(1) 0(0) =
Less-invasive operations, 10 (6) 28 (16) 0.002
n (%)
CPB time, min, mean (SD) 106 (61) - -
Total operative time, min, 285 (72) 209 (75) <0.001
mean (SD)

Postoperative

Chest tube output in 24 h,
ml, mean (SD)

1513 (1311)  1390(1121)  0.38

RVAD implantation, n (%) 87 (50) 71 (47) 0.08
RVAD duration days, mean 17 (13) 16 (13) 0.59
(SD)

FFP units, day of surgery, 6.6 (7) 5.1(5) 0.03
mean (SD)

PRBC units, day of surgery, 8.2 (8) 6.5 (4) 0.01
mean (SD)

PLT units, day of surgery, 3.3(3) 3(2) 0.38
mean (SD)

Reexploration (bleeding), 72 (41) 51(29) 0.01
n (%)

Stroke, any (N, EPPY), n (%) 42(018)  59(0.18)  0.99
Disabling stroke, n (%) 13(7) 15 (9) 0.69
Driveline infection, n (%) 37 (21) 56 (32) 0.02
Gl bleeding, n (%) 28 (16) 29 (17) 0.88
Postoperative dialysis, n (%) 113 (66) 101 (58) 0.11
Pump thrombosis, n (%) 25 (14) 15 (9) 0.09

Outcome
30-Day mortality, n (%) 47 (27) 36 (20) 0.20

Heart transplant, n (%) 38(19) 36 (14) 0.79

CPB: cardiopulmonary bypass; ECLS: extracorporeal life support; EPPY:
events per patient year; FFP: fresh frozen plasma; Gl: gastrointestinal; LVAD:
left ventricular assist device; PLT: platelet units; PRBC: packed red blood
cells; RVAD: right ventricular assist device.

versus 36 (20%) in the ECLS group (P=0.2). Further, there was a
statistically significant difference in the median LVAD support du-
ration between the groups (ECLS = 366 days vs CPB = 256 days;
P=0.005).

Follow-up was available for all survivors: Estimated survival for
the overall cohort was 68% at 1year and 32% at 5years. When
stratified by extracorporeal circulation technique, survival at
1year was not statistically different between the 2 groups (65% vs
72%; P=0.096); Kaplan-Meier survival did not show any signifi-
cant difference in survival at 4.5 years (log-rank, P=0.2) (Fig. 1).

DISCUSSION

In this large, multicentre ‘real-world’ experience of patients hav-
ing durable MCS implants while on ECLS for cardiogenic shock
and failure to wean, data demonstrate similar survival rates for
patients operated on with CPB or on ECLS as an extracorporeal
circulation technique; however, omitting CPB is associated with a
lower rate of re-exploration for bleeding and the need for blood
products.

For several years, the standard extracorporeal circulation strat-
egy of implanting an LVAD has involved CPB and a full

Survival Analysis (30 day mortality excluded)
VAD on CPB versus VAD on ECLS (on VAD support)

190 —— VAD on CPB

—— VAD on ECLS
Log-rank test P =0.230

80—
2 60—
©
=
-
3 40—
20 —
Numbers at risk during follow up (CPB 128; ECLS 137)
CPB: 73 49 35 17
0 — ECLS: 89 64 48 31
H r 2 T —— —
0 1 2 3 4

Time from 30 days after surgery (years)

Figure 1: Kaplan-Meier survival curve of the study populations.

sternotomy approach. However, less invasive techniques, even
off-pump, are now becoming increasingly popular because they
appear to be associated with reduction of surgical trauma, blood
loss and hospital stay. Thus, avoidance of CPB in such a critically
ill patient population is potentially an adjunct to decrease mor-
bidity and mortality. There is a tremendous difference in the
characteristics and functional status of patients who had an
LVAD implanted during ECLS support. These patients are sicker, a
majority of them have had cardiopulmonary resuscitation and
are on a ventilator with respiratory dysfunction and right ventric-
ular involvement; most importantly, a severe tendency to bleed
secondary to ECLS-related coagulopathy is always present.

Despite the variability of implant strategies and the retrospec-
tive nature of this study, overall reported results in a propensity
matched population show that implanting an LVAD and omitting
CPB compare favourably to the standard surgical approach in
terms of bleeding outcomes and are not associated with a higher
rate of stroke. Our comparative analysis did not show significant
differences in perioperative morbidity and early and late survival.
Indeed, our results confirm that implanting a durable MCS in
patients with prior ECLS support is still plagued by high morbid-
ity and mortality. Estimated 30-day and long-term survival was
comparable between the 2 groups, and the surgical technique
was not associated with deaths.

This study reports an overall comparable adverse events pro-
file in the largest cohort of patients in this clinical scenario; inter-
estingly, bleeding complications were significantly higher in the
CPB group. These results are in line with the pathophysiological
background of CPB compared to ECLS and the role of activation
of coagulation via other mechanisms besides contact with foreign
surfaces. Interestingly, there was a higher rate of driveline infec-
tion in the ECLS group. The only explanation for this finding
might be the fact that the ECLS group had a statistically longer
ventricular assist device support duration than the CPB group
(366 days vs CPB 256 days, P =0.005).

Indeed, CPB has unique features inducing a systemic inflamma-
tion state [7], in some aspects different compared to ECLS. The pres-
ence of a blood-air interface due to cardiotomy suction and venous
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reservoirs has been associated with a higher degree of pro-
inflammatory cytokines release and lower levels of anti-
inflammatory cytokines such as IL-10 [8]. Haemodilution, moreover,
is greater in CPB and is able per se to lead to increased neutrophil
activation and systemic inflammatory response syndrome [9].

Theoretically, the higher degree of inflammation observed in
CPB could induce a more pronounced activation of the coagula-
tion system, leading to consumption coagulopathy, through the
well-documented effects on fibrinolysis, platelet sequestration
and degradation of coagulation factors.

Therefore, implanting an LVAD without CPB could potentially
reduce the burden of these complications, leading to an im-
proved postoperative course. Indeed, our study showed a signifi-
cant advantage of the need for surgical re-exploration and the
need for blood products; however, this situation did not turn
into improved survival.

In a previous study, Saeed et al. showed a significant reduction
of blood loss and of the need for blood products in a series of
patients who were implanted with the HVAD in a similar scenario
(15 vs 15 propensity matched CPB vs no CPB patients) [5]. The
authors concluded that implanting an LVAD in patients on ECLS
is feasible and has the advantage of minimizing additional blood
trauma induced by the CPB circuit. It has been well documented
that higher morbidity and mortality are correlated with the num-
ber of red blood cell transfusions in cardiac surgery.

Interestingly, that fact that less bleeding and fewer reexplora-
tions were observed in the ECLS group did not translate into
any outcome benefits. The groups in this study were well
matched at baseline. However, there were more less invasive
operations in the venoarterial-extracorporeal membrane oxy-
genation (ECMO) group, which might have explained the differ-
ences in the quantities of blood products needed. Less invasive
surgery has been shown to reduce bleeding rates in LVAD can-
didates [10].

Notably, there were also significant differences in the pump
type after matching: There were more HeartWare HVAD pumps
implanted in the ECLS group. We do not believe that differences
in the bleeding tendencies and blood product requirements are
related to the type of pump [2].

New preliminary strategies, which apply the bridge-to-bridge
concept via the axillary Impella 5.0, have provided excellent
results in this patient population, and future studies are war-
ranted to validate this approach [11]. This approach has been
called the LVAD test because it not only allows for ECLS weaning
but also for thorough evaluation of the right ventricle and opti-
mization of the extracardiac conditions. In this light, we foresee a
potential new tool to give these very sick patients the opportu-
nity for a successful LVAD therapy.

Limitations

This study was retrospective and non-randomized. To achieve an
acceptable comparison basis with regard to the patient charac-
teristics between the groups, we also included variables to the
PSM that are a snapshot of a particular moment in time and may
therefore not necessarily represent reproducible differences be-
tween the groups. Nevertheless, we opted for including these
variables in the model as surrogate clinical parameters with a po-
tential impact on postoperative outcome (e.g. platelet count).
Yet, we have to acknowledge that for some parameters (e.g.
intra-aortic balloon pump, central ECMO, renal replacement

therapy), the differences between both groups are more impor-
tant than usually required for PSM.

The decision to proceed to CPB was left to the preference of
the surgeon; presumably, there might be institutional and sur-
geon bias across the 11 centres as to which technique is se-
lected. However, it is important to acknowledge that not all
potential LVAD candidates are suitable for the ECLS approach;
indeed, that strategy, if systematically applied, can jeopardize
the benefits of LVAD therapy by omitting a necessary concomi-
tant procedure or neglecting thorough exploration of the LV
cavity for thrombi. All patients were screened for LV thrombi
using echocardiography at the time of surgery, and CPB was al-
ways used if thrombi were detected. Unfortunately, the pres-
ence of thrombi was not documented in the study. Notably,
based on our clinical experience, the presence of thrombi in
ECMO patients with full anticoagulation is rare. Some patients
were operated on with a less invasive technique: It was assumed
that this approach might reduce perioperative bleeding; how-
ever, the results are still inconclusive and have focused on elec-
tive patients rather than on those described in our study. Our
population received a variety of devices, which might be rele-
vant in terms of duration of surgery and bleeding risk because
contemporary centrifugal devices have been miniaturized and
do not require a pump pocket; therefore, they cause surgical
trauma. However, transfusion protocols differ across centres,
which might account for the differences reported in the utiliza-
tion of blood product. Indeed, surgical re-exploration is a
strong end-point and cannot be disregarded as significant.
There were more HeartMate Il devices in the CPB group.
However, the number of HeartMate 3 pumps in the overall
population is small. Therefore, these results do not describe the
current device selection in the real world. Further, some follow-
up data, for instance, the types and timing of postoperative
stroke (ischaemic versus haemorrhagic) are currently not avail-
able to report in this manuscript.

CONCLUSION

In conclusion, an LVAD implant directly from ECLS is a challeng-
ing procedure, and any effort that would improve the results is to
be acknowledged. In this regard, the surgical strategy without
conversion to CPB, in selected cases, is safe and associated with
significantly better results in terms of perioperative bleeding;
however, this benefit does not have a major benefit for major
clinical outcomes. Future randomized controlled studies are
warranted.
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