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Abstract

ECMO is a life-saving technology capable of restoring perfusion but is not without significant
complications that limit its realizable therapeutic benefit. ECMO-induced hemodynamics increase
cardiac afterload risking left ventricular distention and impaired cardiac recovery. To mitigate
potentially harmful effects, multiple strategies to unload the left ventricle (LV) are used in clinical
practice but data supporting the optimal approach is presently lacking. We reviewed outcomes of
our ECMO population from September 2015 through January 2019 to determine if our LV
unloading strategies were associated with patient outcomes. We compared reactive (Group 1,
n=30) versus immediate (Group 2, n=33) LV unloading and then compared patients unloaded with
an Impella CP (n=19) versus an intra-aortic balloon pump (IABP, n=16), analyzing survival and
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ECMO-related complications. Survival was similar between Groups 1 and 2 (33 vs 42%, p=0.426)
with Group 2 experiencing more clinically-significant hemorrhage (40 vs. 67%, p=0.034).
Survival and ECMO-related complications were similar between patients unloaded with an
Impella versus an |ABP. However, the Impella group exhibited a higher rate of survival (37%) than
predicted by their median SAVE score (18%). Our findings correlate with recent large cohort
studies and motivate further work to design clinical guidelines and future trial design.

Keywords

cardiogenic shock; extracorporeal membrane oxygenation; ventricular assist device; intraaortic
balloon pumping

INTRODUCTION

Extracorporeal membrane oxygenation (ECMO) is increasingly employed to provide
mechanical circulatory support (MCS) despite incomplete understanding of its effects on the
failing heart and lack of evidence-based approaches to mitigating harmful sequelae from its
use.1™ Deployed as an MCS device, ECMO shunts venous blood through a membrane
oxygenator via a pump before returning oxygenated blood to the systemic arterial system.>:6
Cannulation strategies for returning oxygenated blood include: (1) central cannulation of the
aortic arch to provide antegrade perfusion, most commonly performed for cardiac surgical
patients unable to wean from cardiopulmonary bypass, and (2) peripheral cannulation,
typically via percutaneous access or vascular cutdown of the femoral artery, in which the
cannula terminates in the iliac artery or distal aorta to provide retrograde perfusion.’:8

ECMO-generated systemic perfusion increases cardiac afterload which may lead to
distention of the left ventricle (LV) and, in cases of profound heart failure, loss of aortic
valve opening.®10 Possible sequelae of ECMO support on the LV include elevated wall
tension, increased myocardial oxygen demand, subendocardial ischemia, dysrhythmias,
pulmonary edema, hemostasis, and intracardiac thrombus formation.1 These effects may
impair cardiac recovery or induce catastrophic complications.12:13

Medical therapy to maintain forward flow through the LV consists of optimizing preload and
afterload and use of inotropes to augment contractility.® In cases in which medical therapy is
insufficient or not tolerated, mechanical means of unloading the LV are considered. Multiple
approaches to LV unloading have been described and include: (1) atrial septostomy; (2) a
surgically inserted transapical catheter; (3) intra-aortic balloon pump (IABP); (4)
percutaneous pulmonary artery venting via the jugular vein; and, (5) transvalvular
percutaneous ventricular assist device (pVVAD) such as the Impella CP (Abiomed, Danvers,
MA).14-17 Atrial septostomy and pulmonary artery venting act via reducing LV preload
while pVADs and surgically placed transapical catheters directly unload the LV.18 IABPs
appear to promote LV unloading, even in cases of peripheral VA ECMO with retrograde
perfusion, via decrease in afterload during cardiac contraction.19

At present, the optimal venting strategy, including considerations of both when and how to
achieve venting, is unknown. In an effort to further explore the association of venting
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approaches with patient outcomes, we performed a retrospective review of our institution’s
experience with additional mechanical support via either an IABP or pVAD to achieve LV
unloading during ECMO. We evaluated outcomes of patients treated with a strategy of
immediate unloading versus those in whom unloading was performed based on specific
criteria and then compared patients who underwent LV unloading via Impella CP versus
IABP.

MATERIALS AND METHODS

This work was performed under the auspices of a protocol approved by the Brigham and
Women’s Hospital Institutional Review Board. Informed consent was waived by the IRB for
data collection in this protocol.

Study Design

We performed two retrospective analyses of patients supported by ECMO at Brigham and
Women’s Hospital (Boston, MA) from September 2015 through January 2019. We included
all patients cannulated either centrally (n=17) or via femoral cannulation (n=46) with the
exception of a small cohort of patients supported with atypical cannulation strategies (n=7).
We first compared patients supported by ECMO with an expectant unloading strategy as
determined by clinical criteria (n=30) versus those on ECMO with immediate LV unloading
(n=33), including those with an LV support device placed prior to escalation to ECMO. For
simplicity, the group consisting of patients supported by ECMO with an expectant unloading
strategy will be termed Group 1 while the patients in the immediate LV unloading group will
be referred to as Group 2. Findings of worsening pulmonary edema on chest radiography,
progressive LV dilation on serial echocardiography, or clinical assessment of inadequate
systemic pulsatility were used to determine need for LV unloading in Group 1 patients. We
then analyzed patient outcomes based on unloading strategy comparing those supported with
an Impella CP (n=19) versus an IABP (n=16).

Institutional Approach to LV Unloading and ECMO Management

Patients meeting our institutional criteria for initiation of ECMO to provide circulatory
support are monitored for evidence of ongoing aortic valve opening following cannulation.
Monitoring consists of intermittent bedside ultrasonagraphy to assess cardiac contractility
and continuous invasive measurement of the systemic arterial pressure via the right radial
artery. Mean arterial pressure is maintained at 65-80 mm Hg while pulse pressure, defined
as the peak difference between systolic and diastolic blood pressure measurements, is used
as a surrogate for aortic valve opening. Continuous inotropic support is initiated if arterial
pulse pressure is < 10 mm Hg or if there is ultrasonographic evidence of LV dilation or lack
of aortic valve opening. Mechanical unloading with either an IABP or Impella CP was
initiated if patients failed or were unable tolerate inotropic support (e.g. due to
tachyarrhythmias). Following initiation of mechanical unloading, inotropic support was
employed if there was persistent evidence of LV distention or inadequate end-organ
perfusion.
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All patients were maintained on anticoagulation with continuous infusions of unfractionated
heparin administered directly through the ECMO circuit titrated to a goal PTT of 60-80
seconds for peripheral cannulation or 40-60 seconds for either central cannulation or high
risk of bleeding complications. Patients maintained on Impella CP support received
unfractionated heparin via the device as per the manufacturer’s recommendation.

Outcomes of Interest

Overall survival was the primary outcome of interest. Actual survival was compared to
predicted survival as calculated from the Survival After \eno-Arterial ECMO (SAVE) score
predictive index (www.save-score.com).20 Secondary outcomes were ECMO-related
complications and time to decannulation. ECMO-related complications consisted of stroke
(defined by presence of neurologic symptoms and positive findings on computed
tomography), intracranial hemorrhage, clinically significant hemorrhage (defined as need for
surgical or endoscopic intervention or transfusion requirement greater than three units of
packed red blood cells in twenty-four hours), vascular complication requiring surgical or
endovascular intervention, hemolysis (defined by a serum lactate dehydrogenase level
greater than 1,000 units/L), sepsis (based upon findings of systemic inflammatory response
syndrome in the context of a documented infection), need for renal replacement therapy,
mesenteric ischemia confirmed endoscopically or requiring laparotomy, abdominal
compartment syndrome requiring laparotomy, and intracardiac thrombus.

Statistical Analysis

RESULTS

Continuous variables are reported as median (15, 3" quartile) or mean + standard deviation.
Categorial variables are presented as absolute numbers (percentage). Student’s t-tests (for
normally distributed continuous variables), Kruskal Wallis (for non-parametric continuous
distributions), and Fisher exact tests (for categorical variables) were used to compare groups.
All-cause mortality was compared via log-rank analysis with the date of ECMO cannulation
used as initial time point of reference. Patients were censored at the time of death regardless
of weaning from ECMO or at the time of last known follow up. Kaplan-Meier curves are
depicted over thirty days. In total, four patients from the cohort were discharged and
subsequently lost to follow up within 30 days (2 from Group 1, 2 from Group 2). These
patients remained within the analyses. Computations were performed using Stata SE version
15.1 (StataCorp, College Station, Texas, USA) and GraphPad Prism 8.0.2 (GraphPad
Software, San Diego, CA, USA).

Patient Characteristics

The study patient characteristics are shown in Table 1. Patients in both Group 1 (reactive
unloading) and Group 2 (immediate unloading) were predominantly male, 77% versus 66%,
respectively. Patients in Group 2 were significantly older (60 + 11.0 years versus 52 + 16.5
years; p = 0.0255). Both groups otherwise were similar in pre-existing cardiac disease and
co-morbid conditions. No patient in Group 2 had prior valve repair or replacement versus
four patients (13%, p = 0.030) in Group 1. Distribution of other prior cardiothoracic
interventions — including coronary artery bypass grafting, percutaneous coronary

J Card Surg. Author manuscript; available in PMC 2021 July 01.


http://www.save-score.com/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Piechura et al.

Page 5

intervention, and heart transplant — were similar between groups. Clinical metrics of acid-
base status, serum lactate levels, and serum creatinine prior to initiation of ECMO support
were similar between the two groups. Four patients in Group 1 (13%) required reactive
unloading with one each receiving an Impella CP, IABP, atrial septostomy, or trans-septal
catheter.

Indications for MCS Support

We categorized primary patient indication for MCS as either acute myocardial infarction,
ischemic cardiomyopathy, non-ischemic cardiomyopathy, myocarditis, post-cardiotomy
shock or post-transplant graft dysfunction. Distribution of indications is shown in Table 2
and is similar between both groups. Numerically more patients underwent active
cardiopulmonary resuscitation efforts at the time of ECMO cannulation (E-CPR) in Group 1
compared with Group 2 (33% versus 15%, respectively, p=0.091). The majority of patients
in both groups were peripherally cannulated (77 vs 70%, p = 0.53) while time to
decannulation and total MCS duration (time of ECMO plus any time of LV unloading device
alone) were similar between patient groups.

Survival and Complications

Patients in Group 1 experienced similar 30-day survival to those in Group 2 (33% vs. 42%,
p=0.426) as shown in Figure 1 and detailed in Table 3. Causes of death — classified as
hemorrhage, cardiac death, infection, multiple system organ failure, cerebrovascular
accident, and breath death — were similarly distributed between patient groups. Regarding
ECMO-related complications, Group 1 patients experienced less hemorrhage than patients in
Group 2 (40 vs 67%, p = 0.034). Rates of remaining complications of interest, including
ischemic stroke, intracranial hemorrhage, vascular complication, hemolysis, sepsis, need for
renal replacement therapy, mesenteric ischemic, abdominal compartment syndrome, and
intracardiac thrombus, were otherwise statistically similar between groups.

Patients undergoing LV unloading with Impella CP and IABP

In our second analysis, we compared patients with an Impella unloading strategy against
those with an IABP unloading strategy with the characteristics of each group detailed in
Table 4. Patients with IABP unloading were significantly older compared to the Impella
group (66 + 10.7 years versus 55 + 7.1 years, p = 0.0013). The distribution of pre-existing
cardiac disease, comorbid conditions, and prior cardiothoracic interventions were similar
between these patient groups. Additionally, pre-ECMO clinical metrics including acid-base
status, serum lactate, and serum creatinine were again similar. Median SAVE scores were
also statistically equivalent (p = 0.97).

Clinical Setting of ECMO Unloading Strategies

We found the clinical location/service at the time of initial shock presentation contributed to
the choice of LV venting strategy as detailed in Table 5. No patient with post-cardiotomy
shock received LV venting with an Impella CP consistent with institutional use of IABPs for
initial choice of mechanical support post-cardiotomy. This observation is in contrast to
patients with ischemic cardiomyopathy presenting to our medical cardiac intensive care unit
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where the Impella CP is often used as the initial MCS device. Remaining indications
including acute myocardial infarction, non-ischemic cardiopathy, myocarditis, and post-
transplant graft dysfunction, were distributed similarly among patient groups. Notably, 26%
of patients in the Impella group were cannulated in the context of CPR compared to none of
the IABP patients (p = 0.027). Time to ECMO decannulation was similar between these
patient groups (p = 0.76). The majority of patients in each group were peripherally
cannulated although more common in the Impella group (84 vs 50%, p = 0.065). Notably,
we found that 25% of patients who underwent unloading with an IABP required an
additional device for LV venting during their course while none of the Impella patients
required further unloading (p = 0.035). This finding highlights the direct nature of LV
decompression provided by a transvalvular mechanism such as that employed by the Impella
versus the indirect nature of LV unloading afforded by the IABP.

We found that ECMO and the unloading device were most often initiated concomitantly in
both the ECMO+Impella Group and the ECMO+IABP Group as detailed in Table 6 (74 vs
63%, p = 0.48). The order in which the devices were discontinued was more variable
without a clear predominance and there were no statistical differences between the groups in
this regard. Duration of the LV-unloading device and of total MCS support were not different
between groups.

Survival and Predicted Survival Based on Unloading Strategies

Thirty-day survival was similar between the ECMO+Impella Group and the ECMO+IABP
Group patients as detailed in Table 7 and shown in Figure 2 (47% vs 31%, p=0.49). Survival
to decannulation and survival to discharge were also similar between groups. No patients in
these groups died due to infection or brain death. Death due to hemorrhage, cardiac death,
multiple system organ failure, and cerebrovascular accident were similar in both groups and
there were no statistical differences between groups in ECMO-related complications.
Notably, hemorrhage was more common in patients unloaded with an Impella compared to
those unloaded by an IABP but this finding did not reach clinical significance (79 vs 56%,
p=0.15).

Observed survival rates were compared to those predicted by SAVE scores. The median
SAVE score of the Impella group (-10) corresponds to a predicted survival to discharge of
18%; the actual rate for this group was appreciably greater at 37% as shown in Table 8. In
contrast, the median SAVE score for the IABP group (—8.5) corresponds to a predicted
survival to discharge of 30% and we observed a slightly lower rate of 25%.

DISCUSSION

Cardiogenic shock remains a highly morbid condition despite advances in critical care and
clinical adoption of ECMO to provide mechanical circulatory support.2: While ECMO is
capable of rapidly restoring systemic perfusion, clinical management is particularly
challenging as it profoundly alters physiological circulation with poorly understood effects
on the failing heart.3 In our study, we sought to investigate both the role of LV unloading and
the effect of specific unloading strategy on survival of CS patients supported by ECMO.
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Expectant management of LV distention versus Immediate LV Unloading

By shunting blood from the venous to the arterial system, ECMO both decreases cardiac
preload and increases afterload.22 While improving cardiac function through augmented
coronary perfusion, increased afterload may induce deleterious consequences for the failing
heart. In profound failure, the left ventricle is unable to eject leading to distention, blood
stasis, and risk of thrombus formation while rising intraventricular pressure acts to decrease
coronary perfusion pressure further impairing cardiac function.23 Motivation for immediate
LV unloading is driven by the theoretical benefit of reducing deleterious effects, minimizing
further cardiac injury, and improving clinical outcomes.24 Immediate unloading conceivably
may reduce need for arrhythmogenic inotropic agents otherwise necessary to overcome
diminished cardiac contractility.

Developing an LV-unloading strategy has been advocated for as an important component of
ECMO support with an estimated 70% of ECMO patients experiencing LV overload.12:25 A
variety of diagnostic modalities to monitor for LV distention are employed in clinical
practice including assessment of pulmonary edema on radiography, elevated pulmonary
capillary wedge pressure, and increased LV diameter on echocardiography.28 Each of these
modalities is intermittently performed with the risk that patients may develop potentially
harmful LV distention between observation intervals. Additionally, the significance of
subclinical LV distention on clinical outcomes is unknown. Both the possibility of missed
LV distention and potential benefit derived from reducing subclinical LV distention argue for
an immediate LV-unloading approach.

Despite the theoretical benefits of unloading, we observed no statistically significant
differences in mortality in the reactive versus immediate LV unloading patient groups in our
study. Examination of the Kaplan-Meier curves demonstrates that survival with immediate
venting tended to be higher than survival with delayed venting. However, this difference was
not statistically significant. Our study may have been underpowered to detect such a
difference if one exists. CS patients are heterogeneous, differing significantly by their
etiology of shock, co-morbid conditions, and likelihood for recovery. Although there were
no differences between the delayed and immediate unloading groups in direct comparison of
baseline characteristics and indication for MCS, it is difficult to account for these factors in
aggregate. Our small sample size prohibits subgroup analyses which might otherwise
provide insight into specific patient groups. We lacked sufficiently granular data to assess
duration of shock prior to initiation of MCS which has been shown to affect outcomes.?’
Further variability in care is introduced by choice of MCS platform, timing of its initiation,
and its titration. While the theoretical basis for immediate LV unloading remains persuasive,
realizing the significance of the clinical impact will likely require prospective randomized
studies.

Given lack of evidence-based guidelines, the decision for immediate versus reactive LV
unloading and the choice of device was substantially impacted by logistical considerations
including device availability, staffing, cost, and experience. In our study, no patients with
post-cardiotomy shock underwent Impella CP placement consistent with existing cardiac
surgical preference for IABP support at our institution. Similarly, all patients experiencing
E-CPR were unloaded with an Impella and were in the cardiac catheterization laboratory,
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our institution’s primary users of the Impella, at the time of arrest. As guidelines are lacking,
we posit that such logistical and non-medical factors contribute to the variability of findings
in the literature to date.

IABP versus Impella LV Unloading Device

The Impella CP and IABP are commonly used mechanical support devices with each having
a unique operational paradigm. The Impella is an axial flow percutaneous ventricular assist
device positioned across the aortic valve that propels blood antegrade into the aorta to
directly offload the LV throughout the cardiac cycle.28-30 In contrast, IABP counterpulsation
unloads the LV indirectly through decreasing afterload during systole to promote LV
ejection.18:31.32 However, in the setting of ECMO support, and particularly peripheral
cannulation with retrograde perfusion of the aorta, the mechanism by which an IABP may
achieve LV unloading is unclear. Unlike the IABP, which has limited range of titration, the
Impella provides multiple clinician-controlled flow settings enabling a greater degree of
titration to a specific physiological state. Limiting adoption of the Impella as an LV venting
device is its substantially higher cost in comparison with an IABP and concerns about
increasing the risk of hemolysis by introducing a second mechanical pump in a patient
maintained on ECMO. Each mechanical unloading device also presents the risk of vascular
complications.33 The Impella CP is introduced through the femoral artery via a 14 Fr sheath
in comparison to IABPs which typically require a 7-8 Fr sheath. While we observed no leg
ischemia complications attributed to either mechanical unloading device, the larger vascular
sheath required for the Impella CP is an important consideration.

The Impella pVAD platform consists of several different devices with varying capabilities
and specifications. In general, the larger the device, the higher the amount of blood flow and
the degree of support the device is capable of providing. The smaller Impella 2.5 has a 12 Fr
diameter and is capable of providing up to 2.5 L/min of flow while the newer Impella 5.5
has a 19 Fr diameter and can provide up to 6.2 L/min of flow. The Impella CP provides a
peak flow of 4.3 L/min with a size profile only slightly larger than the Impella 2.5. The
Impella CP provides for a balance between size and capability leading to our institutional
preference to use this device for both mechanical circulatory support and to provide for
mechanical LV venting. Ease of placement is another factor as both the Impella 2.5 and
Impella CP can be placed by interventional cardiologists with imaging assistance whereas
the larger Impella devices are placed via axillary graft requiring surgical expertise.

Despite the apparent physiological advantages of the Impella CP as an offloading device, we
found no difference in outcomes between the Impella and IABP patient groups. Although we
noted no mortality benefit for unloading strategies, we found that our Impella patients had
greater inpatient survival than predicted by their SAVE score (37 versus 18%). Our findings
are consistent with those of Schrage et a/. who recently reported results from their cohort of
106 Impella-unloaded patients.3* In their cohort, thirty-day all-cause mortality was 35.8%
which was greater than the 20% survival predicted by the SAVE score or the 6.9% survival
estimated by SAPS-I1 score. This group previously reported 21-patient cohort unloaded with
Impella propensity matched with controls with a lower in-hospital mortality in the Impella
group (47% vs 80%, p < 0.001).3% These retrospective studies support the hypothesis of a

J Card Surg. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Piechura et al. Page 9

benefit of dual ECMO-Impella mechanical support in patient populations with a high
mortality. Definitive testing of this hypothesis likely requires an adequately powered
prospective trial.

ECMO-related complications

Rates of complications in both Group 1 and Group 2 patients were not detectably different in
our study with the exception of significant hemorrhage in which patients who underwent
immediate unloading experienced more hemorrhage than the reactive-unloading group (67%
versus 40%, p=0.03). The etiology of this difference is unclear although may be related to
dosing of anticoagulants at the initiation of support or challenges in obtaining vascular
access at multiple sites simultaneously in patients experiencing active shock. We observed
no difference in hemorrhage comparing unloading with an Impella versus an IABP.
Similarly, Pappalardo et a/. saw no significant difference in major bleeding between patients
unloaded with an Impella vs. without and their propensity-matched VA ECMO cohort.3°
Despite the general concern that multiple mechanical support devices with multiple vascular
access site may increase risk of hemorrhage and hemolysis, this does not appear to be a
consistent finding across observational studies reported to date,3:36

Study Limitations and Future Directions

Our work is limited by small sample size reducing its statistical power. Small patient
numbers prohibited further subgroup or matched analyses that may identify significant
differences for specific patient subtypes. The retrospective nature of our study prevents
definitive conclusion regarding the causation of findings. While LV distention in the setting
of central ECMO is poorly characterized, prior study has demonstrated benefit to LV
decompression for patients maintained on central ECMO circulatory support.3” The
inclusion of centrally-cannulated patients in our study is a potential confounder but small
number of study patients limits the efficacy of further subgroup analysis. Of interest is that
prior study has shown no significant differences in outcomes for post-cardiotomy patients
with cardiogenic shock maintained on either central or peripheral ECMO.38 Although
prospective randomized clinical trials remain the premium for defining patient care
standards, observational studies such as our current report may inform the development of
formalized protocols in advance of randomized controlled trials that may facilitate the
conduct of such studies.

In absence of evidence-based guidelines, there is significant inter- and intra-institutional
variability in the care of patients requiring mechanical circulatory support. As mechanical
circulatory support platforms are not a therapy akin to a drug prescribed at a set dose and
frequency or even a device with an “on-off” switch, their use requires near-constant provider
decision making integrating hemodynamics, underlying pathology, titration of vasoactive
agents, ventilation strategy, and management of associated devices, among other factors. As
these patients are critically ill, their care is tenuous, and providing additional information for
MCS providers to standardize and improve their overall strategy is vital for achieving
optimal outcomes for these patients. Further studies are necessary to drive management
consensus for CS patients requiring VA ECMO. Given the heterogeneity of this patient
population, we propose that large-scale studies of patients stratified by specific shock
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etiology will be necessary to provide definitive evidence regarding LV unloading strategies.
Physiologic principles suggest patients with ischemic etiologies of shock may benefit most
from immediate LV unloading and targeting this subgroup is feasible for a prospective,
controlled trial. Additionally, robust and direct comparison of LV unloading devices is
needed to inform best approaches.

Source of funding statement:
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Abbreviations:

ECMO extracorporeal membrane oxygenation

LV left ventricle

IABP intraaortic balloon pump

MCS mechanical circulatory support

CS cardiogenic shock

L liters

E-CPR ECMO cardiopulmonary resuscitation
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Figure 1. 30-day all-cause survival grouped by unloading strategy.
Group 1 — ECMO with reactive venting. Group 2 — ECMO with immediate venting. Kaplan-

Meier curve demonstrating statistically equivalent survival between unloading strategies
(p=0.426).
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Figure 2. 30-day all-cause survival grouped by unloading device.
Kaplan-Meier curve demonstrating statistically equivalent survival between unloading

devices (p=0.114).
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Baseline patient characteristics.

Table 1.

Characteristic Group 1 [Reactive venting] (n=30) Group 2 [Immediate venting] (n=33) p-value
Age, years 52 +16.5 60+11.0 0.0255
Male sex 23 (77) 22 (67) 0.38
Preexisting cardiac disease
Coronary artery disease 12 (40) 17 (52) 0.36
Non-ischemic cardiomyopathy 6 (20) 7(21) 0.905
Prior myocardial infarction 1(3) 3(9) 0.349
Pulmonary arterial hypertension 6 (20) 3(9) 0.217
Systemic hypertension 17 (57) 17 (52) 0.682
Other comorbidities
Chronic kidney disease 6 (20) 4(12) 0.393
Diabetes mellitus 7 (23) 8 (24) 0.933
Hyperlipidemia 13 (43) 13 (39) 0.751
Peripheral arterial disease 1(3) 1(3) 0.945
Prior CT interventions
Coronary artery bypass grafting 1(3) 309 0.349
Percutaneous coronary interventions 4 (13) 4(12) 0.885
Valve repair/replacement 4(13) 0 0.030
Heart transplant 2(7) 1(3) 0.498
Pre-ECMO pH 7.19+0.14 7.24+0.13 0.196
Pre-ECMO Lactate 8.33+6.20 6.24 +3.91 0.133
Pre-ECMO serum creatinine 1.93+1.12 184+1.24 0.763
SAVE score -10.5 (~14 to -5) -9 (-12to -5) 0.366

Values presented as number (percentage) or mean + standard deviation
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Details of MCS therapy.

Table 2.

Parameter Group 1(n=30) Group 2(n=33) p-value
Indication for ECLS
Acute myocardial infarction 12 (40) 12 (36) 0.767
Ischemic cardiomyopathy 1(3) 3(9) 0.349
Non-ischemic cardiomyopathy 7(23) 5 (15) 0.409
Myocarditis 1(3) 4(12) 0.197
Post-cardiotomy shock 5(17) 6 (18) 0.874
Post-transplant graft dysfunction 4(13) 3(9) 0.593
ECPR 10 (33) 5 (15) 0.091
Bridge to ventricular assist device 1(3) 3(9) 0.349
Bridge to heart transplant 0 2 (6) 0.171
Duration of VA-ECMO support, days 497 +5.10 6.55 + 4.89 0.215
Duration of MCS support, days 5.45+5.37 8.45+7.82 0.087
Peripheral cannulation strategy 23 (77) 23 (70) 0.534

Values presented as number (percentage) or mean + standard deviation.
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Survival rates and complications.

Table 3.

Parameter Group 1(n=30) Group 2(n=33) p-value
30-day survival 10 (33) 14 (42) 0.458
Survival to decannulation 15 (50) 21 (64) 0.275
Survival to discharge 9 (30) 11 (33) 0.777
Cause of death
Hemorrhage 0 1(3) 0.336
Cardiac death 8(27) 9(27) 0.957
Infection 2(7) 0 0.132
Multiple system organ failure 11 (37) 12 (36) 0.980
Cerebrovascular accident 1(3) 0 0.290
Brain death 1(3) 0 0.290
Complications
Ischemic stroke 2(7) 6 (18) 0.170
Intracranial hemorrhage 1(3) 1(3) 0.945
Hemorrhage 12 (40) 22 (67) 0.034
Vascular complication 8(27) 6 (18) 0.418
Hemolysis 3(10) 7(21) 0.224
Sepsis 3(10) 4(12) 0.789
Need for renal replacement therapy 13 (43) 15 (45) 0.866
Mesenteric ischemia 4(13) 2 (6) 0.326
Abdominal compartment syndrome 2(7) 0 0.132
Intracardiac thrombus 5(17) 9(27) 0.312

J Card Surg. Author manuscript; available in PMC 2021 July 01.

Values presented as number (percentage) or mean + standard deviation.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Piechura et al.

Baseline characteristics of patients undergoing ECMO with unloading via Impella versus IABP.

Table 4.

Characteristic ECMO +IMPELLA (n=19) ECMO +1ABP (n=16) p-value
Age, years 55+71 66 +10.7 0.0013
Male sex 13 (81) 10 (63) 0.71
Preexisting cardiac disease
Coronary artery disease 10 (53) 8 (50) 0.88
Non-ischemic cardiomyopathy 4(21) 3(19) 0.87
Prior myocardial infarction 3(16) 0 0.096
Pulmonary arterial hypertension 2(11) 1(6) 0.65
Systemic hypertension 7(37) 11 (69) 0.060
Other comorbidities
Chronic kidney disease 3(16) 1(6) 0.72
Diabetes mellitus 6 (32) 4 (25) 0.72
Hyperlipidemia 7(37) 8 (50) 0.43
Peripheral arterial disease 0 1(6) 0.46
Prior CT interventions
Coronary artery bypass grafting 1(5) 2(13) 0.58
Percutaneous coronary interventions 4(21) 0 0.11
Valve repair/replacement 0 0 -
Heart transplant 1(5) 0 1.00
Pre-ECMO pH 7.26 £0.10 7.23+0.15 0.56
Pre-ECMO Lactate 7.32+£5.03 6.55 + 4.46 0.66
Pre-ECMO serum creatinine 1.88+1.33 1.86 +£1.07 0.96
SAVE score -10 (-13 to -5.5) -85 (13 to -5) 0.97

Values presented as number (percentage) or mean + standard deviation.
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Table 5.

Page 19

Indications for MCS therapy for patients undergoing VA ECMO with unloading via Impella versus IABP.

Parameter ECMO + IMPELLA (n=19) ECMO +I|ABP (n=16) p-value
Indication for ECLS
Acute myocardial infarction 7(37) 5(31) 0.73
Ischemic cardiomyopathy 4(21) 0 0.11
Non-ischemic cardiomyopathy 3(16) 2(13) 1.00
Myocarditis 3(16) 1(6) 0.61
Post-cardiotomy shock 0 7 (44) 0.002
Post-transplant graft dysfunction 2(11) 1(6) 1.00
ECPR 5 (26) 0 0.027
Bridge to ventricular assist device 1(5) 2(13) 0.58
Bridge to heart transplant 1(5) 1(6) 1.00
Duration of VA-ECMO support, days 6.68 + 4.52 6.19+5.17 0.76
Peripheral cannulation strategy 16 (84) 8 (50) 0.065
Need for additional LV vent 0 4 (25) 0.035

Values presented as number (percentage) or mean + standard deviation.
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Table 6.

Details of MCS implementation for patients unloaded with an Impella versus IABP.

Page 20

Parameter ECMO + IMPELLA (n=19) ECMO +I|ABP (n=16) p-value
Timing of ECMO cannulation and LV-unloading device initiation
Concomitant 14 (74) 10 (63) 0.48
LV-unloading device first 4(21) 5(31) 0.70
ECMO first 1(5) 1(6) 1.00
Duration of LV-unloading device 8.84+9.75 444 +£2.83 0.091
Timing of ECMO decannulation and LV-unloading device
discontinuation
Concomitant 8 (42) 5(31) 0.73
LV-unloading device removed first 3(16) 6 (38) 0.25
ECMO discontinued first 8 (42) 5(31) 0.73
Total duration of MCS support 9.89+9.22 6.81 +5.01 0.24

Values presented as number (percentage) or mean * standard deviation.
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Table 7.

Survival rates and complications by unloading device.

Parameter ECMO + IMPELLA (n=19) ECMO +I|ABP (n=16) p-value
30-day survival 9 (47) 5(31) 0.49
Survival to decannulation 14 (74) 8 (50) 0.15
Survival to discharge 7(37) 4 (25) 0.49
Cause of death
Hemorrhage 0 1(6) 0.46
Cardiac death 4(21) 5(31) 0.70
Infection 0 0 -
Multiple system organ failure 6 (32) 7 (44) 0.46
Cerebrovascular accident 1(5) 0 1.00
Brain death 0 0 -
Complications
Ischemic stroke 5 (26) 2(13) 0.415
Intracranial hemorrhage 2(11) 0 0.49
Hemorrhage 15 (79) 9 (56) 0.15
Vascular complication 4(21) 3(19) 1.00
Hemolysis 5 (26) 3(19) 0.70
Sepsis 3 (16) 2 (13) 1.00
Need for renal replacement therapy 9 (47) 7 (44) 0.83
Mesenteric ischemia 1(5) 1(6) 1.00
Abdominal compartment syndrome 0 1(6) 0.46
Intracardiac thrombus 6 (32) 3(19) 0.46
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Table 8.

Actual versus predicted survival to discharge by unloading device.

ECMO + IMPELLA (n=19) ECMO + IABP (n=16)

SAVE Score -10 (=13 to -5.5) -85 (-13t0o -5)
Predicted survival to discharge 18 % 30 %
Actual survival to discharge 37% 25%

Values are presented as median (interquartile range) or survival percentage. Predicted survival to discharge corresponds to that predicted by the
median SAVE score.
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