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Intra-Aortic Balloon Pump for Left
Ventricular Unloading in Veno-Arterial
Extracorporeal Membrane Oxygenation:
The Last Remaining Indication in

Cardiogenic Shock

Agam Bansal ", MD; Dhiran Verghese

and 50 000 individuals in the United States per

year and is the leading cause of in-hospital mortal-
ity following acute myocardial infarction (AMI).'-3 Even
with advances in acute cardiovascular care, including
primary percutaneous coronary intervention, 30-day
mortality for patients with AMI-CS remains =40%.’
Despite the hemodynamic advantage of mechanical
circulatory support devices in AMI-CS, there are lim-
ited randomized data supporting their use.* Over the
past decade, there has been an increase in the use
of veno-arterial extracorporeal membrane oxygenation
(VA-ECMQ) in the management of refractory cardio-
genic shock, because it offers not only a high cardiac
output with biventricular support but also respiratory
support.’ However, peripheral VA-ECMO is limited by
the significant increase in afterload because of ret-
rograde aortic flow, which may be deleterious in CS,
especially from AMI.® Multiple techniques have been
proposed to offload the left ventricle (LV) in patients
on VA-ECMO, including a pigtail catheter in the LV or
pulmonary artery, atrial septostomy, and concomitant
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mechanical circulatory support such as the intra-aortic
balloon pump (IABP) or a percutaneous left ventricular
assist device. The IABP has remained the most com-
monly used modality of LV decompression studied in
literature because of its ubiquitous availability, ease of
insertion, relatively small arteriotomy, theoretical ben-
efit of diastolic augmentation and therefore coronary
perfusion, and lastly, the ease of maintenance in the
cardiac intensive care unit.®

See Article by Nishi et al.

In this issue of the Journal of the American Heart
Association (JAHA), Nishi et al’ use the nationwide
Japanese Registry of All Cardiac and Vascular Disease
and describe a large retrospective cohort of 3815 pa-
tients with AMI-CS who underwent primary percutane-
ous coronary intervention and compared the outcomes
of VA-ECMO+IABP (n=2964) to VA-ECMO alone (n=851).
Though patients in the VA-ECMO+ABP group were
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younger, they were more likely to have higher rates of co-
morbidities including hypertension, dyslipidemia, diabe-
tes, and atrial fibrillation. IABP was more likely to be used
in hospitals with teaching status, more hospital beds, and
availability of cardiac surgery. The authors concluded that
patients managed with VA-ECMO-+ABP demonstrated
significantly lower in-hospital (adjusted odds ratio [OR],
0.47 [95% CI, 0.38—-0.59)), 7-day (adjusted OR, 0.41 [95%
Cl, 0.33-0.51]), and 30-day mortality (adjusted OR, 0.30
[95% ClI, 0.25-0.37]) in comparison to those managed
with VA-ECMO alone. These findings align with the re-
sults from a meta-analysis that noted the benefit of IABP
combined with VA-ECMO in patients with AMI-CS.8 We
would like to commmend the authors for their work on ad-
dressing an important question using the largest cohort
to date. However, there are certain points that merit dis-
cussion (Figure).

First, as the authors mention in the Limitations sec-
tion, the information pertaining to the detailed timing
of CS, IABP placement and ECMO placement were
not available. Early use of VA-ECMO in patients with
AMI-CS has been shown to be associated with a
significant survival benefit.? Delaying the initiation of
mechanical circulatory support may be deleterious,
because prolonged microcirculatory dysfunction leads
to irreversible end-organ injury, rendering any subse-
quent hemodynamic intervention futile.® The results
of the ongoing ECMO-CS (Extracorporeal Membrane
Oxygenation in the Therapy of Cardiogenic Shock),”
a multicenter trial of patients with AMI-CS randomized
to early ECMO versus standard of care, are eagerly
awaited to understand the timing and role of VA-ECMO
in CS better. Furthermore, among the patients re-
quiring VA-ECMO, early unloading of the LV appears
to be associated with increased success of weaning
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and reduced short-term mortality. In a meta-analysis
by Al-Fares et al,® early (<12 hours) VA-ECMO+IABP
(7 studies) was associated with a reduced short-term
mortality (risk ratio [RR], 0.80 [95% ClI, 0.68-0.94]). For
late (>12 hours and beyond) unloading with IABP, only
1 study met the inclusion criteria in this meta-analysis.
Therefore, further studies are needed to understand
the timing of unloading the LV with IABP in patients
on VA-ECMO with AMI-CS. Similarly, in a multicenter
study by Schrage et al,'! early left ventricular unloading
with Impella was defined as <2 hours, which was asso-
ciated with a decrease in mortality among patients with
CS as compared with late left ventricular unloading. Left
ventricular distension is an increasingly appreciated nu-
ance of VA-ECMO support. Therefore, it is of utmost
importance to recognize the triggers of left ventricular
unloading in patients on VA-ECMO including (1) an ele-
vated pulmonary capillary wedge pressure, (2) an aortic
valve that remains closed throughout the cycle, (3) per-
sistent pulmonary edema on chest x-ray fim, (4) a dis-
tended hypocontractile LV, and (5) refractory ventricular
arrhythmias.'? Nishi et al” illustrate that in-hospital mor-
tality was higher in patients who were started on IABP
with subsequent VA-ECMO than the others, including
those who started on VA-ECMO with subsequent IABP
and those who had VA-ECMO+IABP on the same day.
Early IABP placement followed by escalation to VA-
ECMO may demonstrate a rapidly worsening pheno-
type portending worse outcomes, whereas a patient
started on VA-ECMO with subsequent IABP implanta-
tion for the purpose of left ventricular unloading may
denote delayed myocardial recovery and is reported to
have a better prognosis.'®

Second, this study by Nishi et al” was different
from the previous study from the Japanese inpatient

Unknown Knowns
(Research Zone)

= Impact on cardiac output augmentation
* Cardiopulmonary interactions
» Ventilator management and liberation

*  Weaning/de-escalation strategy
 Feasibility of exit strategy

»  Optimal fluid, transfusion, nutrition therapies

Known Unknowns
(Risk Zone)

* Impact on long-term LV recovery
* Optimal method of LV unloading
* Timing of LV unloading
* Configuration of VA-ECMO

Figure. Current state of the evidence for LV unloading in VA-ECMO for AMI-CS.
AMI indicates acute myocardial infarction; CA, cardiac arrest; CS, cardiogenic shock; LV, left ventricular;
and VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
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database by Aso et al," in that they included patients
with cardiac arrest (CA) at the time of admission, which
were missing in the latter. Around 17% of the patients
had cardiac arrest at the time of admission. There
were no significant differences in the percentage of
patients with CA between the VA-ECMO-+IABP versus
VA-ECMO alone groups. It is well established that the
combination of CS and CA is associated with higher
rates of in-hospital mortality, and acute noncardiac
organ failure in both ST-segment—elevation'® and non-
ST-segment-elevation'® AMI admissions as compared
with CS or CA alone. In patients with CA, VA-ECMO-
facilitated cardiopulmonary resuscitation can be used
to restore circulation, prevent end-organ damage, and
facilitate percutaneous coronary intervention.'” Unlike
in CS, where the mechanical circulatory support de-
vices serve to support the circulatory function, VA-
ECMO in CA is used to maintain cerebral and other
vital organ perfusion despite the lack of return of spon-
taneous circulation. One of the limitations of the pres-
ent study was that it could not be determined if the
VA-ECMO device was placed as a part of the facili-
tated resuscitation protocol or to support circulatory
function. It is important to determine that, because the
phenotype of combined AMI-CS+CA is different from
CS alone. Encouragingly, the authors demonstrated
improved survival with combined VA-ECMO+IABP in
both patients with and without CA.

Lastly, it is important to mention about the unique
end points in cardiac critical care especially in pa-
tients with CS. The authors mention that the risk of
mechanical ventilation use was lower in patients in
the VA-ECMO+IABP group (RR, 0.49 [95% CI, 0.45-
0.53]). This is a significant pertinent point. A previous
study'™ has shown that use of IABP with VA-ECMO
was independently associated with a lower frequency
of hydrostatic pulmonary edema and more days off
the mechanical ventilation. An additional unique and
important end point includes acute noncardiac organ
failure. Acute organ failure in AMI-CS is presumed to
be secondary to systemic inflammation and micro-
circulatory abnormalities in addition to primary pump
failure.'”® Presence of multiorgan failure in AMI-CS is
independently associated with higher in-hospital mor-
tality and greater resource use.?° Given that this data
set did not have information related to the noncardiac
organ failure, the authors could not measure this im-
portant end point. Further studies in acute cardiovas-
cular care, and specifically CS, should consider these
unique end points pertinent to critical care cardiology,
in addition to traditional metrics used in cardiovascular
medicine.

Although limited by the caveats mentioned above,
this study by Nishi et al supports the use of IABP for left
ventricular unloading in AMI-CS being treated with VA-
ECMO. However, these results cannot be extrapolated
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to other causes of CS.® The results from the obser-
vational studies point to a need for a randomized trial
evaluating the outcomes of VA-ECMO+IABP in pa-
tients with AMI-CS to better define the management
practice in this acutely ill patient population.
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