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Introduction
Venoarterial extracorporeal membrane oxygenation
(VA-ECMO) is a temporary mechanical circulatory sup-
port device capable of providing robust cardiopulmonary
support for days to weeks, most commonly in the setting
of refractory cardiogenic shock or cardiac arrest as a
bridge to recovery or heart replacement therapies (HRT,
e.g., durable left ventricular assist device or cardiac
transplantation) [1]. Given the complications associated
with prolonged use of VA-ECMO, it is imperative to in-
stitute systematic weaning strategies. In this article, we
review our standardized approach to VA-ECMO wean-
ing in adult patients.

Considerations prior to weaning
VA-ECMO supports circulation while treatment of the
underlying pathology is prioritized to facilitate successful
weaning or bridge to HRT. Because the potential for
ventricular recovery is often difficult to ascertain, we ad-
vocate that all patients where HRT is a realistic consid-
eration undergo early evaluation even if the intended
goal is recovery [2–5].
Our center favors the use of invasive hemodynamics

whenever possible to guide therapy in VA-ECMO. A
pulmonary artery catheter provides valuable information
about left ventricular (LV) loading conditions [6]. A
right upper extremity arterial line should be maintained

in all patients with femoral cannulation to facilitate
monitoring of pulsatility and oxygenated blood flow to
the arch of the aorta [7]. We generally target a cardiac
index > 2.2 L/min/m2, mean arterial pressure (MAP) 65–
80mmHg, central venous pressure 8–12 mmHg, and
pulmonary capillary wedge pressure < 18 mmHg. Arterial
blood gas (ABG), lactate, hepatic, and renal function are
followed in serial laboratory measurements to assess ad-
equacy of end-organ perfusion.
In the event of concomitant use of a LV venting device

[intra-aortic balloon pump (IABP) or percutaneous left
ventricular assist device (pLVAD)], it is our approach to
prioritize weaning and removing VA-ECMO first, given
its propensity to increase afterload on a failing myocar-
dium and relatively high complication rate [8]. One ex-
ception is when complications arise directly related to
the ancillary device necessitating its removal. When used
as a LV venting device, we maintain the IABP at 1:1 for
unloading and ensuring adequate washing of the aortic
root. Concomitant pLVADs, which in our institution is
most often an Impella (Abiomed, Danvers, MA), are
generally maintained at relatively low levels of flow (1.5–
2 LPM) as its primary use in this setting is LV decom-
pression rather than circulatory support [8–10].
Prior to weaning VA-ECMO flow, we wean vasoactive

medications to low levels, given the deleterious effects
associated with these medications, including arrythmia,
renal injury, and limb ischemia. The following criteria
should be met prior to weaning VA-ECMO: first, the pa-
tient phenotype is compatible with recovery; second,
end-organ function is recovering; third, Pa02/Fi02 > 100;
and fourth, vasopressors and inotropes are at reasonably
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low levels (for instance norepinephrine ≤ 4 μg/min or
dobutamine < 5 mcg/kg/min). When these criteria are
met, we initiate a 3-part approach to weaning that in-
cludes the following: (1) daily weaning study, (2) bedside
assessment for decannulation, and (3) final assessment
(Fig. 1).

Daily weaning study
We perform daily transient reductions in ECMO flow
rate in all patients to assess suitability for weaning,
analogous to the strategy of daily spontaneous breathing
trials in mechanically ventilated patients. We reduce
flow rates in increments of 0.5 LPM. At each incremen-
tal drop in blood flow to a minimum of 2 LPM, we wait
approximately 1 min to assess the effect on MAP and in-
tracardiac pressures. If the MAP falls more than 10–15
mmHg or below 65 mmHg, the patient is not yet ready
to wean to that level. Significant increases in right-sided
filling pressures during weaning may also constitute fail-
ure especially in the setting of predominant right ven-
tricular failure. At the end of the study, the blood flow
rate is set at the lowest level achieved in the weaning
study required to maintain stable MAP and intracardiac
pressures. ABG, lactate, and a full set of invasive
hemodynamics are obtained at this new flow rate to de-
tect any impact on hemodynamics, tissue perfusion, or
respiratory status [7]. Because a subset of patients who
tolerate reduced support transiently are unable to toler-
ate the decreased support over a prolonged duration,

lower flow rates are maintained for a minimum of 8 h
prior to further weaning attempts. Weaning trials are
performed at least every 24 h. Bedside echocardiography
is used to provide additional information about native
cardiac function as blood flow rates are reduced, particu-
larly if the patient has failed prior weaning attempts.
Prior literature has suggested the following parameters
to be associated with successful weaning: aortic VTI ≥
10 cm, LVEF > 20–25%, and lateral mitral annulus peak
systolic velocity > 6 cm/s [11].

Bedside assessment for decannulation
After a patient has tolerated a trial of 2 LPM for a mini-
mum of 8 h with stable end-organ function, a bedside
assessment for decannulation is performed. Flow is grad-
ually decreased to 1 LPM over the course of approxi-
mately 1 min to detect hemodynamic instability with
minimal ECMO support. If tolerated, blood flow is then
returned to 2 LPM, and plans are made for decannula-
tion if the underlying cause of initial decompensation
has been sufficiently addressed such that liberation from
VA-ECMO is possible. If the patient fails the bedside as-
sessment, then flow is returned to 2 LPM with plans to
reassess every 24 h.

Final assessment
When a patient has tolerated a trial of 2 LPM of blood
flow for a minimum of 8 h with stable hemodynamics
and end-organ function and tolerates transient flow

Fig. 1 VA-ECMO weaning process. *Criteria required to initiate weaning trial: (1) Phenotype is compatible with recovery (2) End-organ function is
improving (3) Pa02/Fi02 > 100 (4) Vasopressors and intropes at low levels (norepinephrine ≤ 4 μg/min, dobutamine < 5 mcg/kg/min) **Any of the
following criteria constitutes failure of a weaning trial: (1) MAP falls below 65–70 mmHg or decreases by more than 10 mmHg from baseline (2)
Significant increase in intracardiac filling pressures (3) Deterioration in respiratory status
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reduction to 1 LPM at the bedside, the patient is typic-
ally taken to the operating room for ECMO decannula-
tion. The final assessment is performed at this time,
wherein blood flows are gradually decreased and the
cannulae are clamped; hemodynamic and ABG parame-
ters are checked. Focused echocardiography is often
undertaken to assess the impact of flow reduction on
biventricular function. If acceptable, decannulation is
performed.

Conclusion
Weaning from VA-ECMO remains a challenging but
critically important step in device management. The key
is to balance minimizing complications associated with
device support with the potential for hemodynamic de-
terioration if support is prematurely discontinued. We
advocate for a standardized and systematic approach to
weaning but also recognize that deviation from the
above approach may be required in specific clinical
scenarios.
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