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Introduction

The worldwide use of extracorporeal lung/life support is
increasing in severe lung failure (veno-venous extracor-
poreal membrane oxygenation, vvECMO) or in cardiac
arrest/severe circulatory failure (veno-arterial ECMO,
vaECMO). ECMO presents a new level of technology;
but at the same time, ECMO has created a new field in
medical ethics [1]. In recent years, the in-hospital mortal-
ity of patients treated with ECMO has remained high [2],
and in specific indications for ECMO, such as vaECMO
for cardiopulmonary resuscitation, the prognosis of
(good) neurologic recovery is often unclear or poor. Con-
sequently, the number of patients diagnosed with brain
death under ECMO treatment will rise. Two retrospec-
tive analyses reported 161 brain-dead ECMO-supported
patients (National French Registry of 22,270 donors after
brain death between 2007 and 2013 [3]), and 100 brain
deaths out of 356 ECMO patients with neurologic com-
plications (Extracorporeal Life Support Organization
data bank from 350 ECMO centers during 1992-2015:
4988 adults [4]), respectively. Since further increase
of ECMO use is expected, and the estimation of brain
death sometimes marks the end of strenuous therapeu-
tic efforts, accurate knowledge about the specific chal-
lenges of brain death diagnosis under the circumstances
of ECMO treatment is indispensable.

Brain death diagnosis

Although there is a general consensus on the concept of
brain death in Europe, the concrete procedure to esti-
mate brain death varies across the European countries
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[5]. The clinically assessed symptoms of unconsciousness,
absence of brain stem reflexes, and apnea are the precon-
ditions for further diagnostic steps. The modes, amounts,
and timing of confirmatory technical or clinical tests are
pronouncedly varied between countries—in Europe and
worldwide. In general, the following steps are prescribed
in most countries:

— Clinical examination of the complete termination of
brain function (coma, failure of brain stem reflexes,
apnea test).

— Proof of irreversibility:

+ Repetition of clinical diagnosis and duration of
coma after a certain time.
« Technical confirmatory tests.

Specific aspects of brain death diagnosis in ECMO
patients

With the diagnosis of brain death, a careful protocol is
required, which is adapted to nation-specific prescrip-
tions. To pass the necessary steps successfully, the follow-
ing distinctive aspects of care are required:

Clinical examination

Hemodynamic stability (systolic arterial pressure
>90 mmHg), adequate core temperature (>36 °C) and
the absence of circulating analgesic, sedative, muscular
blocking agents, or of severe electrolyte or glucose dis-
orders are required for the correct assessment of brain
death symptoms. In ECMO patients, specifically in vaE-
CMO, a hemodynamic homeostasis may be hard to
maintain. In a presentation of three adult patients with
brain death determination under ECMO [6], no hemo-
dynamic disturbances were reported during the com-
plete procedure, while Giani et al. [7] demonstrated a
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moderate decrease in mean arterial pressure (median
61 mmHg [49-75]) compared to non-ECMO patients (72
[63-93], p<0.001), especially at the end of the apnea test.

Apnea test

While the documentation of apnea with the help of a
specific test procedure is required in nearly all countries,
considerable variations can be found in their individual
laws. In most countries, a target hypercapnia level —doc-
umented via arterial PaCO, > 60 mmHg—is prescribed;
moreover, the regulations in some other countries (like
Germany) demand a documented normocapnia before
commencing the apnea test (PaCO, 35-45 mmHg). In
ECMO patients, the PaCO, level is mainly determined
by the amount of extracorporeal CO, removal, which is
predominantly controlled by the sweep gas flow. Conse-
quently, to perform the apnea test correctly, the sweep
gas flow is reduced to approximately 1 I/min. Simultane-
ously, the fraction of inspired oxygen to the membrane
lung should be upregulated to 100% (Fig. 1). Apnea is
visually verified by the lack of breathing after liberation
from the ventilator. In patients suffering from severe lung
failure (ARDS), the removal from mechanical ventilation

may result in hypoxia. In order to avoid derecruitment
and hypoxia during or after the apnea test, the applica-
tion of positive end-expiratory pressure (PEEP via AMBU
bag with PEEP valve) is recommended during an apnea
test and a recruitment maneuver after the apnea test [7].
Although the performance of apnea testing—whether
in ECMO or non-ECMO patients—is a challenging and
potentially risky procedure, a retrospective analysis of
169 patients (25 on vaECMO) [7], despite a hypoxic
episode (PaO,<40 mmHg at the end of the apnea test),
reported no further substantial complications and no
procedure had to be aborted. As mentioned above, a
moderate disturbance of hemodynamics was noticed in
ECMO patients. These findings are confirmed by other
case reports [8—10].

Confirmatory technical tests

The realization of confirmatory technical tests is facul-
tative in some countries, and even mandatory in others
[11]. The application of electroencephalography (EEG)
or transcranial Doppler (TCD) sonography should be
trouble-free in ECMO patients, while for angio-com-
puter tomography (angio-CT) or cerebral scintigraphy,
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the transportation of the ECMO patient is needed, which
might be associated with hemodynamic or pulmonary
instability and ECMO could affect the correct interpre-
tation of the findings of these imaging techniques. In a
recent investigation [12], TCD patterns seemed to be a
reliable instrumental test for cerebral circulatory arrest
in vaECMO patients only when a pulsatile cardiac flow
was still maintained. Timing of contrast medium during
angio-CT may be difficult for the same reasons. If possi-
ble, less invasive procedures for confirmatory tests (EEG,
TCD sonography) should be preferred in order to allow
maximal organ preservation.

Organ donation in brain-dead ECMO patients

As per the National French Registry report [3], 64 out of
161 ECMO patients (39.8%) were organ donors. In a sin-
gle center, cohort observation of 112 vaECMO patients
after cardiac arrest [13], 25 patients suffered from brain
death and 56% of these donated 39 organs with a 90% rate
of good early function after transplantation. In a recent
retrospective report from China [14], ECMO was used to
provide support in unstable brain-dead donors on high
doses of vasopressors resulting in a higher rate of good
post-transplant liver function compared to non-stable
donors without ECMO.

In conclusion, brain death determination in ECMO
patients is expected to become an increasing occurrence.
Its successful and legally conforming realization requires
a correct and strict protocol, accurate knowledge among
the intensive care staff, and the awareness of possible
complications. In particular, the procedure of apnea test-
ing might be associated with hemodynamic or respira-
tory alterations. Under the terms of careful evaluation
and professional treatment, brain-dead ECMO patients
are suitable for organ donation.
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