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Abstract

resuscitation

Background/Objective: Children supported by extracorporeal membrane oxygenation (ECMO) are at risk of
catastrophic neurologic injury and brain death. Timely determination of brain death is important for minimizing
psychological distress for families, resource allocation, and organ donation. Reports of successful determination of
brain death in pediatric patients supported by ECMO are limited. The determination of brain death by clinical criteria
requires apnea testing, which has historically been viewed as challenging in patients supported by ECMO. We report
eight pediatric patients who underwent a total of 14 brain death examinations, including apnea testing, while sup-
ported by veno-arterial ECMO (VA-ECMO), resulting in six cases of clinical determination of brain death.

Methods: We performed a retrospective review of the medical records of pediatric patients who underwent brain
death examination while supported by VA-ECMO between 2010 and 2018 at a single tertiary care children’s hospital.

Results: Eight patients underwent brain death examination, including apnea testing, while supported by VA-ECMO.
Six patients met criteria for brain death, while two had withdrawal of technical support after the first examination.
During the majority of apnea tests (n = 13/14), the ECMO circuit was modified to achieve hypercarbia while main-
taining oxygenation and hemodynamic stability. The sweep flow was decreased prior to apnea testing in ten brain
death examinations, carbon dioxide was added to the circuit during three examinations, and ECMO pump flows were
increased in response to hypotension during two examinations.

Conclusions: Clinical determination of brain death, including apnea testing, can be performed in pediatric patients
supported by ECMO. The ECMO circuit can be effectively modified during apnea testing to achieve a timely rise in
carbon dioxide while maintaining oxygenation and hemodynamic stability.
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Introduction

Extracorporeal membrane oxygenation (ECMO) pro-
vides extra-circulatory support to patients with acute,
severe cardiac and/or pulmonary failure and is often
deployed emergently in the form of extracorporeal
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cardiopulmonary resuscitation (ECPR) to treat car-
diac arrest unresponsive to conventional CPR. ECPR
is primarily used in the setting of in-hospital cardiac
arrest, with survival rates ranging from 29 to 57% in
children and neonates [1-6]. Based on data from the
Extracorporeal Life Support Organization registry
of over 170 ECMO centers worldwide, the number of
patients receiving ECPR increased dramatically from
1992 to 2017 [7, 8]. Unfortunately, the use of ECPR is
accompanied by a high risk of neurologic injury, due to
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both the precipitating event and complications related
to ECMO [1, 9]. Barrett et al. [1] reported a 22% inci-
dence of neurologic injury in children undergoing
ECPR with 11% of these patients experiencing brain
death; however, it is unknown how or whether these
children underwent formal testing for brain death.
Similarly, Thiagarajan et al. [7] reported that 21% of
295 adults treated with ECPR experienced brain death,
and patients with brain death had earlier withdrawal of
ECMO support.

The determination of brain death by clinical crite-
ria requires apnea testing to demonstrate a failure of
medullary respiratory centers. While this has histori-
cally been viewed as challenging in patients supported
by ECMO given that ventilation and oxygenation are
controlled by the ECMO circuit [10], case reports
and small case series, primarily in adults, suggest that
apnea testing is feasible in this population [11-18].
Three cases of apnea testing have also been reported
in pediatric patients on ECMO [19]. A positive apnea
test requires a rise in PaCO, to greater than or equal to
60 torr and greater than or equal to 20 torr above base-
line in the absence of respiratory effort, desaturation to
less than 85%, and hemodynamic instability [20]. In the
majority of previously reported cases, this is achieved
by adjusting the ECMO sweep gas flow rate, which
allows for a sufficient rise in PaCO, to complete apnea
testing. In patients supported by veno-arterial (VA)
ECMO, venous blood is removed from the circulation,
passed through the ECMO circuit, and then returned
to the arterial system. As blood passes through the
ECMO circuit, it comes into contact with a gas per-
meable membrane that allows for exchange of oxygen
and carbon dioxide between the blood and an oxygen-
ator. Removal of carbon dioxide via the ECMO circuit
depends, in part, on the sweep gas flow rate; decreas-
ing the sweep gas flow results in an increase in PaCO,.
However, such changes come with the potential for
complications of hypoxemia and hypotension [19].

Timely determination of brain death is important for
minimizing psychological distress for families, resource
allocation, and organ donation; thus, establishing reli-
able means of determining brain death in children on
ECMO is of critical importance. We report our experi-
ence with 14 brain death examinations, including apnea
testing, performed on eight pediatric patients on VA-
ECMO, resulting in clinical determination of brain death
in six patients. This represents the largest series to date
of brain death examination in pediatric patients sup-
ported by ECMO. In addition, we describe a protocol for
apnea testing for pediatric patients supported by ECMO,
including techniques for addressing complications that
may arise during testing.

Methods

We performed a retrospective review of the medical
records of patients who underwent brain death exami-
nation while supported by VA-ECMO between 2010
and 2018 at a free-standing tertiary children’s hospital.
Patients were identified from a prospective Neurocritical
Care database, which comprises patients in the cardiac
and pediatric intensive care units but not the neonatal
intensive care unit. The electronic medical record was
reviewed for demographic information, clinical charac-
teristics, and details of the brain death examination. A
standardized approach to brain death determination was
developed in 2009 by our institution’s Neurocritical Care
Program and updated in 2011 with the publication of
guidelines for the determination of brain death in infants
and children by the Society of Critical Care Medicine, the
American Academy of Pediatrics, and the Child Neurol-
ogy Society [20]. Patient assessment and apnea testing is
performed in accordance with published guidelines [20],
and a checklist is used to ensure that the examination is
done consistently and safely (Supplementary Figure 1).
Patients must meet the following prerequisite criteria:
irreversible coma; absence of severe acid/base, electrolyte,
or endocrine abnormality; temperature > 35 °C; blood
pressure in an acceptable range for age; absence of cen-
tral nervous system (CNS) depressant medication effects;
absence of neuromuscular blockade; and absence of spon-
taneous respirations. While it is not specifically included
in our institutional checklist, train of four testing is rec-
ommended to determine the absence of neuromuscular
blockade for patients who receive a neuromuscular block-
ing agent within 48 h prior to brain death examination.
Neuroimaging that explains patient’s coma is preferred
but is not an absolute requirement. Patients must demon-
strate the absence of response to noxious stimulation of
all four extremities, the absence of response to noxious
stimulation of the supraorbital nerve, temporomandibu-
lar joint, or nasal passage, and the absence of all brainstem
reflexes (pupillary, corneal, oculocephalic, oculovestibular,
cough, and gag). Apnea testing is performed in a stand-
ardized fashion with requirements for a rise in PaCO, to
greater than or equal to 60 torr and greater than or equal
to 20 torr above baseline. Two brain death examinations
are performed, with the first examination performed no
earlier than 24 h after CPR or other severe brain injury,
and the second performed at least 12 h after the first. The
interval between examinations may be shortened if ancil-
lary testing (electroencephalogram (EEG) demonstrat-
ing electrocerebral silence or radionuclide cerebral blood
flow study or conventional angiogram demonstrating the
absence of cerebral perfusion) is consistent with brain
death. However, a second neurologic examination is still
required and should be completed in temporal proximity
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to the ancillary test. Ancillary testing is also required
when any component of the examination or apnea test-
ing cannot be completed, if there is uncertainty about the
results of the neurologic examination, or if a medication
effect may be present. Our institutional guidelines do not
specifically address the determination of brain death for
patients supported by ECMO, and thus, approaches to the
apnea test in this cohort are variable. Descriptive statistics
were used as needed. All procedures performed in stud-
ies involving human participants were in accordance with
the ethical standards of the Institutional Research Ethics
Board of Children’s National Medical Center and with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Consent was not required.

Results

One hundred and ninety seven patients were supported
by VA-ECMO in the cardiac and pediatric intensive
care units between 2010 and 2018, 157 of whom had
acquired or congenital heart disease and 40 who required
ECMO support for non-cardiac diagnoses. Sixty-two
of the patients with acquired or congenital heart dis-
ease and 16 of the patients with non-cardiac diagnoses
died while supported by ECMO. Eight patients under-
went brain death examination, including apnea testing,
while supported by VA-ECMO during the study period.
Six patients met criteria for brain death, while two had
withdrawal of technical support after the first brain
death examination. For the six patients who met criteria
for brain death, the results of the first and second brain
death examination did not differ.

Presenting Features and Neurologic Injury
Demographic and clinical characteristics are presented in
Tables 1 and 2. The median age was four (range 1.9-17)

Table 1 Demographic and clinical characteristics

years. Four patients had congenital heart disease, two
had acquired heart disease, and two had multi-system
disease. Five patients required emergent cannulation to
ECMO during ECPR with a median time from the start
of cardiac arrest to the start of ECMO flow of 65 (range
45-120) minutes. Four of the patients requiring emer-
gent cannulation to ECMO had a post-arrest head com-
puted tomography (CT) scan showing diffuse cerebral
edema with herniation consistent with severe hypoxic
ischemic injury, while the fifth had a body habitus that
precluded use of our portable CT scanner. The remaining
three patients in our cohort were noted to have abnormal
pupils (one with bilateral fixed and dilated pupils, one
with a unilateral fixed and dilated pupil, and one with a
unilateral minimally reactive pupil) on neurologic exami-
nation 1-9 days after ECMO initiation. This prompted
head CT which was notable for cerebral infarcts (n = 1),
diffuse cerebral edema (n = 3), and/or herniation (z = 3).
Clinical histories included one patient with septic shock,
another with out-of-hospital cardiac arrest and acute
respiratory distress syndrome, and a third who failed to
separate from cardiopulmonary bypass after placement
of a right ventricle to pulmonary artery conduit and take-
down of a Blalock—Taussig shunt.

Brain Death Examination

Brain death testing was performed a median of 2.5 (IQR
2-3.75) days after initiation of ECMO, with a median
interval between examinations of 18 (IQR 15-18.75)
hours (Table 2). All patients met prerequisite criteria
for brain death examination (irreversible coma; absence
of severe acid/base, electrolyte, or endocrine abnormal-
ity; temperature > 35 °C; blood pressure in an acceptable
range for age; absence of CNS depressant medication
effects; absence of neuromuscular blockade; and absence

Age (years)/sex Weight (kg) Indication for ECMO Diagnosis Cerebral insult  Brain death
1 16/F 60 ECPR Shone’s complex HIE Y 2010
2 2/M 9 Failure to separate from TOF, PA, MAPCAs Infarct, HIE Y 2012
intraoperative cardiac
bypass
3 17/F 109 ECPR Dilated cardiomyopathy HIE Y 2014
4 2/F 12 ECPR Myocarditis HIE Y 2014
5 12/M 75 ARDS Aortic stenosis HIE 2014
6 1.9/F 11 Cardiogenic shock Rocky Mountain spotted fever  HIE N 2014
7 3/F 19 ECPR Burn HIE Y 2015
8 5/F 14 ECPR Orthotopic heart transplant HIE N? 2018

ARDS acute respiratory distress syndrome, ECMO extracorporeal membrane oxygenation, ECPR extracorporeal cardiopulmonary resuscitation, F female, HIE hypoxic
ischemic encephalopathy, kg kilogram, M male, MAPCAs multiple aortopulmonary collaterals, PA pulmonary atresia, Shone’s complex subaortic stenosis, aortic
insufficiency, mitral regurgitation, coarctation of aorta, TOF Tetralogy of Fallot

2 Withdrawal of technical support after first examination
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Table 2 Duration of cardiac arrest and timing of brain death examination

Number
of apnea

Hours
between apnea
tests

Time between last

sedative/analgesic
and first apnea test
(h)

Time between last
paralytic and first
apnea test (h)

Patient Time from start Hypothermia ECMO day

of cardiac arrest of first apnea

to start of ECMO flow test tests

(min)
1 50 N 3 2
2 N/A N 9 2
3 120 N 2 2
4 75 G 3 2
5 N/A N 6 2
6 N/A N 2 1
7 45 N 2 2
8 65 N 2 1

14 36 46
20 17 17
6.5 >96 >96
18 25 30
18 13 13
N/A 34 45
19 12 >96
N/A 30 >96

ECMO extracorporeal membrane oxygenation

@ T> 35°Cfor 12 h prior to brain death examination

of spontaneous respirations) (Table 2). All patients had
an absence of response to noxious stimulation of all four
extremities, an absence of response to noxious stimula-
tion of the supraorbital nerve, temporomandibular joint,
or nasal passage, and an absence of all brainstem reflexes
(pupillary, corneal, oculocephalic, oculovestibular, cough,
and gag). The single patient in our cohort who had an
interval of less than 12 h between brain death examina-
tions had an electroencephalogram revealing electrocer-
ebral silence. No patient had ancillary cerebral blood flow
testing.

Apnea Testing

Blood gas and ECMO parameters during apnea test-
ing are presented in Tables 3 and 4. Prior to initiation of
apnea testing, ECMO flows ranged from 34.6 to 118.2 mL/
kg/min (median 76 mL/kg/min; IQR 47.5-106.9 mL/kg/
min). All patients were mechanically ventilated prior to
apnea testing with ventilator FiO, ranging from 40 to 100%
and ECMO blender FiO, ranging from 30 to 100%. Blood
gases obtained prior to apnea testing revealed a median
pH of 7.36 (IQR 7.33-7.41) with median PaCO, 45.3 (IQR
40.8—52.1) torr and median PaO, 302.6 (IQR 212.4-430.6)
torr. The median duration of apnea testing was 14.5 (IQR
12.25-24.25) min. This may represent an overestimate as
in a subset of cases it was not clear from the electronic
medical record whether the initial blood gas was drawn
prior to the clinical examination or after the clinical exam-
ination immediately prior to the apnea test.

All but one patient was pre-oxygenated via the ventila-
tor with 100% FiO, for greater than 10 min prior to apnea
testing. During 12/14 apnea tests, oxygen was provided;
when described, this was via a self-inflating bag with the
patient valve open and positive end expiratory pressure
(PEEP) set to 5-10 cmH,O or via a flow-inflating bag

with 100% oxygen and PEEP set to 5-10 cmH,O. It was
not noted whether oxygen was provided via the lungs for
the remaining two apnea tests.

Adjustments were made to the ECMO circuit dur-
ing 13/14 apnea tests to maximize the efficiency of test-
ing and to mitigate complications. Sweep gases were
decreased at the start of ten apnea tests to permit a rise
in PaCO,. During three apnea tests, carbon dioxide was
added to the ECMO circuit to promote a rise in PaCO,,
including during two of the tests during which sweep
gases were not decreased. ECMO blender FiO, was
increased during seven apnea tests to ensure adequate
oxygenation. ECMO flows were increased in two cases,
from 34.8 to 36.7 mL/kg/min in one case and from 84.2
to 87.5 mL/kg/min in another case, to correct for devel-
opment of hypotension. The median nadir SpO, during
apnea testing was 99.5% (IQR 96.8-100%). In two cases,
an oxygen saturation of less than 85% was recorded. In
neither case was the patient hypoxemic based on blood
gas analysis, nor was either patient hypotensive during
apnea testing. Blood gases obtained at the conclusion of
apnea testing revealed a median pH of 7.2 (IQR 7.18-
7.21) with median PaCO, 71.6 (IQR 68.7-80.5) torr and
median PaO, 342 (IQR 105-449.3) torr. In one case, the
final blood gas could not be retrieved from the electronic
medical record; however, the brain death note described
a final PaCO, > 20 torr above baseline and > 60 torr. It
is possible that bedside arterial blood gas analyses were
obtained and used but were not entered into the elec-
tronic medical record.

Discussion

We found that determination of brain death could be
made in pediatric patients on ECMO. In the major-
ity of examinations (n = 13/14), the ECMO circuit was
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Table 3 ECMO circuit parameters during apnea testing

Patient ECMO
blender
FiO, (%)

ECMO
sweep (mL/
kg/min) dur-

ECMO flow
(mL/kg/min)
before apnea

ECMO flow
(mL/kg/
min) dur-

CO, sweep
(mL/kg/min)
before apnea

CO, sweep
(mL/kg/
min) dur-

CO, added

before apnea
test

50
50
70
70
100
100
40
50
55
70
40
40
30
100

ECMO ECMO sweep
blender FiO, (mL/kg/min)
(%) dur- before apnea
ing apnea test

test

100 45.8

100 458

70 1M1

70 1111

100 413

100 459

100 83.3

100 1458

100 20

70 20

100 455

40 9.5

100 13.7

100 160.7

ing apnea
test

33

83

111.1

1111

53
26
160.7

test

O O O O O O O O o o

Not recorded
Not recorded
Not recorded

0

ing apnea
test

o O O O O

Not recorded
Not recorded
Not recorded
0

test

68.3
66.7
1144
115.6
348
346
84.2
84.2
43.1
38.1
118.2
83.7
60.5
130

ing apnea
test
66.7
66.7
1144
115.6
36.7
346
875
84.2
431
38.1
118.2
837
60.5
130

z ZzzZzzzZzzzZ2zzz z < <z <

CO, carbon dioxide, ECMO extracorporeal membrane oxygenation, FiO, fraction of inspired oxygen, kg kilogram, min minute, mL milliliters

Table 4 Physiologic parameters during apnea testing

Patient Blood gas
before apnea
test (pH/PaCO,

la
1b
2a
2b

3a
3b
4a
4b
5a
Sb
6

7a
7b
8

[torr]/Pa0,
[torr])

7.51/43/397
7.48/40/119
7.34/59/145
741/44/264

7.32/46.6/357.6
7.37/35.7/298.2
7.33/48.6/441.8
741/35.6/173.4
741/43.2/513.3
7.27/52.9/195.2
7.33/38.3/291.2
7.3/63/307
7.39/49.8/502
7.34/54.8/691

Blood gas
after apnea
test (pH/PaCO,
[torr]/PaO,
[torr])

7.32/73/501
7.31/67/472
7.19/89/105

Unable to
retrieve
results®

7.18/71.6/362.9
7.18/68.7/338.8
7.21/70.7/449.3
7.2/71.4/276.6
7.27/65/50.9
7.17/87.8/29.3
7.15/65.3/44.4
7.165/92.5/342
7.21/80.5/487
7.21/74.8/362.5

Duration
of apnea
test (min)

39
15
14
11

14
19
64
87
12
7

25
22
12
13

Ventilator
FiO,(%)
at start

of apnea
test

100
100
50
50

40
40
40
40
60
100
40
40
40
40

T(°Q)

at start
of apnea
test

35
35
36.5
37.1

37.1
37

364
36.5
369
36.7
368
355
359
36

Ventilator
rate at start
of apnea
test

PEEP
at start
of apnea
test

12
12
8

Low-
est MAP
(mmHg)
(MAP
%0°) dur-
ing apnea
test

2 (50%0)
70 (25%0)
56 (50%0)

3 (50%0)
37 (< 5%o)
62 (5%o)
(5%0)
0 (25%0)

( 0%o0)

73 (50%0)
60 (50%o)
94 (> 95%o)
92 (> 95%0)
72 (75%0)

Lowest SpO,
(%) dur-

ing apnea
test

80
99
95
100

99
99
96
77
100
100
100
100
100
100

C Celsius, FiO, fraction of inspired oxygen, MAP mean arterial pressure, min minutes, mmHg millimeter of mercury, PaCO, partial pressure of carbon dioxide in
arterial blood, PaO, partial pressure of oxygen in arterial blood, PEEP positive end-expiratory pressure, %o percentile, SpO, peripheral capillary oxygen saturation, T
temperature

2 Percentile for mean arterial blood pressure based on 50th percentile for age and height [21]

b Brain death note documented rise in PaCO, to greater than or equal to 60 torr and greater than or equal to 20 torr above baseline
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modified during apnea testing. The sweep flow was
decreased prior to apnea testing in ten examinations,
carbon dioxide was added to the circuit during three
examinations, and ECMO pump flows were increased in
response to hypotension during two examinations.

As reported previously [11-14, 16—19] and demon-
strated in our cohort of pediatric patients, decreasing
the sweep gas flow rate can serve as an effective means
of increasing carbon dioxide to a level sufficient for suc-
cessful apnea testing. In a subset of patients, however,
decreasing the sweep gas flow rate may be insufficient to
permit an adequate rise in PaCO, as PaCO, also depends
on the rate of blood flow through the ECMO circuit,
intrinsic cardiac output, the degree of lung injury, and
the metabolic rate. Furthermore, decreasing the sweep
gas flow rate may contribute to hypoxemia. In such cases,
the ECMO circuit can be used to introduce carbon diox-
ide into the blood prior to its return to the arterial circu-
lation. This approach has been described previously in a
single adult patient [15] and was utilized during three of
the apnea tests in our cohort. In one patient, sweep gas
flow rates were held constant during both apnea tests and
carbon dioxide was added to the blood flowing through
the circuit. In another case, the sweep gas flow rate was
decreased and the carbon dioxide sweep was increased.
Of note, a subset of the apnea tests in our cohort took
a prolonged period of time, consistent with prior reports
in pediatric patients [19]. The addition of carbon dioxide
to the blood flowing through the circuit may allow for a
faster rise in PaCO,, thereby decreasing the duration of
apnea testing and mitigating potential complications
related to hypoxemia. Although not seen in our cohort,
administering carbon dioxide through the ECMO circuit
may precipitate hypotension given that carbon dioxide is
a direct vasodilator.

Two of the patients in our series developed hypoten-
sion during apnea testing, unrelated to the addition of
carbon dioxide to the ECMO circuit. Hemodynamic
instability is a known potential complication of apnea
testing and can impact the ability to successfully com-
plete apnea testing, regardless of whether a patient is
supported by ECMO. In both of the patients who expe-
rienced hypotension during apnea testing in our cohort,
minor adjustments to the ECMO flow were sufficient to
rapidly correct the hemodynamic instability. While this
has been proposed as a means of supporting the circu-
lation during apnea testing on ECMO, to our knowl-
edge, this has not been previously reported. Giani et al.
[17] reported a need for fluid boluses and/or vasoactive
drug therapy during 13% of apnea tests performed on 169
patients, including 25 on VA-ECMO; ECMO flows were
not adjusted in the subset of patients with hypotension
on ECMO. Jarrah et al. [19] also described refractory

hypotension in a pediatric patient undergoing apnea test-
ing on VA-ECMO; again, ECMO flows were not adjusted
to correct for hypotension.

Two of the patients in our series had recorded oxygen
saturations of less than 85% during apnea testing. Neither
patient was hypoxemic based on blood gas analysis. In
fact, in one patient the PaO, increased during apnea test-
ing, concomitant with an increase in the ECMO blender
FiO,, while in the other patient, the PaO, decreased
minimally during apnea testing despite an increase in the
ECMO blender FiO,. Neither patient developed hypo-
tension during apnea testing. Given that apnea testing
was successfully completed in these children, it is possi-
ble that these were transient decreases in SpO, that cor-
rected either spontaneously or with adjustments to the
ECMO circuit. Finally, it is possible that the SpO, record-
ings in these children were unreliable due to peripheral
vasoconstriction and a lack of adequate pulsatile flow or
to technical issues related to the pulse oximeter. Given
the retrospective nature of our study, it is impossible to
distinguish between these possibilities.

Based on previously reported cases and our experience
with brain death testing in patients supported by ECMO,
we propose a technique for apnea testing in pediatric
patients supported by ECMO as detailed in Fig. 1. Con-
sideration can be given to pre-oxygenation with 100%
FiO, followed by use of a self- or flow-inflating bag or a
T-piece oxygen delivery system, as is standard for apnea
testing regardless of whether or not a patient is sup-
ported by ECMO. Given that oxygen is provided by the
ECMO circuit, this may only be necessary in patients
with low ECMO flows at risk of intrapulmonary shunt-
ing. We then recommend decreasing sweep gas flow rates
to allow for a rise in PaCO,. In cases in which the rise in
PaCQ, is prolonged or in which concerns related to the
potential development of hypoxemia limit the duration of
apnea testing, carbon dioxide can be added to the circuit
to safely promote a more rapid rise in PaCO,. In cases
in which hemodynamic instability develops despite the
above measures, the ECMO flow rate can be increased
slightly to offset any decrease in blood pressure.

It is of note that in the six patients who met criteria
for brain death, the results of the first and second brain
death examinations did not differ. Given the high risk of
thrombotic, hemorrhagic, and other complications asso-
ciated with ECMO use, it is worth considering whether
a shortened interval with concomitant ancillary testing
should be encouraged in pediatric patients supported by
ECMO.

Although we describe the largest series of apnea test-
ing in pediatric patients supported by ECMO, our study
remains limited by the small number of patients in our
cohort. Our study is also limited by the retrospective
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Prior to start of apnea test:

e Consider pre-oxygenation with 100% FiO, via the ventilator
and ECMO blender for > 10 min

® Obtain arterial blood gas

At start of apnea test:
o Disconnect from ventilator

® Provide oxygen via the ECMO circuit and/or self- or flow-
inflating bag or T-piece oxygen delivery system

o Decrease sweep flow

Gjring apnea test: \

® Obtain arterial blood gas when PaCO, on the ECMO pump
is > 60 mmHg AND >20 mmHg over baseline or at 5-10
minutes intervals if in-line PaCO, monitor unavailable

e If CO; slow to rise, consider adding CO, to the circuit

Qf hypotension develops, increase ECMO flow

v

/
~

G\d the apnea test:

e |f PaCO, > 60 mmHg AND >20 mmHg rise over baseline
PaCo,

o If patient initiates a breath

o If the patient becomes hemodynamically unstable or

K Sp0, < 85% /

Fig. 1 Proposed technique for apnea testing in pediatric patients
supported by VA extracorporeal membrane oxygenation

nature of our study design. Although cases were col-
lected prospectively, the retrospective nature of our data
review meant that not all data points were available for
every patient in our cohort. Moreover, all of our data
come from a single center and may not be generalizable
to other pediatric centers.

Conclusions

The clinical determination of brain death for patients
supported by ECMO is technically challenging. We show
here that clinical determination of brain death, includ-
ing apnea testing, can be performed in pediatric patients
supported by ECMO. We also present a technique for

apnea testing that allows for adequate oxygenation,
hemodynamic stability, and a sufficient rise in PaCO,,
thereby enabling the safe and effective diagnosis of brain
death in children supported by VA-ECMO.
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