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ABSTRACT

Purpose: Beta-blockers (BB) may improve oxygenation in patients on veno-venous extracorporeal membrane
oxygenation (V-V ECMO). This study analyzed safety and efficacy of BB in hypoxemic patients on V-V ECMO.
Materials and methods: Retrospective analysis of patients who were treated with BB during V-V ECMO in two cen-
ters. The primary safety outcome was a composite of occurrence of bradycardia or hypotension with need for in-
tervention, resuscitation, unexplained rise in serum lactate, and discontinuation of beta-blockers for other
reasons than inefficacy or resolution on hypoxemia during the first 5 days of therapy. The main efficacy outcome
was increase in oxygen saturation (SaO,) within 12 h after start of BB.

Results: 33 patients received BB for 4 [3-7] days while on V-V ECMO. Fifteen episodes of adverse events occurred
in 13 patients (39%); BB had to be discontinued in only one patient for sustained hypotension. In two other pa-
tients, doses were reduced or temporarily withheld due to bradycardia. There was an increase in SaO, from 92
[90-96]% to 96 [94-97]% at 12 h, with unchanged mean arterial pressure and norepinephrine doses.
Conclusions: In this study, use of BB in hypoxemic patients on V-V ECMO was safe and associated with a moderate

increase in Sa0,.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Beta-blockers (BB) could improve oxygenation in patients with per-
sistent hypoxemia, by reducing intrapulmonary shunt through a reduc-
tion in cardiac output [1]. Vincent et al. showed that intravenous
propranolol led to increase in PaO2 in acutely hypoxemic patients.
This may also occur in patients on veno-venous extracorporeal mem-
brane oxygenation (V-V ECMO). In some patients, V-V ECMO fails to re-
store arterial oxygenation saturation (SaO,) to acceptable targets [2].

Although low Sa0, thresholds down to 80% may be tolerated [3],
clinical tolerance to hypoxemia largely depends on the patient's physi-
ological status. The most important determinant of SaO, during V-V
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extracorporeal life support organization; HR, heart rate; ICU, intensive care unit; MAP,
mean arterial pressure; PEEP, positive end expiratory pressure; Qecmo, ECMO blood flow;
Qco, cardiac output; RASS, Richmond agitation and sedation scale; RESP, respiratory
ecmo survival prediction; V-V ECMO, veno-venous extracorporeal membrane
oxygenation.
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ECMO is the ratio of ECMO blood flow to cardiac output (Qgcvo/Qco):
the higher the ratio, the higher the Sa0O,. Schmidt et al. demonstrated
that a Qgcmo/Qco >60% was associated with an SaO, higher than 90%
during V-V ECMO [4]. Another important factor is recirculation of
blood into the ECMO circuit, which is influenced by the distance be-
tween the drainage and return cannula, but also by Qgcmo [5]. Finally,
haemoglobin levels influence total oxygen delivery (DO,) and may
also indirectly influence Sa0,, as a low haemoglobin results in lower
venous O, saturation in the flow not passing the ECMO circuit [4].

In case of persistent hypoxemia during V-V ECMO, after having ex-
cluded recirculation, the main step to increase Sa0O, is to increase
Qecvmo as much as possible (i.e. 5-7 L/min). Moreover, it may be neces-
sary to give red blood cell transfusions to increase oxygen delivery [4].
Optimization of residual lung function can also be obtained by recruit-
ment manoeuvres and a more aggressive ventilation strategy, although
this might increase the risk of lung over-distension, and prone position,
which is not easy to implement during V-V ECMO [6]. BB can be used to
improve Sa0,, by decreasing Qco and thereby increasing Qgcyo/Qco.
However, this approach has been described in only 9 patients, reported
in three different studies [7-9]. Safety and efficacy have never been re-
ported in larger numbers of patients, and experts remain sceptical
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about the use of BB in this setting. Therefore, we explored safety and ef-
ficacy of BB during V-V ECMO in a cohort of patients treated in two uni-
versity centers.

2. Materials and methods
2.1. Study design and population

We reviewed the data of all patients who were treated with BB dur-
ing V-V ECMO in two ECMO centers (Erasmus MC, University Medical
Center Rotterdam, The Netherlands and Cliniques Universitaires de Bru-
xelles Erasme, Brussels, Belgium) between January 2012 and December
2017. The study protocol was approved by the Ethical Committees of
both hospitals. Informed consent was not deemed necessary for this
anonymous retrospective study according to local regulations and pri-
vacy laws. Patients receiving BB for other indications than V-V ECMO,
i.e. arrhythmias or coronary artery disease, or receiving BB before V-V
ECMO initiation were excluded.

2.2. Study endpoints

We formulated a composite safety endpoint as primary outcome,
which was defined by the occurrence of any of the following during
the first 5 days of BB treatment: a) documented bradycardia (heart
rate <50/min) with need for intervention (i.e. discontinuation of BB, ad-
ministration of atropine and/or epinephrine); b) hypotension (mean ar-
terial pressure, MAP<60 mmHg) with need for intervention (i.e.
initiation or increase in norepinephrine >0.1 pg/kg/min compared to
baseline); c) need for cardiopulmonary resuscitation; d) a rise in
serum lactate concentration >1.5 mmol/L (compared to baseline) in
the absence of a new episode of documented septic shock; e) any
other reason for BB discontinuation other than inefficacy or resolution
of hypoxemia. Patients could meet more than one safety endpoint.
The secondary endpoint was the change in Sa0,, after the first 12 h of
BB compared to baseline.

2.3. Data collection

All parameters were retrieved from the hospital electronic patient
file and the ICU Patient Data Management System. Baseline characteris-
tics included gender, age, comorbidities, ECMO configuration, Respira-
tory ECMO Survival Prediction (RESP) score [10], and indication for V-
V ECMO. Characteristics and parameters at start of BB therapy included
vasopressor dose, indication for BB, type of BB, sedatives and sedation
level (i.e. Richmond agitation and sedation score). The dose of BB over
the first 12 h was recorded. Also, HR, MAP, vasopressor dose, ECMO
flow, sweep gas flow, ventilator settings, lactate, PaO, and PaCO, were
recorded after 1, 3, 6 and 12 h after the initiation of BB treatment.
Total duration of BB treatment, total ECMO duration and ICU outcome
(i.e. recovery with weaning, bridge to transplantation, death) were
also collected.

2.4. Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 24.0
for Windows. Descriptive statistics were computed for all study vari-
ables and normal distribution was assessed using the Kolmogorov-
Smirnov test. Data are presented as count (percentage) or median
[25th-75th percentiles].

To assess change in Sa0, and other parameters, values at 12 h were
compared with the baseline value (i.e. the last available before BB ad-
ministration) using the Wilcoxon Signed Rank test. A p value <0.05
was considered significant.

3. Results

Of a total of 274 patients treated with V-V ECMO in the two centers,
we retrieved 33 patients (12%) who received BB (18 in Rotterdam and
15 in Brussels). Characteristics of these patients are shown in Table 1.
V-V ECMO was initiated 3 [2-7] days after ICU admission; in 23 patients,
V-V ECMO configuration was based on double cannulation (with femo-
ral drainage and jugular reinjection), while 8 patients had a right jugular
double lumen cannula. Two patients had V-VA ECMO as a result of initial
V-A cannulation for cardiogenic shock, with secondary respiratory fail-
ure requiring a V-branch when cardiac output improved. The total dura-
tion of ECMO was 10 [8-21] days; 16 (48%) patients were successfully
weaned from ECMO and all 16 survived to hospital discharge.

BB treatment was initiated after a median of 3 [2-7] days on V-V
ECMO. The main reason for initiation of BB was to increase SaO,
(Table 2). In 9 patients (27%) hypoxemia occurred only at awakening
from sedation or during mobilization. Close to three fourth of patients
(24/33, 73%) were treated with sedative agents (propofol and/or mid-
azolam), All patients received at least one opioid (remifentanil, fentanyl
or morphine), and 11 (33%) received clonidine. The vast majority of pa-
tients (30/33,91%) were on mechanical ventilation at the moment of BB
initiation.

The total duration of BB therapy was 4 [3-7] days. Metoprolol was
used in 27 patients (82%), orally in 11 patients, preceded by an intrave-
nous loading dose (median dose 5 mg; ranges 5-15 mg) in 4 patients.
Median total oral dose in 12 h was 25 mg (ranges 25-50 mg). Sixteen
patients received intravenous metoprolol, with a median dose of
4 mg/h (ranges 0-10 mg/h), preceded by a loading dose in 9 patients
(median dose 5 mg; ranges 5-20 mg). Five patients received intrave-
nous esmolol (median bolus of 50 mg; ranges: 25-50 mg; median
dose of 45 mg/h; ranges 15-100 mg/h). One patient received labetalol
(bolus of 25 mg and repeated additional boluses of 10-20 mg over the
next hours).

Table 1
Baseline patient characteristics and patient outcome.
n=33
Patient demographics
Age, years 49 (39-56)
Male gender, n (%) 18 (55)
Body weight, kg 74 (62-90)
History of heart failure, n (%) 1(3)
History of ischemic heart disease, n (%) 3(9)
Diabetes, n (%) 2(6)
COPD/asthma, n (%) 6(18)
Chronic renal disease, n (%) 1(3)
Liver cirrhosis, n (%) 2 (6)
Apache IV score, median (IQR) 69 (60-86)
Characteristics on the initiation of ECMO
Respiratory diagnosis:
Bacterial pneumonia, n (%) 12 (36)
Viral pneumonia, n (%) 2 (6)
Other acute respiratory diagnosis, n (%) 15 (45)
Chronic respiratory and non-respiratory, n (%) 4(12)
Bridge to transplant, n (%) 9(27)
Days on mechanical ventilation before ECMO, median (IQR) 4(1-9)
RESP score, median (IQR) 0(—2-3)
ECMO configuration:
Veno-venous, double cannulation, n (%) 23 (70)
Veno-venous, single dual lumen cannula, n (%) 8(24)
Venous to venous and arterial (VVA), n (%) 2(6)
Patient outcome
Days on ECMO, median (IQR) 10 (8-21)
Successful weaning or transplant, n (%) 18 (55)
ICU survival, n (%) 16 (48)
Hospital survival, n (%) 16 (48)

Abbreviations: APACHE, acute physiology and chronic health evaluation; ECMO, extracor-
poreal membrane oxygenation; ICU, intensive care unit; IQR, interquartile range; RESP,
Respiratory ECMO survival prediction;
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Table 2
Characteristics of beta-blocker treatment and main clinical parameters at the start of the
treatment.

n=33
Beta-blocker treatment
Days on ECMO at start of beta-blocker, median (IQR) 3(2-7)
Indication for beta-blocker:
Increase Sa0,, n (%) 24 (73)
Low Sa0; only during waking up/mobilization, n (%) 9(27)
Days of beta-blocker use during ECMO, median (IQR) 4 (3-7)
Type and dose of beta-blocker:
Metoprolol oral, n (%) 11(33)
Iv loading dose, n (%) 4(12)
Median oral dose per patient in first 12 h (mg) 25 (25-50)
Metoprolol iv, n (%) 16 (45)
Median dose per hour at t = 12 h (mg/h) 4 (0—10)
Esmolol iv, n (%) 5(15)
Median dose per hour (mg) 45
Labetalol iv, n (%) 1(3)
Median dose per hour (mg) 15
Parameters at the start of beta-blocker
Haemoglobin (g/dl) 8.9 (8.4-9.6)
Creatinine (mg/dl) 0.6 (0.5-1.4)
Bilirubin (mg/dl) 0.6 (0.3-1.0)
CRP (mg/dl) 160 (110-249)
RASS score -3(—3;-1)

Sedatives and analgesics:
Propofol infusion, n (%) (
midazolam infusion, n (%) (
Clonidine infusion, n (%) 11(33)
Any opioid infusion, n (%) (

Mechanical ventilation >16 h/dag, n (%) 30 (91)
Ventilator modus (control/support), n/n 19/11

FiO, on ventilator 0.5 (0.4-0.7)
ECMO flow (1/min) 44 (3.9-5)
Any kind of mobilization of patient, n (%) 3(9)

Abbreviations: CRP, C reactive protein; ECMO, extracorporeal membrane oxygenation; iv,
intravenous; RASS, Richmond Agitation and Sedation Score.

3.1. Main endpoints

We found 15 safety events in 13 patients (39%) (Table 3). Of those 13
patients, 6 patients were on oral therapy and 7 patients received intra-
venous BB. One patient needed norepinephrine increase >0,1 pg/kg/min
1 h after an intravenous loading dose of metoprolol, 2 patients on intra-
venous BB had an increase of norepinephrine within 12 h after BB initi-
ation. All other endpoints occurred after >24 h on beta-blockers. An
episode of bradycardia occurred in 2 patients. One patient had sinus

Table 3
Occurrence of primary safety endpoint and its components (in bold) during first 5 days of
beta-blocker treatment.

n=33

Any potential safety endpoint (composite of below) 15
Number of patients affected by any safety endpoint 13
during treatment with oral beta-blocker 6
during treatment with intravenous beta-blocker
Heart rate 50/min with need for intervention, n
Withholding one dose, beta-blocker continued thereafter, n
Withholding one dose, dose adjusted, n
Need for resuscitation, n
Need for an increase in norepinephrine, n
Beta-blocker continued
Beta-blocker stopped
New rise in lactate levels
Transient serious ECMO flow problems®
Episode of severe coughing, dyspnea, agitation
Any reason to stop beta-blocker, other than end of indication
New septic shock®
Risk for interaction

_a N = S NS 00O = = NN

Abbreviations: ECMO, extracorporeal membrane oxygenation.
2 Patient had need for an increase in norepinephrine dose as well.

bradycardia due to a combination of BB, ivabradine and sedation. The
other patient temporarily experienced a Mobitz Il AV-block. In both pa-
tients BB treatment was not discontinued, but the subsequent dose was
temporarily decreased (in the first patient) or withheld (in the second
patient). Nine patients required an increase in norepinephrine to main-
tain MAP, but only in one patient BB treatment was stopped because of
clinically relevant hypotension. Two patients had a transient elevation
in lactate levels, not followed by any adjustments in BB therapy. No pa-
tient needed cardiopulmonary resuscitation. Possible drug-drug inter-
action in one patient and new onset of severe septic shock on day 4 of
treatment in another patient were other reasons to stop BB.

Change in hemodynamics, gas exchanges and ECMO related param-
eters in the first 12 h after the initiation of BB are reported in Table 4 and
Fig. 1 and Fig. 2. After initiation of BB, Sa0, increased from 92 [90-96]%
t0 96 [94-97]% (p = 0.01). Heart rate decreased from 105 [87-116] bpm
t0 93[80-104] bpm (p <0.01). Lactate levels, norepinephrine dose, MAP
and PaCO, did not change significantly. ECMO flow and ventilatory con-
ditions were not changed.

4. Discussion

In this retrospective study, we observed that the administration of
BB in patients on V-V ECMO significantly increases SaO-, although the ef-
fect was small (i.e. 4%), where baseline Sa0O, values were already rela-
tively high. The intervention was associated with few side-effects, thus
presenting a good safety profile. >10% of our total V-V ECMO population
was treated with BB in this setting.

Increasing fraction of oxygen on the ventilator (FiO,) or more ag-
gressive ventilator strategies using recruitment manoeuvres, higher
positive end-expiratory pressure (PEEP) and/or higher driving pres-
sures could be effective to improve oxygenation as well, but can result
in additional lung injury [11,12]. Furthermore, BB can be administered
in awake patients; i.e. patients being bridged to lung transplantation
by V-V ECMO.

Although 39% of patients presented with at least one potential side
effect, in only one patient BB was stopped due to a clinically relevant
problem (hypotension), while in two others the occurrence of another
event (i.e. new septic shock and potential drug-drug interaction) in-
duced the clinicians to stop the treatment. Most episodes with need
for increase of norepinephrine occurred after >24 h and occurred both
in oral and intravenous treated patients. An intravenous loading dose
of metoprolol was followed by an increase in norepinephrine dose in
one patient. Other potential factors contributing to late increases in nor-
epinephrine dose were attempts for negative fluid balances, or sedation.
The main hemodynamic effect we observed in the first 12 h was a re-
duced heart rate, which underlined that the drug regimen was effective
to provide the expected results, i.e. negative chronotropic and inotropic
effects.

In previous studies in critically ill patients, BB were generally well
tolerated hemodynamically [13]. No major side effects were described
either in the small series on short acting BB during V-V ECMO [7-9]. Un-
fortunately, we did not measure Qco, which would have provided addi-
tional information on the effects of BB on systemic hemodynamics,
global tolerance and DO,. Our population was likely to be selected,
after having excluded hypovolemia or severe cardiac dysfunction.
Thus, patients' characteristics are an important factor in the selection
of the best therapeutic strategy to correct persistent hypoxemia during
V-V ECMO.

During V-V ECMO, the extracorporeal trans-membrane oxygen
transfer depends primarily on Qrcymo [14]. Nevertheless, arterial blood
oxygenation results from a more complex interplay among recircula-
tion, Qecnmo, 0Xygenator function, Qco and pulmonary shunting [15]. In
particular, any elevation of the Qco, unaccompanied by equal adjust-
ment in the Qgcvo, Will result in a higher fraction of the CO returning de-
oxygenated to the right heart and to the native lungs and result in
arterial desaturation. Increase of Qgcmo is effective in this case but
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Table 4

Course of hemodynamics, gas exchanges and ECMO parameters during first 12 h after initiation of BB.
Parameter Baseline T=1h T=3h T=6h T=12h P value®
Heart rate, bpm 105 (87-116) 94 (76-103) 96 (78-104) 99 (84-105) 93 (80-104) p<0.01
MAP, mmHg 88 (74-96) 76 (73-88) 80 (71-92) 76 (69-87) 80 (74-91) p =034
CVP, mmHg 11 (9-16) 2 (8-16) 12 (8-15) 11 (7-14) 12 (8-16) p =048
Sa0y, % 92 (90-96) 95 (94-97) 95 (94-97) 95 (94-97) 96 (94-97) p =0.01
Pa0,, mmHg 62 (55-74) 72 (64-82) 70 (61-81) 70 (64-88) 71 (59-83) p =044
PaCO,, mmHg 43 (41-48) 43 (39-46) 41 (38-46) 42 (38-47) 42 (38-46) p = 0.60
ECMO blood flow, 1/min 4.4 (3.9-5.0) 4.5 (4.0-5.0) 4.6 (4.0-5.0) 4.6 (4.0-5.0) 4.6 (4.1-5.0) p =027
Sweep gas flow, I/min 5(4-7) 6 (4-7) 5(4-7) 6 (4-7) 6 (4-8) p =041
FiO, on ventilator® 0.5 (0.4-0.6) 0.5 (0.5-0.6) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.5 (0.4-0.6) p=0.19
Lactate, mmol/I 1.3 (1.1-1.9) 1.4 (1.0-2.0) 1.5 (1.2-1.9) 1.2 (1.0-1.6) 1.3 (1.1-1.6) p=0.58
Norepinephrine dose, pg/kg/min 0.02 (0-0.18) 0.02 (0-0.11) 0.03 (0-0.15) 0.04 (0-0.11) 0.04 (0-0.17) p = 0.81
Patients on norepinephrine, n (%) 20 (61) 18 (55) 21 (64) 23 (70) 23 (70) p = 0.45°¢

Dose in pts. receiving nor 0.13 (0.03-0.35) 0.11 (0.05-0.25)

0.11 (0.03-0.26) 0.09 (0.03-0.23) 0.09 (0.04-0.24)

All values are median (IQR).

Abbreviations: MAP, mean arterial pressure; CVP, central venous pressure; ECMO extracorporeal membrane oxygenation;

@ P-values at t = 12 h versus baseline calculated using Wilcoxon signed rank test.
b Based on 29 patients on mechanical ventilation.
€ P-value at t = 12 h versus baseline calculated using McNemar test.

could be limited in the maximal values by the ECMO configuration (i.e.
oxygenator, pump and cannulas size) or complicated by increased recir-
culation, haemolysis or collapse of the inferior vena cava. As such, the
most effective strategy to improve Sa0, in this setting without exposing
patients to major risks remains still unsolved. Advanced therapies in-
clude body cooling or inhaled nitric oxide, although they can potentially
increase the risk of infections, bleeding and renal failure [16,17]. As
such, BB would be a less invasive and cheaper strategy in this setting. In-
deed, in patients with a hyperdynamic circulation, BB may reduce the
amount of blood which would not be oxygenated by the extracorporeal
membrane, decrease the intra-pulmonary shunt and also provide some
myocardial protection [18]. Noteworthy, in their randomised study on
esmolol in septic shock patients, Morelli et al. reported an increase in
Pa0,/FiO, ratio in (non ECMO) patients treated with esmolol, as Vincent
et al. showed with propranolol [1,19]. A prospective study could better
clarify the contributions of the various potential mechanisms involved.

In contrast to most other measures aiming to increase Sa0O,, BB ad-
ministration may not increase DO,, as it aims to increase the Qecmo/
Qco ratio by reducing cardiac output. The effect of BB on DO, can vary
and the benefit of a higher Sa0O, in the absence of an increase in DO, is
speculative. A hyperdynamic circulation is probably driven less by hyp-
oxemia than by sympathetic and inflammatory response [20]. However,
severe hypoxemia may be life threatening and hypoxemia during ARDS
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Fig. 1. Arterial oxygen saturation (SaO, (%)) and heart rate (beats/min) versus time. Data
are presented as median with inter quartile range (IQR).

may be associated with cognitive impairment [21,22]. Also, the impact
of transient events (i.e. coughing, unstable ECMO flow) on gas exchange
will be much bigger at lower SaO, already on the steep portion of the
0,- haemoglobin dissociation curve.

Previous studies reported an effective increase in arterial oxygena-
tion and minimal side effects of intravenous esmolol in a few patients
with hypoxemia (PaO2 ~ 50 mmHg) [7-9]. Our study confirms these
findings in a larger patient population, using primarily metoprolol. In
general, the doses chosen were low in order to maximize the benefit/
risk balance. Although the half-time of metoprolol is longer than
esmolol, metoprolol has a 1-selective effect (i.e. myocardial protection
and less hypotension), can be easily titrated to avoid significant brady-
cardia and has almost no accumulation in patients with renal failure,
which is common in patients undergoing ECMO [23]. The fact that we
rarely found side effects (i.e. hypotension) after intravenous adminis-
tration with a loading dose, could be affected by patient selection. Al-
though oral metoprolol(tartrate) obtains its maximum effect already
at T = 1,5 h, an intravenous loading dose has an immediate effect and
warrants caution in critically ill patients, especially in the early phase
of their disease when compensatory tachycardia may be present due
to vasoplegia or hypovolemia. True hypovolemia was unlikely in our
patient population, as this generally limits maximizing V-V ECMO
flow. Although hypoxemia may have stimulated tachycardia, a large
component of tachycardia was supposedly caused by “sympathetic
overshoot” (non-compensatory tachycardia) in critically ill patients or
perceived stress in those patients where we aimed for light sedation
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or mobilization. Further studies on the selection of the most effective BB,
as well as the optimal dosing and administration strategy (i.e. bolus vs.
continuous infusion) are required.

The initial SaO, before BB was relatively high (i.e. 92%) in the pa-
tients we studied, and one may question the need for an increase of
Sa0, as the main indication for BB in these patients. The extracorporeal
life support organization (ELSO) guidelines, recommends a PaO, of 6 to
7,3 kPa, resulting in a SaO, of 80-85%, or even 75-80% for critically ill
ECMO patients [3]. Yet, there is little evidence to support this, as there
are no good quality trials comparing these lower SaO, targets to a nor-
mal Sa0, (i.e. >90%) strategy in adults [24].

In previous studies, hypoxemic ECMO patients were often sedated
and hypoxemia was significantly more relevant (SaO, 75-80%) [7-9].
Nevertheless, BB still produced large improvement in SaO, in these pa-
tients. In many patients in our study we found that hypoxemia was
often transient, occurring during activities such as washing the patient,
or during wake-up calls or attempts to mobilize the patient. These find-
ings suggest a potential benefit of BB in two situations: In the very early
phase with significant hypoxemia, or in a later “stable” phase, where
hypoxemia may limit general management, including light sedation
and mobilization of patients.

The strengths of our study are the relatively large number of patients
included, the detailed characterization of the population considered and
its multicentric design. However, our study also has limitations. First,
the retrospective nature of the study and the absence of control group
as well as the lack of some important hemodynamic and echocardio-
graphic data would limit the interpretation of our findings. Secondly,
data come from two different ICUs, which have different admission
criteria and different guidelines for use of drugs and manage ECMO. Fur-
thermore, there was no predefined SaO, or other target of therapy, and
individual physicians decided on dose and route of administration,
balancing potential risks and benefits. Third, BB therapy was quite
safe, but any side effects may have been underestimated in the data col-
lection. Fourth, we used arterial blood gas analysis values in our study,
and not pulse oximetry. Although blood gas derived values are more re-
liable than pulse oximetry values, there were no pre-specified sampling
time points and we used the results closest to the desired time point.
Hence, the effect of BB on transient hypoxemic episodes could not be
assessed reliably.

5. Conclusions
In our experience, BB therapy was well tolerated and resulted in a
significant increase in arterial oxygenation in patients on V-V ECMO. Fu-

ture prospective studies should be performed to clarify the benefit of
this strategy in this setting.
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