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Extracorporeal treatment for poisoning G

to beta-adrenergic antagonists: systematic
review and recommendations from the EXTRIP
workgroup

Josée Bouchard'®, Greene Shepherd?, Robert S. Hoffman?, Sophie Gosselin®>®, Darren M. Roberts”® Yi Li°,
Thomas D. Nolin'®, Valéry Lavergne' and Marc Ghannoum™'"" on behalf of the EXTRIP workgroup

Abstract

Background: (-adrenergic antagonists (BAAs) are used to treat cardiovascular disease such as ischemic heart dis-
ease, congestive heart failure, dysrhythmias, and hypertension. Poisoning from BAAs can lead to severe morbidity and
mortality. We aimed to determine the utility of extracorporeal treatments (ECTRs) in BAAs poisoning.

Methods: We conducted systematic reviews of the literature, screened studies, extracted data, and summarized find-
ings following published EXTRIP methods.

Results: A total of 76 studies (4 in vitro and 2 animal experiments, 1 pharmacokinetic simulation study, 37 pharma-
cokinetic studies on patients with end-stage kidney disease, and 32 case reports or case series) met inclusion criteria.
Toxicokinetic or pharmacokinetic data were available on 334 patients (including 73 for atenolol, 54 for propranolol,
and 17 for sotalol). For intermittent hemodialysis, atenolol, nadolol, practolol, and sotalol were assessed as dialyzable;
acebutolol, bisoprolol, and metipranolol were assessed as moderately dialyzable; metoprolol and talinolol were con-
sidered slightly dialyzable; and betaxolol, carvedilol, labetalol, mepindolol, propranolol, and timolol were considered
not dialyzable. Data were available for clinical analysis on 37 BAA poisoned patients (including 9 patients for atenolol,
9 for propranolol, and 9 for sotalol), and no reliable comparison between the ECTR cohort and historical controls
treated with standard care alone could be performed. The EXTRIP workgroup recommends against using ECTR for
patients severely poisoned with propranolol (strong recommendation, very low quality evidence). The workgroup
offered no recommendation for ECTR in patients severely poisoned with atenolol or sotalol because of apparent
balance of risks and benefits, except for impaired kidney function in which ECTR is suggested (weak recommenda-
tion, very low quality of evidence). Indications for ECTR in patients with impaired kidney function include refractory
bradycardia and hypotension for atenolol or sotalol poisoning, and recurrent torsade de pointes for sotalol. Although
other BAAs were considered dialyzable, clinical data were too limited to develop recommendations.

Conclusions: BAAs have different properties affecting their removal by ECTR. The EXTRIP workgroup assessed pro-
pranolol as non-dialyzable. Atenolol and sotalol were assessed as dialyzable in patients with kidney impairment, and
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the workgroup suggests ECTR in patients severely poisoned with these drugs when aforementioned indications are

present.

Keywords: Beta-blockers, ECLS, Hemodialysis, Hemoperfusion, Overdose, Intoxication

Introduction

Poisoning from [-adrenergic antagonists (BAAs), also
referred as B-blockers, can result in bradycardia, hypo-
tension, dysrhythmias, and cardiogenic shock. Treatment
is primarily supportive, but in severe cases high-dose
insulin euglycemic therapy, vasopressors, and extracor-
poreal life support (ECLS) may be required. Extracor-
poreal treatments (ECTRs) are mentioned as part of the
management of BAA poisoning, although their place
remains uncertain and controversial [1]. The EXtracor-
poreal TReatments In Poisoning (EXTRIP) workgroup is
composed of international experts representing diverse
specialties and professional societies (Additional file 1).
Its mission is to provide recommendations on the use of
ECTRs in poisoning (http://www.extrip-workgroup.org)
[2-5]. We present EXTRIP’s systematic review and rec-
ommendations for the use of ECTR in patients with BAA
poisoning.

Clinical pharmacology and toxicokinetics

BAAs are among the most commonly prescribed drugs
for the prevention and treatment of cardiovascular dis-
ease [6, 7]. BAAs bind to B-adrenergic receptors, thereby
competitively inhibiting the binding of epinephrine
and norepinephrine to these receptors, and impair-
ing conduction and contraction. Aside from their rela-
tively small molecular size, BAAs have considerable
heterogeneity regarding their physicochemical charac-
teristics and pharmacokinetics (Table 1). For example,
labetalol, propranolol, and carvedilol have a large vol-
ume of distribution, extensive protein binding, substan-
tial hepatic metabolism, negligible renal clearance, and
do not require dose modification in chronic kidney dis-
ease (CKD), whereas sotalol, nadolol, and atenolol have
opposite characteristics. Additionally, their different
properties influence their clinical effect; these include
selectivity to the -1 adrenergic receptors (e.g., metopro-
lol > propranolol), a-adrenergic antagonist activity (e.g.,
carvedilol, labetalol), intrinsic sympathomimetic activity
(e.g., acebutolol, pindolol), membrane-stabilizing activity
(MSA) from sodium channel blockade (e.g., propranolol,
acebutolol, and labetalol), central nervous system (CNS)
depression (e.g., propranolol), and Class III antidysrhyth-
mic effect because of antagonism of potassium channels
(e.g., sotalol). For several commercialized BAAs, intrave-
nous and/or sustained-release forms are available.

In overdose, a prolonged absorption phase, saturation
of enzymatic biotransformation, and poison-induced
impairment of blood flow to organs may all contribute
to a prolonged apparent elimination half-life, which has
been described for propranolol [8], metoprolol [9, 10],
atenolol [11], and sotalol [12—-14] although this finding is
inconsistent [15-18]. Protein binding does not appear to
be modified in supratherapeutic concentrations [19, 20].

Overview of toxicity

Over the last 5 years, the number of BAA exposures
reported to the United States National Poison Data Sys-
tem has increased [21], and is associated with 3.9% of
fatal poisonings [21]. In 2019, 11,166 single ingredient
BAA exposures were reported in the US including 19
fatalities [21]. Manifestations of BAA poisoning range
from asymptomatic bradycardia to cardiogenic shock
and death [22-25]. Cardiovascular symptoms usually
appear within 2 h of ingestion and are unlikely to occur
in an asymptomatic patient after 6 h from ingestion for
immediate-release formulations [22, 26, 27], 8 h for sus-
tained-release formulations, and 12 h for sotalol [12, 23,
24, 28]. Decreased consciousness and bronchospasm may
occur after these periods, even with normal blood pres-
sure and electrocardiogram [26, 29]. Other manifesta-
tions of poisoning from BAAs include hyperkalemia and
hypoglycemia [30, 31]. Highly lipophilic drugs, like pro-
pranolol, penetrate the blood—brain barrier causing delir-
ium, coma, and seizures [27, 30, 32, 33]. Sotalol, which
also possesses potassium efflux channel blocking proper-
ties, causes QT interval prolongation and severe ventric-
ular dysrhythmias, including torsade de pointes [12, 32,
34, 35]. In overdose, receptor selectivity is lost, leading to
overlapping manifestations among BAAs [36, 37].

Some publications report a linear or threshold rela-
tionship between dose and outcome [32, 37]. For specific
BAAs, a positive correlation was noted for propranolol
[27, 32, 36], sotalol [32], atenolol [32], metoprolol [32, 38],
carvedilol [39], and talinolol [36]. Unintentional expo-
sures and inadvertent ingestions in young children rarely
cause severe toxicity due to the smaller doses involved,
although exceptions are reported [40, 41]. Quantification
assays for BAAs are rarely available to guide clinical deci-
sions, and concentrations correlate poorly with the devel-
opment of symptoms [42—44], except for sotalol [45—48].

Fatalities from BAA ingestions are more likely if
co-ingested with cardioactive drugs, such as calcium
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channel blockers [22, 32, 37, 49]. In cohorts of severe
BAA poisoning, reported mortality rates range between 0
and 13% [21-23, 25, 32, 50-52].

Management of BAA poisoning is primarily supportive
[1]. Although outside the scope of this review, standard
care includes gastrointestinal decontamination, atropine,
inotropes and vasopressors, temporary cardiac pacing,
glucagon, intravenous calcium, high-dose euglycemic
hyperinsulinemia, and extracorporeal life support (ECLS)
[1,53-57].

Methods

The workgroup developed recommendations following
the EXTRIP methodology previously published [3] with
modifications, updates, and clarifications. PRISMA state-
ment was followed for reporting items of the presented
systematic review of the literature. The full methods are
presented in the online Additional file 1.

The search strategy used was as follows: [(dialysis or
hemodialysis or haemodialysis or hemoperfusion or
haemoperfusion or plasmapheresis or plasmaphaeresis
or hemofiltration or haemofiltration or hemodiafiltra-
tion or haemodiafiltration or plasma exchange or CRRT
or CVV* or CKRT or exchange transfusion) and (beta
blocke* or beta-adrenergic or acebutolol or alprenolol or
atenolol or betaxolol or bisoprolol or bopindol or carteo-
lol or carvedilol or celiprolol or cetamolol or esmolol or
labetalol or medroxalol or mepindol or metipranolol or
metoprolol or nadolol or nebivolol or oxprenolol or pen-
butolol or pindolol or practolol or prenalterol or pro-
pranolol or sotalol or talindolol or talinolol or timolol or
tolamolol)].

Results
Results of the literature search are presented in Fig. 1.

In the final analysis, 76 studies were included for quali-
tative analysis, including 4 in vitro experiments [58-61],
2 animal experiments [62, 63], 1 pharmacokinetic simu-
lation study [64], 37 pharmacokinetic studies [65-101],
and 32 case reports/series [13, 15, 35, 102—130]. No com-
parative studies or randomized controlled trials were
identified.

Summary of evidence

Dialyzability

Because of the large heterogeneity in BAAs pharmacoki-
netics, no a priori overall estimation of dialyzability can
be generalized for this entire drug class. Half-lives and
clearances of BAAs obtained during ECTR are summa-
rized in Table 2. Pharmacokinetic or toxicokinetic data
related to ECTR were available for a total of 334 patients.
Ninety percent of the pharmacokinetic articles were pub-
lished prior to 1992. Although these older reports had
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robust methods, with several subjects and serial sam-
plings of BAAs concentrations in blood and dialysate,
they must be interpreted with caution as they may not
reflect current hemodialysis technology. With improved
blood and effluent flows and better catheters and filters,
these data are expected to be more favorable. For exam-
ple, atenolol clearance by ECTR has tripled in 30 years
[78, 101], bisoprolol clearance has doubled in 20 years
[98, 101], and nadolol clearance has increased by 50% in
5 years [75, 89].

When measured from dialysate collection, the amount
of BAA removed divided by the reported ingested dose
during hemodialysis (when adjusted for a 6-h treatment
and bioavailability) was 24% for atenolol [101], 18%
for bisoprolol [101], ~0% for carvedilol [101], 0.5% for
labetalol [92], 3.3% for metoprolol [101], 50% for practo-
lol [67], 0% for propranolol [70], and 4.6% for talinolol
[99].

Data for continuous kidney replacement therapy
(CKRT) are sparse: in 3 cases of atenolol overdose,
CKRT removed between 8 and 25% of total body burden
adjusted for a 6-h period [120, 123, 128], with atenolol
clearance ranging from 20 to 48 mL/min. In one sotalol
overdose, CKRT clearance was estimated as 53 mL/min
[122]. These clearances are considerably inferior to those
achievable during high-efficiency intermittent hemodi-
alysis (Table 2). There is limited evidence for hemoper-
fusion and therapeutic plasma exchange (TPE), which
can remove BAAs with extensive protein binding. This
appears true for propranolol in vitro [59, 61] and in vivo
[102, 131], although its high volume of distribution and
high hepatic clearance substantially limit its dialyz-
ability. Hemoperfusion in 2 patients with talinolol over-
doses yielded clearances of 100-120 mL/min [104, 107]
but this represented <20% of ingested dose, due to its
large volume of distribution. As for penbutolol, in vitro
data show little to no effect from hemoperfusion and
only a minor and slow effect from TPE [60]. For BAAs
with limited protein binding, hemoperfusion would
not be expected to surpass diffusive or convective tech-
niques as confirmed in one case of metoprolol overdose
in which measured clearance [106] was comparable to
that obtained during hemodialysis [101]. As expected,
dialyzability of BAAs by peritoneal dialysis was consist-
ently poor, with inconsequential impact on pharmacoki-
netics, i.e., approximately 6% of atenolol was removed in
24 h [90], 0.1% of labetalol in 72 h [92], and the perito-
neal clearance of betaxolol only represented 7.5% of total
clearance [86].

An increase in serum/blood concentrations was often
observed following ECTR, often referred as “rebound,
in both pharmacokinetic studies [67, 76, 83, 92] and toxi-
cokinetic reports [13, 15, 105, 107, 115, 118, 124]. The
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Fig. 1 Process of selection and inclusion of studies in the review

median increase in concentration was 15% and occurred
independently of volume of distribution.

Table 3 presents grading of dialyzability with the level
of evidence, as defined by EXTRIP criteria (Additional
file 1). The grading and level of evidence for hemodi-
alysis was assessed as: Dialyzable for atenolol, nadolol,
practolol, and sotalol; Moderately dialyzable for acebu-
tolol, bisoprolol, and metipranolol; Slightly dialyzable for
metoprolol and talinolol; Not dialyzable for betaxolol,
carvedilol, labetalol, mepindolol, propranolol, and timo-
lol. Some publications report that metoprolol may be dia-
lyzable based on achievable clearance of 80—120 mL/min
[101]. However, this only represents a small proportion of
total body clearance (regardless of genetic polymorphism
of clearance pathways), resulting in removal of<10% of
an ingested dose. Because of its high endogenous clear-
ance and volume of distribution, propranolol will not be
removed meaningfully by ECTR modalities.

Although extracorporeal clearance of BAAs is inde-
pendent of kidney function, its relative impact compared
to total body clearance will increase for some BAAs as
kidney function declines. This can be illustrated graphi-
cally (Fig. 2): for example, a hemodialysis clearance of
120 mL/min will represent 46% of total clearance for
atenolol in a patient with normal kidney function (endog-
enous clearance =140 mL/min) compared to 86% in an
anuric patient (endogenous clearance 20 mL/min). Com-
paratively, ECTR clearance will have very little impact
on enhancing total clearance of propranolol, regardless
of kidney function. These estimates are considered con-
servative for several BAAs including sotalol, practolol,

nadolol, and betaxolol, as the ECTR data are at least
30 years old [67, 83, 86, 89]. Limited data exist for esm-
olol but even when assuming an optimal hemodialysis
plasmatic clearance of 300 mL/min, this would represent
less than 2% of total clearance [95].

Only 7 patients that could be assessed for dialyzabil-
ity grading had normal kidney function, and only two
reports were identified for a BAA (sotalol) whose grad-
ing may differ depending on kidney function [13, 15]. For
these two cases, dialyzability was assessed as “Dialyz-
able” for one case of hemodialysis and “Moderately dia-
lyzable” for one case of hemoperfusion-hemodialysis in
series.

Clinical data
Among case reports and case series, the panel acknowl-
edged variability in methodological quality and lack of
reporting of critical information [132]. The evidence for a
clinical effect of ECTR in BAA poisoning was available for
37 patients (acebutolol=4, atenolol=9, carvedilol=1,
metoprolol =1, propranolol =9, sotalol =9, talinolol =4),
16 of which had impaired kidney function (Table 4). All
included patients were self-poisoned, except 6 dosing
errors in end-stage kidney disease (ESKD) (atenolol=1,
sotalol =5). Bradycardia and hypotension requiring vaso-
pressors and/or inotropes were ubiquitous features for all
BAAs except for propranolol and sotalol (predominant
features for sotalol were ventricular dysrhythmias).

As reflected by changing trends in the management of
BAA poisoning over almost 40 years, treatments were
very heterogeneous. In particular, only eight patients
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Table 3 Final toxicokinetic grading according to EXTRIP criteria

Page 8 of 25

Drug

PK/TK grading

Number of patients

HD

PD CKRT HP

TPE HP-HD

Final grading and level of evidence

Acebutolol

Atenolol

Betaxolol

Bisoprolol

Carvedilol

Labetalol

Mepindolol

Metipranolol

Metoprolol

Nadolol

Oxprenolol

Practolol

Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable
Dialyzable
Moderately dialyzable
Slightly dialyzable
Not dialyzable

1, MET=2
1, MET=1
1, MET=1

24

12

14

MET=3

1 (Normal GFR)

HD: Moderately dialyzable, D*
HD (MET): Moderately dialyzable, C

HD: Dialyzable, A

CKRT: Slightly dialyzable, C
HD-HP: Moderately dialyzable, D
PD: Not dialyzable, B

HD: Not dialyzable, B
PD: Not dialyzable, C

HD: Moderately dialyzable, B

HD: Not dialyzable, B

HD: Not dialyzable, B

PD: Not dialyzable, C

HD: Not dialyzable, C

HD: Moderately dialyzable, C

HD: Slightly dialyzable, B
HD (MET): dialyzable, C
HP: Slightly dialyzable, D (Normal GFR)

HD: Dialyzable, B

HD (MET): Dialyzable, C

HD: Dialyzable, B
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Table 3 (continued)

Drug PK/TK grading Number of patients Final grading and level of evidence
HD PD CKRT HP TPE HP-HD
Propranolol  Dialyzable 1, MET=2 HD: Not dialyzable, A
) » HD (MET): Dialyzable, C
Moderately dialyzable 2 1 HP: Slightly dialyzable, D (Normal GFR)
Slightly dialyzable 2 (Normal GFR)
Not dialyzable 13
Sotalol Dialyzable 6, 1 (Normal GFR) HD: Dialyzable, B
Moderately dialyzable 1 1 (Normal GFR) HD: Dialyzable, D (Normal GFR)
) ) CKRT: Slightly dialyzable, D
Slightly dialyzable 1 HD-HP: Moderately dialyzable, D
Not dialyzable (Normal GFR)
Talinolol Dialyzable HD: Slightly dialyzable, B
Moderately dialyzable HP: Slightly dialyzable, C (Normal GFR)
Slightly dialyzable 8 2 (Normal GFR)
Not dialyzable
Timolol Dialyzable HD: Not dialyzable, D

Moderately dialyzable
Slightly dialyzable 1
Not dialyzable 1

MET, Metabolites; PK, Pharmacokinetics TK, Toxicokinetics; HD, Hemodialysis; HP, Hemoperfusion; PD, Peritoneal dialysis; CKRT, Continuous kidney replacement
therapy; TPE, Therapeutic plasma exchange; HD-HP, hemodialysis and hemoperfusion in series; GFR, Glomerular filtration rate

" 6 additional patients would be rated as “dialyzable” but the assay was non-specific and likely measured parent drug and metabolites, so the result is uninterpretable
[69]

** Based on half-life comparison, a criterion considered unreliable for poisons with a high Vd like propranolol, so not graded

Not dialyzable Slightly dialyzable ~ Moderately dialyzable Dialyzable

Carvedilol
Esmolol**
Propranolol
Labetolol

N GFR

Betaxolol { ESKD
Talinolol*
Metoprolol
Acebutolol

N GFR
Bisoprolol { ESKD y

N GFR ﬁ
Nadolol { 1

ESKD

Sotalol N GFR .I

ESKD

1
N GFR #
Practolol { 1

ESKD ]

N GFR # : :
Atenolol { ESK 1 1 1

D | |

0% 25% 50% 75% 100%
Proportion of HD clearance to total clearance

Fig. 2 Proportion of hemodialysis clearance relative to total clearance. Legend: GFR: Glomerular filtration rate, ESKD: End-stage kidney disease, HD:
Hemodialysis. *These are conservative estimations, as ECTR clearances would likely be higher if performed today. **based on endogenous clearance
of 12,000 mL/min. For carvedilol, esmolol, propranolol, labetalol, talinolol, metoprolol, and acebutolol, it is assumed the ratio would apply regardless
of kidney function
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Table 4 Summary of clinical findings of patients receiving extracorporeal treatments for -adrenergic antagonist removal

Acebutolol (h=4)  Atenolol Carvedilol  Metoprolol  Propranolol Sotalol Talinolol
(n=9) (n=1) (n=1) (n=9) (n=9) (n=4)

Patient characteristics
Age, years 20(17-27) 45 (28-74) 21 49 31 (15-49) 66 (44-78) 21 (20-47)
Men, % 0 56 0 0 44 78 50
ESKD, % 0 11 0 0 0 44 0
Poisoning information
Intentional overdose, % 100 89 100 100 100 44 100
Dose if acute ingestion, g 84(4.8-12) 4.5 (2.5-10) 1.8 0.5 3.1(06-5.0) 8.0 (7.2-14.4) 25(1.5-5.0
Peak concentration, mg/L 14 (10-18) 14 (2.5-70) 06 28 1.5(0.04-3) 17 (2.5-65) 55(5.0-6.1)
Time from ingestion to admission, hours 2(2-2) 6.5 (2-8) 0.8 2(1-8) 2.5(1-4) 6 (2-8)
Signs/ Symptoms / Labs
Coma, % 100 89 100 100 50 100 75
Altered consciousness, % 100 100 100 100 83 100 75
Bradycardia, % 100 100 100 100 100 50 100
Severe dysrhythmia, % 25 0 100 0 33 100 25
Hypotension, % 100 100 100 100 75 89 100
QRS complex duration, msec 260 128 (98-160) N/A N/A 104 120 (104-140) 420
Prolonged QRS complex duration, % 100 43 0 0 N/A 25 50
QT interval duration, msec N/A 440 (400-448) N/A N/A N/A 618 (509-880) 440
Prolonged QT interval, % N/A 17 N/A N/A N/A 100 25
Acute kidney injury, % 100 87.5 100 0 0 38 0
Serum glucose, mmol/L 14.7 7.7 (22-19.2) 83 N/A 10.7 44 (1.4-7.4) N/A
Serum bicarbonate, mmol/L 16 19 (10.8-21) N/A N/A 20 (15-25) 17 N/A
Serum lactate, mmol/L 19 4.6(1.8-9.3) 4.7 N/A 76(1.9-132) 19 N/A
Serum potassium, mmol/L 32 43(<0.8-85) 59 N/A 4.2 (3.7-4.7) 5.1(3.8-7.1) N/A
Other treatments
Gastric lavage, % 25 44 0 0 67 22 75
Activated charcoal, % 75 56 0 100 50 1 25
Vasopressors/ inotropes, % 100 100 100 100 50 75 75
Mechanical ventilation, % 100 100 0 100 17 75 75
Atropine, % 100 56 0 100 67 22 25
Lipid emulsion, % 0 1 0 0 16 0 0
Pacemaker, % 100 44 100 100 33 88 50
High-dose insulin euglycemic therapy, % 0 67 0 0 33 0 0
Glucagon, % 75 100 100 100 83 33 25
Extracorporeal life support (ECLS), % 25 22 100 0 0 0 0
Extracorporeal treatments
Hemodialysis, n 1 3 0 0 0 6 0
TPE, n 0 0 1 0 2 0 0
CKRT, n 0 3 0 0 0 1 0
More than 1 ECTR, n 0 2 0 0 0 0 0
HF-HP n 1 0 0 0 0 0 0
HD-HP n 1 1 0 0 3 1 1
HP.n 1 0 0 1 4 0 3
QOutcome
Death, % 0 11 0 0 1 1 50
Sequelae, % 25 11 0 0 N/A 1 N/A
Length of stay, days 30 (7-49) 22(12-32) 23 N/A 6 (5-32) 20 N/A
Length of ICU stay, days 2(2-2) 9.5(1.5-28) 8 3 85(4-13) 3(2-6) N/A
Length of life-threatening dysrhythmia N/A N/A N/A N/A 56 16 (12-120) N/A
Length of prolonged QT interval, msec N/A N/A N/A N/A N/A 37 (30-120) N/A

Length of bradycardia/hypotension, hours 25 (24-26) 48 (20-168) 120 18 67 (24-70) 36 9
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Table 4 (continued)

Page 11 of 25

Results presented as medians and range. No range is presented when the number of values is one. When specific data was not reported, this was not included in the

incidence

ESKD, end-stage kidney disease; TPE, therapeutic plasma exchange; CKRT, continuous renal replacement therapy; ECTR, extracorporeal treatment; HF-HP,
hemofiltration-hemoperfusion; HD-HP, hemodialysis and hemoperfusion in series; HP, hemoperfusion; ICU, intensive care unit; N/A, Not available

received high-dose insulin euglycemic therapy and four
patients received ECLS, treatments now considered likely
to improve outcome [1]. For these reasons, it was difficult
to determine a benefit from ECTR. Three patients died
of cardiogenic shock [102, 103, 108], one of irreversible
brain injury [107], and one of multiorgan failure after
four weeks, despite marked improvement post-ECTR
[105]. The overall mortality for the cohort was 13.5%.

For sotalol, resolution of dysrhythmias/torsade de
pointes was rapid with intermittent hemodialysis, often
occurring during or just after treatment [13, 15, 35, 115,
116, 121], while this was more protracted with slower
techniques like peritoneal dialysis (PD) [114] or CKRT
[122]. For atenolol (n=9), when hemodialysis was used,
an increase in blood pressure was noted after the first
treatment, with one exception [129]. Again, apparent
improvement was slower with CKRT [120, 127, 128].
Dysrhythmias recurred in two patients, within two hours
of ECTR cessation, requiring another session [13, 15].
Although nine patients were reported for propranolol,
the clinical impact of ECTR could only be analyzed in
two patients: one improved slowly after hemoperfusion
[125] while the other improved after TPE but had recur-
rence of hypotension shortly after [130]. For acebutolol,
four patients were described, three of which improved
during ECTR [109, 113, 117], while this was uncertain
in one patient who received hemoperfusion [112]. In
all four patients of talinolol poisoning, hemoperfusion
was employed alone or in combination with hemodi-
alysis, and two of them died [103, 107]. There was only
one patient described for carvedilol [126] and metopro-
lol [106], which were difficult to interpret because of the
co-ingested calcium channel blockers in both cases. No
ECTR-associated complications were described in the
cohort.

In summary, clinical improvement from ECTR was
generally noted with BAAs considered dialyzable such
as atenolol and sotalol when high-efficiency ECTRs were
used, whereas this was questionable with other BAAs or
when techniques with lower efficiency were used.

To further measure the effect of ECTR, outcomes
of the ECTR cohort were compared to historical con-
trols not receiving ECTRs (Table 5). Unfortunately, this
analysis is severely hampered by the small numbers of
reported patients, the variability in treatments provided
and the heterogeneity of populations compared. For
example, historical controls reported to poison control

centers are expected to have more benign features than
those included in the ECTR cohort. Overall, the mortal-
ity of patients receiving ECTRs for BAA poisoning was
greater than those reported in historical controls, includ-
ing one cohort of critically ill patients [23]. Aside from
mortality, the only outcome that could be compared to
assess the benefit of ECTR was the median duration of
QT interval prolongation in sotalol poisoning, which
was 37 h [IQR 33.5, 78.5] for the ECTR cohort (median
maximal QTc interval=140% of normal) versus 75 h
[IQR 57, 87.5] in one historical cohort (median maxi-
mal QTc interval=172%) [12]. However, this analysis is
underpowered. With regard to harms and costs, the use
of ECTR is associated with an increased risk of catheter-
and ECTR-related complications and added costs which
will vary depending on the choice of technique and the
geographical location [133]. It is possible that ECTR
may exacerbate hypotension in some cases despite the
absence of net ultrafiltration, although the incidence of
this risk and its magnitude are unknown.

Discussion

Recommendations

As per EXTRIP methods, the workgroup only voted on
BAAs for which the number of patient clinical reports
were sufficient. Although there were 4 reports for acebut-
olol and talinolol, they were not considered to be of suffi-
cient quality to permit elaborations of recommendations.

General statements and indications for ECTR
Propranolol

+ In patients severely poisoned with propranolol, we
recommend against performing ECTR in addition to
standard care rather than standard care alone (strong
recommendation, very low quality evidence).

Atenolol

+ In patients severely poisoned with atenolol and kid-
ney impairment®, we suggest performing ECTR in
addition to standard care rather than standard care
alone when refractory bradycardia and hypotension
is present (weak recommendation, very low quality
evidence)

+ In patients severely poisoned with atenolol and nor-
mal kidney function, we make no recommendation
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for or against performing ECTR in addition to stand-
ard care rather than standard care alone (no recom-
mendation, very low quality evidence)

Sotalol

« In patients severely poisoned with sotalol and kidney
impairment*, we suggest performing ECTR in addi-
tion to standard care rather than standard care alone
when refractory bradycardia and hypotension and/or
recurrent torsade de pointes is present (weak recom-
mendation, very low quality of evidence)

« In patients severely poisoned with sotalol with nor-
mal kidney function, we make no recommendation
for or against performing ECTR in addition to stand-
ard care rather than standard care alone (no recom-
mendation, very low quality evidence).

« In patients severely poisoned with sotalol, we suggest
against performing ECTR solely based on the QT
interval (weak recommendation, very low quality evi-
dence).

*Kidney impairment” was defined as stage 3B, 4, or 5

CKD (i.e., eGFR < 45 mL/min/1.73m?) or AKI as KDIGO

stage 2 or 3 AKI. In the absence of a baseline serum cre-

atinine concentration, kidney impairment was defined as
an eGFR < 45 mL/min/1.73m? in adults; and in children
with no baseline creatinine, the use of KDIGO criteria of

AKI stage 2 and 3 after imputing a baseline serum creati-

nine using the Schwartz 2009 formula assuming 120 mL/

min/1.73m? of "normal" eGFR. The presence of oligo/

anuria unresponsive to fluid resuscitation should be con-
sidered as impaired kidney function, regardless of serum
creatinine concentration (See supplemental section)

Rationale
Severe BAA poisoning can lead to bradycardia and hypo-
tension refractory to vasopressors and inotropes, occa-
sionally causing death [57]. Assuming all other priority
therapeutic measures are in place to mitigate BAA tox-
icity including involvement of a clinical toxicologist, the
workgroup considered the use of ECTR for severe poi-
soning due to propranolol, atenolol, and sotalol.
Propranolol has a short half-life and a high endogenous
clearance independent of kidney function. These attrib-
utes added to extensive protein binding make this drug
non-dialyzable regardless of the ECTR used. Although
the data were limited, ECTR did not appear to acceler-
ate clinical recovery and the mortality from ECTR cases
was higher than historical controls. For these reasons, the
workgroup recommended against ECTR for propranolol
poisoning (Median: 1.0/Upper quartile: 1.0/Disagree-
ment index: 0.0).
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Atenolol and sotalol both have endogenous clear-
ances (and elimination half-lives) that are highly
dependent on kidney function. The contribution of
ECTR in patients with kidney impairment is considera-
ble. The greater the impairment in kidney function, the
greater the relative toxicokinetic effect of ECTR. Both
are considered to be “Dialyzable” in patients with kid-
ney impairment. Although the number of cases is small,
clinical improvement from sotalol and atenolol poison-
ing appears to coincide with initiation of ECTR, espe-
cially when high efficiency techniques are used. It is
conceivable that relevant patient-important outcomes
(PIOs), such as length of vasopressor requirement,
long-term sequelae, and mortality would be reduced
with ECTR in this population. In patients who already
have vascular access in place, the risk associated with
insertion is already taken into account, so the risk-ben-
efit ratio is even lower. The workgroup suggested ECTR
in patients with impaired kidney function for both ate-
nolol (Median: 7.0 / Lower quartile: 4.0 / Disagreement
index: 0.59) and sotalol (Median: 7.0 / Lower quartile:
4.0 / Disagreement index: 0.59); the workgroup never-
theless acknowledged that the initiation of ECTR, even
without net ultrafiltration, might exacerbate hemody-
namic instability and may not be possible to perform.
The benefit of ECTR is theoretically less for patients
poisoned with atenolol or sotalol and normal kidney
function, even if the addition of ECTR can approxi-
mately double total clearance; the duration of toxic-
ity is expected to be much shorter in this population.
For these reasons, the workgroup considered that, at
the time of writing, the benefits and harms were bal-
anced with considerable knowledge gaps and made no
recommendation for patients poisoned with atenolol or
sotalol and normal kidney function.

A major consideration for sotalol is its ability to cause
QT prolongation, which is uncommon with other BAAs
and can lead to life-endangering torsade de pointes, a
poor prognostic indicator in sotalol poisoning. Obvi-
ously, the workgroup is not advocating ECTR for the
treatment of torsade de pointes, as ECTR would not
be technically feasible. However, recurrent torsade de
pointes is indicative of severity and of a role for ECTR
initiation. For non-recurrent torsades, ECTR is not justi-
fied. In the literature, there is no clear QTc duration cut-
off which predicts torsade de pointes [134]. The risk of
life-threatening cardiac events increases as the QTc gets
longer than 500 ms [134, 135] and each 10-ms increase
contributes to approximately a 5% to 7% exponential
increase in risk. However, QT can be prolonged at thera-
peutic sotalol concentration. These findings support the
recommendation of the workgroup not to perform ECTR
solely based on QT prolongation.
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Although monitoring of poison concentrations is useful
in some settings, there remain too many uncertainties in
the concentration-effect relationship to provide a thresh-
old concentration for ECTR initiation in BAA poisoning.
Hypotension and bradycardia are poorly related to ateno-
lol concentrations [136], QT interval prolongation is cor-
related with sotalol concentrations but with considerable
imprecision [45—48]. Further, only 7 out of 37 panelists
had access to atenolol or sotalol assays and only 3 within
12 hours of it being ordered. Very few clinicians outside
of large academic centers are likely to have access to BAA
assays. The panel did recognize the value of a subthera-
peutic concentration in excluding the need for ECTR.
The panel emphasized that the indication for ECTR is
likely to depend on the availability of ECLS, which should
be instituted prior to ECTR assuming both are available
in the same center, as it is simple to add a hemodialysis
circuit to extracorporeal membrane oxygenation.

Research gaps

Additional pharmacokinetic data in ESKD patients
are needed, especially during hemodialysis, for acebu-
tolol (because of imprecision about sampling in stud-
ies), betaxolol, bopindolol, carteolol, cetamolol, nadolol,
oxprenolol, pindolol, sotalol, and timolol. In addition,
clinical cases of poisoning with toxicokinetic data of
ECTR is required for acebutolo], atenolol, bisoprolol,
metoprolol, nadolol and sotalol in patients with normal
GER or slightly impaired GFR.

Toxicokinetic/toxicodynamic  relationships  should
better evaluate if serum concentrations can determine
the utility of ECTR in clinical decision-making. Better
prognostic markers on admission would also be useful
to determine which subset of patients are most likely to
benefit from ECTR.

The added value of ECTR to ECLS should be demon-
strated. In patients with impaired kidney function, addi-
tional studies could help characterize if the transfer of an
unstable patient for ECTR with or without ECLS could
potentially be beneficial and within which timeframe
this could be useful. If ECLS is unavailable in the initial
center, studies could compare clinical outcomes associ-
ated with transfer for ECLS vs. hemodialysis alone at the
initial center.

Type of ECTR

In patients severely poisoned with atenolol or sotalol
requiring ECTR: when all modalities are available, we rec-
ommend using intermittent hemodialysis rather than any
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other type of ECTR (strong recommendation, very low
quality evidence).

Rationale

If ECTR is used for poison removal, then the most effi-
cient modality at removing atenolol or sotalol should be
selected, i.e., intermittent hemodialysis. In the rare cir-
cumstance that intermittent hemodialysis is unavailable
but other techniques are, then hemoperfusion, CKRT,
sustained low-efficiency dialysis (SLED), or prolonged
intermittent renal replacement therapy (PIRRT) can be
used, preferably the modality providing the best solute
clearance and quickest to deliver. Although CKRT and
other “slower” techniques such as SLED/PIRRT are often
preferred for patients with hemodynamic compromise,
this applies specifically to those requiring net ultrafiltra-
tion. It is therefore uncertain if CKRT or SLED/PIRRT
would be better tolerated than intermittent hemodialysis
in patients not requiring net ultrafiltration. It is acknowl-
edged that all techniques may exacerbate hypotension to
some extent for various causes including fluid and solute
shifts, and electrolyte fluxes.

Regardless of technique, ECTR parameters should be
optimized to enhance clearance (higher blood and efflu-
ent flows, filter/dialyzer with larger surface area) [137]
and to reduce risk of hemodynamic compromise (prim-
ing of the ECTR circuit, lowering dialysate temperature,
dialysate/replacement fluid without low potassium, cal-
cium and magnesium concentrations, and minimizing
net ultrafiltration).

Importantly, if dialysis is performed for sotalol poi-
soning, the input of a nephrologist is recommended to
ensure that the serum magnesium concentration remains
above 1 mmol/L and serum potassium concentration
within 4.5-5 mmol/L to minimize the risk of dysrhyth-
mias, including torsade de pointes. Magnesium may be
added to the dialysate or administered intravenously to
offset its elimination during ECTR.

Research gap

Data with hemoperfusion and high-cut off dialysis should
be assessed in poisoning from highly protein-bound
BAAs with reasonably low volume of distribution and
plasma clearance such as penbutolol, oxprenolol, and
carvedilol.

Cessation of ECTR

In patients severely poisoned with atenolol or sotalol
requiring ECTR, we recommend stopping ECTR based on
clinical improvement (strong recommendation, very low
quality of evidence)
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Rationale

The indication to stop ECTR, once initiated, should be
reliant on clinical indicators of improvement. These
include appropriate heart rate and blood pressure
for adequate end organ perfusion, weaning of ECLS,
decreasing inotropic and vasopressor requirements, and
sustained cessation of torsade de pointes if applicable. It
is recognized that QT interval prolongation may persist
even at therapeutic sotalol concentrations so the use of
this target for cessation is not recommended. In addition,
there is no predefined duration of ECTR to treat BAA
poisoning as this will depend on the type and amount of
BAA ingested, as well as the underlying kidney function
in some cases. The workgroup suggested not to cease
ECTR solely based on a target serum concentration, as
safe thresholds are not well known, and assays are infre-
quently available to guide judgement.

Our work has several strengths. This is the first sys-
tematic review of the use of extracorporeal therapy
in BAA poisoning. This systematic review summarizes
the best evidence on the use of extracorporeal therapy
in BAA poisoning using the most stringent guideline
methodology (GRADE). No articles were rejected based
on language or year of publication. It also provides clini-
cal recommendations following a voting process using a
two-round modified Delphi procedure from an interna-
tional collaborative comprising recognized experts from
various clinical specialties and resource settings. Limita-
tions of the study are inherently associated with the qual-
ity of articles used for the drafting of recommendations.
In many cases, details regarding these articles were of
poor quality. There were insufficient data to draft recom-
mendations on BAAs other than propranolol, atenolol,
and sotalol due to the limited published evidence avail-
able; however, the workgroup acknowledged there was
little clinical plausibility of a clinical benefit from ECTR
for non-dialyzable BAAs such as betaxolol, carvedilol,
esmolol, labetalol, mepindolol, and timolol.

Conclusion

In conclusion, poisoning from BAAs can cause serious
toxicity and death. B-adrenergic antagonists have differ-
ent physicochemical properties and pharmacokinetics
which will affect their removal by ECTR. The EXTRIP
workgroup assessed propranolol as non-dialyzable.
Atenolol as well as sotalol were assessed as dialyzable
in patients with kidney impairment and the workgroup
suggests ECTR in patients severely poisoned with these
drugs when aforementioned indications are present.

Page 17 of 25

Abbreviations
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