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BACKGROUND AND OBJECTIVE. Digoxin toxicity accounts for a small percentage of poisonings attended by emergency
departments. This study aimed to evaluate whether treatment with digoxin-Fab (digoxin-specific antibody fragments) was used
appropriately.

MATERIAL AND METHODS. Retrospective, observational, multicenter study in 15 hospital emergency departments in 8 Spanish
autonomous communities over 7 years. We collected patient, clinical and treatment variables, and discharge destination. Patients
were classified as having received digoxin-Fab treatment or not, and the decision to treat was evaluated as appropriate or not. We
also assessed whether patients who were not treated with digoxin-Fab could have been.

RESULTS. Thirty-four of the 658 patients (5.2%) were treated with digoxin-Fab. The indication cited most often was the presence of
bradycardia, particularly atrial fibrillation with a slow ventricular response. The next most common indication was a finding of a high
digoxin concentration (> 6 ng/mL). For 33 of the 624 patients who did not receive digoxin-Fab treatment (5.3%), we later identified
an indication that would have justified treatment, usually a high digoxin concentration (> 6 ng/mL) 6 hours after the last digoxin
dose (in 31 patients). Three of the 33 patients (18.2%) who could have received digoxin-Fab treatment died; among the 34 patients
who were treated, 4 died (11.8%) (P < .001).

CONCLUSIONS. Digoxin-Fab was administered to about 5% of patients with digoxin poisoning. At least an additional 5% of
digoxin-poisoned patients could have benefited from treatment. Mortality was higher in untreated patients for whom treatment
would have been indicated.

[Ceywords: Digoxin antibodies. Digoxin poisoning. DIGITOX study.

Uso de anticuerpos antidigoxina en pacientes con intoxicacion
por digoxina. Subanalisis del estudio DIGITOX

INTRODUCCION. Las intoxicaciones por digoxina representan un pequefio porcentaje de las intoxicaciones atendidas en urgencias.
El objetivo de este estudio fue evaluar si la administracion de su antidoto especifico, los anticuerpos antidigital (AcAD) se realizd
conforme a los criterios de uso establecidos.

MATERIAL Y METODOS. Estudio retrospectivo, observacional y multicéntrico en 15 servicios de urgencias hospitalarios de ocho
comunidades auténomas durante 7 afios. Se recogieron datos de filiacion, clinica, tratamiento y destino al alta. Los pacientes se di-
vidieron segun recibian o no AcAD y se evalué si la indicacion se hizo siguiendo los criterios establecidos en 2012. Asimismo, se
analizo entre los pacientes que no recibieron AcAD si existian casos en los que se hubieran podido administrar.

RESULTADOS. De los 658 casos incluidos en el estudio, se administraron AcAD en 34 ocasiones (5,2%). La indicacion mas frecuente
fue la presencia de una bradiarritmia, en particular de una fibrilacién auricular con respuesta ventricular lenta, seguida de la detec-

Author Affiliations: 'Servicio de Urgencias, Hospital del Mar, Barcelona, Spain. ?Unitat Funcional de Toxicologia del Parc de Salut Mar,
Barcelona, Spain. 3Grup de Treball de Toxicologia de la SOCMUE (SoCMUETox). *Fundacién Espafiola de Toxicologia Clinica, Barcelona,
Spain. *Servicio de Urgencias, Hospital Moisés Broggi, Sant Joan Despf, Barcelona, Spain. ¢Servicio de Urgencias, Hospital Son Espases,
Mallorca, Spain. "Hospital Puerta de Hierro, Majadahonda, Madrid, Spain. *Complexo Hospitalario Universitario de Vigo, Hospital Alvaro
Cungqueiro, Vigo, Spain. *Servicio de Urgencias, Unidad de Toxicologia Clinica, Hospital Universitario de Burgos, Burgos, Spain.
“Consorci Hospital General Universitari, Valencia, Spain. "'Servicio de Urgencias, Hospital Universitari de Bellvitge, Barcelona, Spain.
"2Servicio de Urgencias, Hospital Universitario de Navarra, Pamplona, Spain. **Servicio de Urgencias, Hospital de Viladecans, Barcelona,
Spain. “Servicio de Urgencias, Hospital Clinico de Zaragoza, Spain. "*Servicio de Urgencias, Hospital La Paz, Madrid, Spain. *Servicio
de Urgencias y Unidad de Toxicologia Clinica, Hospital Universitario Rio Ortega, Valladolid, Spain. Servicio de Urgencias, Consorci
Hospitalari Parc Tauli de Sabadell, Barcelona, Spain. "®Universidad Europea de Canarias, Facultad de Ciencias de la Salud, Tenerife,
Spain.

Corresponding Author: August Supervia. Servicio de Urgencias. Hospital del Mar. Pg. Maritim de la Barceloneta, 25, 29, Ciutat Vella,
08003 Barcelona, Spain.

E-mail: asupervia@psmar.cat

Article Information: Received: 22-11-2023. Accepted: 23-12-2023. Online: 19-2-2024.

Editor in Charge: Elena Castejon-de la Encina.

Supervia A, et al. Rev Esp Urg Emerg. 2024;3:90-95 www.reue.org
© SEMES



cién de unas concentraciones elevadas de digoxina (> 6 ng/ml). Por otro lado, de los 624 casos en los que no se administraron
AcAD, en 33 de ellos (5,3%) se identifico algin criterio para que se hubieran administrado, siendo el mas frecuente la existencia de
una digoxinemia muy elevada (> 6 ng/ml) a las 6 horas de la Gltima ingesta, en 31 casos. Entre los 33 pacientes a los que se podria
haber administrado AcAD y no se hizo, se produjeron 6 fallecimientos (18,2%) frente a los 4 fallecimientos de los 34 pacientes

(11,8%) que si recibieron tratamiento antidético (p < 0,001).

Los AcAD se administran en un 5% de pacientes con intoxicacion por digoxina. Al menos, otro 5% podiria haber-
se beneficiado de su administracion. La mortalidad de los pacientes que deberian haber sido tratados con AcAd y no lo fueron, es

superior a los pacientes que si recibieron tratamiento antidotico.

Anticuerpos antidigoxina. Intoxicacion por digoxina. Estudio DIGITOX.

Acute poisonings are a frequent reason for consulta-
tion in emergency departments (EDs), accounting for up to
0.5-1% of all visits."? The most common toxicological con-
sultations are related to alcohol, followed by illicit drugs of
abuse and medications. Among the latter, poisonings
caused by benzodiazepines are by far the most frequently
treated in EDs. Other drugs, including digoxin, follow at a
considerable distance. Digoxin poisoning has a higher inci-
dence among elderly patients, in whom it can represent up
to 25% of all drug-related poisonings.®> Most cases are
chronic poisonings, resulting from a progressive and acci-
dental accumulation of the drug. However, acute poison-
ings also occur, generally related to suicidal intent. Both
acute and chronic poisonings are potentially severe and
may lead to fatal outcomes.*®

Patients intoxicated with digoxin require immediate
medical intervention, with special attention to hemody-
namic status and possible electrocardiographic and elec-
trolyte disturbances. Management is based on hemody-
namic support measures, continuous electrocardiographic
monitoring until serum digoxin concentrations have fallen
at least to the therapeutic range, control of any arrhythmi-
as that may occur, and correction of fluid and electrolyte
abnormalities. In indicated cases, administration of anti-di-
goxin antibodies (Digoxin-Fab) should also be performed.®

Since the development and gradual implementation in
Spain of the Antidote Network’—an initiative of the Anti-
dotes Working Group of the Spanish Society of Hospital
Pharmacy and the Catalan Society of Clinical Pharmacy—
the availability of antidotes not routinely stocked in all
emergency departments has improved, making the use of
Digoxin-Fab increasingly accessible and positively influenc-
ing the prognosis of patients with digoxin poisoning.

This study presents a subanalysis of the DIGITOX
study,® describing the use of Digoxin-Fab in digoxin poi-
sonings across several Spanish emergency departments. It
also assesses whether the indications for their administra-
tion adhered to established recommendations.® In addi-
tion, new considerations regarding the indication, dosage,
and administration of Digoxin-Fab are discussed.

The DIGITOX study was an observational, retrospec-
tive, multicenter study in which 15 EDs participated across
8 Spanish autonomous communities. Data were collected
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over 7 years, from January 2015 to December 2021. The
methodology for patient selection, classification of acute or
chronic digoxin poisoning, data collection (including treat-
ment administered), and outcome management have been
described previously.? In this subanalysis, patients who re-
ceived Digoxin-Fab treatment were evaluated to determine
whether administration met established indications

. Health records of patients who did not receive Digox-
in-Fab were also reviewed to identify those who might
have been candidates for this therapy. Plasma digoxin con-
centrations were determined according to standardized
techniques in each participating center. In no case were
free digoxin concentrations available. Functional depend-
ence was assessed using the Barthel Index, and poisoning
severity was determined using the Poisoning Severity
Score (PSS).

Statistical analysis was performed using SPSS software
(Statistical Package for the Social Sciences, SPSS Inc.), ver-
sion 25.0 (IBM Corp). Normality of distribution was tested
using the Kolmogorov=Smirnov test. The Mann-Whitney U
testwas used to compare quantitative variables, and the
chi-square test (with Fisher or Pearson correction as appro-
priate) was used to compare proportions. Results are ex-
pressed as number (percentage) or mean (standard devia-
tion). A P-value < .05 was considered statistically significant.
The DIGITOX study was conducted in accordance with the
principles of the Declaration of Helsinki for research involv-
ing human subjects and was approved by the coordinating
hospital’s Ethics Committee (registry no. 2022_10303). The
study was exempt from obtaining patient informed con-
sent, as it was epidemiological in nature and used an-
onymized data.

During the study period, 658 cases of digoxin poison-
ing were recorded across the 15 participating emergency
departments. Overall DIGITOX results showed that pa-
tients had a mean age of 83.9 (7.9) years, with a predomi-
nance of women [509 (76.9%)]. A total of 315 patients
(53.2%) had some degree of dependence (Barthel Index
available for 33 patients who received Digoxin-Fab treat-
ment and 600 who did not).

Most poisonings were chronic (95.9%), and the most
frequent cause was accidental ingestion (653 patients,
99.2%). Poisoning severity was mild or moderate in 570
cases (86.6%), severe in 78 (11.8%), and fatal in 9 (1.4%).
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Life-threatening situations associated with digitalis toxicity
indicating anti-digoxin antibody administration

- Bradyarrhythmia with ventricular rate < 40 beats/min that does not respond
(maintains ventricular rate < 60 beats/min) after repeated doses of 0.5 mg IV
atropine (up to a maximum of 2 mg).

- Ventricular extrasystoles with risk of ventricular tachycardia or fibrillation
(frequent ventricular ectopy, couplets, triplets, multifocal beats, or R-on-T
phenomenon).

- Ventricular tachycardia.

- Ventricular fibrillation.

- Asystole.

- Cardiogenic shock.

- Serum potassium > 5 mEq/L with other signs of digitalis toxicity in acute
intoxication.

- Plasma digoxin concentration > 6 ng/mL (> 6 hours after ingestion).
Reproduced from Nogué S, et al. Emergencias. 2012;24:462-75.

Of the 658 cases included, Digoxin-Fab were admin-
istered in 34 cases (5.2%). Among these, 7 patients
(20.6%) presented acute poisoning and 27 (79.4%) chron-
ic poisoning. Thus, 25.9% of patients with acute poison-
ing and 4.3% of those with chronic toxicity received anti-
dotal treatment (P < .001). Digoxin-Fab were more
frequently administered to younger patients [78.7 (SD,
11.5) vs. 84.2 (SD, 7.6) years; P = .003], with higher digox-
in concentrations at admission [5.8 (2.7) ng/mL vs. 3.6
(1.5) ng/mL; P < .001], and with greater severity according
to the PSS score (P < .001). In 7 of the 34 patients
(20.6%), a second Digoxin-Fab dose was required to con-
trol the manifestations of intoxication. The initial Digox-
in-Fab dose was similar in cases of acute and chronic poi-
soning [249.17 (299.84) mg vs. 117.74 (91.0) mg,
respectively; P =.07], and the total doses administered
were 285.83 (276.70) mg vs. 135.30 (92.24) mg, respec-
tively. Four patients (11.8%) treated with Digoxin-Fab
died (two within the first seven days of hospitalization and
two later), with no significant difference compared to pa-
tients who did not receive Digoxin-Fab, among whom
11.4% died. No serious adverse effects were detected
(only one mild case of nausea and vomiting was reported)
during or after Digoxin-Fab administration

illustrates the reasons for Digoxin-Fab admln-
istration. The most frequent indication was the presence of
bradyarrhythmia, particularly atrial fibrillation with slow ven-

14

Reason for anti-digoxin antibody administration
in the 34 treated patients.
EEVV: ventricular extrasystoles; AF: atrial fibrillation.
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tricular response, followed by high digoxin concentrations
(> 6 ng/mL). A digoxinemia > 6 ng/mL was observed in 13
cases, 5 of which had unknown time since ingestion, al-
though these also had another indication for Digoxin-Fab
use. In 10 of the 34 cases in which antidotal treatment was
administered, more than one criterion justified Digoxin-Fab
administration. Conversely, among the 624 cases in which
Digoxin-Fab were not administered, 33 (5.3%) met at least
one criterion for having received the therapy , the
most frequent being very high digoxin levels (> 6 ng/mL)
measured 6 hours after the last dose in 31 cases. Among
these 33 patients who could have received Digoxin-Fab
but did not, there were 6 deaths (18.2%), compared with 4
deaths (11.8%) among the 34 patients who did receive an-
tidotal treatment (P < .001).

Characteristics of patients according to whether they received
anti-digoxin antibodies
Yes No

n (%) n (%) P

Total number 34 (5.4) 624 (94.8)
Mean age, years (SD) 78.7 (11.5) 84.2(7.6) .003
Sex

Men 5(14.7) 144 (23.1) ns

Women 29(85.3)  480(76.9)
Type of poisoning

Acute 7 (20.6) 203.2)  <.001

Chronic 27 (79.4) 604 (96.8)
Exposure intent

Accidental 31(91.2)  622(99.6) <.001

Suicidal 3(8.8) 1(0.2)

Other 0 1(0.2)
Poisoning Severity Score?®

Minor 2(5.9) 279 (447) < .001

Moderate 15(44.1) 274 (43.9)

Severe 16 (47.1) 62(9.9)

Fatal 129 8(1.3)
Dependency according to Barthel Index

Independent (> 90) 23(67.6) 249 (41.5) 012

Moderate (60-89) 4(11.8) 197 (31.6)

Dependent (< 60) 6(17.6) 154 (32.8)
Barthel Index 78.6(30.2) 71.8(28.6) ns
Plasma digoxin level at admission (ng/mL) 5.8 (2.7) 36(15  <.001
Presence of symptoms 33(97.1)  581(93.1) ns
Digestive symptoms 14 (41.2) 272 (43.6) 013
Neurological symptoms 20(58.8) 403 (64.6) ns
Slow supraventricular arrhythmias 26 (76.5) 334 (53.5) 032
Rapid supraventricular arrhythmias 129 15(2.4) ns
Ventricular arrhythmias 6(17.6) 12(1.9)  <.001
Asystole 3(8.8) 2(0.3) < .001
QOutcome

Discharge < 12 hours 1(2.9) 2438  <.001

Discharge > 12 hours 3(8.8) 91(14.6)

Admission to HW 18(52.9)  486(77.7)

Admission to ICU 12 (52.9) 12(1.9)

Other 0 11(1.8)
Time in emergency department (hours) 28.2(30.5) 18.7 (20.6) ns
Length of stay (days) 149262 7.7(1.2) .002
Deaths 4(11.8) 71(11.4) ns

2In one case of IV digoxin administration, symptoms were not recorded.
®The Barthel Index was assessed in 33 patients who received anti-digoxin
antibodies and in 600 patients who did not.

Reproduced from Supervia et al. Emergencias. 2023;35:328-34.

HW: hospital ward; ICU: intensive care unit.
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Cases in which anti-digoxin antibodies could
have been administered but were not.

Digoxin-Fab are ovine-derived immunoglobulin frag-
ments with a low volume of distribution and primarily renal
elimination. The therapeutic response after administration
occurs approximately 30 minutes after infusion and should
be complete within about 90 minutes. Most studies on the
use of Digoxin-Fab refer to clinical case reports and small
case series, as no controlled studies have been conducted,’
although several series have demonstrated their effective-
ness in the treatment of severe digoxin poisoning.®2

In this subanalysis of the DIGITOX study, it was shown
that the use of Digoxin-Fab in Spain remains limited, being
employed in only 5% of all digoxin poisonings treated in
emergency departments—lower than the 8% reported in a
French study." When Digoxin-Fab were used, they were ad-
ministered preferentially in acute poisonings and in younger
patients, with higher digoxin concentrations and greater se-
verity according to the PSS, compared with patients who
did not receive treatment.

In those cases in which Digoxin-Fab were adminis-
tered, their use adhered to current recommendations.é
However, there was still a 5% subset of patients who met
the criteria for Digoxin-Fab use but did not receive the an-
tidote. Although the precise reasons for non-administration
cannot be determined, one possible explanation is that Di-
goxin-Fab were not available in all emergency depart-
ments, a situation also described in the French study.”
Among patients in the DIGITOX study who did not receive
Digoxin-Fab, mortality was significantly higher than among
those who did. It is expected that in the near future, the
nationwide implementation of the Antidote Network will
improve access to this treatment for patients who meet
clear criteria for administration, thus improving prognosis
and reducing mortality from digoxin poisoning.

The most common indications for Digoxin-Fab admin-
istration in the DIGITOX study were bradyarrhythmias, par-
ticularly atrial fibrillation with a slow ventricular response. In
all these cases, administration was deemed appropriate;
however, due to the retrospective nature of the study, it
was not possible to confirm whether adequate doses of at-
ropine had been given before Digoxin-Fab were indicated.

Despite the proven usefulness of Digoxin-Fab in pa-
tients with severe digoxin intoxication, their high cost has
limited their use in some cases—especially among pa-
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tients without immediate life-threatening risk—due to the
absence of standardized administration criteria in such
scenarios. Another controversial issue is Digoxin-Fab dos-
ing, which has been questioned in several studies, either
because of the need for concomitant therapies (e.g., cor-
rection of electrolyte abnormalities or other measures to
increase heart rate) or because of the difficulty in assess-
ing efficacy when empirical dosing is used.™'® According
to the classical dosing approach, the required amount of
antidote is calculated based on the total body load of di-
goxin (TBLD), often resulting in the administration of
large Digoxin-Fab doses. Recently, for patients without
immediate life-threatening conditions—and based on
pharmacokinetic studies of digoxin and Digoxin-Fab—it
has been proposed that treatment could be initiated with
only one 40 mg vial in cases of chronic poisoning, or two
vials (80 mg) in cases of acute poisoning, with the option
to administer an additional dose if no clinical response is
observed.” This low-dose approach has been clinically
evaluated, showing good outcomes in patients with
acute' and chronic™ poisoning. However, in the latter,
Digoxin-Fab administration did not appear to reduce
mortality, suggesting that other factors—such as renal fail-
ure, potassium levels, and concomitant medications—may
influence the final prognosis of intoxicated patients.’® Of
note, in the absence of free plasma digoxin concentration
measurements, the response to Digoxin-Fab administra-
tion must be guided by clinical and electrocardiographic
criteria.'??

Another relevant aspect concerns the indications for
Digoxin-Fab. In 2023, 2 new treatment algorithms were
proposed for patients with digoxin poisoning,?’-?? differing
in some aspects from the recommendations by Nogué et
al.® Dijkam et al.?' recommend treatment in cases of a sin-
gle ingestion of 10 mg of digoxin in adults or 4 mg in chil-
dren (in acute poisonings). They also propose treatment at
digoxin concentrations differing from those of Nogué et
al.* —specifically, Digoxin-Fab administration for levels ex-
ceeding 10 ng/mL at any time, or 7.8 ng/mL at 6 hours
post-ingestion in acute adult poisonings, and 6 ng/mL in
adults or 4 ng/mL in children in chronic intoxications. Con-
versely, Andrews et al.?? proposed new management and
treatment guidelines. Although their indications are similar,
unlike Dijkam et al.?' they do not distinguish between
acute and chronic poisoning, and they adjust the potassi-
um threshold to 6.5 mmol/L. Both publications include
specific recommended Digoxin-Fab doses for each scenar-
io. A major strength of these recent protocols is the em-
phasis on assessing patient severity at the time of deci-
sion-making and determining the need for immediate
empirical treatment, based on a predefined number of vi-
als. In the proposal by Andrews et al.,?? in the absence of
life-threatening situations, it is advised to await digoxin
concentration results and calculate the TBLD before admin-
istering Digoxin-Fab—modifying previously established
treatment approaches.'*'®"7 Because of the discrepancies
among different reviews, guidelines, and recent studies—
and considering that the recommendations by Nogué et
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al.® were published over 12 years ago—we propose updat-
ed management and dosing guidelines, summarized in Ta-
ble 3 and Figure 3.

This subanalysis of the DIGITOX study has the inher-
ent limitations of retrospective designs. Moreover, as the
study was not specifically designed to assess Digoxin-Fab
treatment indications, the results should be interpreted
with caution. Nonetheless, this represents the largest series
conducted in Spain, with 658 cases, including 34 patients
treated with Digoxin-Fab, reflecting routine clinical practice
in Spanish emergency departments.

In Spain, Digoxin-Fab treatment is administered to ap-
proximately 5% of patients with digoxin poisoning, while
another 5% could have benefited from its use. The updat-
ing of management and dosing protocols, along with the
expansion of the Antidote Network, may improve treat-
ment access for these patients. Currently, the Antidote
Network includes most Spanish autonomous communities,
with others in the process of joining.

We propose practical management and dosing guide-
lines that may assist in decision-making for patients with
digoxin poisoning.

Table 3. Proposed treatment with anti-digoxin antibodies in patients
with digoxin poisoning*

Adults** Children**

Bradyarrhythmia with ventricular rate < 40 beats/min that does not respond
(maintains ventricular rate < 60 beats/min) after repeated doses of 0.5 mg IV
atropine (up to a maximum of 2 mg).

Second- or third-degree atrioventricular block unresponsive to atropine.

Ventricular extrasystoles with risk of ventricular tachycardia or fibrillation
(frequent ventricular ectopy, couplets, triplets, multifocal beats, or R-on-T
phenomenon).

Asystole and severe ventricular arrhythmias: ventricular tachycardia and
fibrillation.

Cardiogenic shock.

Serum potassium > 5 mEq/L with other signs of digitalis toxicity, only in acute
poisoning.

Digoxin concentration > 10 ng/mL after ingestion in acute poisoning, regardless
of interval.

Plasma digoxin concentration > 4 ng/
mL (> 6 hours post-ingestion).

Plasma digoxin concentration > 6 ng/
mL (> 6 hours post-ingestion).

* Always administer provided that, prior to the intoxication, the patient did

not have a clearly documented limitation of therapeutic effort due to baseline
condition.

** Some authors? also recommend treatment following a single ingestion = 10
mg of digoxin in adults and = 4 mg (or > 0.1 mg/kg) in children in cases of
acute poisoning.

The patient is in cardiac arrest,
and digoxin poisoning is suspected

Yes:
— Administer 10 vials (400 mg)
— Repeat if there is no response.

No:

Is there a life-threatening situation?:

— Hemodynamic instability: systolic BP < 90 mmHg and
involvement of at least 1 organ

— Ventricular tachycardia or high-grade block

Yes: No
— Administer 5 vials (200 mg)
— Repeat if there is no response after 30 minutes

— Acute intoxication*: administer 2 vials (80 mg)
— Chronic intoxication*: administer 1 vial (40 mg)
In both cases, if there is no response after 30 minutes, repeat the dose.

Figure 3. Proposed anti-digoxin antibody dosing protocol for patients with digoxin poisoning who meet criteria for anti-

dote administration.
The response to Digoxin-Fab administration should be evaluated
electrocardiographic response should be assessed.

by measuring free digoxin concentration; if unavailable, clinical and

*Acute poisoning is defined as the deliberate ingestion of =2 mg of digoxin within < 12 hours, accompanied by symptoms or electro-

cardiographic findings consistent with digitalis intoxication.

**Chronic poisoning is defined as the presence of signs and symptoms suggestive of digitalis intoxication (neurological, gastrointestinal,
or ECG findings) with digoxin levels > 2 ng/mL, measured at least 6 hours after the last dose in patients receiving chronic digoxin thera-

py-
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