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Digoxin-specific antibody fragments in the treatment
of digoxin toxicity
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Context. Digoxin-specific antibody fragments (digoxin-Fab) are widely regarded as a safe and effective treatment for the management of
acute and chronic digoxin poisoning. Calculated equimolar doses of digoxin-Fab are high, very expensive, and infrequently used. Objective.
To review the pharmacology, efficacy, effectiveness, indications, safety and the dosage of digoxin-specific antibody fragments. Methods.
Pubmed, Embase, Medline and Cochrane were searched from 1946 to May 2013 using the terms digoxin, digoxin-specific Fab, and digoxin
antibody. Pharmacology and kinetics of digoxin and digoxin-Fab. Digoxin acts via inhibition of Na*/K* ATPase. It has a narrow therapeutic
index. Digoxin has 60-80% bioavailability, a mean plasma half-life of 40 h and a volume of distribution (Vd) of 5-10 L/kg and low protein
binding (20%). A 40-mg vial of digoxin-Fab (DigiFab) binds 0.5 mg digoxin. Digoxin-Fab has a mean plasma half-life of 19-30 h and a
Vd of 0.4 L/kg. The half-lives of both digoxin and digoxin-Fab are prolonged in renal failure to over 100 h. Efficacy and effectiveness of
digoxin-Fab. There were no randomised clinical trials examining the use of digoxin-Fab for acute or chronic digoxin poisonings. Ten case
series with a total of 2,080 patients have reported on the use of digoxin-Fab in digoxin poisoning. In three large case series of 430 acute and
1308 chronic poisonings, response rates to digoxin-Fab vary from 80-90% to 50%. The time for reversal of digoxin toxicity is reported to
be 3045 min. Studies with pharmacokinetic data showed that free digoxin concentration fell to almost zero within a few minutes following
the administration of digoxin-Fab. Digoxin-Fab was used more frequently in acute than chronic digoxin poisoning with a higher reported
success rate when used in acute overdose. It is sometimes recommended to use full neutralisation doses (based on serum concentration
X Vd or ingested dose). It has also been proposed to use half this dose. Indications for digoxin-Fab. Patients who have life-threatening
tachy—bradyarrhythmias, hyperkalaemia (>6 mmol/L) or haemodynamic instability with an elevated digoxin concentration (>2 ug/L or
2.6 nmol/L). The lowest effective digoxin-Fab dosing regimen has not been established. Safety of digoxin-Fab. Adverse events such as
exacerbation of heart failure, increased ventricular rate and hypokalaemia are uncommon (< 10%). Recrudescence of digoxin toxicity and
allergic reactions are infrequent. Digoxin-Fab dosing in acute poisoning. Digoxin load based on ingested dose will generally overestimate
digoxin-Fab doses as bioavailability is 60-80%, and further reduced by vomiting and activated charcoal. Digoxin load based on concentration
also will be overestimated when the concentration is taken before distribution is complete (around 6 h). Much smaller doses of digoxin-Fab
can eliminate the digoxin in the central compartment (Vd = 55 L). In imminent cardiac arrest, it may be justified to give a full neutralising
dose. Otherwise, based on pharmacokinetic modelling, it is recommended to give 80 mg bolus digoxin-Fab, repeated as required according
to clinical parameters because the onset of clinical response is usually rapid. Most patients would be expected to require a total of less than
half of the calculated neutralising dose using this strategy. Digoxin-Fab dosing in chronic poisoning. Even if digoxin load is estimated
following distribution (> 6 h), excessive neutralisation doses may still be calculated because of variation in Vd due to equations failing
to account for lean body weight, age and renal failure. In practice, it is suggested to give 40 mg (1 vial) digoxin-Fab at a time and repeat
after 60 min if patient is still symptomatic, sooner if patient is clinically unstable. In general, 40-120 mg (1-3 vials) should be sufficient.
Conclusions. Digoxin-Fab is safe and indicated in all patients with life-threatening arrhythmias and an elevated digoxin concentration.
However, calculated full neutralising doses of digoxin-Fab are expensive and may not be required. In acute poisoning, a small bolus of 80
mg, repeat if necessary, titrated against clinical effect, is likely to achieve equivalent benefits with much lower total doses. With chronic
poisoning, it may be simplest to give 40 mg (1 vial) digoxin-Fab at a time and repeat after 60 min if there is no response.
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Context However, it has a narrow therapeutic index. Recent
evidence has led to the therapeutic range being reduced
from around 0.8-2 pg/L (1-2.6 nmol/L) to 0.5-0.8 pg/L
(0.6-1.0 nmol/L) for the management of heart failure.!

Digoxin is used for the management of congestive car-
diac failure and long-term rate control for atrial fibrillation.
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Digoxin-specific antibodies, prepared from sheep anti-
serum, were introduced in 1967 as an immunoassay for
digoxin in human serum.* In 1976, Smith and colleagues>
first successfully treated a patient who had ingested
digoxin 22.5 mg with digoxin-specific antibody fragments
(digoxin-Fab) after conventional therapy failed. Since then
digoxin-Fab has been widely recommended and used. It
has not been established in clinical trials that this improves
outcomes, but reported mortality rates from digoxin tox-
icity have improved from 20-30%°%3 to as low as 5-8%
following the introduction of digoxin-Fab.® As reported
rates of use of digoxin-Fab are lower than this difference,
it is likely that many other factors have contributed to this
apparent change. Digoxin-Fab has also been effective in
managing other cardiac glycoside poisonings such as
oleander,'%13 toad venom,!* Chinese herbal medicines like
Chan Su,'® Dan Shen and Lu-Shen-Wan.'® While there is
some preliminary experimental evidence that other treat-
ments, such as glucose—insulin infusions!” and fructose
diphosphate,'® show favourable cardiovascular effects in
acute cardiac glycoside poisoning, the mainstay of treat-
ment remains judicious use of digoxin-Fab with supportive
care. This review will concentrate on the use of digoxin-
Fab in digoxin poisoning and will not cover in detail its use
in toxicity from other cardiac glycosides or other treatment
modalities in digoxin poisoning.

Except in life-threatening situations, digoxin-Fab is
used infrequently for digoxin poisoning, rates varying
from 3.9 to 5.8%.'" In 2013, the price increased from
about US$380 to US$750 per vial and potentially it has
become less cost-effective in managing digoxin poisoning.
Many cardiologists and emergency physicians are reluc-
tant to use digoxin-Fab unless the poisoning is deemed
life threatening with tachy—bradyarrhythmias.? In acute
digoxin poisoning, there is evidence to suggest that anti-
body treatment is effective but the recommended dosages
are not standardised in the literature. There is a potential
to overtreat patients with the number of vials of digoxin-
Fab based on dose ingested or serum concentrations that
do not reflect the total body burden.?! On the other hand,
the indications for managing chronic digoxin poisoning
are less well defined. In chronic toxicity, the diagnosis is
not always clear and patients often have cardiac and renal
diseases. Clinical features may be due to many other fac-
tors that would not respond to digoxin-Fab. The recom-
mended equimolar dose also varies because it depends on
the assumption used for the volume of distribution (Vd).
In addition, as most patients have been prescribed digoxin
for therapeutic purposes, adverse events may result if all
digoxin in the body is neutralised.

Objective

To review the pharmacology, efficacy, effectiveness, indica-
tions, safety and the dosage of digoxin-Fab. On the basis of
the reviewed data, to propose a regimen of administering
digoxin-Fab to patients with digoxin poisoning based on
pharmacokinetic principles.

Methods

We reviewed Pubmed, Embase, Medline and Cochrane
from 1946 to May 2013 searching for terms digoxin,
digoxin-specific Fab, digoxin antibody to review the
pharmacology, efficacy and effectiveness, indications,
dosage and safety of digoxin-Fab. These searches elicited
5317 citations. Case reports without pharmacokinetic
results were excluded; 140 citations were found to be
relevant. There have been no randomised clinical trials
on digoxin poisoning. There is a randomised trial demon-
strating effectiveness of digoxin-Fab in managing severe
arrhythmias caused by yellow oleander self-poisoning.!!
However, dosing recommendations for this indication are
not relevant to digoxin as yellow oleander contains differ-
ent cardiac glycosides.!! There are several case series on
acute and chronic digoxin poisoning treated with digoxin-
Fab,”-2223 but these provide little or no data to support
dosing strategies.

Pharmacology and kinetics of digoxin and digoxin-Fab

Digoxin is a cardiac glycoside with a molecular weight of
780 Da (g/mol). Bioavailability is between 60 and 80%°%>*
and the plasma half-life is between 20 and 50 h (mean
40 h).?>26 It has a large volume of distribution of 5-10 L/kg
with extensive tissue distribution and low protein binding
(20%). 1t is predominantly renally excreted. In the elderly,
the apparent clearance (CI/F) and volume of distribution
(V/F) are both reduced to about 9 L/h (relative standard error
(RSE) 18%) and 420 L (RSE 12%), respectively.?’ The half-
life is prolonged in patients with renal failure and is reported
to be between 68 and 177 h.282°

Digoxin is a weak positive inotrope that acts via inhi-
bition of Nat—K™* ATPase.’® ATPase inhibition results
in an increase in intracellular Na™, which in turn causes
an increase in intracellular Ca’* via the Na®™—Ca’*
exchanger. Life-threatening digoxin toxicity is believed
to be due to excessive intracellular calcium, which can
result in delayed after depolarisations manifesting as
increased automaticity and ectopic beats, atrial or ventric-
ular arrhythmias, ventricular tachycardia or fibrillation.
Digoxin also has effects on the parasympathetic system,
increasing vagal stimulation to the sinus and atrio-ven-
tricular (AV) node, slowing the heart rate and conduction
through the AV node.

At low plasma concentrations, digoxin acts as a sym-
patholytic agent for patients with cardiac failure. The
optimal serum digoxin concentration is 0.5-0.8 pg/L for
the management of cardiac failure with a left ventricular
ejection fraction less than or equal to 45%. This is based
on the Digitalis Investigation Group (DIG) trial, in which
high serum digoxin concentrations were associated with a
slightly increased mortality rate.3! A serum digoxin concen-
tration of 1.2 pg/L or higher was associated with a hazard
ratio (HR) of 1.16 (95% CI, 0.96-1.39) when compared
with placebo (HR: 1); in contrast, the hazard ratio was 0.80
(95% ClI, 0.68-0.94) for serum digoxin concentrations of
0.5-0.8 pg/L.
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Digoxin is a substrate for P-glycoprotein which is located
in the small intestine, bile ducts and kidneys. Potent inhibi-
tors of P-glycoprotein such as clarithromycin, quinidine,
verapamil and amiodarone reduce renal tubular secretion
and increase gut absorption resulting in an increase in serum
digoxin concentration.’> Drug interactions may cause a
greater risk of digoxin toxicity in elderly patients who are
more likely to have renal impairment and are commonly
treated with multiple cardiac medications.

Digoxin-Fab is a monovalent immunoglobulin with a
molecular weight of 46,000 Da; its half-life is between 19
and 30 h.?? Digoxin-Fab is removed by both renal clear-
ance and hepatic metabolism. The half-life is prolonged in
the elderly to over 90 h?*34 and in renal failure to greater
than 130 h.33-% In a study of 16 patients who were treated
with digoxin-Fab, the total body clearance was linked lin-
early to a decrease in renal clearance and increase in age.?®
It has a small Vd: 0.4 L/kg. It has 100-1000 times higher
affinity than Na®/K* ATPase for digoxin. Each vial of
DigiFab (38—40 mg of Fab) binds approximately 0.5 mg
digoxin. In a pilot study of 11 patients, the unbound plasma
digoxin concentration fell to almost 0 within a few minutes
following the administration of digoxin-Fab.?* In addi-
tion, digoxin-Fab increases renal clearance of digoxin by
20-30%, providing both toxicokinetic and toxicodynamic
benefits.?’

There is some evidence to suggest that there is uncou-
pling of the digoxin and antibody complex in the kidney. The
digoxin-Fab fragments are filtered through the glomeruli and
reabsorbed in the proximal tubules while digoxin is excret-
ed.>” However, there is no evidence that there is dissociation
of the digoxin and antibody complex in the intravascular
system.*® Toxicity is likely to be determined by the free
digoxin concentration, and therefore, molar ratios of digoxin
to digoxin-Fab.333° Digoxin-Fab has very high affinity for
digoxin and so the free digoxin concentration would be low
in the presence of unbound antibody.

Digoxin-Fab binds to intravascular digoxin rapidly and
may also diffuse into the interstitial space.*” Reduced free
serum digoxin generates a concentration gradient which
promotes digoxin redistribution back from the membrane
receptors.*! In acute ingestion, the time course for reversal
of digoxin toxicity by digoxin-Fab is reported to be within
30—45 min,*>* even when half or less of the ingested dose
has been neutralised with digoxin-Fab.** There is a 10- to
20-fold rise in the total measured digoxin concentration
(which includes the Fab-digoxin complex) following the
administration of digoxin-Fab for over 32 h, suggesting pro-
longed and continuous re-distribution of digoxin from the
tissue to the plasma.??

In contrast, free digoxin concentrations remain low
for a considerable period of time (up to 152 h following
a bolus dose of digoxin-Fab).*> While free digoxin con-
centrations consistently decrease rapidly following Fab
therapy,??334246-30 there can be a rebound in plasma unbound
digoxin concentrations 12—24 h later in patients with normal
renal function.’® Furthermore, the elimination half-life of
both digoxin and digoxin-Fab is significantly increased in
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renal failure and this may delay the rebound in patients with
renal insufficiency.*¢ All the above factors support measur-
ing clinical improvement with electrocardiographic changes
rather than total plasma digoxin concentrations. This can be
assisted by concentration monitoring only if the laboratory is
capable of measuring free digoxin concentrations.

Efficacy and effectiveness of digoxin-Fab

There are 10 case series of digoxin poisoning (Table 1). In
the three largest case series,”?>?3 there were a total of 430
acute and 1308 chronic poisonings (Table 2). Symptoms of
toxicity such as nausea and vomiting should manifest within
a few hours of acute ingestion of digoxin.’ These features
may then be followed by cardiac arrhythmias and haemody-
namic instability. Response rates to digoxin-Fab varied from
80-90%%>2% to as low as 50%.” Higher response rates were
reported in those series with more treatments of acute poi-
sonings and more severe (and perhaps more specific) toxic
manifestations. Interpretation of response rates in chronic
versus acute poisoning however is complicated by very dif-
ferent rates of use, for example, 2.6% with chronic toxicity
versus 41% with acute poisoning.’!

There are different thresholds for diagnosis and varia-
tion in baseline toxicity which make it difficult to interpret
response rate. For example, in one case series of 29 children
(18 acute, 11 chronic poisonings), the mean serum digoxin
concentration was 13.8 ug/L (range: 3—>100 pg/L), with
55% of patients also having underlying cardiac problems. All
developed severe cardiac arrhythmias and 93% responded to
digoxin-Fab with a median time of 90 min.?® In contrast,
another paediatric study included 41 children with ‘acute
poisoning’ from three paediatric hospitals. However, there
were no life-threatening arrhythmias in this group. There
was a delay of up to 18 h post ingestion in the development
of ECG abnormalities in seven patients with serum digoxin
concentration >2 ug/L, but none of these abnormalities
were life threatening. The serum digoxin concentrations
were much lower (range 0.2-11.6 ng/L) and no patients had
any underlying cardiac diseases. Hence, the two studies have
very different baseline toxicities and outcome and are dif-
ficult to compare.

It has been suggested to use half of the calculated doses
of digoxin-Fab based on serum concentrations or ingested
dose.>? However, acute and chronic poisonings are quite
different in terms of patient characteristics such as age, car-
diovascular diseases and co-morbidity and digoxin distribu-
tion in tissues. In the acute group, the serum concentration
does not reflect the tissue concentrations until absorption
and distribution are complete. Thus, the body burden and
required digoxin-Fab dose can be greatly overestimated if
the serum digoxin concentration is multiplied by the volume
of distribution prior to this time. Reported digoxin dose may
also be misleading as a guide to the need for digoxin-Fab.
For example, in one case series> despite a median reported
digoxin overdose of 7.5 mg, only 12% (17/147) of patients
had life-threatening arrhythmias. On the other hand, in
chronic digoxin poisoning, digoxin is mostly in the tissue
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poisoning or not. Early presenta-

tion to hospital and decontamination
may explain the low lethality in this

case series. The paper does pose the
question of whether digoxin-Fab

should be administered on the basis
of reported ingested dose only.

Digoxin antibody review 7

Table 2. Response to digoxin-Fab.

Smolarz Antman

Author et al.?? etal.? Hickey et al.”
Total no. of patients 34 148 717
Acute 30 (88%) 75 (51%) 209 (29%)
Chronic 4 (12%) 74 (49%) 508 (71%)
Median/mean digoxin 12.2 8 9-11 (acute),

concentration (Lg/L) 4-5 (chronic)
Median/mean digoxin- 480 200 120

Fab (mg)
Complete response (%) 32 (94%) 119 (80%) 357 (50%)
Partial response — 14 (10%) 172 (24%)
No response (%) - 15 (10%) 89 (12%)
Deaths (%) 2 (6%) — 171 (24%)

and full neutralisation may not be optimal as digoxin is
needed to manage the cardiac conditions.

The concept of giving a loading dose followed by an
infusion was proposed based on pharmacokinetic studies of
17 patients.** Most of these patients had acute poisonings
and were successfully treated with 320-480 mg digoxin-
Fab infused between 0.5 and 7 h. The study proposed that a
loading dose of 160 mg followed by an infusion of 0.5 mg/
min was adequate to bind digoxin that sequestrated into the
serum from the tissue during the first 8 h. This regimen was
estimated to achieve a greater efficiency of digoxin-Fab with
the percentage of bound-Fab increasing from 48 to 70% and
a lower total digoxin-Fab dose.

Another case report showed that a smaller bolus dose
followed by an infusion of digoxin-Fab can be used suc-
cessfully. A patient ingested 10 mg methyl digoxin with a
serum digoxin concentration of 7.4 pug/L (9.5 umol/L) 23 h
post ingestion.?! He was treated with a small loading dose of
80 mg digoxin-Fab followed by 30 mg/h for 10 h. The free
serum digoxin concentration went down to near zero dur-
ing the digoxin-Fab infusion and then slowly rebounded to
a concentration below 2 pg/L (2.6 umol/L), peaking after
55 h. The total digoxin-Fab dose was 60% of the regimen
that would otherwise have been used.

In some cases, free digoxin reappeared in the serum
8-12 h after beginning the treatment.*’ However, this amount
of digoxin redistributed from the tissues may not necessar-
ily be elevated or cause cardiac toxicity. For example, in
a patient with chronic digoxin poisoning and ventricular
tachycardia, single dose of 120 mg digoxin-Fab (3 vials)
reduced the serum unbound digoxin concentration close to
zero from 5.8 ng/L for at least 152 h and patient remained
clinically stable.*

There is a greater potential for the free serum digoxin
concentration to rebound at a much later time in patients
with chronic renal failure that are treated with digoxin-Fab
because the half-lives of digoxin and digoxin-Fab are much
longer. For example, in one study of 14 patients that had
normal renal function and were treated with digoxin-Fab,
rebound took place within 12-24 h, but occurred up to 130 h
later in patients with renal impairment and end-stage renal
failure.’346 However, there were only three patients who
were suspected to have recrudescence of cardiac toxicity.



Clinical Toxicology Downloaded from informahealthcare.com by University of Queensland on 08/12/14

For personal use only.

8 B.S.H. Chan & N. A. Buckley

One was treated with a second dose of digoxin-Fab without
any improvement and later was shown to have free digoxin
concentrations of zero after both the first and the second
dose of digoxin-Fab. The other two patients improved with-
out any intervention. Hence, with calculated ‘neutralising’
doses, recrudescence of cardiac toxicity is a rare event even
in patients with chronic renal failure.

Indications for digoxin-Fab

There is general agreement that digoxin-Fab is indicated
in patients with life-threatening tachy-bradyarrhythmias,
hyperkalaemia (>6 mmol/L) or haemodynamic instability
with concentrations (e.g. digoxin>2 pg/L or > 2.6 nmol/L)
that support digoxin may be a contributing cause.” It is also
generally stated that digoxin-Fab is not indicated for asymp-
tomatic patients with an elevated serum digoxin concentra-
tion. However, there is no consensus as to whether it is useful
or should be used for other less serious and non-specific
toxicity such as gastrointestinal symptoms or increased auto-
maticity. It is clear that such symptoms may be attributable
to digoxin toxicity and may resolve with discontinuation of
digoxin. Furthermore, the higher the digoxin concentration,
the more likely the symptoms are to resolve with discontinu-
ation.’* Increased ‘automaticity’ (e.g. ventricular ectopics, or
supraventricular tachyarrhythmias) and AV-block and those
with multiple symptoms were most likely to improve with
digoxin cessation and it is likely that digoxin-Fab would accel-
erate the rate of improvement of these symptoms. However,
the cost-effectiveness of treating non-life-threatening digoxin
toxicity is drawn into question due to the increased cost of
digoxin-Fab and multiple co-morbidities of these patients.

There are very few studies that have carefully measured
free and bound digoxin concentrations before and after the
use of digoxin-Fab.?? As a result, there are no current data to
establish the lowest effective digoxin-Fab dosing regimen.
Digoxin has a very large Vd of 5-10 L/kg, and distribution/
redistribution occurs over several hours to days and is best
described with a two-compartment model.> Most of the
digoxin in the body is outside the central compartment and
not immediately available for binding. Thus, even a very
small loading dose of digoxin-Fab (40-80 mg; 1-2 vials)
will generally rapidly drop the free serum digoxin concen-
tration to zero.?!?*49 Any excessive digoxin-Fab will be
partly wasted (eliminated in urine). In a two-compartment
pharmacokinetic model derived in volunteers, the mean
central and peripheral compartments were estimated to be
55 L (Vc) and 330 L (Vp), respectively for digoxin.’® The
parameters in this model are also broadly in agreement with
other studies.?

Using these pharmacokinetic parameters, we explored the
advantages of a titrated digoxin-Fab dosing regimen:*¢

(a) Central compartment digoxin load: serum digoxin
concentration (ng/L) X 55 L;

(b) Peripheral compartment digoxin load: serum digoxin
concentration (ng/L) X 330 L;

(c) Rate constant for redistribution (k21)=0.12/h,
k12 =0.76/h, k10 =0.29/h.

Digoxin-Fab in acute poisoning

Acute poisoning presents several problems with regard to
estimating the amount of digoxin requiring neutralisation.
The bioavailability of digoxin varies from 60 to 80%; hence,
one can overestimate the digoxin-Fab dose if it is based on
the ingested dose. In addition, vomiting or administration of
activated charcoal may further reduce the amount of digoxin
absorbed.

Figure 1 shows a simulated graph of digoxin concentra-
tions in the central and peripheral compartment following a
small overdose of digoxin with an early high concentration.
If the serum digoxin concentration is used to calculate the
dose, and less than 6 h or so have elapsed from the time of
ingestion, then digoxin will not have completely distributed.
Multiplying the digoxin concentration by the average volume
of distribution may substantially overestimate the amount of
digoxin present. Further, volume of distribution is variable
and thus up to a 2-fold error may come from this calculation.
After some digoxin-Fab is administered, the total digoxin
(bound and unbound) concentration is increased and this

(a) %
--- C2
-
(=2}
2
c
=
o
=
o

Time (h)
b
®)
)
=]
=
=
E
o
=
o
12 18 24
Time (h)

Fig. 1. A simulated graph of free digoxin concentrations in the central
and peripheral compartment following an overdose of digoxin 3.5 mg
(a) and after treatment with digoxin-Fab 80 mg (b) administered 2 h later.
If the calculation of digoxin-Fab dose is based on the peak concentration
in the distribution phase, then it will be estimated to be 800 mg. In
this simulated model, digoxin-Fab 40 or 80 mg given during the
distribution phase would have brought the digoxin concentration down
significantly by 6 h. A two-compartment model has been used with the
following parameters: F=0.8, Ka=1, K21 =0.12/h, K12 =0.76/h,
K10=10.15/h, Vc =55 L, Cl = 7.5 L/h.® The dotted line is at 3 pg/L.
Cp = central compartment, C2 = peripheral compartment.
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cannot be used to guide dosing strategy unless free digoxin
can be measured. However, clinical response and ECG
changes can be measured.

Figure 2 demonstrates a simulated graph of digoxin
concentrations in the central and peripheral compartment
following a large overdose of digoxin with a high serum
concentration at 6 h. Giving a large bolus of digoxin-Fab
would bring the digoxin concentration to zero but will

(a)
30+
o
D  20-
=2
£
3
2 101
(a]
o T T T 1
0 6 12 18 24
(b) Time (h)
30+
—Cp
---C2
o
D  20- e N
=3 ’ .
~— ’ \\
£ Il S
g l' \\x
D 104 ¢ S~
o h Theel
' ~~o
o Wi . 8 s A . Semeea
doeeeeeeees IMAARIAA A A A seeees
0 6 12 18 24
Time (h)
(c)
30+
—Cp
---C2
0
> 204 P N
= ’ N
~ ’ N
E II \\
> 109 / s,
(=) ' SN ...
1
1

Time (h)

Fig. 2. A simulation of free digoxin concentrations in the central
and peripheral compartment of a patient who had taken an acute
overdose of digoxin 13 mg (a). (b) The outcome of giving repeated
small bolus doses of digoxin-Fab that are titrated against clinical
response (with toxicity appearing with concentrations of >3 ug/L).
(c) Treatment with a large bolus dose of digoxin-Fab calculated to half
neutralise the digoxin load (based on both the ingested dose and the
6 h concentration). There is a late rebound at > 12 h with a peak free
digoxin concentration subsequently of over 6 LLg/L. A two-compartment
model has been used with the following parameters: F=0.8, Ka=1,
K21 =0.12/h, K12 =0.76/h, K10 =0.15/h, Ve =55 L, C1 = 7.5 L/h.>®
The dotted line is at 3 ug/L. Cp = central compartment, C2 = peripheral
compartment.
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rebound at a later time following re-distribution. In such a
scenario, it would be more efficient to give small repeated
bolus doses of digoxin-Fab according to clinical response.
This will provide a safe and more cost-effective approach to
acute digoxin poisoning.

In the presence of life-threatening toxicity (e.g. high
potassium or arrhythmias), the amount that can neutralise
the digoxin in the central compartment can be estimated
from the concentration (ug/L) multiplied by 55 (the Vcin L).
If a concentration is not available, some assumptions can be
applied. A serum digoxin concentration greater than 20 pg/L
(=26 pmol/L) is rarely reported in acute overdose, and based
on the above formula this would require 80 mg (2 ampoules)
digoxin-Fab to neutralise the amount of digoxin in the cen-
tral compartment. This is likely to be substantially lower
than the 20 vials (costing around US$15,000) suggested in
the product information.

A case study demonstrated that a single infusion of 80 mg
digoxin-Fab was adequate to manage an acute overdose with
a serum digoxin concentration of 15.4 nmol/L (12 pg/L).*3
An 82-year-old patient (45.7 kg) took an acute overdose
6 h previously and had a measured creatinine clearance of
32 mL/min. A full neutralising dose would have been calcu-
lated to be 8 vials (320 mg). The study measured digoxin-
Fab as well as free and bound digoxin concentrations and
showed that the free digoxin concentration dropped to zero
within an hour. In vitro, the maximal effect is observed when
the digoxin-Fab:digoxin ratio is equimolar and the addition
of excess antibodies does not have a greater effect in revers-
ing Na*/K* ATPase inhibition.*! Pharmacokinetic simula-
tions suggest that 40—80 mg (1 or 2 vials) of digoxin-Fab is
sufficient to neutralise the amount of digoxin in the central
compartment in most acute overdoses. The onset of clini-
cal benefit should be apparent within 60 min. Further doses
could be given based on clinical parameters such as ECG
findings, haemodynamic status and potassium concentra-
tions. Most patients should respond to half or less of the neu-
tralising dose. If only low titrated doses of digoxin-Fab are
given recrudescence (if it occurs) will occur quickly (within
6 h), so in principle this should reduce the required duration
of monitoring for recrudescence of symptoms (potassium,
ECG, and free digoxin concentrations, if available) from
what is commonly suggested, i.e. 48 h, and even longer if
there is renal failure. Altered dosing recommendations are
based on case reports and pharmacokinetic data and should
be validated with further clinical studies with toxicokinetic
data. Due to these uncertainties, in the event of cardiac arrest,
it would be reasonable to give a full neutralising dose.

Digoxin-Fab dosing in chronic toxicity

Figure 3 shows a simulated graph of chronic digoxin poi-
soning. This graph demonstrates that the calculated digoxin-
Fab dose can be overestimated if the digoxin concentration
is measured before distribution takes place. In addition,
there are several methods suggested to ‘calculate’ the total
body burden. Although these methods appear similar, they
can produce quite disparate results. Table 3 demonstrates
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Fig. 3. A simulated graph of free digoxin concentrations in the
central and peripheral compartment of a patient with chronic digoxin
poisoning who had a trough digoxin concentration of 5.5 pg/L
(a). At time 0, the patient takes a further dose of digoxin 250 pLg. As in
acute poisoning, if blood is taken before distribution is complete, the
digoxin load will be overestimated (the modelled body burden is 2 mg).
(b) Treatment with digoxin-Fab 40 mg at 8 h post last dose of digoxin.
A two-compartment model has been used with the following parameters:
F=0.8,Ka=1,K21=0.12/h,K12=0.76/h, K10 = 0.02/h,Vc =55 L,
Cl=1 L/h.% The dotted line is at 3 pg/L. Cp = central compartment,
C2 = peripheral compartment. Note in this model the clearance is only
1 L/h (simulating severe renal impairment).

how common methods used can overestimate (or occasion-
ally underestimate) the amount of digoxin-Fab required to
completely neutralise digoxin body load by almost 2-fold in
patients with different lean body mass.

Yet, in chronic digoxin poisoning, it has generally been
observed that 1-3 vials is usually sufficient to neutralise the
body burden.® Empirically many people give 1 vial at a time
and then assess the clinical response with further vials at
roughly 60-min intervals if no response. Response to smaller
doses may be due to a combination of factors: complete neu-
tralisation is not required, the real digoxin body burden is not
as large as estimated with usual methods, the cardiac effects
are reversed rapidly but distribution back from the peripheral
tissues is slow and there is also ongoing elimination during
this time.

Overestimates of digoxin body burden may be further
compounded by the fact that the volume of distribution is
much reduced in renal failure, which is often a precipitating
factor in the elderly.’” A study showed that the volume of
distribution is estimated to be 5.8 L/kg in subjects with nor-
mal renal function, while in patients with renal impairment
it is about 3.6 L/kg. This can make a huge difference when
calculating the total body burden of a renal impaired patient
as shown in Table 4.2 Hence, we recommend giving 1 vial
(40 mg) at a time and observe for clinical response. If none
is observed after 60 min, a second ampoule of digoxin-Fab
may be administered, to neutralise digoxin re-distributing
from the peripheral compartment. This time frame is sug-
gested because previous studies showed that digoxin-Fab
should work within 3045 min of administration. If this
regimen fails to improve symptoms, an alternative diagnosis
should be considered.

Safety of digoxin-Fab

Adverse events attributable to Fab such as exacerbation of
heart failure, increased ventricular response in atrial fibrilla-
tion, or hypokalaemia are uncommon, reported to be < 10%,
and are generally not serious (Table 5).23 ‘Allergic’ reactions
are also rare. In one large series, allergic reactions occurred
in 0.8% (6/717) of patients.” Allergic reactions were more
common in patients with a history of atopy or asthma.’®
Recrudescence of digoxin toxicity occurred in only 2.8%
(20/717) of patients. In this study, the calculated digoxin-Fab

Table 3. Estimation of the digoxin body load for a 10 pg/L concentration.

Most likely — True total body

Patient real Vd (L) burden (mg) Method 1 (mg) Method 2 (mg)
Frail 50 kg M (58% lean body wt.) 290 29 5 3.5
Obese 100 kg F (48% lean body wt.) 480 4.8 5 7
Muscular 100 kg M (65% lean body wt.) 650 6.5 5 7

This table shows estimates for a 10 pg/L concentration in a 50-kg frail elderly man, a 100-kg overweight woman and a
100-kg muscular man.®’ These are contrasted with physiological estimates based on the Vd being 10 times calculated lean
body mass.®*% The scenarios demonstrate that these methods could easily overestimate the amount of digoxin-Fab required

to completely neutralise digoxin body load by almost 2-fold.

Method 1: Estimate digoxin load by multiplying serum digoxin (ug/L) X 0.5 to give mg body burden [OR serum digoxin
(nmol/L) X 0.4] (method 1). This makes an assumption that the volume of the distribution and body weight are the same

for all patients.

Method 2: Estimate digoxin load by multiplying serum digoxin concentration (ig/L) X weight X average Vd (7 L/kg). To
convert molar units (nmol/L) to mass units (1g/L) multiply by 0.78. Failure to do this step will overestimate body burden

by about 25-30%.

The Heitmann equation is used to calculate the lean body weight of the frail elderly man and the lean body weight equation
is used to calculate the other two scenarios, with an adjustment of 10%.%8 It is assumed that a frail 50-kg 75-year-old man
has a BMI of 27, an obese 100-kg woman has a BMI of 35, and a muscular 100-kg man has a BMI of 25.
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Table 4. Estimation of the total body burden with a serum digoxin concentration of 10 pg/L in normal and

renal impaired patients.

Vdin a 70-kg True body
patient (L) burden (mg) Method 1 (mg) Method 2 (mg)
Patients with normal renal function 406 4 5 4.9
Patients with renal impairment 252 2.5 5 4.9

This table showed that the two methods would have overestimated digoxin-Fab requirements by 2-fold due to the reduced

volume of distribution in patients with renal failure.

Method 1: serum digoxin concentration (ug/L) X 0.5 to give mg body burden [OR serum digoxin (nmol/L) X 0.4].
Method 2: serum digoxin concentration (1g/L) X weight X average Vd (7 L/kg).

dose was estimated based on serum digoxin concentration
and body weight or the dose ingested for acute overdose.
Only four patients (8.5%) who received less than 50% of
the calculated digoxin-Fab dose were thought to have recru-
descence of digoxin toxicity. However, this finding was
disputed by an independent cardiologist who attributed only
one patient’s deterioration as probably due to recrudescence
of digoxin toxicity.’

Cost considerations of digoxin-Fab

There is little dispute that digoxin-Fab is effective in manag-
ing life-threatening toxicity. It is also therefore cost-effective
in Western countries with lower cost per life-year saved than
many other commonly funded treatments.”® When digoxin-
Fab is used to treat patients without life-threatening toxicity,
there may be offsetting cost savings from reduced use of
other medical resources (reduced length of stay, laboratory
monitoring, and other treatments such as pacemakers). The
mean length of stay in the hospital in patients with digoxin
toxicity is typically 25 days.®® The higher the initial digoxin
concentration, the greater the length of stay and all other
costs of admission.

In a simulated cost analysis, digoxin-Fab use was asso-
ciated with increased costs but also reduced the length
of stay by 1.5 days.®! Those with higher serum digoxin
concentrations and severe renal impairment were respon-
sible for most of the longer length of stay in the group
not treated with digoxin-Fab. While this study suggested
treating patients with non-life-threatening toxicity and
associated renal failure may result in substantial cost sav-
ings to the health care system, the cost of digoxin-Fab has
nearly doubled (from US$424 to US$750 per ampoule)
since this study was completed. The bed cost has certainly

Table 5. Adverse reactions to digoxin-Fab.

increased since the study. In addition, patients may require
hospitalisation for the management of the underlying
causes for digoxin toxicity such as renal failure. Hence,
the cost-effectiveness would be dependent on the bed cost
and the number of vials of digoxin-Fab used for patients
with digoxin toxicity.

Conclusions

Digoxin-Fab is safe and effective in patients with life-
threatening toxicity such as bradyarrhythmia, ventricular
arrhythmia and hyperkalaemia. Clinical benefit is less
clear in non-life-threatening toxicity but it may reverse
other manifestations such as increased automaticity and
gastrointestinal symptoms, improve patient comfort and
also shorten length of stay. Patients with higher concen-
trations and/or moderate to severe renal impairment are
those most likely to benefit. The cost-effectiveness of
digoxin-Fab is a balance between its increasing price and
the daily costs of hospital stay in such patients. More
efficient dosing strategies may also substantially improve
the cost-effectiveness of digoxin-Fab. With acute inges-
tion, 40-80 mg (1-2 vials) will neutralise digoxin in the
central compartment. The dose may be repeated if there
is no clinical response. In cardiac arrest, a full neutralis-
ing dose may be justified. In most patients with chronic
toxicity, titration with slow infusions of single vials (40
mg) of digoxin-Fab will drop the serum unbound digoxin
concentration to zero and result in a clinical response; this
approach should in most cases substantially reduce the
total doses used. However, further pharmacokinetic stud-
ies are needed to clarify the indications, refine the optimal
effective and cost-effective dosing regimen for digoxin-
Fab in acute and chronic digoxin poisoning.

Smolarz Antman Hickey Ujhely
et al.?? etal.? etal” et al 40
Total number of patients in each study 34 150 717 14
Allergic reaction 0 0 6 0
Hypokalaemia 0 6 2 0
Heart failure/rapid ventricular rate 4 4 14 5
Recrudescence of toxicities 0 0 20 3
Others 0 4 10 0
Total number of patients with adverse events (%) 4 (11.8%) 14 (9.3%) 52 (7.3%) 8 (5.7%)

Copyright © Informa Healthcare USA, Inc. 2014
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