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ORIGINAL RESEARCH

Evaluation of Digoxin Concentration
after Loading Dose in Patients with Renal

Dysfunction

Nadia Pawlosky, Erika MacDonald, Rakesh Patel, and Salmaan Kanji

ABSTRACT

Background: Loading dose recommendations for digoxin are based on
the volume of distribution, which is proportional to lean body weight,
whereas maintenance dose recommendations depend on renal function.
The volume of distribution of this drug is demonstrably reduced in
severe renal dysfunction, but the threshold at which a reduction in
loading dose is warranted remains unknown.

Objectives: To describe the practice of digoxin loading at The Ottawa
Hospital and to determine the proportion of patients, categorized by
degree of renal function, who experienced digoxin toxicity after a

loading dose.

Methods: Data were collected retrospectively from charts of patients
who had received a digoxin loading dose between May 2008 and January
2012, with a blood sample drawn for determination of digoxin
concentration 6 to 24 h later. Patients were categorized into 4 groups
according to creatinine clearance.

Results: The mean loading dose of digoxin (+ standard deviation) was
9.8 + 4.1 pg/kg among patients with creatinine clearance below 15
mL/min, 14.4 + 5.4 pg/kg for those with creatinine clearance between
15 and 29 mL/min, 16.0 + 5.6 pg/kg for those with creatinine clearance
between 30 and 59 mL/min, and 14.0 + 3.7 pg/kg for those with
creatinine clearance 60 mL/min or above. Degree of renal dysfunction,
particularly creatinine clearance below 60 mL/min, predicted the
likelihood of experiencing a toxic serum concentration of digoxin after
the loading dose, after adjustment for dose and weight (odds ratio 2.60,
95% confidence interval 1.55-4.39).

Conclusions: Patients with creatinine clearance below 60 mL/min were
more likely than those with creatinine clearance of 60 mL/min or greater
to experience toxic serum digoxin concentrations with current loading
dose strategies. It is recommended that loading doses be reduced (to
6-10 pglkg) for these patients. Prospective trials are required to
determine the clinical implications of these findings and to determine if
greater reductions in loading dose are required for patients with severe
renal dysfunction (i.e., creatinine clearance below 30 mL/min).
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RESUME

Contexte : La dose d’attaque de digoxine recommandée est basée sur le
volume de distribution, qui est proportionnel au poids maigre, alors que la
dose d’entretien recommandée dépend de la fonction rénale. Il a éeé
démontré que le volume de distribution de la digoxine était réduit
en présence d’insuffisance rénale grave, mais on ignore 4 quel seuil une
réduction de la dose d’attaque est justifiée.

Objectifs : Décrire la pratique en mati¢re de dose d’attaque de la digoxine
a 'Hopital d’'Ottawa et déterminer la proportion de patients, classés
par degré de fonction rénale, qui ont éprouvé des effets toxiques de la
digoxine apres 'administration d’'une dose d’attaque.

Meéthodes : Les données ont été recucillies rétrospectivement  partir des
dossiers des patients qui, entre mai 2008 et janvier 2012, avaient requ une
dose dattaque de digoxine et fait I'objet d’'un prélevement sanguin afin
de déterminer la concentration de digoxine de 6 & 24 heures apres
Padministration du médicament. Les patients ont été classés en quatre
groupes selon la clairance de la créatinine.

Résultats : La dose d’attaque moyenne de digoxine (+ I'écart-type) était de
9,8 + 4,1 pg/kg chez les patents dont la clairance de la créatinine était
inférieure & 15 mL/min, de 14,4 + 5,4 pg/kg chez ceux dont cette clairance
sétablissait entre 15 et 29 mL/min, de 16,0 + 5,6 pg/kg chez ceux dont
cette clairance s'établissait entre 30 et 59 mL/min et de 14,0 + 3,7 pg/kg
chez les patients dont la clairance de la créatinine était de 60 mL/min ou
plus. Le degré d'insuffisance rénale, particuli¢rement dans les cas de
clairance de la créatinine inférieure 3 60 mL/min, étit prédictif d’une
concentration sérique toxique de digoxine 2 la suite de la dose d’attaque,
apres ajustement en fonction de la dose et du poids (risque relatif approché

de 2,60, intervalle de confiance 2 95 % : 1,55 4 4,39).

Conclusions: Les patients dont la clairance de la créatinine était inférieure
4 60 mL/min éeaient plus susceptibles de présenter des concentrations
sériques toxiques de digoxine avec les stratégies actuelles d’établissement
des doses d’attaque que les patients dont cette clairance était de 60 mL/min
ou plus. I est recommandé de réduire les doses d’attaque (2 6 a 10 pg/kg)
chez ces patients. Des études prospectives sont nécessaires pour
déterminer les répercussions cliniques de ces résultats et pour déterminer si
des réductions plus importantes de la dose d’attaque sont requises chez les
patients présentant une insuffisance rénale grave (c.-a-d. dont la clairance
de la créatinine est inférieure 2 30 mL/min).

Mots clés : digoxine, dose d’attaque, insuffisance rénale, suivi
pharmacologique

[Traduction par I'éditeur]

JCPH —Vol. 66, n* 2 — mars—avril 2013



This single copy is for your personal, non-commercial use only.
For permission to reprint multiple copies or to order presentation-ready copies for distribution, contact CJHP at cjhpedit@cshp.ca

INTRODUCTION

Controversy exists concerning the appropriate loading dose
of digoxin, a cardiac glycoside with negative chronotropic
and positive inotropic effects that is used for atrial fibrillation
and heart failure. The manufacturer recommends 8 to 12 pg/kg
ideal body weight (based on projected peak body stores) in
divided doses (50% of calculated dose initially, then 2 doses of
25% each at 6- to 8-h intervals), noting that the loading dose
is frequently given by injection, with conversion to oral formu-
lations for maintenance therapy.! In their 2006 guidelines
for the management of patients with atrial fibrillation, the
American College of Cardiology, the American Heart Associa-
tion, and the European Society of Cardiology recommended
0.25 mg IV every 2 h (to a maximum of 1.5 mg) or 0.5 mg
orally daily, depending on the acuity of the patient’s situation.?
The guidelines recommend IV administration when rapid
control of ventricular response to atrial fibrillation is required;
oral administration may be used for hemodynamically stable
patients.? At the authors’ institution, a common practice has
been to give a 1-mg oral or IV loading dose (0.5 mg initially,
then 2 doses of 0.25 mg each every 6 h).

To allow adequate time for equilibration of digoxin
between serum and tissue, the manufacturer recommends that
digoxin concentration be measured just before the next sched-
uled dose of the drug or at least 6-8 h after the last dose
(regardless of route of administration). The concentration
range historically selected as “therapeutic” is 1.0 to 2.6 nmol/L.
Approximately two-thirds of patients with clinical symptoms
of digoxin toxicity have serum concentration greater than
2.6 nmol/L; consequently, one-third of patients experiencing
clinical symptoms of toxicity have concentrations less than
2.6 nmol/L." At the authors’ institution, the usual therapeutic
range 6 to 8 h after completion of the loading dose is 1.0 to
2.6 nmol/L.2

The available literature suggests that the loading dose of
digoxin should be reduced for patients with renal dysfunction,
because of a decreased volume of distribution for this drug in
these patients.”* However, the recommendations are inconsis-
tent with respect to the extent of dose reduction, as well as the
degree of renal dysfunction that necessitates a reduction. The
product monograph recommends decreasing the loading dose
from 8-12 pg/kg to 6-10 pg/kg for patients with renal insuffi-
ciency but does not define insufficiency.! At the authors
institution, the question of what digoxin loading dose to
administer to patients with renal dysfunction often arises, and
some patients with renal dysfunction receive the full loading
dose.

The primary objectives of this study were to describe the
current practice of digoxin loading at three tertiary care teach-
ing centres (the Civic and General campuses of The Ottawa
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Hospital and the affiliated University of Ottawa Heart
Institute) and to determine, for patients with different degrees
of renal function, the proportion who experienced a toxic
serum concentration of digoxin after a loading dose. Secondary
objectives were to determine the relationship between digoxin
concentration after a loading dose and degree of renal function,
to determine the degree of renal dysfunction at which there is
an increased risk of post—loading dose digoxin toxicity, and to
describe the frequency of symptomatic toxicity and administra-
tion of antidote. For the purposes of this study, serum concen-
trations above the therapeutic range (1.0-2.6 nmol/L) were

designated as “toxic”, and true toxicity is discussed as such.

METHODS

Approval was obtained from The Ottawa Hospital
Research and Ethics Board for this retrospective observational
study.

Study Population

The medical records of consecutive patients admitted to
The Ottawa Hospital General or Civic campus or the University
of Ottawa Heart Institute were screened backward, starting
with discharges that occurred in January 2012, according to the
following criteria, with pharmacy records being used to identify
patients for whom any digoxin dose of at least 0.25 mg was
administered via any route. Patients were included if they were
18 years of age or older, had received a loading dose of digoxin
(either IV or orally), and had not received digoxin within
2 weeks before the loading dose, and if blood for determination
of serum digoxin concentration had been drawn within 6 to
24 h after administration of the last portion of the loading dose.
Patients were excluded if body weight and height were both
absent from the medical record, if body weight was above
120 kg (i.e., obese) and height was not available for calculation
of ideal body weight, or if they had received any renal replace-
ment therapy between the time of loading dose administration
and the time the sample was drawn for determination of serum
digoxin concentration.

Data Collection and Analytical Plan

Eligible patients were categorized into 1 of 4 groups
according to degree of renal function, as estimated by creatinine
clearance (CrCl): 60 mL/min or above, 30 to 59 mL/min, 15
to 29 mL/min, and less than 15 mL/min.*"° Enrolment within
each category was capped at 50 consecutive patients, with a
total target convenience sample of 200 patients. Data were
collected retrospectively from each patient’s medical record by
a single investigator (N.P), who used a standardized case-
reporting form. When both height and weight were available
from the chart, the Cockcroft—Gault equation was used to
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estimate creatinine clearance on the basis of ideal body weight,
unless actual body weight was less than ideal body weight." If
only weight was available, actual body weight was used for the
calculation, with exclusion of any patients documented as
being obese (as noted above).

The following demographic and clinical data were collected:
age, sex, weight, height, indication for treatment with digoxin,
presence of concomitant therapies that could influence digoxin
concentration or interfere with digoxin assays (amiodarone;
propafenone; calcium-channel blockers such as verapamil,
diltiazem, and nifedipine; quinidine; quinine; macrolide
antibiotics, including clarithromycin, azithromycin, and
erythromycin; tetracyclines; trimethoprim; or cyclosporine),™"
serum electrolyte values (potassium, magnesium, and calcium),>
and baseline serum creatinine (i.e., the lowest recorded creati-
nine concentration during the admission). Acute kidney injury
was defined according to modified RIFLE criteria: an increase
in serum creatinine from baseline of at least 26.4 pmol/L or at
least 150%—-200% (1.5- to 2-fold).”

Characteristics of the loading dose and subsequent serum
concentrations were also collected (doses given, time of admin-
istration of each portion of loading dose, time of blood sample,
and assay used). If samples for serum digoxin concentration
were drawn beyond 6 h after administration of the last portion
of the loading dose, the concentration was back-extrapolated to
= C ete),

obs

6 h after the loading dose using the equation C -
where € was the estimated back-extrapolated concentration,
C, was the observed (measured) concentration, 7 was the time
when C | was measured (in terms of hours after the last portion

of the

estimated 4 was dependent on CrCl.! The institution’s central

digoxin loading dose was given), and
laboratory measured serum digoxin using enzyme immunoassay
(before April 3, 2011) or the LOCI (luminescent oxygen
channelling) assay (on or after April 3, 2011). Evidence of
toxicity was extracted from the medical record as any new
documented clinical signs or symptoms of digoxin toxicity
(anorexia, nausea, vomiting, weakness, visual disturbances, or
sinus bradycardia [< 60 bpm]) within 48 h after the last
portion of the loading dose for patients with post-loading
serum digoxin concentration 2 nmol/L or above or any
administration of antidote. Electrocardiograms obtained with-
in 48 h of administration of the last portion of the loading dose
for patients with a post-loading serum digoxin concentration
2 nmol/L or above were analyzed (by a single-blinded
investigator [R.P]) for evidence of toxicity (ventricular
bigeminy, ventricular tachycardia, ventricular fibrillation,
atrioventricular [AV] junctional escape rhythm, paroxysmal
atrial tachycardia with AV block, atrial fibrillation with slow
ventricular response [< 60 bpm], Mobitz type 1 second-degree
AV block).1 21415

Current practice for digoxin loading and the proportion of
patients with digoxin toxicity in each category of renal function
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are presented by descriptive statistics. Categorical data were
compared between groups using Fishers exact test. Dose
(pg/kg) was compared between groups using analysis of
variance and x* tests. The relationship between toxic digoxin
concentrations (serum concentration > 2.6 nmol/L) and renal
function was analyzed by multivariable logistic regression with
adjustment for dose and weight. Data were analyzed using
SPSS, version 20.0 (IBM, Armonk, New York).

RESULTS

Retrospective screening of pharmacy records identified
1231 patients treated with digoxin between May 2008 and
January 2012, of whom 142 met the initial inclusion criteria.
Eleven patients were subsequently excluded: 6 patients were
receiving continuous renal replacement therapy at the time of
loading dose administration; 2 patients received hemodialysis
between the time of loading dose administration and the time
the sample was drawn for measurement of serum digoxin con-
centration; 2 patients weighed more than 120 kg, with height
not available; and for 1 patient, neither height nor weight was
available. The final total sample size was 131 patients, 50
patients with CrCl 60 mL/min or above, 50 patients with CrCl
30 to 59 mL/min, 24 patients with CrCl 15 to 29 mL/min,
and 7 patients with CrCl less than 15 mL/min. The latter 2
categories did not meet sample size targets, despite screening of
1231 patient records. Demographic data are presented in Table 1.

Loading doses were often higher than recommended by
the manufacturer,’ and the timing of blood sampling for
measurement of digoxin concentration after the loading dose
was variable (Table 2). Although the mean digoxin loading dose
was lower for patients with severe renal dysfunction (CrCl < 15
mL/min), similar weight-based loading doses were used across
all other categories of renal function: 14 to 16 pg/kg lean body
weight (Table 3). Toxic digoxin concentrations (> 2.6 nmol/L)
occurred more frequently among those who received a loading
dose above 12 pg/kg (23% [22/95]) than among those who
received 12 pg/kg or less (14% [5/36]), but this difference was
not statistically significant (p = 0.24).

The group with the greatest proportion having toxic
digoxin concentrations (> 2.6 nmol/L) was that with CrCl of
15 to 29 mL/min (38% [9/24], unadjusted) (Table 3). The
degree of renal failure (as categorized here) was predictive of
toxic concentration after adjustment for dose and weight (odds
ratio 2.60, 95% confidence interval 1.55-4.39).

When digoxin concentration was adjusted to 6 h after
loading dose (i.e., 6 h after the last portion of the loading dose
was administered) for each patient, 6 additional patients with
toxic serum concentrations were identified (Table 3). Because
of limited power in the categorization of patients with the most
severe renal dysfunction, it was not possible to determine the
degree of renal dysfunction at which there is an increased risk
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of toxic digoxin concentration after administration of the load-
ing dose.

The medical records of all patients with digoxin concen-
trations of 2 nmol/L or above were reviewed for evidence of
symptomatic toxicity. Such symptoms occurred in up to 20%

of patients, with the highest incidence in the group with CrCl

Table 1. Baseline Characteristics of 131 Patients

Characteristic No. (%) of Patients*
Mean age = SD (years) 718+ 119
Sex (male) 66 (50)
Mean weight = SD (kg) 622+ 113
Indication
Atrial fibrillation 119 (91)
Heart failure 3 )
Both atrial fibrillation and heart failure 3 (2
Other 6 (5
Location of care
Campus 1 68 (52)
Campus 2 40 (31)
Campus 3 23 (18)
Assay used
Enzyme immunoassay (before April 3, 2011) 98 (75)
Luminescent oxygen-channelling assay 33 (25)
(April 3, 2011, and beyond)
IV route of administration 113 (86)

Renal function
Acute kidney injury at time of loading dose 49
Hemodialysis 2 2
Medlian serum creatinine

(and range) (umol/L)

Baseline

At time of loading dose

Medlan estimated creatinine clearance
(and range) (mL/min)

Baseline

At time of loading dose
SD = standard deviation.

*Except where indicated otherwise. Continuous variables are
reported as mean + SD or median (range).

75 (13-344)
92 (39-522)

64.1 (11-289)
51 (8-160)

30 to 59 mL/min (Table 3). Three patents with digoxin
concentrations of 2 nmol/L or above experienced electrocar-
diographic changes that may be attributed to digoxin toxicity
(2 patients with CrCl 30-59 mL/min and 1 patient with CrCl
> 60 mL/min). No patients received the antidote, digoxin
immune Fab fragments, for toxicity.

DISCUSSION

The results of this study suggest the importance of conser-
vative dosing strategies when prescribing a loading dose of
digoxin to patients with renal dysfunction. Worsening renal
function, defined in terms of CrCl, can lead to “toxic” serum
digoxin concentration with the current loading dose strategy.
These findings are consistent with the results of other studies
that have investigated digoxin loading doses in patients with
renal failure.””” Although this association has been previously
described, the supporting data have been inconsistent. In
addition, the lack of dose reduction, according to degree of
renal dysfunction, observed at the authors’ institution may
reflect local clinical equipoise and/or clinicians’ lack of aware-
ness of this phenomenon. Loading doses were often higher
than that recommended by the manufacturer,’ which may
reflect a tendency to give a standard 1-mg loading dose of
digoxin, regardless of ideal body weight or renal function. A
nonsignificant trend toward greater “toxic” concentrations was
observed in patients who received doses above the recommend-
ed dosage range (> 12 pg/kg). To minimize the chance of
toxicity, ideal body weight as well as renal function must be
considered when calculating the loading dose.

Because of the smaller-than-expected number of patients
meeting the inclusion criteria and limited resources, it was not
feasible to achieve the desired sample size of 50 patients in the
2 groups of patients with the greatest renal dysfunction.
Although we were unable to determine an appropriate loading
dose for patients with increasing renal dysfunction, we did

Table 2. Digoxin Loading Dose and Characteristics of Serum Concentration Measurement*

Creatinine Clearance Category (mL/min)

Characteristic <15 (n=7) 15-29 (n=24) 30-59 (n =50) >60 (n=50) p value
Mean estimated creatinine 11.0+ 2.1 214 +35 429+9.7 83.8 + 21 NA
clearance at time of loading
dose + SD (mL/min)
IV route of administration, no. (%) 6 (86) 21 (88) 41 (82) 45 (90) 0.71%
Use of LOCI assay, no. (%) 1(14) 2(8 11(22) 19 (38) 0.034t
Acute kidney injury at time of 7 (100) 16 (67) 19 (38) 7 (14) NA
loading dose, no. (%)
Mean time of concentration 13.2+38 152 +6.1 147 +5.1 137 +5.7 0.63%

measurement after loading
dose + SD (h)

LOCI = Tuminescent oxygen-channelling assay, NA = not applicable, SD = standard deviation.

*Continuous variables are reported as mean =+ SD.
tFisher’s exact test.
tAnalysis of variance.
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Table 3. Primary and Secondary Outcomes

Creatinine Clearance Category; No. (%) of Patients*

Variable < 15 mL/min

15-29 mL/min

30-59 mL/min > 60 mL/min p value

Total no. of patients 7

24

50 50

Mean weight-based 9.8+4.1
dose + SD (ug/kg)

144 +54

16.0+5.6 140+ 3.7 0.010t

[Digoxin] > 2.6 nmol/L
No. (%) of patients
With any adverse symptoms
Cardiovascular
ECG changes
Gastrointestinal
Central nervous system

0.008+

o~ o~ —~

Adjusted [digoxin] > 2.6 nmol/LS,
no. (%) of patients

N— N U —
ANO PO PO
oo

W~ = ~ = =N
WwWoo —= - —=-Ww

0.001%

[Digoxin] > 2 nmol/L
No. (%) of patients
With any adverse symptoms
Cardiovascular
ECG changes
Gastrointestinal
Central nervous system

58) 23 (46

=
ul

(17

10 (20
(10
(
(1
(

—_ T T =0 = =
ON —= DN WO
A~~~ o~
ANDOO
oD ==

4
4
2

ECG = electrocardiographic, SD = standard deviation.

*Except where indicated otherwise. The continuous variable of weight-based dose is presented as mean = SD.

tAnalysis of variance.
$Fischer's exact test.

§Estimated digoxin concentration back-extrapolated to 6 h after loading dose for each patient.

observe a threshold below which a reduction in loading dose
is warranted. To our knowledge, such a threshold has not
previously been reported. Considering only the 2 groups with
the target number of patients (72 = 50), the proportion of
patients with “toxic” serum digoxin concentrations increased
markedly from the group with normal renal function (CrCl 2
60 mL/min) to the group with mild renal dysfunction (CrCl
30-59 mL/min). On this basis, we recommend that digoxin
loading dose be reduced, to 6 to 10 pg/kg, as per the
manufacturer’s recommendation, for patients with CrCl below
60 mL/min.

The degree of variability in the timing of measurement of
digoxin serum concentration is another important observation
worthy of future study. Ideally, serum digoxin concentration
should be measured 6 to 8 h after the last portion of the
loading dose has been administered, to determine appropriate-
ness of weight-based dosing and to identify patients who are at
risk of experiencing toxic effects. We observed significant vari-
ability in the timing of these measurements. Back-extrapolation
to the 6-h mark for patients with delayed measurement
revealed additional patients with “toxic” serum concentrations.
Although specific serum concentrations of digoxin are not
typically targeted,'®"” they have been shown to correlate reliably
with the therapeutic and toxic effects of the drug.'®"” In patients
with delayed measurement, clinical evidence of toxicity may

have been overlooked or incorrectly attributed to other factors
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in the absence of appropriately timed measurement of serum
digoxin concentration.

The limitations of this study relate to its retrospective
design. To minimize the effect of potential confounders, results
were adjusted for factors thought to be most directly associated
with the validity of digoxin serum concentrations: time of
sampling, ideal body weight, and loading dose. Other factors
that were not controlled for, such as route of administration,
may also have influenced the results; however, the proportion
of patients receiving an IV loading dose was similar in all 4
categories of renal function (Table 2). The oral bioavailability of
digoxin tablets ranges from 60% to 80%; as such, it is recom-
mended that the IV dosage be reduced by 20% to 25% relative
to oral doses.""* Also, we recognize that the back-extrapolation
of digoxin concentrations to 6 h after the loading dose has
limitations and is only an estimate of true digoxin concentration
at that point in time. The potential error would be small for
values measured shortly after 6 h but greater as the time after
completion of the loading dose approached 24 h.

The study design also limited the ability to detect
differences in clinical outcomes attributable to the “toxic”
digoxin concentrations observed. Future prospective studies are
warranted to determine the clinical implications of these
findings, particularly in elderly patients and those with CrCl
less than 30 mL/min.
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CONCLUSIONS

Patients with renal dysfunction were more likely than
those without such dysfunction to experience toxic serum
digoxin concentrations with current loading dose strategies.
Patients with CrCl less than 60 mL/min should receive
adjusted weight-based doses to reduce the risk of toxicity (6-10
pg/kg instead of 8-12 pg/kg). Administration of standardized
digoxin loading doses, irrespective of ideal body weight or renal
function, was observed but is not recommended. Serum
concentrations of digoxin reflecting the adequacy of the loading
dose should be measured 6 to 8 h after the last portion of the
loading dose is administered, as delayed measurements may not
identify patients who are at risk of experiencing toxic effects.
Future prospective trials are required to determine the clinical
implications of these findings and to determine if further
dose reductions are required for patients with severe renal
dysfunction (i.e., CrCl < 30 mL/min).
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