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Serum digoxin concentrations and clinical signs and symptoms
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Abstract Background: Serum digoxin levels have limited utility for determining digoxin toxicity in adults.
Paediatric data assessing the utility of monitoring serum digoxin concentration are scarce. We sought to
determine whether serum digoxin concentrations are associated with signs and symptoms of digoxin toxicity in
children. Methods: We carried out a retrospective review of patients <19 years of age who received digoxin and
had serum digoxin concentrations assessed between January, 2007 and June, 2013. Data collection included
patient demographics, digoxin indication, serum digoxin concentrations, signs and symptoms of digoxin toxi-
city, electrocardiograms, and co-morbidities. Reviewers performing chart review and electrocardiogram analysis
were blinded to digoxin levels. Descriptive statistical methods were used and comparisons were made between
patients with and without toxic serum digoxin concentrations (>2 ng/ml). Results: There were 87 patients who
met study criteria (male 46%, mean age 8.4 years). CHD was present in 67.8% and electrocardiograms were
performed in 72.4% of the patients. The most common indication for digoxin toxicity was heart failure symp-
toms (61.5%). Toxic serum digoxin concentrations were present in 6.9% of patients (mean 2.6 ng/ml). Symp-
toms associated with digoxin toxicity occurred in 48.4%, with nausea/vomiting as the most common symptom
(36.4%), followed by tachycardia (29.5%). Compared with those without toxic serum digoxin concentrations,
significantly more patients with toxic serum digoxin concentrations were female (p=0.02). The presence of
electrocardiogram abnormalities and/or signs and symptoms of digoxin toxicity was not significantly different
between patients with and without serum digoxin concentrations (p > 0.05). Conclusion: Serum digoxin con-
centrations in children are not strongly associated with signs and symptoms of digoxin toxicity.

Keywords: Digoxin; serum concentrations; toxicity; paediatrics

Received: 26 December 2014; Accepted: 12 March 2015; First published online: 27 April 2015

IGOXIN TOXICITY HAS BEEN A LONG-STANDING
potential complication associated with
digoxin therapy in adults and children."?
Although the description and aetiology of digoxin
toxicity in adults has been well-documented, the
literature describing digoxin toxicity in children is
limited. In adults, clinical signs and symptoms of
digoxin toxicity include anorexia, nausea, vomiting,
diarrhoea, abdominal pain, headache, dizziness,
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confusion, atrial tachycardias, and other more worri-
some ventricular tachyarrhythmias.”> In children,
however, symptoms may vary due to differences in
age-related symptomatology, existing co-morbidities,
inability to communicate symptoms, or other disease
processes that mimic digoxin toxicity.” Causality also
differs between adults and children. Digoxin toxicity
in adults is commonly associated with altered digoxin
distribution and elimination from renal insufficiency,
polypharmacy, or other co-morbidities, whereas acci-
dental digoxin ingestion and errors in dosing have
frequently been reported as aetiologies for digoxin
toxicity in children.*


mailto:bsmoffet@texaschildrens.org
http://crossmark.crossref.org/dialog/?doi=10.1017/S1047951115000505&domain=pdf
https://doi.org/10.1017/S1047951115000505

494 Cardiology in the Young

Measuring serum digoxin concentrations may be
useful in determining digoxin toxicity, as has been
described in the large amount of literature devoted to
this patient in adults.>®” For treatment of congestive
heart failure, levels between 0.5 and 1.0 ng/ml are
recommended.'® For heart rate control during atrial
fibrillation, plasma levels are less-defined and are
generally titrated to a specific heart rate goal. Typically,
digoxin levels are considered therapeutic for heart rate
control between 1.0 and 2.0 ng/ml'® and toxic when
they exceed 2 ng/ml;® however, patients may exhibit
symptoms associated with digoxin toxicity with serum
digoxin concentrations below this toxic level.®

In children, data describing the association
between serum digoxin concentrations and signs and
symptoms of digoxin toxicity are scarce.' "% The
utility of serum digoxin concentrations in evaluating
digoxin toxicity is unknown in children. Therefore,
the primary aim of our study was to elucidate the
relationship between toxic range serum digoxin
concentrations (>2 ng/ml) and the symptomatology
traditionally associated with digoxin toxicity.” We
hypothesised that signs and symptoms of digoxin
toxicity would be associated with toxic serum
digoxin concentrations (>2 ng/ml) in children.

Methods

After obtaining the Institutional Review Board’s
approval, we conducted a retrospective chart review
of all children and adolescents <19 years of age who
had received digoxin and had serum digoxin
concentrations assessed between January, 2007 and
June, 2013 at the Texas Children’s Hospital. Patients
with accidental ingestion were excluded. Data
collection included patient demographics, digoxin
dose, indication for digoxin therapy, serum digoxin
concentration levels and indication for levels, any
signs and/or symptoms of digoxin toxicity, serum
electrolytes, electrocardiograms, and  patient
co-morbidities. For patients who had multiple serum
digoxin concentrations levels assessed, the encounter
with the highest level was chosen for the evaluation.
Patient charts were reviewed by two pharmacists for
signs and symptoms associated with digoxin toxicity,
including nausea, vomiting, anorexia, visual changes,
mental status changes — including confusion, dizzi-
ness, drowsiness, or giddiness — and/or arrhythmias.
Electrocardiograms were evaluated by a paediatric
electrophysiologist for electrocardiographic changes
associated with digitalis effect and digoxin toxicity,
as previously described in the literature.'”™"” Find-
ings included, but were not limited to, prolongation
of the PR and RR intervals, ST segment depression,
decrease in T wave amplitude, altered automaticity
(depressed or enhanced), ectopic rhythms, and
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impaired conduction. For patients who had a baseline
electrocardiogram available, comparisons with the
electrocardiogram at the time of serum digoxin
concentration assessment were carried out to deter-
mine whether electrocardiogram changes consistent
with digoxin toxicity were present. All chart and
electrocardiogram reviewers were blinded to the
serum digoxin concentrations.

Descriptive statistical methods (mean, standard
deviation) were used to characterise the study popu-
lation. Student’s t-test and Fisher’s exact test were
used to identify differences in patients with toxic
serum digoxin concentrations and those without
toxic serum digoxin concentrations. Serum digoxin
concentrations were broken down into the following
three categories — >2, 1-2, and <1 ng/ml — and
graphical methods were used to determine relation-
ships between increasing serum digoxin concentra-
tions and digoxin toxicity. A p-value of <0.05 was
determined to be statistically significant a priori. All
analyses were performed using Stata v.12 (StataCorp,
College Station, Texas, United States of America).

Results

There were 87 patients who met the study criteria
(male 47.1%). These patients had a median age of 10.4
years (interquartile range 0.9—-14.5 years). Patients
were racial and ethnically diverse, with 35% Cauca-
sians (n = 30), 36% Hispanics (n=31), 22% African-
Americans (n=19), and 6% Asians (n =5). CHD was
present in 67.8% (n=759) of the patients. Pulmonary
hypertension was present in 11.5% (n=10) of the
patients. The most common indication for digoxin
toxicity was heart failure symptoms (64.4%, n = 56).

The mean prescribed digoxin daily dose was
0.122 £ 0.09 mg (0.005 + 0.004 mg/kg/day). Serum
digoxin concentrations were obtained to rule out
digoxin toxicity in 72.5% (n=063); the remainder
(27.5%, n=24) had levels assessed as routine
surveillance. The mean serum digoxin concentration
was 1.01 £0.71 ng/ml. An electrocardiogram was
performed in 72.4% (n=63) of patients who had
serum digoxin concentrations assessed, and only three
of the six (50%) patients with a toxic serum digoxin
concentrations had an electrocardiogram performed
at that time. No patients received Digoxin
Immune Fab.

Toxic levels (>2.0 ng/ml) were present in 6.9%
(n=06) of the population (mean 2.6 0.6 ng/ml).
The presence of signs and symptoms of digoxin
toxicity was not different between patients with toxic
serum digoxin concentrations and those without
toxic serum digoxin concentrations when evaluating
nausea/anorexia (3.7 versus 0%, p=0.57), vomiting
(17.7 versus 16.7%, p=0.95), or tachycardia (14.1
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Table 1. Comparison of patients with toxic and non-toxic serum digoxin concentrations.

Non-toxic serum digoxin

Toxic serum digoxin

Category (n=_87) concentrations (n=81) concentrations (n =0) p value
Male (%) 41 (50.6) 0 (0) 0.02
African-American (%) 18 (22.8) 1(16.7)
Asian (%) 5 (6.0) 0 (0)
Caucasian (%) 27 (34.2) 3 (50.0) 0.83
Hispanic (%) 29 (36.7) 2(33.3)
Obese (%) 7 (14.3) 0 (0) 0.43
Underweight (%) 5(6.2) 0 (0) 0.53
Age (years) 8.8+6.8 6.6x+6.5 0.44
CHD (%) 55 (67.9) 4 (66.7) 0.95
Pulmonary hypertension (%) 8(9.9) 2(33.3) 0.08
Heart failure (%) 52 (64.2) 4 (66.7) 0.90
Daily dose of digoxin (mg) 0.121 £0.09 0.128 £0.07 0.87
(mean, standard deviation)
Daily dose of digoxin (mg/kg/day) 0.005 +0.003 0.006 £0.002 0.71
(mean, standard deviation)
40 serum electrolytes at the time of serum digoxin
concentration assessment demonstrated a significant
30 - difference in magnesium levels between the two
g groups: patients were more llkply to be hyPomagne
5 20+ saemic in the toxic serum digoxin concentrations group
£ compared with the non-toxic serum digoxin con-
10 centrations group (p =0.01). Patients with toxic serum
digoxin concentrations were also more likely to have
0 L hypokalaemia compared with patients with non-toxic
Hypokalemi Hypor i Hyperkalemia Hypermagnesemia . . . . .
serum digoxin concentrations, although this level did
N > 2 no/mL [ 1-2 ng/mL P . . .
(=] <1 ngimL. not reach statistical significance (Fig 1; Table 2).
Figure 1.

Serum electrolyte concentrations in patients by serum digoxin concentration.

versus 16.7%, p=0.86). Patient demographics were
compared between patients with toxic serum digoxin
concentrations and those with non-toxic serum
digoxin concentrations (Table 1). The female gender
was associated with toxic serum digoxin concentra-
tions (p =0.02). Although males had an overall lower
serum digoxin concentrations than females, this
absolute value did not reach statistical significance
(0.94%0.59 versus 1.07 £0.79, p=0.38). Addi-
tional patient demographics were otherwise similar
and not significant between the two groups (Table 1).
The presence of digoxin effect on electrocardiogram
was not different in patients with elevated serum
digoxin concentrations compared with those without
(17.7 versus 33.3%, p =0.49). A single patient with
evidence of digoxin toxicity on electrocardiogram
(bidirectional ventricular tachycardia) did not have
toxic serum digoxin concentrations (1.1 ng/ml).

To evaluate trends in serum electrolyte con-
centrations with increasing digoxin levels, serum
digoxin concentrations were broken down into three
categories — >2, 1-2, and <1 ng/ml. Comparison of
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Discussion

Digoxin has been a mainstay in paediatric cardiovas-
cular pharmacothera#);r for treatment of arrhythmias
and heart failure;m’ however, there are few data
guiding the use of serum digoxin concentrations in
children, despite widespread digoxin use, particularly
for patients with CHD. Although its utility has been
challenged, serum digoxin concentrations have tradi-
tionally been used to assess digoxin toxicity in adults,
and the same practice of following serum digoxin
concentrations has been extrapolated for the paediatric
population receiving digoxin treatment.”

Data from our study demonstrate that in paediatric
populations receiving digoxin, there is a lack of
association between serum digoxin concentrations
and signs and symptoms of digoxin toxicity. Thus,
the safety of digoxin in this paediatric population
cannot be absolutely confirmed based on “non-toxic”
or “toxic” serum digoxin concentrations alone. The
classic symptoms of digoxin toxicity — for example,
nausea, anorexia, vomiting, and visual disturbances/
visual halos — were not directly associated with serum
digoxin concentrations in our cohort. Similar results
demonstrating signs and symptoms of digoxin
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toxicity in the presence of normal serum digoxin
levels in adult and children (2 days to 16 years of age)
have also been reported.®'! This lack of association
between serum digoxin concentrations and signs and
symptoms of digoxin toxicity in the paediatric
population is likely multifactorial. Reporting of
certain symptoms — for example, nausea or visual
disturbances — may be limited by language develop-
ment in the youngest or developmentally delayed
patients. Co-morbidities in patients, such as viral
gastroenteritis, worsening heart failure, etc., could
also account for physical signs and symptoms typi-
cally associated with digoxin toxicity, such as
anorexia, vomiting, etc., as many of the patients in
the cohort had CHD and were being treated for heart
failure. Serum digoxin concentrations should only be
taken as part of a complete assessment of digoxin
toxicity in children.

Electrocardiogram findings in our patient cohort
were also not indicative of toxic serum digoxin con-
centrations. Interestingly, only one patient had an
electrocardiogram finding associated with digoxin
toxicity (bidirectional ventricular tachycardia), and
this patient did not have a toxic serum digoxin
concentrations at the time of this arthythmia. In
general, changes in electrocardiogram compared with
baseline electrocardiogram (when available) coupled
with a history of digoxin use should warrant suspi-
cion of digoxin toxicity.'® On the other hand,
concerning electrocardiogram changes can be diffi-
cult to interpret, particularly in a patient being
treated for an arrhythmia or a patient with a baseline
arthythmia before digoxin treatment initiation.
Careful electrocardiogram interpretation and com-
parison with baseline electrocardiogram should
comprise a portion of the evaluation for digoxin
toxicity in children receiving digoxin treatment.

Despite the lack of association between serum
digoxin concentrations and signs and symptoms of
digoxin toxicity, there were a number of significant
findings from our analysis. First, only female patients
had serum digoxin concentrations in the toxic range
(>2ng/dl). This parallels the adult literature in
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which studies have identified women to be at higher
risk for intoxication in comparison with men.*"?
Similarly, in our cohort of patients, females trended
towards having higher serum digoxin concentrations,
although this result was not statistically significant.
This may be due to a unique volume of distribution
in female patients. Girls may be more likely to
experience symptoms of digoxin toxicity, and future
investigations should take into account gender when
assessing digoxin dosing and effect in children.

Electrolyte disturbances, in particular hypokalae-
mia and hypomagnesaemia, are known precipitating
factors for signs and symptoms of digoxin toxi-
city.'®?® Not surprisingly, such electrolyte derange-
ments were more commonly noted with increasing
serum digoxin concentrations in our study. In parti-
cular, there was a statistically significant positive
association between decreasing magnesium con-
centrations and increasing serum digoxin concentra-
tions. This again is similar to findings in the adult
literature, which show that patients with toxic serum
digoxin concentrations are more likely to be hypo-
magnesaemic and hypokalaemic.'” Evaluation of
serum electrolytes in all patients with suspected
digoxin toxicity may be useful as hypomagnesemia
and hypokalaemia may cause signs and symptoms of
digoxin toxicity even when serum digoxin con-
centrations are not in the toxic range.21 We suggest
that monitoring serum electrolytes during digoxin
therapy may be more useful than monitoring serum
digoxin concentrations for preventing digoxin
toxicity.

Our study had several limitations. First, this was a
retrospective study, which lends itself to relying on
others for accurate record-keeping. Second, the
number of patients with toxic serum digoxin
concentrations was small, and the conclusions to be
drawn from this report should be tempered with this
mind. Third, the timing of serum digoxin con-
centrations in relation to the dose of digoxin was not
ascertained and may have potentially affected our
results. Although the half-life of digoxin is long — 1 to
2 days in patients with normal kidney function — and

Table 2. Comparison of serum potassium and magnesium by serum digoxin concentrations.

Non-toxic serum digoxin

Toxic serum digoxin

Category (n=_87) concentrations (n=81) concentrations (n = 6) p value

Serum potassium (mEq/ml) 44%0.6 44109 0.98
(mean, standard deviation)

Hyperkalaemia (%) 10 (12.4) 1(16.7) 0.76

Hypokalaemia (%) 4 (4.9) 1(16.7) 0.23

Serum magnesium (mg/dl) 2.0+0.3 21104 0.70
(mean, standard deviation)

Hypermagnesaemia (%) 26 (32.1) 1(16.7) 0.38

Hypomagnesaemia (%) 1(1.2) 1(16.7) 0.01
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the sampling likely occurred at steady-state, we cannot
absolutely verify the presence of steady-state pharma-
cokinetics in our patient cohort. Despite these limita-
tions, we were able to meet our objective of assessing the
association between toxic serum digoxin concentrations
and signs and symptoms of digoxin toxicity in children.
Our findings and conclusions are similar to those
previously published in the adult literature.

An area outside the scope of this report is the
aetiology of digoxin toxicity. Patients may have
become toxic due to drug—drug interactions, inter-
patient differences in pharmacokinetics, renal insuf-
ficiency, or errors in dosing.'®**?> We did not
investigate any of these reasons for toxic serum
digoxin concentrations. Ascertainment of the cause of
patient digoxin toxicity should be of utmost impor-
tance. Decreasing the use of digoxin in children is
also an option to prevent digoxin toxicity. Although
digoxin is frequently used in children for the treat-
ment of heart failure and arrhythmias, its efficacy in
heart failure is disputed and alternative and equally
efficacious therapies are often available for the treat-
ment of supraventricular al‘rhythrnizls.16’17

Given the aforementioned reasons, the utility of
serum digoxin concentrations for determining
digoxin toxicity in children who have signs and
symptoms that may be consistent with digoxin
toxicity appears to be of limited value. We, therefore,
recommend that toxicity be evaluated on a multi-
factorial basis, incorporating all potential data, when
determining the utility of digoxin therapy in a child.
In addition, parents and caretakers should receive
anticipatory guidance and education regarding both
classic and non-classic symptoms associated with
digoxin toxicity.

Conclusion

Common signs and symptoms of digoxin toxicity
may not be associated with toxic serum digoxin
concentrations in children. The utility of serum
digoxin concentrations for assessing digoxin toxicity
in children requires further evaluation and assessment

(Table 2).
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