
3

DIGOXIN

Maureen S. Boro and Michael E. Winter

Digoxin is an inotropic agent primarily used to treat congestive heart
failure (CHF) and atrial fibrillation. It is incompletely absorbed and once ab-
sorbed, a substantial fraction is cleared by the kidneys. In the acute care set-
ting, historically digoxin loading doses of 1 mg/70 kg were administered
before the initiation of the usual maintenance dose of 0.125 to 0.25 mg/day.
These loading and maintenance doses were from an era when target levels
were 1 to 2 mcg/L and probably today doses of approximately one-half
would be more common in patients with heart failure (see Therapeutic
Plasma Concentrations, this chapter). Because it has a relatively long
elimination half-life in adults, digoxin is given once daily. Dosage adjust-
ments can be important for patients who are being converted from par-
enteral to oral therapy or vice versa; patients with renal impairment, CHF,
or thyroid abnormalities; or patients who take amiodarone concurrently.

THERAPEUTIC PLASMA CONCENTRATIONS

Although there is considerable variation between patients, histori-
cally plasma digoxin concentrations of 1 to 2 mcg/L (ng/mL) were gen-
erally considered to be within the therapeutic range.1,2 Data now indicate
that a therapeutic range of 0.5 to 0.9 mcg/L is indicated for patients with
CHF.3–6 This lower target range is based on the fact that most patients with
left ventricular dysfunction do not demonstrate additional therapeutic
benefits from higher digoxin concentrations and are at greater risk for
toxicity with digoxin concentrations 1.2 mcg/L.7–9 For patients on
digoxin for atrial fibrillation, the goal for digoxin is rate control.10 Rate con-
trol is achieved by atrioventricular (AV) nodal blockade and may require
higher digoxin concentrations. The use of pharmacokinetics to adjust the
dosing regimen can reduce the incidence of digoxin toxicity.2,11–13

BIOAVAILABILITY (F)

The bioavailability of digoxin tablets ranges from 0.5 to greater than
0.9. Many clinicians use a bioavailability of 0.7 to 0.8. A bioavailability of 0.7
will be used in this text as an estimate of the average bioavailability figures
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reported in the literature.14,15 The elixir appears to have a bioavailability of
approximately 0.8, and soft gelatin capsules of digoxin appear to be com-
pletely absorbed.16,17 The intravenous (IV) route of administration is also
assumed to have 100% bioavailability.

St. John’s wort has been reported to reduce the bioavailability of
digoxin by approximately 25%. It has been postulated that the interaction
is with P-glycoprotein; however, other mechanisms (such as an induction
of hepatic metabolism) have also been proposed.20–23 Similarly, various
antibiotics have also been reported to alter the bioavailability of digoxin.
In most cases the antibiotics appear to increase the bioavailability, suppos-
edly by suppressing bacteria in the gastrointestinal tract that metabolize
digoxin. Other mechanisms such as metabolism or renal excretion may
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KEY PARAMETERS: Digoxin

Therapeutic Rangea

CHF 0.5–0.9 mcg/L 

Non CHF 0.5–2 mcg/L for atrial fibrillation and
ventricular rate control

F

Tablets 0.7

Elixir 0.8

Soft gelatin capsule 1

S 1

Vb (L) (3.8)(Weight in kg) � (3.1)(ClCr in mL/min)

Clb (mL/min)

Non-CHF patients (0.8 mL/kg/min)(Weight in kg) � (ClCr
in mL/min)

Patients with CHF (0.33 mL/kg/min)(Weight in kg) � (0.9)
(ClCr in mL/min)

t1⁄2c 2 Days

fu (fraction unbound in plasma) 0.9

aThere are a number of studies that list the therapeutic range in patients with CHF and all
now recommend 0.5 to 1 mcg/L.4–6,18,19 In some patients with atrial fibrillation, concen-
trations greater than 2 mcg/L may be required to control ventricular rate adequately.

bSee Table 3.1 for factors that alter V and Cl for digoxin.
cThe t1⁄2 is longer in patients with renal failure and in patients receiving amiodarone.
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also play a role in how some of the antibiotics increase the plasma concen-
trations of digoxin. The most common class of antibiotics that have been
reported to increase digoxin concentrations are macrolides, but others
such as itraconazole are not a surprise.24–28 Coadministration of chole-
styramine has been reported to decrease the bioavailability of digoxin, and
both cholestyramine and charcoal have been suggested as a treatment
modality in patients who are digitalis toxic.29,30

VOLUME OF DISTRIBUTION (V)

The average volume of distribution for digoxin is 7.3 L/kg.31 This
V is decreased in patients with renal disease (see Question 4).

[Eq. 3.1]

In the above equation, the factors have been selected so that when
creatinine clearance is in mL/min and weight is in kilograms, the unit of
the calculated volume of distribution is L.

Digoxin V is also decreased in hypothyroid patients (see Question
12) and in patients who are taking quinidine (see Question 15). The
volume of distribution is increased in hyperthyroid patients (see Question
12). In addition, the volume of distribution for digoxin in obese subjects
appears to be more closely related to the non-obese or ideal body weight
(IBW) than total body weight (TBW)32 (Table 3.1).

The manner in which digoxin is distributed in the body must be con-
sidered in the interpretation of plasma levels. The distribution of digoxin
follows a two-compartment model (see Part I: Volume of Distribution:
Two-Compartment Models). Digoxin first distributes into a small initial
volume of distribution, Vi, consisting of plasma and other rapidly equili-
brating tissues, and then distributes into a larger and more slowly equili-
brating tissue compartment. The myocardium responds pharmacologically
as though it were located in the larger more slowly equilibrating tissue
compartment (Vt). Since plasma samples are obtained from Vi, plasma
digoxin levels do not accurately reflect the drug’s pharmacologic effects
until the digoxin is completely distributed into both compartments. Serum
concentrations of digoxin obtained before complete distribution are often
misleading. Because the initial volume of distribution (Vi) of digoxin is rel-
atively small ( 1/10Vt), high plasma concentrations are commonly re-
ported immediately after a dose is administered. Because the heart
behaves as though it were in the second or tissue compartment, the initial
high serum concentrations that occur immediately after a dose are not re-
flective of either therapeutic or toxic potential of digoxin. Plasma concen-
trations are only meaningful when obtained after equilibration is complete
(i.e., at least 4 hours after an IV dose33 or 6 hours after an oral dose34). The

L

VDigoxin (L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)

L
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clinical effects of a dose, however, may be observed much sooner than 4 to
6 hours because the distribution half-life � t1⁄2 is only about 35 minutes.35

After approximately two � t1⁄2’s (i.e., 1 hour), the myocardium experiences
the effects of 75% of an IV dose. However, a plasma sample taken at this
time would be misleadingly high because the remaining 25% of the dose
which is not yet distributed out of Vi would produce a plasma concentra-
tion that is high relative to that which would be observed once equilibrium
between the two compartments is complete (Fig. 3.1).

CLEARANCE (Cl)

Digoxin clearance varies considerably among individuals and should
be estimated for each patient. Total digoxin clearance (Clt) is the sum of its
metabolic (Clm) and renal (Clr) clearances as illustrated by Equation 3.2:

[Eq. 3.2]Clt = Clm + Clr
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TABLE 3.1 Most Common Factors That Alter Digoxin Volume 
of Distribution and Clearance

Factora

Volume of distribution

Creatinine clearance See Equation 3.1

Obesity IBWb

Quinidine 0.7

Thyroid

Clinically hypothyroid 0.7

Clinically hyperthyroid 1.3

Clearance

Creatinine clearance See Equations 3.3 and 3.4

Congestive heart failure See Equation 3.4

Obesity IBWb

Amiodarone 0.5

Quinidine 0.5

Verapamil 0.75

Thyroid function

Clinically hypothyroid 0.7

Clinically hyperthyroid 1.3

aFactor should be multiplied by calculated volume of distribution or clearance value.
Multiple factors would increase the uncertainty of any volume or clearance prediction.
Although not tested, one might anticipate the factors to be multiplicative.

bIBW, ideal body weight or “non-obese weight.”
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10
mcg/L

A

B

C

D

E

t � 0

�t1/2 � 35 minVi Vt

5.5
mcg/L

t � 35 min

3.25
mcg/L

t � 70 min

2.125
mcg/L

t � 105 min

1 mcg/L

0.875 mcg/L

0.75 mcg/L

0.5 mcg/L

0.0 mcg/L

t � 3–4 hr
1

mcg/L

FIGURE 3.1 A theoretical two-compartment model for digoxin. The myocardium or
target organ behaves as though it were in Vt and therefore responds to the theoretical
digoxin concentration in Vt. Following complete distribution, the concentrations in Vi and
Vt are assumed to be equal and the pharmacologic effect maximal. Note that the initial
volume of distribution (Vi) is much smaller than the tissue volume of distribution (Vt); there-
fore, the digoxin concentrations are very high following an initial IV dose. (A) depicts digoxin
concentration immediately following an IV bolus. All of the drug is in Vi and the plasma con-
centration is 10 mcg/L, but no digoxin is in the tissue compartment Vt; therefore, no effect
is present. (E) depicts complete digoxin distribution. Note that the two compartments are
in equilibrium and that the digoxin concentration in both Vi and Vt is assumed to be equal
(i.e., 1 mcg/L). At this point, the plasma level accurately reflects the concentration in the tis-
sue compartment and the potential for drug effect. (B–D) depict the relative digoxin con-
centrations in Vi and Vt after one, two, and three distribution half-lives (� t1⁄2s). After three 
� t1⁄2s, 87.5% of the pharmacologic effect is achieved; however, it is still much too early to
obtain a digoxin level, because the concentration in Vi is more than 100% higher than the
final equilibrated concentration. 
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In healthy individuals, the metabolic clearance of digoxin is 0.57 to
0.86 mL/kg/min, and the renal clearance is approximately equal to or a lit-
tle less than creatinine clearance. CHF reduces the metabolic clearance of
digoxin to about one-half its usual value and may reduce the renal clear-
ance slightly as well15,36–38 [also see Part I: Clearance (Cl)].

Using the data from Sheiner et al.,36 the total digoxin clearance in
mL/kg/min can be calculated in patients with and without CHF as
follows:

Creatinine clearance can be estimated from the patient’s serum crea-
tinine using Equations 3.5 and 3.6 below.

[Eq. 3.5]

[Eq. 3.6]

Note that in the above equations the units do not cancel; however,
the values of 140 in the numerator and 72 in the denominator result in a
creatinine clearance that has a unit value of mL/min. Also, in obese sub-
jects, creatinine clearance is normally calculated using IBW. The most
common method of estimating IBW is as follows:

[Eq. 3.7]

[Eq. 3.8]

Similarly, IBW should also be used to estimate digoxin clearance
(renal and metabolic) in obese patients. These and other methods for esti-
mating digoxin clearance are illustrated in the questions later in this chap-
ter. See Table 3.1 for common factors that alter digoxin clearance. It is the
authors’ opinion that ClDigoxin (Patients with CHF) equation is the more
conservative approach and is recommended to use even in patients with-
out a diagnosis of heart failure.

Ideal Body Weight for females in kg = 45 + (2.3)(Height in Inches 7 60)

Ideal Body Weight for males in kg = 50 + (2.3)(Height in Inches 7 60)

ClCr for females
(mL/min)

= (0.85) 
(140 - Age)(Weight in kg)

(72)(SCrss)

ClCr for males
(mL/min)

=

(140 - Age)(Weight in kg)

(72)(SCrss)

Total ClDigoxin (mL/min)
(Patients with CHF)

 = (0.33 mL/kg/min)(Weight in kg) + (0.9)(ClCr in mL/min)

Total ClDigoxin (mL/min)
(Patients without CHF)

 = (0.8 mL/kg/min)(Weight in kg) + ClCr in mL/min

L
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[Eq. 3.3]

[Eq. 3.4]
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HALF-LIFE (t1⁄2)

The half-life for digoxin is approximately 2 days in patients with nor-
mal renal function. In anephric patients, the half-life increases to approxi-
mately 4 to 6 days. This increase in the digoxin half-life is less than might
be expected based on the reduction in clearance because the volume of
distribution is also decreased in patients with diminished renal function
(see Question 4 and Equations 3.1 and 3.17).

TIME TO SAMPLE

Plasma samples for routine digoxin level monitoring are ideally ob-
tained 7 to 14 days after a maintenance regimen is initiated or changed.
This delay in obtaining digoxin samples helps to ensure that steady state
has been attained on the current dosing regimen. Samples may be ob-
tained before steady state is achieved, but caution should be used in as-
sessing the relationship between the current dosing regimen and the
eventual steady-state concentration. In addition, in patients with end-
stage renal disease it may take 15 to 20 days to achieve steady state be-
cause of the prolonged half-life.

Plasma samples obtained within 24 hours of an initial loading dose
may help confirm the relationship between the digoxin plasma concentra-
tion and pharmacologic response or establish the apparent volume of dis-
tribution. When plasma samples are obtained this early, however, they are
of little value in evaluating the maintenance regimen.

Once steady state has been achieved, routine plasma samples for
digoxin monitoring should be drawn just before the next dose (trough
levels); however, any sampling time that avoids the distribution phase (at
least 4 hours following an IV dose or 6 hours following an oral dose) is
acceptable.

Patients taking digoxin who are to be given amiodarone are likely to
require digoxin plasma level monitoring to determine the extent to which
the digoxin pharmacokinetics is altered39–41 (see Question 14). Although
quinidine is rarely used, it is the classic digoxin drug–drug interaction.
This interaction is especially troublesome since it results in a rapid rise in
digoxin concentration (due to V) and sustained rise (due to Cl). With
quinidine, there is the possibility that digoxin concentrations will fluctuate
within a quinidine dosing interval. Consequently, in patients taking quini-
dine and digoxin, samples should be obtained at a time that corresponds
to the trough of the quinidine dosing interval and that also avoids the
distribution phase for digoxin. There have also been data suggesting fluc-
tuations in digoxin concentrations with amiodarone.42

The time course for the expected change in digoxin concentrations
will depend on whether the drug interaction alters digoxin volume of
distribution or clearance or both. In addition, the time required for the in-
teracting drug to accumulate and effect a change in digoxin pharmacokinetic
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parameter(s) should also be considered. When drugs are added to a
patient’s therapy that can alter the disposition of digoxin, the nature of
the drug interaction and expected change in half-life should provide some
clues as to the time course and extent of the expected change in the
digoxin concentration.

QUESTION #1. Estimate a digoxin loading dose that will produce a
plasma concentration of 0.8 mcg/L for a 50-year-old, 70-kg patient
with a creatinine clearance of 80 mL/min being treated for CHF.

Estimating a loading dose requires knowledge of the volume of distri-
bution of the drug. Although one might consider using the average litera-
ture value for the V of digoxin (7.3 L/kg), a more conservative and/or
logical approach would be to use patient-specific parameter estimates.31

Taking into consideration the patient’s renal function (ClCr � 80 mL/min),
the patient’s volume can be calculated using Equation 3.1.

Then using Equation 3.9, the loading dose can be calculated as
follows:

[Eq. 3.9]

In this case, it was assumed that the loading dose was to be given
orally as tablets; therefore, a bioavailability (F) of 0.7 was used.14 If the
loading dose were to be given intravenously, F would have been 1 and the
calculated loading dose would have been 411 mcg ( 375 mcg). In both
cases, S is 1 because digoxin is not administered as a salt.

Loading doses of digoxin are not usually given to patients with CHF in
the ambulatory care setting. Loading doses may be used in the acute care

L

 = 587 mcg or L  500 mcg

 =

411 mcg

0.7

 =

(514 L)(0.8 mcg/L)

(1)(0.7)

Loading Dose =

(V)(C)
(S)(F)

 = 514 L

 = 266 L + 248 L

 = (3.8 L/kg)(70 kg) + (3.1)(80 mL/min)

VDigoxin (L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)
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setting. The difference may be the level of acuity, the ability to closely monitor
the patient during the loading process, and perhaps the economic pressures
that force clinicians to achieve therapeutic goals as quickly as possible.

QUESTION #2. How should this loading dose be divided, and what
would be an appropriate interval between doses?

Loading doses of digoxin are almost always administered in divided
doses so that the patient can be evaluated for toxicity and efficacy in the
course of receiving the total loading dose. If the patient appears to develop
toxicity or is therapeutically controlled, the remainder of the calculated
loading dose is withheld. The usual procedure is to give one-half of the
calculated loading dose initially, followed by one-fourth in 6 hours; the
remaining one-fourth is administered 6 hours after the second dose. How-
ever, doses are divided based on practically, taking into consideration that
oral tablets are available as 125 and 250 mcg.

Six hours is the usual interval between doses because it is the approx-
imate time to ensure that the oral dose of digoxin has been absorbed and
distributed into the myocardium.34 Even following an IV injection, 2 to 
4 hours are required for a single dose of digoxin to exhibit its full effect.33 In
an emergency, when it is important to rapidly achieve pharmacologic ef-
fects, clinical decisions about efficacy/toxicity can be made 1 to 2 hours
following an IV dose. This is because the majority of digoxin will have been
distributed into the tissue compartment and 75% to 90% of the pharma-
cologic effect can be evaluated at this time. It would still be too soon, how-
ever, to evaluate plasma concentrations due to the distribution phase (see
Fig. 3.1 and Part I: Volume of Distribution (V): Loading Dose). In this ex-
ample, the loading dose of 500 mcg would be administered as 250 mcg and
then two additional doses of 125 mcg each separated by 6 hours. It could
also be given as two doses of 250 mcg separated by 6 hours. Again, the rea-
son for dividing the dose is so that the patient can be evaluated for efficacy
or toxicity before the next portion of the loading dose is administered.

QUESTION #3. R.J. is a 50-year-old, 70-kg man with CHF and has a
serum creatinine of 1 mg/dL. Calculate a maintenance dose that will
achieve an average plasma digoxin concentration of 0.8 mcg/L.

Since the objective is to achieve an average digoxin concentration of
0.8 mcg/L at steady state (Css ave), Equation 3.10 can be used to calculate
the maintenance dose.

[Eq. 3.10]Maintenance Dose =

(Cl)(Css ave)(�)
(S)(F)

L
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When using Equation 3.10, it is important to ensure that the units
will cancel properly and are easy to use. In the case of digoxin, the con-
centrations are usually reported as mcg/L, and, therefore, the digoxin dose
should be expressed as mcg. Given that the dosing interval (�) is usually
expressed in days, the clearance should be expressed as L/day. If the dosing
interval is thought of as hours (e.g., 24 hours), then clearance would be in
the units of L/hr. Therefore, assuming the dosing interval (�) to be 1 day,
the bioavailability (F) 0.7 for oral tablets, and the fraction of the dose that
is digoxin (S) to be 1, the digoxin clearance (Cl) is the only remaining pa-
rameter to be calculated.

The digoxin clearance for R.J. can be determined by use of 
Equation 3.4.

Although the creatinine clearance (ClCr) for R.J. is unknown, it can be
estimated easily from his serum creatinine by use of Equation 3.5, assuming
all the criteria for the use of this formula are met (i.e., serum creatinine is at
steady state, and R.J.’s muscle mass is average for a 50-year-old man).

This creatinine clearance can now be used in Equation 3.4 to esti-
mate R.J.’s total digoxin clearance.

The digoxin clearance is then used to calculate the maintenance
dose. Since the maintenance dose is commonly expressed in mcg/day, the
clearance in mL/min can be converted to L/day by multiplying the value

 = 101.9 mL/min

 = 23.1 mL/min + 78.8 mL/min

 + (0.9)(87.5 mL/min)
 = (0.33 mL/kg/min)(70 kg)

Total ClDigoxin (mL/min)
(Patients with CHF)

=

(0.33 mL/kg/min)(Weight in kg)
+ (0.9)(ClCr in mL/min)

 = 87.5 mL/min

 =

(140 - 50 years)(70 kg)

(72)(1 mg/dL)

ClCr for males =

(140 - Age)(Weight in kg)

(72)(SCrSS)

Total ClDigoxin (mL/min)
(Patients with CHF)

=

(0.33 mL/kg/min)(Weight in kg)
+ (0.9)(ClCr in mL/min)
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by the number of minutes per day (1440 min/day) and dividing by the
number of milliliters per liter (1000 mL/L) as shown below:

[Eq. 3.11]

The maintenance dose can now be calculated using Equation 3.10.

One could elect to give either 0.125 mg every day or 0.125 and 0.25
mg on alternate days for an average dose of 0.1875 mg/day. Given that the
0.168 mg/day dosing rate is only an estimate, most clinicians would prob-
ably give 0.125 mg/day since R.J. is being treated for CHF and a lower
digoxin concentration would be desirable.

QUESTION #4. If the patient in Question 1 had a serum creatinine of 
5 mg/dL, would the estimated loading dose have been different?

For a number of years it was assumed that renal function influenced
only the clearance of digoxin. A number of studies have indicated, how-
ever, that patients with decreased creatinine clearance also have a
decreased volume of distribution for digoxin.31,36,43

The relationship between volume of distribution (V), plasma concen-
tration (C), and amount of drug in the body is described by Equation 3.12
below.

[Eq. 3.12]V =

Amount of drug in the body

C

 = 0.168 mg

 = 168 mcg

 =

117.4 mcg

0.7

 =

(146.7 L/day)(0.8 mcg/L)(1 day)

(1)(0.7)

Maintenance Dose =

(Cl)(Css ave)(�)
(S)(F)

 = 146.7 L/day

 = (101.9 mL/min)a1440 min/day

1000 mL/L
b

Cl (L/day) = (Cl as mL/min) a1440 min/day

1000 mL/L
b
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In uremic patients, it is assumed that digoxin is displaced from the
tissue compartment. As a result, C is higher and V is smaller.

There is some controversy about the significance of this tissue dis-
placement of digoxin. Myocardial digoxin concentrations at any given
plasma digoxin level are lower relative to their non-uremic counterparts.44

Consequently, some have suggested that no change in the loading dose is
necessary.45 Almost all clinicians today assume that the higher the digoxin
concentrations, the greater the drug effect, both therapeutic and toxic.
Therefore, they generally target digoxin concentrations, in renal failure pa-
tients, that are similar to or lower than the concentrations for patients
with normal renal function. Many clinicians, however, do not recognize
that the volume of distribution is likely to be reduced in patients with sig-
nificant renal dysfunction and therefore do not always make the appropri-
ate initial reduction in digoxin loading doses.

Because very little digoxin is bound to plasma proteins, only about
10%, a change in the desired therapeutic plasma concentration is unlikely
to result from plasma protein displacement46 [see Part I: Desired Plasma
Concentration (C): Protein Binding].

There are a number of ways to estimate the volume of distribution for
digoxin in a patient with decreased renal function; Equation 3.1 is most
commonly used. It is the authors’ opinion that this equation appears to be
useful over a wider range of creatinine clearance values, especially in
young adults with good renal function.47

Equation 3.1 is for a specific patient; therefore, the estimated ClCr
should be expressed in mL/min for that patient. The volume of distribu-
tion for digoxin in uremic patients can vary considerably. For this reason,
the values obtained from this equation and the calculated loading dose
should be considered only rough estimates.

Using Equation 3.5, the patient’s creatinine clearance is determined to
be approximately 20 mL/min. Note that we are assuming the patient is not
receiving any type of dialysis, as dialysis invalidates Equations 3.5 and 3.6.

 = 17.5 mL/min   or  L  20 mL/min

 =

(140 - 50 yrs)(70 kg)

(72)(5 mg/dL)

ClCr for males =

(140 - Age)(Weight in kg)

(72)(SCrSS)

VDigoxin(L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)

TV =

Amount of drug in the body

cC
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Using this value in Equation 3.1, the estimated volume of distribu-
tion would be 328 L.

If the volume of distribution is assumed to be approximately 330 L
(as calculated from Equation 3.1), the estimated oral loading dose using
Equation 3.9 would be approximately 375 mcg if a digoxin concentration
of 0.8 mcg/L was desired.

Again, as in Question 1, S and F are assumed to be 1 and 0.7, respec-
tively. The total loading dose should be divided and administered as de-
scribed in Question 2. Again, the loading dose is divided so that the
patient’s response can be evaluated between each of the partial loading
doses. This is to guard against the possibility that the patient’s volume of
distribution is smaller than anticipated or that the patient is more sensitive
to the pharmacologic effects than expected. One should also consider the
possibility that the volume of distribution may be much larger than ex-
pected and additional doses may have to be administered to achieve the
desired plasma concentration or pharmacologic effect.

It should be pointed out that dosing to a therapeutic endpoint is com-
mon in patients with atrial fibrillation in whom the therapeutic endpoint is
increased AV nodal blockade and a decrease in ventricular rate. Patients
with CHF, however, are more difficult to evaluate, and it is much less com-
mon to increase the loading dose beyond the initial targeted amount and in
many cases with heart failure, loading doses of digoxin may not be appro-
priate. Of course, in either atrial fibrillation or CHF, if toxicity is observed,
the process of administering the loading dose would be stopped.

QUESTION #5. Estimate the daily dose that would maintain the aver-
age digoxin concentration at 0.8 mcg/L in this same 70-kg, 50-year-old
patient with a serum creatinine of 5 mg/dL.

 = 377 mcg    or   L 375 mcg

 =

264 mcg

0.7

 =

(330 L)(0.8 mcg/L)

(1)(0.7)

Loading Dose =

(V)(C)
(S)(F)

 = 328 L

 = (266 L) + (62 L)

 = (3.8 L/kg)(70 kg) + (3.1)(20 mL/min)

VDigoxin (L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)
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As in Question 3, Equation 3.10 would be used to estimate the main-
tenance dose.

Using the creatinine clearance estimate of 20 mL/min (see Question 4),
the digoxin clearance can be estimated using Equation 3.4 (for CHF).

The digoxin clearance can be converted from mL/min to L/day as
described in Question 3 using Equation 3.11.

Again, assuming S to be 1 and F to be 0.7 for digoxin tablets, the ap-
proximate daily dose (calculated using Equation 3.10) would be 68 mcg/
day or 0.068 mg/day.

Again this dose is not convenient, and most clinicians would probably
administer either 0.125 mg every other day or one-half of a 0.125-mg tablet

 = 67.7 mcg of digoxin each day

 =

47.4 mcg

0.7

 =

(59.2 L/day)(0.8 mcg/L)(1 day)

(1)(0.7)

Maintenance Dose =

(Cl)(Css ave)(�)
(S)(F)

 = 59.2 L/day

 = (41.1 mL/min) a1440 min/day

1000 mL/L
b

 Cl (L/day) = (Cl as mL/min) a1440 min/day

1000 mL/L
b

 = 41.1 mL/min

 = 23.1 mL/min + 18 mL/min

 + (0.9(20 mL/min)
 = (0.33 mL/kg/min)(70 kg)

Total ClDigoxin (mL/min)
(Patients with CHF)

=

(0.33 mL/kg/min)(Weight in kg)
+ (0.9)(ClCr in mL/min)

Maintenance Dose =

(Cl)(Css ave)(�)
(S)(F)
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(0.0625 mg) every day as digoxin comes in 0.125-mg tablets, and this is a
reasonable dose for patients with significantly diminished renal function.

QUESTION #6. Assume that the patient described above can take
nothing by mouth and must be converted to daily intravenous doses of
digoxin. Assume he was taking one-half of a 0.125-mg tablet (0.0625 mg)
each day. Calculate an equivalent intravenous dose.

If the bioavailability of digoxin is assumed to be 0.7, the equivalent
IV dose would be 0.044 mg/day as calculated from Equations 3.13 and
3.14.

[Eq. 3.13]

[Eq. 3.14]

If the dose is not adjusted to account for the increased bioavailability
of the IV dose, higher steady-state digoxin concentrations would eventually
be achieved [see Part I: Elimination Rate Constant (K) and Half-Life (t1⁄2)
and Fig. 16]. Also note that the dose might be rounded to 0.05 mg, which
would correspond to 0.4 mL of the injectable (0.125 mg/mL). The dose of
0.05 mg would be expected to achieve a Css ave of � 1 mcg/L. This could be
further evaluated by calculating Css ave using Equation 3.20 (see Question 9)
or by comparing the ratio of the old and new doses to the old Css ave.

[Eq. 3.15]

0.05 mg

0.044 mg
(0.8 mcg/L) = 0.91 mcg/L

DoseNEW

DoseOLD
(Css aveOLD) = Css aveNEW

 = 0.044 mg or L  0.05 mg

 =

0.044 mg

1

Dose of New
Dosage Form

=

Amount of Drug Absorbed
From Current Dosage Form

F of New Dosage Form

 = 0.044 mg

 = (0.7)(0.0625 mg)

Amount of Drug Absorbed
or Reaching the Systemic Circulation

= (F)(Dose)
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QUESTION #7. B.G., a 62-year-old, 50-kg woman, with atrial fibrilla-
tion was admitted to the hospital for possible digoxin toxicity. Her
serum creatinine was 3 mg/dL, and her dosing regimen at home had
been 0.25 mg of digoxin daily for many months. The digoxin plasma
concentration on admission was 3 mcg/L. How long will it take for the
digoxin concentration to fall from 3 to 1.5 mcg/L?

The answer to this question requires knowledge of the digoxin half-
life (t1⁄2) or the elimination rate constant (K), both of which are dependent
on the clearance and volume of distribution for digoxin in B.G. The
relationship between these parameters is described by Equations 3.16
and 3.17.

[Eq. 3.16]

t1⁄2 [Eq. 3.17]

Three basic steps are required to solve this problem: (1) estimate
digoxin clearance, (2) estimate the V for digoxin, and (3) calculate the
half-life.

Step 1. Estimate clearance. We can estimate digoxin clearance as il-
lustrated in previous questions by first determining B.G.’s creatinine clear-
ance through the use of Equation 3.6 for women.

This estimation of ClCr then can be used to determine the digoxin
clearance by use of Equation 3.4 (for CHF), which is the more conserva-
tive approach.

 = 30 .3  mL/min

 = 16.5  mL/min + 13.8 mL/min

 = (0.33 mL/kg/min)(50 kg) + (0.9)(15.3 mL/min)

 
Total ClDigoxin (mL/min)

(Patients with CHF)
=

(0.33 mL/kg/min)(Weight in kg)
+ (0.9)(ClCr in mL/min)

 = 15.3 mL/min

 = (0.85)
(140 - 62 yrs)(50 kg)

(72)(3 mg/dL)

 ClCr for females = (0.85)
(140 - Age)(Weight in kg)

(72)(SCrss)

=

(0.693)(V)
Cl

K =

Cl
V

CHAPTER 3 • DIGOXIN ——— 213

79036_ch03.qxd  6/6/09  7:35 AM  Page 213



Converted to L/day by Equation 3.11, the digoxin clearance would
be 43.6 L/day.

A more patient-specific approach would be to use the patient’s dosing
history and the observed digoxin concentrations to derive a patient-specific
digoxin clearance. If one assumes that the digoxin half-life is significantly
longer than the dosing interval, the observed digoxin plasma concentration
should closely reflect the average concentration at steady state; from this the
digoxin clearance can be calculated [i.e., this level is relatively independent
of the volume of distribution; see Part I: Elimination Rate Constant (K) and
Half-Life (t1⁄2): Clinical Application of Elimination Rate Constant (K) and
Half-life (t1⁄2): Dosing Interval (�)]. Therefore, the observed digoxin concen-
tration can be used in Equation 3.18 to estimate B.G.’s clearance.

[Eq. 3.18]

This higher-than-average digoxin clearance of 58.3 L/day calculated
from B.G.’s dosing history and observed plasma level while different from
population average is not unreasonable for this 50-kg, 62-year-old woman
with a serum creatinine of 3 mg/dL. Given the usual uncertainty in predict-
ing clearance, we would expect most of our patients to have an observed
clearance that is between one-half to two times the predicted value. Actual
clearance values outside of this range should be evaluated carefully to de-
termine if the patient is substantially different from the assumed pharmaco-
kinetic population. In most cases, it is more likely that we have made an
error in our calculations or in our assumptions (see Question 9).

Step 2. Calculate B.G.’s digoxin volume of distribution. Because our
only digoxin plasma concentration represents something approaching Css
ave, we cannot derive a patient-specific volume and will have to rely on a
literature estimate that we can calculate using Equation 3.1.

 = 237 L

 = 190 L + 47 L

 = (3.8 L/kg)(50 kg) + (3.1)(15.3 mL/min)

 VDigoxin (L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)

= 58.3 L/day

=

175 mcg/day

3 mcg/L

=

(1)(0.7)(250 mcg/day)

3 mcg/L

Cl =

(S)(F)(Dose/�)
Css ave

 = 43.6 L/day

 = (30.3 mL/min)a1440 min/day

1000 mL/L
b

 Cl (L/day) = (Cl as mL/min)a1440 min/day

1000 mL/L
b
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Step 3. The digoxin elimination rate constant and half-life for B.G. can
now be estimated from Equations 3.16 and 3.17 using our patient-specific
digoxin clearance and the literature estimate of volume of digoxin.

t1⁄2

We now have the data necessary to answer the original question. The
time required for B.G.’s plasma concentration of digoxin to fall from 3 to
1.5 mcg/L (one-half the original level) is one half-life, or 2.8 days.

In most situations the calculations are not this easy (i.e., one t1⁄2). When
the time of decay is not obvious, the time required for the plasma concentra-
tion to fall to a predetermined level can be calculated using Equation 3.19.

[Eq. 3.19]

In the above equation, t represents the time required for C1, the initial
higher concentration, to decay to C2, the lower concentration, for any given
elimination rate constant K. Of course, the equation assumes a first-order
decay process (i.e., Cl and V are constants) and that no drug is administered
or absorbed between the concentrations C1 and C2 [see Part I: Elimination
Rate Constant (K) and Half-Life (t1⁄2): Elimination Rate Constant (K)].

 = 2.8 days

 =

0.693

0.246 day-1

 =

ln(2)

0.246 day-1

 t =

lna 3 mcg/L

1.5 mcg/L
b

0.246 day-1

 t =

lnaC1

C2
b

K

t =

lnaC1

C2
b

K

 = 2.8 days

 =

(0.693)(237 L)
58.3 L/day

=

(0.693)(V)
Cl

 = 0.246 day-1

 =

58.3 L/day

237 L

 K =

Cl
V
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QUESTION #8. Calculate a daily dose that will maintain B.G.’s aver-
age digoxin plasma concentration at 1.5 mcg/L.

Using the clearance value of 58.3 L/day calculated from B.G.’s data,
and assuming S, F, and � to be 1, 0.7, and 1 day, respectively, the new
maintenance dose can be estimated using Equation 3.10.

Alternatively, the previous maintenance dose could be adjusted pro-
portionately to the desired change in steady-state plasma level because
clearance and other factors were assumed to be constant. Therefore, if the
new steady-state level is to be one-half of the previous value, the new
maintenance dose should be one-half the previous maintenance dose.

QUESTION #9. N.W., a female who has been taking the same dose of
digoxin for 15 days, is seen in the clinic and is found to be doing well
clinically. A digoxin plasma level drawn on the morning of her visit is
2.4 mcg/L. What are the possible explanations for this elevated serum
digoxin concentration?

Because this serum digoxin concentration theoretically represents an
average steady-state concentration (Css ave), one must evaluate each of
the factors that could alter steady state. The relationship of each of these
factors to the average steady-state concentration may be seen by studying
Equation 3.20.

[Eq. 3.20]

1. (S)(F). N.W. may be absorbing more than 70% (average bioavailabil-
ity) from the oral dosage form. Since there are no salt forms of
digoxin, S should be 1. Whereas an increase in F could account for
some of the elevated digoxin concentration, F alone could only in-
crease the digoxin by a factor of 1.4 (i.e., 1/0.7).

2. Dose. N.W. may be taking more than the prescribed dose, although
taking less than the prescribed dose is more common.12,48 Of course,

Css ave =

(S)(F)(Dose/�)
Cl

or 0.125 mg digoxin daily

 = 125 mcg

 =

87.5 mcg

0.7

 =

(58.3 L/day)(1.5 mcg/L)(1 day)

(1)(0.7)

 Maintenance Dose =

(Cl)(Css ave)(�)
(S)(F)
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each tablet may not contain the labeled amount. In some cases, the
tablets may be larger than normal and on physical inspection may
show that,49 however, if the tablet is standard size but contains more
drug, this would be impossible to tell. While given current manufac-
turing standards this is not high on the list of possibilities, clinicians
need to watch for US Food and Drug Administration (FDA) and
manufacturer alerts for this type of information.

3. . N.W. may be taking the proper dose more often than prescribed.
4. Cl. N.W.’s clearance or ability to eliminate the drug may be less than

we estimated. We expect most patients to be within the range of one-
half to two times the expected clearance values (i.e., two times to
one-half the expected Css ave).

5. Css ave. The assay could be in error. Interfering substances may be
present, or the plasma level may have been drawn during the distri-
bution phase of the drug.

Plasma levels obtained during the distribution phase of digoxin are
higher than anticipated because digoxin is absorbed from the gastrointesti-
nal tract into the plasma and Vi faster than it is distributed into the tissues
or Vt. Since the myocardium responds to digoxin as though it were in the
tissue compartment (Vt), plasma levels obtained before distribution is
complete do not correlate with pharmacologic effects of the drug.12,34

Digoxin plasma levels should be obtained just before the next dose is
given, or at least 6 hours after the oral digoxin dose34 (see the discussion
on Digoxin Volume of Distribution (V) and Time to Sample, this chapter).

QUESTION #10. Outline a reasonable plan to determine the cause of
N.W.’s higher-than-predicted digoxin level.

1. Ask N.W. when that day’s digoxin dose was taken relative to when
the blood sample was obtained.

2. Determine N.W.’s adherence to the digoxin regimen. This is difficult
but must be attempted through a history or pill count.

3. Determine whether any drugs interfered with the digoxin assay. Lit-
erature reports of interference by drugs having a steroid nucleus are
applicable only to the antibody assay used in the particular report
and to the assay techniques and may not apply to the assay used to
determine N.W.’s digoxin plasma level. Therefore, the laboratory
measuring the serum level would have to be contacted about the
possibility of assay interference.38,50–54 While falsely elevated digoxin
concentrations are most commonly reported and should be consid-
ered in N.W.’s case, interfering substances may also result in a falsely
decreased assay measurement.53

Patients with poor renal function and newborn infants accumu-
late an endogenous digoxin-like compound that can produce a

�
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falsely elevated or false-positive digoxin assay result. The usual range
of the false-positive reaction is from 0.1 to � 1 mcg/L,55–57 with an
average of � 0.1 to 0.4 mcg/L. This interference does not appear to
represent a cross-reactivity with digoxin metabolites, since it has
been observed in patients who have never received digoxin. The
assay interference in these patients with apparent renal dysfunction
is assay-specific and is much more significant for some assays than
for others.56,58 Assays continue to change so clinicians need to check
on which assays are used at their site and what can affect assay accu-
racy and specificity.59

4. Reschedule a second digoxin plasma level, but be certain that it is
drawn at least 6 hours after a dose. Preferably, obtain the sample in
the morning before the daily dose is taken.

5. Evaluating N.W.’s Cl and F is difficult and costly because such evalu-
ation would require hospitalization. Furthermore, it would only re-
sult in the obvious conclusion that the dose should be reduced if, in
fact, the dosage level was too high. This approach would only be
used under the most unusual circumstances. In addition, F could
only increase from the assumed 0.7 to a maximum of 1 and could
not, by itself, account for the observed elevation in Css ave.

QUESTION #11. T.S., a female receiving digoxin 0.25 mg/day for sev-
eral months, has a reported digoxin plasma concentration of 0.3
mcg/L. Her CHF is poorly controlled. What is the most probable expla-
nation?

The answer to this question is essentially the same as that to Ques-
tion 9; the same factors should be considered. T.S. should be asked if she
is receiving the same brand or dosage form of digoxin because bioavail-
ability may vary between products, however, with today’s standards, not
likely an issue. Also check if T.S. has conditions that accelerate intestinal
transit time (e.g., small bowel resection), which can decrease digoxin ab-
sorption.60 T.S. also could be one of the very rare patients who has a large
metabolic and renal clearance for digoxin.61 As indicated in Question 10,
there are some drugs that result in a falsely decreased digoxin assay result
and that possibility should also be considered.53 The most likely explana-
tion for the subtherapeutic digoxin concentrations is noncompliance with
the prescribed regimen.48

QUESTION #12. In 1966, Doherty and Perkins62 evaluated the phar-
macokinetics of digoxin in hyperthyroid, hypothyroid, and euthyroid
patients. Figure 3.2 is a representation of one of the graphs from this
study. Using the graph, discuss the implications of thyroid disease on
the loading dose, maintenance dose, and the time required to reach
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steady state relative to the euthyroid state. Assume that the same Css
ave is desired in all patients. 

Loading Dose. Since hypothyroid patients have higher plasma levels
following a single loading dose, they must have a decreased apparent vol-
ume of distribution. Therefore, a decrease in the loading dose may be ap-
propriate. Hyperthyroid patients have lower plasma levels and would be
expected to require larger loading doses because of a larger volume of dis-
tribution. In addition, atrial fibrillation is one of the common cardiac ar-
rhythmias in hyperthyroid patients. In these patients, higher-than-average
digoxin concentrations are often necessary to achieve adequate AV nodal
blockade and ventricular rate control.

Time to Reach Steady State. The slope of all the decay curves is the
same. Therefore, the half-lives and elimination rate constants are equal,
and the time required to reach steady state will be the same for hyperthy-
roid, hypothyroid, and euthyroid patients receiving digoxin.

Maintenance Dose. Since K is the same in all patients, the clearance
and volume of distribution must both be changed by the same proportion
and in the same direction. See Equation 3.16 below.

Hypothyroid patients must have a decreased clearance, since the vol-
ume of distribution is decreased. This reduction in Cl would necessitate a

K (Same in All Patients Studied) =

Cl (Variable)
V (Variable)

K =

Cl
V
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FIGURE 3.2 Digoxin and thyroid function. Note the distribution and elimination of
digoxin when administered by the intravenous route to hypothyroid, hyperthyroid, and
euthyroid patients.62
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reduction in maintenance doses. Similarly, the larger V in the hyperthy-
roid patients is consistent with an increased clearance; therefore, an in-
crease in maintenance dose would be indicated if Css ave is to remain the
same as that used for euthyroid patients.

It is important to reemphasize, however, that although K and V were
used to estimate clearance, V is an independent variable, which, like clear-
ance, is affected by thyroid disease. As both Cl and V were affected in the
same direction and to the same degree, the half-life (and K) did not change
(see Table 3.1).

Two other studies63,64 have examined the pharmacokinetics of
digoxin in patients with thyroid disease. Both of these suggest that the
changes in the digoxin clearance result from an increased glomerular fil-
tration rate associated with hyperthyroidism. If this increased renal func-
tion is the primary factor responsible for the altered digoxin clearance
observed in hyperthyroid patients, it would be possible to encounter such
patients with decreased digoxin clearance if they also had intrinsic renal
dysfunction.

QUESTION #13. Do patients receiving hemodialysis require additional
digoxin following dialysis?

One should first determine if digoxin is expected to be significantly
removed by dialysis. To evaluate digoxin’s unbound volume in a dialysis
patient, we need to calculate digoxin’s volume. Assuming a ClCr of 5
mL/min and a weight of 70 kg, and using Equation 3.1, the volume we
would expect is 281.5 L.

Now using Equation 3.21, we can calculate digoxin’s unbound
volume.

[Eq. 3.21]

Based on the unbound volume of 313 L for this 70-kg patient or 4.5 L/kg,
we would not expect digoxin to be significantly removed by dialysis (see
Part I: Dialysis of Drugs: Estimating Drug Dialyzability). 

 = 313 L

 =

281.5 L
0.9

 Unbound Volume of Distribution =

V
fu

 = 281.5 L

 = 266 L + 15.5 L

 = (3.8 L/kg)(70 kg) + (3.1)(5 mL/min)

 Vdigoxin (L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)
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This assessment of digoxin not being significantly removed by dialysis
is further supported by the literature. Digoxin has a molecular weight of
about 500 Da and will pass through the dialysis membrane; however, most
of the digoxin is in the deeper, more slowly equilibrating tissue compart-
ment and is difficult to remove by any intermittent hemofiltration process.
The dialysis clearance for digoxin is only 10 mL/min using dialysis mem-
branes having a molecular weight cutoff of about 1000 Da. Therefore, � 3%
of the total amount of drug in the body is removed during hemodialysis.65

This dialysis clearance of 10 mL/min may seem significant when compared
with the metabolic clearance of 23 mL/min/70 kg for patients with CHF,36

but the dialysis takes place for only 3 to 4 hours every few days, while the
metabolic clearance is continuous. High-efficiency or high-flux membranes
will have higher digoxin clearance values and be more efficient in clearing
plasma digoxin, but the digoxin in the deep compartment is slowly equili-
brating and unlikely to be effectively eliminated in the usual 3- or 4-hour
dialysis run. Continuous renal replacement therapy (CRRT) may be more
effective over several days in removing digoxin because it is continuous.
However, given the long t1⁄2 of digoxin, even with the increased clearance,
changes in concentration are likely to be over several days, and any neces-
sary dose adjustments can be made as needed.66

It is important to note that dialysis can induce digitalis toxicity by al-
tering serum electrolyte concentrations and acid–base balance. For exam-
ple, a decrease in serum potassium or other electrolytes may occur during
dialysis and result in digoxin toxicity during or just following dialysis. If
digoxin plasma samples are to be obtained around the time of dialysis, it
would be wise to sample before dialysis is started or to wait at least 4 hours
following the end of dialysis to ensure that the vascular and deep tissue
concentrations of digoxin have had sufficient time to re-equilibrate.

QUESTION #14. C.B. is a patient with atrial fibrillation who was given
digoxin for ventricular rate control. He is taking a maintenance dose
of 0.25 mg/day of digoxin. Now, however, amiodarone will be added 
to C.B.’s drug regimen in an attempt to further control his ventricular
response and, it is hoped, to convert him to normal sinus rhythm. 
What are the pharmacokinetic considerations with regard to the 
amiodarone–digoxin drug interaction?

Amiodarone is well recognized to decrease both the metabolic and
renal clearance of digoxin. Although estimates vary, most patients have
about a 50% reduction in digoxin clearance when amiodarone is added to
their regimen.39–41,67 While the digoxin volume of distribution may also
decrease slightly, the change is small.39,40 In addition, amiodarone has a
very long t1⁄2 of approximately 40 days and accumulates slowly in the
body.68 As a result, following the initiation of amiodarone, digoxin con-
centrations rise slowly over a 1- to 2-week period (Fig. 3.3, Line C).
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Given that the change in digoxin disposition is primarily a 50% re-
duction in clearance, we would expect to reduce the patient’s digoxin
maintenance dose by 50% if our goal was to maintain the same steady-
state digoxin concentration after the initiation of amiodarone. Although
the change in digoxin occurs slowly, most clinicians reduce the digoxin
maintenance dose at the time of starting amiodarone to ensure that the
change in the digoxin regimen is not forgotten. If the digoxin steady-state
concentration was very low at the time of initiating amiodarone, no
change in digoxin may be necessary if the goal was to approximately dou-
ble the digoxin concentration.

Although not related to the question at hand, many if not most pa-
tients with atrial fibrillation are receiving warfarin. Amiodarone also re-
duces the clearance of warfarin and as a result the INR (International
Normalized Ratio) increases. If the patient’s INRs are not closely moni-
tored and the warfarin doses adjusted, the patient’s INR will almost cer-
tainly increase significantly. It would not be good pharmaceutical care to
prevent a digitalis intoxication only to have the patient develop a major
bleeding episode.

QUESTION #15. What if patient C.B. above was to be given quinidine?
Are the considerations the same as for amiodarone?

Although quinidine is no longer one of the more common antiar-
rhythmic agents, it is still used on occasion. Understanding how quinidine
alters the disposition of digoxin helps to explain the differences in how the
interaction is managed. Patients receiving digoxin have a rapid and sus-
tained rise in the serum digoxin concentration following the addition of
quinidine69–71 (see Fig. 3.3, line B). This rapid rise in digoxin within the
first 24 hours apparently results from the displacement of digoxin by quini-
dine from tissue sites. The increased digoxin concentration reflects a de-
crease in digoxin’s volume of distribution to 70% of the original value. The
initial rise in digoxin concentrations to approximately 1.5 times the origi-
nal concentration is followed by a relatively slow accumulation over the
next week to a steady-state digoxin concentration that is approximately
double the original value.69,72 Many patients develop signs of digitalis tox-
icity (primarily gastrointestinal in nature), which subside when the dose
and plasma concentrations of digoxin are adjusted.69 However, it should
be recognized that while gastrointestinal side effects are the most common
for digitalis, side effects do not occur in a progressive order from least to
most toxic or dangerous. The first sign of digoxin toxicity could be a life-
threatening cardiac arrhythmia.

The rapid and sustained changes in digoxin concentrations (see 
Fig. 3.3) suggest that the initial change in digoxin concentration is due to
a decline in the volume of distribution, which is slightly smaller than the
decline in the clearance. This is illustrated by the initial rapid increase in
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serum digoxin concentration followed by a gradual increase in the serum
concentration to the final steady-state value.

Given the initial rapid rise in digoxin concentration (decrease in V)
and the eventual doubling of the steady-state concentration (decrease in
Cl), the usual approach is to hold one daily dose of digoxin in an attempt
to blunt the initial rapid rise in digoxin, and then reinitiate the digoxin
maintenance dose at half the previous rate.73–77 Again, this approach as-
sumes that the goal is to maintain the same digoxin concentration follow-
ing the initiation of quinidine therapy.78–80

The patient’s digoxin concentration at the time of adding quinidine
should be considered carefully. For example, adding quinidine to a patient
with a digoxin level of 0.5 mcg/L may require no digoxin dose adjustment. A
patient with a level of 1 mcg/L may have one dose withheld and the main-
tenance dose halved. In a patient with a digoxin concentration of 2 mcg/L
or higher, it may not be appropriate to add quinidine, given the expected
increase in digoxin concentrations and the potential risk of toxicity.

In addition, digoxin concentrations also may vary within a quinidine
dosing interval because of varying degrees of tissue displacement. This has
been demonstrated at relatively low quinidine concentrations and should
be considered when obtaining digoxin plasma levels. For this reason, it is
generally advisable to obtain plasma digoxin concentrations just before a
quinidine dose so that the digoxin plasma levels will be reasonably repro-
ducible. Any change in digoxin concentration sampled in this way should
represent actual changes in digoxin disposition rather than transient
changes within a quinidine dosing interval74 (Fig. 3.4). Recent literature

L
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FIGURE 3.3 Digoxin. This figure represents the anticipated changes in digoxin concentra-
tion following the initiation of an interacting agent ( ). The solid line A represents the effect
of a drug that changes the volume of distribution in proportion to the decrease in the
digoxin clearance. Broken line B represents the effect of a drug that produces a decrease in
volume of distribution that is less than proportional to the decrease in digoxin clearance
(e.g., quinidine). Line C represents the effect of a drug that decreases the digoxin clearance
to approximately the same extent as quinidine, but produces no apparent change in the
volume of distribution (e.g., amiodarone). Line D represents the effect of a drug that de-
creases digoxin clearance to a lesser extent than that observed with quinidine (e.g., vera-
pamil). Line E represents a drug that decreases bioavailability or increases clearance or both
and hence the decline in digoxin concentrations (e.g., St. John’s wort).

c
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has also cited that amiodarone like quinidine may cause variations of
digoxin concentrations during the dosing interval.42 This report would
suggest that amiodarone may in fact change the volume of distribution
as a rise and fall of the digoxin concentration during the interval not
associated with the administration of the digoxin dose must be due to
transient changes in plasma and tissue concentrations and hence altered
volume. This is a single report and until more data are available to
confirm and quantify this observation, the authors will continue to
assume that amiodarone does not affect digoxin volume to a significant
degree.

In the case of both amiodarone67 and verapamil, if a reduction in
digoxin dose is contemplated, it is not necessary to skip a daily dose.
Instead, the maintenance regimen should be reduced by the appropri-
ate amount at about the time the amiodarone or verapamil therapy is
instituted.

QUESTION #16. What other drugs commonly used in patients receiving
digoxin are likely to cause a significant change in its disposition?

Amiodarone is probably the most significant and common drug that
interacts with digoxin. However, other compounds, such as propafenone
and verapamil, also reduce digoxin clearance.77,81–84 The decrease in
digoxin clearance with the addition of propafenone ranges from less than
25% to more than 50%. Most of the change appears to be associated with
the metabolic route of digoxin elimination. In addition, the decrease in
metabolism appears to increase as the concentration of propafenone in-
creases. Monitoring digoxin plasma levels may be helpful in evaluating the
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extent of the propafenone–digoxin interaction. Careful consideration
should be given to those patients with renal dysfunction or who are to be
given large doses of propafenone.

Although the change in clearance for verapamil is not remarkable,
approximately a 25% reduction, there may be individual patients in
whom a modest reduction in the digoxin maintenance dose is warranted.
Broken line D in Figure 3.3 depicts the anticipated rise in digoxin concen-
tration following the institution of verapamil therapy. Note that the slow
rise in digoxin concentration suggests that the volume of distribution for
digoxin is not altered. The clearance, while reduced, is not reduced to the
same extent as that associated with concomitant amiodarone or quinidine
therapy; this is consistent with the smaller increase in steady-state digoxin
concentrations associated with verapamil. Nifedipine and diltiazem appear
to have relatively little influence on digoxin disposition; verapamil has
modest effects.

St. John’s wort can reduce digoxin concentrations by approximately
25%.20–23 The most common explanation is a reduced bioavailability, but
hepatic enzyme induction and an increase in clearance have also been
proposed as a possible mechanism.22,23,85 Note in Figure 3.3, Line E, that
the digoxin concentration decreases with the addition of an agent that ei-
ther reduces bioavailability or increases clearance. 

Macrolide antibiotics (e.g., clarithromycin, erythromycin) and riton-
avir have been reported to increase digoxin serum levels.86–90 In addition,
depending on the assay procedure, other drugs, including herbal and non-
traditional agents may result in assay interference with digoxin, resulting
in either false elevation or decrease in the reported digoxin concentra-
tion.53,54,91

QUESTION #17. A.P., a 75-year-old, 60-kg man, was admitted with
complaints of increased shortness of breath (SOB) and yellow sputum
production. He has a medical history of chronic obstructive pul-
monary disease (COPD) and CHF. During his hospital stay, he devel-
oped atrial fibrillation and was given digoxin to slow his ventricular
rate. He received 250 mcg IV every 3 hours 3 doses (starting at 
9:00 p.m., day 1) and was given a maintenance dose of 250-mcg
tablets each morning (starting at 9:00 a.m., day 2). His serum creati-
nine is stable at 1.5 mg/dL. A digoxin level obtained at 9:00 a.m. on
the morning of day 4 (2.5 days after the loading dose) was reported to
be 1.5 mcg/L. A.P. had, therefore, received his initial IV loading dose
and two oral maintenance doses when a plasma sample was drawn
on the morning of day 4. What would you expect his digoxin concen-
tration to be?

To calculate the expected concentration, just before the third main-
tenance dose, one would first need to calculate A.P.’s expected digoxin

*
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pharmacokinetic parameters. Using Equation 3.5 for ClCr, an estimate of
36.1 mL/min is calculated.

Then using Equation 3.1 for digoxin V and Equation 3.4 for the
digoxin clearance in patients with CHF, the corresponding values can be
obtained.

The ClDigoxin in mL/min can be converted to the more convenient
units of L/day using Equation 3.11.

Using the calculated volume of distribution of 340 L and clearance
of 75.3 L/day, Equation 3.16 estimates an elimination rate constant of
0.22 day�1.

 = 0.22 day-1

 =

75.3 L/day

340 L

 K =

Cl
V

 = 75.3 L/day

 = (52.3 mL/min)a1440 min/day

1000 mL/L
b

 Cl (L/day) = (Cl as mL/min)a1440 min/day

1000 mL/L
b

 = 52 .3 mL/min

 = 19.8 mL/min + 32.5 mL/min

 = (0.33 mL/kg/min)(60 kg) + (0.9)(36.1 mL/min)

 
Total ClDigoxin (mL/min)

(Patients with CHF)
=

(0.33 mL/kg/min)(Weight in kg)
+ (0.9)(ClCr in mL/min)

 = 340 L

 = 228 L + 112 L

 = (3.8 L/kg)(60 kg) + (3.1)(36.1 mL/min)

 VDigoxin (L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)

 = 36.1 mL/min

 =

(140 - 75 yrs)(60 kg)

(72)(1.5 mg/dL)

 ClCr for males =

(140 - Age)(Weight in kg)

(72)(SCrss)
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Equation 3.17 estimates a half-life of approximately 3 days.

t1⁄2

To calculate A.P.’s digoxin plasma concentration, one needs to con-
sider the loading dose plus the two maintenance doses. To model this se-
ries of doses, refer to Part I: Selecting the Appropriate Equation: Series of
Individual Doses, Fig. 27, in which the loading dose plus the two mainte-
nance doses are depicted as D1, D2, and D3. Because his loading dose of
750 mcg (250 mcg 3 doses) was given over a total of 6 hours and A.P.’s
expected digoxin half-life is 3.1 days, one can group the entire loading
dose together as though it were administered as a single dose, all adminis-
tered when the first 250 mcg dose was given (i.e., time from start to end of
loading (tin) is 1/6 t1⁄2).

[Eq. 3.22]

Note that the predicted digoxin concentration of 2 mcg/L is greater
than the observed value of 1.5 mcg/L. Unfortunately, revision of pharma-
cokinetic parameters at this point would be difficult. After only 2.5 days
and with a half-life of 3 days, it is relatively easy to see that we have gone
beyond one-third of the half-life since the loading dose was administered.
Generally, to accurately estimate volume of distribution following a load-
ing dose, we would want a plasma sample within one-third of a half-life.
Furthermore, A.P.’s maintenance dose has not been administered longer
than two half-lives, which limits our ability to extract information about
clearance. The observed plasma concentration may reflect a larger-than-
expected V, a higher-than-expected Cl, or some combination of both of
these factors. To more accurately determine A.P.’s digoxin clearance, it will
be necessary to wait several more days to obtain a plasma concentration

 = 2 mcg/L

 = 1.3 mcg/L + 0.33 mcg/L + 0.41 mcg/L

 = (2.2 mcg/L)(0.58) + (0.51 mcg/L)(0.64) + (0.51 mcg/L)(0.8)

 +

(1)(0.7)(250 mcg)

340  L
(e-(0.22  day-1)(1  day))

 =

(1)(1)(750 mcg)

340 L
(e-(0.22 day-1)(2.5 days)) +

(1)(0.7)(250 mcg)

340 L
(e-(0.22 day-1)(2  days))

C(Sum) =

(S)(F)(D1)

V
(e-Kt1) +

(S)(F)(D2)

V
(e-Kt2) +

(S)(F)(D3)

V
(e-Kt3) Á

…

*

 = 3.1 days

 =

(0.693)(340 L)
75.3 L/day

 =

(0.693)(V)
Cl
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that might reasonably be expected to yield information about clearance.
Given his expected half-life of approximately 3 days and the probability
that his half-life is less than expected, an additional 2 or 3 days would
probably be sufficient to begin to obtain some additional information that
will help to predict A.P.’s final steady-state concentration.

In the example above, the time intervals were based on the number
of days. In the clinical setting, many times levels and doses are not admin-
istered in a way that days would be the most appropriate unit. Instead,
hours may be more appropriate. If this is the case, it is important to have
the units for clearance in L/hr and the units for elimination rate constant
in hr-1 so that the units are consistent with the time in hours. The equa-
tions for calculating the concentrations would be the same and the end re-
sult would be the same, just the units would reflect hours and not days.

QUESTION #18. C.A. is a 60-year-old, 65-kg man with a serum
creatinine of 1.3 mg/dL. He had been taking 0.25 mg of digoxin at
9:00 a.m. orally for his CHF. On the day of admission, a digoxin level
of 0.8 mcg/L was measured just before his morning dose. His outpa-
tient maintenance dose was continued. On the fifth day, just before his
morning dose (four doses of digoxin having been administered each
day at 9:00 a.m.), a second digoxin sample was obtained. Using the
expected pharmacokinetic parameters, calculate C.A.’s digoxin
concentration on the morning of the fifth day.

Again, to calculate the expected plasma concentration, one would
first have to estimate C.A.’s creatinine clearance and then use the appro-
priate equations to calculate his volume of distribution, clearance, elimi-
nation rate constant, and half-life.

Using Equation 3.5, we calculate a creatinine clearance of 
55.6 mL/min.

Then using Equation 3.1 for digoxin V, and Equation 3.4 for the digoxin
clearance in patients with CHF, the corresponding values can be obtained.

 = 419 L

 = 247 L + 172 L

 = (3.8 L/kg)(65 kg) + (3.1)(55.6 mL/min)

 VDigoxin (L) = (3.8 L/kg)(Weight in kg) + (3.1)(ClCr in mL/min)

 = 55.6 mL/min

 =

(140 - 60 yrs)(65 kg)

(72)(1.3 mg/dL)

 ClCr for males =

(140 - Age)(Weight in kg)

(72)(SCrss)

228 ——— PART II • DRUG MONOGRAPHS

79036_ch03.qxd  6/6/09  7:35 AM  Page 228



The ClDigoxin in mL/min can be converted to the units of L/day using
Equation 3.11.

Using the calculated volume of distribution and clearance, Equation
3.16 estimates an elimination rate constant of 0.25 day�1.

Equation 3.17 estimates a half-life of approximately 3 days.

t1⁄2

To model the initial digoxin concentration decay and the four subse-
quent doses, several approaches could be used. One approach is to use
Equation 3.23 to model the initial digoxin concentration and subsequent
decay.

[Eq. 3.23]

In the above equation, the digoxin concentration of 0.8 would be C1,
the first t1 the time from that concentration to the time of sampling

C(Sum) = C1(e
-Kt1) +

(S)(F)(D1)

V
(e-Kt1) +

(S)(F)(D2)

V
(e-Kt2) +

(S)(F)(D3)

V
(e-Kt3) Á

 = 2.8 days

 =

(0.693)(419 L)
103 L/day

 =

(0.693)(V)
Cl

 = 0.25 day-1

 K =

103 L/day

419 L

 K =

Cl
V

 = 103 L/day

 = (71.5 mL/min)a1440 min/day

1000 mL/L
b

 Cl (L/day) = (Cl as mL/min)a1440 min/day

1000 mL/L
b

 = 71 .5 mL/min

 = 21.5 mL/min + 50 mL/min

 = (0.33 mL/kg/min)(65 kg) + (0.9)(55.6 mL/min)

 
Total ClDigoxin (mL/min)

(Patients with CHF)
=

(0.33 mL/kg/min)(Weight in kg)
+ (0.9)(ClCr in mL/min)
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(4 days), D1 the initial dose of 250 mcg, and the second t1 the time from
that dose to the time of the sample (again 4 days). D2 is the second dose,
t2 the second time interval (3 days), etc. The calculations would then be
as follows:

Note that because S and F as well as each of the digoxin doses were
the same, the above equation can be factored to the following:

An alternative approach is to use a model that takes advantage of
digoxin’s long half-life relative to the dosing interval (see Part I: Selecting
the Appropriate Equation, Fig. 25). In this model, one could choose to
decay the initial digoxin plasma concentration and then add the four sub-
sequent doses by treating them as a continuous infusion as depicted in
Equation 3.24 below:

[Eq. 3.24]

Note that, in the infusion part of the non-steady-state equation,
Dose/ is the rate of drug administration and t1 is the duration of drug�

Ct = (C1)(e
-Kt1) +

(S)(F)(Dose/�)
Cl

(1 - e-Kt1)

 = 1.24 mcg/L

 = 0.3 mcg/L + 0.94 mcg/L

 = 0.3 mcg/L + 0.42 mcg/L [2.23]

 C(Sum) = (0.8 mcg/L)(0.37) + 0.42 mcg/L [(0.37) + (0.47) + (0.61) + (0.78)]

 +

(1)(0.7)(250 mcg)

419 L
c (e- (0.25 day - 1)(4 days)) + (e- (0.25 day - 1)(3 days))

+ (e- (0.25 day - 1)(2 days)) + (e- (0.25 day - 1)(1 day))
d

 C(Sum) = (0.8 mcg/L)(e- (0.25 day - 1)(4 days))

 +

(1)(0.7)(250 mcg)

419 L
(e-(0.25  day-1)(1  day))

 +

(1)(0.7)(250 mcg)

419 L
(e-(0.25  day-1)(2  days))

 +

(1)(0.7)(250 mcg)

419 L
(e-(0.25  day-1)(3  days))

 C(Sum) = (0.8 mcg/L)(e-(0.25  day-1)(4 days)) +

(1)(0.7)(250 mcg)

419 L
(e-(0.25  day-1)(4  days))
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administration. Therefore, Dose/� 	 t1 should equal the total amount of
drug administered. In this case, there were four doses administered for
1000 mcg. Given that the rate of administration is 250 mcg/day, t1 would
be 4 days.

Using the appropriate doses, times, and pharmacokinetic parame-
ters, a digoxin concentration of 1.37 mcg/L is calculated.

The concentrations predicted by the first method (individual bolus
doses) and the second method (digoxin given as an infusion) are similar, in-
dicating that either method is a reasonable way to predict C.A.’s digoxin
concentration on the morning of the fifth day. Also note that the predicted
steady-state concentration produced by a maintenance dose of 0.25 mg/day
(250 mcg/day) would be 1.7 mcg/L. See above part of Equation 3.24 that
represents Css ave or Equation 3.20 below.

QUESTION #19. C.A.’s digoxin level reported from the laboratory was
1.6 mcg/L. Since the observed digoxin concentration is greater than the
predicted level (1.24 to 1.37 mcg/L), what would one expect C.A.’s
digoxin clearance and subsequent steady-state digoxin concentration
to be on his current regimen of 0.25 mg/day?

Either of the two approaches in the previous question can be used to
resolve this problem. Clearance could be calculated by first assuming
C.A.’s digoxin volume of distribution to be 419 L. Then, using a trial-and-
error method or iterative search, one could substitute various clearance
values and the corresponding elimination rate constant values until the

 = 1.7 mcg/L

 =

(1)(0.7)(250 mcg/day)

103 L/day

 Css ave =

(S)(F)(Dose/�)
Cl

L

 = 1.37 mcg/L

 = 0.3 mcg/L + 1.07 mcg/L

 = (0.8 mcg/L)(0.37) + (1.7 mcg/L)(1 - 0.37)

 +

(1)(0.7)(250 mcg/day)

103 L/day
(1 - e- (0.25 day - 1)(4 days))

 Ct = (0.8 mcg/L)(e- (0.25 day - 1)(4 days))
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equation predicted the observed digoxin concentration of 1.6 mcg/L.
Since this process could be laborious, an alternative approach is to use the
mass balance technique and solve directly for C.A.’s clearance. See Part I:
Interpretation of Plasma Drug Concentrations: Non-steady-state Revision
of Clearance (Mass Balance). The expected steady-state digoxin concen-
tration for C.A. could then be more easily calculated.

[Eq. 3.25]

In this equation, t is the time interval between C1 and C2 and there-
fore is 4 days, since this is the interval between C1 (0.8 mcg/L) and C2 (1.6
mcg/L). C ave is calculated as the arithmetic mean of the two plasma con-
centrations.

[Eq. 3.26]

Substituting the appropriate values in Equation 3.25, a digoxin clear-
ance of 76 L/day can be calculated.

Note that this calculated digoxin clearance and our assumed volume
of distribution of 419 L is consistent with an expected half-life of approxi-
mately 3.8 days (Equation 3.17).

t1⁄2

 = 3.8 days

 =

(0.693)(419 L)
76 L/day

 =

(0.693)(V)
Cl

 = 76 L/day

 =

91.2 mcg/day

1.2 mcg/L

 =

(1)(0.7)(250 mcg/day) -

(1.6 mcg/L - 0.8 mcg/L)(419 L)

4 days

1.2 mcg/L

 Cl =

(S)(F)(Dose/�) -

(C2 - C1)V

t
C  ave

 = 1.2 mcg/L

 =

0.8 mcg/L + 1.6 mcg/L

2

 C ave =

C1 + C2

2

Cl =

(S)(F)(Dose/�) -

(C2-C1)V

t
C ave
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Evaluating the revised half-life is an important step in our assess-
ment of the clearance prediction of 76 L/day. As mentioned in Part I,
there are three key issues or rules to be considered when using the mass
balance approach when solving for clearance, using non-steady-state
data: 

1. t or time interval between C1 and C2 should be at least one half-life
but not more than two half-lives. If t is very short, relative to the drug
half-life, small differences in C1 and C2 can result in widely varying
estimates of drug accumulation or drug loss. If t is much more than
two half-lives, the second concentration would be approaching
steady-state, and our C ave would be an underestimate of the aver-
age concentration within the time interval t. Hence, the rule that t
should be at least one but not more than two half-lives.

2. The plasma concentration values should be reasonably close to one
another; therefore, C2/C1 2 if the concentration is increasing, and
C2/C1 0.5 if the concentration is decreasing. If there is a large dif-
ference between C1 and C2, it means that relatively little of the dose
administered between C1 and C2 has been eliminated. In this situa-
tion, volume of distribution and the total dose administered are the
critical factors, and the drug concentrations contain very little infor-
mation about clearance. If the concentration has declined more than
one t1⁄2, that is, C2/C1 0.5, there will be a significant curve in the
decay line and the arithmetic mean of C1 and C2 [i.e., (C1 + C2)/2]
will not be a good estimate of the average drug concentration over
the time interval t. Ideally, C1 and C2 would be very close together
and the net drug accumulation or loss would be approaching 0, sug-
gesting near steady-state conditions and therefore ideal conditions
for estimating clearance.

3. The rate of drug administration [(S)(F)(Dose/ )] should be regu-
lar and result in a reasonably smooth progression from C1 to C2. If
the doses are very irregular because either the interval is not con-
sistent or the dose is changing, the accumulation pattern will not
be a smooth transition from C1 to C2. Therefore, the C ave as cal-
culated from the arithmetic mean of C1 and C2 [i.e., (C1 + C2)/2]
will not accurately represent the true C ave between C1 and C2.
Another potential problem with the mass balance approach is
when the dosing interval is longer than the drug half-life. Under
these conditions, there will be significant increases and decreases
in the drug concentration within each dosing interval. The pro-
gression from C1 to C2 will not be smooth, and result in the arith-
metic mean [(C1 + C2)/2] may be a poor estimate of the true
average concentration.

Assuming we have met all the three rules described above and are
using the revised clearance value and Equation 3.20, the expected

�

6

Ú

…
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steady-state digoxin concentration of approximately 2.3 mcg/L can be
calculated.

Because this value is above the upper limit of the usually accepted
therapeutic range for heart failure, one would most likely choose to reduce
the digoxin maintenance dose at this time. This is especially true given that
most patients with CHF do well clinically with digoxin concentrations in
the range of 0.5 to 0.9 mcg/L and evidence that digoxin has a potentially
harmful effect if digoxin concentration is 1.2 mcg/L.5An alternative
approach would be to obtain another digoxin sample after approximately
one additional half-life (3 to 4 days) to determine if the digoxin concentra-
tion is accumulating as anticipated. In one half-life, the digoxin concentra-
tion should accumulate to a concentration of approximately 2 mcg/L, or
half-way between the present concentration of 1.6 mcg/L and the ex-
pected steady-state value of 2.3 mcg/L. The time interval of one half-life
was chosen for two reasons. First, a significant time interval is required,
usually at least one half-life, to distinguish true drug accumulation from
assay variability. Second, it is desirable to detect accumulation early
enough to avoid unnecessary toxicity risks. In this case, the time interval
chosen has placed C.A.’s digoxin concentration at the upper end of the
therapeutic range. In discussing the second approach, it is important to
recognize that the desire to obtain good pharmacokinetic data should not
overshadow good clinical decision making. For this reason, most clini-
cians would probably follow the first approach and reduce C.A.’s digoxin
dose at this time.

QUESTION #20. When is Digibind indicated and how is the dose
determined?

Digibind is indicated for life-threatening digoxin intoxication, that is,
severe ventricular arrhythmias or progressive bradyarrhythmias not re-
sponsive to treatment, or progressive elevation in serum potassium. Each
vial of Digibind binds 0.5 mg or 500 mcg of digoxin. If the total amount of
digoxin is known, Equation 3.27 can be used to calculate the dose of
Digibind.

[Eq. 3.27]
Digibind

(No. of Vials)
=

mcg of Digoxin in Body

500

Ú

 = 2.3 mcg/L

 =

(1)(0.7)(250 mcg/day)

76 L/day

 Css ave =

(S)(F)(Dose/�)
Cl
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If the total body stores is uncertain but a digoxin concentration is
known, Equation 3.28 can be used to calculate the number of vials of Di-
gibind that would be needed.

[Eq. 3.28]

Equation 3.28 assumes a digoxin volume of 5 L/kg. In obese pa-
tients, it is not clear what weight to use but the authors would recommend
using the weight that best correlates with the digoxin volume of distribu-
tion, that is, IBW if obese. However, care should be taken not to “under
dose” the patient. Also care should be taken in young healthy individuals
as their digoxin volume of distribution may be larger than the assumed
value of 5 L/kg in Equation 3.28. Lastly, when the calculated Digibind
dose contains a fraction of a vial (e.g., 4.4 vials), most clinicians would
round up to the next whole number of vials.

Another important issue is whether or not serum digoxin levels
would be appropriate following the administration of Digibind. The an-
swer depends on the assay being used.59,92 Digibind is a digoxin antibody
fragment (Fab) that binds the plasma digoxin and thereby creating disequi-
librium between the plasma and tissue concentrations. The tissue digoxin
then re-equilibrates with the plasma and that re-equilibrated plasma
digoxin is then bound to the Fab. This process continues until all or al-
most all of the digoxin is pulled from the tissue and bound in the plasma to
the Fab. While the total plasma digoxin is very high, almost all is bound to
the Fab and essentially “inactive.” 

Some digoxin assays measure the unbound digoxin and some or all
of the Fab-bound digoxin. These assays are of no clinical value following
the administration of Digibind and can be clinically confusing as the re-
ported digoxin concentration represents both the unbound “active” and
the Fab-bound “inactive” digoxin. With this type of assay, depending on
how much of the Fab-bound digoxin is being analyzed, it is possible for
the digoxin concentration to increase following the administration of Di-
gibind. Some digoxin assays measure only the unbound “active” digoxin
concentration. These assays may be of some clinical value but in most
cases the unbound digoxin concentration will be very low.
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