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ABSTRACT

A study was done at The University of Arizona Health 
Sciences Center and the Tucson Veterans Administration 
Medical Center to evaluate a number of published methods 
for predicting serum digoxin concentrations. Data were 
collected from 9 7 patients. The actual steady-state serum 
digoxin concentrations were correlated with the predicted 
serum digoxin concentrations for each method. The results 
of the correlation analysis demonstrated a low degree of 
predictability for all of the methods studied. Possible 
reasons for the overall low correlation coefficients are 
discussed.

Further analysis was undertaken using mean differ
ences between the measured and predicted serum digoxin 
concentrations. In addition, a 3 by 3 cross tabulation 
analysis was performed to determine if measured and pre
dicted serum digoxin concentrations fell within the same 
concentration range. Ninety five percent confidence inter
val plots for four of the equations studied were also 
obtained. These data demonstrated that several equations 
could be used to safely predict a serum digoxin concentra
tion if.a predicted serum digoxin concentration of 1.0 
ng/ml was selected.

viii



ix

Recommendations are proposed for future studies, 
including prospective studies with several of the methods 
to ascertain if these methods are reasonable predictors of 
serum.digoxin concentrations.



INTRODUCTION

Digoxin has been widely prescribed in the United 
States (Burch, 1973) for the treatment of several disease 
states, including congestive heart failure and atrial 
fibrillation (Ross, Cooke and Reid, 1976; Humphries and 
Greene, 1976). This digitalis glycoside has been a diffi
cult drug to dose because of a lack of a good correlation 
between the dose and the desired effect (Jelliffe, 1971b; 
Meyers, Jawetz and Goldfien, 1976; Redfors, 19 72), its 
narrow therapeutic index (Redfors,.1971; Moe and Farrah, 
1975), the nonspecific symptoms of digitalis toxicity such 
as fatigue, muscle weakness, visual distrubances and gastro
intestinal disturbances (Lely and van Enter, 1972) and the 
variation in the biopharmaceutic and pharmacokinetics 
characteristics of the drug (lisalo, 1977).

Toxicity to the digitalis glycosides has been , 
encountered frequently, with a high degree of morbidity and 
mortality being reported (Tawakkol, Nutter and Massumi,
1967; Schott, 19 64; Rodensky and Wasserman, 1961; Hermann, 
1966). These studies indicate that the incidence of 
intoxication ranges from 5 to 20 percent of the patients 
taking digitalis glycosides (Schott, 1964; Hermann, 1966; 
Rodensky and Wasserman, 1961) , while drug related death



ranges from 7 to 21 percent of those patients exhibiting 
toxicity (Tawakkol et al., 1967; Schott, 1964; Rodensky and 
Wasserman, 19 61) . In two more recent studies, digitalis 
glycoside intoxication was found to be the first (Hiller, 
1974) or second (Caranasos, Stewart and Cluff, 1974) most 
frequently encountered drug associated cause of hospitaliza
tion.

Duhme, Greenblatt and Koch-Weser (1974) have found 
that frequent determinations of serum digoxin concentration 
can effectively reduce toxicity. There is, however, over
lap between the therapeutic and toxic serum concentrations 
of digoxin (Smith, Butler and Haber, 1969; Seller et al., 
1971; Goldman, 19 74; Oparil, 1976). Recently, Ingelfinger 
and Goldman (19 76) reviewed the literature and concluded 
that serum digoxin concentrations alone were not useful in 
assisting the clinician in making a diagnosis of toxicity.

Additionally, there have been attempts to minimize 
toxicity and maximize therapeutic benefit of digoxin through 
the use of computer-assisted dosing. Jelliffe, Buell and 
Kalaba (1972) found a significant, reduction in toxicity 
through the use of their computer program. Peck et al.
(19 73) did not find the computer to be of great aid to the 
clinician in dosing digoxin. However, these authors did 
find that when more than two serum digoxin concentrations
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were available as feedback data the computer was of value 
in assisting the clinician in dosing digoxin (Sheiner 
et al., 1975). I

. As the biopharmaceutic and pharmacokinetic charac
teristics of digoxin have become more completely understood, 
various authors have attempted to derive mathematical equa
tions that would be useful in calculating digoxin doses 
with the goal of decreasing the frequency of toxicity. In 
applying these various equations, a wide range of recom
mended doses would be obtained for the same individual.

Purpose
The purpose of this investigation was to"evaluate 

published methods of dosing digoxin to determine which, if 
any, would be useful in precisely predicting a serum digoxin 
concentration. Additionally, the equations were evaluated 
to determine if the equations could optimize the attainment 
of a therapeutic serum digoxin concentration while minimiz
ing the risk of digoxin toxicity.

Assumptions
Although the bioavailability of digoxin has been 

reported to vary widely, a constant fraction of drug ab
sorption must be assumed to compare the various equations. 
The fraction of digoxin absorbed was assumed to be constant



throughout the study, and was assumed to be equal to 70 
percent of the administered dose. Since the volume of 
distribution was needed for one method, an assumption was 
made for this equation that the apparent volume of distri
bution was equal to 7.3 1/kg.

Limitations
As with most human investigations, the reliability 

and sensitivity of clinical laboratory tests must be ac
cepted as a limitation. The clinical laboratory procedures 
most important to this investigation (the serum creatinine 
and digoxin concentrations, and the urinary creatinine and 
digoxin concentrations) were accepted as being sensitive, 
precise and specific, realizing, however, that each assay 
has its limitations. Other limitations of this project were 
that all patients must have been taking Burroughs-Wellcome 
brand of digoxin (Lanoxin R) and must have been taking 
digoxin for a sufficient period of time to have steady-state 
serum digoxin concentrations.

Definitions
Biopharmaceutics: Biopharmaceutics is the study of

the relationships ..between the physical and chemical proper
ties of a drug and its dosage, forms, and the biologic 
effects observed following the administration of a drug in 
its different dosage forms.



' Compliance: For this study, compliance was defined
as taking digoxin as prescribed for a minimum of five days 
per week. Initially, compliance was determined by patient 
interview. Compliance was confirmed in all cases by quanti
tation of the steady-state serum digoxin concentration.

Digoxin toxicity: Digoxin toxicity is a clinical
diagnosis made from the following information: a serum
digoxin concentration of generally greater than 2.0 ng/ml 
along with any of the following signs and symptoms that were 
previously absent; multifocal or paired premature ventricu
lar contractions, varying degrees of atrioventricular nodal 
block from first degree to complete atrioventricular nodal 
block, paroxysmal atrial tachycardia, ventricular tachy
cardia, ventricular fibrillation or progressive heart 
failure; gastrointestinal symptoms including anorexia, .. 
nausea and vomiting; neuropsychiatric disturbances such as 
confusion, insomnia, visual disturbances and hallucinations; 
.and other complaints such as fatigue and muscle weakness. 
Additionally, all of the signs and symptoms of digoxin 
intoxication must disappear when digoxin is withheld.

Medication, profile: The medication profile is a
form used at The Arizona Health Sciences Center by the 
Pharmacy and Supply Department to record the unit-dose 
medications sent to the patient care areas of the hospital.



Nursing medication administration record: This form
is used by the nursing staffs at The Arizona Health Sciences 
Center and the Tucson Veterans Administration Medical Center 
to record and document all doses of medications administered 
to the patients.

Pharmacokinetics: Pharmacokinetics is the study of
the time course of drugs and their metabolites in biologic 
fluids, tissues and excreta. The time course of drugs in 
the body is often related to the pharmacologic effects.

Steady-state. Steady-state is a pharmacokinetic 
term used when the rate of drug entering the body equals 
the rate of drug elimination from the body (i.e. , when no 
further accumulation of drug in the body occurs). The 
steady-state concentration of any drug depends upon the 
size of the administered dose, fraction of the dose ab
sorbed, frequency of dosing, the volume of distribution 
and the half-life of drug elimination. Only the half-life 
of drug elimination influences the time to reach steady- 
state concentrations.

Serum digoxin concentration: The serum digoxin
concentration is the relative amount of digoxin in the serum 
(the clear portion of the blood upon separating the cells) 
which is expressed in nanograms per milliliter.



REVIEW OF THE LITERATURE

There have been two reviews of the literature con
cerning recommended doses of digoxin (Chiou, 1975; Aronson 
and Grahame-Smith, 1976a). These authors reported.a several 
fold difference in recommended maintenance doses of digoxin 
found in various journals and textbooks. The apparent lack 
of consistency of these recommendations indicates a need 
for an accurate method of dosing digoxin„

Various biopharmaceutic and pharmacokinetic charac
teristics of digoxin are important-in selecting the proper 
dose for each individual. These factors include absorptionf 
distribution and elimination of digoxin. The oral absorp
tion of digoxin tablets is approximately 70 percent with a 
reported range of 60 to 85 percent (Doherty, 1973; Colaizzi, 
1975, Greenblatt, Smith and Koch-Weser, 1976; Huffman and 
Azarnoff, 1972; Huffman, Manion and Azarnoff, 1974; Levy 
and Gibaldi, 1974; Lindenbaum, 1973; lisalo, 1977; Wagner, 
1974b). Since drugs that are incompletely absorbed are 
associated with greater variability in the fraction of the 
drug absorbed (Levy and Gibaldi, 1974; Huffman and Azarnoff, 
19 72), the problem of bioavailability of digoxin can be 
significant.

7
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The apparent volume of distribution of digoxin is 
quite large. In normal, healthy subjects, a range of 7.4 
to greater than 9 1/kg (Gault et al., 1976; Koup et al., 
1975a; Kramer et al., 1974) has been reported or calculated 
from available data. In an additional study, pharmacokine
tic data available in the literature was evaluated with 
regard to the magnitude of the apparent volume of distri
bution of digoxin (Reuning, Sams and Notari, 1973). In this 
report, the mean volume of distribution was found to be 8.4 
1/kg. These authors used an extrapolated volume of distri
bution which will overestimate the apparent volume of 
distribution obtained by more rigorous methods of determina
tion .

The volume of distribution decreases in patients 
with renal insufficiency (Reuning et al., 1973; Aronson and 
Grahame-Smith, 1976b), but has been shown to increase with 
improved renal function (Aronson and Grahame-Smith 1976b). 
These authors also used an extrapolated volume of distribu
tion resulting in an overestimate of the apparent volume of 
distribution of digoxin. The decline in the apparent volume 
of distribution appears to represent a real change in the 
degree of extravascular distribution of digoxin since a 
decrease in the myocardial to serum digoxin concentration 
ratio has been noted to occur in renal insufficiency (Jusko 
and Weintraub, 1974). Because of the decrease in the 
apparent volume of distribution of digoxin with reduced



renal function, Reuning et al„ (1973) have advocated a 
one-half to two-thirds reduction in the loading doses of 
digoxin for patients with renal insufficiency. Others 
state that the loading dose of digoxin need not be decreased 
(Jelliffe, 1968; Wagner, 1974a) since the amount of digoxin 
in the tissue is the important factor to consider and the 
loading dose should not be strictly based upon the plasma 
concentrations of digoxin (Wagner, 1974b).

Another complicating factor regarding the distribu
tion of digoxin is the lack of distribution into adipose 
tissue. Ewy et al. (1971) studied five patients undergoing 
weight reduction for severe obesity. The same dose of 
digoxin was administered before and after average weight 
loss by these patients of 102 pounds. There was no signi
ficant difference in the resulting plasma digoxin concentra
tions, since the concentrations were similar before and 
after weight reduction. These authors concluded that the 
similarity of the plasma digoxin concentrations before and 
after weight reduction indicates that digoxin distribution 
is primarily to lean tissues.

It has been proposed that the large volume of dis
tribution of digoxin is related to the concentration within 
the muscle - tissues. Several studies have examined myocardial 
concentrations of digoxin (Carroll et al., 1973; Jusko and 
Weintraub, 19 74; Hartel, et al., 1976). These authors have 
examined right atrial, left ventricular and papillary muscle
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in patients undergoing valvular replacement, coronary artery 
bypass surgery and in individuals at autopsy. The ratio of 
tissue to serum digoxin concentrations varied from 20:1 to 
128:1, with a wide variation in each study. Hartel et al. 
(1976) have demonstrated a linear relationship between the 
serum digoxin concentration and the myocardial tissue 
digoxin concentration. Such a linear relationship supports 
the use of serum digoxin concentrations to monitor digoxin

i

therapy, although there was a 1.8 fold variation in the 
ratio of the myocardial to serum digoxin concentration.

The half-life of digoxin in normal subjects has 
been reported to range from 0.95 to 1.8 days (Wagner, 1974b, 
Huffman and Azarhoff, 1972; Doherty et al., 1969, 1972; 
Doherty and Perkins, 1962; Gault et al., 1976). Koup et al. 
(19 75a) found an average half-life in eight subjects with 
normal renal function of 43.2 hours with a corresponding 
total body clearance of 188 ml/min/1.73 m^.

Since digoxin is primarily eliminated by the kidneys 
(Bloom, Nelp and Tuell, 1966; Doherty and Perkins, 1962; 
Doherty et al., 1967, 1968 and 1972; Falch, 1973; Koup 
et al., 1975a) the most important determinant of digoxin 
elimination is renal function. The decreased renal excre
tion of digoxin found when renal function deteriorates 
makes dosage adjustment necessary. Ewy et al. (1969) found 
nearly a two fold difference in the plasma concentrations of 
digoxin in older individuals with mean creatinine clearances



of 56 ml/min/l.73 as compared to healthy, young volun
teers with an average creatinine clearance of 122 ml/min/ 
1.73 in normal adults, the urinary excretion of digoxin
ranged from 35 to 41 percent of the administered.dose in the 
first 24 hours after dosing (Bloom.et al., 1966; Falch, 
1973), but in other studies the amount excreted 24 hours 
after a digoxin dose ranged from 21 to approximately 27 . 
percent (Doherty et al., 1969, 1972; Marcus, Kapadia and 
Kapadia, 1964). The total cumulative urinary excretion of 
digoxin in normal individuals can be.as high as 80 percent 
(Doherty and Perkins, 1962). In patients with creatinine 
clearances of less than-60 milliliters per minute, the 
amount of digoxin appearing in the urine within 24 hours 
after dosing ranged from 2 to 27 percent of the dose (Bloom 
et al., 1966). In support, also, of a primary renal mecha
nism for digoxin elimination, Doherty et al. (19 72) found 
the half-life of digoxin to increase from 32.7 hours in 
patients with normal kidneys prior to unilateral nephrectomy 
for renal transplantation to .42.2 hours after surgery.
These authors also demonstrated a shortening of the digoxin 
half-life in four, patients after having undergone renal 
transplantation. Before that- transplant, the mean digoxin 
half-life in these four subjects was 82 hours which declined 
to 50 hours after successful transplantation of one kidney. 
Doherty et al. (1967) have found the half-life in anephric 
patients to be 92.9 hours. Measurement of the digoxin
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half-life in six elderly patients with renal failure recover
ing from digoxin intoxication, resulted in a mean value of 
117 hours (range of 62 to 189 hours) (Caird and Kennedy,
1977) .

Several studies have shown good correlation between 
the renal excretion of digoxin and.the creatinine clearance 
(Bloom et al., 1966; Doherty et al., 1968, 1969, 1972;
Gault et al., 19 76; Jelli-ffe and Blankenhorn, 19 67; Falch, 
1973; Koup et al., 19 75a; Ewy et al., 1969; Roberts and 
Caird, 1976; Sumner, Russell and Whiting, 1976). in three 
of these studies, the ratio of the digoxin renal clearance 
to the creatinine clearance ranged from 0.92 to 1.05 
(Doherty et al., 1968, 1969; Roberts and Caird, 1976) 
which indicates that elimination is primarily by glomerular 
filtration. Other authors have suggested that digoxin 
undergoes tubular secretion in addition to glomerular fil- . 
tration (Baylis et al., 1972; Halkin et al., 1975; Steiness, 
1974; Koup et al.. , 1975a).

Although digoxin is eliminated primarily by the 
kidneys, there is nonrenal clearance of digoxin which has 
been reported to be biliary (Roberts and Caird, 1976). Net 
biliary excretion seemed to be unrelated to age, sex, renal 
or hepatic function, as well as digoxin renal clearance 
(Roberts and Caird, 1976). The nonrenal clearance of digoxin 
is between 18 and 47 milliliters per minute (Koup et al. , 
1975a; Roberts and Caird, 1976; Sumner et al., 1976).
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Koup et al. (1975b) found the nonrenal clearance of digoxin 
to be 14 milliliters per minute in one patient with chronic 
renal failure and congestive heart failure. Based on this 
observation and that of Roberts and Caird (1976)7 it has 
been suggested that nonrenal clearance of digoxin declines 
by approximately 50 percent with severe heart failure.

Other factors, including serum potassium and magne
sium concentrations and thyroid function, must be considered 
when dosing digoxin. It has long been known that hypokalemia 
can alter the threshold to digitalis intoxication (Lown 
et al., 1951, 1952). Although no consistent relationship 
between the decreased serum potassium concentrations and 
increased digitalis sensitivity was noted (Lown et al.,
1951), Rodensky and Wasserman (1961) found in each digitalis 
intoxicated patient the occurrence of paroxysmal atrial 
tachycardia with atrioventricular nodal block, and in most 
cases of multifocal or paired premature ventricular con
tractions, the serum potassium was low. The occurrence of 
hypomagnesia was found twice as often in digitalis toxic 
patients when compared to nontoxic patients in a series of 
120 patients, of which 38 were reported either "definitely” 
or "possibly" toxic (Seller et al., 1971).

In patients with chronic atrial fibrillation, 
triiodothyronine was given to alter thyroid function (Frye 
and Braunwald, 1961). It was found that increased levels of
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triiodothyronine caused a three-fold to four-fold increase 
in the dose of digoxin necessary to maintain the ventricular 
rate at the euthyroid level. Conversely, Barbato (1976) 
stated that hypothyroidism may predispose to digitalis 
intoxication. The half-life of digoxin has been shown to 
be.similar in hypothyroid, euthyroid and hyperthyroid, indi
viduals, but the renal clearance of digoxin was found to be 
significantly elevated in the. hyperthyroid group (Doherty, 
and Perkins, 1966). Huffman, Klaassen and Hartman (1977) 
agree with these findings, and also suggest that hyperthy-? 
roidism may decrease digoxin absorption. GiIfrich and 
Meinertz (1978).. studied the pharmacokinetics of digoxin in 
five hyperthyroid patients before and after attainment of 
the euthyroid state. These investigators found in hyper
thyroidism (1) a larger volume of distribution of digoxin,
(2) increased glomerular filtration rate, (3) an increase in 
the extent of nonrenal elimination and (4) a possibility of 
diminished digoxin absorption. A further study (Lawrence 
et al., 19 77) failed to demonstrate a consistent alteration 
in the disposition of digoxin in the hypothyroid and hyper- 
thyroid patients. These authors concluded that the insensi
tivity of thyrotoxic patients to digitalis glycosides is not 
explained on a pharmacokinetic basis.

Another concern in dosing digoxin may be the con
current administration of other drugs. McAllister et al.



(1976) studied the effect of furosemide on digoxin excretion 
in three patients. They concluded that digoxin excretion 
was enhanced after furosemide administration. Other authors 
have not found the concomitant administration of diuretics 
(both furosemide and thiazide diuretics) to cause an in
crease in the renal excretion of digoxin (Falch, 1973;
Brown et al., 1976). Antacid preparations and kaolin-pectin 
combinations have been shown by Brown and Juhl (1976) to 
decrease the absorption of digoxin in patients. A number of 
recent reports (Reiffel et al., 1978; Ejvinsson, 1978; Leahey 
et al., 1978) have pointed out a potential drug interaction 
in patients concurrently taking digoxin and guinidine. 
Quinidine has been shown by the authors to elevate the 
levels of digoxin approximately two-fold over pre-guinidine 
levels, and to decrease the renal clearance of digoxin. It 
has been recently suggested (Straub et al., 1978) that the 
guinidine/digoxin interaction may be due to a decline in 
sodium-potassium ATP-ase binding of digoxin in the presence 
of guinidine. As is apparent from the literature review, the 
pharmacokinetics of digoxin have been extensively studied.
A series of articles has appeared over the past several 
years attempting to optimize dosing regimens of digoxin by 
using mathematical models. The earliest/ attempt at dosing 
digoxin pharmacokinetically was intended for use in euthy
roid adults with normal serum electrolyte concentrations
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and hepatic function and without gross abnormality in gastro
intestinal absorption (Jelliffe, 1967; Jelliffe and Brooker, 
19 74). This method involves maintaining the total body 
stores of digoxin at about 1.07 mg for most patients 
(Jelliffe, 1968). Digoxin doses were determined by their 
observation that patients with normal renal function elimi
nate approximately 35 percent of their total body digoxin 
stores in one day while anephric patients will eliminate 
only 14 percent during the same period (Jelliffe, 1968).
The use of a mathematical model led to the development of 
an equation (Table 1) to calculate the percent of the total 
body stores to be replaced daily (Jelliffe, 1969, 1971b). 
Combining the equation relating total body stores of digoxin 
to the serum concentration (Brooker and Jelliffe, 1972) and 
the equation relating the total body stores to the mainte
nance dose of digoxin (Jelliffe, 1969, 19 71b) resulted in 
the equation shown in Table 1. An adjustment was also made 
in the fraction of the dose absorbed since that method 

. assumes 85 percent absorption (Jelliffe, 196 8) , and 70 
percent was assumed in the present investigation.

Christensen et al. (1973) suggested that Jelliffe1s 
method of dosing digoxin was not widely used because of the 
difficulty in evaluating renal function through the deter
mination of the endogenous creatinine clearance, which is



Table 1. Formulae Used for the Prediction of Steady-State (Css) Serum 
Digoxin Concentrations^

Jelliffe, Css^ = ( 0.185 . FD )  ̂ ...
[ (14 + 'QC/S) (0.01) (WT) C0.85) J "

Shapel, Css = (1.62)(173-Age)(WT)(0.000045/CC + 0.0000057) + 0.78 (males)
= (1.62)(173-Age)(WT)(0.000035/CC + 0.0000057) + 0.78 (females)

C-BAR, Cssc = FD/Vd(WT) (0.0025QC + 0.15) (T)

Wagner, Css = 0.2(D) (CC)/WT

Jusko, Css = C [km(vd) + QD] (BSA) (T)/F 
where:
Vd = 226 + (29800/(29.1 + QC) 1/1.73m2 

Koup, Css = FD/(1.303QC + 41) (1440) (BSA)

Koup/CHF, Css = FD/(1.303QC + 20) (1440) (BSA)

Koup/CL, Css = FD/(1.01QD + 36)(1440)(BSA)

Paulson, Css = FD/WT(0.028QC + 4.5)(0.00276QC + 0.158)(T)



Table 1. Continued.

Gault, Css = 1_____ 2.ID______ )_
[WT(0.06QC + 1.3)]

Sumner, Css^ = 1.75FD/2.5(QC + 47)

Dobbs A , Csse = 1.5D/3.45QC + 27ALB

Dobbs B, Css = 1.5D/3.56QC + 93

Dobbs, Css = D/3.69QC + 75 (males)
= D/4.17QC + 27.6 (females)

a. Age = years, ALB = serum albumin concentration (g/dl), BSA = body surface 
area (m2), CC = serum creatinine concentration (mg/dl), D = dose of di- 
goxin (meg), F = fraction of dose absorbed (0.7), km = nonrenal elimina
tion rate constant for digoxin (0.14' days"]-), QC = creatinine clearance , 
(ml/min), QD = renal clearance of digoxin (1/1.73 m2/day), T = dosing 
interval (one day except for Koup et al. (1975b) when dosing interval 
was 1440 minutes/day), Vd = apparent volume of distribution of digoxin 
(7.3 1/kg), WT = weight (kg).

b. Method of Jelliffe was derived from equations of Brooker and Jelliffe 
(19 72) relating total body digoxin stores to the serum concentrations of 
digoxin (Concentration = 0.185 x total body stores - 0.416) and Jelliffe 
(1969> 1971b) relating the maintenance dose to the total body stores 
[Maintenance dose = total body stores x (14+QC/5)]. These equations were



Table 1. Continued.

combined and arranged to yield a serum digoxin concentration from the 
maintenance dose.

c. Data of Dettli (1974) used for normal and anuric elimination rate 
constants in C-BAR equation.

d. Method of Sumner developed to yield a serum digoxin concentration of
1.75 ng/ml. Equation shown is the ratio of the actual to the predicted 
digoxin doses multiplied by the predicted concentration of 1.75 ng/ml 
to yield a predicted serum digoxin concentration for the actual dose.

e. Method of Dobbs developed to yield a serum digoxin concentration of 1.5 
ng/ml. Equation shown is the ratio of the actual to the predicted 
digoxin doses multiplied by the predicted concentration of 1.5 ng/ml

. to yield a predicted serum digoxin concentration for the actual dose.
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time consuming. These authors used the method of Siersbaek- 
Nielsen et al. (1971) and Kampmann et al. (1974) to estimate 
the endogenous creatinine clearance and Jelliffe's approach 
to dosing digoxin in 99 patients. They found very little 
toxicity due to digoxin when the total body stores were 
maintained at 10 or 15 mcg/kg of ideal body weight.

Schapel et al. (1973) developed equations for esti
mating digoxin doses from data collected from 41 adult 
patients who had no signs or symptoms of digoxin toxicity 
and were felt to be adequately digitalized. These authors 
developed equations for males and females relating age, 
weight, sex and the serum creatinine concentration to the 
daily digoxin dose (Table 1).

A general approach to dosing drugs was proposed by 
Wagner et al. (1965). This approach related the serum con
centration of any drug to the dose of the drug, the fraction 
of the dose absorbed, the apparent volume of distribution, 
the elimination rate constant of the drug and the dosing 
interval (Table 1). This method (C-BAR) is the basis for the 
methods of Koup et al. (1975b), Jusko, Szefler and Goldfarb 
(1974) and Paulson and Welling (19 76).

Wagner et al. (1974) examined a number of factors 
in 25 patients to determine whether they could predict a 
plasma digoxin concentration. They used all possible com
binations of the collected data and found the best
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correlation between the plasma digoxin concentration and the 
collected data was related to the microgram per kilogram of 
body weight dose of digoxin and the serum creatinine concen
tration. By linear regression, the authors presented an 
equation using these variables (Table 1) which they felt 
did not precisely predict serum digoxin concentrations be
cause of the wide scatter of the data points around the 
regression line.

Using the basic pharmacokinetic parameters of the 
fraction of the dose absorbed after oral administration, the 
metabolic clearance of digoxin, renal clearance of digoxin 
and an equation to adjust the apparent volume of. distribution 
of this drug with decreasing renal function, Jud'ko, Szefler 
and Goldfarb (1974) developed an equation to predict average 
steady-state plasma digoxin concentrations (Table 1). The 
authors tried, then, to determine the.-reliability of their 
method. The correlation coefficient between the estimated 
and measured digoxin concentration in 15 of 21 patients was 
0.813.

Since the volume of distribution and the elimination 
rate constant of digoxin both decline with decreasing renal 
function, a method of predicting plasma digoxin concentra
tions based on the total body clearance of digoxin was 
developed (Koup et al., 1975b). . This approach is theoreti
cally sound since the product of the volume of distribution



and the elimination rate constant is the total body clear
ance (Gibaldi and Perrier, 1975). Three equations were 
developed (Table 1). One equation was developed assuming 
the nonrenal elimination of digoxin to be equal to 41 ml/ 
min/1.73 m^. A second equation was designed for patients 
with severe congestive heart failure since the nonrenal 
elimination of digoxin appears to decrease in such patients 
(Roberts and Caird, 1976). The third equation was developed 
based on a measured renal clearance of digoxin. All of the 
equations were derived from six patients with chronic renal 
failure ai>d four other healthy subjects abstracted from the 
literature. Using previously published data (Jusko et al., 
1974) six equations were examined, including modifications 
to methods of Jelliffe and Brooker (19 74) and Jusko et al. 
(1974), plus four variations of the three equations pre
sented. Only one of the equations presented was found to 
be statistically superior to the other five.

Paulson and Welling (1976) modified the approach 
of using the average steady-state plasma concentration 
equation developed by Wagner et al. (1965). These authors 
developed equations relating both the elimination rate 
constant and the apparent volume of distribution to the 
creatinine clearance. These authors assumed a linear 
relationship of these pharmacokinetic parameters to creati
nine clearance over.a wide range of values (Table 1). They
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studied 55 patients with varying levels of renal function 
as determined by an estimated creatinine clearance in an 
attempt to predict serum digoxin concentrations. They 
compared their methods with those of Wagner et al. (1974) 
and Jusko et al. (1974). No statistical difference was 
found between the Jusko method and the authors' method.
The Wagner method (19 74) underestimated the serum digoxin 
concentration in their patients. The female subjects.in 
this study showed greater predictability than males, regard
less of the method examined.

Gault et al. (1976) developed a nomogram relating 
the creatinine clearance to both the elimination rate con
stant and the daily dose of digoxin in 2 6 males. The method 
assumes that the dose of digoxin is directly proportional 
to the elimination rate constant in a given individual. The 
authors also related the serum digoxin concentration to the 
ratio of the actual to predicted digoxin doses. In 6.4 
subjects whenever this ratio was between 0.8 and 1.2, 80 
percent of the serum concentrations were between 0.8 and 
1.8 ng/ml. These two equations were combined to yield the 
equation in Table 1.

Three more recent publications have used a more 
empiric approach to digoxin dosing. Sumner et al. (1976) 
investigated digoxin kinetics in four healthy males. They
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felt maintenance doses of digoxin could be.predicted since, 
at steady-state, the amount of drug absorbed would equal the 
amount of drug eliminated daily. Their formula was based 
on an average steady-state plasma digoxin concentration of
1.75 ng/ml. The dose was related to the fraction of the 
dose absorbed and the glomerular filtration rate (Table 1).

Dobbs et al. (1976, 1977) searched for variables 
relating to digoxin dosing such as age, weight, sex, serum 
creatinine concentration and the mean serum digoxin concen
tration. Linear regression analysis was used to derive 
three equations felt to be useful in predicting digoxin 
doses (Table 1). They found that standardized doses could 
not be predicted confidently using these formulas.

In summary, the wide variation in recommended doses 
of digoxin found in journals and textbooks has led to the 
proposal of this investigation. For example, if a 60 year 
old male with an ideal body weight of 70 kg, a normal serum 
albumin concentration (4.0 g/dl) and a creatinine clearance 
of 100 ml/min had a digoxin dose estimated using all of the 
methods discussed previously, the range of doses would be 
from 238 to 440 meg daily. It does appear that a need 
exists to examine all of the formulae in the same group of 
patients to determine the utility of these methods of digoxin 
dosing. o



DESIGN OF STUDY

Introduction
Several methods, based on pharmacokinetic character

istics of digoxin and/or patient related variables, have 
been developed to estimate a digoxin dose or serum digoxin 
concentration in patients with varying-degrees of renal 
function (Table 1). This investigation was undertaken to 
determine the precision of these predictive methods in a 
group of patients chronically taking digoxin. A second 
purpose was to determine if any of - the methods would opti
mize attainment of a therapeutic digoxin serum concentration 
with a minimal risk of digoxin toxicity- or subtherapeutic 
serum digoxin concentrations.

Methodology
? ' ‘Inpatients and outpatients from the medical services

at The University of Arizona Health Sciences Center and the 
Tucson Veterans Administration Medical Center were studied. 
Data were collected between November 2, 1977 and May 18,
1978. Each patient included in the study was receiving 
Burroughs-Wellcome brand of digoxin tablets (Lanoxin R) as 
part of a medical regimen unrelated to the present investi
gation. All of the study patients had been taking digoxin

25
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for a sufficient period of time to be considered to have 
steady-state serum digoxin concentrations (10 to 21 days). 
Inpatients taking digoxin were identified through 1) the 
pharmacy medication profile/ 2) the nursing medication 
administration records or 3) personal contact with the■ i
house officers caring for the patients„ All of the ambula
tory patients were patients at the Tucson Veterans Admini
stration Medical Center. These patients were identified 
by a cardiologist in the Cardiology Clinic or by a cardiol
ogy nurse in an Anticoagulant Monitoring Clinic. Each 
patient was interviewed by the investigator regarding com
pliance to their digoxin regimen. Patients were considered 
compliant to their digoxin regimens if digoxin was taken as 
prescribed for a minimum of five days weekly. Compliance 
was subsequently confirmed by quantitation of the serum 
digoxin concentrations. Both oral and written explanations 
of the project were given to each patient to obtain informed 
consent (Appendix A). This project was approved by the 
Human Subjects Committee at The Arizona Health Sciences 
Center and the Research Committee at the Veterans Admini
stration Medical Center. After informed consent was ob
tained , the following anthropometric measurements were 
taken for the assessment of lean body weight: 1) the
pectoral skinfold thickness was measured with calipers



(McGraw Laboratories Nutrition Assessment Kit) after pick
ing up the skin with the thumb and left index finger verti
cally from the left nipple, 2) the abdominal girth was 
measured at the unbilical level (i.e., the level of the 
iliac crest), and 3) the right wrist diameter was measured 
with vernier calipers just distal.to the styloid.process of 
the radius and ulna (the point of minimal wrist girth). 
Height and weight were recorded from each patient's medical 
record. Other laboratory data such as serum creatinine, 
glucose, electrolytes along with concurrent drug therapy 
were recorded from the patient's medical record to assess 
the general state of health of each patient (Appendix B).

The anthropometric measurements taken were used in 
equations developed by several authors (Wilmore and Behnke, 
1969; Wulfsohn and Joshi, 1969; Zuti and Golding, 1973) to 
assess the lean body weight of the patients studied. The 
equations used appear in Table 2. The different methods of 
predicting an ideal body weight from the anthropometric 
measurements were compared to determine if statistically 
significant differences among the methods existed. The 
methods were compared using a matched pairs, two-tail 
t-test. “If no difference was found, the simplest method 
was selected for use.
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Table 2„ Equations Used to Predict Ideal Body Weight (kg) 
from Anthropometric Measurements3

Method 1 (IBW) = 44.636 + 1.0877 (TBW) - 0.7396 (waist)

Method 2 (IBW) = TBW - [(8.7075 + 0.489309 (waist) +
0.448561 (skinfold) - 6.358583 (wrist))

Method 3 (IBW) = TBW {1 - [0.9-0.02 (HT -Waist/2.54)]}

a. HT = height (cm), IBW = ideal body weight (kg), skin
fold = pectoral skinfold thickness (mm), TBW = total 
body weight (kg), waist = abdominal girth (cm), wrist = 
wrist diameter (cm). Method 1 from Wilmore and Behnke 
(1969), Method 2 from Zuti and Golding (19 73) and Method
3 from Wulfsohn and Joshi (1969).



Digoxin has been reported to preferentially distri
bute into lean tissue (Ewy et al„, 1971). Therefore, the 
actual weight of any obese patient was not used. Rather, 
the lower of the total body weight or an estimate of an 
ideal body weight taken from an acturial table (Diem and 
Lentner, 1970) was employed. This value for the ideal body 
weight was termed the lower weight (abbreviated LOWERWT).

Body surface area (BSA) was calculated in square 
meters for each patient using each-estimate of the ideal 
body weight and equation:.!:

BSA (m̂ ) = — Equation 1
385 -

where Ht is height in centimeters and Wt is weight in
kilograms (Strehler and Schmid, 1970).

A five milliliter blood sample was collected in a 
vacutainer without anticoagulant on three mornings (the 
study period) prior to the next digoxin dose to determine 
the patients' steady-state digoxin serum concentration.
The exact time of collection of each sample was noted, and 
in all cases was within four hours of the next dose. The 
blood samples were allowed to coagulate, were centrifuged, 
the sera withdrawn and frozen"for subsequent digoxin and 
creatinine assays.

An accurately timed urine collection was obtained, 
beginning in the afternoon of the first day of the study



period and continued until the next digoxin dose was 
administered (i.e., either 24 or 48 hours from the previous 
digoxin dose) to permit determination of both the endoge
nous creatinine and renal digoxin clearances. The urine 
volumes were accurately measured and an aliquot of each 
sample was frozen for measurement of the creatinine and 
digoxin concentrations.

The serum and urine digoxin assays were performed 
in duplicate by the same technician in the Ruth E. Golding 
Clinical Pharmacokinetics Laboratory at The University of 
Arizona College of Pharmacy by radioimmunoassay (Clinical 
Assays,Cambridge, Massachusetts).- When duplicate sam
ples varied by 500 counts per minute or more, the sample 
was reassayed in duplicate. Steady-state serum digoxin 
concentrations were assumed when the concentration was not 
continuously increasing or decreasing over the study period 

- and the coefficient of .variation of the samples was not 
greater than twice the largest coefficient of variation 
of the digoxin assay. The mean of the six determinations 
(i.e., the mean of the three samples assayed in duplicate) 
was taken as the value for the patients' steady-state serum 
digoxin concentration. The serum and urine creatinine con
centrations were determined by autoanalyzer (Technicon 
Instruments Corporation, Tarrytown, New York) by Associates 
in Laboratory Medicine of Tucson, Arizona.
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Steady-state serum digoxin concentrations were pre
dicted using fourteen previously published methods (Table 
1). The methods were arranged to allow for prediction of 
the steady-state serum digoxin concentration in units of 
ng/ml. Each predicted serum digoxin concentration was 
based on the actual digoxin dose taken by the patients.
When an equation required an estimate of the fraction of 
the dose absorbed, a value of 0.7 was chosen. Where the 
apparent volume of distribution was required, a value of
7.3 1/kg was assumed.
..... Whenever a method of predicting a digoxin serum

concentration required creatinine clearance as a variable, 
both the Jelliffe method (Jelliffe and Jelliffe, 1971; 
Jelliffe, 1971a, 1973) and the Siersbaek-Nielsen method 
(Siersbaek-Nielsen et al., 1971; Kampmann et al., 1974) 
were used. Where weight was required for the .creatinine 
clearance estimate, the lower weight and an anthropometric 
estimate of ideal body weight were used. Total body weight 
was not used for any obese patient. The equations for 
estimating creatinine clearance are found in Table 3.

Scatterplots of the data were obtained by plotting 
the measured and. the predicted steady-state serum digoxin 
concentrations. ■ The simple linear regression constants 
and the Pearson product-moment correlation coefficient 
(i.e., the correlation coefficient) were determined for 
each scatterplot. -
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Table 3. Equations Used to Estimate Endogenous Creatinine 
Clearance from Patient Data (ml/min)a.

QCSN = ^ .l144 ~ AGE)- 
71(CC)

QCJ = 98 - 0.8(AGE - 20) 
CC

a. AGE = years, CC = serum creatinine concentration
(mg/dl), QCJ = Jelliffe estimate of creatinine clear
ance (Jelliffe, 1973), QCSN = Siersbaek-Nielsen 
estimate of creatinine clearance (Siersbaek-Nielsen 
et al., 1971) as modified (Jones and Perrier, 1978), 
WT = weight (kg).
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Since there are reports of various drugs altering 
the absorption, distribution or elimination of digoxin 
(Falch, 1973; Brown et al., 1976; McAllister et al., 1976; 
Brown and Juhl, 1976; Reiffel et al., 1978; Ejvinsson, 1978; 
Leahey et al., 1978) the influence of several drugs on the 
predictability of steady-state serum digoxin concentrations 
was examined. The influence of quinidine, furosemide, 
various antacid preparations and hydrochlorothiazide were 
studied because at least 13 patients were taking each of 
these drugs. No attempt was made to assess the effect of 
other drugs because so few patients were taking these drugs 
(e.g., spironolactone). No attempt was made to assess 
multiple drug use in the patients; only the simple linear 
regression and correlation coefficient data were obtained.

Paulson and Welling (1976) demonstrated a signifi
cant difference between male and female subjects and 
the predictability of digoxin doses. These authors found 
female subjects to have greater predictability for each 
of the three methods studied. Scatterplots, simple linear 
regression constants and-the correlation coefficients 
were determined for each equation for the male and female 
subjects.

A 95 percent confidence interval plot (CIPLOT, 
personal communication. Cole Thies,- B"iostatisticia,n, 
Arizona Health-Sciences Center,- 1979) was obtained 
for selected methods to observe the nature of the
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distribution of the data points. The 95 percent confidence 
limits -for the regression line and for any point along the 
regression line were observed for overall utility of the 
methods in regard to exposing patients to excess risk of 
digoxin toxicity and attainment of therapeutic digoxin 
serum concentrations.

A comparison of the mean differences between the 
measured and the predicted steady-state serum digoxin 
concentrations was made as an additional method of analyzing 
the predictability of serum digoxin concentrations. A 
matched pairs, two-tail t-test was performed along with 
determination of the 95 percent confidence intervals of 
the mean difference. Methods having mean differences found 
to be not-statistically different from zero and/or having 
a 95 percent confidence interval of the mean difference 
including zero were assumed to be better predictors of a 
serum digoxin concentration than those methods not meeting 
these criteria.

A nonstatistidal approach was also used to examine 
the data. Data were categorized using a 3 by 3 cross
tabulation into three groups: below, within and above the
generally considered therapeutic range of 0.5 to 1.99 ng/ml 
• (Figure 1). . The percentage of cases categorized within 
each group was determined and analyzed for the percent of 
cases being correctly classified (i.e., the predicted and
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Figure 1. Design of Crosstabulation Analysis.
1 = correctly classified patients (i.e. , those 
patients in whom the predicted and the measured 
serum digoxin concentrations fell within the 
same range); 2 = moderately low risk of digoxin 
toxicity. Both groups contain patients in whom 
the measured serum digoxin concentrations were 
lower than the predicted serum digoxin concen
trations; 3 = lowest risk of digoxin toxicity. 
Patients in this group had predicted serum 
digoxin concentrations of greater than 1.99 ng/ml 
with corresponding measured serum digoxin concen
trations of less than 0.5 ng/ml; 4 = moderately 
high risk of digoxin toxicity. Patients in this 
group had predicted serum digoxin concentrations 
less than the measured serum digoxin concentra
tions; 5 = highest risk of digoxin toxicity. 
Patients in this group had predicted serum 
digoxin concentrations below 0.5 ng/ml and mea
sured serum digoxin concentrations of greater 
than 1.99 ng/ml.
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measured serum digoxin concentrations within the same cate
gory) . More importantly, because of the wide range selected 
as a therapeutic digoxin serum concentrations, the data 
were examined with regard to the over or under prediction 
of each method resulting in either an increased risk of 
digoxin toxicity or attainment of a subtherapeutic digoxin 
serum concentration. Figure 1 demonstrates the design of 
the crosstabulation scheme and defines the groups at high 
and low risk of digoxin toxicity.

All computations and statistically procedures were 
performed using the Statistical Package for the Social 
Sciences (SPSS) program (Nie et al., 1975) at The Univer
sity of Arizona Computer Center. An alpha error of five
percent was selected as the level of determining statisti
cal significance (i.e., p <0.05).

/



RESULTS AND DISCUSSION

Data were collected from 9 7 patients„ Upon quanti
tation of the serum digoxin concentration, four subjects 
failed to meet the criteria established for having steady- 
state serum digoxin concentrations. These four subjects 
were not included in the data analysis. Eight male patients 
had serum digoxin concentrations below 0.25 ng/ml, the 
lower limit of sensitivity of the digoxin assay used in 
the investigation. These patients were included in the 
analysis of the ideal body weight estimates and the cross
tabulation aspects of the analysis. The remaining 85 
patients (9 females and 76 males) were subjected to all 
statistical analysis for all methods with the exception 
of Dobbs 5A, 6A and 7A. This predictive formula required 
a serum albumin concentration which was not determined in 
9 patients (3 females and 6 males). The data analysis 
with these methods were, therefore, based on 76 patients. 
Data relevant to predicting digoxin serum concentrations 
for the patients studied are found in Appendices C and D.

The renal clearance of digoxin and the endogenous 
creatinine clearance were not determined as previously 
described. A problem of quantitating digoxin in the urine 
samples was encountered and could not be resolved. Also,

37
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the urine collections of a number of patients were of 
questionable accuracy. These problems led to the decision 
of not utilizing these data in the analysis. The two 
methods of predicting a digoxin serum concentration requir
ing the renal digoxin clearance were, therefore, eliminated 
from data analysis (Jusko et al. , 1974; Koup e.t al. , 1975b) .

The different methods of approximating ideal body 
weight were initially analyzed. The lower weight of the 
patients had a mean value (standard deviation) of 69.9 
(11.2) kg. The anthropometrically predicted weights of 
Methods 1, 2 and 3 had mean values (standard deviation) of 
55.6 (12.2) kg, 49.1 (14.6) kg and.53.6 (10.6) kg, respec
tively (Appendix D). Method 2 was deleted from the evalu
ation since a measurement error of the pectoral skinfold 
thickness became evident upon inspection of these data. 
Patients studied early in the course of the study had large 
values for pectoral skinfold thickness which resulted in 
very small approximations of ideal body weight. The large 
skinfold thickness measurements seemed to be related to 
the investigator's inexperience in measurement of the skin
fold thickness. As data were collected, the values seemed 
to become more consistent and smaller for patients of 
similar stature. Using'a matched pairs, two-tailed t-test, 
methods 1 and 3 were found to be not statistically differ
ent (t = 0.64, df = 92, P = n .s.). Based on this analysis.
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method 1 was selected for predicting the ideal body weight 
because it was the simplest of the two methods„ By using 
the lower weight and method 1 for approximating ideal body 
weight, the Jelliffe and Siersbaek-Nielsen methods of pre
dicting a creatinine clearance, and the twelve remaining 
methods for predicting a serum digoxin concentration, the 
total number of possible predictions was reduced to forty. 
The equations used and the methods of identifying the 
equations as discussed in the text are found in Table 4.

The measured steady-state serum .digoxin concentra
tions were correlated with the predicted serum digoxin 
concentrations for each of the forty equations. Eighty 
five patients1 measured and predicted serum digoxin concen
trations comprised the data points for the scattergrams 
except for Dobbs-SA, 6A and 7A, as discussed. The method 
of Schapel et al. (1973) produced negative correlation 
coefficients (Table 5) . ■ For Gault 1 through Gault 4., the 
correlation coefficients were positive. However, for in
dividual patients the predicted serum digoxin concentrations 
were less than zero. The methods of Schapel et al. (1973) 
and Gault et al. (1976) were deleted from further analysis

/based on these observations.
Of the 34 remaining methods of predicting the serum 

digoxin concentrations, the correlation coefficients ranged 
from 0.090 with Sumner 7 to 0.389 with Koup/CHF 1 (Table 5).
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Table 4. Nomenclature for Equations throughout the Text 
Regarding Various Input Data for Predicting a 
Serum Steady-State Digoxin Concentration.

Jelliffe 1 
C-BAR 1
Paulson 1 Siersbaek-Nielsen estimate for creatinine
Koup 1 clearance; LOWERWTKoup/CHF 1 
Gault 1

Jelliffe 2 
C-BAR 2 
Paulson 2 
Koup 2 
Koup/CHF 2 
Gault 2

Siersbaek-Nielsen estimate of creatinine 
clearance; Method 1

Jelliffe 3 
C-BAR 3 
Paulson 3 
Koup 3 
Koup/CHF 3 
Gault 3

Jelliffe estimate of creatinine clearance; 
LOWERWT

Jelliffe 4 
C-BAR 4 
Paulson 4 
Koup 4 
Koup/CHF 4 
Gault 4

Jelliffe estimate of creatinine clearance; 
Method 1

Sumner 5 
Dobbs 5A 
Dobbs 5B 
Dobbs 5

Siersbaek-Nielsen estimate of creatinine 
clearance; LOWERWT

Sumner 6
Dobbs 6A Siersbaek-Nielsen estimate of creatinine
Dobbs 6B clearance; Method 1Dobbs 6
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Table 4. Continued.

Sumner 7 
Dobbs 7ADobbs 7B Jelliffe estimate of creatinine clearance
Dobbs 7

Wagner 8 
Shape1 8

Wagner 9 
Shape! 9

LOWERWT

- Method 1
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Table 5. Correlation and Simple Linear Regression Data
Between the Measured and Predicted Steady-State 
Serum Digoxin Concentrations3

Method rb r2 y-intercept slope

Jelliffe 1 0.256 0.066 0.689 0.159
Jelliffe 2 0.211 0.045 0.748 0.072Jelliffe 3 0.200 0.040 0.703 0.135Jelliffe 4 0.197 0.039 0.725 0.086
C-BAR 1 0.273 0.075 0.609 0.303
C-BAR 2 0.223 0.050 0.710 0.136
C-BAR 3 0.217 0.047 0.625 0.265
C-BAR 4 0.212 0.045 0.672 0.167
Paulson 1 0.348 0.121 0.589 0.291
Paulson 2 0.278 0.077 0.686 0.127
Paulson 3 0.295 0.087 0.544 0.290
Paulson 4 0.228 0.080 0.599 0.186
Koup 1 0. 326 0.106 0.523 0.467
Koup 2 0.289 0.083 0.588 0.302
Koup 3 0.2 47 0.061 0.544 0.395
Koup 4 0.254 0.064 0.541 0.362
Koup/CHF 1 0.389 0.150 0.518 0.377
Koup/CHF 2 0.354 0.126 0.562 0.249
Koup/CHF 3 0.331 0.109 0.469 0.369
Koup/CHF 4 0.337 0.113 0.466 0.338
Gault 1 0.367 0.135 0.770 0.245
Gault 2 0.302 0.091 0.758 0.108
Gault 3 0.309 0.109 0.713 0.259Gault 4 0.314 0.099 0.699 0.166
Sumner 5 0.217 0.047 0.575 0.350Sumner 6 0.182 0.033 0.644 0.245
Sumner 7 0.090 0.008 0.747 0.137
Dobbs 5 0.359 0.129 0.444 0.625
Dobbs 6 0.332 0.111 0.484 0.471
Dobbs 7 0.245 0.060 0.527 0.452
Dobbs 5A 0.293 0.086 0.493 0.393
Dobbs 6A 0.258 0.066 0.538 0.299
Dobbs 7A 0.176 0.031 0.625 0.241
Dobbs 5B 0.315 0.099 0.465 0.421
Dobbs 6B 0.279 0.078 0.523 0.309
Dobbs 7B 0.189 0.036 0.608 0.255
Shape1 8 -0.387 0.150 2.132 -0.925
iShapel 9 -0.393 0.154 2.206 -1.089
Wagner 8 0.32 8 0.o08 0.756 0.172
Wagner 9 0.338 0.114 0.750 0.141

a. Correlation coefficients are based on data from 85
subjects except for Dobbs 5A, 6A and 7A, as noted in
the text.

b. Correlation coefficients greater than 0.189 are
statistically different them zero for either 75 or 
84 degrees of freedom (P <0.05).
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In addition to Koup/CHF 1, ten other equations had correla
tion coefficients of 0.3 or greater (Table 5). Generally, 
when the lower weight and the Siersbaek-Nielsen estimate 
of creatinine clearance were used to predict steady-state 
concentrations, slightly higher correlation coefficients 
resulted than if the anthropometrically predicted weight 
and/or the Jelliffe estimate of creatinine clearance were 
used. The trend was observed, but was not statistically 
analyzed because of the low correlation coefficients found 
in this investigation. Exceptions noted to this generality 
were Koup 3 and Koup .4, and Koup/CHF 3 and Koup/CHF 4 
(Table 5). -

The results of the simple linear regression and 
correlation analysis demonstrated an overall lack of pre
cision for predicting serum digoxin concentrations. The 
most variance shared between the measured and the predicted 
serum digoxin concentrations (i.e., the coefficient of 
determination or r̂ ) was 15 percent using Koup/CHF 1. A 
number of reasons may have contributed to the large extent 
of unexplained variance found in this investigation. The 
reasons may include variation in the digoxin assay, inter
patient variation in the pharmacokinetic characteristics 
of digoxin, drug interactions, undetected patient non- 
compliance to the digoxin regimen, the use of empiric
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methods of predicting a serum digoxin concentration or the 
use of small.groups of subjects to develop a method of 
predicting serum digoxin concentrations.

The coefficient of variation of the digoxin assay 
used in this investigation ranged from 12 percent at a 
concentration of 3.0 ng/ml to 19 percent at 0.25 ng/ml. 
These coefficients of variation are large and certainly 
must alter the accuracy and precision with which a serum 
digoxin concentration may be measured. The large variation 
in the digoxin assay could subsequently alter how close a 
predicted concentration may correlate to a measured value. 
Although the coefficient of variation found with this assay 
was large, it is not uncommon to find this magnitude of 
variation in the digoxin radioimmunoassay in the litera
ture (Waldorff and Buch, 1978; Gault et al., 1976). The 
use of a serum digoxin concentration to assess a predicted 
value must be tempered by the variation within the assay.

The assumption made by most authors is that their 
average data may be equally applied to future patients.
The. results of this investigation suggest that this is not 
necessarily the case. No allowance is made for inter
patient variation in the pharmacokinetic characteristics 
of digoxin when average data are used. Data from various 
authors show.a 1.9 to 3 fold variation in the digoxin 
half-life of males with normal, renal function and in



patients with markedly impaired renal function (Wagner,
1974b; Huffman and Azarnoff, 1972; Doherty et al„, 1967,
1969, 1972; Gault et al., 1976; Koup et al., 1975b). The 
wide variation in half-life, and hence the elimination rate 
constant, suggests that interpatient variation would be 
important for predicting a serum digoxin concentration.
Two case reports demonstrating a much shorter (Fleckenstein, 
Benet and Thompson,-19 77) and a much longer (Okada et al., 
1978a) half-life of digoxin than would be expected based on 
average data, support the speculation that interpatient 
variation does play a role in confounding the prediction 
of a serum digoxin concentration.

Possibly of greater importance with regard to inter
patient variation of the pharmacokinetic characteristics of 
digoxin is the change in the apparent volume of distribution 
of digoxin .found as renal function declines (Penning et al., 
1973). Paulson and Welling (1976) accounted for the change 
in the apparent volume of distribution of digoxin by assum
ing a linear relationship between the decline in renal 
function and the volume of distribution. However, the 
method is based on average data compiled from the literature. 
They have assumed an apparent volume of distribution of
7.3 1/kg for normal subjects (i.e., creatinine clearance 
equals 100 ml/min). For healthy, young adults, the volume 
of distribution has been shown to be larger..than 7.3 1/kg



(Kramer et al., 1974; Koup et al., 1975a). The assumption 
is also made that the volume of distribution for an anuric 
patient would be 4.5 1/kg by these authors. Reuning et al. 
(19.73) have found the volume of distribution of digoxin to 
be less than 4.5 1/kg in some studies. The use of average 
data for estimating the volume of distribution of digoxin 
may not necessarily reflect the changes that occur in any 
one individual which may partially explain the results of 
the present study.

Koup et al. (1975b) attempted to solve the problem 
of accounting for both the changes in the elimination rate 
constant and the apparent volume of distribution as renal 
function declines by developing an equation for total body 
clearance for digoxin. The product of the volume of distri
bution and the elimination rate constant equals the total 
body clearance (Gibaldi and Perrier, 1975). Both pharma
cokinetic parameters can be accounted for concurrently, 
minimizing the error in predicting a serum digoxin concen
tration because of interpatient variation. This must be 
true in part since this approach yielded the method with 
the highest correlation coefficient (i.e., Koup/CHF 1). 
However, the correlation coefficient using this equation 
was only 0.389 which may be related to the study design 
leading to the development of the equation. The total 
body clearance equation was developed based on data from



six patients with chronic renal failure and on hemodialysis, 
and on data from four normal subjects abstracted from the 
literature„ The equation was derived for patients at both 
ends of the spectrum of renal function (i.e., greater than 
100 ml/min and less than 10 ml/min) . No patients were 
included over the middle range of renal function, and this 
equation may not accurately reflect the total body clearance 
of digoxin for patients along the middle of the continuum 
as occurred in the present study.

The fraction of the dose - absorbed was assumed to 
be 0.7 in this investigation. It was not possible to assure 
that all patients took the same lot of.digoxin since two 
hospitals were involved and patients were selected based on 
their present digoxin regimen. If absorption of poorly 
absorbed drugs is variable (Levy and Gibaldi, 1974) then 
interpatient variation in the absorption may have contri
buted significantly to the unexplained variance. Selecting 
0.7 rather than some other value reported for digoxin bio
availability (e.g., 0.65) would not have effected the out
come of this investigation since the only value which would 
have changed with regard to the correlation and regression 
analysis would have been the intercept value along the 
y-axis»

Interpatient variation of digoxin pharmacokinetic 
characteristics may also be sex related. Table 6 shows
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Table 6. Correlation Coefficients Between the Measured and 
the Predicted Steady-States Serum Digoxin Concen
trations for Male and Female Subjects3-

■ Method Female Male

Jelliffe 1 0.890 0.182Jelliffe 2 0.893 0.145Jelliffe 3 0.884 0.130Jelliffe 4 0.926 0.12 8C-BAR 1 0.888 0.207C-BAR 2 0.891 0.158C-BAR 3 0.886 0.148C-BAR 4 0.926 0.143Paulson 1 0.853 0.293Paulson 2 0.860 0.219Paulson 3 0.863 SML.237
Paulson 4 0.890 0/222
Koup 1 0.897 0.253Koup 2 0.847 0.206
Koup 3 0.886 0.16 8
Koup 4 0.925 0.172Koup/CHF 1 0.881 0.32 9Koup/CHF 2 0.921 0.286Koup/CHF 3 0.877 0.272Koup/CHF 4 0.825 0.274Sumner 5 0.873 0.159Sumner 6 0.941 0.117Sumner 7 0.806 0.039Dobbs 5 0.861 0.302Dobbs 6 0.897 0.260Dobbs 7 0.821 0.196Dobbs 5A 0.860 0.244Dobbs 6A 0.963 0.199Dobbs 7A 0.784 0.135Dobbs 5B 0.879 0.268Dobbs 6B 0.941 0.221Dobbs 7B 0.825 0.149Wagner 8 0. 872 0.318Wagner 9 0.921 0.324

a. Dobbs 5A, 6A and 7A included 6 female and 70 male 
subjects'. All other equations included 9 female 
and 76 male subjects.
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large differences in the predictability of the serum digox- 
in concentrations between males and females, as evidenced 
by the difference in the correlation coefficients. Female 
patients had much greater predictability than male subjects„ 
This observation agrees with the same observation of Paulson 
and Welling (1976). In part, the difference may have been 
due to the small number of female subjects in the present 
study, however, the clear cut difference in the correlation 
coefficients does suggest some other differences. A 
possibility to explain these differences also may be a 
better correlation between the "true" and predicted input 
variables (i.e. , creatinine clearance and ideal body weights) 
entering the equations for female subjects. This was not 
examined in this study and can only be speculated.

Drug interactions may also play a role in altering 
the predictability of serum digoxin concentrations. Quini- 
dine, furosemide, hydrochlorothiazide and antacid prepara
tions were selected to study as drugs which potentially may 
alter the absorption, distribution or elimination of digoxin. 
Table 7 demonstrates that correlation coefficients for 
patients taking quinidine and furosemide were higher, 
generally, than for those patients not taking these drugs. 
Conversely, the patients taking hydrochlorothiazide and 
antacids had lower correlation coefficients when comp are <| 
to the patients not taking these drugs. The only truly



Table 7. Correlation Coefficients Between the.Measured and Predicted Steady- 
State Serum Digoxin Concentrations for Subject Taking or Not Taking 
Quinidine, Furosemide7 Hydrochlorothiazide (HCTZ) or Regularly 
Scheduled Antacid Preparations

1
. QUINIDINE ' FUROSEMIDE HCTZ' : ANTACIDS

Method
with without 
n=14 n=71

with without n=41 n=44
with without 
n=15 n=70 with without n=13 n=72

Jelliffe 1 0. 429 0.298 0.394 0; 066 0.378 0.235 -0.095 0.303
Jelliffe 2 0.325 0.277 0.380 0.057 0.493 0.171 -0.090 0.294Jelliffe 3 0.392 0.259 0.371 —0.014 0.371 0.166 -0.097 0.292Jelliffe 4 0.338 0.256 0.378 0.030 0.437 0.144 -0.081 0.271C-BAR 1 0.452 0.315 0.393, 0.100 0.343 0.257 -0.088 0.320C-BAR 2 0.346 0.290 0.380 0.076 0.459 0.187 -0.083 0.308C-BAR 3 0.416 0.255 0.371 0.016 0.333 0.188 -0.037 0.259C-BAR 4 0.363 0.2 74 0.377 0.052 0.394 0.173 -0.072 0.287Paulson 1 0.569 . 0.388 0.385 0.288 0.15 8 0.364 -0.033 0.389Paulson 2 0.460 0.343 0.374 0.169 ' 0.284 0.260 -0.046 0.367Paulson 3 0.554 0.331 0.363 0. o90 0.120 0.299 -0.016 0.336Paulson 4 0.509 0.342 0.367 0.178 0.153 0.271 —0 .014 0.357Koup 1 0.504 0.387 0.368 0.257 0.101 0.336 -0.044 0.366Koup 2 0.417 0.367 . 0.380 0.178 0.222 0.2 72 -0.054 0.361Koup 3 0.439 0.305 0.320 0.140 0.043 0.244 -0.023 0.282Koup 4 0.422 0.323 0.335 0.149 0.059 0.244 -0.023 0.304Koup/CHF 1 0.594 0.454 0.340 0.451 -0.081 0.433 -0.020 0.417Koup/CHF 2 0.525 0.438 0.353 0.345 0.012 0.36 8 -0.027 0.420Koup/CHF 3 0.553 0.397 0.289 0.370 —0.166 0.371 - 0.019 0.362
Koup/CHF 4 0.538 0.413 0.301 0.366 -0.161 0.370 0.016 0.380Sumner 5 0.441 0.256 ' 0.321 0.090 0.17 8 0.193 -0.036 0.261Sumner 6 0.357 0.231 0.335 0.046 0.2 84 0.138 -0.059 0.243Sumner 7 0.338 0.113 0.213 0.036 0.113 0.047 -0.021 0.114



Table 7. Continued.

QUINIDINE FUROSEMIDE HCTZ ANTACIDS

Method
with without 
n=14 n=71

with without 
n-41 n=44

with without 
n=15 n=70

with without 
n=13 n=72

Dobbs 5 0.601 0.425
Dobbs 6 0.518 0.414
Dobbs 7 0.498 0.299
Dobbs 5Aa 0.604 0.32 9
Dobbs 6Aa 0.539 0.302
Dobbs 7Aa 0.514 0.197
Dobbs 5B 0.560 0.365
Dobbs 6B 0.478 0.341
Dobbs 7B 0.452 0.22 4
Wagner 8 0.694 0.403
Wagner 9 0.452 0.425

0.343 0.367 -0.016
0.369 0.282 0.125
0.249 0.233 -0.111
0.309 0.247 0.090
0.338 0.148 0.201
0.214 0.105 0.044
0.323 0.293 0.020
0.346 0.210 0.12 8
0.218 0.151 -0.055
0.132 0.462 -0.448
0.154 0.470 -0.439

0.384 0.001 0.398
0.331 -0.017 0.398
0.255 0.038 0.276
0.299 -0.019 0.333
0.238 -0.042 0.333
0.160 —0.009 0.2030.326 -0.007 0.360
0.265 -0.025 0.3530.181 -0.025 0.219
0.398 -0.070 0.326
0.406 -0.060 0.344

a. Numbers of patients used with these equations was lower than for the other 
equations and were as follows s taking quinidine n=12, not taking quinidine 
n=64; taking furosemide n=36, not taking furosemide n=40; taking hydrochloro-. 
thiazide n=15, not taking hydrochlorothiazide n=61; taking antacids n=ll, not 
taking antacids n=65.



expected result from this analysis was the lower correla
tion coefficients found for patients taking antacids since 
antacids have been shown to decrease digoxin absorption 
(Brown and Juhl, 1976). The small number of patients taking 
quinidine, hydrochlorothiazide and antacids may have had an 
effect on the outcome of the analysis. The data found in 
Table 7 suggest drug interactions may have a role in alter
ing the prediction of a serum digoxin concentration. The 
methods evaluated in this investigation do not account for 
the possibility of drug interactions altering the predicta
bility.

A factor which cannot be entirely excluded as 
possibly contributing to the unexplained variance found in 
this investigation is undetected patient noncompliance to 
the digoxin regimen. Due to the study design of obtaining 
three serum samples to assess the steady-state serum 
digoxin concentrations, it may have been possible that some 
.individuals did not have steady-state digoxin concentra
tions, although there was no reason to suspect noncompliance. 
Four of the subjects were definitely noncompliant as judged 
by the change in their serum digoxin concentrations over 
the study period. In other patients, day to day variation 
in the digoxin serum concentration was found, but was of 
smaller magnitude and was not consistently increasing or 
decreasing. The day to day variation■ found in the serum
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digoxin concentrations is partially explained by the digoxin 
assay as discussed previously. Additionally, if the ambu
latory patients had consistently taken their digoxin as 
defined for compliance (i.e., at least five days per week) 
or had taken.more digoxin than prescribed, they may have 
had what appeared to be steady-state concentrations.

It may also be anticipated that methods not based 
on»the pharmacokinetic characteristics of digoxin (i.e., 
empiric methods) may have produced lower correlation co
efficients than pharmacokinetically based.methods. The 
methods of Dobbs et al. (1976? 1977), Schapel et al. (1973) 
and Wagner et al. (1974) were^derived from multiple regres
sion equations best fitting the data. As was discussed, 
the-Schapel method produced negative correlation coeffi
cients and was not evaluated further. The three Dobbs 
equations and the Wagner method did fare much better.
They had correlation:, coefficients which ranged from 0.176 
to 0.359. Overall, they compared favorably with other 
methods (which all correlated poorly with the measured 
serum digoxin concentrations). The Wagner method had 
correlation coefficients of 0.32 8 and 0.338 for the two 
modifications (Table 5). This method uses serum creatinine 
rather than creatinine clearance to estimate renal function. 
The patients on chronic hemodialysis had a very large 
degree of over prediction using this method due to the use
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of a serum creatinine concentration. For the selected 
patients with chronic renal failure, this method would 
appear to be less favorable.

Digoxin has been shown to distribute into adipose 
tissue poorly (Ewy et.al., 1971). It seems important, 
therefore, to adjust digoxin doses on the basis1 of the 
ideal body weight, especially in obese patients. Three of 
the methods studied do not include some measure of body size 
(i.e., weight or body surface area) as a variable (Sumner 
et al., 1976; Dobbs et ml., 19 76, 19 77). By not adjusting 
the predicted serum digoxin concentration to the ideal 
body weight, the precision with which a serum digoxin con
centration may be predicted would seem to be decreased.
The correlation coefficients of these methods are generally 
low (Table 5) which is consistent with what may be expected, 
although the correlation coefficients are not unusually low 
in .comparison to the other methods.

The Sumner method (Sumner et al., 1976) and Koup 
method (Koup et al., 1975b) (i.e., Koup and Koup/CHF)
were developed in small groups of subjects. Sumner's 
subjects were four healthy, young volunteers. As discussed 
previously, Koup et al. (1975b) derived their method in six 
chronic renal failure patients and four subjects with 
normal renal function abstracted from the literature. By 
using a small, homogeneous group of subjects rather than a
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large heterogeneous group, the problem of interpatient 
variation may become more significant. Again, the methods 
did not yield high levels of predictability as judged by 
the correlation coefficients. This may reflect the small 
number of subjects studied, or studying patients or volunteers 
at one end of the spectrum of renal, function used in the 
development of these methods. This is opposed to the 
heterogenous group of subjects in the present study.

The method of Jelliffe (1969, 1971b) is a special 
case among all of the methods evaluated. This method was 
derived from theory and not patient studies (Jelliffe,
1967). The method was developed from data on the urinary 
digoxin elimination as a means to obtain the percent of
digoxin lost from the body daily. The method does not

r
account for any changes in the apparent volume of distri
bution. If the equation relating the serum digoxin concen
trations- to - the total body stores of digoxin (Brooker and 
Jelliffe, 1972) is manipulated, an approximate volume of 
distribution of 7.9 1/kg can be estimated. Based on data 
of others (Reuning et al., 1973; Koup et al., 1975a;
Kramer et al., 1974) the volume of distribution can be 
very much larger or smaller than the value derived from 
Jelliffe1s method. The method may not precisely predict 
a serum digoxin concentration in a patient due to the 
methods with which it was developed.



Christensen et al. (19 73) evaluated the Jelliffe method 
of selecting a digoxin dose using the Siersbaek-Nielsen 
method of estimating the creatinine clearance in 99 sub
jects. The average serum digoxin concentrations observed 
in these patients on maintenance doses to maintain the 
total body stores of digoxin at 10, 15 or 2 0 mcg/kg were 
(mean and standard deviation) 1.0 (S.D. = 0.3) ng/ml, 1.1 
(S.D. = 0.5) ng/ml and 1.4 (S.D. = XL.6) .ng/ml, respectively. 
Prediction of the serum digoxin concentration for the same 
total body stores from the same equation results in values 
of 1.4 ng/ml, 2.4 ng/ml and 3.4 ng/ml, respectively. These 
results suggest that the Jelliffe method overpredicts serum 
digoxin concentrations markedly. By overpredicting, but 
still attaining serum digoxin concentrations within the 
therapeutic range may make the Jelliffe method quite safe 
to use. In the study of Christensen et al. (1973) toxicity 
to digoxin was minor.

The overall correlation coefficients were low, 
pointing to a low degree of predictability of serum digoxin 
concentrations. Therefore, mean differences and the 95 
percent confidence intervals of the mean differences were 
obtained as an alternate means of assessing predictability 
of the serum digoxin concentrations. The t-test and con? 
fidence intervals have less utility when compared to the 
simple linear regression and correlation analysis since
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the t-test and confidence intervals deal only with the mean 
data and not with the continuum of data. The t-test and 
confidence intervals of the mean differences between the 
measured and the predicted serum digoxin concentrations, 
however, may be. useful for determining methods which may 
be found to have utility if a target concentration is 
selected.

In examining the data for the mean differences, 
Jelliffe 1 through Jeliffe 4, C-BAR 2, C-Bar 4, Paulson 1 
through Paulson 4, Koup/CHF 2, Koup/CHF 4 and Wagner 8 
all had individuals whose serum digoxin concentrations 
were overpredicted by at least 2 ng/ml. ■ On the other 
extreme, no more than•two patients with any method evalu
ated had underpredictions of more than 1.0 ng/ml. Consis
tently, all the patients with chronic renal failure (in 
this investigation, those on chronic hemodialysis) had 
predicted concentrations of greater than 3.0 ng/ml using 
the Wagner 8 method. Based on these observations, the 
equations listed having large overpredictions would be 
safe in regard to not producing toxic serum digoxin concen
trations, but may not produce concentrations within the 
therapeutic range.

' Six of the equations studied (Table 8) were found, 
to have mean differences between the measured and the pre
dicted serum digoxin concentrations not statistically
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Table 8. Mean Differences and 95 Percent Confidence 
Intervals of the Mean Differences Between 
the Measured Steady-State Serum Digoxin 
Concentrations and the Predicted Serum 
Digoxin Concentrations3

Method
Mean

Difference
Standard
Deviation

95 Percent 
Confidence Interval0

Jelliffe 1 -0.59 0.76 -0.75 to -0.42
Jelliffe 2 -1.58 1.32 -1.87 to -1.30
Jelliffe 3 -0.75 0.74 -0.91 to -0.59
Jelliffe 4 -1.45 1.07 -1.69 to -1.23
C-BAR 1 -0.13 0.53 -0.24 to -0.01
C-BAR 2 -0.69 0.79 —0 .86 to -0.52
C-BAR 3 -0.22 0.53 -0.34 to -0.11
C-BAR 4 -0.61 0.66 -0.75 to -0.47
Paulson 1 -0.24 0.58 -0.37 to -0.12
Paulson 2 -0.99 0.98 -1.20 to -0.78
Paulson 3 -0.40 0.55 -0.52 to -0.2 8
Paulson 4 -0.85 0.72 -1.00 to -0.69
Koup 1 0.06 0.47 -0.04 to 0.16
Koup 2 -0.20 0.54 -0.32 to -0.09
Koup 3 -0.05b 0.47 -0.15 to 0.06
Koup 4 -0.14 0.49 -0.25 to -0.04
Koup/CHF 1 -0.16 0.52 -0.28 to -0.05
Koup/CHF 2 -0.55 0.65 -0.69 to -0.21
Koup/CHF 3 -0.32 0.51 -0.4 3 to -0.21
Koup/CHF 4 -0.44 0.53 -0.56 to -0.33
Sumner 5 -0.86b 0.48 -0.19 to 0.19
Sumner 6 -0.24 0.52 -0.35 to -0.13
Sumner 7 -0.21 0.52 -0.32 to -0.09
Dobbs 5 0.15 0.44 0.06 to 0.25
Dobbs 6 -0.02b 0.47 -0.12 to 0.08
Dobbs 7 0.04b 0.47 —0 .06 to 0.14
Dobbs 5A -0.17 0.50 -0.29 to -0.06
Dobbs 6A -0.37 0.54 -0.49 to -0.25
Dobbs 7A -0.32 0.53 -0.44 to -0.20
Dobbs 5B -0.17 0.48 -0.28 to -0.07
Dobbs 6B -0.39 0.53 -0.50 to -0.27
Dobbs 7B -0.33 0.52 -0.44 to -0.22
Wagner 8 -0.08b 0.85 -0.26 to 0.10
Wagner 9 -0.41 1.07 -0.64 to -0.18

a. Dobbs 5A, 6A and 7A are based on 76 subjects; all other 
methods are based on 85 subjects.

b. Mean differences are not statistically different from 
zero using a matched pairs, two-tailed t-test (ti 11.99 | 
for df = 84 or t< |2.00| for df = 75). These methods 
also have 95 percent confidence intervals which include 
zero.

c. The confidence intervals of the mean differences were 
calculated as follows:
95% CI=Mean difference +/- (t)(standard deviation//N-i)



different from zero. Additionally, these methods had 95 
percent confidence intervals of the mean difference which 
included zero. These six equations (Koup 1, Koup 3, . 
Sumner 5, Dobbs 6, Dobbs 7 and Wagner 8) may be assumed 
to be relatively better predictors of'a serum digoxin 
concentration. These methods may also prove to have 
greater utility when a target concentration is selected 
for dosing digoxin. As was discussed previously, the 
Wagner 8 method overpredicted digoxin concentrations in 
the hemodialysis patients much more:.so than the other 
methods. These patients should not be dosed using the 
Wagner method because of the -large .degree of overpredic
tion resulting from the method. Also, the Koup 1 and Koup 
3 methods, plus Dobbs 6, all had correlation coefficients 
of greater than 0.3 suggesting a slightly better degree 
of predictability in the heterogenous group of subjects 
studied in this investigation.

The confidence interval plots (Figures 2 through 5) 
were selected from all the methods as examples of the data. 
The plots include the lowest and highest correlation co
efficients (Sumner 7 and Koup/CHF 1), one method with a 
mean difference between the measured and predicted steady-. 
state serum digoxin concentrations not statistically 
different from zero (Sumner 5) and Jelliffe's method 
since it probably has been the most frequently employed



Figure 2. 95 Percent Confidence Interval Plots; Measured Versus Predicted
Digoxin Serum Concentrations Using Jelliffe 1.
a = 95 percent confidence limits of. any measured digoxin serum 
concentration for any predicted digoxin serum concentration; 
b = 95 percent confidence limits of the line of best fit (i.e., 
the line of regression).; c = line of best fit; d = elipse 
encompasses data points which are normally, bivariately 
distributed.



ME
AS
UR
ED
 

DI
GO
XI
N 

SE
RU
M 

CO
NC
EN
TR
AT
IO
N 

(n
g/
ml
) 0

.0

1.0

4.03.02.01.00 5.0
PREDICTED DIGOXIN SERUM CONCENTRATION (ng/ml)

Cone. = 0.159 (Jelliffe 1) + 0.689; r2 = 0.066
Figure 2. 95 Percent Confidence Interval Plots; Measured Versus Predicted

Digoxin Serum Concentrations Using Jelliffe 1.



ME
AS
UR
ED
 

DI
GO
XI
N 

SE
RU
M 

CO
NC
EN
TR
AT
IO
N 

(n
g/
ml
)

0 1.0 2 . 0 3.0
PREDICTED DIGOXIN SERUM CONCENTRATION (ng/ml)
Cone. = 0.350 (Sumner 5) + 0.575; = 0.047

Figure 3. 95 Percent Confidence Interval Plot; Measured Versus Predicted
Digoxin Serum Concentrations Using Sumner 5 (For explanation of 
Labels A, B , C and D, Refer to Figure 2, Page 60).

CTi



ME
AS
UR
ED
 

DI
GO
XI
N 

SER
UM 

CO
NC
EN
TR
AT
IO
N 

(n
g/
ml
)

0

2 .0 -

r ) ( i

0

0 2.0 3.01.0
PREDICTED DIGOXIN SERUM CONCENTRATION (ng/ml) 
Cone. = 0.137 (Sumner 7) + 0.747; = 0.008

Figure 4. 95 Percent Confidence Interval Plot; Measured Versus Predicted
Digoxin Serum Concentration Using Sumner 7 (For Explanation of 
Labels A, B, C and D, Refer to Figure 2, Page 60). O'!NJ



ME
AS
UR
ED
 

DI
GO
XI
N 

SER
UM 

CO
NC
EN
TR
AT
IO
N 

(n
g/
ml
)

3.0-

2 .0-

1.0-

0 1.0 2.0 3.0
PREDICTED DIGOXIN SERUM CONCENTRATION (ng/ml) 
Cone. = 0.377 (Koup/CHF 1) + 0.518; r2 = 0.150

Figure 5. 95 Percent Confidence Interval Plot; Measured Versus Predicted
Digoxin Serum Concentration Using Koup/CHF 1 (For Explanation 
of Labels A, B , C and D, Refer to Figure 2, Page 60). CTiw



method. The plots demonstrate the wide scatter of all the 
data points around the regression line. These plots are 
representative of all of the plots since they cover the 
spectrum of the analysis. In assessing these plots, it is 
apparent that the upper limits of the 95 percent confidence 
intervals of the measured concentration at a predicted con
centration of 1.0 ng/ml is less.than 2.0 ng/ml for each of 
the plots. It may be assumed, therefore, that all of the 
methods examined may prove to be useful when a conservative 
target concentration (i.e., 1.0 ng/ml) is selected. ' With 
little chance of attaining a digoxin serum concentration of
2.0 ng/ml, the risk of digoxin toxicity would be minimized. 
This observation holds true even for the method having the 
lowest correlation coefficient of all the. data (i.e.,
Sumner 7). Based on these figures, it is suggestive of 
greater utility for all of the methods which is not apparent 
by examining either the regression and correlation, or the 
mean difference data.

The crosstabulation analysis was also used to assess 
the predictability of a digoxin serum concentration since 
the previously discussed analyses demonstrated a lack of 
precise prediction. This method of analysis could help 
determine if any methods would minimize the risk of digoxin 
toxicity while maximizing the number of patients attaining
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what has been previously established as a therapeutic serum 
digoxin concentration (i.e., 0.5 to 1.99 ng/ml).

Categorizing the data into groups demonstrates that 
for most methods a relatively high percentage of patients 
were correctly classified (Table 9). These patients would 
have predicted serum concentrations which fall within the 
same range as the measured digoxin serum concentration.
Three of the methods placed 80 percent of more of the 
patients into the correctly classified group. Twenty five 
of the methods evaluated placed at least 70 percent of the 
patients into the correctly classified group. No patients 
were classified in the highest risk of digoxin toxicity 
group. This fact may have been due to the methods, or to 
the small number of patients having serum digoxin concen
trations of 2̂ .0 ng/ml or greater (four patients). Koup 1, 
Koup 3, Dobbs 5, Dobbs 6, Dobbs 7 and Wagner 8 all had 
greater than five percent of the subjects in the group with 
a moderate risk of digoxin toxicity. This suggests these 
methods may have greater potential than the other methods 
with regard to the attainment of a potentially toxic serum 
digoxin concentration. Thirteen methods placed at least one 
subject in the lowest risk of digoxin toxicity group. These 
equations all have a greater tendency to produce sub- 
therapeutic serum digoxin concentrations, rather than toxic 
concentrations. The percentage of patients in the group
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Table 9. Crosstabulation Data for the Measured and 

redicted Serum Digoxin Concentrations 
After Categorizing into Groups Below,

and Above the Concentration Range of 0.5 to 1.9 9 ng/ml. Data Presented are 
Percentages of Cases in Each Group. See 
Figure 1 for Design of Crosstabulation Analysis3

Moderately High Moderately Low 
Correctly Lowest Risk Risk of Risk of

Method Classified of Toxicity Toxicity Toxicity

Jelliffe 1 69 1 5 25
jelliffe 2 33 9 2 56
Jelliffe 3 62 2 3 32
Jelliffe 4 33 10 1 56
C-BAR 1 76 0 5 18
C-BAR 2 62 0 3 34
C-BAR 3 75 0 3 22
C-BAR 4 69 0 2 29
Paulson 1 77 0 3 19
Paulson 2 52 4 3 41
Paulson 3 72 0 3 25
Paulson 4 57 3 2 38
Koup 1 75 0 0 16
Koup 2 75 0 4 20
Koup 3 78 0 6 15
Koup 4 77 0 5 17
Koup/CHF 1 74 1 5 19
Koup/CHF 2 67 1 3 29
Koup/CHF 3 72 1 3 24
Koup/CHF 4 71 2 3 24
Sumner 5 81 0 4 15
Sumner 6 74 0 5 20
Sumner 7 76 0 4 19
Dobbs 5 73 0 12 15
Dobbs 6 75 0 7 17
Dobbs 7 80 0 8 13
Dobbs 5A 77 0 4 19
Dobbs 6A 73 0 4 24
Dobbs 7A 76 0 4 20
Dobbs 5B 80 0 3 17
Dobbs 6B 73 0 3 24
Dobbs 7B 76 1 4 18
Wagner 8 73 1 0 17
Wagner 9 73 1 5 20

a. No patients were classified as being at the highest risk of digoxin 
toxicity as defined in Figure 1. Except for Dobbs 5A, 6A and 7A, 
which included data from 84 patients, these percentages are based 
on 93 subjects (i.e., they include those patients with digoxin 
levels less than 0.25 ng/ml).
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with a moderately low risk of digoxin toxicity ranged from 
13 to 55 percent.

The extreme observations in this analysis may be 
more important than those patients classified correctly 
because of the wide range of values selected as therapeutic 
(0.5 to 1.99 ng/ml). As can be seen in Table 9, the methods 
evaluated are generally conservative as judged by the few 
patients at risk of digoxin toxicity. It may be speculated 
that even fewer subjects might be at risk of digoxin tox
icity when the methods are used prospectively with a target 
concentration selected within the therapeutic range (e.g.,
1.0 ng/ml).

If the concern for dosing digoxin is more to attain 
a serum digoxin concentration within the range considered 
to be therapeutic, and thereby minimizing the risk of digox
in toxicity, rather than attaining a precisely predicted 
concentration, the limitation of not precisely predicting 
a serum digoxin concentration as seen in all the previous 
analyses may be overcome when the data are viewed in the 
present manner. The majority of these equations appear to 
be safe as shown by the crosstabulation data. As a first 
approximation of a serum digoxin concentration, these 
methods may provide the user with a useful tool. The 
factors that appear, to optimize any method are using the 
Siersbaek-Nielsen approach to estimating a patient's renal



function, the lower weight as an approximation of the ideal 
body weight and selecting a target serum digoxin concentra
tion of 1.0 ng/ml. If the patient does not respond appro
priately or exhibits signs or symptoms of digoxin toxicity 
after employing one of the methods, a serum digoxin concen
tration should be obtained to confirm a s-ubtherapeutic or 
toxic serum digoxin concentration, and used for further 
adjustment of the digoxin dose.
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SUMMARY AND RECOMMENDATIONS 

Summary
The purpose of this investigation was to determine 

if twelve published methods of predicting digoxin serum 
concentrations would prove to be useful in minimizing 
digoxin toxicity and in precisely predicting a serum 
digoxin concentration. The data were collected from a 
group of patients chronically taking digoxin for reasons 
• other than this project. The measured serum digoxin 
concentrations were retrospectively compared to the,pre
dicted digoxin concentrations. Two methods of estimating 
the endogenous creatinine clearance and the ideal body 
weight were employed to determine if a combination of 
variables may prove to be more useful as predictors of 
a serum digoxin concentration. The data were analyzed 
using simple linear regression and correlation techniques, 
mean differences and 95 percent confidence intervals of 
the mean differences between the measured and predicted 
serum digoxin concentrations, along with a nonstatistical
corsstabulation of the data.*

Overall, there was a lack of precise predictability 
for all the 34 equations evaluated. A variety of reasons 
that may have contributed to the low correlation
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coefficients are discussed. Mean differences between the 
measured and the predicted serum digoxin concentrations 
and the 95 percent confidence intervals of these six 
methods also included zero, suggesting that these are 
better predictors of serum digoxin concentrations. One 
of these methods (Wagner 8) was felt not to be useful for 
patients on chronic hemodialysis because of a large degree 
of overprediction of the serum digoxin concentrations in 
these patients. After grouping patients into categories, 
the data were analyzed using a 3 by 3 crosstabulation design 
to assess the relative risk, or lack of risk, of digoxin 
toxicity. This method of analysis also provided a means of 
determining the percentage of patients who might fall within 
a therapeutic range of digoxin concentrations, and thereby, 
minimize the number of patients attaining a nontherapeutic 
serum digoxin concentration. Ninety five percent confidence 
interval plots were.obtained for four representative equa
tions of the entire study. These four plots demonstrated a 
low risk of digoxin toxicity may be anticipated (i.e., 
a serum digoxin concentration of less than 2.0 ng/ml) when 
a target concentration of 1.0 ng/ml is selected. In con
clusion, these data demonstrate that it is difficult to 
precisely predict a serum digoxin concentration. However, 
further examination of the data suggests utility for the
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majority of methods if .1) the Siersbaek-Nielsen method of 
estimating the endogenous creatinine clearance is used,'
2) the lower of the actual or actuarial table weight is 
selected as an estimate of the ideal body weight and 3) a 
target concentration of 1,0 ng/ml is selected for use in 
the equations.

• Recommendations 
Further studies regarding digoxin dosing should be 

undertaken using a prospective design. For further studies, 
the lower weight and the Siersbaek-Nielsen method of esti
mating the creatinine clearance should be used as variables 
■to predict a serum digoxin concentration. Digoxin serum 
concentrations are not entirely predictable in a large 
group, but do behave consistently- within the same indi
vidual - (Okada et al., 19 78b) , suggesting a predictive
approach to the serum digoxin concentration is useful when 
feedback data are provided. Since Jelliffe's method of 
dosing digoxin is probably the most widely.employed method, 
it should be included in future studies. In addition, 
Koup/CHF 1, the method yielding the highest correlation 
coefficient in this investigation and which has the best 
theoretical basis for predicting a serum digoxin concentra
tion, should be included in other investigations. Koup 1 
should also be included in subsequent studies to ascertain



if there is truly a.clinically significant difference exist
ing between the equations based on the difference in the 
nonrenal elimination of digoxin between patients with and 
without severe heart failure. This method also was one of 
the methods with a mean difference between the measured and 
predicted serum digoxin concentrations that was not sta
tistically different from zero. Sumner 5 should also be 
included for the following reasons: 1) it was found to
have a mean difference between the measured and the pre
dicted serum digoxin concentrations that was not statisti
cally different from zero and 2) it was the one method 
yielding the highest percentage of patients in the group 
of.correctly classified patients using the crosstabulation 
analysis.

Another approach for future studies may be to adjust 
the parameters of the various equations to attain a better 
fit to the present patient sample. This approach should be 
undertaken initially for the Koup/CHF 1 and Koup 1 methods.
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SUBJECT'S CONSENT

PROJECT TITLE
Evaluation of Various Pharmacokinetic Methods of Digoxin Dosing

I understand that I have been taking a medication called digoxin (Lanoxin) pre
scribed for me by my doctor. I understand the research project I am being asked to 
participate in involves methods of choosing the proper amount of digoxin that each 
person should receive. To reach the goal of this project I understand several things 
are needed. First, three blood samples will be drawn from me (about one teaspoonful 
each) on three straight days. I understand that there is a small possibility of 
bruising from the site where the blood will be drawn. By drawing the blood samples 
the amount of digoxin in my blood can be determined and compared to the amount that 
could be in ray blood by several different methods. Second, I understand that a measure 
of the skin thickness on ray chest, above my heart, my waist measurement, and measure- 
nent around my right wrist will be made. Measuring these three places on my body 
will help to determine the amount of muscle tissue I have. Third, I will be asked to 
save all of my unine one day from the late afternoon until the next morning. I 
understand that collecting this urine will help to determine how my kidneys are 
working, and how much digoxin is in ray urine. I understand that each of the three 
items discussed above are needed to determine how useful various methods of choosing 
digoxin doses can be. I also understand that the total time required to participate 
in this project (excluding the time needed to collect an overnight urine sample) 
will be approximately one hour.

I understand that I will not have to pay for any of the laboratory procedures 
necessary for this study, and I grant permission for the release of personal labor
atory information gained through ray participation in this study to my personal 
physician. I also understand that other information from my chart, such as height, 
weight, drugs I am taking now, liver and heart function, are needed.

I understand that all the information gathered in this project will be used in 
the preparation of a thesis and scientific publications, but my name will remain 
confidential and known only to those who evaluate the information at the hospital 
and at the College of Pharmacy. It has been explained to me that the information 
gathered by this study will help pharmacists and doctors choose the best dose of 
digoxin for patients.

If I decide not to participate in this study it will not change the care I will 
receive in any way. I understand that I may withdraw from the study at any time.

I understand the nature, demands, and benefits of this study as described to me 
and I understand what my participation involves. I also understand that I am free 
to ask questions or withdraw from the study at any time, without affecting my medical 
care.

Subject's Signature Date

Signature of legally authorized representative Date

I have carefully explained the nature of the project to the subject. I certify 
that to the best of my knowledge the subject signing this consent form clearly under
stands the nature, demands and benefits involved in his/her participation in this 
project. A medical problem or language or educational barrier has not precluded a 
clear understanding of this person's involvement in this study.

William Nelson Jones Date
College of Pharmacy
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Patient,number Hospital,Ward, Rm_____________
Age Sexi M ? Ht Wt LBW (eat) Sklnfold thickness____mm
Waist Girth cm Right Wrist Diameter cm # tody fat_________________
BSA m2 Admitted_______________
DIAGNOSIS AND PROBLEM LIST MEDS PTA
________________________________ DIGOXIN ________________________

LAB ON ADMISSION
/ Cr mg/dl
/r— ... BUN mg/dl

Glu mg/dl Ca mg/dl
CPK mg/dl P mg/dl
H/H g/dl *
CARDIAC FUNCTION 
Heart size (CXR)

EGG

Ralesi present  absent___
Gallopi present  absent___
JVDi present  absent___
Edemai present  absent___
Heart rate /mln (apical)

CONCURRENT MEDS

LIVER FUNCTION
T Bill_____ mg/dl
PT/PTC_____ s e c
Aik Phos_____ IU
SCOT
Albumin

jro
_jg/dl

RENAL FUNCTION
Sp gr  pH_
Prot______  Glu_
RBC WBC
Ket
Casts

Bill

Urine Vol_ 
Amt of Cr_ 
Clearance 
Est Qot J_ 

S-N_ 
C-G

_ml (date/time 
mg (Cone_____

_ml/min &
_mg/dl)
_ /1.73ffl2

_ml/min/l. 73m2 
_ml/min/l. 73m2 
_ml/min/1.7 3m2

DIGOXIN DATA
Date/Time Dose (meg) C'p(ng/ml) Cu(ng/ml)

MISCELLANEOUS



APPENDIX'C

PATIENT CHARACTERISTICS RELATED TO PREDICTION 
OF THE STEADY-STATE SERUM DIGOXIN CONCENTRATION



Measured Steady-State Digoxin Serum Serum Drugs
Patient Serum Digoxin Dose Creatinine Albumin Administered
Number Age Sex Concentration (ng/ml) (mcg/d) (mg/dl) (g/dl) Concurrently

1 46 M 0,99 375 b 1.9 2.5 F2 66 M 0.51 12 5 1.6 3.6 Q, A3 83 M 1.05 250 0.6 .2.84 74 M 1.35 250 1.3 4.0 H5 5 8 M c 250 1.6 3.6 F6 ' 78 M 0.70 ' 250 0.9 3.97 70 M 0.63 250 1.5 3.7 A,H8 57 M 0.42 250 1.3 4.09 68 . M c 125 0.8 1.410 • 81 M 1.57 125 2.3 3.712 61 . M 1.62 125 19.2 3.812 6 7 M 0.85 375 1.1 4.5 F13 46 M 0.65 62.5 d 12.9 3.3 ■ A14 56 M 0.49 . 250 1.2 . 4.4. H15 58 . M r 0.57 250 1.1 • 4.0 . F17 59 M 0.41 250 1.2 e A18 56 V F 0.62 . • 250 0.8 2.6 H19 ' 47 1 M 0.79 .250 1.0 3.7 A, F20 74 M 0.64 375 1.0 3.8 .H21 54 M 0.43 250 1.1 3.7 H22 . 59 M 0.67 250 1.1 4.423 62 M 0.92 250 • 1.5 3.7 F,Q24 61 M ' 0.63 250 0.8 3.1 A,F25 61 M 0.87 250 . 1.3 4.0 H.2 6 59 M 0.77 250 1.1 3.8 H27 62 M 0.83 250 1.1 3.9 . F,Q28 86 M 0.87 125 1.5 3.6 F29 83 M 0.62 250 1.4 3.4 F30 64 M 1.19 250 1.4 4.1 8Z.



Measured Steady-State Digoxin Serum Serum Drugs
Patient Serum Digoxin Dose Creatinine Albumin Administered
Number Age Sex Concentration (ng/ml) (mcg/d) (mg/dl) (g/dl) Concurrently

31 65 M 0.51
32 68 M c
33 51 M 0.8534 67 M 0.6935 52 M 2 .0036 45 M 1.0437 63 M 0.6838 61 M 0.3539 80 M 1.3140 70 M c41 53 M 0. 8742 70 M 1.5943 51 F 0.9844 6 3 F 1.1045 59 M 0.8546 63 F 1.8347 72 M 0.7248 56 M 0.99
49 64 M 1.14
50. 61 M 2.53
51 67 M ' 0.7252 68 M 0.52
53 55 M 0.5254 61 M 0.4655 61 M 1.13
56 56 M 1.28
57 49 M c
58 31 M 1.45

1.3 3.91.0 4.1
1.2 4.21.4 3.8 F1.4 3.8 F,Q1.1 4.1 F1.6 3.4 . H1.1 3.5, 1.1 3.51.2 3.3 F0.7 2.8 A2.2 e
0.8 e A,Q0.9 e . F1.5 4.1 H,Q1.6 4.0 F1.3 4.0 H1.4 . 4.1 F1.2 3 F,Q1.3 . 4.0 F,Q1.0 3.5 F1.2 4.0 F1.2 4.0 H1.2 3.6 F1.0 3.8 F0.8 e
1,3 4.2
1.1 4.2 F'

250
250
375
187
250
250
250
250
250
125
250
125
250
250
125
250
250
250
250
250
250
250
250
250
250
500
125
250



Measured Steady-State Digoxin Serum Serum Drugs
Patient . Serum Digoxin Dose Creatinine Albumin Administered
Number Age Sex Concentration (ng/ml) (mcg/d) (mg/d.l) (g/dl) Concurrently

59 63 M 0.7961 .54 ■ <M 1.9862 66 M 0.7463 57 M c64 71 M . 1.3365 77 M - 1.5066 71 F 0.8567 72 M c68 79 F 0.6070 68 M 1.1871 57 M 1.0672 56 F' . 1.2673 49 M 0.5274 58 M 0.6275 78 M 2.4876 46 M 0.4677 61 M 0.7978 73 M 0.7179 59 M 0.6980 60 M 0.6181 60 M 0.6782 61 M ■ 0.2983 55 M 0.6384 80 M c85 73 M 1.1686 57 M 1.0988 43 M 0.4289 78 M 2 . 0090 50 M 0.51

250 0.9 3.2125 16.7 4.8 A250 1.3 4.1125 1.2 4.2 F125 1.2 3.9 Q125 1.9 3.5 F125 1.1 . 3.5 A, F125 1.1 2.3 F125 0.8 3.1250 1.5 3.3 F250 1.0 3.0 F250 0.6 3.0250 0.8 4.3 H250 1.1 4.1 F125 3.0 3.1 Q250 1.0 3.6 F250 1.6 4.2 . H125 2.3 e F250 1.0 4.6 ' H250 1.4 3.8250 0.9 4.1 Q125 7.2 3.7 . A,F250 1. 6 . e A, F250 1.9 3.8125 1.8 3.8 F,Q250 1.2 3.9 F250 1.4 . 3.9 F250 1.9 3.3 F250 0.9 3.6 F



Patient
Number Age Sex

Measured Steady-State 
Serum Digoxin 

Concentration (ng/ml)
Digoxin 

Dose 
(meg/d)

Serum
Creatinine

(mg/dl)
Serum

Albumin
(g/di)

Drugs
Administered
Concurrently

91 65 M 0.72 250 1.1 4.1 Q92 65 . M 1.37 . 250 0.9 3.7 . F
93 84 F 0.91 ... .125 1.4 e • F94 73 M 1.01 250 1.8 3.7 A,F95 75 M 0.67 125 . 1.8 3.6 A,F96 66 M 1.03 125 1.2 3.1 H97 45 F 0.64 125 1.1. 4.0 H,Q

Mean 62. 8 0.93 * 223 1. 8 3.7
S.D. 10. 6 0.46 71.6 2.8 0.5

a. Drugs administered concurrently are those discussed in the text which may have 
an effect on predicting serum digoxin concentration. A = antacids, F = furose- 
mide, H - hydrochlorothiazide, Q = quinidine.

b. This patient was alternating 250 and 500 meg every other day.
c. Patients whose serum digoxin concentration was below the assay sensitivity 

(i.e., 0.25 ng/ml)
d. This patient's digoxin dose was 125 meg every other morning.
e. Patients without a serum albumin concentration measured during the study period.
f. This patient's digoxin dose was 125 and 250 meg alternating.every other morning.



APPENDIX D

ACTUAL AND ESTIMATED IDEAL BODY WEIGHTS (KG) 
AND ANTHROPOMETRIC MEASUREMENTS 

USED TO DERIVE BODY WEIGHTS3-
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Patient 
Number TBW

Weight (kg)

Table Method 1 Method 2 Method 3
Waist
(cm)

Pectoral 
Skinfold 
Thickness 

(mm) •

Right 
Wrist 
Diameter Height 

(cm) (in)

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
17
18
19
20 
21 
22
23
24
25
26 
27

112.8
96.4
47.7
73.0
70.0
84.0
91.0
79.0
68.8
52.3
84.1
65.0
70.4
94.1 
150.0
90.9 
136.8
80.0
51.5
70.0
79.1 
81.8
80.9
65.0
8 6 . 2
79.0

73.0 
78.5
69.0
78.0
79.4 
80.0
77.0 
80.8
72.1
73.0
78.0
85.5
84.8
83.9
91.6 
82.8
65.3
77.8
72.0
75.3
79.4
73.9
73.9
76.2
83.9
79.6

77.9
66.8
37.1
45,
50,
56,
57,
62.8
50.3 
40.6
62.4
48.4 
52.0
6 8 ,

98,
75
85,
57
30.8
47.9
63,
58,
60,
48,
63,
58,

74.6 
66.8
30.6
43.7
47.1 
56.6 
60.5
58.4
43.1
35.4 
5 8.3
46.4 
48.9
67.8 
107.5
71.8
84.2
52.8
28.8
43.0 
58.8
60.1
58.4
44.7
62.7
55.5

53.8
61.8 
37.7

2
,6
9
,5
,7
7
1
,6
,3
,3
,4

49,
52,
56 ,
52,
62 ,
48,
42,
60,
55,
58,
66
67.9
73.9 
32.6
56.2
36.0 •
48.2 
62.6. 
54.4
56.3
50.1
64.9 

, 58.9

120
111
80

105 
95

107
116
91
93
82
99
90 
93
106 
147
91 
145 
100 
. 94
98
90

101
97
90

100
97

10
16

8
8
6

10
10

8
20
4 
8 
6
5 

10 
10 
16 
22 
10
8

16
10
8

10
7
6

5,
5,
5, 
5
5
6
6, 
5, 
5, 
5, 
5, 
5,
5,
6 , 

6 , 

6 , 

5 
5, 
5,
5
5,
6
6 , 

5, 
5, 
5,

67.0
70.0
66.0
70.0
70.0
71.0
69
70,
67
67
70,
73.0
73.0
72.0
75.5
71.5
64.0
69.5
67.0
68.0
70.0
68.0 
68.0
69.0
72.0
70.5

COu>



Patient
Number TBW

Weight (kg)
Table Method 1 Method 2 , Method 3

Pectoral 
Skinfold 

Waist Thickness 
.(cm). . . (mm)

Right 
Wrist 
Diameter Height 

(cm) (in)

28
29
30
31
32
33 

• 34
35
36
37
38
39
40
41
42 
• 43
44
45
46
47
48
49
50
51
52
53
54

56.0 
49.3
56.8
78.2
83.2
85.0
78.0
50.6
72.7
86.0
73.6
77.0
53.2
72.0
62.0
61.9 
60.0
91.0 
47.5
80.9 
9 8.0
80.0
76.0
71.0
64.7
77.0
57.0

69.0
65.0
68.0
71.0
84.1
90
75,
66.7
80.8
79.6
78.5
83.0
71.0
74.4
72.0
76.7
62.4
80.8
64.0
80.0 
88.0
73.0
93.0 
69.9
83.0
79.4
79.6

34.2
35.1
43.2
63.4
57.7
63.4 
55.1 
40.9
53.8
58.5 
6 3.6
51.8
43.8
52.3 
45 
45 
38 
66 
36
54.5
71.5

33.2

58,
57,
48,
44,
55,
46,

28,
37,
5fr,
54,
63,
56.8
33.7
45.7 
57.6
54.9
48.9
37
49
39
34

2
1
2
5

28.8
65.7
23.2
54.1
73.0
56.0
54.6
46.1
37.2
53.6 
41.9

37.2
34.5
41.5 
57.0 
60.8
69,
53,
37.8
56,
57, 
62, 
56,
43.0
50.1
45.3
49.4
34.4
63.8
24.8
56.1
72.3
54.3
67.6
45.5
51.2 
56.1
49.7

96
85
85
89 

104
99

100
79
94 
107
82

103 
79
95
90 
89
96
104 
81

105 
107
98
94
99
95 
98 
81

6
6-

6
12
16
10

8
10
12
18

8
16
8
614
18
22
10
6
8
6
8
8
6

12
8
8

5.6 66.0
5.1 63.55.3 65.0
5.6 66.56.0 72.56.3 75.06.3 68.55.5 63.5
5.2 71.06.4 70.55.3 70.0
6.0 72.05.5 66.5
5.5 67.55.7 67.0
5.2 70.05.4 61.5
6.1 71.0
4.2 53.0
5.8 71.0
6.1 74.0
5.7 67.55.8 76.55.5 66.05.2 72.0
5.8 70.0
5.8 70.5

00



Weight (kg) Pectoral
Skinfold
Thickness

(mm)

Right
Wrist
Diameter

(cm) Height
(in)

Ju 9."t 1G3T11
Number TBW Table Method 1 Method 2

waist 
Method 3 (cm)

55 82.5 83.0 63.6 58.7 65.3 95 18 6.2 72.0. 56 73.0 79.4 42.2 44.1 46.3 110 10 6.0 70.057 73.8 84.8 58.6 53.8 63.4 89 6 5.5 73.0" 58 56.0 71.2 46.8 40.9 45.8 79 6 5.5 67.059 79.5 73.9 60.4 b 56.6 95 b 5.6 68.061 74.0 83.9 55.9 54.9 . 59.8 93 4 5.8 72.062 66.8 73.9 45.9 40.2 47.0 96 16 5.7 6 8.063 80.0 82.8 . 60.2 52.9 61.9 96 10 5.2 71.564 • 90.0 77.0 63.8 . 58. b 58.9 107 22 6.0 69.565 77.0 71.0 54.7 . 51.6 50.1 99 20 6.4 66.566 41.8 62.0 27.0 19.6 2 8.0 85 4 4.7 62.067 44.0 69.0 36.8 31.1 36.5 75 4 5.4 66.068 57.3 65.0 37.1 30.2 36.7 94 8 4.9 64.070 78.0 76.2 55.8 52.1 54.6 99 14 5.9 69.071 85.2 83.9 64.3 61.8 65.5 98 8 5.8 72.0, 72 56.0 57.6 36.4 19.8 30.7 93 28 4.8 59.073 68.2 81.9 51.1 45.5 55.5 91 10 5.5 71.574 81.8 69.4 56.2 50.0 47.6 104 16 5.5 65.075 61.0 69.9 47.8 38.5 45.8 85 16 5.5 66.076 64.0 68.9 49.5 36.4 45.8 87 18 5.0 65.077 71.8 72.1 55.0 48.0 51.9 91 8 5.2 67.078. 72.0 77.3 45.6 43.1 47.6 104 18 6.1 69.079 75.0 79.4 51.8 51.-2 53.4 100 4 5.7 70.080 74.5 73.0 55.7 51.4 52.9 94 6 5.4 67.581 67.0 85.3 51.3 45.1 57.6 89 6 5.2 73.082 56.5 66.2 44.4 34.8 41.0 83 8 4.9 64.083 87.0 88.0 63.3 63.6 67.6 102 8 6.1 74.0



Pectoral Right
Weight (kg) Skinfold Wrist

Patient
Number TBW Table Method 1 Method 2 . Method 3

Waist
(cm)

Thickness
(mm)

Diameter Height 
(cm) (in)

84 84.5 86.0 59.1 55.6 63.5 . 104 18 6.1 73.585 57.0 80.8 46.4 44.5 50.3 81 8 6.2 71.086 80.9 77.1 61.9 57.1 59.2 95 18 6.2 69.088 77.3 83.0 60.2 55.7 63.1 . 92 12 5.9 72.089 46.3 69.0 32.6 20.5 35.1 84 16 4.9 66.090 92.0 79.4 6 7.2 64.4 62.7 104 8 5.6 70.091 72.0 6 8.9 47.1 40.7 43.7 102 10 5.0 65.592 51.0 64.4 33.2 26.8 33.2 90 10 5.2 63.093 74.0 65.0 42.6 33.3 37.4 111 24 5.2 64.094 55.8 69.0 48.8 42.5 45.8 . 76 4 5.4 66.095 64.0 65.4 45.8 33.8 40.7 92 24 5.4 63.096 118.0 80.8 82.8 79.6 66.9 121 22 6.2 71.097 6 8.2 66.7 48.2 40.3 45.8 95 10 5.0 66.0
Mean 73.9° 76.0° 53.4 49.0 51.9 96.3 10.9 5.6 68.6S.D. 17.8 7.4 12.2 14.6 10. 8 11.9 5.6 0.4 3.7

a. TBW = patients' total body weight. Table = estimated ideal body weight from
actuarial table (Diem and Lentner, 1970), Method 1, 2 and 3 are estimated ideal
body weights predicted from equations of Wilmore and Behnke (1969), Zuti and 
Golding (1973) and Wulfsohn and Joshi (196"9) , respectively. (See Table 2).

b . Patient number 59,'at the time of this study, had a large dressing on his chest
which did not allow for measurement of pectoral skinfold thickness, and there
fore, it was not possible to predict an ideal body weight using Method 2.

c. The mean of the lower of the total body weight or the table weight (i.e., lower
weight) was 69.6 ± 11.2 kg (SD).
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