The African Journal of

Medicine

and Medical Sciences

Editorial Board:
A.K. Addae
S.A. Adebonojo
0.0. Adekunle
A. Adcloye

B. Adelusi

A.F. Aderounmu
C.0O. Adesanya
A. Adetugbo
A.A. Adeyokunnu
A. Agboola
0.0.0. Ajayi
E.O. Akande
0.0. Akinkugbe
0.0. Akinycmi
T. Atinmo

O. Ayeni

E.A. Ayoola
E.A. Bababunmi
E.A. Badoc
T.O. Cole

O.A. Dada
A.B.O. Desalu

Editors: T.A. Junaid
O. Bademosi and D.D.O. Oyebola

L. Ekpechi
R.A. Elegbe
G. Emerole
J.G.F. Esan
E.M. Essien
G.0O. Ezeilo

A. Fabiyi

A.O. Falase
J.B. Familusi
D. Femi-Pearse
K.A. Harrison
P.A. Ibeziako
A.C. Tkeme
A.O. lyun

F. Jaiyesimi
A.O.K. Johnson
T.O. Johnson
T.M. Kolawole
0O.A. Ladipo
S.B. Lagundoye
D.G. Montefiore
E.O. Nkposong

Volume 17
1988

N.C. Nwokolo
H.O. Obianwu
S.A. Oduntan
E.O. Ogunbu

O. Ogunbode
M.O. Olatawura
D.A. Olatunbosun
E.O. Olurin

Oyin Olurin

A. Omololu

B.O. Onadeko

G. Onuaguluchi
A.O. Osoba

B.O. Osotimehin
B.O. Osunkoya
B.O. Osuntokun
A.B.0.0O. Oyediran

~L.A. Salako

T.F. Solanke
O. Tomori
F.A.O. Udekwu
A.O. Uwaifo

BLACKWELL SCIENTIFIC PUBLICATIONS

Oxford London Edinburgh Boston Palo Alto Melbourne



Afr.J. Med. med. Sci. (1988) 17,9-15.

Clinical pharmacokinetics of digoxin in Nigerians

A. O. IYUNT AND F. A. LUKANBI"*

Departments of Medicine and * Chemical Pathology, University College Hospital, Ihadan, Nigeria

Summary

The pharmacokinetics of digoxin have been stu-
died in eight healthy volunteers, 23 congestive
cardiac failure and 10 chronic renal failure
patients. The mean serum digoxin concentra-
tions in the volunteers and the congestive car-
diac failure patients were significantly different
(P < 0.001) from those in the chronic renal
failure patients. The mean half-life of digoxin in
the healthy volunteers (37.2 h * 8.6 s.d.) was
comparable to the widely accepted 40 h for
digoxin half-life in normal individuals. Half-life
was significantly prolonged in renal failure pa-
tients. There was a good inverse correlation, in
the three groups. between serum creatinine and
creatinine clearance. but the expected close
correlation between the renal clearance of digo-
xin and serum creatinine was not demonstrated,
probably because this was an oral study. There
was no statistically significant difference in the
age and weight in all three groups. There was
also no significant difference in all parameters,
measured and derived, between the volunteers
and the congestive cardiac failure patients.
However, when the volunteers and/or the con-
gestive cardiac failure patients were compared
with the renal failure patients, there was a signi-
ficant difference in all parameters except age
and weight. Thus, in the absence of renal im-
pairment and hypokalacmia, standard dosages
of digoxin can be used in congestive cardiac
failure patients, provided symptoms and signs
of toxicity are constantly monitored. Thera-
peutic drug monitoring of digoxin is desirable in
view of its low toxicity : therapeutic ratio, and
its Kinetics should be studied in detail in cach
community to establish correct dosages to pre-
vent and manage digoxin toxicity.

Résumé

On a ¢tudi€é la pharmacocinétique de la digox-

To whom correspondence should be addressed.

ine chez huit volontaires en bonne santé, 23
malades souffrant d'insuffisance cardiaque con-
gestive et 10 malades souffrant d’insuffisance
rénale chronique. Les concentrations moyennes
de sérum de digoxine chez les volontaires ct
chez les malades atteints d'insuffisance cardia-
que congestive €taient nettement différentes
(P < 0.001) de celles des malades souffrant
d'insuffisance rénale chronique. La période
moyenne d'administration de la digoxine chez
les volontaires en bonne santé (37.2 h * 8.6
s.d.) était comparable aux 40 h généralement
acceptées pour la période d*administration de la
digoxine chez les individus normaux. La
période était nettement prolongée chez les
malades souffrant d'insuffisance rénale. 11 y
avait une réelle corrélation inverse, dans les
trois groupes, entre la créatinine sérique et
I'élimination de la créatinine, mais la démon-
stration n'a pas ¢té faite du rapport étroit et
attendu entre I'élimination rénale de la digo-
xine et la créatinine sérique, probablement du
fait qu'il s"agissait d'une étude orale. Il n'y avait
pas de différence statistiquement significative
en ce qui concerne I'age et le poids de tous les
individus des trois groupes. 11 n’y avait pas non
plus de différence significative en ce qui con-
cerne tous les paramétres mesurés et dérivés
entre les volontaires et les malades souffrant
d'insuffisance cardiaque congestive. Cependant
quand on a comparé les volontaires et/ou les
malades souffrant  d'insuffisance cardiaque
congestive avec ceux atteints  d'insuffisance
rénale, il y avait une différence significative en
ce qui concerne tous les parametres, sauf 'age
et le poids. Ainsi donc, en I'absence d'affaibli-
ssement rénal et d’hypokaliémie, des doses
normales de digoxine peuvent étre administrées
a des malades souffrant d'insuffisance cardia-
que congestive, a condition de controler con-
stamment les symptomes et signes de toxicité.
Le controle de la digoxine en tant que médi-
cament thérapeutique est recommandé du fait



10 A, O Iyun and . A

du faible rapport mxiquc/lhérupcutiquc. el sa
cinétique devrait étre étudice en détail dans
chaque communauté¢ afin de déterminer les
dosages corrects dans la prévcmiun et la
maitrise de la toxicité de la digoxinc.

Introduction

Digitalis has been used in the management of
cardiac failure and cardiac arrhythmias for over
two centuries but it is only since reliable and
reproducible bioassay methods became avail-
able that detailed pharmacokinetic and phar-
macodynamic studies on its  components,
mainly digoxin and digitoxin, have been pos-
sible. Assay methods now in common use in-
clude immunoassay — either radio or enzyme,
*Rb uptake and ATPase inhibition. In clinical
laboratories, the radioimmunoassay method
introduced in 1969, and the related. com-
petitive binding assay systems, are now widely
used [1].

Digoxin has a low toxicity : therapeutic ratio
and this is one of the main rcasons why thera-
peutic drug monitoring of plasma digoxin levels
is s0 widely undertaken. Factors that affect
plasma digoxin concentrations have been stu-
dicd extensively and reviewed [2]. They include
renal impairment, electrolyte imbalance espe-
cially  hypokalaemia, drug interactions,
hypothyroidism and age. In old age. there is
impaired renal function and a reduction in the
apparent volume of distribution of digoxin.
Hypokalacmia may reduce tubular secretion of
digoxin. thus causing retention of digoxin.
Tissue responsiveness to digoxin is also exag-
gerated. In thyroid discase, there are altera-
tions in renal function and in the apparent
volume of distribution of digoxin. Hyper-
calcacmia and probably hypomagnesacmia,
hypoxia and acidosis increase tissue responses
to digoxin  while hyperkalaemia,  hypo-
calcaemia, hyperthyroidism and young age
(neonates) decrease tissue responses to digoxin.
The presence of suspicion of any of the above
would normally be an indication for the
measurement of plasma digoxin concentrations.
Criteria for routine plasma drug estimations
pave however been suggested [1.2]. These
include a low toxicity : therapeutic ratio, a poor
relationship between dose and plasma digoxin
concentration, the presence of signs and symp-
toms of toxicity, which may be difficult to
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distinguish from those of the discase itself, and
therapeutic effects. which may sometimes be
difficult to mcasure.

Conscquent on the above, measurement of
plasma digoxin concentration may be of value
in the diagnosis of toxicity or undertreatment.,
in overdosage, and in changing treatments in
patients with renal impairment or on long-term
therapy.

In a pilot study in Nigerians on chronic di-
goxin therapy for congestive cardiac Fulure,
over 80% were found to be underdigitalized
(digoxin level < 0.8 ng/ml) [3]. This was attri-
buted to poor drug compliance as levels in
in-paticnts were found to be within the thera-
peutic range. One patient in the study had a
level > 3 ng/ml and symptoms and signs of
toxicity, as well as biochemical evidence ol
renal failure. The present study was carried out
to provide more information on the pharmaco-
kinetics of digoxin in volunteers, congestive
cardiac failure patients and advanced renal
failure patients. The study was approved by the
University College  Hospital  Ibadan  Ethies
Committee, but  limited to  oral  dosing.
Informed consent was given by all the subjects
studied.

Patients and methods

The patients were consecutive new admissions
to the Cardiac and Renal Units of the Depart-
ment of Medicine, University College Hospital.,
Ibadan, Nigeria, who gave informed consent
to participate in the study. Patients who were
too ill and those who had taken digoxin prior
to admission were excluded.  Patients  who
deteriorated in the course of the study and/or
needed rapid digitalization were taken off the
study, while those who had measurable levels of
digoxin in their initial blank plasma specimens
were deleted from the data analysis. The volun-
teers were patients who had recovered from
discases other than cardiac or renal and whose
renal function tests were normal.

All subjects had a clinical examination fol-
lowed by biochemical and electrocardiographic
investigations. A digoxin tablet (0.5 mg; Lan-
oxin, Wellcome) was administered at 08.00 h
after an initial blank blood specimen, and 5-ml
blood samples were taken at 0.5, 1, 2, 4, 6, 8,
12, 24, 48, 72 and 96 h. The plasma was
immediately separated and frozen at =21°C
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until analysed. No further dose of digoxin was
given throughout the period of blood collec-
tion. The subjects were examined clinically and
electrocardiographically throughout the study
period to detect those who needed more urgent
digitalization. Most patients were on frusemide
but none was on spironolactone or amiloride.

Drug assay

Plasma digoxin concentration was measured by
radioimmunoassay using "I Digoxin RIA Kkits
(Amertex Code IM 2031, supplied by Amer-
sham, U.K.). Assays were done in duplicate
and the mean value recorded.

Data analysis

The Kruskal-Wallis  (one-way) analysis  of
variance was used for the comparison of all the
three groups together — volunteers, congestive
cardiac failure patients and chronic renal failure
patients — while the Mann-Whitney U-test test
was used for differences between one group and
the others.

The half-life of digoxin was obtained from
the equation:

0.693
K;

where K, is the elimination constant.

1, =

calculated since there were no intravenous
data, however, CL/F was obtained from the
equation:

CL Dosc

F AUC

where CL = clearance, AUC = arca under the
digoxin concentration-time curve, and F is the
fraction of orally administered drug that
reaches the systemic circulation.

The creatinine clearance was obtained from
the equation [4]:

(140 — A) X W
72 X Scr

Cler =

where A = age, W = weight and S¢i = serum
creatinine.

Values obtained for women were multiphed
by 0.85 to account for the lower rate of crea-
tinine formation.

Results

The mean group data are shown in Table 1.
There were 21 males and 20 females, with an
age range of 14 to 79 years. Table 2 shows the
mean serum digoxin concentrations and these
are depicted graphically in Fig. 1. There was a
significant  difference between the values
obtained in the volunteers and chronic renal

Total digoxin clearance could not be failure patients (P < 0.001) and between the
Table 1. Group data
Serum Serum Blood Creatinine
Weight Serum K' albumin creatinine urca clearance
Group Age (kg) (mEqg/) (/100 ml)  (mg/100 ml) (mg/100 ml) (ml/min)
Volunteers 50.38 56.1 3.96 .58 0.74 26.13 91.0
(n=8) + + + + + + +
11.44 8.02 0.374 0.4 0.11 6.98 11.1
Chronic 38.9 56.06 2.86 2.83 18.38 241.7 57
renal falure i+ * : o * - = o
(n=10) 20.05 9.52 0.158 0.51 12.32 70.06 3.05
Congestive 43.74 59.3 3.66 3.34 0.86 29.09 84.5
cardiac s o - + + o e o
failure 13.74 16.86 0.37 0.35 0.21 6.02 23.43
(n=23)

Values are means + standard deviation.
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Chronic renal failure patients

chronic renal failure patients and the congestive
cardiac failure patients (£ < 0.001). There was

3L no difference (P < 0.2) between the volunteers
(n=10) and the congestive cardiac failure patients.
ol Table 3 shows a summary of individual phar-
macokinetic data. There was no statistically sig-
nificant difference in the age and weight in all
T I three groups. All the other parameters mea-
o sured showed some statistically significant dif-
f 3l S ference among the groups (P < 0.02-P <
° Congeshive cardioc failure potients 0.001) (Table 3). When cach group was com-
2 pared with the others, no significant difference
g 2f (n=23) was found between volunteers and CCF pa-
S : ‘I tients in all parameters measured. When volun-
c ! l}} _____ i teers and chronic renal failure patients were
é ''''' E'“i---i--_i-_i compared, there was a statistically significant
s el . difference in all but age and weight. When the
§ ar Volinteeis cardiac failure patients were compared with the
= renal failure patients, there was also a statisti-
2L (n=8) cally significant difference in all but age and
% weight (Table 4).
| ,%
o é § . é-é‘ﬁ"m Discussion
312 4 6 81012 24 48 72 96 120 o )
Tume (h) The results obtmpcd in (.hIS study were in gen-
eral agreement with published data from similar
Fig. 1. Mcan scrum digoxin concentrations. studies in other parts of the world [1,5,6].
Table 3. Pharmacokinetic data
<L o
Total s F F Creatinine
Group AUC* 1.t Caant (h)§ (Vh)§ (mVmin/kg) clearance
Volunteers 38.57 37.2 1.87 1.19 17.29 5.38 91.0
(n=8) + & s x = - = - o
249 8.6 0.51 0.53 8.86 3.13 1.1
Chronic renal 219.65 80.95 3.061 3.6 295 0.9 Sl
failure + + & - - = - +
(n=10) 100.2 29.12 1.11 2.4 1.82 0.59 3.05
Congestive cardiac 69.25 56.96 1.96 1.65 12.93 3.87 845
failure + + + + + + +
(n=23) 63.12 34.7 0.74 0.96 8.7 3.0 23.43

Values are means + standard deviation.
“AUC: Area under the curve.

e, Half hfe.

1Crax: Maximum concentration,

$max: Time to reach maximum concentration.
YF: Fraction of an oral dose that is absorbed.
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Table 4. Kruskal-Wallis test on all three groups

O. Iyun and I. A

Mann-Whitney

U-testt

Kruskal-Wallis A B C
AUC * i NS i
t, e ) NS ;
‘:“«l\ = % NS <
o : * N§g
CL (Vh) g * NS *
CL (mVmin/kg) = * NS *

Creatinine CL NS NS NS NS

Age (years) NS NS NS NS
Weight (kg) ¢ . NS ”
Serum K ‘ e NS ’
Serum albumin ‘ * NS ‘
Serum creatinine * * NS *
Blood urca * * NS ‘

* = Significant difference, NS: not significant.

tA: Voluntcers against chronic renal  failure
patients,  B:  volunteers  against  congestive
cardiac failure patients, C: chronic renal failure
patients  against  congestive  cardiac  failure
paticnts

Figure 1 shows that absorption of orally admi-
nistered digoxin was good in all three groups,
most rapid in the volunteers and least rapid in
the chronic renal failure patients who, however,
achieved the highest concentrations. Excretion
was also most rapid in the volunteers and de-
layed in the chronic renal failure patients, with
the congestive cardiac failure patients in an in-
termediate position, but much closer to the
volunteers. There was no statistical difference
between the volunteers and the cardiac failure
patients. This is in keeping with the findings in
similar studies, which stated that digoxin
absorption is not reduced by cardiac failure to
the extent that higher-than-usual doses should
be administered therapeutic concentrations
[7.8]).

The mean half-life of digoxin in the volun-
teers (37.2 h) was comparable to the 40 h in
Caucasians [6]. The half-life was markedly pro-
longed in the renal failure patients, with the
congestive cardiac failure patients in an inter-
mediate position. This would suggest a differ-
ence in the clearance or the apparent volume of
distribution of digoxin, or both, in congestive
cardiac failure. However, the result showed no

Lukanbht

statistical  difference between the volunteers
and congestive cardiac failure patients, both in
the measured and derived data. Thus, in the
absence of hypokalacmia and evidence of renal
failure, standard doses of digoxin can be used in
congestive cardiac failure patients, provided
signs of toxicity are constantly being monitored.
Some patients in renal failure develop conges-
tive cardiac failure and vice versa. Such patients
would require regular serum digoxin estima-
tions and dose adjustments to forestall the
development of toxicity.

The results showed a good inverse correla-
tion between serum creatinine and creatinine
clearance (r = —0.76 for volunteers, r = —0.8
for CRF patients and r = —0.6 for CCF pa-
tients) but the expected close correlation be-
tween the renal clearance of digoxin and serum
creatinine was not demonstrated. Such correla-
tion is, however, best shown by an intravenous
study.

The results obtained in the chronic renal
failure patients further emphasize the need for
thorough renal evaluation of patients requiring
digoxin, and the desirability of therapeutic drug
monitoring of those on chronic digoxin therapy.
Digoxin is excreted mainly through the Kidneys
and, in most patients, about 80% is excreted
unchanged [6]. In 12% of patients, 20-55% 1s
excreted as metabolites, mostly dihydroxydigo-
xin, which is relatively inactive. In a few sub-
jects, other, more active, metabolites may be
found in the urine. Renal elimination s mainly
by glomerular filtration but some passive tubu-
lar reabsorption and active secretion occur. Eh-
mination rate of digoxin is decreased at low
diuresis. which suggests a low clearance in the
clderly who generally have a low urine flow [9].
This is in accordance with the observed lack of
correlation between creatinine clearance and
serum digoxin in the elderly. whereas such a
correlation has been found in younger people
and has formed the basis of a formula for calcu-
lating the dosage regimen for digoxin.

Inter- and intraindividual variation (partly
accounted for by age, weight and renal func-
tion), compliance, and drug interactions, espe-
cially with quinidine and drugs like diuretics.
which deplete the body of potassium. are the
other important factors that make serum digo-
xin concentration difficult to predict [10.11].

A detailed knowledge of the pharmacokine-
tics of digoxin has led to better dosage regi-
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mens. prevention and better management of
digoxin toxicity. As far as we know, this is the
first study of digoxin pharmacokinetics in Nige-
rians and it is hoped that it will stimulate further
similar, and more complex, studies on this most
important and useful cardiac glycoside.
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