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Quantifying non-compliance in patients receiving
digoxin — a pharmacokinetic approach

I. C. WISEMAN, R.MILLER

Summary

Non-compliance has a major influence on the successful
outcome of a therapeutic regimen. It also unnecessarily
increases the costs of health care. In a study involving 137
outpatients receiving digoxin 55 patients (40%) were found to
be non-compliant. Patients who experienced communication
problems and who lacked a meaningful relationship with their
doctor showed a marked deterioration in compliance.

An applied pharmacokinetic approach was used to predict
the serum digoxin concentration for each patient. The crea-
tinine clearance was determined and the degree of severity
of heart failure was assessed. Total body clearance was then
calculated. The predicted concentration was also calculated
and compared with the measured digoxin concentration
enabling an objective assessment of compliance. Twenty-
four of the non-compliant patients who had subtherapeutic
levels of digoxin (< 0,8 ng/ml) had signs of cardiac failure.
Eighteen of these patients were receiving additional medica-
tion (1,7 = 0,5 items) for the treatment of cardiac failure.

S Afr Med J 1991; 79: 155-157.

It has been shown that the level of non-compliance is often
underestimated and that non-compliant individuals are difficult
to identify.! Patient non-compliance has a major influence on
the successful outcome of a therapeutic regimen and the
underutilisation of the prescribed drug may result in a recur-
rence or worsening of the illness, unnecessarily increasing the
costs of health care. Patients appear reluctant to discuss their
lack of compliance honestly. Doctors must be aware of the
likelihood of non-compliance even when their patients deny
such a possibility.? Patients suffering from chronic illnesses are
prone to non-compliance, especially if the effects of missing a
dose or two is not immediately apparent.

Patients attending two cardiac outpatient clinics were studied
to establish the incidence of non-compliance in those receiving
digoxin. An applied pharmacokinetic approach, together with
interviews, were used to determine compliance.

Patients and methods

One hundred and thirty-seven outpatients artending two cardiac
clinics were involved in the study. All patients had been
receiving the same brand of digoxin for at least 10 days to
ensure that ‘steady state’ levels had been reached. Each patient
was clinically assessed and the degree of cardiac failure was
scored by a physician (Table I). Ninety-eight of the patients
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studied were seen by a specialist cardiologist, and 39 patients
were seen by two medical officers on different occasions. An
interpreter was used in the second group, where language
difficulties were encountered. A careful history was taken,
including a detailed digoxin dosage history (frequency of
dosage, time of previous dose, concurrent medication, and any
symptoms of roxicity). Patient compliance was initially
ascertained by asking how often patients missed taking digoxin.
Those patients who indicated that they never missed a dose
were classified as compliant with all other patients being
regarded as non-compliant even if they had taken the most
recently prescribed dose. In addition to using the patient
interview for the detection of non-compliance, a serum digoxin
determination was performed on each patient in the study.
This enabled acknowledged non-compliance to be confirmed
as well as identifying low serum digoxin levels in patients who
claimed they were compliant. Serum digoxin concentrations
were measured by radio-immunoassay using Gammacoat
iodine-125-labelled digoxin.

The expected (predicted) average digoxin plasma concentra-
tion (Cp.:) was determined using an estimate of the total body
clearance (Clg) of digoxin for the patient.

In order to calculate Clg, the serum creatinine clearance for
each patient was determined. Creatinine clearance was esti-
mated using the formula of Cockcroft and Gault® from know-
ledge of the patient’s sex, age, ideal body weight (IBW) (kg)*
and serum creatinine (mg/dl).

Cle. ml/min — (140 — age) IBW
& S-GEE::

(For women multiply by 0,85)

Total body clearance is a combination of renal clearance
(Clr) and non-renal clearance (Cly). Koup er al.5 described
the relationship between these two clearances as:

Clg = 1,303 Cler + CLu

The Cly was assumed to be 40 ml/min for subjects with
ony mild heart failure where the degree of heart failure was
scored at less than 5 (see Fig. 1). In subjects with moderate to
severe heart failure, where the degree of heart failure was
scored at = 5, Cly was assumed to be 20.

The relationship betwen Clg, the steady-state serum concen-
tration (Cps) and maintenance dose is shown in the following
equation, which was used to calculate the predicted average
plasma concentration of digoxin at steady state for each patient.

D X F X 10°

Gl m/min -7

Cpss ng/ml =

where D = maintenance dose (mg); F = fraction of dose
absorbed (0,7)%; = = dosing interval in minutes; and Cps =
average plasma concentration at steady state.

The predicted average plasma digoxin concentration was
then compared with the measured serum digoxin concentration.
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*The ideal body weight was calculared for each patient using tables to correlate height, mass,
frame size, and level of obesity.*
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TABLE I. TABLE USED TO SCORE THE DEGREE OF CARDIAC FAILURE
Cardiac failure Score
0 +1 +2 +3 CCF/Cor Pul. LVF

Dyspnoea None Mod. exertion Mild exertion At rest

Heart rate <100 100-115 116-130 >130

Added heart sounds Absent Absent Absent Present

Lung crepitations/

bronchospasm None Minimal Moderate Severe

JVP (cm T clavicle 0 0-2 >2< angle To angle

at 45°) of jaw of jaw

Oedema None Minimal Moderate Severe

Hepatomegaly None <2fb <2fb >2fb +

tenderness
Total

Non-compliance was assumed when the predicted serum
digoxin concentration was found to be more than 50% greater
than the measured serum digoxin concentration. Since digoxin
has a long half-life (t14), fluctuations between peak and trough
values are small once distribution to the central compartment
is complete, i.e. 6 - 12 hours after dosing. Taking exponential
decay into account and using an elimination rate constant of
0,02/h, the plasma digoxin concentration will decrease by
approximately 10% in a healthy patient after a further 6 hours
have elapsed. Therefore if the plasma digoxin concentration
was measured 12 hours after dosing, 90% of the plasma
concentration at 6 hours after dosing would still be present.
The plasma concentrations of patients studied were measured
in this 8 phase between 6 hours and 12 hours after dosing. If
congestive heart failure and renal impairment are present the
loss of digoxin during this 6-hour period will be less than 10%.

Results

Of the 98 patients seen by the specialist cardiologist, 22
(22,4%) were found to be non-compliant; 16 of these patients
admitted non-compliance when questioned. The 6 patients
who denied being non-compliant had a mean predicted serum
digoxin concentration of 1,18 *+ 0,49 ng/ml, which was less
than 61,6% of the mean measured concentration (0,73 = 0,4
ng/ml). The serum digoxin concentration in 13 of the 22 non-
compliant patients was found to be sub-therapeutic (< 0,8
ng/ml); 6 patients showed signs of cardiac failure. The avoid-
ance of digoxin toxicity was a possible reason for non-
compliance in 2 patients, since the predicted serum digoxin
concentration was calculated to be more than 2,0 ng/ml.

In the group of 39 patients seen by two registrars on
different occasions, and in whom communication was a
problem, 33 patients (84,6%) were found to be non-compliant;
32 patients had serum digoxin concentrations of < 0,8 ng/ml.
Twenty-three patients admirted non-compliance when ques-
tioned. The 10 patients who denied being non-compliant had a
mean predicted serum digoxin concentration of 0,93 + 0,2
ng/ml, which was less than 151,4% of the mean measured
concentration of 0,37 = 0,2 ng/ml. Eighteen of the non-
compliant patients with serum digoxin concentrations that
were sub-therapeutic showed signs of cardiac failure and were
receiving additional medication (1,7 *+ 0,6 items) for this
condirtion.

In the first group, 29% of the female patients were non-
compliant compared with 18,3% of the male patients. In the
second group 90% of the female patients were non-compliant
compared with 66,7% of the male patients. The greater number

of non-compliant female patients has been observed in other
studies.?

Discussion

This study showed that there was often a difference between
the treatment prescribed and the amount of medication patients
actually took. The physician’s relationship with the patient
and how clearly he explains the treatment regimen have a
significant effect on compliance.” It has also been shown that
the effectiveness of physician-patient communication is
inversely proportional to the error rate in the taking of drugs.?
Poor compliance has been reported more frequently in patients
who are less well educated, are poorer or have language
difficulties.®

These factors were evident when comparing the two groups
of patients studied. The first group of 98 patients had a good
relationship with one specialist cardiologist; only 22,4% of
them were non-compliant. However, the second group of 39
patients, with 84,9% non-compliant, were seen by two different
medical officers and communication was often a problem.

In both studies female patients were found to be non-
compliant more frequently than males.

Non-compliance is a problem of serious dimensions in
South Africa and poor communication — as experienced in
the second group — as well as lack of a proper doctor-patient
relationship are seen as major causative factors.

Recommendations

1. The risk of drug defaulting may be reduced by making
every effort to ensure thart all patients understand instructions
and are supervised regularly.

2. It is important that when a patient shows a poor response
to digoxin an artempt should be made to ascertain if the
medication prescribed has been taken correctly before another
drug is added to the treatment programme.

3. In patients who insist they are compliant but who have a
sub-therapeutic serum digoxin concentration, it is recom-
mended that the support of a pharmacokinetic service be used
to provide an estimate of the probability of non-compliance by
comparing the predicted and measured serum digoxin concen-
trations. This approach should always be considered before
the dose of digoxin is increased to ensure that the dosage is not
increased unnecessarily resulting in digoxin toxicity if the non-
compliant patient becomes compliant.
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With the considerable advances that have been made in the 2.

development of potent and effective drugs, it is unforrunate 3
that in many situations drugs are not being optimally urilised.

Non-compliance is a major cause of ineffective therapy and it ~ *+
adds considerably to the medicine bill in South Africa. 5.

Patients cannot be coerced, frightened, threatened or cajoled
into compliance. They can, however, be educated, advised and 6
encouraged. It is essential that the compliant patient sees
himself as an active member of the medication team, not the

passive victim of disease.! 7
8
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