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ABsTrRACT A radioimmunoassay for serum digoxin
concentration has been used to study the interrelation-
ships of circulating levels of the drug and various factors
in the clinical setting in 48 hospitalized patients with
cardiac rhythm disturbances due to digoxin intoxication.
131 patients on maintenance doses of digoxin without
toxicity and 48 patients with equivocal evidence of digoxin
excess were also studied and compared with the toxic
group.

Patients with cardiac rhythm disturbances due to di-
goxin intoxication tended to be older and to have di-
minished renal function compared with the nontoxic
group; body weight, serum potassium concentration,
underlying cardiac rhythm, and nature of cardiac disease
were not significantly different for the groups as a whole.
Despite comparable mean daily digoxin dosages, digoxin
intoxicated patients had a mean serum digoxin concen-
tration of 3.7 1.0 (sp) ng/ml, while nontoxic patients
had a mean level of 1.4 0.7 ng/ml (P <0.001). 909
of patients without evidence of toxicity had serum di-
goxin concentrations of 2.0 ng/ml or less, while 879, of
the toxic group had levels above 2.0; the range of over-
lap between the two groups extended from 1.6 to 3.0 ng/
ml. Patients with atrioventricular block as their prin-
cipal toxic manifestation had a significantly lower mean
serum digoxin concentration than those in whom ec-
topic impulse formation was the chief rhythm disturb-
ance.

Patients with equivocal evidence of digoxin excess
had received comparable daily maintenance doses of
digoxin but had a mean serum concentration of 1.9 +0.8
ng/ml, intermediate between those of the nontoxic (P <
0.005) and toxic (P < 0.001) groups. Renal function as
judged by mean blood urea nitrogen concentration was
also intermediate.
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The data indicate that knowledge of the serum digoxin
concentration, weighed in the clinical context, is use-
ful in the management of patients receiving this drug.

INTRODUCTION

Clinical use of digitalis glycosides is complicated by a
reported incidence of cardiac toxicity varying from 7 (1)
to 209 (2) in hospitalized patients receiving these drugs.
Continuing interest in this problem and its management
is emphasized by a recent monograph (3) and several
reviews (4-8) which discuss the difficulties associated
with use of these drugs.

Disturbances of cardiac impulse formation and con-
duction occurring as manifestations of digitalis intoxi-
cation have been extensively documented and catalogued
(4, 5, 7, 8). Nevertheless, it has been difficult to obtain
data relating the occurrence of rhythm disturbances to
quantitative estimates of blood or myocardial digitalis
concentration because of the lack of reliable methods for
measurement of nanogram amounts of cardiac glycosides.
Recent progress in the assay of serum or plasma concen-
trations of the widely used glycoside digoxin (9) has
made possible initial explorations of the relationship be-
tween serum or plasma digoxin concentration and the
occurrence of cardiac rhythm disturbances in limited
numbers of patients (10~13), and a correlation has been
demonstrated with acetyl strophanthidin tolerance in ex-
perimental animals (14). The present study extends the
definition of the interrelationships among digoxin intoxi-
cation, pertinent factors in the clinical setting, and serum
concentration of the drug as determined by a sensitive
and specific radioimmunoassay (11) in a large series of
hospitalized patients.

METHODS

Assay  technigue. Duplicate determinations of serum
digoxin concentration were carried out by a previously
reported radioimmunoassay method (11). Details of prepa-
ration and characterization of the antidigoxin antiserum
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TaBLE I
Criteria for Absence or Presence of Digoxin Intoxication

Absence of toxicity

Electrocardiographically documented stable sinus rhythm
with PR interval 0.20 sec or less, atrial fibrillation with ven-
tricular response between 70 and 100 beats/min, or atrial
flutter with degree of atrioventricular block in the 2:1 to 4:1
range.

Presence of digoxin intoxication
One or more of the following disturbances of impulse forma-
tion or conduction:

A. Supraventricular tachycardia (atrial or atrioventricu-
lar junctional) with atrioventricular block.

B. Frequent or multifocal ventricular premature beats,
ventricular bigeminy, or ventricular tachycardia.

C. Atrial fibrillation with high grade atrioventricular
block (ventricular response less than 50/min) and
ventricular premature beats.

D. Sinus rhythm with second or third degree atrio-
ventricular block.

Disappearance of the rhythm disturbance when digoxin was
withheld.*

* Two patients died while continuing to show classical mani-
festations of digitalis intoxication, and thus represented
exceptions to this criterion.

employed (previously designated 46/97)® have also been
published (15). Tritiated digoxin, added in vitro, competes
with unlabeled digoxin in the patient’s serum for binding
sites of digoxin-specific antibodies raised in rabbits im-
munized with a digoxin-human serum albumin conjugate.
Antibody-bound and free ligand are separated by selective
adsorption of the free fraction to dextran-coated charcoal.
Sensitivity (0.2 ng/ml), precision (standard deviation for
replicate samples, 3-4%), rapidity (1 hr), and specificity
of the method are well defined.

In order to expedite calculation of assay results, the
previously reported semilogarithmic standard curve (11)
plotting per cent of labeled digoxin bound by the antibody
vs. log unlabeled digoxin present in the serum sample has
been replaced by a plot better suited to computer usage.
A Sigma 7 time sharing computer was used to correct raw
counts per minute of tritium labeled, antibody-bound digoxin
for background and quenching and to plot a standard curve
relating reciprocal corrected bound counts to known concen-
trations of unlabeled digoxin in a series of duplicate standard
sera. The computer program then compared data from un-
known samples with the standard curve and printed out
digoxin concentrations. An additional modification has been
the use of a *Cs external standard for quenching correction
of each sample in place of the more time consuming internal
standard method previously reported. Agreement between
the two methods was 5% or better in each of 90 consecutive
samples.

Clinical studies.
cal or Surgical

Adult patients hospitalized on the Medi-
Services of the Massachusetts General

*This antiserum was the generous gift of Dr. Vincent P.
Butler, Jr.
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Hospital were studied. All were receiving digoxin for the
management of congestive heart failure, supraventricular
tachyarrhythmias, or a combination of the two indications.

Surveillance over both private and ward services during
a period of 6 months yielded a total of 131 patients on
maintenance doses of digoxin for 5 or more days in whom
there was no evidence of cardiac toxicity as defined in
Table I, and in whom serum digoxin concentrations and
detailed clinical information were available. None of these
were included in a prior series of nontoxic subjects (11).
Clinical data on all patients studied were collected within
24 hr of the time blood was drawn for serum digoxin assay
and included age, sex, weight, clinical diagnoses, and stan-
dard 12-lead electrocardiogram. Blood chemistry determina-
tions including blood urea nitrogen (BUN), sodium, potas-
sium, chloride, and bicarbonate concentrations were carried
out by AutoAnalyzer in the routine clinical laboratory.
Other information pertinent to individual clinical problems
were tabulated. Each patient was interviewed and questioned
in detail concerning possible extracardiac manifestations of
digitalis intoxication including anorexia, nausea, vomiting,
scotomata, blurred vision, and chromatopsia. Diarrhea and
neurologic evidence of toxicity other than visual symptoms
were sought but not recognized in any of the patients
included in this study. Information concerning dosage sched-
ules of digoxin as well as other drugs concurrently received
was obtained from nursing records. Blood samples from
these patients were obtained between 8 and 12 hr after the
last dose of digoxin.

Cardiac diagnoses were reviewed in detail for accuracy;
electrocardiograms were independently interpreted by cardi-
ologists who were not directly involved in the study. The
diagnosis of chronic pulmonary disease was based on clinical
criteria including history of chronic productive cough and
physical and radiologic evidence of chronic obstructive
pulmonary disease. -

Over a period of 15 months (September 1968 through
December 1969) complete clinical data were collected and
serum digoxin concentrations were measured on 48 patients
with evidence of digoxin intoxication by the criteria listed
in Table I; 18 of these were included in a prior report (11).
Methods of data collection were identical with those de-
scribed for patients without evidence of toxicity. Serial
visits and electrocardiograms were used to follow the prog-
ress of these patients. Blood for serum digoxin assay was

TasLE 11
Criteria for Questionable Digoxin Excess

Presence of one or more of the following disturbances of impulse
formation or conduction:
A. Occasional ventricular premature beats
5/min).
B. First degree atrioventricular block in the absence of
other drugs capable of impairing conduction and in the
absence of a prior history of this finding when off digoxin.

(less than

C. Atrial fibrillation with occasional atrioventricular junc-
tional escape beats.

D. Marked sinus bradycardia (less than 50 beats/min)
without a prior history of this finding off digoxin.

E. Atrial fibrillation with a relatively slow ventricular re-
sponse (50-65 beats/min).
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FiGure 1 Semilogarithmic plot of standard curve. The
percentage of a 3 ng tracer quantity of tritiated digoxin
bound by digoxin-specific antibody is shown as a function
of log concentration of unlabeled digoxin in a series of
standard sera. The arrow on the vertical axis denotes
binding of tritiated digoxin in the absence of unlabeled
drug. Ranges of duplicate determinations are encompassed
by horizontal lines.

drawn between 8 and 24 hr after the last dose, somewhat
later on the average than was the case for the nontoxic
group.

An additional group of 48 patients was defined by the
criteria listed in Table II in an attempt to gain further
insight into the difficult group of patients in whom, even in
retrospect, digitalis intoxication can neither be ruled in
nor out with certainty. Clinical data collection and serum
sampling for digoxin assay were carried out as described
for the toxic group.

Statistical analysis. Significance of differences between
observed means or proportions of patients in a given cate-
gory were carried out by the use of Student’s ¢ test or Chi
square analysis, respectively (16), with the aid of a Sigma
7 time sharing computer.

RESULTS

Standard curve. Fig. 1 shows a standard curve plotted
by the method previously reported, relating per cent of
the tracer quantity of tritiated digoxin bound by the
antibody to the log of concentration of unlabeled digoxin
in samples of normal serum to which gravimetrically de-
termined amounts of digoxin have been added. The same
data are plotted in Fig. 2 as reciprocal cpm of antibody
bound tritiated digoxin (corrected for background and
quenching) vs. concentration of unlabeled digoxin in the
standard serum samples. The rectilinear relationship ob-
tained over the concentration range studied is a conse-
quence of relative restriction of heterogeneity of anti-
body binding site affinities expressed at the high final
dilution (1:40,000) of antiserum used in the assay sys-
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tem (15). This type of plot lends itself well to computer
usage, and the equations and correlation coefficients of
the lines obtained by least squares linear regression
analysis are useful in day to day monitoring of the over-
all precision of the method. 49 consecutive standard
curves plotted in this way have shown a mean corre-
lation coefficient of 0.995 (sp 0.011). It should be noted
that although the values at low concentrations of unla-
beled digoxin fall close together on the reciprocal plot,
these actually represent large absolute differences in
cpm bound and are quite precisely determined, as indi-
cated by the ranges of duplicate values shown.

Clinical observations. Data relating to the 131 pa-
tients without evidence of digoxin intoxication and for
the 48 patients meeting the stated criteria for toxicity are
summarized in Table III. Mean age and mean BUN
level of digoxin toxic patients were significantly greater
than the corresponding means for nontoxic patients,
while mean body weight and serum potassium concen-
tration were not significantly different. Incidence of
uremia, defined as BUN greater than 50 mg/100 ml was
also greater in the toxic group. Visual and gastrointes-
tinal symptoms attributable to digoxin intoxication were
over 10 times more common in patients with evidence of
cardiac toxicity. Comparable over-all incidences of the
various types of cardiac disease and underlying cardiac
rhythms were found for the two groups, and the differ-
ence in incidence of chronic pulmonary disease was with-
out statistical significance.
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Fiure 2 Reciprocal plot of standard curve. The same
data shown in Fig. 1 are plotted here as reciprocal cpm
antibody bound tritiated digoxin (corrected for background
and quenching) vs. concentration of unlabeled digoxin in
the standard sera. The equation of the line obtained by least
squares linear regression analysis is Y =1.16 X 10+ 3.49
X 10X, and the correlation coefficient is 0.9994. Ranges are
depicted as in Fig. 1.
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TaBLE III
Clinical Data for Nontoxic and Toxic Patients

Nontoxic patients Toxic patients P*

n 131 48
Age, yri 59 17 (20-92) 66 412 (46-96) <0.005
Weight, b.1 146 62 (90-610) 155  +29 (110-250) NS
BUN, mg/100 mit 29 31 (9-144) 48 443 (8-246) <0.005
Serum K+, mEq/liter} 4.2 £0.5 (2.9-7.1) 4.4 +£0.8 (3.0-7.3) NS
Male sex (%) 60 75 NS
Cardiac diagnosis (%)

Coronary artery disease 68 74 NS

Valvular heart disease§ 27 22 NS

Hypertensive heart disease 2 2

Cor pulmonale 3 2
Underlying cardiac rhythm. (%)

Sinus rhythm 60 58 NS

Atrial fibrillation 30 35 NS

Atrial flutter 2 0

Varying between sinus rhythm and

atrial fibrillation 8 7
Chronic pulmonary disease (%) 20 26 NS
Uremia (BUN > 50 mg/100 ml) (%) 5 31 <0.01
Extracardiac symptoms of toxicity (%) 3 38 <0.01

* ¢ or Chi square test; NS denotes P > 0.05.
1 Expressed as mean =sSD {range).

§ Classification includes rheumatic valvular disease and calcific aortic stenosis.

Duration of manifestations of digoxin intoxication
following withdrawal of the drug ranged from less than
24 hr to 7 days, the latter interval occurring in a patient
with severe renal impairment due to acute tubular necro-
sis. The average was 2 days. In addition to withdrawal
of digoxin, management of the episode of intoxication in-
cluded short term administration of suppressant drugs in
a total of 65%. 15 of the 48 patients received diphenyl-
hydantoin, 11 lidocaine, 10 procaine amide, 5 quinidine,
and 2 propranolol for suppression of ectopic impulse
formation. Intravenous or oral potassium supplements
were used in all instances of hypokalemia associated
with dysrhythmia categories A and B (Table I) and in

TaBLE IV
Digoxin Dosages and Serum Concentrations:
Nontoxic and Toxic Patients

Nontoxic Toxic P*
n 131 48
Digoxin dosage, mg/day
Mean +sp N 0.31 +0.19 0.36 +0.19 NS
Range 0.0625-1.0 0.125-1.0
Serum digoxin concentration,
ng/ml
Mean =+sp 1.4 +0.7 3.7 £1.0 <0.001
Range 0.3-3.0 1.6-13.7

* ¢ test; NS denotes P > 0.05.
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about one-half of such patients with normal serum po-
tassium levels. Two of the patients with high grade atrio-
ventricular block as the toxic manifestation required
temporary ventricular pacing via a pervenous catheter
electrode.

Two patients died while continuing to show the fol-
lowing manifestations of digoxin intoxication: one with
simultaneous atrial and atrioventricular junctional tachy-
cardias and complete atrioventricular dissociation (serum
digoxin concentration 8.7 ng/ml), the other with atrial
fibrillation and an accelerated atrioventricular junctional
pacemaker with intermittent 2:1 exit block and ven-
tricular premature beats (serum digoxin concentration
4.9 ng/ml).

Serum digoxin concentrations. As summarized in Ta-
ble IV, a highly significant difference in mean serum
digoxin concentration is observed between the nontoxic
and toxic groups of patients taken as a whole. The mean
daily dosage of the toxic group was not statistically dif-
ferent from that of the nontoxic group.

These groups were further subdivided according to
dosage level as shown in Fig. 3. 879% of the patients
without evidence of toxicity could be placed in dosage
categories of 0.25, 0.50, or 0.75 and above mg/day, while
909 of the toxic patients could be similarly grouped.
Significantly higher mean serum digoxin concentrations
in toxic patients are evident in the 0.25 and 0.50 mg/day
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Ficure 3 Serum digoxin concentrations in nontoxic and
toxic patients. Results are subdivided according to daily
maintenance digoxin dosages.

dose categories, while the difference in means for the
0.75 mg/day and above category fails to achieve statisti-
cal significance. Also of interest is the stepwise pro-
gression to higher mean serum digoxin levels with each
increment in dosage in patients both with and without
evidence of intoxication.

The mean BUN level of nontoxic patients receiving
0.25 mg digoxin per day was 24 +18 (sp) mg/100 ml
and was significantly lower (P <0.01) than the value
of 56 £56 for toxic patients at the same dose level. No
significant mean BUN difference was observed in the
0.50 mg/day category (nontoxic patients 31 *32, toxic
27 *12). A rather marked difference (mean BUN for
nontoxic patients 16 %14, toxic patients 40 +20) in the
smaller 0.75 mg/day and above category escapes statis-
tical significance.

Subdividing the patients with evidence of digoxin in- "

toxication according to the categories listed in Table I,
the serum digoxin concentration data shown in Table V
were obtained. If one combines categories A and B as
primarily disturbances of impulse formation and cate-
gories C and D as disturbances of conduction, a sig-
nificantly higher mean serum digoxin concentration
(P <0.025) is observed in the A and B classification
compared with the C and D. The small difference be-
tween categories A and B is not significant, nor is that
between C and D.

In order to better define the degree of overlap of se-
rum digoxin concentrations in nontoxic and toxic pa-
tients, a frequency histogram is shown in Fig. 4, plot-
ting the proportion of patients in each category with se-
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TABLE V

Serum Digoxin Concentrations in Patients with Toxicity

Serum digoxin

Dysrhythmia category* n concentration}

ng/ml

4.1 £1.9 (2.0-8.7) j
) ]

3.7 £2.7 (1.6-14.0

A. Supraventricular
tachycardia with
block 18

B. Ventricular dys-
rhythmias 21

C. Atrial fibrillation
with ventricular re-
sponse <50 and
ventricular pre-
mature beats 5

P <0.025

2.2 0.5 (1.6-3.0)

D. Sinus rhythm with
second or third de-
gree atrioventricu-
lar block 4

-

3.2 £1.2 (2.0-4.6) [ ¢

* Classifications corresponding to Table I.
1 Mean =sbp (range).

rum digoxin levels in the ranges shown. Although the
total area of overlap extends from szrum concentrations
of 1.6-3.0 ng/ml, 909 of the patients with no evidence
of digoxin intoxication had levels of 2.0 or below, while
879% of the toxic group had concentrations above 2.0.
In order to further define the area of overlapping se-
rum digoxin concentrations, clinical characteristics of

::: D Nontoxic (131)
i Toxic (48)
! Loy

L ] l I | I |
0 ! 2 3 4 5 6 7 a>e

SERUM DIGOXIN CONCENTRATION, ng/ml/

Ficure 4 Frequency histogram: serum digoxin concentra-
tions in all nontoxic and toxic patients studied. Proportions
of each group with levels in a given range are shown.
90% of patients with no evidence of digoxin intoxication
had levels of 2.0 ng/ml or below, while 87% of the toxic
group had concentrations above 2.0.
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TaBLE VI
Comparison of Patients with Intermediate Serum Digoxin Concentrations

Toxic; serum
digoxin < 2.0 ng/ml

Nontoxic; serum
digoxin > 2.0 ng/ml

n
Age, yr*
Serum K*, mEq/liter*
BUN, mg/ 100 ml*
Digoxin dosage, mg/day*
Cardiac diagnosist
Coronary artery disease
Acute myocardial infarction

Valvular heart disease§
Cor pulmonale
No documented cardiac disease (carcinoma with
pleural effusion)
Underlying cardiac rhythm
Sinus rhythm
Atrial fibrillation
Atrial flutter
Varying between sinus rhythm and atrial fibrillation

10 6
62  £17 (24-77) 71 x5 (65-81)
4.2 +0.5 (3.54.9) 4.1 0.7 (3.0-5.2)
29  £12 (13-54) 25 £13 (1043)
0.43 £0.18 (0.25-0.75) 0.31 £0.10 (0.25-0.50)
4 6

0 2 definite

1 probable

3 . 0

1 0

2 0

4 4

4

1

1 2

* Expressed as mean =SD (range).
1 Numbers denote numbers of patients in given category.

§ Includes rheumatic valcular disease and calcific aortic stenosis.

the 10 nontoxic patients with levels above 2.0 ng/ml and
of the six toxic patients with levels of 2.0 and below are
compared in Table VI. Although the numbers are too
small for useful statistical correlation, the ages of toxic
patients with relatively low serum digoxin levels tended
to be more advanced, while their blood urea nitrogen and
serum potassium concentrations were similar. Rhythm
disturbances in the toxic subgroup were ventricular
bigeminy in three (progressing to ventricular tachycardia
in one), multifocal ventricular premature beats in two,
and atrial fibrillation with a ventricular response be-
tween 30 and 40 and occasional ventricular premature
beats in the sixth patient. Of particular interest is the
fact that all toxic patients with levels of 2.0 or below
had coronary artery disease. In the three patients with
definite or probable acute myocardial infarction the
rhythm disturbances encountered might have occurred
without cardiac glycosides having been administered.
However, since they met the formal criteria (dysrhyth-
mias disappearing concurrently with withholding of
digoxin), they have been included in this category.
Also of possible significance was the observation that 4 of
the 10 nontoxic patients with serum digoxin levels
above 2.0 ng/ml were receiving antiarrhythmic drugs
including quinidine in one, propranalol in another, and
both quinidine and propranalol in the remaining two.
Intermediate group: patients with possible digoxin
excess. Clinical data and serum digoxin concentrations
for the 48 patients meeting the criteria listed in Table
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II are summarized in Table VII. As a group they were ~
comparable in age with toxic patients and older than the
nontoxic group. Body weight was less, consistent with
the lower proportion of male patients. Mean blood urea
nitrogen concentration fell in an intermediate position,
higher than that of nontoxic patients but lower than the
toxic group, with the differences significant (P < 0.05)
in both instances. Also significant at the 0.05 level was
a somewhat lower over-all incidence of coronary artery
disease. The proportion of uremic patients fell between
those in the nontoxic and toxic groups but was signifi-
cantly different only from the nontoxic group. Also in-
termediate was the incidence of extracardiac manifes-
tations of toxicity; the difference was significant in
comparison with frankly toxic patients. Mean serum po-
tassium concentration, underlying cardiac rhythm, and
incidence of chronic pulmonary disease were comparable
with those of patients in the other two categories.
Although mean daily digoxin dosage did not differ
significantly from values for either nontoxic or toxic
patients, mean serum digoxin concentration fell in an
intermediate position which was higher than that of
nontoxic patients (P <0.005) but substantially lower
(P <0.001) in comparison with the toxic group. Not
unexpectedly, the range of values encountered in this
intermediate group was quite broad, extending from
0.8 to 4.4 ng/ml. Serum digoxin concentration data cor-
responding to each dysrhythmia category listed in Ta-
ble IT are summarized in Table VIII. The mean concen-



TaBLE VII

Clintcal Data for Patients with Questionable Digoxin Excess

Comparison Comparison
with nontoxic with toxic
group (P¥) group (P¥)
No. 48
Age, yr} 67  +12 (42-83) <0.001 NS
Weight, 1.} 130  £26 (84-184) <0.01 <0.001
BUN, mg/100 ml} 36 422 (10-108) <0.05 <0.05
Serum K*, mEq/liter} 4.3 +09 (2.6-7.1) NS NS
Digoxin dosage, mg/dayt 0.30 +0.18 (0.125-1.0) NS NS
Serum digoxin concentration, ng/ml} 1.9 +0.8 (0.8-4.4) <0.005 <0.001
Male sex (%) 46 NS NS
Cardiac diagnosis (%)
Coronary artery disease 50 <0.05 <0.05
Valvular heart disease§ 33 NS NS
Hypertensive heart disease 2
Cor pulmonale 4
Cardiomyopathy 4
Other 6
Underlying cardiac rhythm (%)
Sinus rhythm 59 NS NS
Atrial fibrillation 30 NS NS
Atrial flutter 2
Varying between sinus thythm and atrial fibrillation 7
Ventricular pacing 2
Chronic pulmonary disease (%) 19 NS NS
Uremia (BUN > 50 mg/100 ml) (%) 21 <0.01 NS
Extracardiac symptoms of toxicity (%) 10 NS <0.01
* ¢t or Chi square test; NS denotes P > 0.05.
{ Expressed as mean =+sD (range).
§ Classification includes rheumatic valvular disease and calcific aortic stenosis.
TaBLe VIII
Serum Digoxin Concentrations in Patients with Questionable Toxicity
Comparison Comparison
Serum digoxin with nontoxic with toxic
Dysrhythmia category* No. concentration group group
ng/mil§ Pt P}
A. Occasional ventricular permature beats 29 1.9 0.6 <0.001 <0.001
(0.8-3.6)
B. First degree atrioventricular block 12 2.0 +1.1 <0.001 <0.05
(0.8-4.4)
C. Atrial fibrillation with atrioventricular junctional escape beats 8 1.7 £0.7 <0.001 NS
(0.9-3.0)
D. Sinus bradycardia 6 2.0 +0.8 <0.001 <0.05
(1.0-3.2)
E. Atrial fibrillation with ventricular response 50-65 beats/min 2 (1.0-2.2) — —

* Classifications corresponding to Table II.
i ¢ test; NS denotes P > 0.05.
§ Mean sp (range).

Digoxin Intoxication: Clinical Presentation and Serum Concentration 2383



trations noted within each dysrhythmia category are
quite similar and differ significantly from both non-
toxic and toxic groups in most instances.

DISCUSSION

Successful application of the radioimmunoassay approach
to measurement of serum digitoxin concentration by
Oliver, Parker, Brasfield, and Parker (17) and the de-
velopment of reliable methods for obtaining digoxin-
specific antibodies by Butler and Chen (18) have led to
a clinically applicable radioimmunoassay for serum di-
goxin concentration (11). The ability to accurately
quantify serum or plasma concentrations of unlabeled di-
goxin as low as 0.2 ng/ml now enables one to extend
observations initially made on volunteers with subtoxic
doses of tritium-labeled digoxin (19) to the entire spec-
trum of patients under treatment with the drug. Three
studies of relatively small numbers of patients, two by the
red blood cell rubidium-86 uptake inhibition method
(12, 13) and one by radioimmunoassay (11), have noted
higher serum or plasma digoxin concentrations in pa-
tients with evidence of digoxin toxicity compared with
nontoxic subjects.. Detailed clinical characterization of
patients included in these reports is not available. The
relative merits of the two assay systems and the differ-
ences in digoxin concentrations reported have recently
been discussed (9) and will not be considered further
here.

In the design of the present study, particular attention
has been directed to two major areas: the description
of a number of pertinent clinical characteristics of the
patients under study, evaluated at the time of serum
digoxin assay rather than retrospectively, and the
analysis of serum digoxin concentrations in a suffi-
ciently large series of patients that some impression of
the predictive and diagnostic value of the assay can be
formed. As a corrollary to the latter objective, data have
been included in an attempt to characterize the clinically
difficult group of patients in whom equivocal signs of
digoxin excess exist, and to explore the intermediate
range of serum digoxin concentrations where cardiac
manifestations of toxicity may or may not exist depend-
ing on the multiple factors which affect individual sen-
sitivity to the drug (20).

Although the criteria used to define toxicity, which lie
at the crux of a study of this sort, include data available
only after one has had the opportunity to observe the re-
sponse to withdrawal of the drug, we have been im-
pressed by the rarity with which dysrhythmias A and B
in Table I fail to resolve following withdrawal of the
drug. Only two patients, both in category B, failed to
respond within 1 wk of discontinuance of digoxin and
continued to have runs of ventricular bigeminy when
dysrhythmia suppressants were temporarily discon-
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tinued. In categories C and D lack of response to with-
drawal of digoxin was noted in one patient in each of the
two groups, with consequent exclusion from the series.
It must be recognized, however, that the selection of
patients was not truly random, and the exclusion of
nonhospitalized subjects forces the analysis of a consid-
erably older, sicker, and more complicated popula-
tion compared with the full spectrum of patients under
treatment with the drug.

Comparing data obtained from patients classified as
clearly toxic or nontoxic, significant differences were
found in age, renal function, and noncardiac symptoms
of toxicity in addition to the highly significant difference
in mean serum digoxin concentration. The age difference
observed, although not large, confirms the clinical im-
pression (21) that older patients are more likely to
become intoxicated on a given dose of the drug, a find-
ing at least in part explained by the tendency to progres-
sive diminution in renal function with age (22). Since
digoxin is predominantly excreted unchanged by the kid-
ney (19), it is not surprising that a significantly higher
mean BUN as well as incidence of uremia was observed
in the toxic group, both taken as a whole, and in the
large subgroup receiving a maintenance dose of 0.25
mg/day. The lack of difference between mean blood
urea nitrogen values of nontoxic and toxic patients at
the 0.50 mg/day dose level despite a marked difference in
serum digoxin concentration (see Fig. 3) illustrates
the fact that the correlation between blood urea nitrogen
and serum digoxin concentration at a given dose level
is not as predictable as one might wish. Several factors
probably contribute to this discrepancy, including the
inadequacy of blood urea nitrogen concentration as a
measure of glomerular filtration rate (23), variation in
absorption of orally administered digoxin (24), and
variation in nonrenal excretion.

The 389 incidence of extracardiac manifestations of
digoxin toxicity among patients with digoxin induced
rhythm disturbances, although more than 10-fold higher
than the incidence in patients without cardiac toxicity,
is still somewhat lower than that reported in most
series of patients with digitalis intoxication (4). This
may be related in part to the limitation of this study to
patients receiving a crystalline glycoside which is
thought by a number of authors (3, 4) to lower the in-
cidence of extracardiac toxicity relative to rhythm dis-
turbances below that encountered with digitalis leaf.
Probably more important are our criteria for digoxin in-
toxication, which exclude patients exhibiting gastroin-
testional, visual, or neurologic symptoms but lacking
cardiac dysrhythmias.

The absence of a significant difference in mean serum
potassium concentration of nontoxic and toxic patients
does not gainsay the importance of this factor as a de-



terminant of sensitivity to cardiac glycosides but rather
seems to reflect the fact that all patients in the study
were under close surveillance, with potassium supple-
mentation in all who were hypokalemic at the time of
admission or who were receiving potassium wasting
diuretics.

The distribution of the types of rhythm disturbances
reported here is in general agreement with the large
series of patients with digitalis toxicity compiled by
Chung (3), Fisch and Stone (6), and Fisch and
Knoebel (8). The difference in mean serum digoxin
concentration noted between the 39 toxic patients with
ectopic impulse formation and the nine whose primary
manifestation of toxicity was depression of conduction
(Table V) is probably related to the nature of the pa-
tient population reported here rather than a general
characteristic of digoxin action. A substantial proportion
of patients with conduction disturbances probably had
some degree of latent organic disease of the atrioven-
tricular conducting system to which was added the vagal
and direct effects of digoxin. If digitalis glycosides in
fact tended to produce conduction disturbances at lower
concentrations than those resulting in ectopic impulse
formation, many of the patients in categories A and B
would presumably have developed clinically apparent
atrioventricular block before serum and myocardial
digoxin concentrations reached levels causing active
dysrhythmias. Furthermore, it has been our experience
as well as that of others (25) that patients with normal
hearts, who ingest very large amounts of digitalis by
accident or with suicidal intent tend to develop atrio-
ventricular conduction disturbances more commonly than
acceleration of subsidiary pacemakers.

As we have noted, mean serum digoxin concentration
is strongly correlated with presence of cardiac toxicity
when one looks at patients fulfilling rigid criteria for
the presence or absence of digoxin intoxication. The de-
gree of overlap in digoxin levels for the two groups, as
shown in Fig. 4, is relatively small and would be
smaller still if one excluded the three patients with
definite or probable acute myocardial infarction from the
toxic group (Table VI) and the four patients receiving
dysrhythmia suppressant drugs from the nontoxic group.
The high incidence of coronary artery disease among
patients with digoxin intoxication at relatively low se-
rum levels is of interest and is consistent with the hy-
pothesis that ischemic myocardium may respond with
toxic manifestations at concentrations which are better
tolerated by the well-perfused heart. A disproportionately
high incidence of coronary artery disease has also been
noted in patients with digitoxin intoxication and inter-
mediate serum concentrations of the drug (26).

From the standpoint of clinical management, most de-
cisions to give or withhold cardiac glycosides in patients

Digoxin Intoxication: Clinical Presentation and Serum Concentration

meeting the criteria in Table I will be straightforward,
and knowledge of serum digoxin concentration will be
chiefly of investigative interest. Exceptions occur when
an accurate history of dosage cannot be obtained, the
extent of absorption of orally administered doses is un-
certain (27), or in hemodynamically unstable patients
with fluctuating renal function as after acute myocardial
infarction or cardiac surgery. When confronted by the
sorts of rhythm disturbances listed in Table II, how-
ever, difficult decisions tend to be the rule, particularly
in patients badly in need of the inotropic support of digi-
talis glycosides. As indicated in Table VII, these pa-
tients tend, like those classified as definitely toxic, to be
advanced in age and clinically complicated with a rela-
tively high incidence of impaired renal function. A wide
range of serum digoxin concentrations was found, and it
is clear that no arbitrary level can be chosen below or
above which digoxin should or should not be continued.

In cases of organic disease of the conducting system,
even low digoxin levels may precipitate significant
atrioventricular block. On the other hand, relatively high
doses and serum digoxin concentrations may be neces-
sary to control ventricular rate in some patients with
supraventricular tachyarrhythmias despite equivocal
manifestations of digitalis excess such as occasional
ventricular or atrioventricular junctional premature
beats. Bearing in mind these caveats, however, it may
be stated that levels below 1.5 ng/ml are unlikely to be
associated with significant digoxin intoxication, while
levels above 3.0 ng/ml by our method carry a high prob-
ability of digoxin induced rhythm disturbance in patients
with cardiac disease. In view of the multiple factors
governing individual response to cardiac glycosides
(20), the serum digoxin concentration should be viewed
as just one of many important factors to be weighed in
a complex clinical setting.

Finally, some mention should be made of the relation-
ship between serum digoxin concentration and effective
concentration of the drug in myocardium. The studies
of Doherty and his coworkers (Perkins, and Perkins and
Flanigan) with tritiated digoxin have suggested a rela-
tively constant ratio between serum and myocardial di-
goxin concentration, both in dogs studied experimentally
(28) and in human subjects coming to postmortem ex-
amination (29). Nevertheless, alterations in sodium
(30) and potassium (31-33) metabolism and thyroid
function (34) appear to alter this ratio. Relatively little
is known about homogeneity of myocardial digoxin dis-
tribution, particularly in the heart with areas of focal
ischemia or infarction. Furthermore, until the elusive
digitalis receptor is better characterized one is unable
to define even the relationship between total myocardial
and effective receptor site concentrations. In any case,
on the basis of the results presented above, it seems
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justified to conclude that whatever the serum to myo-
cardial digoxin concentration ratio may be, a clinically
meaningful relationship exists between serum digoxin
concentration and disturbances of rhythm in a broad
spectrum of hospitalized patients with cardiac disease.

ACKNOWLEDGMENTS

We are indebted to Dr. Vincent P. Butler, Jr. for his
cooperation and encouragement, to Dr. John Gilbert for
assistance with computer methods, and to Miss Lynne
Geever, R.N., and Miss Marcia Jackson for expert technical
assistance.

This investigation was supported in part by N. I. H.

Fellowship grant number FO3 HE-44673, U.S.P.H.S. Con- .

tract PH-43-67-1443, and a grant from Burroughs Wellcome
& Co. (U.S.A.), Inc, Tuckahoe, N. Y.

REFERENCES

1. Sodeman, W. A. 1965. Diagnosis and treatment of
digitalis toxicity. N. Engl. J. Med. 273: 35, 93

2. Rodensky, P. L., and F. Wasserman. 1961. Observations
on digitalis intoxication. Arch. Intern. Med. 108: 171.

3. Chung, E. K. 1969. Digitalis Intoxication. Excerpta
Medica Foundation, Amsterdam.

4, Irons, G. V., Jr.,, and E. S. Orgain. 1966. Digitalis-
induced arrhythmias and their management. Progr. Car-
diovasc. Dis. 8: 539.

5. Pick, A., and M. Igarashi. 1969. Mechanisms, differential
diagnosis, and clinical significance of digitalis-induced
arrhythmias. In Digitalis. C. Fisch and B. Surawicz,
editors. Grune & Stratton, Inc.,, New York. 148-161.

6. Fisch, C., and J. M. Stone. 1969. Recognition and treat-
ment of digitalis toxicity. In Digitalis. C. Fisch and
B. Surawicz, editors. Grune & Stratton, Inc., New York.
162-173.

7. Castellanos, A., Jr., A. A. Ghafour, and A. Soffer. 1969.
Digitalis-induced arrhythmias: recognition and therapy.
In Cardiovascular Clinics. Cardiovascular Therapy. A.
N. Brest, editor. F. A. Davis Co., Philadelphia, Pa.
1(3) : 108-127.

8. Fisch, C., and S. B. Knoebel. 1970. Recognition and
therapy of digitalis toxicity. Progr. Cardiovasc. Dis.
12: 383.

9. Smith, T. W., and E. Haber. 1970. Current techniques
for serum or plasma digitalis assay and their potential
clinical application. Amer. J. Med. Sci. 259: 301.

10. Lowenstein, J. M., and E. M. Corrill. 1966. An improved
method for measuring plasma and tissue concentration
of digitalis glycosides. J. Lab. Clin. Med. 67: 1048.

11. Smith, T. W., V. P. Butler, Jr., and E. Haber. 1969.
Determination of therapeutic and toxic serum digoxin
concentrations by radioimmunoassay. N. Engl. J. Med.
281: 1212.

12. Grahame-Smith, D. G., and M. S. Everest. 1969. Mea-
surement of digoxin in plasma and its use in diagnosis
of digoxin intoxication. Brit. Med. J. 1: 286.

13. Ritzmann, L. W., C. C. Bangs, D. Coiner, J. M. Custis,
and J. R. Walsh. 1969. Serum glycoside levels in digi-
talis toxicity. Circulation. 40(Suppl. 3): 170.

14. Barr, I, T. W. Smith, M. Klein, E. Haber, and B.
Lown. 1970. Comparative assay of digoxin toxicity. Clin.
Res. 18: 297.

15. Smith T. W., V. P. Butler, Jr., and E. Haber. 1970.
Characterization of antibodies of high affinity and

2386 T. W. Smith and E. Haber

16.

17.

18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

specificity for the digitalis glycoside digoxin. Biochem-
istry. 9: 331.

Snedecor, G. W, 1956. Statistical Methods. Applied to
Experiments in Agriculture and Biology. The Iowa
State College Press, Ames, Iowa. 5th edition.

Oliver, G. C,, Jr., B. M. Parker, D. L. Brasfield, and
C. W. Parker. 1968. The measurement of digitoxin in
human serum by radioimmunoassay. J. Clin. Invest. 47
1035.

Butler, V. P, Jr., and J. P. Chen. 1967. Digoxin-specific
antibodies. Proc. Nat. Acad. Sci. U.S.A. 57: 71.
Doherty, J. E. 1968. The clinical pharmacology of digi-
talis glycosides: a review. Amer. J. Med. Sci. 255: 382.
Surawicz, B., and S. Mortelmans. 1969. Factors affecting
individual tolerance to digitalis. I/n Digitalis. C. Fisch
and B. Surawicz, editors. Grune & Stratton, Inc., New
York. 127-147.

Dall, J. L. C. 1965. Digitalis intoxication in elderly
patients. Lancet. 1: 194,

Ewy, G. A, G. G. Kapadia, L. Yao, M. Lullin, and
F. I. Marcus. 1969. Digoxin metabolism in the elderly.
Circulation. 39: 449,

Relman, A. S, and N. G. Levinsky. 1963. Clinical
examination of renal function. In Diseases of the
Kidney. M. B. Strauss and L. G. Welt, editors. Little,
Brown and Company, Boston, Mass. 3: 80.

Moe, G. K., and A. E. Farah. 1965. Digitalis and allied
cardiac glycosides. In The Pharmacological Basis of

Therapeutics. L. S. Goodman and A. Gilman, editors. .

The Macmillan Company, New York. 3rd edition. 665-
698.

Bergy, G. G, E. B. Fergus, and R. A. Bruce. 1957.
Acute massive digitoxin poisoning : report of a case and
review of the literature. Aun. Intern. Med. 46: 964.
Smith, T. W. 1970. Radioimmunoassay for serum digi-
toxin concentration: methodology and clinical experience.
J. Pharmacol. Exp. Ther. In press.

Heizer, W. D,, S. E. Goldfinger, T. W. Smith, and E.
Haber. 1970. Reduced serum digoxin levels in patients
with malabsorption syndromes. Amer. J. Cardiol. 25: 101,
Doherty, J. E., and W. H. Perkins. 1966. Tissue con-
centration and turnover of tritiated digoxin in dogs.
Amer. J. Cardiol. 17: 47.

Doherty, J. E, W. H. Perkins, and W. J. Flanigan.
1967. The distribution and concentration of tritiated
digoxin in human tissues. Ann. Intern. Med. 66: 116.
Harrison, C. E,, Jr., and K. G. Wakim. 1969. Inhibition
of binding of tritiated digoxin to myocardium by sodium
depletion in dogs. Circ. Res. 24: 263.

Harrison, C. E., Jr, and A. L. Brown, Jr. 1968. Myo-
cardial digoxin-°H content in experimental hypokalemic
cardiomyopathy. J. Lab. Clin. Med. 72: 118.

Marcus, F. I.. G. G. Kapiada, and C. Goldsmith. 1969.
Alteration of the body distribution of tritiated digoxin
by acute hyperkalemia in the dog. J. Pharmacol. Exp.
Ther. 165: 136.

Goldsmith, C, G. G. Kapiada, L. Nimmo, C. Murphy,
H. Moran, and F. I. Marcus. 1969. Correlation of digi-
talis intoxication with myocardial concentration of tri-
tiated digoxin in hypokalemic and normokalemic dogs.
Circulation. 40(Suppl. 3) : 92.

Doherty, J. E., and W. H. Perkins. 1966. Digoxin me-
tabolism in hypo- and hyperthyroidism: studies with
tritiated digoxin in thyroid disease. Ann. Intern. Med.
64: 489.



