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1968; Ceremuzyniski et al., 1969; Kurien et al., 1969), and it is
well known that catecholamines can release F.F.A.s from
adipose tissue, thus raising their circulatory levels (Carlson,
1968).
The present study has shown that it is possible to predict

those patients liable to develop significant arrhythmias follow-
ing acute myocardial infarction by using a plasma
noradrenaline level obtained early in the course of their ill-
ness. F.F.A. levels obtained simultaneously were of no value
in predicting these vulnerable patients.

It is suggested that plasma noradrenaline estimations could
be used to determine those patients who would benefit most
from the continuous monitoring facilities of a coronary care
unit.

If dysrhythmias following acute myocardial infarction are
related to the excess circulating noradrenaline then clearly 3-
adrenergic blocking agents could be of prophylactic value.
Propranolol has undergone several unsuccessful trials in this
connexion (Clausen et al., 1966; Balcon et al., 1967; Norris et
al., 1968). In these trials the dose administered was limited by
the drug's negative inotropic properties. The more recently
introduced practolol, which does not possess significant nega-
tive inotropic properties, might be of more value as a
prophylactic measure in this clinical situation.

This study was suggested by Dr. J. F. Pantridge.
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Large-scale Digitoxin Intoxication
A. H. LELY,* M.D.; C. H. J. VAN ENTER,* M.D.

British Medical Journal, 1970, 3, 737-740

S ummary: Because of an error in the manufacture
of digoxin tablets a large number of patients took

tablets that contained 020 mg. of digitoxin and 0-05 mg.
of digoxin instead of the prescribed 0-25 mg. of digoxin.
The symptoms are described of 179 patients who took
these tablets and suffered from digitalis intoxication. Of
these patients, 125 had taken the faultily composed tablets
for more than three weeks. In 48 patients 105 separate
disturbances in rhythm or in atrioventricular conduction
were observed on the electrocardiogram. Extreme fatigue
and serious eye conditions were observed in 95% of the
patients. Twelve patients had a transient psychosis.
Extensive ophthalmological observations indicated that
the visual complaints were most probably caused by a
transient retrobulbar neuritis.

Introduction

At the beginning of February 1969 several patients were
admitted to our hospital with symptoms of serious digitalis
intoxication. They had all taken tablets containing 0-25 mg. of
digoxin in normal daily dosage for months or years without
incurring side-effects. This led us to suspect that the composi-
tion of the latest tablets supplied was faulty. On 7 February
we asked the local pharmaceutical chemist to examine them.
On 12 February we were informed that the tablets contained
0 20 mg. of digitoxin and 0.05 mg. of digoxin instead of
0.25 mg. of digoxin.
The chemist, who supplied drugs to the town of Veenen-

daal (± 30,000 inhabitants) as well as to the local hospital had
delivered the tablets on 6 December 1968. At the most,

*Internist, Department of Internal Medicine, Juliana Hospital, Veenendaal,
The Netherlands.

therefore, the patients had been taking them for 10 weeks. As
we knew the dates of their delivery we could trace the
number of days each patient had taken them.
Immediately it became known that digitoxin intoxication

had occurred on a large scale many of the patients with
serious symptoms were admitted to hospital. We went through
the case histories of all those who had been admitted during
the previous two months, and it became evident that we had
in fact seen even more patients with digitalis intoxication.
In maintenance dosage digitoxin is weight for weight more

active than digoxin. This is due to better resorption and
slower excretion. Moe and Farah (1965) mentioned a daily
maintenance dose of 0.05 to 0.2 mg. for digitoxin and 0.25
to 1 mg. for digoxin. Friedberg (1966) gives 0.05 to 0.2 mg.
for digitoxin and 0-125 to 0.75 mg. for digoxin. According to
these amounts, our patients had taken a daily dose of cardiac
glycosides which was 2-2 to 4-2 times higher than that
prescribed. Numerous publications have appeared since
Withering's (1785) frequently quoted observations on digitalis
intox; cation.

Fairly large studies of digitalis intoxication during digitalis
therapy among inpatients have been published-by Flaxman
(1948) 30 cases, Crouch et al. (1956) 100 cases, Shrager (1957)
40 cases, von Capeller et al. (1959) 148 cases, Rodensky and
Wasserman (1961) 88 cases, Dreifus et al. (1963) 161 cases,
Scholmerich et al. (1964) 143 cases, Dubnow and Burchell
(1965) 236 cascs, and Chung (1969) 1QO cases. With the
exception of the reports of Flaxman (1948) and Rodensky and
Wasserman (1961) these cases were assembled in retrospect,
with all the shortcomings of such situations. In addition, most
of these series were based solely on the electrocardiographic
evidence of digitalis intoxication. These drawbacks do not
apply to the report by Church et al. (1962), who,in 41 epi-
sodes, deliberately gave excessive amounts of digitalis to 30
patients.
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In France, where frequent attenmxpts at suicide with
digitaline (digitoxin) solution have been made in recent years,
two large series of intoxication by ingestion of a massive dose
of digitoxin have been published by Potter et al. (1964), 45
cases, and by Gaultier et al. (1968), 70 cases. More than half
of these cases were of patients with a previously sound heart.
So far as we know an epidemic of digitoxin intoxication
among patients on a maintenance dose of digitalis has not yet
taken place.

Patients and Materials
In 179 patients (90 females and 89 males) digitalis intoxica-

tion was caused by the taking of faultily composed tablets;
68% were 60 years of age or older. Previously all of them
had taken digoxin tablets-in a daily maintenance dose-for
periods ranging from a few months to several years without
showing symptoms of digitalis intoxication. Of these 179
patients 47 were treated in hospital. After the faultily com-
posed tablets had been withdrawn the symptoms of intoxica-
tion disappeared in all patients with the exception of those
who died.

Ninety-three patients (52%) received a daily maintenance
dose of one tablet, 78 (44% ) received two tablets, and 8
received three tablets per day. In Table I the time during
which the tablets were taken is recorded; on average this was
four to five weeks. Twenty-nine patients (17%) took them for
more than eight weeks. In 85 patients we could trace the
number of weeks during which they had symptoms before use
of the tablets was stopped (Table II). Twenty-four patients
(28%) had had symptoms for more than three weeks and 7 (8%)
for more than five weeks.
The symptoms are recorded in Table III. It was not pos-

sible to interview all 179 patients during the period of illness.
In 160 we were able to trace the number of weeks which
elapsed before they were free from symptoms. In most cases
this was from one to four weeks after withdrawal of the
tablets (see Table IV). After four weeks 24 patients (15%)
were still not free of symptoms. At that time we had
assembled the case histories of 111 patients, leaving the
remainder to be collected later. Electrocardiograms of 47
patients were taken during intake, or at least within 24 hours
after the withdrawal, of the tablets. Changes typical of digi-
talis intoxication were seen in 38 of these. Between the second
and the seventh day after cessation of the tablets, electrocar-
diograms were taken of another 19 patients, and 11 showed
typical changes. When we found disturbances typical of digi-
talis intoxication, electrocardiograms were taken daily in most
patients. Frequently, more than one type of disturbance
occurred in the one electrocardiogram, and often during sub-
sequent days still more types were observed. In 48 patients we
observed 105 separate disturbances in rhythm or in atrio-
ventricular conduction (Table V).
We may assume that use of the tablets contributed to the

death of six of the inpatients. Four of these died before we
suspected the faulty composition of the tablets, and we attri-
buted death to their poor myocardial condition. All of the
six patients had had an arrhythmia before death. It is known
that all the disturbances in cardiac rhythm and conduction
caused by digitalis intoxication can also be the result of a
poor condition of the heart.
Apart from the 179 patients previously mentioned, we saw 17,

of whom 13 had taken the faultily composed tablets for
more than two weeks with no or at least only doubtful symp-
toms of digitalis intoxication. Among these 17 patients there
were only a few whose myocardial condition was poor. In a
further 17 patients, owing to their poor mental condition, it
was not possible to obtain a good history of their symptoms.
Information obtained from local general practitioners showed
that the faulty tablets had led to fairly serious symptoms of

TABLE I.-Number of Weeks During which the Faultily Composed Tablets
were Taken by the 179 Patients who Developed Digitoxin Intoxication

No. ofweeks .. -1 -2 -3 -41-5 - -7 -8 -9 -10 Unknown

No. of patients.. 8 19 25 24 23 23 15 12 27 2 1

TABLE II.-Duration of Complaints in 85 Patients Before Withdrawal of
th6 Faultily Composed Tablets

No. of weeks -1 -2 -3 -4 -5 -6 -7

No. of patients .9 25 27 10 7 5 1 1

TABLE III.-Symptoms of 179 Patients with Digitoxin Intoxication

Symptoms

Fatigue
Visual complaints
Muscular weakness ..
Nausea
Anorexia
Psychic complaints
Abdominal pains
Dizziness
Dreams
Headache
Diarrhoea
Vomiting
Retrosternal pains

Percentage

Positive Negative
95
95
82
81
80
65
65
59
54
45
41
40
9

5
5
18
19
20
35
35
41
46
55
59
60
91

Sinus arrhythmia.
Sino-auricular block
Sinus bradycardia.
Coronary sinus rhythm
Supraventricular tachycardia
Atrial tachycardia with block
Atrial fibrillation.
Atrial flutter
Atrial extrasystoles
Atrial bigeminy
Nodal rhythm
Nodal tachycardia.
First-degree block
Second-degree block
Total block
Changing A.V. conduction
Wenckebach phenomenon
Ventricular bradycardia with atrial fibrillation
Unifocal ventricular extrasystoles
Multifocal ventricular extrasystoles
Ventricular bigeminy
Ventricular tachycardia

2
3
4
1
1
4

4
5
1
6
6

21

5
2
1
6
14
8
7
2

digitalis intoxication in a number of their patients also (not
included in this article). It was presumed that the tablets had
contributed to the death of some of them.

Comment
Gastrointestinal Symptoms.-Eighty per cent. of the

patients complained of anorexia and nausea (Table III), these
often being the first symptoms. In 40% of the patients vomit-
ing occurred, sometimes in combination with stomach pain.
For a short time the vomit consisted of mucus. Diarrhoea
occurred in 41% of patients, mostly only for a few days,
stools resembling a foamy liquid. Abdominal pains occurred
in 65%, the patients often complaining of a tight and bloated

BiEmUMEDICAL JOURNAL

TABLE IV.-Duration of the Complaints after Cessation of the Faultily
Composed Tablets in 160 Patients

No. of weeks.. .. -1 -2 -3 -4 -5 -6 -7 -8 -9 -10
No. of patients .. .. 22 44 46 24 6 11 4 1 1 1

TABLE V.-105 Separate Disturbances in Rhythm or in Atrioventricular
Conduction Observed on Electrocardiograms of 48 Patients with Digitoxin
Intoxication

_
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feeling. Two were admitted to hospital with an acute
abdominal syndrome.
Neuromuscular and Psychiatric Symptoms.-Ninety-five per

cent. of the patients complained of acute fatigue. This was
often expressed as a "deadly tiredness" and a "most miser-
able feeling." In 82% muscular strength was diminished, so
that there was difficulty in walking and in raising the arms.
Ten patients had vague pains in the calves, back, and arms.
Psychic disturbances were present in 65% of the patients.
These included bad dreams, restlessness, nervousness, agita-
tion, listlessness, drowsiness, and fainting. Pseudohallucina-
tions were observed in 12 patients and delirium in four
(Weenink et al., 1969). Two patients had generalized
itching.

Visual Symptoms.-Ninety-five per cent. of the patients
had visual disturbances, which were often among the initial
symptoms. Most of them complained of hazy vision and dif-
ficulty in reading. Often the colours of objects seemed altered
and indistinct. Some patients had photophobia, and many saw
all kinds of glitterings, moving spots, balls, rings, and flames
with yellow, red, green, or dark colours. Some distinctly
described a dark spot in the centre of their field of vision. Of
the 79 patients examined ophthalmologically (Cozijnsen and
Pinckers, 1969), 43 were investigated intensively during the
first 10 days after withdrawal of the tablets. In eight patients
colour vision was studied both at that point and again three
months later, with the so-called Farnsworth Munsell Hue 100
test. The clinical picture was that of retrobulbar neuritis.
Nearly all patients had a disturbance in red-green perception.
Moire extensive study of the colour vision revealed the
presence of a transient acquired disorder of the protan type.

Cardiac Symptoms.-The effects of digitalis, which consist
of ST-T wave changes, shortening of Q-T intervals, and pro-
nounced U waves, were observed in 70%. This effect can
occur in any patient who takes digitalis, and does not neces-
sarily suggest intoxication. First-degree heart block (PQ time
longer than 0-21 second) was observed on 21 occasions and
total heart block on five, once accompanied by an idioven-
tricular rhythm and four times by nodal rhythm. Nodal
rhythm was seen in six cases, a nodal tachycardia in another
six, and one case showed atrial flutter. Atrial tachycardia with
block was present in four patients, three of whom were
among the six who died. Ventricular tachycardia was
observed twice; in one patient it was accompanied by Adams-
Stokes attacks and in the other it occurred just before death.
Fifteen patients had angina-pectoris-like attacks which disap-
peared after the tablets were withdrawn. We did not observe
any definite aggravation of cardiac insufficiency. Hypopotas-
saemia was not observed, the lowest level being
3.5 mEq/l.

Therapy
Patients with very serious symptoms were treated with

phenytoin (diphenylhydantoin), orally or intravenously. Other
patients received oral potassium. Intravenous infusions with
lignocaine were given to a few patients with arrhythniia.

Discussion
The symptoms of digitalis intoxication are generally

reported to occur in 7 to 20%/, of adult patients taking digi-
talis (Rodensky and Wasserman, 1961; Resnick, 1964; Gots-
man and Schrire, 1966). Probably the most reliable work in
this connexion comprises the recent epidemiological studies of
Shapiro et al. (1969), who found signs and sy-mptoms of
intoxication in 18.3% of 441 patients who took digitalis, and
of Hurwitz and Wade (1969), who mention adverse reactions
in 19.8% of 192 patients. During the last two decades this
percentage has become greater as a result of the use of potent
diuretics and the increasing number of elderly patients. Sub-

jects with a poor myocardial condition are more prone to dis-
turbances in heart rhythm and conduction. Among other
factors, cor pulmonale, acute myocardial infarction, potassium
depletion (whatever the cause), myxoedema, and diminished
renal function increase the risk of digitalis intoxication
(Cohen, 1952; Chung, 1969; Surawicz and Mortelmans, 1969).
Frequently digitalis intoxication is not recognized (Dall, 1965;
Sodeman, 1965).
Abdominal pain, as frequently observed by us, is described

by some authors as only a symptom of digitalis intoxication
(Shrager, 1957; Rosenberg and Graettinger, 1962; Moe and
Farah, 1965; Rutledge and Haddad, 1966). Other authors do
not mention it (Crouch et al., 1956; von Capeller et al., 1959;
Friedberg, 1966).
Less serious psychic conditions such as tiredness, nervous-

ness, restlessness, dreaming, and headache are easily
overlooked as symptoms of digitalis intoxication, especially
when digitalis is used in a maintenance dose.

Delirium caused by digitalis intoxication was mentioned for
the first time by Duroziez (1874). Thereafter it was described
on several occasions (King, 1950; Church and Marriott, 1959;
Rodova' and Hovola, 1959). Gaultier et al. (1968) found it in
31% of their cases of digitalis intoxication due to one massive
dose of digitoxin.
The frequency of visual complaints in the previously men-

tioned large series is about 10%. The fact that we found
these visual complaints in nearly all our patients is perhaps
due to the long duration of intake of the faultily composed
tablets.
Anrina pectoris has seldom been mentioned as a symptom

of digitalis intoxication (Mackenzie, 1908; Fenn and Gilbert,
1932, seven cases). Perhaps it is caused by decreased cardiac
output resulting from diminished contractility or arrhythmia
due to digitalis overdosage. A relative coronary insufficiency
due to the higher oxygen demand of the heart muscle during
arrhythmia is also a possible cause. The digitalis effect that,
according to Cohen (1952), is present in 30% of cases of digi-
talis intoxication was observed by us in 70% of our patients.
Until 1969 atrial flutter was mentioned only 30 times as a
sign of digitalis intoxication; in our series we observed one
case. In 75% of the cases of atrial tachycardia with block digi-
talis the cause of this arrhythmia is intoxication, and is
mostly seen when the myocardium is seriously damaged. It
has a bad prognosis (Lown et al., 1959). We observed this
phenomenon in four patients, three of whom were among the
six who died. In the larger series mentioned earlier in this
article it was seen in 4 to 10% of the cases.
Nodal escape rhythm and nodal tachycardia are often seen

during digitalis intoxication. Shrager (1957), von Capeller et
al. (1959), and Dubnow and Burchell (1965) observed the con-
dition in 5 to 10% of their patients, and Chung (1969) saw it
in 46%. We found this arrhythmia in 25% (12 cases).

Neuralgia and gynaecomastia, occurring as symptoms of
digitalis intoxication (Meyler, 1966), were not observed in any
of our patients.

Digitoxin, when given in the normal dose, is excreted for
the most part in two to three weeks (Friedberg, 1966). In
patients who receive an overdosage the period is longer. In
our cases 14% still had complaints after four weeks.
We observed 21 patients who resumed digoxin therapy in a

normal dose about eight days after they had stopped taking
the faultily composed tablets. These patients again incurred
all the symnptoms of digitalis intoxication. At that point they
probably still had a high level of cardiac glycosides in their
organs, and thus a normal dose of digoxin could cause a digi-
talis intoxication.

It is worth noting that this large-scale digitoxin intoxica-
tion was recognized only in the town of Veenendaal and not
in the rest of the Netherlands, where the cases might have
been more scattered. In the country as a whole, out of a total
of 470,000 faultily composed tablets, 200,000 were used by
patients. The chemist in Veenendaal obtained 47,000 tablets.
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When, on 12 February 1969, it became clear that these
tablets contained too much active cardiac glycoside 38,000
tablets had already been delivered. Of these, 6,000 could be
recovered, so that 32,000 faulty tablets were used. So far as
we know, outside Veenendaal, patients with symptoms of digi-
talis intoxication due to the use of these tablets were dis-
covered only here and there. This could be explained by the
fact that the chemist in Veenendaal was the first in the
country to be fully supplied with these tablets and also by
the fact that this one chemist was responsible for providing
drugs to the whole town (about 30,000 inhabitants) and to the
hospital. It is possible that many cases went undiscovered. In
our material we observed a pattern of complaints different
from what is normally described. In particular, the high per-
centage of extreme fatigue and of visual symptoms (both 95%)
is striking. This can probably be explained by the fact that
a similar intoxication with an excessive maintenance dose of
digitoxin had never before been observed.

We wish to thank Dr. J. Pool, of the department of cardiology,
University Hospital, Leiden, for his help in this investigation.
A preliminary report on this large-scale digitoxin intoxication

has been published elsewhere (Lely et al., 1969).
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Haemodynamic Studies with Peruvoside in Human Congestive Heart Failure
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British Medical Journal, 1970, 3, 740-743

Summary: The immediate haemodynamic effects of peru-
voside, a cardiac glycoside obtained from the Indian

plant Thevetia neriifolia Juss, were studied in six patients
with congestive heart failure. The drug was found to
have an immediate and powerful positive inotropic and
negative chronotropic effect, like ouabain, on the failing
human heart. Oral peruvoside was also effective in the
treatment of congestive heart failure when used on a
short-term as well as a long-term basis. It therefore
seems that peruvoside is a useful cardiac glycoside in the
management of congestive heart failure in man as a
quick-acting intravenous preparation. It is equally effec-
tive when used orally.

Introduction

Peruvoside, a cardiac glycoside isolated by Rangaswami and
Rao (1959) from the kernels of the Indian indigenous plant
Thevetia neriifolia Juss, is stated to have a positive inotropic
effect in the cat papillary muscle (De et al., 1963), guinea-pig
heart (Kohli and Vohra, 1960), and the failing heart of mongrel
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t Research Fellow.
* Professor of Cardiology.
Department of Cardiology, All India Institute of Medical Sciences, New
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dogs (Arora et al., 1967). Studies in congestive heart failure in
man are, however, not available. In this communication we out-
line the haemodynamic effects of intracardiac peruvoside in six
patients with heart failure of varying aetiology. We also
report our observations on the clinical response to oral
peruvoside in these six and in an additional 22 patients
treated for 2 to 54 weeks.

Patients and Methods
The six patients (two men and four women) with heart

failure, physiologically studied, were aged 30 to 60 years.
Congestive heart failure was due to coronary heart disease
and primary myocardial disease in two patients each and to
atrial septal defect and rheumatic mitral incompetence in one
patient each. Three patients were in atrial fibrillation at the
time of study. Patients were studied within 48 hours of
admission. The investigative nature of the treatment was
explained to each patient and consent obtained before the
study. Any patient who had received a digitalis preparation in
the preceding seven days was excluded from the study.

Right heart catheterization was carried out in the post-
absorptive resting state in the supine position with standard
techniques. The brachial artery was cannulated for 'continu-
ous monitoring of arterial pressure and. as a site for sampling
blood-dye mixture for recording indicator dilution curves.
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