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hyperkalaemia in the case reported above. This
should be borne in mind in patients with leukaemia
who may appear to have hyperkalaemia and it does
not carry with it the known dangers of hyperkal-
aemia in vivo.
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Summary
A case of agranulocytosis following clomipramine
treatment is described. The period of agranulocytosis
lasted for 19 days and was complicated by systemic
Candida infection which was successfully treated with
flucytosine.

Introduction
Agranulocytosis is a well recognized compli-

cation of phenothiazine administration, and these
drugs are the most important cause of drug-induced
agranulocytosis at the present time. Agranulo-

Correspondence; Dr R. L. Souhami, University College
Hospital, Gower Street, London, W.C.I.

cytosis has been recorded with imipramine (Miller,
1963; Bird, 1960) and desipramine (Crammer and
Elkes, 1967). There are no published reports of this
complication following clomipramine, but three
cases of clomipramine-induced agranulocytosis have
been reported to the makers in the U.K. (Dr G. Beau-
mont, personal communication). Intravenous clomi-
pramine is used in the treatment of severe and
resistant forms of depression. A case is now reported
of severe agranulocytosis occurring in a patient who
had received intravenous clomipramine for depres-
sion. The illness which followed was complicated by
systemic Candida infection which was successfully
treated with flucytosine.
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Case report
A 37-year-old woman had suffered from severe

depression which had not improved with dothiepin
hydrochloride (prothiaden) and ECT. Treatment was
started with a regimen of oral and intravenous
clomipramine (Anafranil) over a period of 26 days.
She received 200 mg/day for 4 days orally and sub-
sequently 50-250 mg i.v./day. A total dose of 2-65 g
was given with clinical improvement.
Three weeks after stopping the treatment she

developed a fever and sore throat. A reddened
pharynx and cervical lymphadenopathy were noted.
She was treated with tetracycline for 1 week, without
effect. A white cell count at this time showed a com-
plete absence of neutrophils and she was transferred
to the medical wards.
On examination she was severely ill. Temperature,

39 50C; pulse, 120/min; blood pressure, 120/80 mm-
Hg. There was gross oral and pharyngeal Candida
infection and cervical lymphadenopathy. There were
rales at both lung bases. The liver and spleen were
enlarged 2 cm below the costal margin. Investiga-
tions: Hb. 11 1 g/dl, WBC 0-6 x 109/1 (all lympho-
cytes). Platelets 424 x 109/1, ESR 100 mm/I hr.
Blood cultures were sterile on all occasions. C. albi-
cans was isolated from mouth, throat and sputum.
Chest X-ray showed extensive bilateral pulmonary
infiltration. Examination of the sternal marrow gave
blood taps with scanty mononuclear cells which were
mostly lymphocytes, but there was a complete
absence of myeloid and erythroid precursors. Mega-
karyocytes were present.
Her progress is shown diagrammatically in Fig. 1.

She was treated with gentamicin 80 mg 8-hourly and
clindamycin 300 mg 6-hourly at first and oxymetho-
lone 50 mg 8-hourly was introduced after 4 days.
There was a complete lack of response as judged by
fever or improvement in chest X-ray appearances.
Her condition deteriorated and because of the
extensive Candida infection treatment with flucyto-
sine was begun. She was given 2 5 g i.v. 6-hourly.
Over the next 10 days she remained gravely ill, with
high fever and mental confusion. There was a com-
plete absence of circulating neutrophils. However,
the pulmonary infiltrates regressed to some extent.
She became jaundiced with serum bilirubin of 94
pmol/l, SGOT 122 i.u./1, alkaline phosphatase 56
i.u./l (8 KA u/l). The haemoglobin fell to 9-6 g!dl and
she was transfused 4 units of blood.
A second marrow examination 10 days after

admission gave scanty fragments consisting mostly
of fat spaces. Megakaryocytes were present but there
was no evidence ofregeneration. Just before recovery
a leucocyte transfusion was made using fresh whole
blood from a patient with myelosclerosis in whom
the total leucocyte count was 100 x 109/1. This did
not appear to confer any benefit and examination of
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FIG. 1. Showing haematological values with total neutro-
phil count shown by open circles. Bone marrow exami-
nations indicated by vertical arrows pointing upwards.
Blood transfusion indicated by vertical arrows pointing
downwards. The observed period of agranulocytosis
was 19 days.

the blood 6 hr after transfusion revealed no increase
in total leucocyte count and some damaged neutro-
phils on the blood film.
Twelve days after she had been noted to be

neutropenic there was an increase in the lymphocyte
count followed by the sudden reappearance of
neutrophils, rising to 16-0 x 109/1 over 4 days.
There was a simultaneous clinical improvement and
the patient was discharged 40 days after admission.
At the time of discharge the pulmonary infiltrates had
disappeared.
During the period of agranulocytosis she was fed

through a nasogastric tube. After recovery she com-
plained of severe dysphagia and barium swallow
revealed an extensive stricture of the oesophagus.
This failed to improve on dilatation and 4 months
later the lower two-thirds of the oesophagus was
resected and a length of colon transplanted. Her
swallowing then improved. There was no evidence
of Candida infection in the excised oesophagus.

Discussion
The selective loss of polymorphonuclear leuco-

cytes from the blood was first recognized by Brown
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and Ophuls (1902). Later Madison and Squier (1934)
recognized amidopyrine as the offending drug.
There appear to be at least two mechanisms of drug
induced agranulocytosis (Pisciotta, 1973). The first
mechanism appears to be immunological, granulo-
cytes being destroyed peripherally immediately after
ingestion of the drug to which the patient is sensitive.
The precipitous decline in granulocytes which follows
is reversed on stopping the drug. Amidopyrine
seems to act in this way.
The second type of reaction is idiosyncratic and

can occur after prolonged drug administration. The
effect may be related to the total dose administered.
There is a sudden onset of neutropenia and the bone
marrow reveals complete absence of granulocyte and
erythroid precursors. Thrombocytopenia does not
occur. Anaemia is not a problem clinically because
of the long life of red cells. If the drug is withdrawn
and the patient kept alive, the recovery of the blood
is sudden and occurs after 2 or 3 weeks. Many
patients die of infection, both bacterial and fungal,
and once infection has occurred it may be exceedingly
difficult to treat. Recovery, when it occurs, is some-
times heralded by a transient increase in the blood
lymphocyte count, and by lymphocyte infiltration in
the marrow (Pisciotta, 1973).

This second type of agranulocytosis is caused by
phenothiazines and by tricyclic antidepressants
(Miller, 1963; Bird, 1960). Clomipramine is a com-
pound of the dihydrodibenzazepine series and differs
from imipramine in the substitution of a chlorine
atom in position 2. The molecular structure of both
compounds shows marked similarity to that of the
phenothiazine group. Clomipramine was first syn-
thesized in 1958 ana has been widely used as an anti-
depressant. Since 1966 it has been used intravenously
for severe and resistant forms of depression (Collins,
1970), particularly endogenous and involutional
types. It has also been used in obsessional and phobic
states (Capstick, 1971; Marshall, 1971). In the case
described here the agranulocytosis was almost
certainly due to clomipramine, and during prolonged
administration of this and other tricyclic drugs in
high doses it would seem wise to check the white
blood count especially if the patient develops fever
or a sore throat.
Death from agranulocytosis is due to infection, and

fungal infections are not uncommon. In this patient

there was severe oral and pharyngeal monilia at the
start of the illness, and during the period of agranulo-
cytosis there was spreading pulmonary infiltration,
unresponsive to antibiotics, and the sputum con-
tained large amounts of Candida spp. The use of
flucytosine in treating systemic Candida infections
has been reported by Record et al., (1971). They
treated three patients with Candida endocarditis in
two of whom the infection was not eradicated. Two
patients developed hypoplasia and hepatic necrosis,
probably as a result of treatment. The pulmonary
infiltrates in the case described here began to regress
once flucytosine was started. Abnormal liver function
tests were noted during treatment but were not
necessarily caused by the drug. It is thought that the
drug controlled the infection until the time when
marrow recovery occurred. Recovery took place in
spite of the known toxic effects of the drug on the
bone marrow.
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