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se= chromosome complement may show aggressive tendencies
from a-very early age. Price and Whatmore (1967), in exam-
inng the criminal records of XYY males, found very little
difference between them and XY controls in respect of crime
against property. There was, however, a striking difference in
the number of convictions for crimes against the person, only
four out of nine XYY males having been convicted of this class
of crime, compared with 17 out of 18 controls. In the present
case the boy's behaviour disorder manifested itself in aggression
against both property and persons from an early age.

Abnormalities have been noted in the E.EGs of individuals
with a variety of sex chromosome abnormalities. Dumermuth
(1961) found B.E.G. abnormalities in all but one of 14 boys
with chromatin-positive Klinefekteres syndrome, eight of whom
were diagnosed prepubertally. Hambe and Son Frey (1964)
found E.EG. abnormalities more often among chromatin-positive
males than among controls to a statistically significant degree.
Medlbin (1966) found an abnormal RE.G. in all four sex-
chromatin-negative women studied. In the present case border-
line abnormalities were found. Such a record is in accordance
with the findings in individuals with other abnormal sex
chromosome complements, in whose E.E.G. records the abnor-
malities have tended to be non-specific and borderline. It is
difficult to see the causal connexion between anomalies in the
sex chromosomes and cerebral dysrhythmia. Hambert (1964)
suggested, at least in chromatin-positive men, that sex chromo-
some abnormality may lead to an abnormality of central nervous
system tissue or make it more vulnerable than otherwise.
Hambert also suggested that cerebral damage might result from
hormonal changes in the presence of sex chromosome anomalies,
or that aneuploidy, like other forms of embryopathy, may lead
to premature birth, predisposing to brain damage. In the
present case, however, the birth was postmature.

Since the first assessment of phenotypical characteristics in
a series of individuals with the XYY karyotype (Price, Strong,

Whatmore, and McClement, 1966) it has been noted that these
men were abnormally tail. Our patient was above the 97th
percentile for height according to the criteria of Tanner and
Whitehouse.* His brother, 44 in. (112 cm.) tall at 4 years
9 months, was within the 75th percentile for height. This
supports the view that increased height in the XYY syndrome
is apparent before puberty.

It is possible that the personality and character disorders not
uncommonly associated with sex chromosome anomalies, and
the violence and aggression associated with the XYY syndrome
in particular, have an organic basis which may be reflected mi
the E.E.G.

We are grateful to Mr. J. L. Hamerton for reading the manu-
script and for confirming the cytogenetical interpretation of the
patient's XYY constitution.
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Acute Renal Failure in Case of Paraquat
Poisoning

Brit. med. J7., 1968, 1, 749-750

Six cases of fatal poisoning with paraquat (dichloride salt of
the radical 1,1'-dimethyl-4,4'-dipyridilium), a powerful herbi-
cide, have been reported (Clark, McElligott, and Hurst, 1966;
Bullivant, 1966; Almog and Tal, 1967; Brit. med. 7., 1967;
Campbell, 1968). Respiratory failure was the main cause of
death in all of them.
We present another fatal case of paraquat poisoning in which

respiratory failure, hypercatabolic renal failure, and gross
damage to the kidneys occurred. Death was due to cardiac
arrest, probably anoxic.

CASE REPORT
The patient, a healthy farmer aged 44, was admitted to hospital

on 31 March 1967. An hour earlier he had taken a mouthful of
Gramoxone (paraquat) from an unlabelled bottle thinking it was
lemonade, but had spat out most of it. He had no symptoms, but
was agitated. There were no oral lesions or abdominal tenderness.
The pulse was 88/min. and the blood pressure 190/100 mm. Hg.

After a sodium chloride emetic he vomited blood-stained
undigested food. He was given milk with albumin and copious
fluids orally. The vomitus was not analysed for paraquat.

Six hours later he was feeling so well that it was difficult to
persuade him to remain in hospital. His blood pressure was 150/80,
pulse 80, and the chest was clear on clinical examination. Over
the next 48 hours his general condition remained good, but his
throat gradually became painful and swollen, causing dysphagia.
Three days after the ingestion of paraquat cyanosis was first

noted. It deepened over the next 48 hours, becoming increasingly
resistant to oxygen administration. Crepitations became audible
over both lung bases. A chest x-ray film showed increased vascular-
ity of both lung fields and a little fluid at the left base.
For the first three days his urinary output, though not recorded,

was satisfactory. Thereafter it ranged between 600 and 1,600 ml.
daily. His blood urea on the fourth day, when first estimated, was
178 mg./100 ml., Hb 14.1 g./100 ml., and W.B.C. 19,400 per
cu. mm., with a normal differential count.
He was treated with Crystamycin (benzylpenicillin and strepto-

mycin), cephaloridine, and hydrocortisone 100 mg. daily.
On the sixth day his blood urea had risen to 310 mg./100 ml.

and the electrolytes were normal. Because of the rapid increase of
the blood-urea he was transferred to the renal unit at the Belfast
City Hospital. He was fully conscious and co-operative and his
only complaint was thirst. Intense cyanosis developed rapidly when
the oxygen mask was removed. There were crepitations over both
bases. His pulse was 94 and regular, and the heart sounds were
normal. The blood pressure was 125/60. No abnormality of the
central nervous system was found. His blood urea was 340 mg./
100 ml.

Peritoneal dialysis was begun, but he continued to deteriorate
and became less co-operative, and diazepam 5 mg. was given
but did not control the restlessness. The cyanosis became worse
despite oxygen, and cardiac arrest (ventricular asystole) developed
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on the eighth day. With external cardiac massage and intravenous
administration of adrenaline and 250 mEq of sodium bicarbonate
the circulation was re-established. The blood pressure remained
around 40-5O mm. Hg systolic. He failed to regain consciousness
and a further cardiac arrest occurred three hours later. Resuscita-
tion this time was unsuccessful.

Necropsy Findings.-Small quantities of serous pleural effusions
were present and the trachea contained thick mucus. Apart from
left ventricular hypertrophy of the heart (520 g.), the abnormal
findings were confined to the lungs, liver, kidneys, oesophagus, and
stomach. The lungs weighed approximately 1,000 g. each and were
very congested and oedematous. There was haemorrhage sub-
pleurally and in the lung parenchyma. The liver was enlarged and
weighed 2,500 g. The parenchyma was firm and pale yellow. The
kidneys were soft, pale, and swollen, weighing about 300 g. each.
The oesophagus and stomach were congested and multiple super-
ficial erosions with haemorrhages were present. On histological
examination the lungs were very congested, with oedema fluid in
many of the alveoli and an excess of macrophages, monocytes, poly-
morphonuclear leucocytes, and occasional eosinophils, as well as
eosinophilic P.A.S.-positive hyaline membranes. There was pro-
liferation of the epithelial cells of terminal bronchi and of the
alveolar or septal cells. There was no necrosis or degeneration of
the liver cells, but a moderate degree of fatty change was found.
Most of the renal tubules showed degeneration and the formation
of granular eosinophilic cytoplasm. Paraquat dichloride was not
present in the blood, urine, gastrointestinal contents, liver, or
kidneys.

COMMENT

In the previously reported cases of paraquat poisoning, azot-
aemia was mild and histological lesions in the kidneys were
absent or insignificant. In our case, however, four days after
ingestion of paraquat the blood urea was 170 mg./100 ml., and
rose to 340 mg./100 ml. over the next 48 hours in spite of a
satisfactory urinary output. This is consistent with the histo-
logical findings on the kidneys. Initial anuria occurred in
Bullivant's (1966) cases but was not observed in ours.

All the published cases, like the present one, showed the same
peculiar proliferation of the epithelial cells of the terminal
bronchi and alveolar or septal cells. In our case, in addition,
eosinophilic P.A.S.-positive hyaline membranes resembling
those seen in the respiratory distress syndrome of infants were
widespread in both lungs. These membranes were not described
in the published human cases, but Manktelow (1967) found
similar hyaline membranes in rats. He ascribed this to the loss
of pulmonary surfactant lipoprotein.

Impaired respiratory function was the main cause of death in
all the reported cases, but our patient died from cardiac arrest.
This might well have been anoxic in origin, a fact supported
by the absence of histological abnormalities in the heart. How-
ever, it is relevant to note that in both of Bullivant's cases there
were E.C.G. and histological findings of toxic myocarditis. We
do not know the exact nature of 'these lesions, and it is possible

that cardiac arrest in these patients may be due to direct myo-
cardial toxicity.
The fatal dose of paraquat in man is not established, but it

seems that a mouthful of the concentrated solution (20%), even
after expectoration, can prove fatal. Recently a non-fatal case
after ingestion of 2.8 g. of paraquat has been mentioned (Brit.
med. 7., 1967). Only about 30% of the oral dose is absorbed
and is excreted mainly in the urine within the first two or three
days (Daniel and Gage, 1966).

After the initial acute symptoms the patient is characteristic-
ally free from symptoms for the first two or three days, and
this period of well-being is misleading. Symptoms then appear
and rapidly progress to death at a time when the amount of
paraquat in the body should be negligible. It is reasonable to
presume that the damage occurs during this period of apparent
well-being. Treatment to be effective would need to be applied
during this latent period. As there is no known antidote to
paraquat the patient can be treated only on general principles.
Prompt provocation of vomiting and purgation with inert
material may help to reduce the gastrointestinal absorption to
the minimum. Production of a good diuresis has also been
suggested as an effective way of eliminating the absorbed poison
(Brit. med. 7., 1967). As experimental evidence suggests that
paraquat is transferable across the peritoneal membrane,
peritoneal dialysis, if instituted early, may reduce the load of
poison handled by the kidneys and thus the risk of nephro-
toxicity will be reduced.
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