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fluid restriction) the volume of urine passed in a week could
have been considerably greater and the concentration of drug
consequently lower. Even 10 mg. per 100 ml. seems in-
adequate for an antibacterial effect, particularly when acting
on such large numbers of organisms as occur in infected
urine. It therefore seems that these patients, in so far as
their recovery was due to the treatment given (presumably
some would have recovered spontaneously), owed it to the
action of the drug in the tissues and not in the urinary tract.
No 'such distinction need be made for ampicillin, which
attains high concentrations in the urine as well as an adequate
tissue level.
The question whether an action in the urine or in the

tissues is more important has been argued for years. Clearly
a tissue effect must be exerted when the substance of the
kidney is affected. On the other hand, innumerable patients
have incontestably been cured with mandelic acid or nitro-
furantoin, neither of which attains an effective concentration
except in the urine. The same is probably true of nalidixic
acid. Is it to be concluded that in all these patients the
kidney is not involved, and other tissues only superficially ?
The most difficult thing to explain is the similar proportion
of successes claimed for drugs having different sites of action
in unselected series of cases. Some act in both tissues and
urine, several only in the urine, and here we have in sulphor-
methoxine one apparently incapable of exerting much effect
except in the tissues. Yet it was successful in patients with-
out as well as with evidence of renal disease. There is much
in this subject which still remains to be explained, and it is
not likely to be so except by the application of new and more
searching methods to the study of patients undergoing treat-
ment.

Chlorpromazine Melanosis
A side-effect of prolonged treatment with chlorpromazine is
oculo-dermal melanosis.''3 In this condition the areas of
skin exposed to sunlight become excessively pigmented and
develop a violaceous or slaty-grey colour in the more severe
cases. In the eye the lens, cornea, conjunctiva, and retina
are affected.
The first changes usually occur in the lens. Brown or

white granules are deposited under the anterior capsule in
the pupillary area, and they may progress to form a disc- or
star-shaped opacity. Granules also appear in the deeper
layers of the cornea around Descemet's membrane; in some
they appear also in the epithelium and anterior stroma. The
early lens and corneal changes may be visible only with the
slit lamp, but later they can be seen with an ophthalmoscope
or the unaided eye. Pigmentation is also seen in the bulbar
conjunctiva in the palpebral fissure. While no fundal changes
were found in most of the surveys carried out48 a few cases
have been reported with clumping of pigment at the periphery
of the retina or at the macula.9"-l Some of these patients
would have had more than one of the phenothiazine group of
drugs, of which thioridazine in particular is a well-recognized
cause of pigmentary choroido-retinopathy, but the rest of the
patients had received only chlorpromazine.

These ocular changes have caused visual impairment in
only a few cases.5'9 In most of the surveys carried out no
visual defects were found, though this may have been due to
a lack of co-operation by the patients.4-8 Electrodiagnostic
tests of retinal function have generally been reported as
normal,5 11 but some cases with retinal changes had reduced

potentials.'0 The pathological changes occurring in the
skin2 and conjunctival have been shown by biopsy to consist
of clumps of pigment, with the staining characteristics of
melanin, clustered round the blood vessels in the dermis. No
other pigment has been found histologically, but reflection
spectrophotometry'2 suggests that while in the mild cases the
pigment was melanin in the more severe ones there was some
other pigment present as well. Electronmicroscopical reports
are conflicting. One author found13 the typical appearance
of melanin in the skin with some additional osmiophilic
particles in the endothelial cells of the blood vessels of the
dermis, while another author'4 found no " natural " melanin
in the dermis. Lens changes have been produced in guinea-
pigs by the administration of chlorpromazine and irradiation
with ultra-violet light; extracts of these lenses together with
the cornea showed a high concentration of the drug.'5

So it would seem probable that both melanin and a drug
metabolite are deposited in the skin and eye to cause the
observed changes. In several post mortem examinations
carried out on patients who died suddenly while on chlor-
promazine therapy it was found that all the internal organs
were heavily infiltrated with melanin,'" and it has been sug-
gested that infiltration of the heart may cause irregular
rhythm, resulting in death. Tests of renal and hepatic
function are often abnormal in patients on chlorpromazine
therapy.
The condition has been described mainly among the

inmates of mental hospitals because it occurs in patients who
have taken large doses of chlorpromazine for long periods.
The ocular changes seem to be clearly related to the amount
of drug given and also to the daily dose.'7 While early reports
suggested that affected patients had taken at least 500 g., later
reports showed that melanosis could occur after smaller
amounts.6 Some investigators believe that the side-effects
are not common if the daily dose is small, even if more than
500 g. are given.7 The side-effects are almost certainly
related to the concentration in the body of chlorpromazine,
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and one patient with uraemia developed marked pigmentation
after 34 days when on a dose of 75 mg. a day.' The
incidence of ocular changes is variously reported as between
20% and 39%,"11 and the frequency seems to depend on the
concentration of ultra-violet light20 as well as the drug dosage.
The skin pigmentation is believed to be a phototoxic reaction
caused by the chlorpromazine which has been shown experi-
mentally to cause more reaction to ultra-violet light than the
other phenothiazine drugs in common use.2' Acute photo-
sensitivity has been reported in a few cases, with erythema
and blistering of the skin.22 The melanosis was originally
thought to be confined to women with amenorrhoea,l but
later the sex incidence was found to be equal," 23 and because
of the similarity between this melanosis and endocrine melano-
dermia it has been suggested that the endocrine system is
involved. One theory is that chlorpromazine affects the
pituitary gland and increases the production of melanocyte-
stimulating factor.24 Another is that the formation of
adrenaline and noradrenaline is blocked, so that excess
melanin is produced," but estimations have shown the cate-
cholamines in the urine to be normal." A. C. Greiner and
G. A. Nicolson". have suggested that the production of
melatonin, the pigment-lightening factor in the pineal gland,
is inhibited, and in some necropsies the pineal body was
found to be atrophic. As an interesting outcome of these
investigations the authors also found abnormal pigmentation
and pineal atrophy in schizophrenics who had not had chlor-
promazine. They therefore suggested that there may be an
intrinsic abnormality of the pineal gland in schizophrenia
and the blockage of melatonin production causes formation of
a hallucinogenic compound.25 Stopping the drug does not
reverse the skin or eye changes.2' Attempts to reduce the
skin pigmentation with D-penicillamine have been encourag-
ing. This compound will chelate copper, which is con-
cerned in the synthesis of melanin. Keeping the patients in
the dark also reduced the pigmentation.
Thus it seems that these changes will occur when chlor-

promazine in high dosage is continued for years, but the
amount of visual trouble caused does not at present seem to
be very great, so that the benefits of treatment outweigh the
disadvantages. The possibility of its causing death by
deposition in the internal organs has not yet been fully
evaluated.

Closure of Kidney Centre
The difficulties in which the National Kidney Centre in
North London now finds itself have to be seen against a
background of general scarcity of skilled staff. The decision
to close the centre, previously announced,' has apparently
not been irrevocably taken. For Mr. Murray Medway, one
of its founder trustees, states in our correspondence columns
this week (page 680) that the centre could continue to func-
tion if a replacement for its present director, Dr. S. Shaldon,
were found. Dr. Shaldon's resignation takes effect from
1 July 1968.
Dr. Shaldon has stated that he hoped from the outset the

centre would be able to co-operate with the N.H.S. dialysis
programmes whenever possible, to ensure the advancement
of this form of treatment. And he attributes the failure of

the venture to "the inability to find a suitable formula to
bridge the dogmatic distinction separating medical practice
inside and outside the N.H.S."
He and other workers have shown that patients can be

trained to dialyse themselves in their own homes with the
minimum of help from a relative. Such patients are taught
to prepare, check, and sterilize the kidney and other equip-
ment, disconnect the arteriovenous shunt, make the connexion
to the kidney, and administer heparin as required. It is
claimed that there are actually fewer technical failures of
dialysis in the home, presumably because in these circum-
stances the prescribed routine is scrupulously followed.
If the shunt should clot it can be freed of clot by the
patient or his relative. All disposable material, dressings,
dialysate concentrate, heparin, and the rest can be supplied
under contract to the patient, so that when all is going
smoothly-and that needs emphasizing-the patient is com-
pletely independent of the training centre, and does not
require support from it other than occasional advice by tele-
phone. The dialysis equipment has to be maintained in
nerfect order by the manufacturer.

But what is to happen to such a patient when complications
arise, as they are certain to do sooner or later ? The
arteriovenous shunt will not last indefinitely. The standard
of care of the shunt may be very high in the home, but from
time to time shunt infections occur, and these may be
dangerous, even potentially lethal, infections, which must be
promptly and vigorously treated. Patients whose shunts
repeatedly clot may need long-term treatment with oral
anticoagulants. This will require regular supervision, and
may lead to haemorrhagic attacks necessitating admission to
hospital.' When the shunt fails the venous or arterial end
must be dealt with or a complete new shunt inserted. Before
undertaking the placement of a new shunt it may be neces-
sary to carry out radiological studies of the vessels of the
limb to be used. For these and other eventualities related
to the treatment the patient will need to be admitted to
hospital, preferably to a centre providing intermittent haemo-
dialysis. Patients receiving dialysis in the home are not
immune to ordinary illnesses and will need medical or
surgical treatment for these without interruption of their
dialysis programme.

It is difficult to envisage a scheme which, without prejudice
to other patients undergoing intermittent dialysis completely
under the N.H.S., will enable a patient to provide and
pay for his own treatment when all is proceeding smoothly,
yet become dependent on the N.H.S. when things go
wrong. Owing to the dearth of highly skilled staff,
centres providing dialysis under the N.H.S. are unlikely in
the foreseeable future to have sufficient facilities to undertake
treatment at short notice, and often for an indefinite time, of
patients originally treated in an independent specialist centre.
It has been stressed that hospitals providing dialysis centres
must include beds to which their patients can be admitted
when necessary. It is unlikely that sufficient beds with their
supporting services will be provided to cope with an unknown
and fluctuating load of patients from independent centres.

Intermittent dialysis is increasingly being regarded as a
staging post on the way to kidney transplantation. The
patient with a successful kidney graft is fitter and freer from
restrictions than even the most successfully dialysed patient.
If transplantation is accepted as the ultimate aim patients
being treated by a complete renal unit will be in a better
position than those treated from an independent centre. So
limited are skilled staff at present that it does not seem

I Brit. med. Y., 1967, 3, 252.
a Shaldon, S., ibid., 1967, 3, 241.
' Ibid., 1966, 1, 1433.
I Wing, A. J., Curtis, J. R., and De Wardener, H. E., ibid., 1967, 3, 143.
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