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Epidemiological study showed that a large proportion of the
patients in the present series lived in two particular areas
(figure). Most of the cases clustered around a large shopping
centre and a small market a few miles apart. The data obtained
by the veterinary inquiry suggested that horse meat was the
source of the epidemics.1' All other meat was free from parasites,
and all the patients had eaten horse meat in January 1976.
Butchers specialising in horse meat were found in both the
shopping centre and the market. The market butcher and his
family were infected. Although horse meat was incriminated in
an Italian outbreak,'4 this pathogenetic mechanism is surprising
since the horse is strictly herbivorous. A tentative explanation
is that the horses were infected by hay contaminated with
droppings of infected rodents. Since the horse meat had been
imported from an eastern country and had all been eaten when
we came to this unusual conclusion we could not examine it,
and thus indisputable proof is lacking.
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SHORT REPORTS

Pronounced increase in serum
creatinine concentration after eating
cooked meat

Sporadic reports suggest that the serum creatinine concentration may
increase after meals,'-3 though it is generally believed to be unaffected
by diet.4 This is also stated in a standard laboratory handbook5 and
many textbooks on nephrology. We therefore report significant
increases in postprandial serum creatinine concentrations observed in
healthy volunteers fed cooked meat.

Subjects, methods, and results

After eating goulash six healthy male medical students were found to have
noticeably increased serum creatinine concentrations, maximal values
occurring three hours after starting the meal. We therefore decided to
examine the effect on serum creatinine concentrations of the following five
meals: (A) 300 g raw beef; (B) 300 g fried beef thoroughly cooked (10
minutes); (C) 300 g beef boiled for one and a half hours; (D) 500 g goulash
containing 250-300 g beef and cooked for one and a half hours; and (E) 500 g
stew containing 250 g pork, cooked for one hour. Venous blood samples
were taken just before and three hours after starting each meal. Serum
creatinine was measured with an AutoAnalyzer (SMA 6/60) using a dialysis
procedure and Jaffe's reaction. We used the method of paired comparison
to test the significance of differences. Results are expressed as means + SE of
mean.
Raw beef had no effect on the mean serum creatinine concentration (see

figure). Fried beef, however, produced a moderate increase (from 835 ±5-6
to 109 5±5-7 ,umol/1'(0 94+0 06 to 1-24±0-06 mg/100 ml)-P<0 01), but
boiled beef and goulash resulted in pronounced and closely similar increases
(from 86-7±4-4 to 162-8±7-3 ,umol/l (0-98±0-05 to 1-84±0 08 mg/100 ml)
and 83-3±4-7 to 166-8±9 7 ,umol/l (0 94±0 05 to 1-89±0-11 mg/l00 ml)
respectively-P<0 001). The pork stew also caused a pronounced increase
in mean value (from 790 ±30 to 147-0 ±4 9 mol/l (0-89 ±0-03 to 1-66 ±006
mg/100 ml)-P<0 001).
The upper limit of normal for the serum creatinine concentration is 110

,FLmol/l (1-2 mg/100 ml); thus clearly pathological values occurred in these
subjects after ordinary meals.

Comment

Our finding of significantly increased serum creatinine concentra-
tions in normal men after eating cooked meat agrees with the observa-
tions made in 1951 by Camara et al.' They suggested that creatinine

180

160 |

0
E 140

c 120 -

100

o 80 g
LI)

60

C 30 300 30 30l3
Hours

Change in mean serum creatinine concentrations (ptSE of mean)
in six normal men three hours after eating (A) 300 g raw beef,
(B) 300 g fried beef thoroughly cooked, (C) 300 g boiled beef,
(D) 500 g goulash containing 250-300 g beef, and (E) 500 g stew
containing 250 g pork.

Conversion: SI to traditional units-Serum creatinine:1r vmol/I
-0-0l mg/l00 ml.

is produced from creatine in meat during cooking and is then eaten
along with the meat. Our findings also explain the diurnal variation in
serum creatinine concentrations reported by Pasternack and

Increased serum creatinine concentrations after meals should be
evaluated with caution, especially in patients prone to sudden altera-
tions in kidney function. Urinary creatinine excretion may vary with
the amount of cooked meat eaten, and creatinine clearance values may
be overestiweat.ed if blood samples are drawn in the morning, when the
serum creatiniine concentration-is at its lowest.

We thank the kitchen staff at Aarhus Amtssygehus for much valuable help.
Requests for reprints should be sent to Dr F K Jacobsen.;
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Continuous subcutaneous
neostigmine in the management of
severe myasthenia gravis

Oral anticholinesterase drugs are variably and incompletely absorbed
and sometimes fail to maintain patients with myasthenia gravis
independent of hospital care, even when combined with steroids and
immunosuppressive agents. We describe such a patient and suggest a
novel addition to the management of this problem.

Case report

In May 1978 a 27-year-old woman presented with an 18-month history of
dysphagia and dysarthria. Examination showed that she had myasthenia
gravis, which was confirmed by a Tensilon test, and investigation showed a
thymic tumour. In June 1978 a thymic carcinoma affecting pleura and peri-
cardium was removed as completely as possible; radiotherapy was given in
July and August 1978 (see figure).

Before and after operation the myasthenia was controlled with neo-
stigmine and pyridostigmine. After radiotherapy the patient's myasthenia
worsened and affected her eyes, limbs, and respiratory muscles as well as
swallowing. Because of severe weakness she was readmitted to hospital on
22 August 1978. Over the next month various combinations of neostigmine
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up to 300 mg/day, pyridostigmine up to 600 mg/day, and ambenonium 30
mg/day were given. A mild cholinergic crisis occurred once, but muscle
weakness was often severe, causing problems with speech, breathing, and
swallowing. The patient could not move far from her bed.
By 10 September 1978 breathing and swallowing were difficult and the tidal

volume was only 90 ml. The patient could not lift her arms above her shoul-
ders. Plasmapheresis was started, and after three exchanges over four days
the tidal volume doubled, swallowing improved, and the patient could get
out of bed. Within a few days she deteriorated, and prednisolone 75 mg/day
and azothioprine 150 mg/day were added to the treatment. The patient's
general condition did not improve over 12 days and her muscle weakness
increased. Intubation and ventilation were started, followed by a tracheos-
tomy. Three further plasmaphereses were done.

While the patient was being maintained on the ventilator and because we
failed to control the myasthenia with oral neostigmine, we gave intermittent
subcutaneous and intravenous injections of neostigmine in doses (up to
2 mg) recommended in National Formulary.

Ventilation was discontinued after a week, and as tidal volume was
maintained at about 250 ml we increased the dose of subcutaneous neostig-
mine. The dose of prednisolone was slowly reduced to 15 mg/day as she
showed no response to high doses and because of the severe catabolic state
and repeated infection.
On 9 October 1978 we changed the subcutaneous neostigmine from inter-

mittent to continuous administration, using an infusion pump. The daily
dose was increased from 10 mg to 25 mg to control the muscle weakness as
judged by tidal volume, speech, and power in the limbs. Swallowing, how-
ever, did not improve and nasogastric feeding was continued.
Two attempts to reduce the dose of neostigmine led immediately to severe

myasthenia with respiratory embarrassment and inability to sit up. The
patient's general condition then began to improve and for the first time in
three months we considered discharging her.

In early December 1978, to increase the patient's mobility, we obtained a
small battery-operated infusion pump (Syringe Driver Type MS-Pye
Dynamics Ltd) to administer the contents of a 10 ml syringe; this was con-
nected to the patient with 90 cm of fine plastic tubing and a butterfly cannula
inserted into a subcutaneous site on the abdomen. The pump was carried in a
shoulder holster and permitted full activity. The rate of infusion could be
varied by the doctor or patient. Since then she has taken 36 to 60 mg of
neostigmine daily. The cannula site has been changed every two weeks.
The syringe has to be filled twice daily because of the strength of neostig-
mine solution (2-5 g/l) available. The patient manages the syringe herself.
With continuous subcutaneous neostigmine the patient has been able

to go home and to do light housework, go shopping, and drive a car. Her
weight has slowly increased towards normal (see figure), and swallowing has
recently improved so that she can now eat normally. Steroids and azathio-
prine are gradually being withdrawn.

Comment

Continuous subcutaneous neostigmine may have a place in the
management of severe myasthenia gravis in the short or medium term.
Subcutaneous absorption seems to be reliable and there have so far
been no local reactions to continuous subcutaneous administration.
The dose, up to 50 mg/day, differs considerably from that normally
recommended. The syringe driver seems to be reliable, needing new
batteries every six weeks, and can be managed by the patient with
infrequent visits to her doctor or the hospital.

We thank Dr Angela Robinson and colleagues for carrying out the plasma-
pheresis.
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Monocyte maturation and
prognosis in primary breast cancer

Patients with cancer show many functional abnormalities in the
mononuclear phagocyte system. Dizon and Southaml found that
patients with malignant disease have an impaired ability to mobilise
macrophages. Studies in malignant melanoma2 show that monocytes
from patients with disseminated disease are unable to differentiate
into macrophages in tissue culture.
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