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(1963). From his data and those of Modell (1968) and Fainer
(1963) and ourselves the following observations would seem to
be correct. About half the patients involved in such incidents
will develop a pyrexia, at times 105-106°F. (40-6-41-1 °C.),
and will usually have a leucocytosis anywhere up to 40,000/
cu.mm. Many patients will have transient neurological symp-
toms or signs, such as trismus, motor hyperactivity, convul-
sions, fear, and headaches. The single most important sign,
and of very serious prognosis, is the return of coma. In 14 out
of 77 cases (Fuller, 1963) in whom coma returned there was a
uniformly fatal outcome.

All near-drowned patients who get the complications of
secondary drowning will by implication have respiratory signs
and symptoms. These vary considerably in type and severity.
They range from a rapid shallow breathing to the inability to
take a deep breath, to laryngospasm, burning sensation un-
derneath the sternum, pleuritic pain, hoarse rasping cough,
expectoration of frothy pink sputum, and signs such as rales,
rhonchi, and dullness over both lung fields. Not all cases
necessarily show radiological changes. Sixteen of 57 cases who
had clinical evidence of pulmonary involvement failed to show
any radiological change (Fuller, 1963). In the remaining 41
cases the radiological changes were those of hazy or multiple
opacification over both lung fields. The duration of the
radiological findings would, of course, depend on the presence
or absence of secondary infection.
In animal experimental work using mainly dogs (Swann et

al., 1947; Swann and Spafford, 1951; Modell et al., 1966) the
most feared complication of freshwater near drowning is
ventricular fibrillation. This is thought to result from the
haemolysis of red blood cells with the liberation of potassium,
which, in the presence of hypoxaemia, leads to ventricular
fibrillation. In the dog erythrocyte, however, the main intra-
cellular cation is not potassium but sodium, and hence the
release of intracellular potassium cannot be the full explana-
tion. Ventricular fibrillation or any cardiac arrhythmia is rare
in near drowning.
The commonest arrhythmias are tachycardia, gallop rhythm,

and occasional extrasystoles. In only one of Fuller's series and

in one of our own cases was atrial fibrillation seen. Such
abnormalities of cardiac rhythm as do occur are usually re-
lieved by correction of hypoxaemia.
As can be seen from the data analysed in Table II there are

not any significant differences in the clinical pathology that
can be attributed to differences in the salinity of the drowning
fluid. Little attention has been directed to serum magnesium
levels after sea-water drowning, but these could be antici-
pated to rise rapidly in view of the known high magnesium
content of sea-water.

It would appear from both our own experience and that of
others that the clinical and laboratory findings are best
ascribed to the effects of secondary drowning, such as
hypoxaemia, aspiration pneumonitis, and pulmonary oedema,
rather than to the type of water aspirated.

Our thanks are due to the medical officer in charge, Royal
Naval Hospital, Haslar, Gosport, for permission to use the hospital
case records and to M.T.2 (N) K. J. Richards of the Royal Naval
Hospital, Haslar, for help in the preparation of the tables and
figures.
Requests for reprints should be sent to Dr. H. A. Lee, St.

Mary's General Hospital, Milton, Portsmouth P03 6AD.
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TODAY'S DRUGS

With the help of expert contributors we print in this section
notes on drugs in current use.

Pancreatic Extracts

The pancreas is both an endocrine and an exocrine gland. The
endocrine secretions (insulin and glucagon) have been exten-
sively investigated and their therapeutic uses are well estab-
lished; but the exocrine secretion, which contains a variety of
digestive enzymes together with bicarbonate, has not been so
thoroughly studied. At first sight oral administration of
extracts of whole-animal pancreas would appear to be a logical
and simple remedy for patients with pancreatic insufficiency,
even though such therapy does not include bicarbonate and
does not resemble the co-ordinated secretory response of the
normal pancreas.

Preparations available

Pancreatin BYP. is an alcoholic extract of pig pancreas in the
form of a powder with a meaty odour, which is standardized

by its ability to digest starch and casein in vitro. The powder
also has lipolytic activity, but this has not been standardized
in Britain since agreement has still to be reached on a satis-
factory method (though it has in the U.S.A.). Pancreatin
may be dispensed as powder, capsules, granules, and tablets,
and the last two preparations are also available in enteric-
coated forms. Capsules may be broken and sprinkled on food.
Strong pancreatin B.P. (Pancrex V) contains five times the
concentration of pancreatin and is useful in reducing the mass
of preparation to be ingested in order to obtain a therapeutic
effect. This is specially valuable in infants. Various proprie-
tary preparations are afso available in which the strength of
pancreatin has been increased by factors of 1 (Panar), 2
(Enzypan), 3 (Panteric; Pancreatin, C+A.; Trypsinogen;
Combizym), and 15 (Pancrex V Forte).

Cotazym, another proprietary preparation, is the only lipase-
enriched pancreatic extract that is available in Britain. An
attempt has been made to standardize its lipase activity, but
only scanty details of the method used have been published,
and the potency of each 170 mg. capsule is expressed as the
ability to digest 17 g. of fat under unstated physical condi-
tions.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5702.161 on 18 A
pril 1970. D

ow
nloaded from

 

http://www.bmj.com/


Today's Drugs
Certain proprietary pancreatic preparations have been

enriched by the addition of bile salts in amounts which vary
from 4 to 120 mg. per tablet or capsule. These compound pre-
parations have been shown to have enhanced lipolytic activity
in vitro, but since the majority of patients who need pan-
creatic supplements secrete adequate amounts of bile their use
is superfluous. In the rare subject who lacks both biliary and
pancreatic secretion it would be more logical to prescribe bile
salts and pancreatin separately so that the dose of each can be
adjusted to obtain an optimal effect. In the case of bile salts
an amount must be given which is sufficient to ensure that
the critical micellar concentration is obtained in the duodenum,
and it is doubtful whether the quantities of bile salts present in
these pancreatic preparations ever achieve this.
A few proprietary preparations include cellulases-on the

attractive premise that digestion of vegetable matter will be
enhanced-but there is no evidence that they enhance nutri-
tion in the patient. Similarly, collagenase and elastase have
not been shown to have any clinical value. The addition of
pepsin in the outer coat of a tablet for quick release in the
stomach is also of no proved value, since the patients will not
usually be suffering from lack of pepsin. In fact, should the
pancreatic preparation come into contact with pepsin at an
acid pH, rapid inactivation of trypsin and lipase will occur.2
The addition of carminatives, atropine, and other drugs to
pancreatic extracts can only be deplored.

Administration
The initial aim of treatment is to secure a high concentra-

tion of enzymes in the duodenum, but the preparations must
first pass through the hostile environment of the stomach.
Enteric-coated tablets or granules are available to overcome
this hazard, but so far it has not been shown that they deliver
an effective concentration of enzyme at the desired site, and in
view of the well-known failure of many enteric-coated
tablets to release their contents satisfactorily they should not
be relied on. There have been virtually no studies on the
duodenal concentrations of enzymes after therapy; an increase
of trypsin and lipase activity has been claimed in a few sub-
jects, but the enzyme activity did not approach normal
levels. In three subjects who were personally studied after a
test meal mixed with contents of three capsules of Cotazym
no increase in tryptic activity was found, but lipolytic activity
as judged by the proportion of triglyceride to mono-glyceride
and free fatty acid was increased, though not to normal levels.
Gastric aspiration studies in fasting subjects have shown that
60% of lipase and 40% of trypsin activity is lost before the
extract leaves the stomach.2 Trypsin is inactivated by the
combined action of acid and pepsin, whereas lipase is inac-
tivated by either alone. Cotazym contains some calcium car-
bonate as a buffer, but this is not effective in combating gas-
tric inactivation.
The extracts should, therefore, be administered with food,

milk, or alkali in an attempt to buffer the gastric contents,
though such a mode of administration has still to be shown to
be reliable and will be influenced by the rate of gastric emp-
tying. Moreover, pancreatin is inactivated by hot food or
drink. In the presence of achlorhydria enzyme replacement
therapy should be much more effective, and since achlorhy-
dria has been demonstrated in several studies of patients with
pancreatic insufficiency,' 5 gastric inactivation may be less
important. However, the majority of the subjects studied were
alcoholics and not comparable with patients who suffer from
pancreatic insufficiency in Britain.

Choice of preparation
With such a bewildering array of proprietary preparationsavailable, which one should be selected? The problem is made
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more difficult as different preparations are not easily compar-
able since their potency may have been assessed by different
methods and expressed in different units. Furthermore, there
have been very few comparative studies of different prepara-
tions. One such study has indicated an enormous variation in
the activity of different products in vitro and in experiments
on animals, but two preparations were thought to be effec-
tive6 7 (Cotazym and Panteric granules).
When a number of products are available it is usually a

sound policy to prescribe only one or two and become familiar
with them. Unfortunately, patients vary in their response to
preparations of similar potency and it may be necessary to try
several in turn until a response is obtained. A further dif-
ficulty is that many of the clinical and metabolic studies have
been performed with Viokase, an extract which is not avail-
able in Britain and is prepared by a different method.
Therapy could reasonably by started using Cotazym or

strong pancreatin BYP. and could be changed if necessary to
Panteric or Pancrex V Forte.

Dosage
There is very little agreement about dosage, and this can be

attributed to the uncertain potency of the preparations and
also to uncertainty about the end-point of therapy. Ideally
treatment should be aimed at restoring weight and the feeling
of well-being and converting the volume, consistency, and
odour of the stools to normal. The diminution of steatorrhoea
need not be estimated chemically but can be indirectly moni-
tored by changes in the daily stool weight.8 In fact faecal fat
values rarely return to normal levels 'with replacement therapy.
Improvement in pain or cessation of weight loss are less reli-
able criteria since continuing symptoms may reflect pancreatic
inflammation or diabetes mellitus.
Amount.-The dosage recommended by the manufacturers,

which is usually of the order of one to three capsules at meal
times, is almost certainly too low and should be used only as a
rough guide. The total daily secretion of enzymes by the
pancreas is enormous, and analysis of the effluent from a
patient with a pancreatic fistula has shown that 86 capsules of
Cotazym would be required in one day for total replacement.6
In practice, such high doses are never used, since clinical
impression indicates that a satisfactory response occurs at a
lower dose. It has been shown that protein malnutrition may
result in deficient secretion of pancreatic enzymes in animals
and children with kwashiorkor and is reversible on refeeding,
so the enzyme requirements in all forms of pancreatic insuf-
ficiency may diminish as the nutrition of the patient improves.
Thus dosage may be reduced in some subjects after an initial
period.
Frequency of Administration.-Pancreatic secretion in re-

sponse to a meal may be prolonged for up to four hours. Thus
administration of single large doses at meal times is not
physiological. It has been claimed9 that hourly administration
of extract is more effective than thrice daily administration,
but other studies3 have failed to show any improvement as a
result of hourly therapy. However, the studies were not
directly comparable since they were performed on different
dietary fat intakes, and hourly administration is superior to
thrice daily therapy with high levels of dietary fat. It appears'
that if a satisfactory response in fat digestion is obtained by
thrice daily administration little further improvement can be
expected by increasing the frequency of administration.
Patients should be started on a thrice-daily regimen at meal
times, and if this is unsuccessful an hourly regimen may be
instituted.

Bicarbonate Therapy
Bicarbonate deficiency usually parallels deficiency in en-

zymes, but few studies have been performed on its therapeutic
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implications. Bicarbonate secretion into the duodenum pro-
vides a satisfactory pH for the action of the pancreatic en-
zymes and prevents further. destruction by gastric acid and
pepsin. Results have been reported only following thrice daily
administration of 10g. and are contradictory:'011 bicarbonate
administration may enhance the effect of pancreatic extracts,
have no effect, or occasionally improve absorption in cases
where enzyme extracts were ineffective. Once again it appears
that if enzyme therapy improves digestion and absorption to
near normal levels the addition of bicarbonate will have little
effect, but bicarbonate therapy should be tried if the response
to enzymes is unsatisfactory. It is probable that those patients
who have low duodenal pH wil benefit from bicarbonate
therapy, but there have been few observations along these
lines.10 There are no data on the effects of varying the amount
and frequency of administration of bicarbonate.

Uses

Cystic Fibrosis.-In spite of the many theoretical snags in
the use of pancreatic extracts there have been many reports
documenting clinical improvement in fibrocystic children on
such therapy. This clinical impression has been backed by a
smaller number of metabolic observations, but these are less
convincing in view of the known inaccuracies in some of the
procedures. This disease, though rare, is the commonest and
most rewarding indication for pancreatic extracts in Britain.
However, treatment may be ineffective unless infections in the
chest and elsewhere are controlled and a high protein, high
calorie diet instituted. Management of the pulmonary complica-
tions is usually more important than pancreatic replacement
therapy. Large doses may be required even in infants, who
can be started on pancreatin BP. (0-3-1.0 g./kg./day) or
strong pancreatin B.P. (50-200 mg./kg./day). Older children
will tolerate large doses, and both the preparation and its dose
should be determined by clinical trial in each patient. Therapy
may be ineffective,'2 and all results are complicated by the
probable presence of an absorptive as well as a digestive defect
in this disease.

Adult Pancreatic Insufficiency.-Cases of chronic pancrea-
titis are rare in Britain compared with the incidence in the
U.S.A. or France, possibly because alcoholism is less common.
Such cases should benefit from enzyme therapy both before
and after surgery, but the clinical results are often unimpres-
sive. Patients with carcinoma of the pancreas would also
benefit from therapy in theory but in practice rarely require
treatment. The pancreas has an enormous reserve, and it is
doubtful whether partial insufficiency, which is very difficult
to diagnose, has serious clinical implications. Therefore re-
placement therapy should be restricted to patients with fully
documented pancreatic failure, whose response may also be
monitored.

Partial Gastrectomy.-After such an operation there is poor
co-ordination of the neuro-humoral mechanisms of diges-
tion. There is no stimulus from the meal arriving in the duo-
denum, and the chyme is not properly homogenized by the
stomach or properly mixed with pancreatic and biliary secre-
tions. Though occasional reports have claimed improvement
in steatorrhoea after pancreatic extract therapy'3 details have
been scanty, and more thorough investigation'2 has shown that
benefit occurs only occasionally, even with hourly administra-
tion. Therapy may, therefore, be tried in refractory cases
but will usually prove disappointing, possibly since it can
compensate for only one part of the physiological derange-
ment.

Miscellaneous.-No benefit occurs if pancreatic extracts are
administered to patients with malabsorption due to lesions of
the small intestine. Steatorrhoea may occur as the direct result
of gastric hyper-secretion causing a lowering of duodenal pH
as in the Zollinger-Ellison syndrome; the resultant inactiva-
tion of the enzymes cannot be corrected by oral administra-
tion of more enzymes. Old age was shown many years ago to
result in a diminished pancreatic enzyme output, but there is
no clinical evidence to indicate the beneficial effects of pan-
creatic supplements in the elderly. Extracts are also widelv
advertised for the relief of various forms of indigestion, ab-
dominal pain, dietary indiscretions, and food allergies, but
there is no scientific basis on which to recommend their use
in such circumstances. Similarly their use should be aban-
doned in peptic ulcer, and disease of the liver and gallbladder.

Side-effects
Pancreatic extracts appear to be remarkably free from side-

effects. Infants may develop perianal soreness, and some
subjects become allergic to the protein in pork pancreas.
Bicarbonate therapy carries the risk of overloading with
sodium.

Conclusions
Patients with pancreatic insufficiency can often digest carbo-

hydrates adequately, owing to the presence of amylase
elsewhere. Moreover, fat absorption can proceed without
lipase and may be increased by increasing the dietary intake of
fat-though steatorrhoea increases proportionately. So pan-
creatic extracts are not essential, particularly in adults whose
growth has ceased. The aim of therapy is to deliver an effec-
tive concentration of enzymes to the duodenum, and there is
very little evidence that this actually happens, and the pub-
lished work on the results of therapy is chaotic. However,
children with fibrocystic disease appear to benefit from pan-
creatic extracts, though improvement is less easy to demon-
strate in adults. Further work is clearly required to produce
and standardize biologically active preparations and determine
their optimum dosage and frequency of administration. With
more careful administration clinical benefit may become more
obvious. Certainly there is no scientific basis for the wide-
spread prescription of pancreatic extracts for indigestion or
hypothetical cases of pancreatic disease.
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