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A STATEMENT ON THE DIAGNOSTIC PROBLEMN.

"It may seem a slight to the pancreas to pass it
over without noticing the diseases to which it is
subject but really these diseases appear to be but
few and they do not signify their existence by any
plain or intelligible signs" (Watson, 1871).

Since the middle of the last century we have
passed many milestones on the way to a more complete

understanding of the main diseases of the pancreas.

Those that seem to stand out most prominently are
Fitz's monograph on acute pancreatitis, Wohlgemuth's
researches into the functional disorders of the ex-
ternal secretion and Banting and Best's brilliant
achievement, the isolation of insulin. Credit is |
also due to Whipple and other contemporary surgeons |
who have broadened the operative horizon in cases of
malignancy. It is disconcerting, however, to dis-
cover that our imaginary path of progress fades into
fields of controversy when we consider the recent de-
velopments in the tpregtment of acute pancreatitis.
The question at issue 1s whether we ought to |
operate or not during the early critical days of ill-
ness. It is still the orthodox teaching that the
more destructive forms of the condition call for
prompt surgical attention. Within recent times

some surgeons have arrived at the conclusion that
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§ such cases fare much better wnder expectant treatment
§ In spite of the promising results reported by this
f hew school of thought, its policy has not as yet been:
? received in the standard textbooks because there is ‘
some doubt as to whether the cures really belong to
f the seriously affected group. Nevertheless, the
fact that only one out of every two cases survives
operative treatment gives cause for sober reflection.
As for those who are surgically minded, they seem to
find solzce in the thought that the death rate would
be much higher if patients were not so treated.

It is apparent, then, that the first step to-
wards a solution of this problem is to sound the
principles on which each school of thought bases its

diagnosis. The following are the main questions

awaiting consideration:-

What assurance can the operating surgeons give |
that their diagnosis has been clinical and
not operative?

How do those who practice the expectant line !
of treatment differentiate the severe from i

the mild cases?

When we read the works of the better known sur-

gical authorities, we receive rather mixed impres-

sions, but generally speaking most of them are quite

|
confident of their clinical diagnosis of acute pan- ;
!

creatitis. Halsted (1901), the associate of Opie

|
[
§
¢
i




. in the Johns Hopkins Hospital, was of the opinion

' that "the clinical picture was so definite as to be

i ties in reaching a diagnosis of certainty. The

| doubt that recovery from acute pancreatitis of all
- grades except the more severe is possible without

 operation. In a2 number of cases in which I have

' covery from this disease apart from operation is so

recognizable by the general practitioner", Moynihan

(1925) looked on it as "unmistakable", and Kemp (1917)]

Love (1926), Finney (1933%) and Ogilvie (1939) express.

themselves in somewhat similar terms. We must not,
however, overlook the fact that these authors have §
based their opinion on cases subjected to operation
and not on general statistical evidence. It may

even be said that they were so unshakable in their

conviction that operative treatment was so necessary
that they were inclined to accept a tentative diag-

nosis of pancreatitis and to underrate the difficul-

following quotations from Moynihan's paper illustrate

this point. He directly admite that "there is no

operated for stones in the gall-bladder or common
duct very extensive areas of fat necrosis have been
found and the pancreas has been large and infiltrated
with blood and oedema around ..." and yet he draws

the conclusion that "it is equally certain that re-

rare that no case should be left untouched. " Those




. who have checked the accuracy of their original diag-

4.

noses after the presence of pancreatitis became known
have shown that the majority are wrongly diagnosed.
Abell (1938), who found 30 cases in an experience em-
bracing 2,000 operations on the biliary tract, made
a correct diagnosis in only 12 cases, the other sug-
gestions being acute cholecystitis (14 cases), acute
appendicitis (2), intestinal obstruction (1), unknown
(1). These findings agree with thosekin other sta-
tistical surveys. Thus, Schmieden and Sebenung
(1928) found 21.8% of their collective series cor-
rectly diagnosed, Cole (193%8) was right in 30% of 54
cases, McWhorter (1932) in 14% of 64 cases, Foged
(1935) in 54% of 71 cases, and Lewison (1940) in 11%
of 35 cases. I succeeded in reaching a correct
diagnosis}in 30% of 26 cases.

A short résumé of my own clinical findings will
gerve to show where the difficulty in establishing a
diagnosis arises. The full records may be found in
the appendix (see page 116). The series comprised
17 severely affected patients, 6 with subacute
lesions and 3 in whom the existing pathological con-
ditions were unknown.

The disease usually presents itself in a middle
aged female somewhat given to stoutness. Abdominal

pain dominates the clinical picture. It comes on




with alarming suddenness often after a meal and
originates most commonly in the supra-umbilical zone.
The pain is referred often to the lower dorsal region
and sometimes to other parts of the abdomen. It is
a vicious, throbbing kind of pain, the usual pain re-
lieving remedies such as morphia and the local appli-
cation of heat being of little avail. It shows a
distinct tendency to pass off abruptly, leaving a
dull epigastric ache, and to recur with renewed in-
tensity. The other common symptom is sickness, the
bouts of vomiting coinciding with the accesses of
pain. This persists until the stomach is complete-
ly empty and then the patient is troubled with retch-
ing. The patients do not adopt any set position.
Some are very restless, others lie on the back with
knees drawn up, while a few lie listless with an
apathetic look on their faces which belies the depths
of their sufferings. Mild jaundice and cyanosis may
be observed but only in the minority of patients.
There seems little point in recounting in detail
the physical findings or those of the special examins
ations, as any abnormalities found could not always
be related to the existing pathological conditions.
In my experience, the true severity of the disease
aoes not become manifest until towards the end of

the first week of illness. The subacute cases




e e

| generally subside spontaneously, while those with ex—g

tensive destruction of pancreatic substance either

die within a few days or they may survive the initial

toxaemia, shock, or whatever causes their prostration.

Those in the third category usually have a prolonged
convalegcence marked by poor appetite, loss in weight
and generaly debility, although it should be mention-
ed that a few enjoy an early return to comparatively
sound health. Suppurative pancreatitis appears to
be an exceptionally uncommon complication. In a
certain number of the cases with haemorrhagic necro-
sis there develops a palpable or visible swelling in
the upper abdomen which may assume enormous propor-
tions due to a collection of fluid in the lesser sac/
It naturally causes displacement and distortion of
the stomach and transverse colon as viewed radio-
logically. This, to my mind, is the surest indica-
tion of the presence of a severe degree of acute
pancreatitis, but unfortunately it does not make its
éppearance until the acute stage has passed.

Some of my clinical observations are given in
the table below along with those of other authors to
emphasise the irregularity of the findings (see

Table 1).

!
i

i
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TABLE 1.

The Incidence of certain Physical
Jigns given on a percentage basis

as found by an unselected group of Authors.

f—— ————— S—— s ]
: Percent- | The presence of
Author No.of §§§C$?€£ ?igcggzi age with | discolouration
- Cases C?anosis gzundice Palpable | in the flanks or
- J Mass umbilical areas
P———m——
Love (1926) 51 2%.5 3.9 17.6 -
e 52 | 15.9 37.5 9.3 -
He‘(‘%g;“g‘;’l 60 8.3 13.0 1.6 -
bR 35 5.7 42.8 8.5 -
Fresent 25 24.0 28.0 28.0 -

The quest for some sign or test on which a more

secure diagnosis could be based began early in this

century. In 1911, Korte concluded a personal study
of 44 cases with this remark:- "The greatest advance
will be the discovery of a pathognomonic reaction
that will definitely indicate disease of the pan-
cregs." This author was evidently unaware that
Wohlgemuth, one of his own countr&men, had discover-
ed and made known such a reaction three years previous-
ly. Wohlgemuth showed that in acute pancreatitis

the diastase content of the faeces fell, while that




. of the blood and urine mounted to high levels, and
his findings have been confirmed numerous times.
Although this demonsfration of faulty pancreatic
function is a valuable link in the chain of evidence
pointing to the existence of this disease, the sur-
geons in this country have never shown much enthusi-
asm for the tesgsts devised by Wohlgemuth and other
biochemists; +the same lack of interest prevailed
until recently in surgical circles in America. The
laboratory aids to diagnosis'are now very much in
vogue abroad and it seems to be more than a coincid-
ence that their popularity should date from about
the same time as when surgical opinion began to quesH
tion the need for early operative treatment in acute
pancreatitis. Indeed, Smead (19%6) in his vigorous
defence of the conservative policy actually puts the
question, "Is it not probable that the real problem
of lowering the terrible mortality of acute pancrea-
tic necrosis is more likely to be solved by the bio-
logical chemist than by the surgeon?”

This brings me to the main subject of contro-
versy, namely, the efficacy of these enzyme tests as|
a means of differentiating the severe cases from the
mild. The remainder of the first part of this
thesis is devoted to the study of this question.

It takes the form of an evaluation of the individual




and combined worth of two tests, one of which esti-
mates the serum diastatic activity, and the other,

the serum lipolytic activity. The work opens with
a general account of the digestive properties of the

blood and a statement of my own findings under normal

conditions.
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INTRODUCTION TO THE BIOCHEMICAL STUDIES.

The investigations about to be presented involve
3 the study of a group of enzymes derived in part from
the pancreas and having digestive properties in vitro

- but whose function in the tissue fluids is still un-

é known. It is a branch of functional pathology which!

%owes its origin to the French School of physiologists:

? who first drew attention to the vital share contribut;
~ed by the pancreas to the body's economy. In 1846,
iMagendie demonstrated the presence in the blood of a
substance with starch-splitting properties. Its

j existence was deduced by the appearance of a notable
i rise in the blood sugar content of an animal after g
the intravenous injection of & starch solution.

: While engaged in his researches into the digestive
 function of the pancreas, Bernard (1856) confirmed

% his colleague's findings and also noted that saliva
had the same properties. These investigators chose
%o call the ferment responsible for the break-down of
| starch "diastase", a name originally applied by Payen
i and Persoz in 183%3 to a substance with a similar ac-
% tion which they had isolated from malt.

Magendie (1846) and Foster (1867) in this country
? showed that a starch-splitting substance was widely

 distributed throughout the tissues of the body. The
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latter was probably the first to measure the dia-
static content of tissue extracts; the estimates

admitted by himself to be only approximatély accurate

| were obtained by noting the time taken to hydrolyse a
% given quantity of starch. In 1908, Wohlgemuth intro#
i duced a more accurate method for the quantitative }
estimation of the diastatic activity of the urine. ;
His contribution received the approval of both clini-
cian'and laboratory worker alike. To the surgeon,
it suggested a means of providing a more consistently
correct diagnosis of acute pancreatitis. To the

physician, it held out the promise of being a reli-

8ble test of renal function. Some even entertained

the hope that this test might unravel the secrets of
carbo-hydrate metabolism and so lead to the discovery%
of a cure for diabetes mellitus. Wohlgemuth's main |
interest lay in the variations in diastatic activity
| of the blood and the urine which were caused by

g damage to the pancreas. Although his method is ep-
| plicable to both blood and urine, only the latter
seems to be used as the test fluid in British clinics
and until quite recently the American workers also
were mainly concerned with the output of diastase in
the urine. According to a report issued by the
American Gastro-enterological Association in 1934,

only one of its 150 members made use of serum enzyme
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tests. Marslow and Davison (1926) had previously
compared the iodometric, copper reduction, polari- |

scopic and viscometric methods for measuring the rate

of hydrolysis of starch and dextrin by taka-diastase.
' In effect, their conclusion was that there was littl&
to choose between them as methods of determining dia-
static activity. In certain authoritative circles, '
however, the results of the Wohlgemuth test are view-
ed with some dissatisfaction. The Danish School
represented by Mikkelsen (1934) and Foged (1935) pre-
fer to determine the diastatic content of the urine |
by the Fabricius-Mgller modification of Wohlgemuth's
method. According to Elman and McCaughan (1927),
the Wohlgemuth test in its original form gives & poor
endpoint and duplicate specimens of blood may give
divergent values. Myers and Reid (19%3), in a com-
parative study, also encountered discrepancies with
this test and in the end favoured the viscometric and
copper reduction methods. In the leading gastro-
enterological clinice of the U.S.A. such as those of
the Barnes and St Louis General Hospitals, the Mount
Sinai Hospital and the Mayo Clinic, there has been a
tendency for the Wohlgemuth test to be supplanted by
the more delicate iodometric procedures or by the

8till less subjective copper reduction method.

These clinics, especially the laest named, also tend
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to make more use of the serum lipase test. So far

as can be Judged from the literature, none of the
serum enzyme tests referred to has been employed in
every day clinical practice in this country.

Before proceeding to a detailed account of the
methods employed in this in#estigation, it is neces-
| sary to relate a few facts concerning the behaviour
' of the starch and fat-splitting enzymes of the blood

and urine under normal conditions.

Diastase (syn: amylase).

The property of digesting starch seems to be in-
herent in most of the tissue fluids. In 1908, Carl-
son and Luckhardt stated that the following fluids,

. arranged in descending series, normally exhibit dia-
static activity: blood serum, thoracic lymph, cervi-
cal lymph, peripheral lymph, pericardial fluid and i
cerebrospinal fluid. These authors were struck by
the constant level of diastatic activity maintained
in the bdlood. Cumulative evidence of this feature
of the serum diastase is to be found in the papers of
Corbett (1912), Stockes (1916), Lewis and Mason (1920),
Cohen (1925), Somogyi (1934), Comfort and Osterberg
(1940) and Lewison (1941). Somogyi kept 100 normal .
persons under observation for over two and a half

years and he found but little variation in the serum |

amylase values of any one individuel although the
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estimations as a whole were spread over a very wide
range. He was unable to establish any correlation
between the enzyme values and nutritional factors,

| age or sex. Lewison, also, found uniformity in

% serum amylase concentration of normal individuals

| but in an extensive investigation which entailed a

study of 720 patients with diverse conditions unre-

lated to the pancreas, a few of his results were

above the limits of normality and others fell below.

. In the majority of these instances, repeated estima- |

tions made within 24 hours showed that the normal
activity had again become stabilised. He was unable
to account for these isolated and transient rises of
amylolytic activity. That these irregular readings
were unimportant was shown by the fact that 94% of
the whole series were within the normal range.

The function of these blood ferments is not yet
| fully understood. Nor do we know the nature of the
regulating mechanism which maintains their activity
at a relatively constant level. Oelgoetz, Oelgoetz
and Wittekind (1935) have brought forward the view
that diastase is absorbed into the lymph and blood
streams in order to complete the digestion of partial
ly split food products which have likewise been ab-
sorbed. Others have reason to doubt that the bowel

contents constitute the main source of this enzyme.
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Elman and McCaughan (1927) based their criticism on
the finding that the formation of a total external
pancreatic fistula had little effect on the serum
diastase activity of the dog. Crandall (1935) tried
the effect of introducing 200 cc. or more of fresh :
active pancreatic juice or saliva by way of a jejunai
fistula. The results were for the most part nega-
tive though in a few experiments the increases of
concentration of serum amylase and serum lipase were
beyond the normal limits of variation. After due
consideration of his results, however, this author
came to the conclusion that the quantities absorbed
under ordinary conditions could hardly be sufficient
to influence the blood enzyme levels. Crandall also
disagreed with the suggestion made by Oelgoetz et al.
that the process of digestion is continued into the
blood stream. Most authors incline to the view,
originally expressed by Carlson and Luckhardt (1908),
that diastase is a by-product of tissue metabolism
and that once the ferment has entered the tissue
fluids it is destined either to destruction or elim-
ination. [King (1914) also held with this idea al-
though he suggested that it may be a contributing
factor in the maintenance of the colloid equilibrium
of the blood. If this were so, it would adequately

explain the relative constancy of its concentration.
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| As already stated the factors regulating the diasta-
tic activity are still unknown. It may be mentioned

however, that the view has recently been expressed

that the pituitary gland may exercise some control
over their production and elimination. This idea

| has arisen from the work of Cope, Hagstromer and

. Blatt, who reported in 1938 that hypophysectomy in
dogs was followed by a twofold rise in the diastatic
. power of the blood.

| A detailed study of the sources of diastase
would take one well beyond the scope of this inves-
tigation, and there seems to be no real need to ex-
tend the investigations beyond the territory of the
pancreas. For the present, it is sufficient to
state that the share contributed by the pancreas ap-
pears to be considerable as is implied by the rapid
accumulation of diastase which follows pancreatic
injury or ligation of its major ducts, and by the
subnormal values obtained after complete pancreatec-
tomy (Gould and Carlson, 1911; King, 1914; Zucker
et al., 1932; McCaughan, 1934). The fall in
values after the removal of the pancreas in the dog
may be, according to McCaughan, as low as 20% of the
pre-operative values. This author, moreover, made
the interesting observation that the return to

normality or its near approximation occurred
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in about the same length of time as was noted by him
in the other experiments which resulted in greatly
augmented serum diastase estimates. His abnormal .
findings were present until about the 10th day. In
general, the findings of the other authors agree with

the foregoing observations. These experimental ob-

gservations infer not only that the enzymes are in

part derived from the pancreas but that there is a

regulating mechanism which is cepable of re-establish
ing the original level even if the body is deprived
of this source of supply. It is relevant to add
that, since the dog was the most common species used
for observing the effects of pancreatectomy, the re-
sponsibility for keeping up the supply could not have
fallen to the parotid because canine saliva is defi-
cient in diastase (King, 1914).

In contrast to what has been said about the con-
stancy of the diastase content of the blood, there is
ample evidence to show that the amount normally pre-
sent in the urine is a3 variable quantity. The works
of Foster (1867), Stockes (1916), Cohen (1925), Grey
and Somogyi (1937) and Dozzi (1941) may be cited in
support of this statement. Cohen found that during
the day the rate of output rose and fell without ap-
parent reason; meals seemed to produce an immediate

inerease which was more pronounced in some individuals
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than in others. Readings taken during a fasting
phase were irregular. Mecklar (1941) has recently
stated that he could place little reliance on a
single estimation of the amount of diastasuria.
Zucker and his associates (1932), who also doubt the
value of one reading, point out a discrepancy of 30%
in results which may arise through deterioration in
enzyme activity of specimens left standing a few
hours.

Grey and Somogyi (1937), in a detailed study of
.the relative merits of serum diastase and urinary
diastase determinations as a diagnostic aid in cases
of acute pancreatitis, put forward the following
argument in favour of the latter. Pirstly, they
pointed out that normal urine generally contains é
greater quantity of the enzyme than the blood. They
found, taking into account the fluctuations in level
of output of urinary diastase, that there was a vari-
ation in the ratio of urinary diastase/blood diastasq
of 2/1 to 6/1. Secondly, they stated that the ab-
normally high enzyme activity exhibited by the urine
in acute pancreatic disease is usually sustained for
about a day longer than the associated increase in
the serum diastase. This difference in the rate of
fall of the two enzyme rises is in accordance with

the later observations made by Lewison (1941). The
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| Continental authorities Poged (1935) and Millbourn.
(1936), who are chiefly interested in the urinary
tests, do not refer to a lag on the part of the urin-
ary values; they find instead that normel values are

| common after the second day in acute pancreatitis.

. As the present investigations are primarily concerned
with the serum diastase changes, no further parallell
need be drawn. In conclusion, however, it may be |
stated that practical value of the argument as to
whether it is better to estimate diastase content of
the urine or in the blood becomes of importance in
cases of chronic renal disease developing acute pan-
creatitis. It has long been known that faulty renal
function may affect the elimination of diastase as
well as certain other constituents of the blood. I

have given this some consideration in the course of

‘the investigations.

Lipase.
The terms "lipase" and "esterase" seem to be

used synonymously to signify the group of enzymes
capable of hydrolysing the ester linkage. They cover
the group that acts on ethyl butyrate, tributyrin,
true fats, oils, cholesterol esters and waxes. These
fat-splitting ferments have been found in the liver,
pancreas, brain, lungs, spleen, intestinal mucosa,

g kidneys and muscle. Cherry and Crandall (1932) have
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stressed the need for & more concise terminology ‘when
referring to this group of enzymes. These observers
demonstrated for the first time that the blood assum-
ed marked lipolytic properties after experimental
ligation of the main pancreatic duct of the dog.

They observed the same changes in the blood of pa-

tients who were in the early stages of acute pancrea—f
titis. It was noticed, however, that not all of the{
substrates already mentioned were equally satisfac-
tory for the demonstration of the rise in the fat-
splitting activity. Thus, when ethyl butyrate was
employed for the purpose, no increase was demonstrabl*
in dogs subjected to duct ligation or in established
cases of acute pancreatitis, but with olive oil, pea-
nut oil, cotton-seed o0il, that is to say, any tri-
glyceride of the higher fatty acids, an increase be-
came evident. comfort and Osterberg (193%4) also
tried a variety of fatty substrates and their results
were in accord with those of Cherry and Crandall.
There would, therefore, seem to be good reason for
adopting the suggestion made by the latter that the
name "esterase" be retained as the generic term for
all fat-splitting enzymes and the name "lipase" re-
served for the type that is particularly active on
fats and oils. Cherry and Crandall also approve of

;the designation "olive oil splitting" ferment since
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an emulsion of that oil is the substrate generally
used in the performance of the lipase test.

There is some doubt as to whether the blood of

! normal persons is capable of splitting olive oil in

| vitro. The earlier French workers Doyon and lorel

(1902) and Arthus (1902) denied the existence of a
lipolytic ferment, and Cherry and Crandall (1932) |
have endorsed this view despite the finding of posi-

tive values in a few of their controls. More recent
contributors to this branch of enzymology have suc-

ceeded in proving to their satisfaction that lipase

may be considered a normel constituent of the blood.
They are, however, prepared to admit that in a cer-

tain number of controls, certeinly not the majority,
the enzyme is absent from the peripheral blood (Com-
fort and Osterberg, 1934, 1940; Johnson and Bockus,
1940).

Summary .

Starch splitting ferments may be found in many
of the tissue fluids, particularly the blood, the
lymph and the urine. While their digestive func-
tion can be demonstrated in experiments in vitro and
while the pancreas may be an important source of
these enzymes, the general view is that they are a
form of tissue discard. The diastatic power of the
urine varies under physiological conditions, whereas
that of the blood stays at a steady level. The
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blood values are constant for any one individual but i
in a group of persons, they may be spread over a very
wide range.

In classifying the fat-splitting enzymes, it has
been proposed that the term "lipase" should be specif
ically applied to the ferment which acts on olive oil
or/and allied fats. Pancreatic obstruction causes
an increase in the olive o0il splitting ferment with-
out a parallel change in the serum esterase. Views
are sharply divided on the question of the lipolytic
power of human blood in normal conditions.
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BIOCHEMICAL METHODS

EMPLOYED IN THE INVESTIGATIONS.

The serum diastase activity was estimated by the

iodometric method of Somogyi (1938). The method of

carrying out the test may be briefly summarised as

follows: +the patient's serum is incubated with a ;
starch solution at 40° C. and at short intervals por{
tions of this mixture are added to a weak solution of
iodine measured out in small test-tubes. The end- !

|
i

point is reached when the colour, changing from biuei

to purple, becomes reduced to reddish brown as vieweq
by transmitted light from a standard source. The j
appearance of this colour indicates that the starch
has been reduced to erythro-dextrin. The tints are§
80 delicate that only clear serum or plasma can be E
. used; dcteric blood cannot be satisfactorily testedﬁ
The time taken for this colour to appear having§
J'been noted, the diastatic activity of the serum can |
be calculaﬁed by a simple formula and the result ex- |
Pressed as & number. According to Somogyi, the

indices of the normal enzyme activity of the blood
range between 70-200 arbitrary units per ml. of seruum.

In order to set my own normal standards, 83

"normal" patients were chosen, that is to say




s ferences in technique. Johnson and Bockus (1940)

{patients in whom there was no reason to suspect the

will be noted that the mean value was 100.5 arbitrary

units per millilitre of serum (Standard Deviation =

‘serum required to neutralize the fatty acids which

24.

presence of pancreatic disease. The protocol of the
individual findings may be found in the appendix.

From a study of the accompanying table (No. 2) it

4%3.85). The highest value obtained was 228 units
and the lowest was 40 units. An analysis of the
findings failed to show any correlation with sex, age
or the constitutional makeup of the individual.

The serum lipase activity was estimated by the

Loewenhardt method as modified by Cherry and Crandall
(1932) and further modified in certain details by
Johnson and Bockus (1940). This is measured in

terms of the amount of N/20 NaOH per millilitre of

are freed during the hydrolysis of an olive o0il emul-
sion. The enzyme is allowed to act during a 24 hour
period under optimum conditions of pH and temperature
The analyses were made in duplicate except for the
few occasions when there was insufficient serum.

As already stated, certain observers maintain
that there is no lipaese in the blood of healthy per-
sons. Crandall (1935) has re-stated this view and

regards reports to the contrary as being due to dif-~
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concede this point when they stated that the serum

lipase test is somewhat short of the ideal from the

T

standpoint of quantiéﬁtive biochemistry. They point

ed out two potential sources of error - variations in
the composition of the olive 0il emulsion and the ?
difficulty of pipetting with accuracy 2 ml. of this |
viscid substrate. In spite of these supposed imper-
fections, Johnson and Bockus were able to report not
| only that the blood of most of their controls con-
| tained a lipase but %hat duplicate estimates carried
out on the same specimen of blood were remarkably
close. An analyses of their results indicated to
them that values over 1.0 ml. might be regarded as
pathological. In an earlier report, Comfort and
Osterberg (1934) accepted 2.0 ml. as their upper nor-
mal limit. They now evidently attach importance to
figures abbve 1.5 ml. according to a more recent re-
é port published in 1940.
| In my own series of 76 controls, the mean value
was 0.45 ml. N/20 NeOH per ml. serum (Standard Devia-
. tion = 0.35). The highest titre was 1.6 ml. but the
| vast majority of the readings were below 1.0 ml. 1In
five subjects the presence of lipase could not be de-
tected. It will be observed that the titrations of
' duplicate estimations were in close agreement (see

; Appendix, table No. I.).
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1

Diastase

Lipase

& Control Series of "Normal" Patients.

No. of Range of Mean of Standardf

83

76
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TABLE 2.

Serum Enzymes in

40-228
units per
ml. serum

0-1.6
ml. N/20 NaOH
per ml. serum

Enzyme | Controls Readings Readings Deviatio@

-100.5

0.45

45.85

0.35

THE INFLUENCE OF DIET ON SERUM ENZYMES.

The earlier references to the constancy of the
serum diastatic activity as found in a particular
person implied that the intake of food or its depri-
vations left it unaffected.
Luckhardt stated that there was no correlation be-
tween the concentration of the blood diastase and the
relative abundance of carbohydrate in the natural
diet of a species. Wohlgemuth (1908) found that

festing dogs had in their blood as much diastase as |

In 1908, Carlson and
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a well fed one. Nor did the enzyme's activity vary§
with the state of nutrition. McCaughan (1934) con-
firmed these observations. According to Lewis and
Meson (1920), Cohen (1925) and Somogyi (1934), the
diastatic activity of human blood is undisturbed by
dietetic or nutritional factors. It would appear
that no one has recorded the influence of diet on

serum lipase.

Personal Observations.

Seven normal patients were given a puree con-
sisting of 100 g. of starchy food and 100 g. of
fatty food. This was given about 3 hours after the
previous meal. Blood samples were taken before the
meal and at one and two hours after. During the
period of observation the subject was confined to
bed. An eighth experiment was carried out on a
normal person who was given a balanced meal and
whdse activities were not restricted. The starch
and fat contents of the meal were roughly 73 g : 44 g

respectively.
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TABLE 3.

Effect of Diet on Serum Enzymes of 8 Subjects.

Control
Patient

Times of
Observations

1. Renal colic

Appendicectomy

Epididymitis

Fractured ribs

Burn of foot

Hernia

Hernia

Meal &t 11.30 a.m.
Before
1 hour after
2 hours after

Meal at 11.3%0 a.m.
Before
1 hour after
2 hours after

Meal at 11.%0 a.m.
Before
1 hour after
2 hours after

Meal at 11.30 a.m.
Before
1l hour after
2 hours after

Meal at 10.%0 a.m.
Before
1 hour after
2 hours after

Meal at 10.30 a.m.
Before
1 hour after
2 hours after

Meal at 10.%0 a.m.
Before
1 hour after
2 hours after

Meal at 9 &a.m.
Before
23 hours after

(= e e e ——————— —————

(0-1.6)

Those fed on puree
(Carbohydrate content = 100 g;

Serum Enzymes
. Lipase
Diastase
units/ml. ml.N/20
(40-228) NaOH/ml.
fat content = 100 g)
88 zZero
133 Zero
88 ZEero
100 0.3
106 0.56
100 0.24
0.23%
0.39
0.43
0.13
0.16
0.09
177 0.0%
177 0.27
160 0.18
160 zZero
123 0.1
113 Zero
160 zZero
123 zZero
123 zZero

i
Normal person fed on a balanced meal - Porridge, milk
cold ham, toast, pbutter, marmalade,

(Carbohydrate content = 73 g; fat content =

|
!
|

tea with sugar

44 g)

0.74

0.66
|
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cgmment: Except for the findings in Nos. 1 and
4, both the serum diastase and lipase values remained
more or less constant after food. An appreciable
rise in the serum diastase content occurred in the
first subject although the values kept within the
normal range. A rise of 0.1 ml. was observed in the
1st hour specimen of No. 4, but this seemed too small

to be of any significance.

The Constancy of Serum Lipase Activity.

So far it has been shown that lipase is a not
uncommon constituent of the blood and that its values
remain reasonably constant up to three hours after a
meal. Further proof of a prevailing state of equil-
ibrium such as has been noted in respect of serum
diastase is found in the other resulté obtained ih
subject No. 8. This person's blood was examined
three times over a period of several months, during
which time different batches of olive o0il were pre-
pared. The results tabulated below will be seen to
have altered little throughout the period of obser-

~ vation.
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TABLE 4.

Repeated Estimations of Serum Lipase
on a Normal Individual (in the fasting state) |

Serum Lipase

1.
Date of Estimation ger g{?osgigg

(Normal: 0-1.6)

25th July, 1943 0.75
14th October, 1943 1.0
21st February, 1944 0.75

THE EFFECT OF ANAESTHESIA AND COMMON SURGICAL

PROCEDURES ON SERUM ENZYMES.

In some of the clinical studies to be reported
later, several of the enzyme estimations were carried
out during or soon after operation. A control series
was, therefore, examined to find out the effect of
general anaesthesia and to supply information on the
biochemical effect of surgical trauma to tissues other

than the pancreas.

Contradictory reports are to be found in the




' pancreatic ducts cannulated. 2Zucker and his asso-
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| literature regarding the influence of ether anaes- |

thesis on the serum diastase. Carlson and Lockhardt
(1908) noted decreased diastatic activity during the

administration of ether. Watanabe (1918) anaesthe-

i
i
|
i
|

. tised four rabbits for one hour and took samples of

blood immediately before the drug was given, immedi-
ately after, and one later. The diastase content ;
was slightly increased in the post-anaesthetic sampl%
but not markedly so on the average. The blood drawn
off one hour after the termination of the anaesthesial

Davis

showed a slight lowering in diastatic activity. HReses

Ross
and Bewie (1921) found negative or equivocal results

in their experiments carried out on dogs, the periodi

i
{
1

of observation being from 30 minutes to 24 hours
after the giving of the anaesthetic. Karsner,
Koeckert and Wohl (1921) observed a minor rise in the
serum diastase values in dogs after the inhalation of
ether. Zucker et al. (1932) found that a slight but
insignificant rise in the serum diastase content oc-
curred in dogs subjected to ether anaesthesia and
that this reached maximal values about seven to nine
hours later. In another paper published in the same
year, the same group of investigators described a

series of experiments on dogs which had had their

ciates found that ether might completely inhibit the
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flow of pancreatic juice. Assuming that the func-
tion of the pancreas depended, as Anrep (1924) sug- %
gested earlier, on a double mechanism of formation |
and transport of external secretion, they supposed
that the drug tended to slow down its transport and
created thereby conditions favourable for absorption é
of the stagnant secretions into the blood stream.

It is of passing interest to note that chloroform
given for as short a time as 30 minutes or to the ex-
tent of causing liver damage lowers the diastatic |
content of the blood (Davis and Ross, 1921; Zucker
et al., 1932) and raises slightly its lipase content.
§ Lewison (1941) considered the problem in humens but

| he was unable to find any difference in the serum
amylase activity after general anaesthesia given ac-

. cording to modern standerds or even after intra-

abdominal handling of the pancreas.

The effect of loss of blood on the serum diastase
§ content has received the attention of Karsner et al.
; (1921). Using rabbits, they noted that repeated
| small haemorrhages of 5 ml. at a time produced no
effect until the animals were visibly exsanguinated,
at which stage there occurred a slight tendency for

the diastatic activity to rise.
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Personal Observations.

In the cases studied, the operations were car-
ried out on areas remote from the territory of the
pancreas. The anaesthetic used in all instances
was nitrous oxide, ether and oxygen, &nd the time
during which the patients were exposed to its action
averaged half an hour. The premedication in some
was morphine sulphate gr. % and atropine sulphate
gr. 1/100th and in others Nembutal in gr. 3 doses
combined with atropine sulphate gr. 1/100th. The
serum diastase and serum lipase findings obtained
before and after operation are set out in the accom-
panying table (Table No. 5).

| The pre- and post-operative values in each case
were substantially the same. With such a small
series of cases, a definite conclusion cennot be
drawn but there seemed some justification for the
view that the values of the serum enzymes gquoted
above and later were unlikely to be vitiated by the

operation or the anaesthetic.
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sSummary.

The two methods employed in this thesis are
briefly described and the results of control studies
presented.

The range of normality for serum diastase in 83
controls was 40 - 228 arbitrary units per mil. serum,
and for serum lipase was zero to 1.6 ml. N/20 NaOH
per ml. serum in 76 controls.

The state of diastase and lipase equilibrium
which exists in the blood is apparently unaffected by
physiological considerations such as age, sex and
dietetic factors. The range of normal particularly
in regard to serum diastase is & wide one owing to
the fact that the level of enzyme activity is an in-
dividual characteristic. Lipolytic activity of the
blood serum was a common feature among the controls
personally studied.

The serum enzymes were not materially disturbed
by ordinary surgical procedures nor by nitrous oxide,
ether and oxygen anaesthesia.
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AN EVALUATION OF

SERUM DIASTASE AND SERUM LIPASE TESTS

AS INDICATORS OF PANCREATIC DYSFUNCTION.

The Scope of Study:

This investigation is an analysis of the serum

enzyme findings in 15 cases of acute pancreatitis.

Its aim is twofold: (1) to establish diagnostic
standards, and (2) to find out whether the results
obtained offer a measureable index of the pancreatiec
damage. The series includes 14 cases who were
examined during the first ten days of illness and
one other who was admitted for treatment two months
after its onset, a pseudo-pancreatic cyst having de-
veloped by that time.

Serum diastase and serum lipase estimations were
carried out concurrently on duplicate specimens of
the same sample of serum and in each case a varying
number of serial observations were made. To com-
Plete the records, the diastatic activity of the
urine was also taken into account. The combined
study of the serum and the urinary diastase was es-
pecially profitable in one particular case because itf
brought attention to bear on a latent defect in the :
kidneys as well as on unsuspected pancreatitis. This

led one to take up the study of the effects of im-

. paired renal function on serum enzymes. Special
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consideration was also given to the biochemical

changes in pancreatitis complicating mumps and in
parotid affections per se. TFinally as a complement-
ary study, observations were made on the enzyme con-
tent of the peritoneal effusion which was present in

some acute pancreatitis cases.

Biochemical Findings.

The results seemed to fall naturally into four
mein groups - the very high values, the moderately
high velues, those which were slightly raised and
those which were normal. This arbitrary arrange-
ment was particularly apt in so far as the range of
values for diastase in one particular group of cases
corresponded with the range of values for lipase in

the seme group (see Table 6).
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TABLE

6.‘

Arbitrary Grouping of the Acute Pancreatitis Cases
according to Enzyme Values.

|

Grade of

Serum Diastase

Serum Lipase

Units per
Values No.of| ml. serum | No.of
Cases (Normal: Cases
40-228)
1. Very high| 2 |4,000-5,500| 2
2. Moderate-
1y high 4 800-1,600 | 3
3. Slightly
raised 4 255-457 3
4. Normal 3 94-114 7

Ml. N/20 NaOH
per ml. serum
(Normal
0-1.6)

5.3 -9.8

2.6 -3.4

1.42-2.13

0.09-0.46

The findings presented in the foregoing table
show that values approximating 20 times and 10 times
the upper normal limits for serum diastase and serum
lipase respectively are the maxima for the series.

‘ Those of next group also seemed to be suffi-
ciently raised to merit being called "pathological”.
At the present stage.in the analysis, it is not

possible to give an opinion as to the significance
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of slightly raised or normal value in proven cases
of acute pancreatitis. A collective review of the
cases will show that there was in many instances a
certain disparity between the degree of functional
upset, as portrayed by the tests employed, and the
pathological conditions of the pancreas. The tests
seemed non-discriminative in so far as they some-
times gave very high readings in mildly affected
cases and at other times normal values were found in
patients whose pancreas was grossly diseased. To
find the cause of these discrepancies, each case was
then given individual attention. The biochemical
findings and the essential data relating to the
clinical and pathological features of each patient
were collated and set out below in Table 7. The
series comprised 6 cases which were found at opera-
tion to be grossly affected (group A), 5 cases also
submitted to operation which were of the mild type
(group B) and 4 cases in whom the diagnosis’rested
solely én a consideration of the clinical and bio-

chemical findings (group C).
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TABLE 7.

(B) Enzymes in Acute Pancreatitis Cases with Minimal Pathological Changes.

F:‘_________————-—————_____-————-_—.———-——_______-———?——': =:r
Serum Enzymes Urinary

Clinical Synopses Time of Diastase . Diastase
Lipese
and Cbservation | Somogyi Units |ml. N/20 Naom | "ohlgemuth

Operative Findings per ml. serum | per ml. serum U?%Egé?l.

(40-228) (9-1.6)

=

Case 23. M.L., female, 49 years. June 1943.

Epigastric pain and sickness of 6 hours' duration. .
Sl. jaundice. Collapsed. Acute condition settled - 6 hours 5,300 9.8

and jaundice cleared in few days. :
Operation after 21 days. Pancreas slightly nodu- rd day ‘ 460 5.8

lar and firmer than normal. Otherwise looked normal. 6th " 228 2.94

Biopsy revealed focal areas of necrosis histologically. 48th " 1.35

Gall-bladder showed early chronic change. It con- ’

tained one pigmented stone 1.5 cm. in diameter.
Patient survived.

Case 21. J.W., female, 52 years. November 1942.

Intermittent accesses of severe epigastric pain 5th da 100
that passed to left sub-costal region and sickness ; ¥ :
| over a period of 5 days. Mass palpable in left : 6th 255 50
hypochondrium. Slight jaundice. : 74n M 40

Cholecystectomy done 4 months previously. :

Barium Enema revealed downward displacement of : 8th " : 133
splenic flexure of colon (? fluid lesser sac). :

Laparotomy 8 weeks later. Pancreas felt normal.

Patient survived.

Case 18. I.D., female, 45 years. ‘ June 1942.

Abdominal colic vomiting and jaundice. : 5th day 114 0.84
Cholecysteqtedy: Gall bladder not visualised. |
| gr&

Readmitted August 1942 with similar symptoms. *
| Operation on 5th day. The pancreas was dif- i 5th day 0.98
; fusely swollen and indurated throughout its length. (Re-ad-
| No signs of hsemorrhage or fat necrosis. 1 mitted)
i Gall bladder was slightly oedematous, but neither
x it nor common duct contained stones. :
t Patient survived. l
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TABLE

7.

(B) Enzymes in Acute Pancreatitis Cases with Minimal Pathological Changes (Contd.)

e— — e ——T——
Serum Enzymes Urinary
Clinical Synopses Time of Diastase Lipase Diastase
_and . . Observation Somogyi Units | ml. N/ZO NaOH WOh;gemuth
Units/ml
Operative Findings per ml. serum | per ml. serum Goeoy
(40-228) (0-1.6) (6-60)
Case 12. H.C., female. June 1941. 10th day 1,184 3.40
(See section on acute pancreatitis and chronic 12th " 640 3.00
nephritis, page 65) 15th 533 2.60 5
25th " 800 4.10 10
Case 24. R.McA., male, 49 years. January 1944.
Severe pain, of a constant gnawing type, in
right hypochondrium for 2 days. It was referred
to the back between shoulder blades and to right
shoulder tip. 10th day _ 1.4 _

On examination, he looked toxic, and there was
a slight degree of both cyanosis and jaundice.
Abdominal movements were restricted. Tender in

epigastrium.

Laparotomy on 2nd day. Pancreas hard and
nodular. No sign of fat necrosis. Gall-bhladder
distended but free of stones.

Cholecysto-duodenostomy performed.

Biopsy

Case survived.

of pancreas showed subacute pancreatitis.
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TABLE .

Serum Enzymes in Acute Pancreatitis Cases treated Conservatively.

(C)

7

Serum Enzymes

Diagnosis: PFalse pancreatic cyst.

CHo%ecysfectomx had been done in September
1941.

Patient survived.

Urinary
.. Time of Diastase Li ase Diastase
Clinical Synopses Observation | Somogyi Units | ml. N?go NaOH | Wohlgemuth
per ml. serum | per ml. Serum Units/ml.
(40-228) (0-1.6) (6-60)
Case 13. A.C., female, 57 years. July 1941. th 4 1280 260
Severe upper abdominal pain for 3 days. Slight ay ’ ‘
jaundice. Tender right subcostal region. 6th " 228 1.70
Cholecystogram: Non-functioning gall bladder. 8th " 228 1.70
Patient survived.
Case 22. J.W., female, 56 years. November 1942.
Severe abdominal pain and sickness for 4 days. Tth day 430
Admitted comatosed. Advanced diabetes mellitus.
Re-admitted 3 months later in diabetic coma. 10th 66 0.09 12.8
Patient survived.
Case 15. F.F., male, 21 years. March 1942. % 3rd day 800 0.84 80
On the 7th day of mumps, developed severe pain f (abdominal illness)
in left upper quadrant which passed to left loin. &
These symptoms lasted 3 days. No sickness. § 5th day 400 1.29 20
Tender left subcostally. | 7th " 6
Patient survived.
|
Case 17. M.M., female, 51 years. May 1942. |
Acute illness 2 months previously. Abdominal : 5> months
pain and sickness very severe. Original diag- i after soute 284 1.92 60
nosis was coronary thrombosis. Illness lasted i illness )
14 days. |
Swelling in left upper quadrant (see Photo- § 3 days 008 0.76
graph page Barium meal showed presence of | later i *
a lesser sac cyst (see Skiagraph page ). g 20 days
! later 237 0.96 6.6
|




- tions were carried out; the serum diastase activity
; was determined on the following day. Leaving case
j 12 out of account for the present as it was compli-
; cated by rensl disease, the fourth day readings in

; case 13, which was regarded clinically as & biliary
- colic, were of still a lower order. The cases Ob-
% served thereafter approximated to or lay within the

- normal limits.

features in this case ~ it was investigated sooner |

45.

|
Comment: Considering first of all the initial |
Gomment

readings, it will be seen that the highest estimates
were recorded in case 23. There were two noteworthy{
i

I

. than any of the others, the symptoms having been pre-,

sent for only 6 hours prior to biochemical investiga{

tion and when operated upon three weeks later the f

{
i

. pancreas was only slightly nodular but otherwise nor-

|
mal; a biopsy of the pencreas was necessary to demon-

strate the presence of the lesion. A case of acutei

haemorrhagic pancreatic necrosis (case 11) which was
operated on 14 hours after the onset of illness gave?

readings of a slightly lower order. The third high-

est estimates were obtained in case 14, another with
|
gross changes; the lesion was most evident in the

caudal end of the gland. The symptoms in this case

had lasted for 15 hours when the serum lipase estima-

When attention was next directed to the serial



46.

| estimations, it became evident that the increase in

serum enzyme values was a very temporary episode.
The highest values were found on the first day and
normal values by the end of the first week. Thus
it would seem logical to assume that the previous
values in case 7 had probably been of a2 much higher
gradation judging by the observation that the third
day diastase readings in case 23 and in case 11 and
the fourth day disstase readings in case 16 were all
much the same. Another observation in favour of
this argument was the finding of normal lipase titres
on the third day in the two seriously ill cases nos.
11 and 25.

On the face of these findings there seemed good

2 grounds for believing that the enzyme response bore

? little relation to the intensity of the stimulus;

| rather did it seem that the element of time was the

- more importaht point to be considered when placing

an interpretation on the results. In the subsequent
f discussion, it is proposed to weigh these two factor
' - the pethological picture and the element of time -

f against one another.




: with those of ligature of one duct and both came to

 increase in the blood diestase than partial blockage.

; levels is directly proportional to the amount of de-i
; struction caused by the injection of chemical irri-
| tants into the pancreatic ducts. Baxter, Baxter and
| McIntosh (1938) claim to be the first to investigate

- the serum lipase changes in experimental pancreatitisg

47.

Discussion.

There is a considerable weight of experimental

evidence to support the belief that the enzyme re-

i

sponse furnishes & reasonably accurate index of the |
degree of functional derangement. Wohlgemuth (1910)
and McCaughan (19%4) using different methods compare@

the effects of ligating the two main pancreatic ducts

the conclusion that a complete block of the pancrea-

tic duct system produced a higher and more lasting

|
. According to McCaughan and Clasen, Johnstone and Orr

(1934), the height of the rise in serum diastase %

which they produced in dogs by the intraduct injec-
tions of bile. They obtained a marked rise in the
serum lipase titres comparable to the diastase chamgﬁ
found in experimentally produced pancreatitis. In

some experiments, however, they found low values for

which there was no obvious cause. Baxter and his

co-workers advanced the suggestion that the lesions

i
§
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. in the latter group of enimels might have been so ex-
i tensive that the lymphatic channels and capillaries,g
~ the pathways by which the escaping pancreatic juice g
. reaches the peripheral blood, were also engulfed in ;
| the destructive process. To draw & close parallel |
j between these experimentel findings and the clinical?
- observations is scarcely justified since in the for-§
- er the stimulus that elicits the enzyme reaction is§
? known and to a certain extent controlled. Such a

: comparison would also introduce the assumption that i
- &all the clinical cases were due to interference with |
i the pancreatic ducts with or without the entry of an'
i irritant. It would not be irrelevant to discuss

| further at this juncture the mechanism of the enzymei
changes and their aetiological significance but in ;
- view of the limited amount of clinical data availabl%
in the present study, it has been considered advis-

able to leave the discussion of these problems until
later.

There are a few who believe that the biochemical
findings are a reflection of the underlying patho-
logical picture and that they may even foretell the
course of the illness. Wohlgemuth (1929) has com-

mented on the wide variations to be found in the

diastase content of the urine in cases which seem on

direct inspection of the pancreas to be of equal

!
i
|
|
!
i



g against the difficulty of selecting a suitable/classi
; fication, a problem to which reference will be made

j later. The cases whose pancreas had been inspected
; were classified into two main groups: (1) those with
% gross signs of haemorrhages and necrosis, and (2)
| those little affected, the pancreas being only slight
% ly enlarged and indurated. No attempt was made to

hazard a guess as to the pathological conditions which

few hours of operation.

49.

severity. He thought that the departure from the
normal levels was mediated largely by the extent and
locus of the lesion. He reasoned that the funection-

al disturbance would be greater if the main ducts

. were involved than if the lesion were confined to the

superficial parts of the gland. Unger and Heuss |
(1927) held the view that the gradient of the rise in
urinary diastase content was commensurate with the
clinical condition, having been influenced by the

fact that all their cases which had a diastatic index

of 1,000 units (Wohlgemuth) and over died within a

In interpreting my own observations, I igge u?
?a. o aaaca. .

1

existed in those in which operative treatment had been
withheld. I refrained from doing so because on

clinical examination the so-called subacute cases ap-
peared in some instances to experience just as severse

symptoms as those with extensive haemorrhagic and i
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necrotic lesions. The clinical findings in cases
23, 24, 25 may be cited in support of this viewpoint.
A synthesis of the biochemical, clinical and patho-
logical data set out in table 7 clearly shows that
the range of the initial values could not be corre-
lated with the pathological findings nor the clinical
picture. Since one did not feel inclined to make
relief incisions into the merkedly affected glands
nor saw the need for doing so in the subacute cases,
information as to the real extent of the disease, and| -
in particular its proximity to the major duct, could
not be obtained that would substantiate Wohlgemuth's
hypothesis. One can say, however, with reasonable
confidence that the rise in serum enzyme levels at
any given time during the acute stages stood in im- |
verse proportion to the duration of the illness.
Arguing along these lines, it may be assumed that the
unfortunate experience of Unger and Heuss referred to
in the preceding paragraph is really an indictment of
early operative treétment in acute pancreatitis and
not an indication that the enzyme velues are prognos-
tically significant.

Most authorities are agreed that the enzyme
levels estimated in any given case depend to a large
extent on the time lag between the onset of illness

and the period of observation. In 1920, Garrod
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speaking with reference to the urinary diastase in
acute pancreatitis, said: "Phe diastase increase is

a temporary incident, most conspicuous in the early

stages of a case. Repeated examinations at inter-
vals may reveal a quicker or slower decline of the
diastase output until normal or even subnormal figureé
are reached. Thus, it comes about that whereas a |
conspicuous excess of diastase in the urine is strong-
ly suggestive of disease of the pancreas, a normal
excretion in no way excludes even advanced disease
of the gland." Mikkelsen (1934), Foged (1935) and
Millbourn (1936) also noted increased diastasuria
only in the initial stages; normal values after one
and & half days were not considered by them to be in-
compatible with a diagnosis of acute pancreatitis.
Those who have made a study of the serum diastase in
this condition (Morton and Widger, 1940; Lewison,
1941; Elman, 1937, 1942; sSorkin, 1943, and others)
and serum lipase (Berﬁbrd, 19%%; Lewison, 1941) have
shared much the same experience. It is of singular
interest to note that Mikkelsen (1934) has recorded
two cases which were seen so early that the output

of diastase in the urine was still at a normal level.

He first examined his cases within three hours of thq

onset of symptoms but when re-examined one hour 1at34
|

the characteristic rise had occurred. Thus comparing
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" the findings in these cases with my own it would ap-~
pear that the peek values, for diastase, at least,

are to be found round about the fourth to the sixth

hours of illness, and it seems reasonable to assume
- that the same holds good for serum lipase. ;
| Some importance has been assigned to the rate oﬂ
i fall of the diastase values but unfortunately the E
views expressed are diametrically opposed to one an-~
other. Mikkelsen (1934) takes the view that if
massive necrosis of the pancreas occurs, biochemical
changes may not become evident in the urine, or if
they do, a speedy return to the normal output is to
be expected. On the other hand, Elman (1937, 1942),
who is particularly interesfed in the less fulminating,
and in his opinion the more common, form of pancrea-
titis, states that a transitory rise in the serum
diastase valﬁes irrespective of the height attained
tends to indicate a subacute lesion and that a slow
subsidence indicates continued activity of the dis-
eased process. For that reason he regarded a slow
fall as a bad prognostic sign. Wide currency is

' given to the view that the abnormal titres for serum
 lipase remain raised for a longer time then is usual

? for serum diastase values (Crandall, 1935; Comfort

2 and Osterberg, 1940). Lewison (1941), on the other

; hand, was unable to convince himself that a gradual
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diminution in the serum lipase activity was a common
feature. He did report, however, that the fluctua-
tions in the serum lipase values paralleled those for

serum diastase in all his acute cases.
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Graph No. 1 showing the serum diastase
findings in 11 cases of acute pan-
creatitis.
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Graph No. 2 showing the serum lipase
findings in 11 cases of acute
pancreatitis.

The influence of the time factor becomes more
evident when the results of the serial observations
given in Table 7 are presented graphically (see above
figures). The peaks of the enzyme curves are found
a few hours from the onset of illness while the
values plotted between the 4th to fhe 10th days ap-
Proach or lie within the normal limits. A striking

; feature is the way in which the serum lipase values,




' had not hitherto been noted pointed with a high de-

indicates a continuance of the disease process was

| This patient was re-admitted to hospital with a largﬁ

55.

i
|
!
i

.
taken by and large, fluctuate pari passu with the i

serum diastase values. The former did not exhibit

a tendency to remain elevated longer than the latter.
This observation, though it fits in with Lewison's |
experience, runs counter to the generally accepted
view on the behaviour of the lipolytic ferment. |
Indeed, the graphic presentation of my findings sug-

gests that the return to normality occurred sooner ini

the lipase studies than in the diastase studies.

Elman's dictum thet a slow fall in serum diastase

supported by cases 11 and 14, each of which had pro-
longed convalescence, and case 17 whose illness had 3
started two months previously and by the time this
patient came under observation a pseudo-pancreatic
cyst had developéd. Case 11 deserves detailed men-
tion since it was the only one which progressed to

the suppurative stage, a complication which is now

considered to be rather uncommon (Douglas, 1935).

abscess in the right loin, eight weeks from the date
on which he was first examined. He was in & mori-

bund condition and the presence of glycosuria which

gree of probability to almost total destruction of

the pancreas. Serum enzyme values were subnormal.
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The patient died soon after evacuation of the absceaJ
At autopsy, no trace of pancreatic tissue could be
found. It was replaced by’a large collection of pus
which had tracked in several directions in the retro-
peritoneal tissue plane. |
The aforementioned correlation between the rate
of fall of enzyme values and the progress of the d151
ease did not always hold in all the serious cases.
In Case 7, for example, massive necrosis of the pan-
creas was encountered at operation and yet there was

only a slight departure from the normal values when

the patient was investigated on the 4th day of ill-

ness. Nor could it be said that the rate of fall }
of the enzyme curves afforded a reliable guide to thé
prognosis in the present series. |
The final point to be mentioned in this discus-
sion is the occurrence of slight exacerbations in
enzyme activity about the 10th day. A study of the
graphs Nos. 1 and 2 will show the phenomenon as it
appeared in my own cases. It was observed on thrée
occasions. ©Except in one case (No. 14) whose values
had not reached the upper normel limit (for diastase),
the secondary rises kept within the normal ranges for
both diastase and lipase. Secondary and even tertis
ary rises in serum diastase have been reported after

experimental ligation of the pancreatic ducts by
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some authors (Gould and Carlson, 1911; McCaughan,

1934); and Cherry and Crandall (1932) observed a
similar rise in serum lipase titres in one dog simi~
larly treated. Crandall (1935) found these late
effects in clinical cases of acute pancreatitis.

This author regarded this finding as a basis for
criticising the current view that the blood enzyme
determinations can only be expected to be significant
within a brief period after the onset of the condi-
tion. Crandall saw in these late aberrations a
cogent argument for carrying out serial studies, par-
ticularly in those patients who have sought treatment
after the critical stage of acute pancreatitis has

passed.

A Case of Mumps complicated by Pancreatitis.

A case of epidemic parotitis who was believed to
heve had a pancreatic complication has been included
in the pancreatitis series. Thevpatient, a young
adult male, started to complain of upper abdominal

pain on the 7th day of illness, by which time there

was no clinical evidence of swelling of the face.

EThe pain, which was very severe, was felt in the left




58.

- upper quadrant and left loin. It was unattended by
- vomiting but there was loss of appetite. The possi-
bility of a chest or renal lesion being the csuse of

his symptoms seemed unlikely. The patient was not

investigated until three days after the commencement
| of the abdominal complaint and by that time he only ;
felt a dull ache in the left hypochondrium.

The biochemical findings in this case (No. 15) |
will be found in Table 7 (C). The first diastase
estimate was 800 units, but the corresponding lipase'
| reading was normal. Repeat readings carried out two
days later revealed a drop to half the previous dia-
stase level and a decided rise in the lipase level.

A progressive drop in the output of urinary diastase
from a moderately high level to normal values was
also noted.

The question which presented itself was whether
the present findings were really due to pancreatitis
or merely a sequel to the mumps. Lewison (1941)
met this difficulty by carrying out simultaneous
~studies of the serum diastase and serum lipase ac-
tivity. In a series of 12 patients with epidemic
parotitis and one of infective parotitis, he found

that all the lipase levels were normal whereas the

amylase levels were considerably raised in all excepﬁ

!
those where the parotitis was unusually mild or wherq



! which this complication had oceurred exhibited a

the determinations had been made late in the disease.
None of these cases presented symptoms to suggest &

pancreatic lesion. On the other hand, cases in

parallel rise in the lipase content of the blood.

; This author was led t o the conclusion that the lipase

test afforded more conclusive evidence of a pancrea—f
tic complication than the diastase test. ;
It was unfortunate that my personal observationé
had not been made earlier than the 3rd day of the ab{
dominal illness, but there were two points of evid- ;
ence that favoured pancreatitis being’the causal ‘
factor. Firstly the distinct rise in lipase valuesf
noted later tended to indicate that the equilibrium
of this enzyme's activity had been upset and had noti
quite stabilised itself. Secondly, it seemed improb%
able that a parotitis which had developed 10 days prJ-
viously and which had resolved from the clinical
standpoint, would produce such a sustained disturb- |
ance of the diastase levels of the blood and urine. |
In order to find out just how long the diastatic re-
sponse to uncomplicated parotitis might last, a small

series of these cases was investigated. The results|

are presented in Table 8.
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TABLE

8.

———

| Enzyme Changes in Parotitis.

; Serum Urinary

i Time of Diastase | Diastase
Type of Mumps - Units per|Wohlgemuth

Observation X
ml. serum| Units/ml.
(40-228) (6-60)
case 1 - Epidemic.

. Both glands af- ;
fected. No ab- Srd day 400 100 ?
dominal symptoms.

Case 2 - Epidemic.

- Both glands af-

- fected. No ab- Srd day 250
dominal symptoms.

Case 3 - Epidemic.

© Transient pain in
abdomen but not 7th day 6
regarded as pan-
creatic.

Case 4 - Infective Tth day 106

. In the two patients which were seen on the 7th day,

| ings lend credence to the belief that the elevation

of pancreatitis caused by the virus of mumps.

found to be within the normal limits.

So far as the results of this small series show,
a pathological rise in the diastatic activity of the

serum and the urine may be expected in parotitis.

the serum diastase content in the one and the amount

of diastase excreted in the urine of the other were

encountered in case 15, Table 7, was a genuine case

_These find-
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Urinary Diastase Observations

in Acute Pancreatitis.

The urinary investigations undertaken in this
work were, for the most part, regarded as subsidiary

to the study of the serum enzymes. A control series

of experiments was not done, nor were the technical

merits of the serum methods weighed against those of

 the urinary methods. ;
|

The Wohlgemuth test in its simplest form was
used. The dilution of urine which digested 2 milli-
litres of an 0.1% starch solution was noted, after f
the mixture had been exposed to a temperature of 38°q
in a water bath for 30 minutes. FProm this informa-é
tion one could calculate the amount of substrate which
1 millilitre of urine was capable of digesting. Thu%
the diastatic index of the urine, which is usually |
expressed as the figure d%go, was arrived at. The
range of values accepted as normal was 6 -60 units
per millilitre of urine in accordance with the sug-
gestion made by Wohlgemuth in 1929.

The following table presents the results obtain-
ed in five patients in whom it was not possible to
carry out serum studies. There were four cases of
acute pancreatitis and one in which the disease per-

sisted for two months, during which time two false

cysts of the pancreas made their appearance.



62.

TABLE 9.

Urinary'Diastase Output in Acute Pancreatitis.

#W

Urinary
: Diasta
Case Essential Data Oleme 2? Wohlgemiih
Servallon) “ynits/mi.
(6-60)
Case 6 - M.McD.| Pancreas seat of wide- |
Female spread necrosis. False 14th day 20
57 years cyst in the lesser sac.!
Dec. 1939
Case 7 - C.M. Pancreas seat of wide-~
Female spread necrosis. 8th day 14
61 years
Dec. 1939
Cagse 8 - E.F. Acute abdominal pain
Female and sickness. Cya- 14th hour 250
66 years nosis and jaundice. 9th day 40
June 1940 Conservative treat- "
ment. 17th 20
Case 9 - W.N. Acute abdominal pain
Male and sickness. Large
68 years abdominal tumour ap- 4th day 40
Feb. 1941 peared on lst day of
illness.
At operation, found
to be filled with
blood in the lesser
sac. Pancreas hard
and spots of fat
necrosis at root of
jejunal mesentery.
Case 5 - NM.G. Operated for pseudo-~
Female panc. cyst in Nov. 3 months
46 years 1939, 4 weeks after after acute 133
Jan. 1940 acute attack. attack
Re-admitted Jan.
1940 with recurrence
of cyst formation.
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Comment: Taking into consideration the urinary
. findings of the present series and those presented in
Table 7, it will be seen that the highest level of
output for diastase in the urine is 250 units. The
- highest reading in the above cases was obtained in
| case 8, which was first investigated 14 hours after
onset of symptoms. The repeat readings showed a
rapid drop to normal values over the period of obser-
vation. The condition of the pancreas was not known
as the patient's symptoms settled with conservative |
treatment. A slight rise in the diastase content
was noted in case 9, who was seen on the 4th day. A
special feature of this case was a large false cyst ’

g8ituated in the lesser sac which was filled with fair

ly fresh blood clot. It was presumed that a major
blood vessel had been eroded by the necrotizing agent

responsible for the pancreatitis. For further de-

tails relating to this patient, see Appendix, page 126.
A moderate rise in value was found in case 5 three %
months after the original attack of acute pancreati-7
tis, during which time two false cysts had formed.

Normal values were obtained in cases 6 and 7 despite
the.fact that necrotic lesions were much in evidence.

Phey had not been examined until the 1l4th and 8th

days respectively.
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This short study provides corroborative evidence

of the conclusion reached earlier that the greatest
deﬁiation from the normal levels is to be found at
the beginning of the disease. Case 5 lends further
support to the view held by Elman that a sustained
rise in diastase levels tends to indicate that the
disease is slow to resolve.

If attention is again turned to Table 7 it will
be noticed that the amount of diastase excreted in
the urine varies directly with the amount estimated
in the serum. This observation is particularly true
in case 14 of Table 7 (A) wherein the serum and urin-
ary indices remained high throughout the period of
observation. These'two sets of readings were, how-
ever, in obvious disagreement in Case 12, Table 7 (B)
The serum values were high for both diastase and li-
pase whereas the urinary diastase index was, if any-
thing, subnormal. Another noteworthy feature of
this case was the relatively high level of serum en-
zyme concentration found on the 10th day. In view
of these peculiar findings, it was decided to treat
this case as & separate problem. The collected data

have been set out in Table 10 and follow-up notes

appended.

t
|
|
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A Case of Acute Pancreatitis end Chronic Nephritis.

Clinical Synopsis
and other data

I

m—

m——

Case 12 - H.C.
Female, 44 years.
June 1941.

Admitted on 10th
day with scute upper
abdom. pain, nausea
and slight jaundice.

Cholecystogram:
Non-functioning gall
bladder.

Blood urea:
ng. %.

Urea Clearance
Test: 11.8% of
normal function.

106

Results of further
observations: -

During this period
patient felt occa-
sional twinges of
pain but at no time
did she have acute
symptoms.

Patient came out
in purpuric spots
on abdomen and the
fingers.

Re-admitted in Jan.
1943 with similar
Symptoms, this time

on the 3rd week of
illness.

TABLE 10.
Serum Engyme
Estimation| Diastase Lipese
Time Somogyi ml. N/20
Units per| NaOH per
ml. serum| ml. serum
(40-228) (0-1.6)
10th day 1,184 3.40
12th " 640 3.00
15th n 533 2.60
25th " 800 4.10
Augt.1941 800 3.10
Sept.1941 400 3.00
Nov. 1941 457 2.00
Jan. 1942 200 Zero
May 1942 320 0.90
Jan. 1943 160 2.7

M

Urinary
Diastase
Wohlgemuth
Units/ml.

10

F——
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| Operation (Jan. 1943) revealed an enlarged and
. indurated pancreas, thought by the surgeon to be due
to tumour. No areas of fat necrosis or haemorrhages|
The gall bladder was drained. It contained several
stones.

Patient died in coma with a blood urea of 293 mg|
% a week later.

i Autopsy showed that the cause of death was ad-

- vanced chronic nephritis. The pancreas appeared and|
~ felt normal. On section no diseased areas found.

- On dissection of the ampullary region, it was noted
that the common bile duct and the duct of Wirsung
entered together but by separate openings at the duo-
denal papilla. A small pigmented stone was firmly
lodged in the distal part of the bile duct and seemed
to be impinging on the outlet of the pancreatic duct.

Comment on Findings in Case 12.

It seemed unusual to meet such high readings for
both serum diastase and lipase on the 10th day of the
. acute abdominal illness, but after the results of the
urinary estimation were available, attention was

drawn to the likelihood that here one was dealing
.gwith a disturbancé of function of both the pancreas
and the kidneys. The gross reduction in the excre-
tory capacity of the kidney for urea, as shown by the
results of the urea clearance test and the estimation
iOf the blood urea content, strengthened this view.
éSo far as one could gather from a faecal analysis,
Emade after the patient had been on a Schmidt diet for
fthree days, the pancreatic secretions were gaining an
? entrance into the duodenum, so that chronic and com-

plete obstruction of the pancreatic ducts was unlikely
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t0 be responsible for the maintenance of the raised
enzymatic action of the blood serum. The post-
mortem examingtion revealed the presence of a small
stone at the lower end of the common duct which pro-
- bably had caused intermittent or temporary occlusion
of the outlet.of the duct of Wirsung. The other
probability to be considered is that the enzymes were
solely influenced by the renal disease and that some
other condition, let us say, gall-stones, might be

" held reSpénsible for the patient's symptoms. This
point can only be elucidated by a study of cases
which have no other disorder but advanced renal
failure, and it is now proposed to pass on to a con-

gideration of this aspect of the problem.

The Effect of Renal Disease on the
Excretion of Enzymes.

In 1919, Wohlgemuth recommended that his test be
used as a means of assessing renal function. It was
subjected to extensive trials by several investiga-
tors, but their results were so inconsistent with the
clinical course of nephritis and with the findings of
other recognized renal function tests that nowadays
little diagnostic or prognostic value is attached to

this application of the test (Corbett, 1912; Rowan-

tree, Marshall and Baetjer, 1915; Lewis and Mason,
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1920; Reid, 1925). Stafford and Addis (1923) were
unable to establish a correlation between the concen-
tration of diastase in the blood plasma and in the
urine, nor between the rate of diastase excretion and
the extent of renal damage in nephritic patients, al-
though when a large portion of the kidney tissue was
rendered functionless there was noted a decrease in
the ratio-

rate of diastase excretion in the urine.
concentration of diastase in the plasma

Rowantree and his co-workers studied the gualitative
determination of urinary amylase as a test of renal
function and found that, while the level of urinary

amylase was usually decreased in nephritic cases,

values were sometimes normal in cases with grave func
tional involvement and low in cases in which there
was improvement of renal function. Dozzi (1941) waé
unable to relate the amount of amylase in a 24 hour
specimen of urine to the extent of renal impeirment
8s determined by the level of non-protein nitrogen in
the blood snd the amount of urea excreted. Gray and
Somogyi (1937), using the latter's method, express
the view that carefully controlled studies of the
blood and urinary diastase activity should aefford an

index of renal efficiency. These workers report an
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amount of diastase in urine i
serum diastase content ratvio

referred to in the introduction (page 18) and are at

inversion of the

present engaged in exploring the potentialities.of
enzyme tests in this capacity. Ngrby (1932) lends
support to their views when he states that excretion
of emylase in the urine is proportional to the con-
centration of the enzyme in the blood.

The results of experimental work carried out by
Van den Erve (1911) and King (1914) cannot be recon-
ciled with the theory that the kidneys exert a con-
- trolling influence on the excretion of the serum dia-
stase or help to maintain its constant level of
activity in the blood. The former found no change
in the concentration of the blood diastase following
ligation of the renal arteries of a dog, and the
latter was unable to demonstrate any appreciable

cthanges even after bilateral nephrectomy.

Finally there is disagreement with regard to thJ
exisfence of a correlation between the urea content
and the serum enzyme content of the blood of cases of
nephritis. Myers and Killian (1917) found reason tq
suspect that both were proportionately raised, but
Lewis and Mason and Stafford and Addis failed to
establish any connexion between these blood consti-
tuents.

The investigations about to be reportgd are not
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intended to prove the worth of enzyme estimations as
tests of renal function but were undertaken merely
fo show the extent to which adverse renal conditions
may affect the serum enzyme values. The observa-
tions were made on 1% patients with advanced renal
disease. Information regarding their renal investi-
getions is incomplete but, as will be deduced from ;
the high incidence of uraemia and from the high death
rate among the cases, the condition of the patients

did not allow of much investigative interference.
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TABLE 11.

Serum Enzymes in 13 Patients with Impaired Renal Function.

Serum Enzymes

Blood Urea

. Diastase Lipase
Clinicel Lata ?gé g?z. Somogyi Units|ml. N/20 NaOH

per ml. serum| per ml. serum

(40-228) (0-1.6)
ﬁmm e searoe ———— — ————— pmmem
Case 1 - Male Pre-Uraemia: Pyelonephritis. :T
41 years Urine: Specific gravity 1012. 312 123 1.1

Albumin present = 5 parts
Esbach. Patient survived.

(agse 2 - Female Uraemia: Chronic Nephritis.
years Urine of low concentration. 300 200 2.98
Patient died.

Case 3 - Male Uraemia: 9 Acute Nephritis.
TIT years Anuria. Patient died. 245 133 1.61
(ase 4 - Female | Uraemia: Coma for two days.
years Patient died. | 234 376 1.62
Case 5 - Male Uraemia: Chronic Nephritis.
years Patient died. 234 168 0.24
Cage 6 - Male Uraemia: Chronic Nephritis.
years Urine: Specific gravity 1015.
Albumin present = 1.5 parts 160 160 1.15
Esbach. Patient died.
Case 7 - Male Chronic Nephritis. | o
years Patient survived. 154 228 1.12
(ase 8 - Female | Uraemia: Chronic Nephritis.
Yyears Patient died. 129 465 1.8
Case 9 - Male Chronic Nephritis: Diabetes 129 1.8
years Mellitus. Patient survived. ’
92 1.5

(seven days later)

Case 10 - FPemalel Uraemia: Malignant Hyper-
years tension. Urea clearance

for 2 hours - 24.3%%. 5 114 - 2.4
Patient died.
g%ﬁ%%l - Male Uraemia: Chronic Nephritis.
i ears Urine: Albumin present = 5
parts Esbach. 102 114 1.24
Patient survived.
‘c&ae 12 Fem . . ..
; - ale Uraemia: Chronic Nephritis.
0 years Patient died. | - 1.02
—7ET“2 - Pemale; Carcinoma of lower (Uesophagus, -
[ Jears with secondary spread to both 8 | 1.92
| kidneys. Anuria. T e j :

; Patient died. |
—_— | | |
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Comment: From the evidence presented, it seems
safe to say that the serum enzyme activity is to a
certain extent conditioned by the excretory capacity

of the kidneys. There were only 2 cases with raised

diastatic values and both happened to be quite high !

(Ceses Nos. 4 and 8). On the other hand, 13 of the |

!

lipase estimates were in excess of 1 ml. and of theseL
6 were greater than 1.6 ml., the accepted upper limiq
of normality. §

Although it was found that rensl damage can
cause rises in serum enzyme activity to an appreci-
able extent, in no instance were the values augmented
to the degree which one might expect in an early
acute pancreatitis. On these grounds, the decision
was reached with some confidence that the findings in
case 12 indicated the presence of chronic renal dis-
ease with a superimposed acute pancreatitis.

It will also be appreciated that it is not per-
missible to draw a parallel between the blood urea

and serum enzyme estimates from this series of obser-

vations.

Summary.

A marked rise in the serum diastase and serum
lipase content is a feature of acute pancreatitis.
The highest estimate for diastase was 5,500 units
per ml. and for lipase 9.8 ml. N/20 NaOH/ml. The
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amplitude of the increase in enzyme activity seemed
to depend more on the duration of the disease rather
than its grade of severity. There was a distinct
parallelism between the serum diastase and serum li-
pase values and between the serum diastase values and
the urinary diastatic indices. In certain cases, a
correlation was discernible between a slow rate of
fall in values and an incomplete resolution of the
disease.

A rise in serum and urinary diastase values
occurs in parotitis. Lipase estimations are, there-
fore, to be preferred if a pancreatic complication is
suspected.

A case of subacute pancreatitis with advanced
renal disease which gave rise to enzyme retention in
the blood is discussed in detail. Evidence is given
that impaired renal function may of itself occasion a
slight elevation of the serum enzyme values and those
of lipase in particular.

In general, the clinical usefulness of enzyme
tests is limited to the first few days of acute pan-
creatitis; thereafter, it becomes necessary to carry
out serial studies for the detection of minor fluctu-
ations in values which may or may not be present.
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THE DIAGNOSTIC VALUE OF

SERUM ENZYME TESTS.

"Tf we cannot claim for the diagnosis of pancrea-

' tic disease the clear cut direct answers obtained in
gsome other regions, we may none the less regard with
complacency what has so far been accomplished in this
field by the application of physiological discovery
at the bedside, by the co-operation of the laboratory
- and the ward." (Garrod, 1920)

The need for ancillary methods of diagnosis does
not often arise in the average run of acute abdominal

; cases. Even although a case does not fit in with

any of the classical descriptions, the surgeon gener-

: ally knows from experience what sort of treatment

| best suits the immediate requirements of the patient.

The special aids to diagnosis find a place of prac-

. tical importance in those cases that presént an air

| of urgency and yet are so ill that a "wait and see"

. policy seems to offer the greater measure of safety.

| When confronted with such a problem, the surgeon

i usually turns to the radiologist for guidance.

| While it is true that much may be learnt from a

% straight film of the abdomen, the biochemist should

. also be consulted since his opinion is particularly

helpful in the pancreatic "acute abdomen". There

has been much controversy over the incidence of acute

§ Pancreatitis. As early as the beginning of this

1 century, surgeons like Halsted (1901) and Mayo Robson




75.

writing with Cammidge (1907), were firmly convinced
that this disease was by no means a clinical rarity
and in 1919 Nicoll of Glasgow published his interest-
ing clinical study of its less acute and chronic
forms emphasising their relatively frequent occurr-
ence. Nevertheless, it has been the cumulative ef-
forts of those who have turned to the resources of
the laboratory which have supplied the evidence that
pancreatitis has a considerable incidence. As proof
of this assertion, one might cite the recent work of
Elman (1942). This author performed routine serum
diastase tests on all cases of acute abdominal pain
admitted to Barnes and St Louis General Hospitals.
He found that the adoption of this measure had led
to an increase in the number of diagnoses of acute
pancreatitis by several hundreds per cent and the
total of these cases amounted to half of the number
of cases with perforated peptic ulcer and a tenth of
the acute appendicitis cases. The majority of his
cases were of the subacute type.

The previous results have shown that the serum
~ enzyme tests may be of considerable help in arriving
at a diagnosis of acute pancreatitis, provided due
regard-is paid to the time factor. It is unfortun-
ate, however, that they should have such a low dif-

| Terential value. This may be due to oversensitivity
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of the pancreas to a nocuous stimuli. Since many of
the cases so diagnosed recover without an operation,
it is not beyond the bounds of possibility that some
other acute lesion which has arisen adjacent to the
pancreas might have a similar effect. In order to
find out whether these enzyme reactions are really
pathognomonic of acute pancreatitis, a series of in-
vestigations were conducted on other forms of the
"acute abdomen".

The conditions selected for study were (1) dis-
ease of the biliary tract, and in particular those
cases which were associated with stone formation,

(2) acute intestinal obstruction, and (3) perforated
peptic ulcer. These were chosen not only because of
the clinical resemblance they bore to acute pancrea-
titis but also because each in its own way might lead

to some interference with pancreatic function.
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Serum Enzymes in

Calculous Disease of the Gall-bladder.

Serum enzyme determinations were carried out on
19 patients. Six were diagnosed on clinical and
radiographic grounds and the diagnoses of the other
thirteen cases - acute cholecystitis, chronic chole-
cystitis with or without stones in the common bile
duct - were confirmed at operation. The biochemic-
al, pathological and essential clinical data found
in each patient are given in the accompanying table

(Table No.12).

Comment on the Findings: Raised enzyme values

were found in only two patients out of the whole
series - cases 5 and 19. The first reading for
serum diastase in case 5 was approximately nine times
the upper limit of normality on the second day of
iliness, while the corresponding reading for serum
lipase, though relatively not so high was decidedly
Pathological. When re-investigated at intervals of
two days, the diastase values showed a steady decline),
normal levels being reached by the sixth day. The
Corresponding lipase readings, on the other hand,
showed a rise to twice the original figure on the
| 8econd day and then a drop in value. At operation

~ Performed 8 days later from the onset of illness,
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the pancreas felt normal in size and consistency.
The gall-bladder contained stones and its wall was
thickened. Several facetted stones were lodged in
the lower reaches of the common bile duct.

The other patient, No.l9, whose serum diastatic

activity was only slightly increased, reported at the
out-patient clinic on the seventh day of illness.
By that time her symptoms had passed off. When ad-
mitted for operation eighteen months later, a thick
walled gall-bladder was found; it contained numerous
small stones consisting mainly of inspissated pigment.
No reference was made in the operation notes to the
state of the pancreas or of the common bile duct.

Twelve of the patients, whose biochemical find-
ings fell within the normal boundaries for either
enzyme, received surgical treatment. In some, the
gall-bladder was very little affected and in others,
gross changes were evident. Gall-stones were pre-
sent in all of the cases and in four instances, cal-
culi occupied the common bile duct. It may be noted
that none of the cases with normal readings was ad-

mitted to hospital earlier than the fourth day of
illness.




Case

69 years

2. Female
51 years

3. Female
40 years

4. Female
52 years

5. Female
60 years

6. Female
40 years

T. Male
68 years

8. Pemale
51 years

9. Pemale
55 years

10. Pemale
60 years

11, Female
50 years

37 years

13. Female
62 years

| ;

1. Female § Acute Cholecystitis

H

J

E

. Gallbladder little

- Chronic disease of

19.

TABLE

12.

Serum Enzyme Findings in 19 Cases of Biliary Disease.

e

Nature and
Duration of Illness

Stones
in Gell
bladder

Stones in
Ccommon
Bile Duct

14 days

Gallbladder little
affected. Biliary
colic 4 days

affected. Bouts of
pain over & period
of one year.

Gallbladder little
affected. Bouts of
pain over a period
of one year

Gallbladder little
affected. Colic
for one day.
Severe epigastric and
right hypochondriac
pain began on previ-
ous day. Sickness.

Chronic disease of
gallbladder

Chronic disease of
gallbladder.
Jaundice.

Pain for 5 days.

gallbladder. Bouts
of pain for 2 years.

Chronic disease of
gallbladder.
Jaundice.

Colic for 6 daye. ... .} = -i:

Chronic disease of
g€allbladder. Bouts
of pain for 6 years.

Chronic disease of
gallbladder. Bouts
of pain for 5 years.

Chronic disease of
gallb}adder. Bouts
of pain for 5 years.

Chronic disease of
gallb}adder. Bouts
of pain for 2 years.

Recent one, 3 weeks
2go.

+

: +
(four
small

Stones in
cystic
ducts)

+
(one)

-+
(seven
facetted
at distal
part)

o+
(five

facetted

at distal
part)

Condition
of Pancreas

Serum Engzymes

Diastase f Lipase
Somogyi ‘ml. N/20
Units/ml. NaOH/ml.

Il

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Slight
induration

Normal

Normal

Not
examined

Normel

59 0.20
123 0.09
160 -
160 0.32

1,830 2.08

(24/2/4%)
464 | 4.38

(26/2/43)
213 | 1.76

(28/2/4%)
160 0.10

1.00
133

t 0.05

104 0.20

0.80
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TABLE 12 (Continued)

Case

14. Female
62 years
15 . Fem&le
45 years
16. Pemale
55 years
17. Pemale
25 years
18. Female
48 years
19. Female
46 years

Nature and Duration of Illness

I ———

Cases diagnosed Clinicaliy:

Severe upper abdominal pain lasting 3 weeks.
History of typhoid fever in childhood.
Cardiac decompensation.

Gallbladder not examined radiologically.

Biliary colic 7 days. The history of ab-
dominal discomfort and attacks of colic dated
back for 2 years.

Cholecystogram: A poorly functioning gall-
bladder without visible stones.

Abdominal pain for 7 days.
Cholecystogram: A poorly functioning gall-
bledder. No stones seen.

Acute pain in right hypochondrium for 1
week. Slightly jaundiced.
No X-ray films taken.

Pain in right subcostal region for % weeks.
Cholecystogram: Functioning gallbladder
and no opaque calculi.

Severe pain in right hypochondrium for 7
days, with vomiting. Similar attacks had oc-
curred during the preceding year.

Cholecystogram: Gallbladder functioned
poorly and contained multiple stones.

Interval Operation - a year later.
Chronic cholecystitis with numerous small
pigmented stones.

No other information available.

Serum Enzymes

104

76

266

Diastase Lipase
Somogyi |ml. N/20
Units/ml.; NaOH/ml.

—— e

.80

Zero

Zero

0.95

Zero




8l.

Discussion.

As the incidence of pathological values in my
own series of cases is so small, it is necessary for
the interpretation of the results to draw on the ex-
perience of other workers in this field of investi-
gation. A search of the literature shows that there
is a possibility of the biochemical findings in cer-
tain cases of biliary disease and acute pancreatitis
being so similar as to add to the clinical difficulty
of discrimination.

In 1936, Comfort conducted a lengthy study of
the serum lipase in various conditions. He found
elevated values in 19 out of 135 biliary cases in
which pancreafitis was not evident to the operating
surgeon. Each of these nineteen patients had a
calculus or a lesion in the common bile duct. This
author ascribed his findings to impairment of either
hepatic or pancreatic function. If regard is paid
solely to fluctuations in lipolytic activity, there
would seem to be grounds for accepting the raised
lipase values in case 5 of the present series as be-
ing due to liver dysfunction. Crandall, in 1935,
drew attention to slight but significant elevations
in the lipase content of patients with hepatic dis-
orders and in animals which had had their common bile

ducts tied and others which had been given an over-
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"dose of chloroform. Comfort (193%9) reported slight-
ly raised values in 5 out of 37 cases suspected of
having disease of the liver and Johnson and Bockus
(1940) found 7 out of 24 cases with cirrhosis with
similar enzymatic changes. In the present series,
no attempt was made to find out whether the patients

~had disease of the liver. It seemed unlikely that
this was present in case 5 at any rate, since evid-
ence has been given that hepatic disorder either
leaves the serum diastase levels undisturbed or causeT

‘a lowering in value depending on the method of study.
Thus, Elman, Arneson and Graham (1929) using the
viscometric method and Foged (1935) using one of the
iodometric methods failed to demonstrate any appreci-
able deviation from the normal range of values, while
Somogyi (1934), Rachmilewitz (1938) and Lewison (1941))
found with the copper reduction method devised by the
first named author that disease of liver tended to
have a depressing effect.

A closer study of the problem has shown that
raised diastase values have only been encountered in
cases in which stones were present in the common bile
duct. Millbourn (1936) recorded a high output of
urinary diastase in as many as 53% of 74 cases with
Jaundice due to choledocholithiasis. A considerable

lumber of Foged's cases reported in the previous year
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who were similarly affected, also, had increased
diastasuria. According to Lewison (1941), each
patient's case should be studied on its own merits.
To illustrate this point, he presented the case-re-
cords of three patients who had sudden transient
rises in serum amylase activity following operations
on the gall-bladder and its ducts. The pre-~opera-
tive observations all gave normal readings. In two
patients, it was discovered that stones had been left
inadvertently in the common bile duct and in the
third instance, he assumed that the altered enzyme
values were the result of the T-tube, which was drain
ing the common duct, pressing on the main pancreatic
duct. Lewison was led to the conclusion that such
biochemical findings indicated a state of enzyme re-
tention in the pancreas due to temporary blockage of
the duct of Wirsung although it seemed to him that
the rise in values was relatively of moderate ampli-
tude in comparison with those encountered in cases of]
acute pancreatitis. Cholecystitis with or without
stones does not, in the wide experience of Somogyi
(1934) or Rachmilewitz (1938) lead to a rise in the
level of serum diastatic activity. The presence of
stones in the common duct has been shown by Berﬂ@rd

(1933) to be associated occasionally with an excess

of lipase in the blood.
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Sufficient evidence has been given to show that
raised pathological readings are likely to occur in
patients with stones in the common bile duct in the
absence of a demonstrable pancreatic lesion. A slight|
increase in lipase titres unaccompenied by a parallel
rise in diastase values tends to signify faulty liver
function. A marked increase in the activity of |
both enzymes would seem to suggest that the passage
of a gall-stone through, or its lodgment at, the
ampulla of Vater has interfered with the outflow of
the pencreatic juice. Since both enzyme values in
case 5 were affected, it has been regarded as a case
of the latter type. The similarity that exists be-
tween the second day readings and those obtained in
acute pancreatitis cases of two days' standing (see
Table 7) is also in conformity with the view that the
findings in this case denote some form of pancreatic
dysfunction. That the same agency was at work in
case 19 can only be surmised, but, in view of the
diminutive size of the stones, the escape of one or
more into the duodenum via the common duct was a
likely probability. The suggestions offered for the
normal values noted in the other four patients with
choledocholithiasis are: (1) that the stones were not

in a position to interfere with the main pancreatic

duct or/and (2) that they were admitted too late for
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pathological readings to be recorded. It may be
noted that one of these cases (No. 8) had a swollen i
indurated pancreas which might have been either a
subacute pancreatitis in the resolving stage or dis-
ease of a more chronic nature. In agreement with
the findings of others, negative results were obtain-

ed in patients in whom the gall-bladder was the sole

seat of diseasse.
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Serum Enzymes in

Acute Intestinal Obstruction.

So far as I can ascertain, Johnson and Bockus
(1940) are the only authors who claim to have found
raised enzyme values in association with intestinal
obstruction. In all of the four cases of obstruc-
tion studied, they found that the serum lipase con-
tent was raised slightly above normal. No estima-
tions of serum diastase were made.

In the present investigation the serum diastase
and serum lipase activity of 6 cases was studied.
There was regurgitant vomiting of éﬁiégiégi material
in each one. The other condition likely to inter-
fere with the free flow of pancreatic juice in such
cases, namely, distension of the upper coils of the
small bowel, was demonstrated at operation in each
case.

 The findings set out below in Table 13 were all
Within the normal limits for both enzymes. As the
cases, though few in number, seemed fair samples,
the view was taken that an acute intestinal obstruc-
tion is unlikely to be mistaken on biochemical

grounds for an acute pancreatitis.
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TABLE

13.

Serum Enzymes in 6 Cases with Small Bowel Obstruction.

|

Serum Enzymes
% £ Obst tio Diastase Lipase
Case Nature of Obstruction Somogyi Units | ml. N/20 NaOH
per ml. serum | per ml. serum
(40-228) (0-1.6)
fase 1
Male Paralytic ileus. Periton- |
21 yrs itis from ruptured appen- 199 0.09
dix. 195 | 0.10
(2 days later)
|Gese 2
Male Small bowel obstructed
58 yrs. | from contact spread of 210 0.08
colonic carcinoma.
{ase 3
Mele Upper ileal loop ensnared 74 0.07
30 yrs. | by Meckel's diverticulum. ‘
(ase 4
Pemale Tumour of transverse colon ,
40 yrs. | with dilatation of small 62 0.82
| bowel.
(ase 5
Hale . Paralytic ileus due to
20 yrs. peritonitis after perfora- 100 1.12
. tion of duodenal ulcer.
|%ase 6
Yale Paralytic ileus due to -
51 yrs. | peritonitis after perfora- 133
tion of duodenal ulcer.
~——_
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Serum Enzymes in

Acute Perforated Peptic Ulcers.

This investigation was prompted by the following

casel-

A male, aged 57 years (Case 1, Appended Table III),
admitted to the Western Infirmary, Glasgow, in Decem-|
ber 1941, gave a history of 14 years periodic indi-
gestion, culminating in a severe epigastric pain of
two days' duration. |

The diagnosis appeared to lie between an acute |
pencreatitis and a general peritonitis, probably as
a result of perforation of a peptic ulcer. Both the
gerum diastase and serum lipase estimations showed a |
fourfold increase. Further help was sought from an
abdominal tap, which resulted in a withdrawal of a
brownish fluid also rich in digestive ferments. A |
confident but incorrect diagnosis of acute fulminat-
ing pancreatitis was made. The patient, however,
wag moribund and died a few hours later.

Autopsy revealed a perforated ulcer of the ante-
rior wall of the first part of the duodenum. There
was general peritonitis with pronounced inflammatory
changes and fibrinous exudate in the vicinity of the
lesion. To the naked eye, the pancreas appeared
normal.

/

Scope of the Invegtigations.

Serum diastase and serum lipase estimations were
carried out on 32 patients with anterior peptic ulcer
perforations. The'majority of the readings were
taken prior to operation, the others while it was inE

progress. In the course of the inquiry, informatioﬁ
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| Was also sought concerning the factors likely to lead
to changes in the enzyme levels. These were: (1) the
site of perforation, (2) the activity of the pancreas

and (5} the ferment content of the peritoneal fluid.

Biochémical Findings.

E 4
-

A perusal of Table III on pages 168-170 will show§
that out of 32 cases there were 7 patients with abnorm}
ally high diastase activity and 4 with hyperlipaemia.

- fhe values accepted as abnormal are compared with theé
i‘nérmal in Table 14 (below). The former ranged from

245-720 units (diastuse) and 1.69-4.10 ml. (1lipase)

”gf10.01—1.49’m1. respectively. Those with raised lipase
levels (nos. 1, 3, 13, 14) belonged to the same group

as had raised dizstese levels, and there was a certain

TABLE _14.

Showing the kange of Vslues for the Normal and

Abnormel Readings.

Range of Range of
Type of keadings No.of Readings No.of
Cases Serum Diastase |Cases | Serum Lipase Cages
units/ml. ml.N/20 NaQH/ml.
: (40-228) (0-1.6)
Normal 46-1b4 23 0.01-1.49 26
i Abnormal 248-720 7 1.69-4.10 4
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i
|

correlation between the extent of deviation from the

|
‘|normal. In numbers &, 11 and 12 the diastase content

only was altered. It will also be noted that the dur-i

ation of illness prior to operation may be a factor
of importance. This hypothesis is based on the ob- i
gervation that a 7-hour perforation was the earliest
to exhibit raiced readings and the others were of
longer standing - 9 to 48 hours, and by far the
highest values were found in the 15- and 4&-hour old
cases. Those that had been missed in the acute stage
(nos. 31 snd 32) gave normal readings.

To investigate the time factor more fully, it
was decided to repeat the tests 24 hours after
operation., This was done in 15 cases and the findings
gére presented in a separate table for convenience of
study. Table 1l5a gives the results which were
initizlly raised or became so, and Table 15b those
that fluctuated within the normnl 1imifs. It is clesr
Ifrom these tables that there is a wide individual
{variation in the results: some rise, others fall,
While yet a third group remain the same. TFven so
the findings as a whole do suggest that pancreatic
function mey be disordered in cases of peptic ulcer
Egperforation. The rest of the investigation concerns

f?the ways by which this may occur.




91,

TABLE 15 (a)

Reéuité 6bfained in 8 Perforation Cases

with raised Serum Enzyme Values.

The repeat recdings were taken 24 hours later,

Serum Diastase Serum Lipase
Case Duration |Somogyi Units ml. N/20 NaOH
Number per ml. serum per ml. serum
(40-2206) (0-1.6)
12 4. hrs. - 0.1%
260 1.02
i 14 7 hrs. 355 1.69
355 0.07
l 11 9 hrs. 266 0.14
80 Zero
B 10 % hrs. 248 0.75
80 0.89
13 1l hrs. 266 2.07
160 0.55
24 124 hrs. 68 1.25
300 (24 hrs. 1.40
later)
22 (2 days 0.66

later)
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TABLE 15 (b)

Results obtained in 9 Perforation Cases

with normal wvalues.

| The repeat readings were taken 24 hours later.

!

Case
Number

26

10
18
17
25
30

19

|
I
|
{
|
|
|
1
|
=
i
]
|

Serum Diastase Serum/Lipase

. Somogyi Units ml. N/20 NaOH

Duration per ml. serum per ml. serum
(40-228) (0-1.6)
4 hrs. 145 0.22
190 0.99
4 hrs. 0.60
0.80
4% hrs. 184 0.42
84 0.42
6 hrs. 84 0.01
56 0.10
7 hrs. 88 0.13
84 0.22
7 hrs. 66 0.67
80 0.52
T hrs. 168 0.10
200 0.32
11 hrs. 66 0.06
123 0.08
12 nhrs. 88 0.03
106 0.81

Pathological Findings:(Te~ S of. P forsTon ).

Thersite incidence of the ulcers was as follows:







| topsy revealed, in addition to an anterior ulcer of

| presumed that the fat necrosis was due to the lipase

| information would furnish some indication as to the

93.

pyloro-duodenal - 29; gastric - 2; anastomotic -~ 1.
A1l the perforations were situated anteriorly. In

5 of the 6 cases with raised values, the perforations
were just distal to the pyloric sphincter, and in the

remaining 1, the lesion was at the sphincter. No

signs indicative of disease of the pancreas were
found at any of the operations.

i
1
I
|
|
!
-

In one of the sgseries with normal readings, au-

-~

the duodenum, a posterior ulcer superficially attach-

ed to the pancreas. There were a few flecks of fat

necrosis in the adjacent part of the lesser omentum
of this patient. Since no evidence of pancreatitisg
could be seen on direct inspection of the gland, I

|
of the escaping duodenal juice. (See photograph facing
page 93)

Time of Previous Meal: It was considered that this

functional state of the pancreas at the time that the
duodenum perforated. The interval between the pre-
vious meal and the onset of abdominal pain was known
in Eg patients. |

It was estimated that on an average the lapse of

time was just over four hours. One of the series

actually perforated during a meal, but this was an
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| exceptional occurrence. The longest intervening
period was six hours.

There appeared to be no connexion between the
time of the previous meal and the variations in serum

enzyme activity noted in certain cases.

The Ferment Content of the Peritoneal Fluid: It is

necessary to preface this investigation by referring :
- to some observations which were made on the peritoneaﬁ
- exudate of acute pancreatitis cases. These results
- obtained in 4 cases are given in the appended Table

i II, page 167. They show that the pancreatic ferments
- tend to diffuse into the general peritoneal cavity or

are borne there in the blood which may be present in
- considerable amounts in the more destructive forms ofg
% the disease. |
The case presented at the beginning of this
%study illustrates how perforated peptic ulcer might
~be mistaken for an acute pancreatitis if too much
:stress is given to the chemical properties of ;b—
dominal fluid.

The present investigation concerns only the

' enzyme content of the peritoneal fluid in perforated
iPeptic ulcer cases. It was taken up with the pos-
- 8ibility in mind that absorption of the duodenal and

bpancreatic ferments lying free in the peritonesal

-cavity might be the cause of the biochemical findings,
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éencountered in certain of the cases. It entailed
the carrying out of diastase and lipase estimations
. on the peritoneal fluid of 21 cases. In one case
the sample of fluid was obtained by paracentesis:
abdominis; in all the others, the samples were taken
ét operation. The results are to be found in Table
I1I. of the Appendix, page 168. |

The range of values was, as expected, a very
wide one. Except for one patient (case 14) whose
initial blood readings were raised and whose enzyme
content was very high, there seemed to be a general
lack of correlation between the blood and peritoneal
fluid findings. For reasons to be discussed later,
‘a detailed analysis of the results was not carried

out.

Discussion.

Little prominence has been assigned to the
enzyme variations in cases of perforated peptic ulcer
of the common anterior type, due no doubt to the re-
lative ease with which a bedside diagnosis can be
made.~ It would seem that only two authors have
hitherto reported raised values in this condition
and in both instances, the urinary diastase was

th g L 3 7 ¥3 272

studied. In 19356, Nillbouwrm reported moderately

increased level of output. The pathological details
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of his cases were not given in his paper. Hughes
presented four such cases before the Royal Society of
Medicine in 1942. The total number of cases studied
by him was forty and all were of the anterior variety
The values obtained in these four patients were so
high as to suggest a diagnosis of acute pancreatitis.
An arresting feature noted in three out of the four
cases was the presence of fat necrosis in the field
of operation. Although the idea was entertained -
that the saponification of fatty tissue was due to a
co-existing pancreatitis, further explorationlruled
this out. Autopsy carried out on the fourth case re;
vealed a normal pancreas. Other observers have not
found any material alteration in the blood or uninary
diastatic indices in acute anterior perforation cases
(Foged, 1935; Probstein, Wheeler and Grey, 1939;
Elman, 1942). Probstein et al. did find pathologic-
al findings in 4 out of 18 cases of anterior perfora-
tions but the ulcers in those which gave these read-
ings proved at operation to be gastric and lying con-
tiguous with the pancreas. They did not think that
the common anterior duodenal perforations were ever
associated with abnormal enzyme readings. In their
conclusions, they suggested that blood diastase tests
should be carried out on all acute abdominal cases

not only for the differentiation and recognition of
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acute pancreatitis but also as a means of locating

the site of a peptic ulcer should one exist. It

would appear from the results of Hughes' studies and :
my own that the clinician is apt to be misled should é
too much reliance be placed on such diagnostic cri- ;
teria since no pancreatic involvement had occurred

in our cases.

- No suggestions were made either by Millbourn or
by Hughes as to the probable causes of the occasional:
occurrence of abnormal enzyme findings in perforationé
of the anterior variety, nor the conditions under é
which they may be found. Though in close proximity E

to the pancreas, an anatomical connexion between the
mxf

| lesion and the pancreas was not obvious at any of ke

operations.  Nor could the biochemical findings be

~explained on a physiological basis. The notes takeni

on the incidence of perforation in relation to meals
suggested that peptic ulcer cases are prone to develop
this complication at a time when the stomach is welll
nigh empty and when presumably the pancreas is enter-
ing a quiescent pﬁase of secretory activity. I11-
ingworth, Scott and Jamieson (1944), in their statis-

tical survey on the subject of perforated peptic

ulcer, reported that the incidence of the condition |
was highest toward the end of the working day and
lowest during the period of rest. Thus, it would

@

B
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seem that fasting may be a contributory factor but,

as they pointed out, more definite data are necessary

given to their belief by the present findings. Al-
though the results do not offer a solution to my own

problem, they have been the means of drawing atten-

tion to a fine point in the differential diagnosis of§

I

\

this condition from acute pancreatitis since the ;
latter occurs in its classical form soon after a mealf
and is said to be particularly common in corpulent
individuals who have a taste for high living.

It seemed reasonable to assume that during the
absorption of the peritoneal fluid, digestive fer-
ments, which were still active, had been carried into
the bloodstream. Conclusive evidence could not be
obtained that this did in fact occur. A detailed
analysis of the results was not entered upon owing to
the existence of factors which were variable, such ag
the quantity of the duodenal or gastric contents
which escaped, and the extent of their dilution by
peritoneal transudate. Alternatively it is suggest-
ed that the contact with these irritating fluids or
the development of peritonitis had adversely affected
the pancreas. In keeping with the latter suggestion
are the post-mortem findings in case 1. As few sur-

geons pay much attention to the pancreas during an
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| operation for the closure of a perforation, the dif-
Tficulty of collecting evidence to support this theory
is considerable. ’
In the interpretation of the results from the
clinical standpoint, it was possible to reach more
definite conclusions. The unexpected discovery of
pathological values raised issues of signal import-
ance because if a perforation is obscure enough to be
taken for an acute pancreatitis such a finding might
weigh against operative treatment. An analysis of
 the results seemed to indicate that in contradistinc-

tion to what happens in acute pancreatitis, the serum

enzyme levels have a tendency to rise the longer oper%
ation is withheld. This applied to both the serum

diastase and serum lipase findings. The contrast in
behaviour of the serum enzymes as found in these two

conditions is well shown graphically (see Graphs Nos.

3 and 4).




100.

UNITS SERUM
DIASTASE/m]

6000 [
'sooof ¥
4000 *
3000 |

2000 |

- : . -
1000

500 +

200 |

40

1day . Ry ‘ 3 T . 4 3

Graph No. 3 presents the serum diastase values
- of 26 perforation cases (o) and of 7 cases of.

acute pancreatitis (-) during the first four
days of illness.
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Graph No. 4 presents the serum lipase values of

27 perforation cases (o) and of 7 cases of
acute pancreatitis (-) during the first four
days of illness.
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Thus, it would appear that the serum enzyme ,
readings are most likely to be normal or only slight-é
| 1y increased in perforation cases which have been |
seen within 12 hours of the onset of symptoms, where-
as in acute pancreatitis they are greatly raised dur-
ing that period. However, between 15 and 48 hours
the enzyme content of the blood may be augmented to
a moderately high level during which time that of
most cases of acute pancreatitis is tending to fall
to about same levels. This is precisely the time
that the clinical features of a perforated peptic
ulcer case become so modified by general peritonitis

as to cause real difficulty in diagnosis. It would

seem to make little odds which method of treatment is

]

instituted at this late stage because, unless the per
foration happens to be of the self sealing variety,

the patient's chances of recovery are by then very

poor.

Summary .

The findings in cases of calculous disease of
the biliary tract, small bowel obstruction and per-

forated peptic ulcer of the anterior type are pre-
sented. '

Raised values were obtained in two of the bili-
ary cases and in six of the perforation cases. The
. obstructed patients gave normal readings.

. The view was accepted that a high serum diastase}
estimate is found only in cases of choledocholithiasis
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?and that the causal mechanism is obstruction of the

pancreatic duct. When the serum lipase titre is _
raised the cause may either be a pancreatic disorder

. or a hepatic disorder. Consequently in the differ-
- entiation of these two conditions, weight should be

given to the diastase findings.

The biochemical findings were normal in the

' majority of the perforation cases. Taking an arbi- j

trary division of time, it seemed that normal or
slightly raised values may be expected during the

- first twelve hours; thereafter moderately raised

values are liable to occur, if the case is still un- |
treated. No satisfactory explanation could be of-

, fered for the positive findings.

In short, the biochemical findings in the more
common forms of the "acute abdomen'" do not seriously
impair the diagnostic value of enzyme tests as ap-
plied to acute pancreatitis. The possibility of a
perforation case being mistaken for one of acute
pancreatitis only arose at a time when such an error
was unlikely to affect the fate of the patient.

. With regard to the findings in biliary affectionms,
' the study has thrown an interesting light on the

mechanism of raised enzyme readings and has at the
same time fortified the view that these are merely
a sign of pancreatic distress and not a measure of
the resultant damage.
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THE MANAGEMENT OF ACUTE PANCREATITIS.

i
i

The care of those affected with acute haemorrhag-

1
|

- ic necrosis of the pancreas still constitutes a veryf
. serious problem. When first seen they are usually

|

overwhelmed with pain and in a state of extreme pros-

tration.

At operation the lesion presents differing
characteristics and seems to follow no set course |
which precludes any attempts to predict what the out-
come is likely to be. And moreover, should recoverJ

- take place, there is no guarantee that another attack

will not occur, nor is there any reliable preventive
measure which we can take. The problem that really |
concerns us is whether or not it is within our powerj
to control the disease procese once it is establisheé.
3 The prevailing belief is that this can be done with
the aid of surgery. ‘

This idea was engendered by Fitz (1889), HalsteJ
(1901), Egdahl (1907) and Kérte (1911), the earlier

- authorities on the subject, who were firmly convinced

i that the best hope of survival lay with early recourAe

% to laparotomy and the promotion of free drainage.
? The succeeding generation of surgeons, the more not-g
' able being Moynihan (1925), Waring (1923), Love (1926)
~ and Finney (1933), pursued the same active line of
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| treatment and the enthusiasm with which they did so
E is reflected in their writings. Unfortunately,

. success did not attend their efforts to lower the

j mortality rate of their predecessors for according to
 the statistical analyses available at the time the

: operative mortality rate still remained forbiddingly
| high (Schmieden and Sebenung, 1928). It was about

~ this time that doubts began to be aired as to advis-
; ability of surgical therapy. These emanated from a
| new school of thought represented by Nordmann (1938),
. Mikkelsen (1934), Waltzel (1934), Smead (1936) and
‘ others who had switched over to the adoption of a

' more conservative policy. Their published results

. were most impressive and encouraged the bold sugges—é

tion that acute pancreatitis might possibly be a ael#—
limiting disease, which was in a sense tantamount to.
calling it a medical condition. Indeed, Trasoff and
Scarf (1937) go so far as to give this challenging
title to their paper, "Acute Pancreatitis; a Medical
Problem". Speaking very generally, the conservative
line of treatment is widely practised on the Contin-
ent, but in the United States it would still seem to
be under trial and according to available information
Morley (1939) is the sole exponent in this country.
The standard textbooks both in America and in this
country, perhaps with the exception of Bailey and




106.

" Love (1943), have so far completely ignored its pos-
- sibilities and continue to set great store by surgery
a8 a life-saving measure. This teaching is fully

i endorsed by Ogilvie (1939) and in America by Casberg

(1939), Abell (1938) and Csle and Elman (1939). Tne{

; main objection all along to the acceptance of the i

J

- conservative policy has been, to use the words of j

Rowlands,and Turner (1937 |

Rowlend—(1934), "the difficulty of accurate diagnosis

which makes it difficult to withhold laparotomy and f

% renders statistics of cases not operated on of ques-l
. tionable value".

As evidence of the good that may come of this

f form of treatment, let me quote Mikkelsen (1934) who
| had only three deaths out of a series of 39 cases. |
% They were all critically ill when first observed, buﬁ
f it was obvious from the reading of his paper that thé
; biochemical findings formed the basis of diagnosis. i
} That some of his cases were of the milder sort is
quite probable, for this author chose to operate only
% in those who proved subsequently to have disease of
f the biliary tract.

The whole problem becomes much simpler once we

~ realise how little is known of the aetiology of acut%
5

4

E Pancreatitis. Granted experimental reséarch has

 done a great deal to clarify the position, but much
! !
- of the information placed at our disposal is probablf
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- of greater interest to the physiologist than to the
practising surgeon. It is easy to understand why
clinical research has lagged so far behind. In thef
first place the surgeon is hampered in his investiga%
tions by tactical necessity. Secondly, even suppos{
ing he were to try to probe the secrets of this dis-;

ease, he can never carry out an organised inquiry.

To explain this point, let us consider the recoé
nised predisposing factors, namely, a vascular acci-§
dent, and an obstruction somewhere in the pancreatic%
duct system. He may, within reason, be able to ex
clude an apoplexy of the gland, but there remains thé
difficulty of distinguishing between a lesion causedi
by some obstructive agent such as an ampullary gall-
stone or possibly a roving nematode and a lesion dusg
to epithelial hyperplasia of the lesser ducts (Rich :
and Duff, 1934). It may again be conceded that the
ampullary region is well within reach, but the sur-
geon even denies himself the satisfaction of explor-
ing that area by choosing, in the interests of the
patient, the simpler expedient of cholecystostomy.

This procedure is calculated to help the patient in

two ways, first by ridding him of any gall-stones |
that may be present, and second by diverting the bilé

flow away from the meeting place of the two duct i

systems. The "common channel" theory was postulated
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in 1901 by Opie. It rapidly gained recognition and

has maintained its ascendency until the present time.

. We would do well to bear in mind, however, that it is
V no longer accepted in the School whence it originatei.
Rich and Duff (1936) surveyed the autopsy-égg;; of the
Johns Hopkin's Medical School in which they included
Opie's celebrated case. The following extract epi-§
tomises their views on the subject. They stated |
that "while the underlying obstruction in some cases}
of haemorrhagic pancreatitis is caused by a gall- l
stone lodged at or near the ampulla of Vater, in mosﬁ

cases the main pancreatic duct is unobstructed and |
the obstruction is situated in branches of the duct |
within the pancreas. Retrojection of bile into the’
pancreatic duct is an infrequent cause of haemorrhag-
ic pancreatitis in our experience, and proved cases |
in the literature are scarce." ;
No further comment on the bile question seems t#
be called for. It may be stated, however, that if ?
the benefit conferred by cholecystostomy is so doubti
ful, then would it not be better to postpone the re-§
moval of calculi to a time when exploration of the ;
biliary system could be done under less testing cir-%
cumstances? g
Let us next consider the more specific aims of

surgical treatment. It is convenient to start at
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the time when abdominal surgery was in its infancy.
| In these days, the lesion that holds our interest was
regarded as a sort of visceral carbuncle and the prac}
"~ tice was to make bold incisions into the pancreatic

substance. This mutilating procedure fell out of

| favour when it became known that the condition was

essentially a process of auto-digestion. Surgeons
- then became motivated with the idea that some benefiﬁ
: might be derived from "decompressing" the gland by 5
incising its peritoneal covering. Nowadays even i
this is regarded as not only an ineffective but also!
an irrational means of providing drainage, and we é
content ourselves with evacuating the contents of thé
lesser sac and the insertion of a drain down to the ;
surface of the pancreas. This reversal of policy t
ig interesting for it manifestly shows that those re%
sponsible for its direction have gone a long way to j
admitting that the pancreas is capable within limits
of looking after its own affairs. We may well ask
next, why drain at all? No one seems to be clear on
this point. The danger of microbic invasion is, iné
my experience, very slight indeed. The peritoneal

exudate is either absorbed within the first week or

it becomes trapped in the lesser sac and may develop)
into an enormous encysted collection. None of my |

}

cases with such cysts went septic. This peculiar
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brownish exudate which on standing presents the ap-
- pearance of shot milk is not found in all cases;
only in those where haemorrhages dominate the patho-

i logical picture. Personal studies have shown that ;
- it usually possesses starch-splitting and fat-split-j
| ting properties. On microscopic examination, there -
~ are to be seen red blood cells, leucocytes inter- |
; mingled with floating globules of fat which give its
surface the characteristic sheen. Experimental re-
search has failed to substantiate the view that it
contains toxic substances when inoculated into the

peritoneal cavity or the blood stream of healthy

animals (Iraneus, 1941). Taking all these points |
into consideration, it is obviously stretching factu4
al data rather far to assert that the drainage of |
this fluid is a life-saving measure. The truth of
the matter is that the results of surgery are so bad
that we think of them only in terms of the mortality
rate.

There is no escaping the conclusion that this
controversy has been carried too far beyond the
boundaries of clinical reality. Too often has it

been assumed that the difficulties of diagnosis in-

validate the cures of conservative treatment. Sure%
ly the mere fact that the operating surgeon has firsf

hand information does not mean so very much because
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in the majority of cases his diagnosis is fortuitous

~ and unexpected. Indeed, it is almost as if he arriv-

ed at his diagnosis, to quote the motto of a daring |

. branch of the Royal Navy, "by guess and by God".

5 On the other hand, if the conservative policy is to

% obtain recognition, then its supporters must producef

- facts as well as figures. Biochemical evidence .

; alone is not acceptable because, as has been demon- §
strated, the tests are not a means of differentiatiné

'~ the severe from the mild lesions. The results musté

- be judged principally on definite physical signs, %
such as a pseudo-pancreatic cyst or discoloration ing
the flanks, and on the pathological data of autop- |
sies and late operations. The following Table No.lé
is a presentation of the data relating to eleven of i

% my own cases which were treated expectantly. Out
of these there were two deaths. The first three

- cases (Nos. 8, 12, 14), all of whom survived, were

% essentially biochemical diagnoses and might perhaps

| be discounted. Even so, to have only 2 deaths out

of 8 cases'with demonstrably severe lesions is quite

a fair reckoning.
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My operative experience was more limited. There

%were 5 severely affected patients, none of whom were °
;diagnosed correctly beforehand, who received emergency
% surgical treatment within the first three days of 111;
i ness. The procedures carried out were cholecystos-~
% tomy and the insertion of a drain down to the pan-

E creas. Three recovered, one died soon afterwards,

% and the fifth developed suppurative pancreatitis

é eight weeks later.

: My own view on the matter is simply this, that

} acute pancreatitis is a medical condition which for

. practical reasons must remain a surgical responsi- |
 bility. It is suggested that all of the obscurer

§ forms of the acute abdomen might be considered sus-

§ pect and confirmatory biochemical evidence sought.

; A positive result does not tell us how far the di-
gestive process has gone, but that, to my mind, need
- not move us to satisfy our curiosity. My clinical
| experience has convinced me that a goodly proportion
i of those whose pancreas has been grossly affected do
recover without operative interference. The sug-

% gestion is tentatively made that those who are so

; fortunate and who show evidence of biliary disease

Z might be well advised to submit to a laparotémy when

; their general health permits.
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- CASE No. 1.

- Ten days prior to admission the patient experienced a

|

116 *

CASE RECORDS.

CLINICAL DIAGNOSIS -~ False Pancreatic Cyst
RESULT - Well

Clinical History: 1Lirs E.D., aged 78, was admitted
to the Western Infirmary, Glasgow, in October 1937.

sudden access of upper abdominal pain which was most-
ly felt in the right hypochondriac region. She felt
a shivery sensation and there was an increase in
pulse rate. The acute pain persisted for two days,
then passed off only to return with increased sever-
ity and with extreme sickness and vomiting. These
symptoms continued until her admission to hospital. |

|

On Examination: The patient was small and on the
stout side. Her general condition was poor. Tem-
perature and pulse rate were normal. Leucocyte
count = 7,600 per cu.mm.

The abdomen was grossly distended by a large
round tumour that occupied a central position in the
upper abdomen. It had a smooth contour and was of
firm consistency. The overlying muscles were moder-
ately resistant but there was no tenderness. The
mass was tympanitic over its dome and dull on the
periphery, merging on the right with hepatic dull-
ness.

t

Barium Meal Investigation was carried out by Dr
S. D. S. Park, who reported that the stomach was dis-
placed to the left by a tumour lying above the lesser
curvature, but intrinsically normal.

Progress Notes: The patlent made an uninterrupted
recovery with general nursing care, and by two months
time the mass had completely disappeared.

Seen by Professor A. E. Whipple, of New York,
who suggested the diagnosis of false pancreatlc cyst
following acute pancreatitis.
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CASE No. 2.

CLINICAL DIAGNOSIS -~ Acute Cholecystitis
AUTOPSY ~ Acute haemorrhagic
pancreatic necrosis.

Clinical History: MMrs J.R., aged 45, was admitted
- to the Western Infirmary in April 1938. The patient
had suffered abdominal pain for 3 days but was so !
- desperately ill that she could not be interrogated.
It was learned that four years previously she had

been treated conservatively for biliary colic. She

was never jaundiced.

_ On Examination: The patient was found to be in a

state of co%lapse and most restless. The tempera-
. ture was 99 F.; the pulse rate 100 per minute.
She was fat.

The abdomen was rigid over the left rectus and
over the right rectus in its lower half. No other
points were noted at the examination.

Progress Note: The pain remained with unabated
severity throughout the night and was quite unreliev-
- ed by gr.i morphia. She died on the following day.

l
i

: Synopsis of Autopsy: The peritoneal cavity con-
- tained 700 c.c. of blood-stained fluid and numerous
areas of fat necrosis were scattered throughout the
- omenta, the left renal and pancreatic regions.
- Pancreas was greatly swollen, haemorrhagic, and its
surface studded with fat necrosis. Its main duct
was patent. On section the gland was congested and
~ haemorrhagic with massive necrosis of the body.
Gall-bladder was distended and thin-walled. It con-
- tained numerous mixed, pigmented and cholesterol
- stones. A minor degree of cholesterosis was present.
- Ampulla of Vater was patent and admitted passage of a
probe. It looked rather prominent. The bile duct
was slightly dilated but contained no stones. Intes-
tine contained a small gallstone 3 mm. in maximum
diameter at the level of the pelvic colon and embedde(
in a faecal mass. ? Causal factor. The stomach ang
duodenum were normal.
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