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GENERAL INTRODUCTICN

The present investigation has been under way since 1952,
and in the years which have elapsed the reasons which stimulated
me to commence this work have to some extent been forgotten.
Nevertheless, it seems worth while trying to recolliect these
reasons if only to see to what extent they were fulfilled.

In 1952 I was engaged on an investigation on muco-proteins
and mucopolysacchorides, The periodic-Acid=Schiff method had
recently been introduced and its potentialities realised by
Hotchkiss (1941;). The use of this precise histochemical method
coupled with selective enzymatic digestion of tissue components
had opened a whole new field of study and it seemed probable
(to the author) that it would be possible to study and elucidate
the histochemistry of mucus formation and secretion.

At this time I was transferred for a period from the
Pathology Department, Western Infirmary, Glasgow, to the Royal
Hospital for Sick Children, Glasgow, Fibrocystic disease of
the pancreas at once presented itself as a most unusual and
interesting condition and appeared to offer an excellent type
of material on which to try out these new histochemical methods
especially as the mucoviscidosis concept of the disease which
had been formulated recently suggested that the primary cause
of the lesions and of the condition was an abnormality in the

formation and secretion of mucus, However, as work proceeded



it became apparent that histochemical method did not in itself
hold the key to the problem of fibrocystic disease,

As T encountered a substantial number of cases I became
interested in the wider aspects of the condition and attempted
to study not only the pathology but the general clinical features
of this systematised disease, This then led me forward to
review the epidemiological and genetic aspects of the disease
and to carry out a relatively complete survey of this condition
in the West of Scotland.

The results of this investigation are now presented
along with a report on the clinical and pathological features
of the disease as seen by me in the present series of cases.
From a consideration of these histological features certain
conclusions have been drawn and a new theory of the aetiology
of the condition is advanceds Some attempts to prove this

hypothesis are briefly outlined.



NOMENCLATURE

Throughout this thesis the term, "fibrocystic disease"
1s used to indicate both the lesions of the pancreas and the
clinical syndrome characterised by failure to thrive,
respiratory infection, and steatorrhoea. This name is not
altogether satisfactory but has the merit of describing the
pancreatic lesions which appear to be a constant finding in
this disease, Many other names have been proposed, the most
descriptive of them being the term, "dysporia entero-broncho-
pancreatica congenita familiaris", which was suggested by
Glanzern (1946) and has the merit of being descriptive but the
demerit of verbosity.

More recently the term, "mucoviscidosis" has been
advocated by Shwachman (1951) and this has the advantage of
not only describing the abnormality in mucus secretion which
is present but also suggests or infers that it is widespread.
Unfortunately many other conditions, for example, whooping
cough and chronic bronchitis are associated with the production
of excessive amounts of viscid mucus and so the term, "muco-
viscidosis" can be criticised for lack of specifity as can
the term, "mucosis" suggested by Bodian (1952).

I have, therefore, retained the term, "fibroecystic

disease" for general use as it has the advantage of long usage.



HISTORICAL REVIEW

The pancreatic lesion, which is the constant and
characteristic feature in fibrocystic disease of the pancreas,
was first described by Landsteiner in 1905, when he presented
a case of meconium ileus in which the small intestine was
blocked by a mass of inspissated green mucus, Histological
examination of the pancreas showed cystic dilatation of ducts
and acini with fibrosis of the connective tissue stroma and
the author thought that absence of the pancreatic ferments
was responsible for failure of liquefaction of the meconium
and that this in turn caused obstruction of the bowel,

This excellent initial report was not followed up and
appears to have been forgotten. Many years elapsed before a
further case of fibrocystic disease was presented.

About the time of Landsteiner's description, Bramwell
(1902, 1904, 1906) reported a study of several patients who
developed steatorrhoea in infancy. Although he considered
that this was due to disease of the pancreas, he did not
substantiate his claim either by biochemical examination of
the pancreatic secretion or by histological examination of the
gland itself.

Garrod and Burtley (1913) presented what is probably
the first clinical description of a case of fibrocystic disease
when they reported a case of steatorrhoea in a child aged eight
years who had passed abnormal fatty motions from the age of 7

months, Two siblings of this child had died under the age of



one year, and one of them had shown a similar abnormality of
the stools, The authors noted the familial nature of the
condition and in view of the fact that the parents were cousins
suggested that it might have an inherited basis,

The first adequate clinicel and pathological description
of fibrocystic disease was given by Passini (1918)+ who
demonstrated the characteristic abnormality of the pancreas
and suggested that it was the cause of steatorrhoea. He
described three children who all suffered from steatorrhoea
and eventually died with broncho-pneumonia between one and two
years of age, Histological examination of the pancreas of
these three cases showed atrophy of the exocrine tissue with
fibrosis and dilatation of the ducts, Two of his patients
were 8iblings and he also suggested that this was a familial
congenital pancreatic disorder.

Reports on similar cases were published by Harper (1930),
Daffinee (1931), Blackfan and Wolbach (1933), Parmelee (1935),
Hess and Saphir (1935), Harper (1938) and Thomas and Schlutz
(1938). Harper (1930) suggested that the condition of the
pancreas caused defective exocrine secretion which interfered
with fat absorption and so accounted for the clinical condition;

all subsequent authors have agreed with this assumption.

+ In a letter (Browne, 1955) suggested that credit for
the original description of fibrocystic disease should go to
Harpers I do not agree and consider that the description
given by Passini was, in fact, the first.



Andersen (1938) published a paper which focussed attention
on this condition by demonstrating that fibrocystic disease, as she
now called it, was not a rarity but a relatively common cause of
morbidity and death in childhoode Her own interest in the condition
was aroused when she noted that a patient with coeliac disease, who
had a high percentage of split fat in the stools and who had
apparently responded favourably to treatment was found at autopsy to
have cystic fibrosis of the pancreas, She was able to present
forty-nine cases of fibrocystic disease, twenty-two of which had
been observed personally, the remainder collected from the literature,
She noted that the cases could be divided into three clinical groups.

1 Patients who died in the first week of life from some
form of intestinal obstruction (meconium ileus).

2, Patients who died under six months of age, with
purulent bronchitis, broncho-pneumonia, or bronchiectasis as the
main cause of death.s Most of these children had presented feeding
problems and the main clinical features were hunger, failure to gain
weight on an adequate diet, and the passage of foul, bulky stools.

34 Patients who survived beyond the age of six monthse.

All of these patients presented symptoms which were regarded as
evidence of coeliac disease, The main pathological changes were
as follows: -

In the pancreas the acinar tissue was largely destroyed and
replaced by epithelial-lined cysts, many of which contained

eosinophilic coneretionss Although there appeared to be a great
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increase in the amount of fibrous tissue in the gland, the
islets of Langerhans appeared to be normal. The lungs

showed bronchitis, bronchiectasis or pulmonary abscesses, and
cultures made from them almost always gave a growth of
staphylococcus aureus, There was histological evidence of
vitemin A deficiency, especially in children who died under the
age of one year, Atresia of the small intestine and of the
pancreatic duct was frequently noted.

While unable to ascertain the cause of the lesion,
Andersen considered that it was usually, if not always, present
at births As well as discussing the relationship of the
pancreatic lesion to the other clinical and pathological features
she commented on the familial association of the disease.
Thirty-two cases of coeliac disease were also examined by her
but in none of them was any lesion of the pancreas found, nor
was pulmonary infection a common cause of deaths

Blackfan and May (1938) reported that on examination of
the pancreas in 2,800 necropsies they found thirty-five examples
of fibrocystic diseases They described histological lesions
which were similar to those seen by Andersen and considered,
"that the pathogenesis of this striking pancreatic affection
resides in the production of an abnormal secretion which
inspissates and leads to the distension and atrophy of ducts
and acini",

Pneumonia was present in the majority of these cases
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and in seven histological evidence of vitamin A deficiency

was founde In two families both children of twin pregnancies
were affected by the disease, These authors considered that,
"the clinical and laboratory manifestations, together with so
characteristic a lesion in the pancreas were similar to reports
which have appeared in the literature for many years,"

Further cases were reported by:-

Rausch Litvak and Steiner {1939), Gamble (1940), Rasor and
Stevenson (1941), Jeffrey (1941), Deem and McGeorge (194 ),
Wallace and Ashworth (1941), Daniel (1942), Robbin and Bernard
(1942), Attwood and Sargent (1942), Wolman (1942), Farber (1943),
Kennedy and Baggenstoss (1943), Kohlbry and Wells (1944),
Wissler and Zollinger (1945), Farber (1945), Pugh (1945),
Paterson (1946), Hellerstein (1946), Schlessinger (1946),
Wigglesworth (1946), Tremblath (1947), Barr (1947), Pitt (1948),
Kohl (1948), Sinclair (1948), May and Lowe (1949), Harper (1949),
Jones (1949), Pugsley and Spence (1949), and Lelong Petit and
Borniche (1950).

Thus it can be seen that the number of cases of fibro-
cystic disease reported in the literature grew very rapidly,
providing ample confirmation of Andersen's original suggestion
that this was not a rare disease.

Menten and Middleton (1947) reported eighteen cases of
fibrocystic disease of the pancreas in a series of six hundred
and forty post-mortems, an incidence of 2.8j. They commented

that although obstruction of the pancreatic ducts which had

been reported by Kornblith and Otani (1929) and seemed to
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offer tangible evidence of the pathogenesis of the disease,
they thought it probable that the pancreatic lesion preceded
the atresia and was the cause and not the result of this
abnormality.

Up to this time histological investigations had been
centred mainly on the pancreas, Although the almost constant
association of purulent bronchiolitis had been noted, little
attention had been paid to the underlying abnormality of the
respiratory tract which was the cause of this infection.
Indeed, Andersen (1945c and 1945) had been fairly certain that
dietary deficiency was the cause of the respiratory infection.
In a review (1948a) she stated that, "there is no morphological
evidence that a specific congenital anomaly exists in the
bronchi or their secretion", and (1949c) she again emphasised
the importance of nutritional deficiency in respiratory infection.

Farber (1944) showed clearly that practically any mucus
secreting gland in the body could be affected in fibrocystic
disease and that characteristically the gland itself or its
ducts showed over-filling with mucus.

Histological examination of material obtained at post-
mortem examination of 87 children with fibrocystic disease of
the pancreas revealed changes in the lungs, upper respiratory
tract, liver, gall bladder and upper alimentary tract which were,

he thought, essentially the same as those of the pancreas and
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appeared to depend on a primary alteration in the character

of secretion within the glandular structures, leading to
obstruction and loss of function. Fibrocystic disease of

the pancreas he regarded as a systemic disease which presented
a variety of clinical appearances., An investigation into the
nervous control of the pancreas and mucous glands appeared to
him the logical approach to a study of the nature of this
systemic disease.

Baggenstoss and Kemnedy (1945) and Bodian (1946) also
described a series of cases with the same widespread abnormality
in the mucous glands. Bodian (1952) expressed the opinion that
the disease was a mucosis affecting all mucus-secreting glands,
Zuelzer and Newtom (1949) presented twenty-eight cases which
survived past the neonatal period and found that twenty-four
had symptoms referable to the respiratory system. Histological
examination showed the bronchi frequently were full of stringy
mucus, and secondary infection of this caused bronchiolitis and
broncho-pneumonia, It is interesting to note that the salivary
glands in 18 cases appeared normal.

It would seem obvious that the precise conditions of
fixation of material and the nature and pH of the fixative
employed be studied and carefully controlled in view of the
well-known fact that acid fixatives may cause marked swelling
of micuse It is quite conceivable that artefact produced by
this means would closely simulate an excessive production of

micus and would obscure any pathological changes, Although
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no critical work on this fundamental point seems to have been
done most of the illustrations do indicate that an excessive
amount of mucus is present not only in cells but also in the

ducts and collecting tubules,

Mecenium ileus

After the original description of meconium ileus by
Landsteiner in 1905 a long interval elapsed before any further
reports were published. Kormblith and Otani (1929) published
details of a case of meconium ileus in which they carried out
extensive histological examination of the pancreas and the
pancreatic ducts, Further cases were reported by Dodd (1936)
and Bromaugh and Lattimer (1940), while Sobel (1941) reported
the first case in which the intestinal obstruction was relieved
by enterostomy and the patient survived for three weeks; post-
mortem examination, however, revealed typical fibrocystic disease
of the pancreas.

Denzer (1941) commented that the pancreatic lesions
seemed relatively slight in meconium ileus compared to fibro-
cystic disease, but Hiatt and Wilson (1948) reported eight
patients with meconium ileus who survived for a considerable
period of time after the obstruction was relieved by operation,
These patients died up to two years after operation and histo-
logical examination of the pancreas revealed severe fibrocystic
change with almost complete destruction of the pancreatic acini.

It is now generally accepted that meconium ileus and
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fibrocystic disease are different manifestations of the same
disease and that the pancreatic lesion is fundamentally the
same, In cases of meconium ileus only slight fibrosis and
cystic change is usually found in the pancreas, whereas patients
with fibrocystic disease, who live longer, generally show more
severe fibrosis, more marked cystic change and much greater
destruction of the pancreatic acini,

Farber (1944) produced further evidence that meconium
ileus and fibrocystic disease were essentially the same condition
when he examined the duodenal juice in cases of meconium ileus
and found no pancreatic enzymes to be present. All subsequent
authors have accepted that meconium ileus is merely a special

manifestation of fibrocystic disease of the pancreas.

Lesions in other organs

Changes are present in the mucus secreting glands
throughout the body and it has long been appreciated that
the gall bladder is affected in fibrocystic disease, Diffuse
changes in the entire hepatic biliary system was first observed
by Riniker (1946) who reported two cases of fibrocystic disease
in which he found occlusions in the larger bile ducts « The
formation of multiple accessory bile ducts was also observed by
him. Di Sant Agnese (1956) has estimated that about 23% of cases
show focal biliary cirrhosis and this change has even been
described in neonates by Clair eoux(1956) Although these

lesions in the liver usually produce no clinical effects,

Webster and William (1953) have described cases in which
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splenomegaly, haemorrhage and ascites resulted from the biliary
cirrhosis. These changes in the biliary system are most
interesting especially as there is no evidence that they are

in any way associated with the widespread mucus gland abnormality.

EXAMINATION OF THE DUODENAL JUICE

Since one of the main clinical features of fibrocystic
disease is steatorrhoea, and since histological studies showed
the exocrine tissue of the pancreas was largely destroyed, it
seemed reasonable to assume that some abnormality would be
found in the pancreatic secretions. Consequently, examination
of the duodensl juice was undertaken by Andersen (1942). Earlier
work by Hess (1912) indicated that the three pancreatic ferments,
amylase, lipase, and trypsin, were present in normal children
immediately after birthe Klumpp and Neale (1930) had also
carried out duodenal intubation of seventy-four children,
Quantitative analysis of the duodenal Jjuice indicated that
although amylase and lipase levels were rather low in infancy,
and rose in later childhood, trypsin was always present in large
amounts. Andersen (1942) investigated the enzyme content of
duodenal juice in fibrocystic disease and found the assay of
trypsin in the duodenal juice a reliable method for the diagnosis
of' pancreatic deficiencys She found a complete absence of
trypsin in all her cases of fibrocystic disease but noted that
normal amounts were present in the duodenal juice in coeliac
disease, The assay of amylase did not appear to be reliable

as it is often low normally in early childhood and may also be
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reduced in amount when diarrhoea is present. Although lipase
was cgnstantly reduced in amount in fibrocystic disease its
determination presented several technical difficulties, and
quantitative assessment of lipase was not found to be a
practical diagnostic procedure. Andersen and Early (1942)
described a simple quantitative method for the determination
of trypsin in duodenal juice and found that this simplified
test was adequate for the diagnosis of fibrocystic disease,
Shwachman, Farber and Maddock (1943) and Farber, Shwachmen and
Maddock (1943) also found pancreatic achylia was a constant
and characteristic feature in fibrocystic disease and they re-
garded this as a satisfactory method of differentiation from
cases of the coeliac syndrome. Philipsborn, Lawrence and Lewis
(1944) and Gibbs (1950) showed that the administration of
secretin produced a substantial increase in the flow of duodenal
juice in normal controls but found that cases of fibrecystic
disease had a secretin-fast pancreatic achylia. Baggenstoss,
Power and Grindlay (1948a, 1948b and 1951) showed that secretin
was present in normal amount in the bowel in fibrocystic disease
of the pancreas. |

Up to this time all observations had indicated that
pancreatic achylia was complete in all cases of fibrocystic
disease and existed from birth, but improved techniques of
quentitative assessment showed that this is not alweys so.
Gibbs, Bostick and Smith (1950) described two cases; in one

trypsin was present in the duodenum at the age of ten months
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and a normal vitamin A absorption curve was obtained; in the
other the duodenal juice showed a normal trypsin concentratian
at fourteen months, Both children died with respiratory
infection and histological examination of the pancreas showed
typical fibrocystic disease,

Shwachman (1951) also described two cases in which the
duodenal juice appeared normal and contained trypsin in high
concentration. Examination at intervals over a period showed
a gradual fall in the concentration of enzymes in the duodenal
juice and post-mortem examination showed typical fibrocystic
disease of the pancreas.

When it had been established that pancreatic achylia
was an almost constant feature in fibrocystic disease it
seemed rational to attempt to determine if the pancreatic
ferments were normally passed in the faeces and this proved to
be sos It was, of course, hoped that the examination of faeces
would save children the upset associated with duodenal intubation.

Shwachman, Patterson and Laguna (1949) described a simple
test which estimated roughly the proteolytic activity of faeces
by determining their ability to liquefy gelatiné. They examined
faeces from 220 children with fibrocystic disease and found no
tryptic activity in 209 of these. They noted that oral
administration of pancreatin made the test positive, but the
administration of laxatives did not. Horsfield (4952) carried out
this test quantitatively and this has reduced the proportion of
false positive results, Although used as a screening test, it

is known that examination of proleolytic enzymes in faeces has
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not done away with the need for duodenal intubation in the

investigation and diagmosis of fibrocystic disease.

Fat metabolism

Several studies on fat metabolism in fibrocystic disease
have been undertaken. Shohl, May and Shwachman (1943) and Shohl
(1948) studied the fat metabolism in children with fibrocystic
disease and found that it was the same type as that found in dogs
with blocked pancreatic ducts and was characterised by the
passage of faeces with a large nitrogen content and a moderately
jincreased fat content., Andersen (1945a) and Andersen and Early
(1945) studied the excretion of faecal fat in very young children
and showed that a satisfactory fat balance test could be carried
oute Andersen (1945b) noted that reduction in the amount of the
dietary fat usually produced a corresponding fall in the faecal
fat and, further, that administration of pancreatin usually
produced a fall in the amount of faecal fate Consequently she
advised that cases of fibrocystic disease should be given a diet
with a low fat content but with a high vitemin A content, and
should be given an active preparation of pancreatine. These
suggestions are still the basis of the dietary regime followed

in the treatment of fibrocystic disease.

Other biochemiecal investigations

Although examination of the duodenal juice afferds a

reliable method of diagnosing fibrocystic disease, duodenal
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intubation is both time-consuming and difficult to do in
very young children, and is not to be undertaken lightly in
a seriously ill childe Because of this, many attempts have
been made to find a reliable diagnostic test which does not
require intubation of the duodenume Pancreatic dysfunction
impairs the absorption of a variety of substances from the
alimentary tract, causing low blood levels and most of the
tests suggested have been based on this observation. While
some success has been achieved, in general these tests are
non-specific and do not differentiate between fibrocystic
disease and the coeliac éyndrome.

One of the earliest of the absorption tests attempted
was the blood sugar curve which May and McCreary (1940) had
already shown to be low in coeliac disease, Similar flat
types of absorption curves have been demonstrated in fibro-
cystic disease but are not characteristic of the condition.
Another form of absorption test was investigated by West,
Wilson and Eyles (1946), Howard and Hesselwik (1949), Angfanger
and Heavenrich (1949), Woiski (1952) and Shwachman and
Christensen (1949) who all studied the blood amino-acid levels
following ingestion of gelatine, glycine and a variety of other
proteins and amino-acids, All these authors have attempted to
lay down standards but in general they found that whereas at
least a four-fold rise occurred in normal control patients
the blood level of these various substances was never raised

higher than double the fasting blood level in fibrocystic disease
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of the pancreas. Very similar results were found in coeliac
disease, In fibrocystic disease the administration of
pancreatin greatly improved absorption and resulted in normal
blood levels, whereas in coeliac disease it had no effect.

May and McCreany studied the absorption of vitamin A
in patients with coeliac disease and showed that it was only
absorbed slowly,. FMlax, Barnes and Reichert (1942), May and
Lowe (1948) and Gibbs (1949) studied vitamin A absorption in
fibrocystic disease and found that its absorption was poor but
could be improved by giving it in an emulsified oily preparation
or by administering pancreatin. Lewis et al (1947) showed
that vitamin A in aqueous solution was absorbed better in
fibrocystic disease than in coeliac disease. Although a
great deal of information has been obtained on the absorption
of a variety of substances in fibrocystic disease and many
minor differences between absorption in this condition and in
coeliac disease have been pointed out, it seems reasonable to
conclude by saying that these studied have all failed to find
a simple, diagnostic test to separate the two conditons.

Recently a rather different type of test has been
suggested by McParlane, (1952) who estimated the anti-thrombin
level in a series of cases and found it was abnormally high in
fibrocystic disease. He obtained very consistent results, but
has been unable to suggest why this change in the anti-thrombin

level should be present.
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Sweat electrolyte secretion

The most recent diagnostic test employed is the
estimation of the electrolytes secreted in sweats Darling
et al (1953) and Di Sant' Agnescet al (1953a and B) noted
that children with fibrocystic disease were often greatly
distressed in warm weather and examined the sweat produced
by these children. They found that patients with fibrocystic
disease produced sweat and saliva which contained an increased
amount of sodium and potassium chloride. They concluded
that if the patient's renal function was normal this increase
in sodium and potassium in the sweat was diagnostic of
fibrocystic disease, These investigators were unable to
determine if the total volume of sweat excreted was increased.
Examination of patients' relatives showed that some
showed a minor abnormality in sweat secretion which the
authors thought might indicate that these people were

heterozygous carriers of the fibrocystic gene.

Familial incidence

Garrod end Hurtley (1913) reported a case of congenital
steatorrhoea and although the pancreas was not examined the
general clinical features of the case suggested that it was
an example of fibrocystic diseases Since two other children
in the family were affected, the authors naturally commented

on the family incidence, and suggested that the disease might
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be hereditary as the parents were cousins.

Harper (1930), Flax, Bames, Reichart (1942), Felson,
Wolarsky and Rosen (1943) and Howard (1944) all described
patients who had brothers or sisters suffering from the same
disease.

Fanconi and Botsztejn (1944) were the first to carry
out a statistical investigation of the familial incidence of
fibrocystic disease and they published the family trees of
twenty-five patients, They found consanguinity of parents only
in three instances and the proportion of siblings affected in
their series was over 30%. Consequently they considered that
the causation might be similar to that of haemolytic disease
of the newborn or due to some toxic effect in early intra-
uterine life,

Andersen and Hodges (1946) published forty-eight cases
of fibrocystic disease in which the history of the siblings
was known, and 22,4% of the siblings of the patients were found
to be affected after allowance was made for the statistical
error inherent in the methods used for dealing with data from
small families (the method of Hogben (193L4) was used). They
also computed the expected number of instances of the disease
in their series and found it on theoretical grounds to be 55.8
which they considered corresponded fairly closely with the
observed number of cases which was 60, They determined the

corresponding figures from the available published material

and found they corresponded with the figures which would be
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expected if the disease occurred in the proportion of one in
four of the affected families. From this they concluded that
the disease was hereditary and was transmitted by a mendelian
recessive trait,

Lowe, May and Reed (1949) carried out a similar
statistical analysis on one hundred and thirty four patients
with fibrocystic disease and showed by the "percentage affected
method" of Macklin(1938) that the hereditary background for
fibrosis of the pancreas is a single mendelian recessive gene.
Although unable to calculate the frequency of the 'disease they
assessed the incidence of affected persons in the general
population to be between one in one hundred and one in ten
thousand, and that between two and eighteen of every one hundred
persons carry the gene for fibrosis of the pancreas in the
concealed heterogzygous condition. Mathieson (1948) suggested
that the disease was hereditary end was transmitted by an
incomplete gene.

Bodian (1952) presented seventy-seven cases in which he
was able to obtain details of the family history. A statistical
analysis was made of the number of cases found and the results
corresponded closely with the expected number calculated on the
assumption that the disease was transmitted by mendelian
inheritance.

Although the familial nature of the disease was well-
known it is interesting to note that it was not until 1948 that

MacGregor and Rhamey were able to present the histological findings



25

in two children of the same family in which the first child
died at the age of six months and the second died in the neo-
natal period with meconium ileus.

Goodman and Reid (1952) started by assuming that the
disease was hereditary and speculated on how it was continued
when all cases were fatale They estimated that one in every
one thousand births was affecteds If the assumption is made
that the genes, lost by death, are replaced by mutation from
the normal to the abnormal alelle then the mutation rate per
chromosome per generation is equivalent to the frequency of the

disease and is 0.7 x 10™2

» Which is a very high matation rate.
The authors felt that this high mutation rate is to be
preferred as the probable cause of the continuance of the
disease rather than the superiority of the heterozygote and
they felt justified in concluding that fibrocystic disease is
a simple recessive trait which is fully penetrant.

An investigation of cases occurring in twins has been
made by several authors but the results so far have been
inconclusive, In the cases reported in the literature there
are ten families into which twins were borne Of these twins,
sometimes only one child has been affected and sometimes both,
In the only example of identical twins described by Diamand
and Constad (1946) both children were affected.

Thus it will be seen that the weight of evidence

gathered and presented in the literature strongly supports

the idea that the disease is hereditary and is transmitted
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. by a mendelian recessive gene, The only report which does not
fall in line with this general concept is that of Fanconi and
Botsztejn (1944) who found that the proportion of siblings affected
in their series was too high to be explained by a mendelian factor.
They suggested that the causation might be similar to that of
haemolytic disease of the newborn, and that an intra-uterine
toxic factor was responsible. Penrose (1956) has expressed the
opinion that the family histories on which much of the genetic
analyses have been performed are rather poor and feels that the
conclusions reached are not necessarily correct. He considers
that the whole question of the genetical aspects of fibrocystic

disease could usefully be re-examined,

Suggested aetiology

In concluding this introduction I should like to outline
briefly some of the attempts which have been made to explain the
cause of the disease, It is probably true to say that most
authors who have published papers on fibrocystic disease have
felt compelled to speculate either on the transmission of the
disease or on its aetiology or on both subjects and consequently
many suggestions have been made.

The earliest attempt to explain the cause of the
disease was a simple one. Kormblith and Otani (1929) saw, or
thought they saw, stenosis of the pancreatic duct just before
it entered the duodemm and they suggested that duct stenosis

was the cause of the disease.
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A mach more subtle explanation was suggested by
Baggenstoss, Power and Grindlay who failed to extract secretin
from the small intestine of a case of meconium ileus. On this
basis they suggested that absence of secretin was the cause of
fibrocystic disease. Subsequently, the same authors were able
to show that secretin was present in normal quantities in the
bowel in meconium ileus and fibrocystic disease and finding
that their previous result was due to technical errors, they
completely withdrew their suggestion.

Observations have been made showing that diet may
produce lesions in the pancreas, Davies (1948) pointed out
that in Kwashiorkor there is some cystic change present in
the pancreas and that perilobular fibrosis may also occur.
Baggenstoss (1948) noted this type of change to occur in
patients dying with uraemia and also (1948c) following death
from lesions of the alimentary tract (carcinoma of stomach,
ulcerative colitis, etc.).

Veghelyi et al (1950) noted cystic change in the
pancreas of children fed on a diet deficient in normal protein
and they further observed that cessation of pancreatic function
was one of the first clinical signs of such deficiency.
Similar histological changes were found in the pancreas of
rats fed on a deficient diet. Miller and Rigdon (1952) were
able to produce pancreatic fibrosis in ducks by feeding a diet
deficient in proteins.

While these findings appear to establish that dietary

deficiency may produce both cystic change and fibrosis in the

pancreas
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the lesions illustrated by the above authors do not look
exactly like those of fibrocystic disease. Further, in none
of these dietary deficiencies has any generalised abnormality
in mucus secretion been noted and thus it seems to me unlikely
that dietary deficiency, although capable of producing histo-
logical change in the pancreas and of interfering with pancreatic
function, plays any part in the production of fibrocystic disease.
A most excellent comprehensive review has recently been
written by Shwachman, Leubner and Catzel (1955) in which the
authors give an outline of all the many difference lines along
which research in fibrocystic disease has proceeded and survey
the present position of research in this disease. Most of the
hypotheses advanced by previous authors are considered and their
advantages and defects are discussed, A short summary has also
been given in a leading article (B.M.J., 1956).

SUMMARY OF HISTORICAL REVIEW

Little more than twenty years have passed since fibro-
cystic disease of the pancreas was identified as a definite
disease producing a complex of symptoms from which it is possible
to make a clinical diagnosis of the condition. Further studies
showed that with care and patience it was possible to obtain
samples of duodenal juice from very young children, and that the
absence of normal pancreatic ferments from this juice was
diagnostic of fibrocystic diseases Many articles have appeared

on this subject, and the foregoing review includes what are

considered to be the more important. Nevertheless, the growth
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of knowledge on this subject can be divided into fairly
clear cut stages.,

The first period of development consisted in the
publication of reports of children who had a coeliac-like
disease, but who died and were found at autopsy to have an
abnormel pancreas, which usually was both fibrous and cystic.
By 1940 several considerable collections of such cases had been
made and published by Andersen and others., It was accordingly
realised that the disease was relatively common and was the
cause of death in about ¥ of children coming to post mortem
examination in children's hospitals in such widely separated
countries as Britain, North America and Australia, During this
period, it was also accepted that meconium ileus was another
manifestation of the same disease, and occurred when the
pancreatic abnormelity manifested itself in utero.

The next development (credit for which belange chiefly
to Farber) was the realisation that fibrocystic disease was a
generalised condition and affected mucous glands throughout the
bodye. In particular the mucous glands of the bronchi were
almost always found to be involved. Further, it was assumed
that the disease was congenital and that the lesion of the
pancreas was always present if not fully developed at birthe
Yet several reports appeared of patients who had a normal
duodenal juice, but subsequently developed pancreatic achylia

and were proved at post mortem to be cases of fibrocystic disease

with characteristic histological changes in the pancreas.
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This suggesfs that at least the pancreatic lesion in this
disease is progressive

During this time much work has been done on metabolism
in fibrocystic disease. 1In general this has indicated that
failure to thrive, which is so common in this disease, is the
result of pancreatic achylia., This causes impaired absorptiom,
particularsly of fat and fat soluble substances, such as vitamin A,
with consequent production of steatorrhoea. Treatment with
pancreatic extracts was found to produce a substantial improve=-
ment in the absorption of these substances, and so of‘ten brought
about a great improvement in the patient's state of nutrition.

The general experience, hcwevef, is that the résPiratory
condition is little altered by such therapy and that it is
pulmonary infection which is usually the cause of deathe

Although the value of examination of duodemal juice
in the diagnosis of fibrocystic disease has long been known,
duodenal intubation is not easy and is a very time-consuming
procedure, Consequently many attempts have been made to find
other diagnostic tests, Of these, examination of the faeces
for tryptic activity has proved useful as a screening test, buﬁ
other tests devised have not proved of practical value in the
diagnosis of this condition.

The most recent stage in the growth of our knowledge
on fibrocystic disease was initiated by the suggestion of
Gibbs, Bostick and Smith (1950) that pancreatic achylia was
not always present., Subsequent authors, especially Shwachman,

have fully established that this is correct and have shown
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that the deficiency of secretion does not always affect the
three enzymes equally, since trypsin may disappear while lipase
production remains almost normal, Further, it has been showm
that respiratory symptoms may occur long before any evidence of
pancreatic dysfunction can be detectede Thus the more receat
information on fibrocystic disease suggests that it may not
develop until later childhood, that there may be only slight
impairment in pancreatic function, and that partial and mild
cases of the disease exist.

Several large series of cases have now been collected.
These have fully confirmed the familial nature of the disease
and have suggested from statistical surveys that the disease

is hereditary and is transmitted by a mendelian recessive factor,.

Sources of material

My interest in fibrocystic disease of the pancreas
was aroused when I spent a period with Dr. A.M.MacDonald in
the Department of Pathology, Royal Hospital for Sick Children,
Glasgowe During this time a number of children with this
condition came under observation in both the medical and
surgical wards to which I had access. Subsequently, when
these children died, I carried ocut post mortem examinations
on theme Since leaving the Royal Hospital for Sick Children,
Glasgow, Dr.MacDonald made arrangements so that I have been
able personally to carry out most of the post mortem examin-

ations of children dying with this condition.
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In the last two years I have performed autopsies on
a number of cases of fibrocystic disease in Ruchill and
Knightswood Hospitals, Glasgow and in Seafield Hospital, Ayr,
and Gateside Hospital, Greenock, 1In this way I have been able
personally to observe and examine forty cases of the disease.

A most valuable source of material has been the records
and files of the Pathology Department, Royal Hospital for Sick
Children, where Dr.MacDonald had, for a number of years, made
a practice of removing at every autopsy a portion of pancreas
for histological examinatione.

Both the slides and the block of this material are
filed in the Pathology Department and I was able to examine
the section of pancreas from all these cases, In many instances,
as detailed subsequently, it was possible to obtain these blocks
and have fresh sections prepareds Although little detailed
description of these many pancreases is given in this thesis,
nevertheless, the examination of this material formed the basis
of my histological experience and provided a concept of the
normal pancreas which proved invaluable,

I should like to express my appreciation and thanks
for the time and effort which were devoted to the collection

of this material.,
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Scope of investigation

The work on which this Thesis is based was commenced
as a review of the cases of fibrocystic disease occurring in
the Royal Hospital for Sick Children. The primary objects
were to assess the frequency of the condition, in what forms
it presented, and how of'ten it was possible to establish the
diagnosis clinically,

I did hope, however, that some further information
might be obtained, as Sick Children's Hospital, Glasgow serves
a very large area in which there is relatively little movement
of the population and so I hoped it might be possible to follow
the natural history of the disease as it developed in successive
members of a family. This has now been done in several families
and in two of them, three children have actually come to
autopsy. The Royal Hospital for Sick Children, Glasgow, is
not, of course, the only hospital in Glasgow to which children
are admitteds There is a paediatric unit in Stobhill Hospital
and the City Fever Hospitals admit cases of pneumonia in babies
and young éhildren and cases of fibrocystic disease are
admitted because of this complication. It has not been possible
to examine babies dying in the maternity hospitals in the area,
but it seems probable that most cases of fibrocystic disease in
neonates survive long enough for symptoms of obstruction to be
apparent and consequently, it is felt that most young babies
are transferred to a surgical paediatric unite Lastly, a

certain number of these children undoubtedly die at home,
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An attempt has been made to assess the proportion of children
dying at home and an estimate of the number of children
affected with fibrocystic disease has been made,

An epidemiological and genetical study of the disease
has been carried out on the cases found in the West of Scotland.
In order to confirm, and in many cases amplify, the details of
family history availaeble, an attempt was made to visit every
family and the study reported on Chapter VI is based on this
surveye

The relationship of coeliac disease and fibrocystic
disease is discussed in Chapter V. It was felt worth while
to undertake this study because claims have been made that
patients with fibrocystic disease of the pancreas may secrete
trypsin in their duodenal Jjuice and it has been suggested that
cases of coeliac disease are merely mild cases of fibrocystic
disease, Coeliac disease is, of course, only rarely fatal
and adequate histological examination on the pancreas and
other organs has only rarely been reported. In the present
investigation, six cases of fatal coeliac disease have been

encountered, and these are described in detail.

Examination of Pancreases

Prior to 1949 a number of cases of fibrocystic disease
had been found in the Royal Hospital for Sick Children, and
material had been kept. This has been examined partly to
confirm the diagnosis and alsc to widen the scope of a review

of the histological features of the lesion.
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Since 1949, however, portions of pancreas have been taken at
every post mortems These had been preserved and were
available for examination, The figures given in Table I
(Col.3) indicate that it was possible to examine the pancreas
of practically every child who died in the Royal Hospital for
Sick Children, Glasgow, during the last seven years, During
this period, it has been the practice to ask for permission to
carry out an autopsy on all patients who died and permission
was granted in about 807 of cases, There was no obviocus bias
in the cases in which permission was obtained, In a certain
number of cases (about 3% of the total) the pancreas was not
available, and so careful enquiry intc the history and autopsy
findings were mzade, In all these cases death was attributable
to some definite lesion, such as tuberculous meningitis, tumour,
trauma., Consequently, it can be assumed that the present
enquiry gives an accurate indication of the frequency of

fibrocystic disease in a general children's hospitale

Incidence of fibrocystic disease of the pancreas

The foregoing notes outline the investigations carried
out and as shown in Table I, in a seven-year period, 1,146
pancreases have been examined histologically from a total of
1,193 post mortems, The histological criteria onthich the
diagnosis of fibrocystic disease is based are described and
discussed in the section on Pathology (Chapter IV). The
number of cases of fibrocystic disease encountered has varied

slightly from year to year, varying from 2.8% in 1950 to 6.4%
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TABIE I

ANNUAL INCITENCE OF FIBROCYSTIC DISEASE

AS FOUND AT AUTOPSY IN

THE ROYAL HOSPITAL FOR SICK CHILDREN,

GLASGOW

Number of

Pancreases Cases of Percentage
Year Autopsies examined fibrocystic incidence of
histologically disease fibrocystiec
disease
1949 192 174 6 360
1950 176 170 5 2,8
1951 165 161 9 Seks
1952 188 184 12 6ol
1953 169 163 6 307
1954 159 155 8 5.0
1955 14 139 7 4.9

TOTAL 1193 1146 53 4.5
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in 1952, The all-over average is LeF%h. Table II gives
figures of other investigations which have been carried out
in different centres, It seems reasonable to point out that
in none of the other series was all pancreases examined
histologically, Further, the authors do not indicate the
proportion of deaths on which autopsies were performed.
Consequently, it seems possible that a bias towards fibro-
cystic disease may have arisen through conscious selection

of cases for autopsy.

It can be stated with some confidence that the
incidence of fibrocystic disease in the Royal Hospital for
Sick Children, Glasgow is about F% of the total deaths. In
Ruchill Hospital, Glasgow the incidence has been six casés
in one hundred child autopsies but no real body of evidence
exists as to what happens elsewhere in this area.s Although
cases have occurred and been reported to me from practically
every hospital admitting children in the West of Scotland, it
is not possible to determine what proportion of infant deaths

these constitute,

Other pancreatic diseases

This review has not brought to light any examples
of primary pancreatic diseases or dysplasias. No case of
congenital hypoplasia of the exocrine pancreas or of congenital
cystosis of the pancreas has been encountered, nor have any
gross maldevelopments of the gland been seen. Six cases of

syphilis with pancreatic fibrosis have been found and in
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TABLE II

INCIDENCE OF FIBROCYSTIC DISEASE OF THE PANCREAS

POST MORTEM ANATLYSIS

Author Noe. of P.Ms. No. of Cases
Roberts
Present series

1195 53 b b
R.H.S.C., Glasgow
1949 - 1955
Andersen 605 20 3¢ b
Blackfan and May 2800 35 1e3%
Farber 1089 52 Lo &b
Bodian 1300 54 Lo 2%
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several cases of coeliac disease the pancreas has been

hypoplastice These findings are discussed subsequently.
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DESCRIPTION OF THE CLINICAL FEATURES (OF THE

CASES ENCOUNTERED IN THIS STUDY

Number and distribution of cases,

Clinical features of fibrocystic disease.

A,
B,
C.
D.

E.

Meconium ileus and intestinal atresia.
Respiratory infection.

Marasmis,

"Coeliac Syndrome",

Bronchiectasis,.

Presenting symptoms.

A.
Be

Ce

Age of onset and relation to presenting symptoms.

A.
B.
C.

D.

Respiratory symptoms.
Abnormal stools.

Pailure to thrive.

Duration of life - age at death.
Relationship to presenting symptoms.
Relationship to age of onset.

Related to month of birth.

Biochemical investigations.

A,
B.
C.

D.

Tryptic activity in duodenal juice.
Tryptic activity in faeces.

Faecal fat.

Other biochemical tests.

Effect of therapy.
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TESCRIPTION OF THE CLINICAL FEATURES OF THE

CASES ENCOUNTERED IN THIS STUDY

1o Number and distribution of cases

In the survey which has been carried out ninety-nine
fatal cases of fibrocystic disease of the pancreas were
encountered and in allv of these the diagnosis was confirmed
by histological examination of the pancreas. As shown in
Table III the greatest number of cases were encountered in
the Royal Hospital for Sick Children, Glasgow, but other cases
were found throughout the West of Scotland in practically
every hospital which admits children. This table merely
indicates the wide geographical spread of this disease and
shows that by no means all cases are referred to the Royal
Hospital for Sick Children. It does not, of course, give a
true indication of the relative frequency of occurrence of the
condition in different hospitals in the area.

26 Clinicel menifestations of fibrogystic disease

Although commonly called "fibrocystic disease of the
pancreas", this condition is a generalised one affecting
secretory glands throughout the body. In consequence, the
lesions produced by it and hencgr the clinical symptoms are
not all related to pancreatic dysfunction, Indeed, in some
cases evidence of pancreatic dysfunction may be very slight.
The following paragraphs give only a brief account of the main

clinical manifestations seen in the present series of cases.
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TABLE IIT

OCCURRENCE OF FIBROCYSTIC DISEASE TN VARIQUS

HOSPITALS IN GLASGOW AND THE

WEST OF SCOTLAND

Number
of Name of Hospital Location
Cases
T4 Royal Hospital for Sick Children Glasgow
6 Ruchill Hospital N
1 Knightswood Hospital "
1 Stobhill Hospital "
1 Heathfield Hospital Ayr
4 Seafield Hospital "
1 Kilmarnock Infirmary Kilmarnock
2 Gateside Hospital Greenock
1 Hawkhead Infectious Diseases Hospital Paisley

M Total
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2A. Meconium ileus and intestinal atresia

In this series of ninety-rniine cases about one fifth (Fig.2)

L SG
of the patients suffering from fibrocystic disease were found |

to have meconium ileus. That is to say at laparotomy or at
post mortem the small intestine was distended with dark green
viscid mucus while the large bowel was small in size and
contained grey pultaceous materials. Two patients showed
volvulus of the distended small intestine and in two others
there was an atresia in the middle portion of the small
intestine,

These cases all presented similar clinical features.
The children were born after a normal labour, showed no
abnormality at birth and except in two cases, the abdomen
was not noticed to be distended. The first noted abnormality
was usually failure to pass meconium while vomiting commonly
commenced some 36 hours after birth and about this time
abdominal distension usually became manifests A clinical
diagnosis of intestinal obstruction }mvingbn?:éle, an exploratory
laparotomy was performed in most of these cases and a number
of different procedures were carried out in an attempt to
relieve the obstruction, These consisted of various attempts
to remove not only the large mass of mucus in the small
intestine, but also the inspissated mucus in the small and
apparently underdeveloped large intestine, In the earlier
cases physical removal of the mucus was attempted either by

manual extraction or by washing out the bowel with saline

but in later cases solutions of various enzymes were introduced
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into the bowel in an attempt to aid digestion of the mucus
and to clear it away. The enzymes tried included several
preparations of pancreatin - Tryptar (e proprietory, highly
purified preparation of trypsin), crude Lysozyme (prepared
from white of egg) and Papain., While many of these solutions
d@id help to break up the mucus, none of the solutions tried
was really effective and pancreatin was probably the poorest.
In only two instances was satisfactory clearance of the bowel
obtained and the majority of the babies died within a few days
of operation, only a few survivinglonger than a week.

It is a pleasure to record my appreciation and thanks
to Mr. W. A. Dennison of the Royal Hospital for Sick Children,
Glesgow, for co-operation in trying out these various enzyme
solutions on cases admitted to his wards, and for his help and
the willingness with which he discussed the problem of treating
these children.

Four cases of anal stenosis were encountered in babies
who were subsequently found to have fibrdcystic disease of the
pancreas, Although the lesion in two instances was only a
simple membranous obstruction and was easily relieved surgically,
the children did not thrive and both died, one at three and one
at five weeks of age. The other two patients had a more
extensive atresia of the rectum and neither of them made a good
recovery from operation, They subsequently failed to gain

weight, developed pneumonia and died.
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2B. Respiratory infection

Infection of the respiratory tract occurs early in
the course of the disease. The basic cause (see pathology
of lung lesion p. 105) is obstruction of the smaller air
passages with mucus. Infection of this retained mucus with

Staphylococcus aureus occurs and leads to an acute purulent

bronchitiss This acute bronchitis is the cause of the
spasmodic cough which is an early and consistent sign of
respiratory infection in these cases. The bronchi rapidly
become blocked and this leads to collapse of associated areas,

while spread of infection often produces localised patches of
pneumonia. In severe cases lung abscesses may form, If the
purulent bronchitis persists for a long time bronchiectasis
may result (see cases 11 and 78 ).

The following clinical history is often given. The
child appears normal at birth and thrives for 2-3 months when
it develops a cold. This fails to clear and the child is sent
in to hospital and found to have pneumonia. Treatment with a
number of antibiotics is then usually tried but in spite of
this the pneumonia does not resolve, From then on the child
fails to thrive in spite of feeding well and steatorrhoea often
develops. Death generally occurs within two months of the
first clinical manifestations of the disease.

2C. Failure to thrive - marasmuis

Failure to thrive is a characteristic and early

symptom in practically every case of fibrocystic disease as
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described previously. On occasion it may be the socle
reason for seeking medical advice but much more communly,
failure to thrive is associated with other clinical manifest~
ations of the disease, such as steatorrhoea or respiratory
infection.

Table IV shows the weight on admission of thirty-seven
cases of fibrocystic disease in whom the weight was recorded.
The patients have been grouped according to age at their last
admission to hospital and it can be seen at a glance that all
these children are substantially below the expected weight for
their age, While there is some variation, on the average these
patients weigh only 70% of their expected weight; in the more
extreme cases of severe disease, the child weighed only 50%
of its expected weight.

2D. "Coeliac Syndrome".

This type of clinical presentation is most commonly seen
in older children who have thrived normally for a few momths
after births The child then stops gaining weight, the abdomen
is noted to be protuberant and steatorrhoea develops. Im a short
time the appearance of the child is characteristic (fig.1) with
a small, puny, wasted body and a large swollen protuberant
abdomen. In about half of these cases the mother seeks advice
because the child has failed to thrive, while in the remainder,
some abnormality in the child's stools is noticed and advice
sought for this reason. In most cases, on guestioning the

child's mother, she admitted that she noticed the child's
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motions were bulky and foul sme€lling and that they were

more frequent than usual. Some cases, particularly in

young children, present, however, with acute diarrhoea and are
sent in to hospital as cases of gastro-enteritis., It is
only when this acute episode is over that the true underlying
nature of the case can be recognised.

Although this is a fairly well defined disease syndrome
it is only part of the complex of fibrocystic disease and
sooner or later these cases develop resiairatory tract infection.
From then on the prognosis as to life is essentially that of
the respiratory infection and most of these children
eventually die with"pneumonia".

2Ee Bronchiectasis

Although only two cases in the series belonged to
this group they are described at some length because they
did not show the usual menifestation of fibrocystic disease
and the diagnosis was not made in life,  Although most cases
of fibrocystic disease are detected clinically, it is felt that
there are probably still scme undetected cases of this type in
whom other manifestation of fibrocystic disease are minimal.
These two patients (case 11 and 78) were a five years
old boy and a seventeen years old girl and resembled each other
in having been in several hospitals with bronchiectasis, this
diagnosis being confirmed by bronchography. Both were quite

well grown, although rather thin for their age but none of the
wasting seen in the coeliac syndrome type of fibrocystic disease

was present, and neither had a protuberant abdomen. During



49

their stay in hospital they took ordinary, mixed hospital diet
and nothing abnormal was noted about their faeces. HNo
steatorrhoea was evident at any time and in the case of the
seventeen-year old patient the fat content of faeces obtained

at post mortem was not abnormally high. Conseguently both
these patients were regarded as cases of bilateral bronchiectasis
and it was only at post mortem that the pancreatic lesiom was
detected.

3 Presenting symptoms

An assessment has been made of the first symptom or
abnormality noticed in these patients with fibrocystic disease.
This presenting symptom in almost every case was the reasom for
seeking medical advice. It was thought reasonable to suppose
that the presenting symptom might indicate the system most
seriously affected by fibrocystic disease. The three maim
presenting symptoms were cough, which indicates respiratory
tract involvement, the passing of abnormal faeces and failure
to thrive and gain weight. The latter were regarded as
indicative of pancreatic and thus of alimentary tract inwclws-
mente As shown in Table V, cough was by far the commonest
presenting symptom and occurred in rather more than half the
patients in this series.

3A. Respiratory symptoms

Cough was by far the commonest symptom noticed by
parentss The cough was usually harsh and often paroxysmal.
In consequence, nine out of twenty-nine cases complaining of

cough were regarded as whooping cough and were sent into
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TABILE V

PRESENTING SYMPTOM IN 54 CASES

OF FIBROCYSTIC DISEASE

No. %
Cough 29 54
Abnormal faeces 12 22
Pailure to thrive 13 2L

+
Cases of meconium ileus are excluded.

Note: In this and in all following tables % is given as

the nearest whole number,
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hospital as such although as far as can be ascertained,
actual whooping was not observed in any of these cases,
This diagnosis was made more frequently in very young childrem
between one and two months of age. In older children the
cough was often loose and productive,

3B Alimentary symptoms - abnormsl faeces

In most cases the child's mother described the
motions as pale and foul smelling, In only three cases did
the mother mention the fact that the motions were cily.
Inseven out of the twelve cases in which the camplaint made
was the passage of abnormal faeces, the mother also complained
that stools were frequent and loose, In four cases the child
was sent in to hospital as a case of gmstro-enteritis, which
it simlated by presenting with an acute onset of profuse
diarrhoea.

3 Failure to thrive

This complaint was made in thirteen cases and the loss
of weight was usually marked. Most commonly the mother
commented that the baby had been normal at birth and had
thrived normally for a short time. Subsequently, although the
child contimued to feed well or even voraciously it no longer
thrived and gained weight. When seen at hospital these
children were usually between 3Q. and 407 below their expected
weight.

As indicated in Table V failure to thrive and passage
of abnormal faeces are the presenting symptoms in about 50;

of all cases. As they are probably both mainly manifestations
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of deficient pancreatic secretion they are considered
together in the following review of the age of onsef and
expectation of life,

It should be stressed that the presenting symptoms
do not indicate how the disease will progress.i Many'cases
whichpresent with cough subsequently develop steatorrhoea
and fail to thrive while caseswhichpresent with steatorrhoea
may die with respiratory infection.

be Age of onset and relation to presenting symptoms

Although fibrocystic disease of the pancreas is
generally regarded as a congenital abnormality no clinical
evidence of the condition is usually found for some time after
birth and in exceptional cases (e.g. Case 78) the onset of
clinical manifestations of the disease may be delayed for
many years. With rare exceptions, however, the disease
declares itself in the first few months of life., As shown
in Table VI forty-one out of fifty-three cases (80%) developed
symptoms within the first three months of life,

As mentioned above the presenting symptoms may be
due to involvement and infection of the respiratory tract or
be due to pancreatic deficiency and resultant malabsorption
mainly of fat, Consequently, cases were grouped according to
whether the presenting symptoms were respiratory or alimentary.
Of cases with primary respiratory symptoms, 76% occurred in the
first three months of life while 78% of those with primary
alimentary symptoms occurred in the same period. In Table VI

it is shown that there is no appreciable difference in the age
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TABIE VI

AGE OF ONSET RELATED TO PRESENTING SYMPTOMS

IN 53 CASES OF FIBROCYSTIC DISEASE'

Presenting symptoms

Age Number of cases

in Respiratory Alimentary
% of % of % of
months No,of cases total No,of cases abcve No,of cases above
cases cases cases
0-1 12 25 6 20 6 27
1 10 19 7 2l 3 13
2 14 27 9 30 5 23
3 5 9 1 3 b 17
L b 7 3 10 1 L
5 3 5 2 7 1 L
6 3 5 1 3 2 8
6+ 2 5 1 5 1 L
53 30 23

+ _
Cases of meconium ileus are excluded.
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of onset in the two groups of patients.

5d4. Duration of life - Age at death

Although some children survive for a number of years,
in this area the majority of children with fibrocystic disease
die in the first six months of life. In the present series
thirty out of fifty-three cases (55,) died between the second
and fifth months (Table VII), Eighteen children (34%)
survived longer than six months, In fig.2 the length of
survival is shown graphically. ' .-

5B Relationship of age at death and presenting symptoms

The age at death was considered in relation to the
presenting symptoms and is shown in Table VII, Children with
symptoms which involved the alimentary tract tended to survive
longer than those with primary respiratory symptoms. Thus,
‘while only seven patients (2%) with primary respiratory symptoms
survived longer than six months (the average age at death being
fourteen months) eleven patients (45%) with primary alimentary
symptoms survived more than six months (the average age at death
being eighteen months}.

An attempt was made to determine if the mode of onset
of the disease affected the expectation of life. As shown in
Table VIII patients whose presenting symptoms were respiratory
tended to live for a shorter period than those who developed
primary alimentary symptoms. However, the difference between
the two groups is ;lot appreciable,

5C Relationship of age of onset to age of death

That the expectation of life might well be related
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TABLE VII

AGE AT TFATH RELATED TO THE PRESENTING SYMPTOMS

IN 53 CASES OF FIBROCYSTIC DISEASE'

Presenting symptoms

Age Number of cases

) Respiratory Alimentary
= % of % of % of
monthse No.of cases total Nosof cases above No,of cases above
cases cases cases
0~-1 - - - - - -
1 2 L 2 7 - -
2 9 17 b 1k 5 22
3 7 13 L 14 3 13
L 8 15 6 21 2 8
5 6 11 L 14 2 8
6 3 6 2 7 1 4
6+ 18 3l 7 23 11 Y
Total 53 29 2l

+ Cases of meconium ileus are excluded.
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TABLE VIII

PERIOD BETWEEN -ONSET AND DEATH

IN 53 CASES OF FIBROCYSTIC DISEASE

RELATED TO PKESENTING SYMPTOMS

Presenting symptoms

Duration
] Number of cases Respiratory Alimentary
= % of % of % of
months No.of cases total No.of cases above Nosof cases above
cases cases cases
0 =1 9 17 7 23 2 9
1 8 15 2 7 6 26
2 10 19 6 20 L 17
3 7 13 6 20 1 N
I 4 8 2 7 2
5 L 8 2 7 2
6 3 5 2 7 1 L
6+ 8 15 3 10 5 22
Total 53 30 23

+ Cases of meconium ileus are excluded.
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to the age of onset and to the system primarily affected was
next considereds As shown in Tables IX and X generally the
younger the child, the poorer the expectation of life.
Primary respiratory symptoms tended to be associated with a
poorer expectation of life in all the age groups, but no
great difference is present between the two groups.

[ Biochemical investigations

Although fiibrocystic disease of the pancreas can often
be suspected from the history and from a general clinical
examination it is not easy to prove the diagnosis during life.
Damage to the pancreas is often severe and can reasonably be
assumed to impair severely or stop completely the secretion of
enzymes from the pancreas. It is, therefore, rational to
attempt to sample the pancreatic juice to examine it for the
presence of pancreatic enzymes. In practice trypsin is the
only enzyme which can easily be estimated.

The difficulties of obtaining duodenal juice are
considerable and, consequenily, there have been many attempts'
to devise other tests which are easier to carry out in the
wards. These are only briefly commented on as none has, as yet,
been found which is as reliable as the determination of tryptic
activity in duodenal juice.

BA. Tryptic activity

Examination of duodenal juice and/or faeces for evidence

of tryptic activity was carried out in two cases of this series.

Duodenal juice

The examination of duodenal juice for tryptic activity
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TABLE IX

DURATION OF IIFE RELATED TO AGE OF ONSET

IN 30 CHILDREN WITH PRIMARY RESPIRATORY SYMPTOMS

Age

of

onset

in

months No,of cases Length of survival (months) Short Long Ave.
0-1 6 $5 1831 o5 2
1 7 3 2 %3 2 3% 4 ¥ 3 2
2 9 r21 26 2 2 4 3 2 6 21
3 1 X - - b
4 3 11 6 24 6 24 13
5 2 2 3 2 3 2L
6 1 5 - - 5
6+ 1 15 - - 15
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TABLE X

DURATION OF LIFE RELATED TO AGE OF ONSET

IN 23 CHILDREN WITH PRIMARY ATIMENTARY SYMPTOMS

Age

off

onset Survival

in

months No,of cases Length of survival (months) Short Long Ave.

0 -1 6 1 1 2 4% 2r 4t 12 1 Ll
1 3 1% 3 3 1z 3 3
2 5 5 5 9 2 A by A 9
3 4 16 2 2 16 9 2 16
b 1 6 6 - -
5 1 32 2 - -
6 2 36 L 20 4 36

6+ 1 1 1 - -
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is a standard procedure in the diagnosis of fibrocystic

disease, but it is not an easy one. It is difficult to pass

a tube into the infant's duodenum and it requires a skilled

and experienced operator. Even if the tube can be passed into
the duodenum and its position confirmed by X-ray it is by no
means an easy matter to aspirate the duodenal juice which is
usually sbnormally viscid. (The determination of the viscosity
of duodenal juice has been suggested as a diagnostic test, but
no viscosity measurements have been carried out in the cases
presented). It is worth commenting that in only three instances
were the attempts to obtain duodenal juice unsuccessful. I
think this indicates the high standard of skill and dexterity
of the various operators, Fluid was only accépted as duodenal
if it was alkaline in reaction. It was tested for tryptic
activity by adding doubling dilutions to tubes containing
gelatin, Liquefaction of the gelatin was taken as indicative
of tryptic activity. As shown in Table XI in fifteen out of
fifteen cases the duodenal Jjuice contained no trypsin and

in none liquefaction of gelatin occurred suggesting that

trypsin was present in the fluid,.

Since itis difficult to obtain duodenal juice from
normal children cases of coeliac disease were used as controls
and the general impression is that this test is very relisable.
Normal duodenal Jjuice always contains trypsin and its absence
is regarded as absolute proof that the patient suffers from

fibrocystic disease. Conversely, it is probable that a patient
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TABLE XTI

SHOWING RESULTS OF EXAMINATION OF DUODENAL JUICE

AND FAECES FOR TRYPTIC ACTIVITY

IN 21 CASES OF FIERCCYSTIC DISEASE

Material

Duodenal
Case Noo Juice Paeces

17 - -
L0 -
INN -
50

60 -
61 -

U
@
|
[N IO N T S I B B |

N AN

o

[ I |
QOOO0O0

W
-
I

W
1S

©cO0 ©Oooo
+ 4+ + +

Symbols: 0 Test not done
- No digestion of gelatin
+ Gelatin digested
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TABLE XIT

SUMMARY OF RESULTS OF ESTIMATION

OF TRYPTIC ACTIVITY IN MATERTAL

FRQM 21 CASES OF FIBROCYSTIC DISEASE

Material No,of tests Present Absent

Duodenal juice 15 0 15

Faeces 16 L 12
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whose duodenal juice contains trypsin does not suffer from
fibrocystic diseases Although it has been stated in one

or two publications that patients may have trypsin in their
duodenal juice and subsequently be proved tc be cases of
fibrocystic disease this has not been observed in the
present series of cases, In the present series all patients
with pancreatic achylia were cases of fibrocystic disease.

6B Tryptic activity of faeces

Examination of faeces for tryptic activity may be
carried out in a similar menner to that described for
duodenal juice or may be done more simply by adding a drop
of faeces emilsified in saline to the emulsion surface of
a piece of X-ray plate. Digestion of the gelatin is easily
seen by the appearance of an area of clearing in the opaque
emilsion,

This test has three great advantages over the test
for tryptic activity in duodenal juice, the first and obvious
one being the ease with which faeces are obtained and the
second that the patient need not be exhausted by a difficult
technical procedure which is also time-consuming from the
operator's point of view., The third advantage is the test
itself which requires no carefully prepared solutions and
can be easily carried out in a side-room with no special
equipment. |

Examination of faeces for tryptic activity was

carried out in sixteen cases and in twelve of them no digestion
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1

of gelatin was obtaineds In four, however, there was some
digestion of gelatin, suggesting that trypsin was present.
Unfortunately in these cases it was not possible to carry
out the examination of duodenal juice and it is thought
probable that these are false positive results. In two of
the cases the faeces were cultured and gave a growth of
B. proteus. This organism was demonstrated to produce a
powerful gelatinose and it may well be that it was this
substance which produced digestion of the gelatin in the test.

In an attempt to assess the reliability of the test 100
specimens of faeces from children convalescent from a number
of conditions were examined and all gave digestion of gelatin
on X-ray film or,in a test tube,digested gelatin of a greater
dilution than 1/100. Thus it can be concluded that the exam-
ination of faeces for trypsin is a useful teste If no
digestion occurs then the patient suffers from fibrocystic disease.
As mentioned above in four out of sixteen cases digestion of
gelatin occurred and it must, therefore, be borme in mind that
a false positive result is a possibility. It is considered
that the examination of faeces for tryptic activity is a useful
screening test and is particularly worth trying in debilitated
children,

Recently the tryptié activity of faeces has been
estimated by the same methcd as that employed for duodenal
Juices In general the results of this more elaborate method

of testing have been very similar to those of the simple test

L)
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described above, Horsfield (1952) found that over the age
of one year, quite a proportion of normal children have no
proteolytic enzymes in their faeces. On the other hand
patients with fibrocystic disease only rarely had proteolytic
enzymes in their faeces.

6C Examination of faecal fat

The observation that steatorrhoea occurred in
fibrocystic disease of the pancreas was made a long time ago
and has, of course, been repeatedly confirmed by many authors.
In the present cases a number of patients were investigated
and all showed a raised faecal fate The average figure
obtained varied between 35% and 4O% of the dry weight of the
faeces when the patient was on ordinary hospital diet. The
highest figure recorded was 607 and this was found in one of
the older children who was grossly emaciated.

6D Other biochemical tests

A number of other tests have been used in an attempt
to diagnose fibrocystic disease., Woiski working in the Royal
Hospital for Sick Children, Glasgow, fed these chnildren with
amino acids and subsequently estimated the amino acid content
of the blood, He was able to show that there was poor and
slow absorption from the intestine but the results were not
distinct or specific enough to form the basis of a diagnostic
test,

Glucose absorption is also slowed and results in a flat

curve when a glucose tolerance test is done.
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Te Effect of therapy

Not many cases lived for more than three months from
the onset of the disease, and consequently, it cannot be
claimed thet many of these children received great benefit
from any treatment given.

Antibiotics were used to treat the respiratory
infection from which many of these children were suffering,
and these appeared to be effective in restricting the
infection to the bronchi and preventing the occurrence of
extensive pneumonia or abscess fommation., They certainly
were effective in prolonging life, temporarily at lesast.

The earliest case found occurred in 1949 and so it is npt
possible to make any comparison between cases treated and
not treated by antibiotics. Several of the earlier cases,
however, show extensive abscess formation in the lungs, a
feature whicn is not often seen now.

Treatment with pancreatic extracts was employed
in some cases, but although the childreﬁ's condition improved
and the weight rose rapidly there is no evidence that such
treatment materially improved the expectation of life in any

of the present cases.




1e

2,

3o

5e

68

THE NORMAL PANCREAS

Introduction.

Histochemical methods,.

The Normal Postnatal Pancreas.
A. The Acinar Tissue.
B. Histochemistry of Secretione.
C. Normal Variation in Zymogen Granules,
D. The Pancreatic Duct.

Postnatal Development of the Pancreas
with a comment on Hypoplasia.

Hyperplasia of Islet Tissue.



69

CHAPTER ITI

1e Introduction

Although descriptions of the pancreas are, of course,
given in all standard textbooks of histology the description
of the acinar tissue is frequently superficial and lacking in
detail in contrast to the detailed account of the islets of
Langerhans which is usually given. Since any study of patho-
logical processes demands, as a basis, a knowledge of normal
structure, a considerable time has been spent in examining -
between 600 and 800 normal pancreases from children of all ages
and I feel that a brief account of the main features of the
normal pancreas should be given before proceeding to consider
fibrocystic disease.

As indicated in the general introduction I commenced
work on fibrocystic disease as part of an investigation into
the histochemistry of mucus. At this time the periodic-acid-
Schiff method had recently come into use and along with
W.F.He Jarrett, I had developed a simplified scheme for the
examination of the higher muco-polysacchorides. The methods
developed and used during this work (Roberts and Jarrett, 1950)
and the general outline of the scheme of identification which
was employed in conjunction with these methods are now given

as together they form the basis of the histochemical work of

this thesis.
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24 Scheme of histochemical investigation of muco-
polysaccharides

This scheme is an outline of the methods employed in the
identification of those substances which are stained (egi. coloured
red) by the periodic~acid~-Schiff (P.A.S.) technique. Table XIII
gives in diagramatic form the outline of the steps taken in the
identification of muco-polysacchorides in this thesis.

The following is a general classification of the poly-
saccharide complexes which occur in animal tissues and are present
after routine fixation, dehydration and embedding. Their common
factor is the hexosamine or glucosamine radicle, which, by virtue
of containing a 1:2 glycol grouping is stained by the P.A.S.
technique.

Group I. ©Polysaccharides, e.g. Glycogen.

Group II. Muco-polysaccharides. Although these compounds have a
low but significant protein content they give reactions which are
predominantly carbohydrate. |

(a) Simple - or sulphate free, e.g. Hyaluronic acid

(from umbilical cord or synovial fluid).
(b) Complex - or sulphate céntaining, e.ge Mast cell
granules, Chondroitin sulphate or cartilage,
mucoitin sulphate from gastric mucin, Corpora
Amylaceae, etc.
Group III. Muco-proteins and glyco~proteins (these cannot be
differentiated histologically as their chemical difference is
an arbitrary quantitative one)s They are protein-carbohydrate

compounds with relatively high protein or peptide content, and
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TABLE XIII

THE IDENTTFICATION OF P.A.S. POSITIVE MATERIAL

P, A. S, +ve

After
P.A.S.(-ve) _ Diastase _P.A.S.(+ve)

—— —— A
i
|

Group I
(Glycogen)

After
P.A.S.(~ve)__Hyaluronidase __ P.A.S.(+ve)
i ?

Group II (+ve) Metachromasia _ (=-ve)
(simple) | |
Hyaluronic Acid :
Methylene Blue (-ve)___ Sudan Black (+ve)
Binding Level | -
Below pL !
Group II(complex) Group ITI Group IV

Mucopolysaccharide Mucoprotein Glycolipid
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give reactions which are predominantly protein in nature, e.g.
beta granules of the anterior pituitary, serum muco-proteins,
submaxillary and Brunners gland mucins,

Group IV Glyco- or Muco-lipids. These have a fatty residue
bound to a carbo-hydrate residue, e.g. Cerebrosides.

TECHNIQUE

Fixation Any fixative which causes swelling of mucin should be
avoided.,

Alcohol containing fixatives, e.g. Carnoy's Fluid, are best for
glycogen, but since, in after-treatment, no fluid containing

less than 507 alcohol may be used, these are unsuitable for the
complete routine. Picric Acid should not be used as it produces
severe cytoplasmic distortion. Formalin does not fix glycogen
but causes protein to react with it in such a way as to make it
almost insoluble in water. Another advantage is its rendering
of sphingomyelins and cephalins insoluble, even in boiling alcohol
and ethers In general I have found both cytoplasmic preservation

and brilliance of staining best with Corrosive—formal, a fluid

satisfactory for all of the substances and methods concerned in the
complete routine.

Dehydration Ordinary ethyl alcohol methods are perfectly
satisfactory. Butyl alcochol and Amyl Acetate-iethyl Benzoate
series are also good ( the former of especial value for obtaining
minimal shrinkage of kidney basement membranes and glandular
structures in general).

Embedding Paraffin is the best medium. The Sudan Black methods

for lipoids may be done on frozen sections, but after C.F. fixatiom,
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paraffin is quite satisfactory for the reasons given above.

Periodic Acid-Schiff
Solutions used

1. Alcoholic Periodic Acid

Periodic Acid 400 mg.
Ag. Dest 10 ml.

5 Sod. Acetate Buffer 5 ml.
Pure ethyl alcohol 35 ml.

24 Acid Reducing Rinse

Potassium Iodide 1 g
Sodium Thiosulphate 1 g
Ag. Dest 20 ml,
Pure ethyl alcohol 30 ml.
2 N. H.Cl. Oe5 ml.

Puchsin-Sulphite (Schiff re-agent)
2 gm. basic fuchsin (special type) is dissolved in 400 ml.

boiling water, cooled to 50°C. and filtered. Add to filtrate 10 ml.
2 N.H.Cl. and 4 g. Potassium meta bisulphite. Stopper and leave
in dark in a cool place overnight. Add 1 gm. decolourising
charcoal and filter promptly. Add up to 10 ml. or more Zﬁ.H,fCl.
in small amounts until the mixture, spontaneously drying in a thin
film on a side, does not become pink. This solution should be
kept in a dark well stoppered bottle in a cupboard and will keep at
least 2 months,

The Periodic Acid crystals should be kept in a desiccator.
Keep the bench solutions in covered dishes and discard Schiff
solut ion when the faintest tinge of pink appears in the solution.
Small amounts of the acid reducing rinse tend to spoil Schiff's

reagent and care should be taken to avoid contamination.
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Method

1e Take section to water.

2, Rinse in 70% spirit.

3« Place in periodic acid solution (1) for 10-15 minutes.
L+ Rinse in 70% spirit.

5 Place in acid reducing solution (2) for 2 = 3 minutes.
6 Rinse in 707 spirit.

7« Rinse in water until free of alcohol.

8. Place in Schiff reagent for 15 - 45 minutes.

9. Wash in water 5 minutes,

10. Dehydrate, clear and mount.

Sulphite rinses are unnecessary: prolonged washing causes
diffusion of fuchsin staining. Carry a control section through
Schiff without periodic acid pretreatment.

Diastase: While the purified enzyme may be used, saliva at room

temperature for 10 minutes is satisfactory. Hyaluronidase:

Commercial "Hyalase" (Benger) is used. 1,000 units are dissolved
in 100 ml. phosphate-citrate buffer at pfl 6.9. This is superior
to veronal acetate buffer, the latter tending to dissolve out
cytoplasmic inclusions. Sections are treated at room temperature
for 24 hourse. Controls are carried through buffer alone for

the same time. Metachromasia Stain sections in 0.1% Toluidin

blue C.I.925 for 10 minutes and examine at water stage. Mount in
Karo or glycerine jelly. Ethyl alcohol tends to remove delicate
metachromasia and cellosolve rinse is superior. Methods of
preserving metachromasia through dehydration should not be used.

Methylene Blue 5 x 074 solution in Citrate-phosphate buffers

of various pH are used. Stain sections for 24 hours to obtain
maximum intensity. Examine in water and subsequently mount as
above if desired.

Sudan Black /
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Sudan Black

1e Teke section to water.

2. Rinse in 70% spirit.

3. Stain 20 minutes in a 0.37% alcoholic (70%) solution
of Sudan Black B.

Lo Differentiate in 70% spirit.

5¢ Mount in Karo or glycerine jelly.

Table XIII gives the outline of the scheme of

identification.

3 The normal postnatal pancreas

3A The acinar tissue

After the age of about three months, a child's pancreas
is physiologically mature and the morphological features of an
adult pancreas are present. It then consists of closely packed
lobules of glandular tissue which are separated by very narrow
septae of fibrous tissue (fig.3). Small aggregation of fibrous
tissue are present around the blood vessels and larger collecting
ductse. Only at the periphery of the gland are the lobules less
closely packed (figel). Staining by the usual histological
methods shows practically no connective tissue stroma in the
gland but silver impregnation methods show that there is an
extensive network of reticulin (fig.5)s The acini are formed of
tall cuneiform cells (fig.6) in which the nuclei are situated at
the base of the cell, while the free border contains abundant
acidophilic zymogen granules (figs. 7 and 12). The basal
portion of the cell tends to stain blue in haema%um and eosin

preparations and histochemical methods show that this area is

rich in ribonucleic acids. A fine network of reticulin
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surrounds the individual acini and this, like the fibrous
tissue, forms small condensation around the vessels and ducts.
The normal adult pancreas seen following removal at
operation (figs.10 and 11) shows essentially similer features.
Although extensive studies have been made by Saguchi (1949)
on secretion in the pancreas such studies have been purely
experimental and have concentrated largely on the changes in
the mitochondria and Golgi apparatus and have dealt with the
formation of granules rather than their disintegration and
discharge. Sergeyeva (1938) studied the pancreas of the cat
after the vagus nerves had been subjected to prolaonged
stimlation by an induction current and found the acinous cells
were almost entirely depleted of secretory gramules and that
the small ducts were distended with material stainable with
the same dyes as the gramules, Sterling (1936) states that
vagal stimulation, the injection of pilocarpine and other
cholinergic drugs, or the action of secreting causes the
granules to diminish greatly in numbers (at least in the
experimental animal). Although Duthie (1933 and 1934) and
Beattie and McDonald (1933) studied the formation and discharge
of zymogen granules, as far as I can determimeno satisfactory

account of the histochemical changes involved in secretion has

been given,
B Histochemistry of secretion

Consequently, a histochemical investigation of the

nature of the zymogen granules was carried out. Zymogen
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granules of the pancreas stain with periodic-acid-Schiff
technique following treatment with diastase and are not
metachromatic. They do not bind methylene or toluidine
blue at low pH, but do stain with osmic or sudan black. This
set of reactions suggests that the granules are composed of
lipo~protein,

The lumen of the smaller ducts and canaliculi contain
a homogeneous material which is strongly P.A.S. positive
(fige12). This material in contrast to the granules is meta-~
chromatic and binds toluidine and methylene blue at low pH but
it does not stain with either osmic acid or sudan black in either
frozen or paraffin embedded material and so has the histochemical
characteristics of a muco-polysacchoride. Unfortunately it
has not been possible to determine the source of the material
in the canaliculi. Although it gives the reactions of mucus
it seems probable that it is not secreted by the cells linirng
the ducts lower down but is secreted by the acinar cells and
is composed of the zymogen granules which undergo chemical
change as they are discharged (there is evidence that a similar
change to Brunner's gland mucus takes place as it is secreted).

The larger ducts are lined by a cubical or columar
epithelium which secretes mucus (fig.13) and histochemical
examination showed that this mucin is an acid muco-polysacchoride.
In this epithelium the mucin is not formed as large droplets in

goblet cells, but forms as small droplets which are discharged
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from the free border of the cell (fige1l). It is
accordingly difficult to determine on cytological grounds
alone if the individual cells are over-active and producing
an excessive amount of micus (see also fig.17).

A number of mice were killed following fasting and
also after full normal feeding., In the fasting mice the
pancreas showed abundant zymogen granules and only a small
quantity of muco~polysacchoride in the smaller ducts while
in the others the amount of zymogen granules present was

the injection of
greatly reduced. In mice killed after/ pilocorpine the granules
were even more markedly diminished in quantity and the amount
of secretion in the tubules was increased. No zymogen |
gramiles or masses of lipo-protein were ever seen in the tubules
and it seems probable they are discharged and the complex lipo
proteins of which they are composed broken down into simpler
chemical constituents of which only the geneous muco-protein
stains.

Attempts were made to stain the enzymes in the cells
or tubules, The only histochemical method which gave
satisfactory results was that for lipase (Pearse, 1954) and
by this method it was possible to demonstrate lipase in both
the granules and tubular material in fresh fixed material.

In ordinary autopsy human material the results obtained were
poor and diffuse due no doubt to post mortem autolysis

resulting in both the chemical breakdown and the release of the

material from its normal location.
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3C Normal variation in zymogen granules

As mentioned above, in experimental animals it is
possible to secure discharge of the majority of zymogen
granules (see also Maximow and Bloom, Textbook of Histology,
6th Ede, figes01, p.409)s There is, however, little information
of such physiological changes in human pancreases.

A large number of "normal" pancreases were, therefore,
examined from children who died from a variety of diseases,
from acute fulminating infections to chronic wasting diseases.,

In almost every instance the pancreas looked grossly normal and
the acinar cells contained abundant acidophilic zZymogen granules.
In a few instances only the pancreas appeared to be in a
discharged or exhausted state as the acinar cells were small

in size and contained practically no zymogen granules. Sometimes
(fig.15) the lobules were normal in size but the acini were
obviously shrunken and are separated by a small space while in
other cases (figs16 and 17) the lobules appear to have diminished
in size. This appearance was found in less than 5% of the
pancreases examined.

With a view to studying normal physiological changes,
pancreases were examined from twenty-six patients who died very
suddenly. Of these eight died of pulmonary embolism while
convalescent (from operation, six, and lobar pneumonia, two) and
six died almost instantly with coronary artery thrombosis and

eight were infants who were found dead in their cots and were

stated to have been previously healthy. These pancreases
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were compared with those of a patient of a similar age group

selected at random from the records and no gross degree of

difference in the amount of zymogen granules present was seen.
Consequently, it is concluded that the human pancreas is much

less labile than that of the experimental animal and that

both in life and at autopsy it normally contains a considerable

amount of zymogen gramiles.

3D The pancreatic duct

Some comment on the pancreatic duct also seems to be
required. Early investigatji._é;ls of fibrocystic disease
looking for a cause of pancreatic achylia cut serial sections
of the pancreatic duct and found an area in the head of the

the
pancreas where/lumen of the duct is extremely smalle This they

regarded as an area of stenosis. In the course of the present
investigation serial sections have been cut through the head of !
nine normal adult and infant pancreases and all showed such an

area of apparent stenosis of the main pancreatic duct. This

narrowed area of the duct is considered to be quite usual and

indeed since it is surrounded by fibro-muscular tissue, it is

probably a sphincter;(Boyden (41941) considered that this is so.

Leven (1938) was able to obtain retrograde filling of the

pancreatic ducts with radio-opaque material in a patient with a
biliary fistula and it is interesting to note that the outline

of the pancreatic duct as obtained by this means, corresponds

almost exactly with that obtained by Cornblith and Otani in a

!
case of fibrocystic in which they cut serial sections of the

EAN

pancreas and from these reconstructed the entire duct system.
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Muscle is also present in the wall of the main duct as it

~

1%
passes through the submucosa of the duodenum (fige19).

Le Postnatal development of the pancreas

In common with many other organs the pancreas does not
present a normal mature appearance at birth or for the first
few weeks of life.

As indicated in the introduction some 300 "abnormal®
pancreases were selected for further study and examination of
the records showed that almost 200 of them were from children
dying during the neonatal period. For this reason alone it
seems reasonable to discuss the normal development of the
pancreas before considering the histological changes in
fibrocystic disease in more detail. The pancreas as seen in
a child dying within a few days of birth weighs about 5 grams
and appears normal in size in relation to the other structures
in the abdomen. It also presents quite a normal anatomical
relationship of head, body and tail. On histological examin-
ation, however, certain differences are at once apparent.

The lobules are small in size and are rounded off at the corners
(fig.19)s They consist usually of a central islet of Langerhans
which is surrounded by a single ring of exocrine acini (fig.20)
and the individual acini are separated by strands of loose
areolar tissue and are not tightly packed together as seen in
older children or adults, The connective tissue separating

the lobules and acini is loose and appears oedematous. In

the next few days this oedema diminishes and the fibrous tissue

becomes more compact (figs. 21 and 22). At this stage staining
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with Van Gieson's or Mallory's methods often gives unsatisfactory
results for although these connective tissue strands have the
morphological appearance of fibrous tissue they often stain
indifferently. In contrast staining of these neonatal
pancreases by the silver methods for reticulin shows that,
compared with the older infant, there is a considerably greater
amount of reticulin present. This is present not only in the
septa between the lobules but is also present between the acini.
(figs.23 and 24). Special staining methods, however, show that
zymogen granules are present in fair numbers (fig.25) and also
that no mucus plugs are present in the small ducts and
canaliculi, Nevertheless, it is at this stage of development
that the appearance of the normal neonatal pancreas bears a
distinct resemblance to the type of fibrocystic pancreas seen

in meconium ileus.

It seems probable that this apparent increase in
reticulin fibres merely indicates that the connective tissue
stroma of the gland is not fully expanded at this stage of
development. As the pancreas matures (fig.26) glandular acini
multiply, the lobules become much larger and the reticulin
fibres apparently become less in quantity as they are now more
widely separated or stretched out (a similar type of change is
seen in the breast). This hypertrophy of the exocrine acini
proceeds fairly rapidly and by about three months of age
the pancreas assumes a normal adult appearance (figs. 3, 4 and 5).

Although the exocrine tissue appears definitely small

in amount in the neonatal pancreas when compared to the amount
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of islet tissue present, there is every reason to suppose that
it functions actively from birth and all normal pancreases
examined by me showed the presence of secretory granules.
During the course of this study it proved possible to examine
sixteen foetal pancreases and in all over six months of age, the
pancreatic tissue showed secretory granules (fig.27). This would
suggest that the pancreas is well formed at an early stage of
intra uterine life and is capable of producing a potent enzyme

containing secretion even in premature children.

Lo Hypoplasia of the pancreas

During this examination of neonatal and foetal pancreases
an attempt was made to determine if the degree of development
of the pancreas was in accordance with the child's general
development and/ &he;cal;le Ii)aLra.Il.lel with the development of the other
organs. The kidney was chosen as the organ which showed most
clearly structural changes due to immaturity and consequently
a comparison was made in all cases of the degree of development
of the pancreas and the kidney. As controls the organs of
forty-six premature children were examined;in all of them the
degree of immaturity of the kidney and the pancreas appeared
roughly =squivalent,

Purther, in all neonates examined if the pancreas was
immature the kidneys also were immature. In about 200 such

cases examined no evidence of delayed development or hypoplasia

of the pancreas was found.
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De Hyperplasia of islet tissue

Hyperplasia of islet tissue (fig.28) was found in
about twenty cases. Five of these children died suddenly
and unexpectedly but in no case was there any clinical or
biochemical evidence to suggest that the abnormality of the
islets was in any way responsible. This abnormality was never
associated with any alteration in the exocrine tissue of the

pancreas.
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THE PATHOLOGY OF FIBROCYSTIC DISEASE

1. Introduction

My intention at the start of the present investigation
was to study the morbid anatomy and histology of fibrocystic
disease in the hope that this might give some indication of
the aetiology of the condition. Great importance was attached
to the finding of some clue to the rational therapy of fibro-
cystic disease per se and not merely to the pancreatic or
respiratory manifestations of the disease,

Since this started as a histological study I have
naturally devoted considerable time and care to the study of
the morbid anatomy and histology of fibrocystic disease and have
found much of interest. Consequently it would be natural and
easy to spend a great deal of time and space giving a full and
grand catalogue of all the varied lesions seen in this widespread
and often bizarre disease. Since a fatal outcome is almost
inevitable the morbid appearances have been extensively studied
by many workers and are described at length by several (Bodian,
1953)s For this reason I propose, therefore, to give only a brief
outline of the main morphological and histological features as
I have personally seen them in the present series of cases, and
this I do especially where I feel that mere repetitive
description of pathological processes is adding little to the
further understanding of the disease. In contrast those

features which have particularly interested me and which I feel
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are significant and coniribute something to our knowledge of

the disease are described at greater length. The conclusions |
which I have reached and the inferences drawn from the study
of the histological lesions are indicated.

The grosser manifestations of the pancreatic lesions
have been known for some time but little attention appears
to have been paid to the less severe forms of the disease,
This, of course, is only natural where the material available
for study has usually been obtained from cases dying of the
condition. In most hospitals the pancreas is examined histologically
only if there is some clinical reason to suspect that it is j
abnormal or if lesions are found at autopsy which suggest this. .
Consequently I appreciate that I was extremely fortumate to find
that Dr. McDonald in the Royal Hospital for Sick Children, Glasgow,
had taken a portion of the pancreas in over 1,100 consecutive
autopsies and had kept this material for subsequent histological
examination. Although most of the cases of fibrocystic disease
(and this includes all those in which gross structural alteration
of the pancreas had occurred) had been recognised at the time
the patient died it did seem worth while going through the material
available and re-examining the pancreas The other organs
were also examined where necessary. From a preliminary assess~
ment I soon appreciated that Haemalum and Eosin staining was
far from an ideal method for the examination of the pancreas in

fibrocystic disease and it seemed possible that early changes

could have been overlocked in the routine examination of sections
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stained only by this methods Accordingly all the sections of
pancreas in these 1,100 autopsies were re-examined and those
which showed any detectable morphological abnormality were

set aside for fuller examination. 1In addition in every case
of pneumonia or infection of the respiratory passage,
steatorrhoea, or failure to thrive, the pancreas was more
carefully examineds Thus in about 300 cases, selected as
indicated above, the blocks of the pancreas were re-cut and
stained by a variety of methods,

Even at the start of this investigation it was apparent
that many of the cases showed such gross morphological changes
that the diagnosis was obvious (fig.30). It was soon realised
that although cystic change was marked in some cases, in others
it was extremely slight. Consequently, I felt that cystic
change was not a constant finding and so could not be regarded
as of value as a diagnostic feature, especially in the early
stages of the disease., Since it seemed possible that fibrosis
might be the earliest definite histological change in fibrocystic
disease of the pancreas, sections from a considerable number of
cases were stained by Mallory's and Van Gieson's methods. 1In
those cases in which there was gross fibrosis in the pancreas
both these stains clearly demonstrated the increased amount of
connective tissue present (figs. 3, 32 and 33). In contrast
where the amount present appeared to be only slightly increased
these two stains gave poor and generally unsatisfactory results

as many strands of what appeared to be comnective tissue remained
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unstained (figs. 34, 35 end 36). The same secticms, however,
were stained by Gordon and Sweet's silver method for reticulin
and this gave consistent and useful results as it clearly
demonstrated the normal reticulin framework of the gland (fig.37).
Any increase or other deviation from the normal was clearly shown
and was easily assessed, Accordingly this method was used for
staining the pancreas in every case in the series and the pattern
of reticulin fibres and fibrous tissue disclosed by it are
discussed and illustrated. Other methods (especially the P, A.S.
method) were used to stain mucus and zymogen granules and gave
most helpful results (fig.38). Histochemical examination of the
mucus in the pancreas was carried out according to the scheme
outlined in the previous chapter.

Fibrocystic disease of the pancreas is by no means
limited to the pancreas itself but is characterised by the
occurrence of lesions in many systems, Although the change in
the pancreas was for long considered to be the main lesion in
this disease (hence the commonly used name) it has for some time
been thought that it is only part of a generalised abnormality
affecting mucus-secreting glands. Nevertheless, it seems
reasonable to comply with tradition and the changes in the
pancreas will be considered first in the description of the

pathology of the disease as seen in the present series.
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2 Pancreas
2A Gross morphological appearance

The naked eye appearance of the pancreas in fibro-
cystic disease is not striking (fig.39)e The organ is always
normally formed and in no instance was any gross hypoplasia,
maldevelopment or heterotopia seen. The pancreas of'ten appeared
rather small and thin and may be reduced in weight by about 50%.
For reasons which are given subsequently in this series only a
few pancreases were dissected off from the duodenum and weighed
but in these instances the average weight of the pancreas from
fibrocystic children dying in the first few months of life was
about 4 G. compared with a normal average of 7 G. In a few
instances the colour of the pancreas was pink but this was the
only abnormality seen and the normal nodular appearance of the
pancreatic lobules could always be made out both on external
examination and on section. In only one instance in this series
of cases (Case No.78) did I find a pancreas which contained
cysts large enough to be seen by the naked eye and so enable
me to make a confident diagnosis of the disease at autopsy;
it is probably significant that this patient was a girl aged
17 years. As a result of this experience, I feel that the
only certain way of diagnosing or excluding fibrocystic disease
is to carry out histological examination of the pancreas and
for the past four years I have made a practice of doing this

in every child on whom I have performed an autopsy.
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2B Histological appearance

The histological changes seen in the pancreas in fibro-
cystic disease are frequently gross and easily recognised.
While the most obvious morphological features of the disease
are fibrosis and cystic change, I feel compelled to remark on
the substantial variation in appearance which occurs in this
disease, In general the changes seen are more or less uniform
throughout the pancreas in any given case although occasionally
cystic change may be more merked in one lobule than in the others.
In contrast the changes in the pancreas in meconium ileus are
relatively slight and are very different from those seen in long
established cases of fibrocystic disease in older children. The
majority of cases of fibrocystic disease, however, show pancreatic
changes which fall between these two extremes. Although it seems
probable that cystic change and fibrosis advance with age this is
by no means always so (figs. 40-46) and pancreases have been seen
with little cystic change and no gross fibrosis (fig.47, Case 46)
in children who have suffered from the disease for an appreciable
time.

1 Fibrocystic disease The changes seen in established

cases of fibrocystic disease, especially when the patient dies in
later childhood, are gross and the formation of cystic spaces
throughout the gland is a prominent feature. These cysts are
often lined by a cubical or columner epithelivm (fig.48) and
frequently contain eosinophilic concretions (fig.49) which may be
laminateds This lining epithelium is mucus secreting and the

eosinophilic concretions also give the histochemical reactions for

acid/
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mucopoly-saccharide. In some instances where the concretions
are large the central portion of the mass is not eosinophilic
and does not give the histochemical reaction of mucus.

I consider it probable on morphological grounds that
these large cystic spaces are distended ducts and that the
secretion which they contain is composed mainly of mucin
secreted by the duct epithelium and is not derived from the
acini, Some support is given to this interpretation by an
attempt which was made to demonstrate lipase by the method of
Gomori (Pearse, 1954, p.4bL4)s Following treatment by this
method the acinar tissue in a normal pancreas stains black
indicating the presence of lipase. In the pancreas examined
from a case of fibrocystic disease no lipase could be demonstrated
in either the acinar tissue or in the retained secretion in the
ducts suggesting that the material is not retained exocrine
secretion of the gland acini but merely inspissated mucus
secreted by the ducts.

Acinar tissue is always present no matter how severe
the cystic change is and sometimes substantial amounts of
exocrine tissue is present in the pancreas (figs.50, 51 and 52).
This exocrine tissue, however, is never normal. The acini are
always small in size (fig.53) and the individual cells of which
they are composed consist of little more than a nucleus which
is surrounded by a very thin rim of cytoplasm. No zymogen
granules are present in the acinar cells. (figs.54 and 55).

These granules are condstently absent and I consider their absence
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to be important and to be one of the fundamental lesions in this
disease., Plugs of mucus are present in the centre of the
glandular acini. This is a very characteristic change and has
been found to be consistently present (figs.54 and 55).

Fatty infiltration of the pancreas is very unusual in
fibrocystic disease. It has occasionally been, however, and in
one instance was marked (fig.60).

There is usually an increase in the amount of fibrous
tissue in the pancreas although as mentioned above it is
difficult to assess how much is present for the conventional
connective tissue stains delineate it rather poorly. The increase
in reticulin is more marked and appears to me to be a reliable
index of the degree of increase in comnective tissue. The
connective tissue may be very fine (figs.56 and 57) but in "late"
cases it is coarse (figs.58 and 59) and extends between the
individual acini so that the normal acinar pattern becomes lost;
even in these late cases the lobular pattern of the pancreas is
well preserved but the individual lobules are separated by strands
of very dense mature fibrous tissue (fig.34,, and I formed the
opinion that atrophy of the acini is more likely to be due to
primary disease or loss of function than to strangulation in
fibrous tissue.

In this connection it is interesting to note that in
cases of congenital syphilis there may be considerable fibrosis
throughout the pancreas but the acini are still well formed,

zymogen granules are present in many of the cells and no clinical
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evidence of pancreatic dysfunction can be found.

Many authors, including Bodian, have been impressed with
the number of cells which they saw in the fibrous tissue in
the panoreas and which they thought were "plump fibroblasts",
This led them to conclude that the fibrous tissue in the
pancreas was really granulation tissue and arose as a result of
inflammations, I find myself unable to agree with this
suggestion although I have occasionally noticed that fibroblasts
are present in appreciable numbers. Often the connective
tissue appeared relatively acellular, In no case did I ever
observe that the connective tissue was vascular or showed a
pattern of capillaries similar to that found in organising
connective tissue elsewhere in the body., It is my opinion that
the excessive amount of fibrous tissue present in the pancreas
in fibrocystic disease is not granulomatous in origin as it is
too orderly and is laid down along the normal trabecular
architecture of the gland, Other possible reasons for the
development of this fibrous tissue are discussed subsequently

(page 95).

2. Meconium ileus The lesion of the pancreas as seen

in the average case of fibrocystic disease is gross and almost
certainly represents a late or terminal state in the development
of the pathological process, With a view to determining the
primary nature of the lesion as well as studying its development,
the pancreases of patients who died in the first few days of
life with meconium ileus were studied with particular care.

The pancreas in children dying with meconium ileus of'ten

appears relatively normal on cursory examination as the gross
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cystic change and obvious fibrosis seem in the average case
of fibrocystic disease is not present, This is particularly
the case when the lesions are compared with the pancreas of a
child about two weeks old (p.82). In meconium ileus there is
only a slight increase in the amount of connective tissue
between the lobules and to a lesser degree between the
individual acini (figs. 64 and 62), This tissue, however,
did not stain at all strongly with the usual fibrous tissue
stains but did stain easily and strongly by the silver
impregnation methods for reticulin (figs. 63 and 64),

Both Gordon and Sweet's, and Laidlaw's methods gave similar
resultse I consider that the apparent increase in the
amount of connective tissue in the pancreas in these cases,

at least in the early stages of the lesion, is condensation
of the reticulin basement membrane stroma of the gland.

In other words, the glend in fibrocystic disease resembles the
foetal gland in that the acini are not expanded and so have
not drawn out the reticulin basement membrane structure of
the gland.

In many cases of meconium ileus the pancreatic exocrine
tissue is well formed (figs. 65 and 66) and the individual cells
are quite large and have abundant cytoplasm, Nevertheless
special staining shows that they do not contain zymogen

granules (fig.67). In no case of fibrocystic disease which
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I have encountered has it been possible to demonsirate zymogen
granules in the pancreas. Purther I believe this deficiency of
zymogen granules to be characteristic of fibrocystic disease (see
Coeliac Disease p.123 and fig. 148) and consider that this absence
of zymogen granules indicates a fundamental defect in the
mechanisms of secretion. Another constant finding in these
neonatal pancreas is that the small ducts and canaliculi are
distended (figs.68 and 69) and contain a material which gives the
histochemical characters of a macopolysaccharide. The picture
in these early cases of fibrocystic disease closely resembles
that seen in animals killed following the experimental injection
of pilocarpine (Maximow and Bloom, 1953).

From the examination of the pancreas of children who
have fibrocystic disease and die before the pancreatic lesion
has developed to the gross lesion so often seen in this disease
I feel reasonably certain that atrophy of the acinar cells
associated with absence of zymogen granmules and the plugging
of the small ducts with secretion are the fundamental primary
pancreatic lesions in fibrocystic disease. Fibrosis and cyst
formation I regard as late secondary changes.

In discussing how the cystic lesions seen in the pancreas
are produced I feel that it is essential to remember that there
are two totally different glandular structures in this organ,

The ducts which are lined with tall columnar cells secrete mucus

and the acini which are really serous glands secrete a watery

fluid rich in enzymes,
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In contrast in the later stages of the disease the
structures, which we see greatly distended by mcus, are lined
with a columar epithelium and when Jjudged by this criterion
would appear to be ducts.e Even in a case where this cystic
change of the ducts is gross there are usually numerous areas
where the acini are seen to be small and atrophic and do not
appear to be producing any secretion. In some cases there is
evidence of excessive mucus secretion extending down the ducts
into relatively small structures. Whether these are terminal
ductules or acini it is not possible to determine, These structures
would certainly appear to be secreting mucus and I regard them as
terminal ductules for there is no evidence that specialised
zymogen secreting cells ever revert to the less highly specialised
activity of mucus secretion. Certainly neither duct ligation nor
damage as in chronic pancreatitis induces them to secrete mucus.

Little or nothing is known of the secretion of enzymes by
the pancreas in fibrocystic disease. In @Gase 78, as was mentioned
earlier, the cystic dilatation of the ducts was gross enough to see
at autopsy and when the pancreas was cut across inspissated refractile
material which was almost crystalline in appearance could be easily
expressed from the ducts. This material was ground up with buffer
at pH7 and was tested for the presence of enzymes. No amylase or
trypsin was detecteds This observation I think gives support to
the suggestion that the material lies in ducts and is mucus secreted

by the non-specialised epithelium liwming in the ducts,
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the
I would suggest that the cystic change in/late stages

of fibrocystic disease is a cystic dilatation of ducts. Why
these ducts should show cystic dilation has never been explained
especially when it is remembered that there is evidence that there
is no obstruction in the duct systems I would suggest that the
production of an excessive amount of mucus of high viscosity by
the duct epithelium is probably a major factor., INormally, of
course, the mucus secreted in the ducts is diluted and swept away
by the copious watery secretion of the acini. I have indicated
elsewhere that I feel that a primary feature in fibrocystic
disease is suppresssion of the acinar secretion and that it is
the absence of the acinar secretion in fibrocystic disease which
allows the mucus secreted by the ducts to gather, dilate the ducts,
and eventually inspissate into the characteristically laminated
eosinophilic concretions which are so frequently found in the
pancreas of older children.

The pancreas has been considered first simply because it is
the most grossly and constantly affected part of the alimentary
tract but, as indicated in the introduction, Farber and many
following investigators have shown that the whole alimentary tract
is affected by an abnormality of mucous secretion. The affection
of mucous glands throughout the body is emphasised by Bodian who has
illustrated mucous glands from the uvula to the cervix in his
monograph on fibrocystic disease.

In the present series of cases 1t has been observed

repeatedly that while mucous glands practically anywhere in the body
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may be affected the glands in most sites e.g. salivary glands
are only affected in a proportion of cases. It is not possible
to discern any factor which determines if the glands will be
affected or not.

3 Salivary glands

Whilst the parotid salivary gland is composed entirely
of serous (albuminous) secreting acini, the submandibular gland
is largely composed of a mixture of mucous and serous a¢ini.
This obvious statement that the submandibular and parotid glands
are composed of quite different types of glandular tissue can be
repeated with some Jjustification as several observers appear
to have overlooked this point or at least do not comment on it.
In published reports some observers state that the salivary glands
are always affected (Bodian 1952 ) while others (Zuelzer and Newton,
1950) indicate that they are rarely affected. The explanation
may well be that the observers who examined the mixed mucous
secreting submandibular gland found it affected while those who
looked at the parotid glands considered them to be normal.

In the present series of cases, "salivary glands" were
removed for examination in twenty-eight cases. To be more
explicit the submandibular glands were removed in twenty-eight cases
and the parotid glands in about fourteen cases. During the period
while I was collecting these glands an investigation into salivary
inclusion disease was being carried out and as a result threehundred
nomal glands were available for comparison. All salivary glands

removed were fixed in formal-corrosive sublimate solution which had
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the advantage for this work of not causing artificial swelling
of mucus so thatl considered that over—distensionvof the gland
acini could be assessed with some degree of reliability.
Attention was naturally directed at first to the mucous
secreting submandibular salivary glands and in several cases they
showed overfilling of the cells and gland acini with mucus (figs.
72 and 74). In only a few cases (Case 51,, fig. 72 ) was there
gross distension of the collecting ducts with some slight fibrosis
of the surrounding stroma. The dilated ducts in the submandibular
gland contained mucus which gave all the usual histochemical reactions
of salivary gland mucus. When the glands were examined I thought
at first that they showed no abnormality as the general structure
of the gland was normal. ©No over distension of ducts or acini with
mucus was seen aﬁd the gland stroma showed no fibrosis (figs.72,
73 and 75). later, however, I examined glands which had been
stained by the P.A.S. technique (fig;.Eé)‘method and realised that
in some cases there were no zymogen granules present, The presence
of these granules has now been looked for systematically in the
salivary glands and in quite a number of the cases in this series
the parotid contained no zymogen granules (figs.77 and 78). In
many cases of undoubted fibrocystic disease the glands contained
a normal confluent of zymogen granules (figs.79 and 80). The
submandibular gland presents a similar picture to that seen in the
pancreas and this gland also is thought to be in a state of physio-
logical exhaustion. Certainly the gland shows the appearance which

may be expected following long continued vagal stimulation.

Search was made in all cases for evidence
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of salivary inclusion disease and;gistological evidence suggestive of
infection with this virus was found in three cases. Two of
these were children who died within the first few days of life
with meconium ileus. The third case (Case 68) died at the age
of four months (figs.81 and 82). In one case the parotid gland
acinar cells were filled with large coarse basophilic granules.
"hile these structures did not appear to be zymogen granules
it was not possible to determine their nature,

be Alimentary Tract

As mentioned in the description of the clinical
features most children suffering from fibrocystic disease have
a distended abdomen and at autopsy the bowel was usually
dilated, but contained only gas and a small amount of yellowish
pultaceous foul smelling faeces. The wall of the bowel was
often unnaturally pale in colour. One patient (Case 46)
was admitted to hospital with the clinical features of a sub-
acute obstruction and on examination at autopsy both the large
intestine and the terminal portion of the small intestine were
found to contain a large amount of inspissated pultaceous faeces,
No other possible cause of obstruction was found and it is
thought probable that obstruction was due to the impaction of
the inspissated faecal material, In all the other cases no
clinical evidence of obstruction or of delay or difficulty in
the passage of stools were encountered.

Histological examination of Brumner's glands in the

duodenum was carried out in practically every case and
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histological abnormality was consistently found. The glands
were always dilated (figs. 84 and 92) and often contained an
excess of mucus. Histochemical examination of this muacus
showed that it was composed of mucoprotein which of course

is the normal type of muicus in these glands in man and the
carmnivora, I consider this observation is of some importance
as it indicates not only that the much more common acid
macopolysaccharide secretin glands are affected but that other
glands secreting a different substance (in this case mmcoprotein)
are also affected (see discussion p.188).

This affection of Brumner's glands is very marked in
all cases of meconium ileus and I have come to regard it as
a most useful diagnostic point in cases of meconium peritonitis
(see Case 93) in which the actual cause for the rupture of the
bowel can rarely be made out.

In meconium ileus the intestine presented a characteristic
appearance, In a typical case the small intestine was
distended (fig.93) with dark green very viscid mucus. The
distension caused a fusiform swelling of the bowel which was
maximal 2 - 2% ft. from the ileo coecal valve but extended
from the jejun right down to the ileo-coecal valve. Proximal
to this valve the bowel contained green meconium. In marked
contrast the large bowel was very small in size (figs.93 and 94)
and was practically empty containing only a small amount of
whitish grey material instead of normal green meconium. No

physical obstruction between small and large intestine has
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ever been demonstrated but the colour of the large bowel
contents indicates quite clearly that no material from the
upper small intestine has ever passed down through the ileo-
coecal valve,

Histological examination of the small intestine in
meconium ileus shows (fig.95) gross distension both of the
goblet cells and of the crypts of Lieberkuhn with an excessive
amount of mucus. Although the large bowel is small in size
its lumen contains a considerable amount of material (£ig.96)
which gives the staining reaction of mucus. Numerous
desquamated cells are also present. The muscle coat is well
formed and appears thick as the bowel is in the contracted state.

In children dying at a later age with fibrocystic disease
this over-secretion is much less marked and the small bowel
may show no histological abnormality. In contrast the
Brunner's glands usually show their characteristic abnormality
in these cases (fig.86) (see Case 41). In the large intestine
in fibrocystic disease changes due to gross oversecretion of
macus are not usually marked. The mucosa contains a normal
proportion of goblet cells and there is no distension of
the crypti with mucus. The muscle of the bowel wall is well
formed. Careful examination of the small intestine for Paneth
cells was carried out by examining numerous blocks of the
intestine stained by haemalum and eosin and other simple stains.
In none of the cases examined (and this included cases of
meconium ileus and fibrocystic disease) could these cells he seen

while in control material from children of similar age they were
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easily seen in haemalum and eosin stained material. This
absence has not been previously commented on and its possible
significance is discussed subsequentlw

Meconium Peritonitis The occurrence of meconium

peritonitis (fig.97) has been observed in a number of cases.

In many, if not all, these cases the underlying cause would
appear to be fibrocystic disease (fig.98) and examination of
the bowel (fig.99) shows distension of the glands with mucus
very similar to that seen in meconium ileus. It seems reason-
able to suppose that meconium peritonitis occurs when the
distended bowel ruptures and the thick viscous mucus which it
contained escapes into the peritoneal cavity., Histological
examination of the mucus on the surface of the viscera shows
such evidence of organisation as leaves no doubt that the
condition has been present for a considerable time before birth.

Bowel Atresia Of fifty-seven consecutive cases which

died with fibrocystic disease at the Royal Hospital for Sick
Children, Glasgow, twentyone died under the age of one month.
Ten of these children had a classical meconium ileus, four had
an imperforate arms and three had atresia of the small intestine.
The atresia was situated in the mid of the small intestine at
app roximately the jejuno-ileal Jjunction. A survey was made

to see if fibrocystic disease was associated with atresia
elsewhere in the alimentary tract (Table XIV). The records

were searched and the pancreas was examined from fifteen cases

of eosophageal atresia and thirteen cases of atresia in the
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TABLE XIV

ASSOCIATION OF FIBROCYSTIC DISEASE

OF PANCREAS WITH ATRESTIA OF THE

ALTMENTARY TRACT

Number showing

Portion Affected Number of Cases fibrocystic disease
Oesophagus 15 0
Small intestine 21 3
Rectum and anus 12 L

Total 48 7
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duodenum or the proximal portion of the Jjejunum. In none
of these cases was there any evidence of fibrocystic disease
of the pancreas. Of eight cases of atresia of the ileum,
three showed fibrocystic disease and of twelve cases of
imperforate anus, four showed fibrocystic disease.

While atresia of the small intestine can be
reasonably explained as the end result of a reactive secondary
change to the presence of abnormal mucus in the bowel no
reasonable explanation can be put forward to explain the
atresia of rectum or anus which has been observed in this

series of cases,

Erythroblastosis foetalis

Although it has not been possible in the present
series to determine the rhesus genotype of many of the
cases, an attempt along different lines was made to see if
erythroblastosis and fibrocystic disease were associated
conditions, The pancreases from forty-two proved cases
of erythroblastosis were examined. Although the pancreas
was sometimes oedematous, no other abnormality was seen
in the exocrine tissue in which zymogen granules could always

be demonstrated.
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De Respiratory Tract

Introduction Clinical involvement of the respiratory

tract is usual in all cases of fibrocystic disease and as
indicated in Chapter II (p. 48) most cases of fibrocystic
disease come under medical supervision because of respiratory
infections. All the cases available for examination were
treated with antibiotics so that the natural development of

the disease in the lungs had been arrested and perhaps modified
to some extent but in no instance could it be regarded as
completely eradicated. It had been inteded to make a brief
comparison between the lung lesions in those cases treated with
antibiotics and those to whom no treatment had been given.

For obvious reasons this is not possible.

Morbid anatomy In most cases at autopsy the lungs

are pale in colour and are voluminous due to widespread
emphysema, Contrasting markedly with the rest of the lungs
there are depressed dark red areas of collapse which are
usually situated in the posterior portion of both lobes. The
lower lobe is, of course, usually the most severely affected
(fige101).

1. Abscesses can be seen when they are close to the pleural
surface, Rupture of these abscesses (£ig.102) into the
pleural cavity may give rise to an empyema or pyopneumothorax.
24 The lung parenchyma generally shows areas of collapse
around the bronchi and these alternate with extensive and

sometimes very severe emphysema. Areas of bronchopneumonia
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and/or abscess formation are not uncommonly found in the lower
lobes (fig.103). In a few cases widespread bronchiectasis
has been seen in both upper and lower lobes (fige10L4).

On section of the lung the bronchi are usually filled
with thick creamy yellow pus which on culture usually gives a
heavy pure growth of a coagulase positive staphylococcus aureus.
A most characteristic and indeed almost diagnostic appearance
in treated cases is this extensive purulent bronchitis which is
associlated with minimal spread of infection into the surrounding
lung alveoli.

Histology of pulmonary changes Although respiratory

involvement is common and indeed may be the rule in children
who die over the age of one month the severity of the affection
varies greatly from case to case., Before proceeding to describe
the lesions, I should like to make clear that there is one group
of cases in which respiratory involvement does not usually occur.
In meconium ileus there is no change in the lungs and histological
examination of the respiratory tree reveals no evidence of over—
secretion of mucus (fig.105). This fact seems odd when one
remembers how gross is the evidence of over-secretion of mucus
in the alimentary tract.

Histological examination of the trachea, bronchi or
Jungs is established cases of fibrocystic disease usually shows
widespread over-secretion of mucus., While in the trachea and
main bronchi the over-secretion is seen in the mucous glands

in the submucosa. Both the gland acini and their ducts
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(figs.106, 107, 108, 109 and 110) show gross distension with
mucuse The smaller bronchi (figs.111, 112 and 113) and even
the terminal respiratory bronchioles (fige11l4) may be completely
filled with mucué. This excessive amount of mucus would seem
to be secreted by the columar cells lining these smaller air
passages. It is interesting to note that in contrast to asthma
or bronchiectasis (figs.115 and 116) there is a great increase
in the number of goblet cells in the bronchial epithelium wheress
in fibrocystic disease no such increase of goblet cells occurs
(fige117). It seems worth commenting on the fact that the
ciliated border of the epithelial cells (fig.118)is usually clearly
seen,

Although a few cases have been encountered inwhich the air
passages have been filled with mucus and death has resulted
from asphyxia, in most cases infection of the bronchial passages
occured and the mucus became infiltrated and soon largely
replaced by pus cells which completely fill the bronchi (figse.
119 and 120).

Mechanical obstruction of the bronchi thus occurs and
as a result areas of the lung around the bronchi collapse
(figse121 and 122), In those areas where obstruction is not
complete, air drawn into the lungs past the obstruction is unable
to escape, In consequence of this large areas of the lungs
become emphysematous (fig.123). Frequently infection spreads
through the wall of the bronchus into the surrounding lung and

a bronchopneumonia develops (figs.124 and 125).
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In other cases the infection proceeds to abscess formation
(fige126) and destruction of large areas of iung may result
from this.

In the larger air passages pyogenic infection of the
bronchial wall often occurs (figs.109, 110 and 127) and if
this is long continued there may be extensive damage to the
tissues (fig.128) and much of the natural elasticity of the
bronchial wall may be lost. These damaged bronchi dilate and
a state of bronchiectasis is established (fig.129).

Only one case in the present series (Case 51) showed
extensive squamous metaplasia of the bronchi (figs.130 and 131).
While it is probable that this may have been due to Vitamin A
deficiency, this cannot be assumed wiﬁh certainty as extensive
infection was present in the lungs and the metaplasia may well
have been due to long continued bronchial infection.

I feel that I should point out that I have seen a
considerable number of cases which show severe respiratory

are
infection with Staphylococcus aureus and thesecases/clinically

indistinguishable from fibrocystic disease, In addition both
clinically and biochemically these children show evidence of
impaired pancreatic function. Although histological examination
of the lungs shows evidence of excessive secretion of mucus

no evidence of generalised over-secretion can be found in
Brunner's gland or elsewhere in the alimentary tracte The
pancreas is depleted of zymogen granules but no mucus plugs are
present and the pancreas can by no means be regarded as fibro-

cystice One of these cases (9210) had a family history which
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was suggestive of fibrocystic disease as two older sibs had

died early in childhood with pneumonia. Cases of this type
have been extensively studied to see if any relationship to
fibrocystic disease could be established, I thought it possible
that these cases might be examples of fibrocystic disease without
pancreatic involvement but was unable to uncover evidence which
would establish this.

I have described the pulmonary lesions in some detail
because it is the state of the lungs which determines survival
and because I feel that any rational therapy which may be found
for fibrocystic disease will have to deal with the fundamental
cause of the pulmonary lesion. In other words some method will
have to be found to stop the excessive secretion of mucus of
high viscosity. It is, I am certain, of little use trying to
break down the viscid mucus which forms in the bronchi in
fibrocystic disease.

I have attempted to break down bronchial mucus in vitro
with trypsin, lysozyme, hyalase and streptokinese and have also
tested the effect of Alevair (a surface tension reducing agent).
Trypsin was the only one of the enzymes which had any appreciable
effect on this mucus and even trypsin was slow to act and
required at least five hours before it appreciably softened
this mucus in vitro. As a result of these attempted digestions,
I think it unlikely that an agent will be found which, acting
for a short time and at low concentration, will be able to

liquefy this viscid mucus sufficiently for the normal bronchial

scavenging system to be able to clear it away.
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6. Liver

The liver in the majority of céses studied showed
some fatty degeneration (figs.132, 133) but showed no other
gross abnormality. 1In a few cases in older children there
was an abnormal reduplication of the small bile ducts in the
portal tractss This was very well seen in Case 78 which is
illustrated (figse13k, 135)e The bile ducts as can be seen
are slightly dilated and contain (when seenin H. & E, stained
sections) an orange-yellow gramular material. On histochemical
examination this is not, and does not, appear to contain mucus.
The pigment present is different in colour from bile and does
not give the staining reaction of bile pigment and at present
is unidentified. 1In no case has gross cystic change of the
intrahepatic bile ducts been observed although distension
of the mucus glands in the neck of the gall bladder was observed
in quite a number of cases (fig.136).

No explanation of the cause of this fibrosis and change
in the intra-hepatic bile ducts offered. It is interesting to
note that this change was found in ;che liver only five times
in the present series of almost one hundred cases although in

a recent annotation (Brit.Med.J., 1956, p.649) "focal biliary

cirrhosis" was stated to occur in about 257 of cases,
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Te Sweat glands

Following the report of di Sant' Agnese on the
abnormal concentration of salt in sweat, portions of skin
from the sole of the foot and axilla were removed for
histological examination. I have now been able to examine
the sweat glands in four cases and in no instance did the
sweat glands show any gross abnormality of morphology (figs.
137 and 138). No abnormality of secretion in them could be
detected by histochemical examination. The possibility that
the sweat glands might be increased in numbers was considered.
No gross increase was apparent but no attempt at actual gland
counts has been made,

The breasts were also examined and while some appeared
normal in others cystic change of the ducts was observed.

This was not a simple distension with mucin and it is thought
probable that it was not due to the fibrocystic disease, This
possibility has been discussed in more detail recently

by Stroud and Heppleston  (1956) and by Sandison (1956)
who have considered whether antibiotic therapy may not be
responsible for this change.

Mast cells appear to be reduced in numbers in the sub-
mucosa and in other tissues examined, The individual cells
contain only a small compact group of granules closely applied
to the cell nuclei. : . The gramules do not spread
widely along the cell processes into the adjacent tissues in

the normal way. Although the granules present do stain strongly

with toluidin blue they do not appear to stain by the F.A.S.
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methode In view of the small numbers of cells present it
is difficult to recognise them with certainty on morphological
grounds and so substantiate this observation on changéd staining

reaction with its implication of altered chemical constitution.

8. Examination of mucus

Since the most obvious abnormality in fibrocystic
disease or mucoviscidosis seemed to be in mucus secretion
it appeared essential to carry out a fairly extensive examination
of the mucus to try to assess where the abnormality lay. As
detailed below, two quite different methods were employed.

8A. Histochemical examination of tissues

Although no gross abnormality in the staining reaction
of mucin from cases of fibrocystic disease were seen a number
of histochemical tests were carried out in material from three
cases of fibrocystic disease. The following methods of staining
mucin were carried out on lung duodermum and small intestine from
cases of fibrocystic disease and from normal controls.

1« Mucicarmine.

26 Halds iron method for mucopolysaccharide.

3. Periodic-acid-Schiff method after treatment with
diastase and after treatment with % N,OH.

L4+ Polychrome methylene blue and toluidin blue.

5. These two dyes were both employed in baths of varying
acidity. The pH level ranged from 2 to 8.

6. Digestion by hyalase, mucinase and lysozyme followed by

staining by the P,A.S. technique.
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It can be seen that a wide battery of staining
techniques and histochemical methods was employed and to
all of these techniques the mucus in fibrocystic disease
reacted in a perfectly normal manner,

8B Gross enzymic digestion of mucus

Although histochemistry failed to demonstrate any
difference between the mucin present in fibrocystic disease
and that present in normal tissues I felt that the macus in
the dilated portion of the small intestine in meconium ileus
should be studieds This material had one great advantage;
it was the only mucus which could be obtained in really large
amounts and so was available for suitable enzyme digestion
experiments,

While mucus from several cases of meconium ileus was
used in this work I was fortunate in obtaining material from
a case (No.47 ) on which I performed an autopsy within two
hours of death. The mucus was removed with sterile precautions
and was stored at 2 C.

The enzyme to be tested was made up in the buffer
solution at the appropriate pH and was dispensed in 10 c.c.
amounts in sterile universal containers. A small portion of
mucus measuring approximately 1 c.c. in volume was dropped in
and the tubes were placed in an incubator at 37°. A control
tube containing saline was always set up. In this the
mucus softened slightly but settled on the bottom of the tube

as a gelatinous mass which could not be suspended or broken

up even by vigorous shaking, Digestion of the mucus mass
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in the enzyme bath was slow and often required 12 hours.
After this time if digestion occurred the supernatant
became cloudy and the mucus mass at the bottom of the tube
was easily broken up to give a uniform turbid suspension.
Table XIV shows the results obtained by this form of enzyme
digestion. It can be seen that while the mucus was digested
by pancreatin and tryptin, papain was the most active proteo-
lytic digestive agente An interesting result obtained was
that egg white induced rapid digestion but purified lysozyme
had no action. A somewhat unexpected result was the very
rapid digestion obtained with streptokinase which is not an
enzyme itself but is a co-enzyme or activator. This might
suggest that normal mucolytic enzymes are present in the
intestinal mucin but require activation, This suggestion is
supported by the observation that when I attempted to repeat
this digestion with the same mucus when it had been stored
for three months no breakdown occurred; it was normally
digested by papain and the proleolytic enzymes. From this I
infer that on standing the normeal mucolytic enzymes had become
lost and the addition of an activator could not then cause
digestion.

Three different types of mucus were used as normal

controls. These were; -

1o Normal meconium from the large bowel of stillborn babies.,

2. Contents of a blind reduplicated loop of small intestine,
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3 Contents of an enterogenous cyst of the mediastinium.
This was probably the best control material obtained
as it closely resembled the material being tested in appearance
and consistency. These three control materials sll showed
similar digestion by the enzymes listed in Table IV. Although
fully appreciating that little is known of the chemistry of
micus and even less of the normal mucolytic enzyme systems
respansible for the breakdown of mucus , which is a long
chained complex polysaccharide, I feel that these rough
experiments suggest that there is no gross abnormality in the
micus in meconium ileus. I have already suggested that ome
over-riding abnormality is that it is present in excessive
amount; such a finding causes me to wonder whether its
obviously high viscosity may not be explained simply by the

abnormally high concentration.
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TABLE XV

SHOWING RESULTS OF DIGESTION OF FRESH MUCUS

BY VARIOUS ENZYMES'

INCUBATED FOR 42 HOURS AT 37°C.

Degree of digestion

1o Pancreatin +
2, Papain ++
3s Trypsin +
L. Egg white -+

5« Purified lysozyme -

6o Mucinase +
7. Streptokinase e
8e Saline control -

£ The enzymes were all made up in phosphate buffer at

optimal pH.
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Bacteriolozy

In almost every case in which reépiratory infection
occurred in the course of fibrocystic disease, culture of
pus from the respiratory passages was carried out and in all

cases a growth of Staphylococcus aureus was obtained.

In most instances this was obtained as a pure growth.
Sensitivity tests were carried out and in the majority of
the cases which were, or had been, on antibiotic treatment
it was found that the organism was resistant to pwicillix;,
aureamycin and terramycin. In no instance did it appear
that antibiotics were able to clear the respiratory tract
of infection,

Consideration was given to the problem of why
infection should always be by this particuler organism,
Although it seems most likely to be due to the presence of
the micus in the respiratory tract no specific factor which

favoured the growth of the Staphylococcus aureus was detecteds

It seems reasonable to assume that the constant infection of
the bronchial tree is merely a reflection of the wide

distribution of the Staphylococcus aureus especially in

hospital,
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CHAPTER V

COELIAC DISEASE

REPORT OF SIX FATAL
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1o Introduction

Coeliac disease and fibrocystic disease of the pancreas
frequently present very similar clinical pictures, and as
described in Chapter I, it is only within recent years that
the differences between these two diseases have been outlined.
Although this thesis is concerned largely with fibrocystic
disease of the pancreas, certain information about coeliac
disease was obtained in the course of the investigation
described and I feel that a brief description of six cases
of coeliac disease which I encountered can usefully be given.

Coeliac disease has been defined as a chronic wasting
disease which commences between the age of nine months and
two years and is characterised by the passage of large, pale,
bulky, offensive stools which contain a greatly increased
amount of fat. Sheldon (1948) considered it to differ from
fibrocystic disease in two points: examination of the duodenal
Jjuice always reveals the presence of normal pancreatic enzymes
and the disease is rarely fatal.

Since the disease is rarely fatal there is little
informetion on the pathology of the disease. Parsons (1932)
commented that P.M. reports were rare but noted that the pancreas
was normal in those few cases examined. Andersen (1938) stated
that the pancreas was normal in thirty cases of coeliac disease
which she examined, This opinion was based on examination

of a simple He & E. stained section of the pancreas. In her
paper no record is given of the other organs of the body. I

have been unable to trace any more recent publications giving
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autopsy reports and histological details of cases of coeliac
disease.

Until recently it was thought that the distinction
between fibrocystic and coeliac disease could be reliably
based on the examination of the duodenal Jjuice.as it was
thought that enzymes were always absent in fibrocystic disease.
Recent American work has shown clearly that in fibrocystic
disease the duodenal Jjuice may contain digestive enzymes and
s0 it now becomes much more difficult to separate these two
diseases on clinical grounds.

In view of the very great similarity between tﬁe
two conditions it seemed to me worth while to examine cases
of coeliac disease fully and see if fhey showed histological
lesions in the pancreas, mucus glands, liver or any othe r

organs similar to those found in fibrocystic disease.

2e Clinical features

The details of clinical histories of these cases are
given in Appendix II. The ages of onset and death are given
in Table XV, and it can be seen that the average age of onset
is about one year and death occurred over the age of two years.
The usual clinical presentation was loss of weight and failure
to thrive, The motions were always pale and bulky and in
every case contained an increased amount of fat (average 52G%).

In the later stages of the disease pitting oedema of

the arms, legs and back occurred and the plasma proteins were
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greatly lowereds Terminal respiratory infection occurred
in three cases. In all these cases duodenal intubation was
carried out and gave a fluid which contained trypsin in high

concentration.

3 Family history

Although fibrocystic disease shows a strong familial
distribution it is generally considered that coeliac disease
does not run in families, The family histories of the six
cases in this group are shown in the following table (Table XVI).
In these six families there were twenty-two conceptions which
resulted in the birth of twenty-one live children, three died
early and were stated to be premature. There were, thusﬂéwelve
normal unaffected children in these six families, Coeliac
disease would thus appear not to show any tendency to occur
in faemilies and in this respect to differ from fibrocystic

disease,
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TABIE XV

SHOWING AGE OF ONSET OF TILINESS AND DEATH

IN SIX CASES OF COELIAC DISEASE

Age of Faecal
Onset  Death rat Weight
1. 1 year L years - 605
2. 1 year 2 years 56% 90%
3 3/12 1% years 50%
le 7/12 2 years 38%
5. 1.2/12 2.4/12 6.5 66%
6o 5 years 7 years iy A
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L. Pathology

Death in most of these cases was due to broncho-
pneumonia but histological examination of the lungs showed
none of the changes which were found commonly in fibrocystic
disease, In no instance was there any evidence of excessive
secretion of mucus into the bronchi (fig.139) and the mucus
glands in the trachea appeared normal (fig.140).

The pancreas in all cases showed no gross abnormality
on naked eye examination. On histological examination most of
the pancreases appeared normz1l, In case C1, however, the acini
were small in size (fig.1h4) and showed a fine peri-acinar
fibrosis, There was marked diminution in the amount of zymogen
granules present (fig.142) but no mucus plugs were present in the
exocrine acini. In cases C5 and 6 the acini were noted to be
small and to be deficient in zymogen granules (figs.143, 1Lk, 145, 146
and 147). In neither of these cases was there fibrosis or
dilatation of the ducts or canaliculi.

Sections of the Brunner's glands were examined in all
these cases, Tt will be remembered that these glands were

consistently affected in fibrocystic disease. In the
present group of cases of coeliac disease these glands were
normal. The examination of multiple blocks from a variety
of organs all failed to show any evidence of over—seéretion;

(figs.150, 151, 152 and 153).
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Se Conclusions

This it is considered that in coeliac disease there
is no over-secretion of mucus as occurs in fibrocystic disease.
It is my opinion that these are two completely different
diseases and I feel certain that coeliac disease is not a

mild manifestation of fibrocystic disease.
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CHAPTER VI

EPTDEMIOLOGICAL AND GENETIC STUDIES

1. Introduction,

2, Family histories.

e Sex Incidence.

4e Proportion of siblings affected.
5 Pregnancy factors.

6o Maternal age.

7. Birth order.

8. Parents.

9¢ Aunts and uncles.,

10, Cousins,
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1. Introduction

Surveys conducted by Bodian in London and Lowe May and
Reed in Chicago have shown that in affected families about one
quarter of all children born die of fibrocystic disease and
this observation has led these authors to conclude that the
disease is transmitted by a Mendelian factor. A preliminary
assessment of the families in the present series of cases
indicated that the incidence of fibrocystic disease in affected
families was higher than was expected if the disease was trans-
mitted by a simple Mendelian factor., This suggested to me that
the conclusion that the disease was hereditary might be wrong
and I considered that the possibility of the disease being due
to an intra-uterine infection of the foetus should be re=-
investigateds The various reasons leading to this suggestion
are set out at some length in Chapter VII, p. 159.
At this stage in the investigation I was fortumate in being
able to discuss this problem at considerable length with
Professor L. S. Penrose who indicated clearly that he felt that
the previous surveys were not complete and that he considered
it was well worth while carrying out another more detailed
surveye Further, he felt that the West of Scotland area was
very suitable for such a survey because the population was
relatively static and reliable family histories could be
obtained with much greater frequency than in London or Chicago.

Accordingly I decided to wvisit the homes bf all the

children in this series to obtain information, not only about

the brothers and sisters of affected children, but also about
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their aunts, uncles and cousins, I hoped alsoc to obtain some
information about the health of their parents and grandparents,
On giving the project due consideration I decided that
it would not be advisable or possible for me to carry through
the home visiting myself, Householders are accustomed to
visits by female health workers of various types and readily
admit them to their homes and co-operate willingly in answering
questions put to theme 1In contrast male visitors are regarded
with suspicion and find it difficult to gain admission to the
household or obtain any confidentisl information. Another
reason why I was unable to visit the families myself was the
obvious fact that, as the families were widely scattered around
Glasgow, home visiting would be very time consuming.
Accordingly, after discussing the problem with
Miss P,A,T. Cullen, Head Almoner, Royal Hospital for‘Sick
Children, Glasgow, I got in touch with Miss Cleveland, Department
of Social Service, University of Glasgow, and explained to her
the objects of the survey, the type of visits that would have
to be paid and the kind of information which was wanteds I
stressed that I felt that the visits would be difficult and
depressing for the investigators because of the high death
rate in these affected families and that in addition it might
be very difficult to gain entry into many of the households as
I felt that the mothers might well be bitter and resentful

following the death of a child. Nevertheless, Miss Cleveland

felt that the work would bewseful training and experience for
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her student almoners and arranged that Misses Campbell, Davies
and Ingram  would be available for a limited time to carry out
these visits, It is a pleasure to record my appreciation to
these ladies for the thorough and conscientious way in which they
carried out their visits,

Since most of the cases of fibrocystic disease had been
patients in the Royal Hospital for Sick Children, Miss Cullen,
Head Almoner at the R.H.S.C. very kindly took a very great deal
to do with the organisation of the survey and from her I learned
much about the methods of tracing families in Glasgow, It was
largely due to Miss Cullen's efficient organisation that it was
possible to trace such a high proportion of these families and it
is a great pleasure to record my indebtedness to her,

The general arrangement made was that a brief letter
was sent to the parents at the last known address. This letter
simply stated that an investigation was being carried out and
it was proposed to visit the home shortly. The co-operation of
the parents was excellent and many of them wrote in to arrange
suitable time for visiting., Indeed, contrary to my expectations
in only one family did the proposed visit cause acute resentment.
If the family had removed the letter was returned by the dead
letter office of the post office, Enquiry was then made through
the city factor's office who in many instances was able to give
the address of families who had been re-housed, In this way it

proved possible to trace and interview the paremts of 55 out of

the 85 affected families included in the series, No attempt was
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made to interview families who lived at considerable distance
or in the Bebrides, nor was any effort made to visit the homes
of recent cases as it was felt that the details of family
history recorded in the hospital case sheets were accurate
and fully up-to-date.

Before visiting commenced, I spent a considerable time
with the student almoners who were told in detail of the various
manifestations of fibrocystic disease and the reasons why the
information was being sought from the parents of these children.
Once the student almoners' interest was aroused in this way,
they all carried out their visits most conscientiously and went
to great trouble in following families who had shifted from the
given address,

The following case record was drawn up and the students

were instructed in its use,
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FIBROCYSTIC SURVEY

Name of Patient: Index Cage No,:
Address:
No., of rooms: No, of occupants:
Mother: Date of birth:
General Health: Chest Trouble:
Alive &
Mother!s sibs: Sex _Well Dead Age Cause
1 .
2
3
4
5
6
Father: Date of birth:
General Health: Chest Trouble:
Alive &
Father's sibs:  Sex  _Moll..  Dead  fge Cause
1
2
3
4
5
6

Familial relationship of parents:
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e

Grandparents : Llive Health  Dead  Age Cause

MATERNAL
Grandmother:

Grandfather:

PATERNAL
Grandmother: -

Grandfather:

Cousins: 4iny similar illness or early deaths?

now any other child with similar illnesg?

—

Patient or Propositus: _ No.in birth order:

Name : Date of birth:

Mother's health during pregnancy:

If alive: Whet illnesses:

In what Hosnital:

Date:
If dead: Date:
&t Home: If seen dp Hospital:
In Hospital: Where :

Cause_of Death: If P.M,:




Fatient or Propositus:

Nane ¢

o, in birth order: _

Date of Birth:

Mother's health during pregnsncy:

If alive: What illnesses:
In what Hospital:s _
Date

If dead: Date:

At Home: If seen in Hospital:

In Hospital:

Where:

Cause of Death:

If P,M,¢

Patient or Pronogitus: Nos_in birth orders _
Name ¢ Date of birth:

Mother's health during pregnancy:

If alive: Yhat illnesges:
In what Hospital:
Date: _.

If dead: Date:

At Home: If seen in Hosnital:

In Hospital:

Where:

Cause of Death:

If P.M,:
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The main purpose of the investigations was to obtain a
full family history of proved cases of fibrocystic disease.

It was hoped to obtain accurate details of any illnesses of the
children already born into these families. In addition it was
intended to obtain information of pregnancies or miscarriages
subsequent to the birth of a proved affected chilés. Accurate
information of the dates of all children, both normal and affected,
was sought with a view to carrying out an epidemiological study of
the children. Since there is little information available about
the state of health of the parents of fibrocystic children,
enquiry was made about the parents' general health, Particuler
information was sought about the occurrence of chest disease or
chronic bronchitis.

In practice it proved impossibie to obtain, with any
reasonable accuracy, the dates, or even years, of birth of the
parents' brothers and sisters and the visitors were content to
find out the mumber of brothers and sisters the parents had and
to enquire if they knew of any deaths in infancy or childhood
among nephews and nieces, i.e, cousins of the affected child.
This survey was carried out between January and June, 1956 and the
completed family histories are given in full in Appendix IV,

Opportunity was also taken to visit the families of the
six cases of coeliac disease which are described in Chapter V.

The family histories of these cases is given in Appendix V.
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2 Pamily histories

In the course of the survey, fiftyfive families were
visited and full details of the children were obtained, The
information obtained about the sibs of the index cases is set
out in Table XVII. In addition, full and accurate details
of the children are available in eighteen additional families
who were not visited for a variety of reasons, Details of the
children of these eighteen families are given in Table XVIII.
The two groups appear comparable and have been combined in the
genetic investigations which follow, Thus, as shown in
Table ;bu:x, information is available about the children bomm
into seventythree affected families, There were in addition
to the seventythree index cases, fifteen proved affected cases
(i.e. proved by post mortem or proved clinically). There
were thirtyfour children who were classed as probably affected.
These either died in the first few days of life with "stoppage
of the bowels" or suffered from chronic respiratory infection
and failed to thrive (twentysix of these thirtyfour children are
known to be dead)s Conforming with the usual practice I have
grouped proved and probably affected cases together and refer to
themsubsequently as affecteds Full details of the number of
sibs born,nomal, proved affected, probably affected arranged

according to birth order are given in Table XX.
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BIRTH ORDER OF 3IBS.
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BIRTH ORDER OF SIBS.

Cese
No. 1. 2. 3. 4. 5. b, 7. 8
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98. Sib 2 of Cese 59.

MALE. FEMALE.

0 VNormel. Q Normel.
B Proved affected. @ Proved affected.
@ Probebly effected. (@ Probably affected.

c. Clinicelly proved cease.
D. Dead.

M. Case of Meconium ileus.
Mis. Miscerrisge.

S.B. Still birth.

- Index Case,
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TABLE XV1ll

SHOWING SIBSHIPS OF 18 PROVED CASES OF
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TABLE _XIX
Present Series Bodian
Index cases 73 TI_
Proved affected 15 3
Probably affected 3,7 16
Stillbirths 3 2

Dead (cause not known or not

fibrocystic disease) I 6
Alive and well (under 2 M) - 7

Normal. Alive and well 105 (457 13 (h32)
23 in

B 26 of these children are dead, deaths being due to
chronic respiratory infeotion, intestinal obstruction
or failure to thrive.



Male, Female,

Normsl. O O
Affected. . .
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SHOWING NUMBERS OF LIVE BORN SIBS
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TABIE XX

AFFECTED, PROBABLY AFFECTED AND NORMAL

ARRANGED ACCORDING TO BIRTH ORDER

Birth Order of Sibs

12 03 % 5 6 7 A1

Total sibs 68 65 49 30 14 7 2 23
All males 37 30 30 415 8 3 1 124
All females by 33 18 15 3 4 2 106
O % 13 19 3 & 2 - 55
Q i 19 7 9 3 2 - 5

a+0 28 32 26 12 7 k=~ 409
| 12 16 8 7 3 2 - 59
e 13 8 9 5 1 2 4 39

ne 25 2 17 12 & 4 2 98

- 11 1 53 5 - = = 20

@ k4 6 2 1 - - - 13

-l@ B 7 5 6 - - - 33
o+ 2 17 1 12 3 2 - 69
@ Qe 17 1% 11 6 1 2 1 52
W E@+Q 38 3 22 18 4 2 1 12
% affected 56 49 4 60 36 30 - 52
% of males affctd. 56 56 36 80 38 66 100 55
% " females " 55 43 & w 33 50 50 49

Details of one 8th born affected 3ib are omitted.
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3 Sex incidence

Twohundred and thirty children were born into the
seventythree families included in this series and of these
rather more than half, cnehundred and twentyfour (5lg,) were
male., Of the proved affected childrem, fiftynine (56%)
were males and thirtynine (L)% ) were females and of a total of
ninetyeight proved affected children, twenty (6@;) of the
probably affected cases were male, There is thus a slight
preponderance of male children in the present survey but this
is not considered to be significants The proportion of male
and female sibs (Table XX) appears relatively constant when

considered in relationship to the birth order,

b Proportion of sibs affected

In uman mating a disease transmitted by mendelian
recessive inheritance rarely manifests itself in the classical
theoretical proportions of one affected to thmenormal children,
The number of children affected is usually greater than are - .
fourth of the total number of offspring, The major cause of
this discrepancy is that families are missed out of a given
series because the children born into them are normal, although
the parents are genetically capable of producing affected children,
In the present eeries of cases there are onehundred and twentyone
affected children out of twohundred and thirty childrem bormn into
seventythree families, This gives an over-all incidence of

53% but for the reasons outlined above this simple form of assessment

is of no use in genetical analysis of the material.
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In an attempt to correct the discrepancy in the series
caused by the omission of the families where the children
happen to be normal the following methods were devised:-

1e "8ibling method" of analysis. In this method the
number of sibs of the affected children is determined and also
the number of affected sibs of affected children and the
percentage of affected children is derived from this proportion.
This method gives good results if the families in the series |
are not selected but are examples of ideal random sampling.

If, however, the families are selected this method gives a
figure higher than 25.,. The cases in this series have been
analysed by this method (Table XXI) and for all sizes of sibships
give a figure of over 43.:., The usual course for this method
giving a high percentage incidence is that cases are included
in the series because more than one child is affected. While

I have included in the analysis all cases of fibrocystic disease
I encountered, it is not possible to be certain that the cases
were not in fact selected by the very fact that practitioners
are more likely to send a child intc hospital if an elder sib
has already died.

2. The proband method of analysiss The proband
method was devised in an attempt to correct the weighting of a
series in favour of too many affected. It tries to accomplish
this by removing from the series the affected person (the

proband is geneological terminology) who brought the family



146

TABIE XXI

SHOWING ANALYSIS BY THE SIBLING METHOD

OF THE INCIDENCE OF FIBROCYSTIC DISEASE

IN THE CHILDREN OF 73 FAMILIES

No. of children No. of sibs No. of affected A
in families of affected sibs affected
2 25 18 72
3 59 30 50
L 53 22 i
5 20 - -
6 29 12 : 40
7 14 6 42

A1l 196 84 43
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to the attention of the investigator, In this method the
number of normal and affected sibs of the proband are
determined and the percentage affected derived from these
numbers.

If one is dealing with a condition is which the affected
child died shortly after birth, then earlier cases of the
disease should be regarded as secondary cases and not as
proba nds, From theoretical considerations the proportion
of affected children in such a series must of necessity fall
below the expected 25/ unless the series of affected families
is very highly selected.

The probend method of analysis has been applied to
the present series (Table XXII). As shown, the observed
percentage affected as given in column 5 averages 32% while
the theoretically expected percentage affected (colummn 6) is
around 164, While it is possible that this series is biased
by selection beyond my personal control, it seems to me unlikely
that it is so highly selected that the observed frequency is
doubled.

3¢ "Percentage affected" method. The "percentage
affected" method of analysis is one which recognises that
families in which the defect might have occurred but did not,
have been excluded, i.e. it is specially designed for analysis of
Just such a series as the present in which every family is
selected by possessing at least ane affected member. This
method alsodepends (as do the two previous methods) on expansicm

of the binomial theorem (a + 3b) and it calculates the
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TABLE XXTI

SHOWING ANALYSIS BY THE PROFPOUND METHOD

OF THE INCIDENCE OF FIBROCYSTIC DISEASE

IN THE CHILDREN OF 73 FAMILIES

No.of sibs Total Total Total Observed Expected
in family children children affected
minus minus t L
profounds profounds Affected Affected
2 32 16 9 55 14e2
3 69 46 17 37 148
L 60 45 14 b3 154
5 20 16 - - 1548
6 30 25 8 32 16.5
7 14 12 4 33 1649
All 225 160 52 32 157




149

percentage of affected children one would expect in a random
sampling of children in 2, 3, 4, 5, etc. child families if
the defect is a recessive or dominant factor. This method of
assessment is shown in Table XXIII in which it can be seen
that the number and the percentage of affected children is
considerably higher than that expected from theoretical
considerations,

This method which is also known as Hogben's factorial
analysis has been applied to those fiftyfour families who were
visited and about whom full genetic histories were obtained,
The results are given in Table XXIV where it is seen that the
number of cases observed is considerably higher than expected
if the disease is recessive (p = 1) but less than that
expected if the disease is transmitted by a dominant factor
(p = %)

‘ A further elaboration of this method of analysis is to
calculate what the ratio of affected children would be within
a sibship of given size., This has been carried out and the
results given in Table XXV show that the observed incidence is
considerably higher than the expected number of families with

two or three sibs affected.

4o Another method of estimating the probability of
a sib being affected is to include only those children born
after the index case (or first proved case in the family).

This method assumes that there is no effect of birth

order (separate analysis of the present series suggests that
this is so) and is independent of the way in which the families
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TABLE XXITT

SHOWING ANALYSIS BY THE "PERCENTAGE AFFECTED"

METHOD OF THE INCIDENCE OF FIBROCYSTIC DISEASE

(p = 0.25)
Observed Expected

No.of sibs  Total No. % No %

y/

in family children affected affected affected affected

2 32 . 25 78 173 57.1
3 69 36 52 29.8 4362
4 50 29 50 18.3 3645
5 20 I 20 6e5 3247
6 30 13 43 9.2 30.8
7 14 6 42 b2 29,9

Columns 5 and 6 are calculated on the assumption that

transmission is recessive, i.e. p = 0.25.
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TABLE XXV

SHOWING OBSERVED DISTRIBUTIOGN OF AFFECTED

CHILDREN WITHIN EACH FAMTLY COMPARED WITH

THAT EXPECTED IF THE PROBABILITY OF BEING

AFPECTED IS 4 IN 4

Size of family Two Three Four
No. of affected 1 2 1 2 3 1 2 3 &
Observed 7 9 10 9 &4 7 3 & 1
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were collecteds In the present series there were fortyone

children born after the index case and seventeen of them

were affected (ten proved and seven probably affected). This
of affection

gives an incidence/of O.41. Bodian is the only author to

have used this method previously and he states that in his

series there were six affected children out of a total of

twentyseven born after the index case., This gives an

incidence of 0,32 which he felt was sufficiently close to

"the expected value of 0,25, to support his contention of

transmission by a recessive gene,

5 Pregnancy factors

Nine of the mothers out of fiftythree remembered
some abnormality in the pregnancy of an affected child and

these are listed below: -

Case No.
13 Kidney trouble
14 Kidney trouble - forceps delivery.
17 Varicose vein
by Anaemia
36 Didn't feel well , but no specific illness
4O Kidney trouble and jaundice
46 High blood pressure
54 Bronchitis
69 Hyperemesis

The ailments complained of are the common complaints

of pregnancy and no evidence of any specific illness was cobtained.
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6. Maternal age

The mean maternal age of the birth of sixtytwo
affected children is 28,96. This compares with an expected
value of 27.84 ¥ 4476 (SD) obtained by a method (Penrose, 1953)
similar to the Greenwood-Yule reconstruction from the families
themselves. The difference between the observed and expected
ages is 1,12 ¥ 0,60 (SE)s This is barely significant but
hints that the condition is more frequent among the children

of older mothers.

Te Effect of birth order

This has been calculated by the percentage affected

method,
Birth rank Number observed Number expected
1 to 3 &7 50451
L to 8 15 11649
Total 62 62

As shown above, there is a slight increase in the

affected sibs bom in later pregnancies,

8. Parents

Since fibrocystic disease is usually lethal in childkood
it is not/ sxpacted that the parents will be affected. Recemtly
di Sant' Agnese has shown that the parents mey show an abnormality
of sweat secretion and has published details of a family in which

this abnormality was associated with chronic bronchitis. The

majority of the parents were healthy but eight gave a history
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of chronic bronchitis. Chronic bronchitis is, of course,
very common in this area and anincidence of eight out of
onehundred parents does not seem abnormally high,

No instances of consanguinity of the parents was

recorded,

9 Aunts and uncles

In the course of the survey the parents were asked
about their own brothers and sisters., While many could give
accurate information about the dates of birth and subsequent
health of their sibs, many of the parents could not do so and
were only able to accurately state the number of their
brothers and sisters who survived to adult life, In forty-
four families information about the parents' sibs was available
and showed that on the mothers' side twohundred and thirteen
sibs survived to adult life while only four were known to
have died in childhoods On the fathers' side, there were
twolmdred and ten surviving sibs and seven were known to
have died in childhoods These figures clearly show that
there have been few deaths in childhood in the parents! sibs
who actually came from<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>