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Summary

In this chapter, the pathology of fibrocalculous pa ncreatopathy is covered
in detail. In addition, the origin and pathological features of chronic
calculous pancreatopathy (CCP), a term with multipl e connotations, are
also discussed. Extensive study of cases of CCP, seeral biopsy and a few
autopsy specimens show that CCP is not likely to re present the chronic
stage of acute pancreatitis. It does not appear tha t CCP is primarily an
inflammatory disease of the pancreas. The exact etiology and
etiopathogenesis still elude clinicians, pathologis ts and research workers.
The early stages and further development of the les ions are interesting
to study, as the disease does not affect the whole pancreas uniformly.
Abdominal pain, calculus, and diabetes mellitus are all events that occur
at some stage of the disease. The pathological chan ges noted, including
neural, vascular and interstitial alterations, are all described in detalil
and their implications are discussed.

Introduction: CCP and the exocrine pancreas

It is not possible clinically to recognize early ca ses of CCP. But early
pathological changes are made out in biopsy specime ns and in autopsied
cases. The changes in the pancreas are not uniform. Early changes are
seen along with late and fibrotic stages and transi tion can be made out
in a satisfactory biopsy specimen.

Grossly pancreas may be normal, enlarged or, atroph ic and fingerlike. It
may be nodular and felt as a *bag of stonese. The n ormally sized pancreas
has normal as well as atrophied parenchyma. Abnorma lly enlarged
pancreas is seen in elipomatous atrophye, when the entire pancreas is
replaced by fat. Some radiologists are able to diag nose this condition
in CT and MRI images. Only ducts and islets can be made out, to
recognize the organ as pancreas. Staining the entir e pancreas with fat-
stains can highlight the change.

The changes in the pancreas in CCP are never unifom. The transition
from normal to diseased may be abrupt and side-by-s ide with atrophic
and fibrotic stages. The most striking and consistent early change is,
disruption of normal architecture. The pancreas pre sents an eexploded
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appearancee of the parenchyma. There is an exaggerated lobular
appearance presenting a egeographical patterne.

The disruption results in isolation of groups of ac ini, single acinus and
even single cells, some of them still retaining the bipolar staining.
Individual cells are shrunken; some of them have scanty cytoplasm and
appear as almost naked nuclei. There are wide gaps separating lobules,
acini and individual cells, due to atrophy and disa ppearance of
parenchymal cells. In advanced cases entire lobules may just disappear
(lobular, acinar and cellular obsolescences), leaving only the ducts, areolar
tissue, blood vessels, nerves and islets, which help in identifying the organ
as pancreas. Lobules may be replaced by duct like structures- eductalisation
of acinie. Lipomatous atrophy of the pancreas prese nts a striking
appearance. The surviving or hypertrophic islets ar e seen in a mass of fat
and are the only evidence for identyfying the tissu e as pancreas. In the
final stages of the disease the organ shows fibrous tissue, fat and several
normal, atrophic or hypertrophic (regenerated) isle ts.

Ductal changes

While the acini undergo regressive and atrophic cha nges, the ducts show
atavistic tendency and try to regenerate and replac e the lost pancreatic
tissue, but stops with regeneration of the islets; very rarely the acini.

The duct of Wirsung and the draining secondary and tertiary ducts show
proliferative and metaplastic changes. The duct of Wirsung shows often
mucinous and sometimes squamous metaplasia. Mucinou s metaplasia is
the commonest change noted. Squamous metaplasia is often associated
with calculi. When calculi are present there is oft en periductal lymphocytic
infiltration. The secondary and tertiary ducts ofte n show only mucinous
metaplasia. Sometimes goblet cells dominate the li ning. The ducts are
often dilated and plugged with inspissated mucus ... sthe mucus pluge.
The inspissated mucus plugs in the ducts, form the nidus for formation of
calculi. The epithelium of the major ducts may be u Icerated due to the
presence of rough and thorny calculi. The epitheliu m is often torn off
during surgery when the incarcerated stone is remov ed. Persistence of
calculi may result in proliferative activity of the ductal epithelium,
squamous metaplasia and dysplastic changes.
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The proliferative changes used to stop with metapla sia and dysplasia,
when death used to occur early in younger patients, due to complications

of diabetes mellitus. Since patients of CCP, treated with insulin, now

live longer, some of them develop adenocarcinoma of pancreatic ducts.
CCP has been identified as one of the causes of adenocarcinoma of
pancreatic ducts.

Calculi

Only intraductal calculi have been found, but paren chymal calcification
never. There is erroneous usage of the term ecalcifications for calculi. In
the early stages of formation of the calculi, by im pregnation of calcium
carbonate and other materials in the mucus plug, th e calculi are soft,
friable and are radiolucent. Therefore early calcul i are missed by
radiological examination and the diagnosis of CCP m ay be missed. At
this stage, along with mucus, the calculus shows pr esence of
desquamated epithelium of the ducts and organic mat erials, including
fibrin. Even some of the hard calculi on decalcific ation show presence
of organic materials, in addition to mucus. The har d and well-formed
calculi vary in size and shape. They may be like gravel, round, oval,
coralloid, elongated and staghorn-like or in the sh ape of the ductal
lumen in which they are formed. Some of them are as big as the dilated
duct of Wirsung. They are arranged as beads along t he length of the
main duct, with dilatation of the intervening porti  ons, very explicitly
demonstrated by ERCP. Intermittent calculous obstru ction causes ¢lake-
likee dilatation of the duct of Wirsung, demonstrat ed by contrast
radiography. The hard calculi contain not only calc ium carbonate but
also traces of several other materials and show a v ery striking appearance
by X-Ray diffraction study. Traces of substances like iron, magnesium
and selenium have been demonstrated. This suggests that the formation
of calculi in CCP is not by a simple process of dystrophic calcification of
the mucus plug. It is also important to note that i n acute and chronic
pancreatitis as well as in other pancreatic diseases, including alcoholic
pancreatitis, formation of calculi is not so common . Parenchymal
calcification occurs in cases of acute pancreatitis following fat necrosis,
but never in CCP. In the early stages of formation of the calculus (soft
calculus) they cannot be demonstrated by x-ray exam ination and patients
seldom complain of pain. The pain is often due to i ncarceration of the
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ducts with calculi, causing ductitis. Hence the ear ly stage of the disease
is missed clinically, when pain and radiologically demonstrable calculi
are absent. At the same time the disease, especially destruction of
exocrine pancreas may be advanced.

Insular changes (Nesidioblastosis)

The changes in the islets are most remarkable and a consistent finding

in all cases of CCP. It is even an indicator that one is dealing with a case
of CCP, in the absence of any other pancreatic disease. The insular
changes are mostly seen in areas where there is advanced acinar atrophy.

There are small atrophic islets, normal islets and markedly hypertrophic

islets. Some of the islets are very large and vary in shape. The total atrophy

of the exocrine pancreas and the remarkable preserv ation of the islets

present a sbunch of grape appearance’ of the islets .

There is extensive nesidioblastosis. This is an atempt on the part of the
pancreas to regenerate. The process starts at the intercalated ducts.
Most of the regenerated islets show their origin fr om the ducts, which
are seen at the periphery of the newly formed islet s.

The regenerated islets and even the atrophic ones are rich in B-cells and
produce insulin. In fact the regenerated islets con tain more B-cells and
are loaded with insulin. Even the atrophic islets a nd sometimes the
intercalated ducts from which the islets regenerate , contain insulin.

Inflammatory cells

Inflammatory cells are not invariably found in all stages of the disease.
They are often seen when calculi appear in the duct s and are seen mainly
periductally. Diffuse inflammatory changes are seen in some cases. This
is an inconsistent finding. The predominant cells a re lymphocytes.
Occasionally plasma cells and eosinophil cells are seen, but neutrophilic
leucocytes and macrophages or granulomas are never found. In several
cases inflammatory cells are barely found at the si te of the early lesion.
The presence of inflammatory cells in CCP is so inonsistent that the
role of inflammation in the etiopathogenesis of the disease is not
confirmed and is unlikely.

246



Neural changes

Neural changes are consistent and are very striking in advanced cases.
In normal pancreas nerves are seldom seen in the parenchyma. In all
cases of CCP prominent nerves are seen, often asso@ted with ganglion
cells. This neuroendocrine relation is relevant in the regenerative process
of islets. A very close association is seen betweenthese prominent nerves,
ganglia and regenerating islets. .

Vascular changes

Pancreatic arteries often show thick walls and mini mal narrowing of
the lumen. Sclerosed arteries are seen in advanced CCP. The exact
significance of these changes is not known.

Changes in the interstitium

The changes in the interstitium are not consistent. Though the disease
is often called fibrocalculous pancreatopathy, fibr osis is not consistent.
In the early stages, fibrosis is seen mostly periductally or none at all.
Early fibrosis is often non-collagenous and consist s of loose fibrous tissue.
Later on the fibrosis may be so advanced as to prod uce scirrhosise of the
pancreas. The fibrosis may be so severe that along with the parenchymal
atrophy, the organ is almost a thick cord-like str ucture, filled with stones.
Focal deposition of fat in areas of parenchymal atr ophy is not rare in
CCP. In total parenchymal atrophy the entire organ may be replaced
with fat, sparing the ducts and a few regenerated i slets. Even in extensive
fibrosis, a few surviving islets may be found.

The pathological changes in CCP are not consistent. They depend on
the stage of the disease and the site from where th e biopsy is taken. All
stages of the disease may be seen in the same pancreas.

Discussion : Chronic calculus pancreatopathy: various connotat ions

The term Chronic Calcific Pancreatitis is a misnomer. There is no
parenchymal calcification in any of the cases studi ed and there is
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histological evidence that inflammation is not a co nstant finding in all

cases. Ever since its first description by Zuidema from Indonesia in 1959,

there have been several reports of the disease under different names.

The first report of CCP along with other cases of ¢ hronic pancreatitis
was in 1946 by Comfort, Gambill and Baggenstos, aga in in 1948 by
Gambill, Comfort and Baggenstoss. There is also a report in 1948 by

Janowitz and Dreiling. In 1960, Gambill, Baggenstos s and Priestly
reported 27 cases, which they had studied from 1939 to 1943. Kini
reported the first case in India from Bombay (now M umbai). There is a
report by Fitzgerald et al of 53 cases studied from 1952 to 1960. The
first case from Kerala was presented by Kesavan Natr, a reputed Surgeon
and Professor of Surgery at a conference in Agra in 1937. There is
obviously a mix up of all cases of chronic pancreat itis and other
pancreatic diseases, in the cases reported earlier.

The largest number of cases have been reported from Kerala, a small
state in the southern most part of India. Geevarghe se had studied and

reported more than 1000 cases from Kerala alone and is rightfully

credited with the wide recognition of the disease C CP, in India. He has
vividly described the clinical symptoms and some of the concepts of

aetiopathogenesis and pathology of the disease. Thi s was at a time,

when surgeons in India did not confidently operate on pancreas. Biopsies
were rare.

The disease has been reported under the following n ames: chronic
calcific pancreatitis (CCP), fibrocalcific pancreatitis (FCP), chronic calcified
pancreatitis,chronic relapsing pancreatitis, chroni ¢ progressive
pancreatitis ,fibrocalculus pancreatitis, tropical pancreatitis. (TP),
nonalcoholic pancreatitis, hereditary pancreatitis, Afro-Asian
pancreatitis, idiopathic pancreatitis, chronic calc ulus pancreatopathy and
fibrocalculous pancreatopathy.

The only factor common to all these terms is schron ice and is the only
factor true to this disease. All these terminologie s for CCP, came from
the imperfect knowledge of the etiopathogenesis of the disease. There
are several cases without any evidence of inflammat ion, fibrosis and

invariably there is no calcification.
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At the International Workshop on «Types of diabetes peculiar to tropicse
in the year 1995 at Cuttack, it was resolved to acc ept the terminology
of «Chronic Calculus Pancreatopathyes (CCP).

CCP is a non-inflammatory disease of the pancreas, of poorly understood
aetiology, with malnutrition at some stage of life  contributing, affecting
young adults, clinically characterized by recurrent abdominal pain, brittle
or resistant diabetes mellitus, rarity of ketosis a nd pathologically
characterized by smoldering, focal, lobular or segm ental atrophy of
exocrine pancreas. These are followed by other lesions like
nesidioblastosis, mucus plugs and calculi in the du cts. The Marseille
symposium defined CCP as 'chronic pancreatitis characterized by lasting
damage, whether or not the cause of the disease is removed, sclerosis
with destruction and focal, segmental or diffuse di sappearance of the
exocrine pancreas and sometimes overlaid with acute ones'. If the eacute
onese suggest acute pancreatitis, these do not conf orm to classic cases
of CCP. If this sacute onese suggest clinical onset of abdominal pain or
other symptoms, it is acceptable. The early stage of the disease has not
been recognized clinically. Four criteria have been defined (Mohan et
al) for clinical recognition of the disease:

1. Patient of tropical origin
2. Diabetes (WHO criteria)

3. Evidence of pancreatitis as shown by calculi(by i mageology),
abdominal pain, steatorrhoea, abnormal pancreatic f unction tests and

4. Absence of other causes of pancreatitis

Often all these criteria may be absent. Diabetes or detection of calculi on
routine screening may be the first clinical evidenc e of the disease. Diabetes
may be an early presenting symptom. Bank has report ed the follow up of
35 patients who showed no calculi at the time of presentation, but
developed them later on. The occurrence of decreased glucose tolerance
in this group increased from 70% to 91% after the a ppearance of calculi,
indicating further destruction of the endocrine tis sue.

The etiology of the disease has eluded Clinicians, Pathologists and

Research workers alike. The pancreatic structure and function are
influenced by a number of nutritional factors- prot eins, carbohydrates,
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fat, trace-elements and micronutrients. The pancrea s has a higher
turnover of proteins compared with other organs. It is only natural that
pancreatic injury occurs in qualitative or quantita tive protein deficiency,
as in Kwashiorkor. The pancreas in Kwashiorkor is small, shrunken and
fibrosed.

Epidemiological studies and experimental work on bo nnet monkeys
(Macaca radiata) have suggested that malnutrition ( not undernutrition),

especially protein malnutrition, can play a role or at least can be a major
contributory factor. Bonnet monkeys were fed on an isocaloric low protein,
normal carbohydrate diet. Another group was fed on low protein and
high carbohydrate diet, containing tapioca-starch a nd cornstarch as
carbohydrates. These animals showed pancreatic changes identical to
CCP. The pancreas showed no inflammatory changes. This experiment is
the first monkey model for production of pancreatic disease.

The toxic effect of tapioca in the diet has been po stulated as a cause of
the disease. Cassava (Tapioca, manihot) is eaten inlarge quantities in
Kerala, Uganda, Nigeria, Indonesia, Malawi and Thailand, where CCP is
prevalent. Cassava contains cynogenic glycosides, inamerin and
lotaustralin. Of these, linamerine was suspected to be the causative factor.
Cyanogens impair the function of enzymes like super oxide dismutase,
which scavenge and prevent cell injury by free radi cals. Chronic cassava
ingestion in rats up to one year did not produce CC P. The epidemiological
and experimental findings are not in favour of cass ava ingestion as a
cause of CCP. More over the disease has been foundin populations not
consuming tapioca. The McMillan and Geevarghese hy pothesis has
not been substantiated.

The role of trace-elements has been recognized. Met honine, zinc,
selenium and copper are deficient in malnutrition. The deficiencies of
these are not clinically obvious unless studied obj ectively. Feeding rats
on zinc deficient diet has produced changes in panc reas. A copper
deficient diet has produced selective acinar injury , sparing islets and
ducts. Similarly deficiency of selenium and magnesi um in the diet has
been shown to produce pancreatic acinar injury. Cer ium has been
postulated to produce endomyocardial fibrosis in ex perimental animals.
Tapioca contains Cerium.
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Ductal obstruction has been suggested as the etiolo gy. Obstruction due
to stasis produced by infections and inflammation ¢ aused by bacteria,
viruses or parasites, has been postulated as cause of CCP  True that
many of the pathological changes noted are similar to the ductal
obstruction produced experimentally but it is not p roved to be the
aetiological factor. The changes in the fully evolv ed and clinically
recognisable disease are due to ductal obstruction produced by the
calculi in the duct of Wirsung. The theory, thatan omalies of the sphinctor
of Oddi, spasm or oddities cause CCP, has not been substantiated
surgically or by imageology.

Hyperparathyroidism as a cause is common in acute pancreatitis and
parenchymal calcification.

An autoimmune process has been suggested but withou t any proof.

As early as 2001, the role of genetics in the causation of CCP, has been
studied. There are more than 300 indexed reports on this topic. Recently
there has been a re-emergence of this hypothesis. Available evidence
shows that only about 23%- 25% of CCP cases have an abnormal
mutation of the SPINK | gene. David C. Whitcomb and co-workers at the

University of Pittsburgh, have studied the mutation of the SPINK | gene,
in the «family xe. sFamily-Xe is the largest pancreatic cancer family ever
studied. Out of 20 family members 9 died of pancrea tic cancer, including

5 out of 6 brothers. Every member of the «family x¢ with pancreatic

carcinoma or its precursor, harbored a specific gen etic marker on the

long arm of chromosome 4, where the single gene mut ation resulting

in pancreatic carcinoma is believed to exist.

There are two common and more than six uncommon cat ionic
trypsinogen gene mutations associated with carcinom a of pancreas. The
two major mutations are cationic trypsinogen *R122H « and sN2917.

The SPINK | gene initiates the production of a specific protein- sthe
pancreatic trypsinogen inhibitore, which prevents a ctivation of
trypsinogen to trypsin. When SPINK | gene mutation occurs, trypsinogen
gets activated to trypsin which acts on pancreas, ¢ ausing recurrent acute
pancreatitis. Mutations of SPINK | gene is considered as the most
significant genetic risk factor.
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In 2003 the Asian Institute of Gastroenterology and the Center for
Cellular and Molecular Biology (CCMB) in Hyderabad, reported the
occurrence of SPINK | gene mutation in Indian patie nts of CCP. In their
study of 120 patients, this gene mutation was notic ed in 45 % of cases.
This high incidence is possibly due to the small gr oup of patients in
their study.

Gene mutation causing pancreatic disease similar to cystic fibrosis, has
been identified. This Cystic Fibrosis Transmembrane Conductance
Regulator Gene (CFTCR) mutation produces lesions inpancreas similar
to cystic fibrosis. This gene mutation affects hydr ation of the secretions
of pancreas and other organs like the lung. Mutatio n causes prevention
of thinning of the secretion, leading to inspissati on and formation of

the tenacious mucus plug.

Currently work has been going on, in different cent ers in India, to find
out the involvement of the SPINK | gene mutation, i n the
aetiopathogenesis of CCP in our population. It is d oubtful whether this
gene mutation plays a role in the genesis of CCP. According to this
hypothesis CCP is then, the chronic stage of acute pancreatitis. There is
no clinical or pathological evidence to show that C CP is the chronic
state of acute pancreatitis. Therefore the SPINK | gene mutation theory
is not tenable.

Comparing the role of the two genes, it is more pos sible that the CFTCR
gene has a role in the genesis of CCP and not the SPINK gene.

Alcoholism has never been proved to be the cause, i n this studied series.
There are several reports of alcoholic pancreatitis being included in CCP.
Sarles in his earlier reports has considered alcoholic pancreatitis also as
CCP. He has mentioned that «CCP is frequently of atoholic origine. The
pathogenesis of alcoholic pancreatitis sremains elu sives. The postulated
mechanisms are 1. lack of sstone proteine and 2. p rimary acinar injury.

Autopsy study of the affected pancreas supports the latter hypothesis.

But the changes in alcoholic pancreatitis are diffu se and affect nearly
the entire pancreas and not piece meal as in CCP. There is age and sex
difference. Nesidioblastosis and calculi are not as frequent.
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Current concept is that CCP is a multifactorial dis  ease

Clinically, it is almost impossible to detect early cases, since patients
present with abdominal pain or diabetes mellitus or calculi, often in an
advanced stage.

Pathologically it is possible to detect early stage s, since in many cases
the progression of the disease is not uniform and e arly pathological
lesions can be made out along with the most advance d lesions. Every
part of the pancreas is involved in advanced cases. The pathology
described, is the result of study of several biopsi es and a few autopsies.

Gross changes

Gross features of the pancreas in CCP; have been male out by

imageology, during surgical intervention and from a few autopsy

cases. The size of the pancreas may be normal, increased or decreased.
In early cases there is no alteration in the size of the pancreas since
there is little parenchymal loss. Increase in size is usually seen in
slipomatous atrophye of the pancreas. Radiologists are able to

recognise this lesion due to the alteration of the density of the image

and the presence of the calculi. The pancreas is enlarged, soft and

yellow and may look like a mass of fat. Only micros copic examination

will reveal the mass as pancreas by the presence of scanty exocrine
glands, plenty of islets and calculi. In most of th e cases the pancreas
is shrunken and firm. There were cases where the pancreas was finger-
like and hard due to fibrosis and the presence of ¢ alculi in the ducts.

The ductal dilatation may be so severe that they fo rm cystic spaces
filled with stones. Section of the normal sized pan creas shows hard
areas and presence of calculi. Many of the ducts may show mucus
plugs. In advanced cases the most striking feature is the presence of
multiple calculi of varying sizes, shapes and consistency. There may
be nodular appearance and feel, which surgeons per- operatively, may
mistake for carcinoma.

Microscopic appearance

Acinar changes: The early stage of the disease hasnot been recognized
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clinically and so not biopsied. But changes from no rmal to early disease
and to severe stages can be recognized in biopsies and autopsies. The
exocrine reserve of the pancreas is found up to the very late stage of the
disease. This accounts for the presence of exocrine function in majority
of cases studied.

The earliest changes are noticed in the acini. There is a lobular
distribution of the lesions. In early cases, the af fected acini or lobules
are seen side by side with histologically normal ac ini and lobules. The
patchy distribution of the lesions is a constant ch aracteristic of CCP. The
histological characteristics of all cases of CCP ar identical, varying only
in severity. It has been reported that in cases whe re there is no
radiological evidence of calculi, biopsy showed ide ntical pathological
changes, and when these cases were followed they sh owed radiological
evidence of calculi.

Normal acini and lobules persist for a long time al ong with obsolescence

of several lobules. The disappearance of large masses of acini without

evidence of necrosis could be due to accelerated ap optosis, followed

by phagocytic removal. The apoptotic removal of aci ni and ductal

proliferation has been demonstrated in experimental animals. But few

apoptotic cells and practically no phagocytes have been observed in
CCP. There was no necrosis of the parenchyma or fat necrosis, as occurs
in acute pancreatitis. All other changes are seen | ater, after acinar

changes occur. Disruptions of the acini are noticed early and are very
similar to those seen in ductal obstruction.

The youngest case that has come to the study, is a newborn child
admitted with severe hypoglycemia for which total p ancreatectomy was
done. Study of the pancreas showed early acinar cha nges in the pancreas
identical to the early changes seen in CCP. Therewere lobular lesions
where acini had atrophied or disappeared and ducts persisted. No calculi
were seen. There was extensive nesidioblastosis resilting in near fatal

hypoglycemia. Liver biopsy was done later and showe d changes similar
to biliary cirrhosis, suggesting the possibility of neonatal odditis or ductal

obstruction. Unfortunately the pancreas was not ava ilable for detailed

study. (Kind permission and personal communication from Dr. Chandrika,
AIMS, Cochin). The lobules, groups of acini, single acinus and single
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cells are seen isolated. But often there is no fibrosis. Several lobules,
groups of acini, individual acinus and even single cells just disappear,
as seen in eglomerular obsolescencee in renal disesses. The bipolar
staining is maintained till ultimate cell death. EI ectron microscopic
studies by Sarles et al of the histologically norma | areas of pancreas in
established cases of CCP, showed decrease in zymogae granules with
concomitant increase in the number of prozymogen gr anules, indicating
dysfunction at molecular level. The mitochondriae w ere normal, but
the rough endoplasmic reticulum and the golgi bodie s were dilated.
The surface area of the cells, nucleus and nucleolus, is augmented
indicating hyperfunction with regard to enzyme secr etion. The later
changes are possibly due to cell exhaustion, resulting in atrophic
changes and apoptosis. This also accounts for the inconsistent enzyme
changes seen in CCP.

Ductalisatione of the pancreas has been observed in several cases. At this
stage of the disease, there is no evidence of any i nflammation or fibrosis.
The atrophic lobules, acini, and cells are separated by large spaces
indicating atrophy. The lack of evidence of inflamm ation should draw
attention to other pathological processes, possibly metabolic disturbances
like malnutrition, rather than under nutrition. The  lack of under nutrition
has led many to suggest that nutrition has no role in the genesis of CCP.
There are two factors in favor of malnutrition. Fir st, the changes in the
pancreas are similar to those seen in Kwashiorkor. Secondly, malnutrition
or metabolic changes occurring at any stage of life , particularly during
childhood, may have permanent adverse effects on me tabolism. It is likely
that CCP may be a form of malnutrition, though ther e may be no evidence
of it, at the time of presentation. This may be in the form of protein
malnutrition, deficiency of any of the amino acids or trace elements.

There are large areas where the acini may disappear and in long standing
cases, the pancreas may be converted to an atrophic finger-like structure
with many calculi, forming a sbag of stonese.

In some cases the atrophic pancreas may be replaced by fat. The pancreas
is bigger than normal due to the enormous depositio n of fat (lipomatous
atrophy of pancreas). Lipomatous atrophy of the pan creas in CCP has
been reported as early as 1970. Radiologists are able to diagnose this
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fatty change in CT and MRI scans. The changes thatlead to lipomatous
atrophy of the pancreas is not known, though fat de position has been
found in some cases of CCP. Only the surviving islets help to identify the
organ as pancreas.

The extent of fibrosis varies. It may be totally ab sent, or the fibrosis may
be so severe as to create a ecirrhotic pancrease. No case has shown
features of acute pancreatitis or pancreatic necros is. It is an error to
consider CCP as a chronic stage of acute pancreatitis.

Ductal changes

In available autopsy cases there have been no evidence of odditis.
Experimental partial obstruction of the duct of Wir sung produces
changes identical to advanced stage of CCP.

The ductal cells play an important role in the secr etion of fluids,
electrolytes and mucin. In experimental animals, la beling with tritiated
thymidine has shown that the proliferative activi ty of ductal cells is the
same as that of acini and islets. Of all the compon ents of the pancreatic
tissue, the ducts preserve their capacity to regene rate and proliferate,
especially the intralobular ducts. They proliferate more profusely under
several pathological stimuli. During the neonatal period the ducts
proliferate and produce islets. In some pancreatic diseases like CCP, the
ducts may give rise to new islets and also cause th e acini to form duct-
like structures. (sDuctalisatione of the acini)

In CCP the most striking changes are seen in the ducts. In well-established
cases, the ducts show constrictions and elake-likes dilatations. This
change is due partly to atrophy of the parenchyma a nd partly to the
focal ductal obstruction by calculi.

The duct of Wirsung shows metaplastic changes. The commonest
changes are mucinous. Squamous metaplasia is infrequent.
Desquamation of the epithelium is often seen in the presence of calculi.
The first change, that takes place, is mucinous met aplasia, a change
that may extend to the secondary and tertiary ducts . This change may
be seen in ageing pancreas and in induced partial o bstruction to the
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main duct, in experimental animals. This initiates altered secretion and
the formation of smucus plugse (echronic catarrhe). Sarles has suggested
that the especific pathogenic mechanism in CCP is the precipitation of
secretory proteins in the ductse, but failed to rec ognize that the abnormal
protein secretion follows acinar changes. His hypot hesis is that CCP is an
inflammatory disease. As the secretion of mucus bec omes thick and
inspissated, the ducts get obstructed and this lead s to further changes in
the exocrine pancreas. It is not definite whether t he mucinous metaplasia
of the ducts is a sequelae of acinar changes or thi s occurs concurrently
due to the same initiating factors. The obstruction to the flow of pancreatic
juice has been attributed to the metaplasia. But th e extent of metaplasia
and even the papillary formations produced have nev er been noted to
be the cause of obstruction to the flow of pancreat ic juice.

Squamous metaplasia is not as common as mucinous me taplasia.
Squamous changes are seen in the ducts lodging the calculi and are
due to the irritation caused by them. These changes are seen in the
duct of Wirsung lodging large calculi.

Ductalisation of acini occurs in some cases. The exact mechanism is
disputed. It was postulated that the acini undergo necrosis and are
replaced by ducts, but there is no necrosis in CCP. Others have suggested
that the acinar cells atrophy and assume shape of d ucts. Apoptosis of
acinar cells has also been suggested as the mechanism for their
replacement by ductal cells.

Dysplastic changes are seen in long standing cases, ultimately leading
to adenocarcinoma of pancreatic ducts. Mitoses are often seen in the
ductal epithelium. Opitz first reported the associa tion of pancreatic
lithiasis and carcinima in 1901. Dysplastic and neo plastic changes are
seen only in long standing cases who survive due to insulin
administration. There is definite clinical evidence that CCP is one of the
causes of ductal adenocarcinoma of the pancreas. Rajan has reported
his experience with surgical intervention in cases of CCP, in 64 cases
done mainly to alleviate pain. He found 9 cases had adenocarcinoma
on biopsy examination. Philip Augustine and Ramesh have reported 22
cases of adenocarcinoma of pancreas among 225 cases of CCP. This
was rare in the earlier cases reported, since death due to complications
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of uncontrolled diabetes occurred early. Carcinoma associated with
lithiasis is distinct, in that these cases occurred at younger age (average
40 years) and pancreatic calculi are always present along with diabetes.
The chronic irritation produced by calculi, causes dysplasia of the ductal
epithelium ending in adenocarcinoma in surviving pa tients.

Mucus plugs

It is possible that the smucus plugse contain sub stances other than

mucus, especially trace elements, as shown by stone analysis. The mucus
plugs are mainly formed in the duct of Wirsung. The vy are also seen to
occur in the major branches. They contain a lot of proteins, mainly

glycoproteins, containing phosphorylated residues, an undetermined

carbohydrate moiety (¢Stone proteine ... Sarles), a éw cells and sometimes
fibrin. These can be demonstrated in some of the de calcified calculi.

The composition of all pancreatic calculi are the s ame.The mechanism
of formation of the mucus plug is not certain, but is not due to

inspissation of a thin mucus secretion by the metap lastic ductal cells.
The initial secretion itself appears to be thick an d viscid. It is possible
that this altered secretion occurs due to the chang es in the acini and
mucinous metaplasia of the ductal epithelium.

The calculi

The first description of pancreatic calculi has bee n by De Graaf in 1667.
There were reports of the disease as pancreatic lithiasis by Opitz (1901),
De Graaf (1914), Mayo et al (1936) and Comfort et al (1946). The first
description of pancreatic calcification and diabete s has been attributed
to Cawley in 1788.

CCP has never shown parenchymal calcification. Theediffuse calcifications

reported by Sarles has never been observed in our cases. Small cystic
dilatations have been observed but the pseudocysts developing in the

pancreas and even outside the pancreas (Sarles) hawe never been
observed. These are possibly cases of pancreatitisor fibrocystic disease
of the pancreas and not CCP.

Calcium apatite crystals appear in smaller ducts be fore calculi appear in
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larger ducts, as demonstrated by polarization micro scopy. It has been
demonstrated that the calcium ions in the pancreati c¢ secretion are in
equilibrium with those of diffusible calcium in the  serum. Hence any
change in the water content or pH of the pancreatic juice can result in
precipitation of calcium and formation of esande.

After the initial changes in the exocrine pancreas, the formation of calculi
is an important event in the progression of the dis ease. The presence of
the calculi leads to *obstructive pancreatopathye. The changes are similar
to those produced by ductal ligation in the experim ents of Banting and
Best ... a selective atrophy of the exocrine pancreas,leaving the islets
and neurovascular components intact. Decalcificati on of the soft calculi
shows presence of cell debris, fibrin and other pro teinaceous substances.
Spheres of eosinophilic, amorphous material, simila r to the corpora
amylacea of prostatic glands, have been reported. T he elemental analysis
of stone by scanning electron microscopy, eenergy d ispersive x-ray
fluorescences (EDXRF) and sfluorescent spectrograplye, have shown the
presence of iron and several trace elements.

The stone has a central nidus with an outer shell. The nidus shows a
network of fibers and no calcium salts. It contains iron, chromium and
nickel. Seventeen other trace elements have been detected by EDXRF.
The shell is formed of calcite crystals. The iron could be from the
lactoferrin of the pancreatic juice. There is perid uctal inflammation and
fibrosis around the ducts containing calculi, possi bly due to irritation
by the calculi. The calculi induce metaplastic, an d dysplastic changes.
They vary in size, shape and consistency. The larget reported calculus is
6.1cms long. A Calculus weighing an unbelievable 20 Ogms or more
has been reported by Sarles. The shape and size ofthe calculi depend
on the ducts where they are formed. The variation i n size, consistency
and shape depend on the ductal size, and duration. The early ones are
often soft when they are not completely impregnated  with calcium
carbonate. Their consistency varies from soft to bo ny hard. They appear
smooth, faceted and often coralloid, depending on t he pattern of
deposition of mineral on the mucus plug. The coral shaped calculi often
get incarcerated in the ducts and their removal res ults in removal of the
lining epithelium of the ducts. These are the ones that cause irritation,
metaplasia and dysplasia, leading ultimately to car cinoma.
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Obstruction caused by calculi leads to further atro phy of the exocrine
pancreas. The changes seen in ductal obstruction are similar to those
induced experimentally. There is selective atrophy of the acini. All the

other components survive till the late stage of the disease. The irritation
produced by the calculi also produces periductal in flammation leading

to infiltration by lymphocytes occasionally by plas ma cells and eosinophil
cells. Fibrosis is often seen around the ducts. There are cases in which
there is extensive fibrosis, which has given the di sease the name
«fibrocalculous pancreatopathye. But there are several cases in which
fibrosis is minimal or entirely absent. It is not p ossible to suggest why
fibrosis is present in some cases and entirely absent in others.

The pain in CCP is due to calculus, similar to renal colic, but less severe
and is of dull aching type. There is evidence of ne uritis in some, but not
in all cases.

Islets of Langerhans

The most striking and constant changes in CCP are seen in the Islets.
There are a number of pancreatic diseases, including malignancy, in
which regeneration and formation of new islets occu r ... nesidioblastosis.
It was Laidlaw who coined the term and reported in 1938 the occurrence
of nesidioblastoma. In CCP there is extensive nesidoblastosis. The newly
formed islets contain A-cells and are rich in B-cel Is. There is a controversy
whether B-cells or A-cells predominate.

The study of several cases by IHC for insulin secrdion has shown that
the B-cells predominate and are seen through out th e newly formed
islets. Some of the newly formed islets are several times bigger and are
of various shapes, compared with normal islets. Whe n there is such
striking nesidioblastosis, why the diabetes? The qu antum of islets
regenerated and the insulin produced are insufficie nt to replace the
islets destroyed. The nesidioblastosis that occurs in pancreatic diseases
like malignancy accounts for the hypoglycemia encou ntered in some
of them. Hypoglycemia occurs also in experimental i nduction of
carcinoma pancreas, in partial resection of pancrea s and in experimental
partial obstruction of pancreatic ducts. The brittl e diabetes occurring in
some cases of CCP is also due to nesidioblastosis.
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The origin of the progenitor cells of the newly for med islets, has been
extensively studied. In the Syrian hamster, there are intercalated
(intralobular), peri insular and intrainsular ductu les. The peri insular and
intra insular cells form undifferentiated cells (is let cell precursor cells)
and are capable of proliferating and differentiatin g into B-cells.
Exhibition of nitrosoamine for induction of adenoca rcinoma of
pancreatic ducts, show that these precursor cells a re the ones stimulated
early and the neoplastic process is associated with nesidioblastosis. The
experiments of Yoichi Konishi et al in the producti on of pancreatic ductal
adenocarcinoma, by feeding Syrian hamsters with die thylnitrosamine
and other amines, have shown profuse nesidioblastos is. Whether these
precursor cells are undifferentiated stem cells of peri insular and intra
insular cells or the differentiated ductular cells, has been disputed.
Rosenberg et al induced islet cell differentiation and nesidioblastosis in
Syrian hamsters by partial ductal obstruction. By u se of tritiated thymidine
they have shown that the endocrine cell differentia tion occurs by
migration of cells from ductules, thus reproducing the normal ontogeny
of B-cells from the ductular cells. There is ample histological and IHC
evidence that in CCP the nesidioblastosis occurs from lining cells of
intercalated ductules. Some of the ductal epithelia | cells in CCP also
show immunoreactivity for insulin.

What is the stimulus for nesidioblastosis? The expe riments of Rosenberg
and others, on Syrian hamsters have convincingly shown that partial

obstruction of duct of Wirsung induces nesidioblast osis. In the Rosenberg
procedure, wrapping the pancreatic head loosely by a 2.mm.wide sterile
tape produces partial obstruction. This procedure i nduced nesidioblastosis
and hypoglycemia. Partial ductal obstruction has be en shown to reverse
the diabetes induced by islet destruction by alloxa n and the selective
destruction of the B-cells by administration of str eptozotocin. This proves
that partial obstruction is an adequate stimulus fo r inducing
nesidioblastosis. It has been suggested that a substance called eilotropine
induces the ductular proliferation. Will Rosenberg procedure be a surgical
cure of type Il diabetes? Who knows? Sarles has reported a
nesidioblastoma in a woman who had partial pancreat ectomy earlier.
There was periductal fibrosis. Fibrotic changes do induce endocrine cell
proliferation in other organs also. In the fibrosed appendix carcinoid tumor

develops, and in the lung, neuroendocrine tumors oc cur in response to
fibrotic lesions. The ductal obstruction produced b vy calculi and fibrotic

strictures are responsible for nesidioblastosis in CCP. Endocrine tumourlets
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have been described in fibrotic pancreas. The experimental induction of

adenocarcinoma and the production of nesidioblastos is in these animals
is a process of synchronous. Hyperinsulinemia has been reported
secondary to diseases of pancreas. The impetus for this nesidioblastic
response is considered to be the destruction to aci ni. It is possible that
the pancreas makes a futile attempt to regenerate a nd replace the
destroyed acini by regeneration, but stops with the  differentiation to islets.

There are reports that the regenerative process may result in production

of acinar cells with zymogen granules. The presence of ductalisation of

the pancreas in CCP is thought to be due to regener ation of the ducts.

Mitosis has been seen in the ductal and ductular di fferentiated cells. This
observation is against the hypothesis of neogenesis from stem cells.

Hypoglycemia

Spontaneous hypoglycemia has been reported in cases of CCP. Some
patients develop insulin resistant hyperglycemia and others a sudden
intolerance to massive doses of insulin. The cause of hypoglycemia could

be easily explained on the basis of the nesidioblas tosis seen in almost
all cases of CCP. It has been shown that the newly formed islets are
loaded with insulin. Possibly in some cases the amo unt of insulin

released is delayed or prevented from release. In hypoglycemic
conditions, the hormone is released in excess.

The hyperglycemia is often due to the massive destr uction of the islets
and the total mass of islet cells regenerated is in adequate to produce
sufficient insulin. Possibly the irregular release of insulin from the
nesidioblastic islets is responsible for the brittl e diabetes. The massive
dose of insulin required by some patients could be due to presence of
anti-insulin antibodies, receptor defect on the cel | surface or failure of
intracellular glucose utilization. It has been obse rved that during
nesidioblastosis there is an excess of B-cell production, as demonstrated
by IHC, and deficiency of glucagon due to destructi on of the islets.
Patients with pancreatic diabetes have normal resti ng insulin levels, but
when challenged with glucose their insulin response was low and
delayed, showing low insulin reserve. Similarly glu cagon reserve in CCP
patients has been found to be low and in some patie nts severely low.
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The transformation of ductal cells to islet cells ¢ an be vividly demonstrated
in the pancreas of CCP. Apart from the concept of d uctular origin of the
islets there is a little known neuroendocrine origi n. According to this
concept, the islet cells are not of endodermal orig in from the gut, but
from a different category of cells derived from com mitted
neuroendocrine precursor cells (Pearse). According to this hypothesis,
the endoderm contains cells, which retain their neu roectodermal status,
and are committed to neuroendocrine function. In CC P there is
morphological evidence to this association. Almost all cases will show
this neuroendocrine association. There is remarkable increase in the
number of nerves and ganglia in CCP.

Vasculopathy

Vasculopathic changes have been noted in the arteri es and arterioles of
pancreas, but retinopathy, nephropathy and atherosc lerosis have not
been reported in CCP, possibly due to early death o f the patients. Reports
show, decreased tendency for organ related vasculop athy except in
pancreas. Thickened arteries have been noted by many workers and in
my studies. The entire vessel wall is thickened, but there is no
arteriosclerosis or atherosclerosis. It is mostly a medial muscular
proliferation. The rarity of atherosclerosis could be due to decreased
serum lipid levels consequent to the low lipase sec retion and reduced
absorption of fat.

We know what happens to the pancreas, but not why o r how it happens
in CCP.
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Legends to figures

(All photomicrographs are taken from paraffin secti ons of 5u thickness,
stained with haematoxylin and eosin, except those o f IHC for insulin
(B cells) and the Energy- dispersive x-ray fluorescence
photomicrograph of the calculus).

1. Early stage of CCP. Normal pancreas is seen at tle top and the
disrupted lobule below. Groups and individual acini are separated by
empty spaces due to acinar atrophy. There is no inf lammation or fibrosis
at this stage. These are similar to the changes seen in Kwashiorkor and
in partial ductal obstruction in disease and in exp erimental animals.
R (e L
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2. An atrophic lobule with disruption of the archite cture and early
fibrosis. The lobular outline is maintained by fibr ous bands at the
periphery.
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3. e<Explodeds appearance of the pancreas in CCP. Lolules, individual
acini and cells are separated by empty spaces. Ther is little inflammation
or fibrosis.

4. Disrupted lobule. There is no inflammation or fib rosis. An
intercalated duct can be seen in the lower part amo ng the acinar cells
showing nuclear activity. (arrow)

265



5. Extreme atrophy and acinar morphological sobsoles cences. The
isolated cells are represented by naked nuclei.
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6. eCirrhosise of the pancreas. Calculi, from the dilated duct has been
removed. A regenerated islet is seen at the top rig ht of the field.
Interlobar fibrosis and lymphocytic infiltration ca n be seen.
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7. Exocrine pancreatic atrophy, mucus plug in the di lated duct (long
arrow) and calculi (short arrow) can be seen in the duct. The ductal
epithelium is metaplastic and stratified. Inflammat ion is minimal.

4 N\

8. Advanced mucinous metaplasia of the ducts.

4 N\
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9. Exocrine atrophy, and a large regenerated islet, nearly as big as the

atrophic lobule can be seen.

Ve

10. Nesidioblastosis. The cells at the top, forming part of the ductal

linings, have proliferated and differentiated into

endocrine cells.
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11. Nesidioblastosis. The duct of origin is seen at the top of the islet.

e A

12. A bunch of regenerated islets. They are of all sizes and shapes in
comparison with the normal islets which are usually small and round.
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13. Active nesidioblastosis from ducts.

e “

14. Islets regenerated from ducts.

e N
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15. Insulin production by the regenerated islets, th e islets are rich in
-cells. (IHC)
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16. Neuroendocrine cells at the tip of a nerve seen in CCP. Prominent
nerves and ganglion cells are common in CCP.

4 )\
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17. Lipomatous atrophy of the pancreas. Transverse section of pancreas
stained with Sudan IV. The red areas indicate fat. The white areas show
the surviving pancreatic tissue.

e N

- J

18. Lipomatous atrophy of pancreas showing only fat and fibrous tissue.
No exocrine or endocrine tissue is seen.

4 N\
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19. Pancreatic calculi from a case of CCP. They difer in size, shape varying

from gravel size to large, smooth, facetted and co ralloid ones.

'

\

20. Energy dispersive x-ray fluoresence photomicrogr aph of a stag-horn

calculus. (courtesy Dr. C.S.Pitchumoni). Helps in demental analysis.

'
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