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Histological evidence of initiating factors in acute
necrotising pancreatitis in man

ALAN K FOULIS

From the University Department of Pathology, The Western Infirmary, Glasgow G11 6NT, UK

SUMMARY In this necropsy review of 37 cases of acute pancreatitis, evidence is presented that there
are at least two different initiating mechanisms in acute necrotising pancreatitis in man. Firstly,
there is primary duct inflammation, with subsequent inflammation and necrosis of the pancreatic
parenchyma surrounding the excretory ducts. Included in this group are cases secondary to alcohol
abuse and cholelithiasis. Secondly, there is necrosis confined to the microcirculatory periphery of the
pancreatic lobule. These cases are usually secondary to some form of shock (septic or cardiogenic)
and are thought to represent ischaemic pancreatitis. These patterns of necrosis are discussed in
relation to the pancreatic anatomy and clinical findings.

The pathogenesis of acute pancreatitis in manremains
an unsolved problem, and many different theories
have been advanced.!2 From a clinical standpoint
most cases are associated with either gall stones or
alcohol abuse,®> a few being secondary to viral
infection, hyperparathyroidism, carcinoma,® or
shock.? The precise mechanism by which these
cause acute inflammation in the pancreas is still a
matter of considerable controversy.

In the relatively few detailed histological studies of
unselected cases of acute pancreatitis,>~7 no attempt
has been made to correlate the histological findings
with the clinical associations of the disease. In the
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present histological study, two main anatomical
patterns of pancreatic parenchymal necrosis have
been observed, each of which suggests a different
initiating mechanism. These patterns of necrosis
have been correlated with the clinical and necropsy
findings.

A brief description of the pancreatic micro-
anatomy is included so that the significance of these
patterns can be appreciated.

Microanatomy of the pancreas (Fig. 1)

Connective tissue septa divide the exocrine pancreas
into secretory lobules, which are approximately
5 mm in diameter. Within the lobule the secretory
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unit is the acinus. Secretion passes first into numer-
ous branching intralobular ducts, which in turn
join an interlobular duct running in the connective
tissue septum. Both the intralobular and interlobular
ducts are lined by low columnar epithelium, but there
is more fibrous tissue in the wall of the latter. The
interlobular ducts drain into the main pancreatic
duct.8 No satisfactory work has been reported on
the vascular supply of the pancreatic lobule in man.
To date, studies have been confined to the rabbit
and dog,? 19 in both of which the majority of lobules
receive only one arterial branch. Thus in most lobules
the lobular artery can be regarded as an end artery.
The pattern of branching observed in the dog!? is
such that in most lobules it is the periphery of the
lobule, and in particular that part of the periphery
opposite the entrance of the lobular artery, which is
furthest from the main arterial source and thus most
susceptible to ischaemia. The venous drainage
closely follows the arterial supply.

Material and methods

The necropsy records of the Western Infirmary and
Gartnavel General Hospital, Glasgow, over the
last 10 years were studied, and consecutive cases of
pancreatitis were selected on the basis of adequate
histological material and a confirmed microscopic
diagnosis. Details of the timing of diagnosis are
given in Table 1. Material from 36 necropsies and
from one surgical case of a subtotal pancreatectomy
for acute haemorrhagic pancreatitis was judged
suitable. The 37 patients comprised 21 men and 16
women with an age range of 40-89 years. In 19 cases
only one paraffin block was available, and in all
cases sections were stained by haematoxylin and
eosin, Martius scarlet blue, Masson’s trichrome,
Gordon and Sweets’ reticulin, periodic acid Schiff,
PAS after diastase, and Gram stain for bacteria.

Results

MACROSCOPIC APPEARANCES
In four necropsies the pancreas was reported as
normal; the rest were described as showing areas of
necrosis or haemorrhage. Massive abdominal fat

Table 1

<Pancrealilis presenting 10
. - . complaint
Diagnosed clinically 13 Pancreatitis postoperative 3

complication

ontributed significantly to 15
Diagnosed at necropsy 24 death
ncidental finding at necropsy 9

Diagnosis of pancreatitis
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necrosis was present in 13 cases, and in two a gall
stone was found impacted at the ampulla of Vater.

MICROSCOPIC APPEARANCES
The following main patterns of necrosis were
observed.

1 Periductal necrosis (Figs 2 and 3)
Necrosis of pancreatic parenchyma was confined to
the immediate vicinity of intralobular or interlobular

Fig. 2 Periductal necrosis related to an interlobular duct.
Note that the concretions within the duct lumen are
associated with a marked polymorph infiltrate. The
inflammatory cells have extended through the duct wall into
the surrounding exocrine pancreas, some of which is
necrotic. (Haematoxylin and eosin x 100).

ducts. In the majority of instances in which this
pattern of necrosis was seen, polymorphs were found
within the duct lumen, indicating the presence of
duct inflammation (Table 2). Sometimes necrosis
of the duct wall was seen, and in all cases there was a
marked acute inflammatory infiltrate in the areas of
pancreatic necrosis adjacent to the duct. Squamous
metaplasia of duct epithelium was seen in only one
case. There was a marked correlation, however,
between the finding of duct inflammation and the
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Fig. 3 A higher power view to show an inflamed inter-
lobular duct with polymorphs again extending through the
duct wall into an area in which there are necrotic pancreatic
acini. (Hand E x 290).
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Table 2 Histological features associated with different
patterns of necrosis in acute pancreatitis

Pattern of No. Ducts Venous Arterial

necrosis infl d  thrombosis thrombosi.

Periductal only 9 7 1 —

Perilobular only 9 1 7 1

Periductal and 5 4 3 —
perilobular

Panlobular only 8 3 6 2

Panlobular and 1 1 1 —_
periductal

Panlobular and 2 — 2 —
perilobular

Unclassifiable 3 1 2 —_

Total 37 17 22 3

presence of eosinophilic proteinaceous concretions
within the duct lumen. In only two cases was in-
flammation found in the absence of such concretions.
In spite of an intensive search no bacteria were
observed in the lumens of inflamed ducts. In nine
cases this was the sole pattern of necrosis that was
found, and among these venous thrombosis was
seen in only one.

2 Perilobular necrosis (Fig. 4)

Much of the periphery of the lobule was necrotic,
but there was preservation of the centre. The
boundary between necrotic and viable pancreas was
marked by capillary thrombi and an acute inflam-
matory infiltrate. An interesting feature in this

Fig. 4 Perilobular necrosis. Note that the

pancreatic necrosis is confined solely to the

periphery of the lobules. There is marked fat

necrosis betweer adjacent lobules. (H and E
x 16).
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pattern of necrosis was that in sections where the
entrance of a lobular artery into a lobule could be
observed it was the periphery of the lobule opposite
the entrance of the artery that was necrotic, and the
part adjacent to the artery was normal (Fig. 5). In
nine cases, this pattern of perilobular necrosis was
the sole one seen. Among these, with one exception,
duct inflammation was not observed, and even when
ducts were found surrounded by necrotic debris
there was no evidence of polymorphs within the duct
lumen. Venous thrombosis was found in seven of
these nine cases (Table 2).

In spite of the marked differences between these
two patterns of necrosis, there were five cases where
both were seen. This was not a result of sampling
different parts of the pancreas since both patterns
were seen in the same section. Among these, duct
inflammation was found in four cases, and venous
thrombosis in three.

3 Panlobular necrosis

There was confluent coagulative necrosis of entire
lobules, including the intervening connective tissue
septa, ducts, and blood vessels. A striking contrast
between this pattern and the former two was the
absence of inflammatory cells in much of the
necrotic tissue. Where sections showed a clear
boundary between necrotic and viable tissue throm-
bosed vessels could often be found in the area of
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necrosis (Fig. 6). Panlobular necrosis was observed
in a total of 11 cases, and among these venous
thrombosis was found in nine, and thrombosis of a
large artery in two. In a further two cases, both
perilobular necrosis and panlobular necrosis were
seen. In one case there was periductal necrosis
associated with duct inflammation in parts of the
pancreas not involved by panlobular necrosis.

In three instances, although there was pancreatic
necrosis, it appeared to be random in distribution,
and no obvious anatomical pattern could be de-
tected.

OTHER MICROSCOPIC FEATURES

1 Vascular lesions

Rich and Duff? described a vascular lesion found in
both arteries and veins which they thought was
specific for acute pancreatitis. The early changes were
particularly striking in the media, with swelling and
splitting of the muscle fibres and infiltration by
polymorphs. In the advanced lesion there was
complete necrosis of the media and sometimes actual
rupture of vessels was found.

Such vascular lesions were observed in the veins
in 17 of the 37 pancreases in the present study, and
in six of these 17 arterial lesions were also found.
Arterial lesions were not seen in the absence of
venular inflammation.

Fig. 5 In this lobule the
perilobular necrosis is confined
to that part of the periphery
opposite the entrance of the
lobular artery (arrowed). (H and
E x 60).
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Venous thrombosis was seen in a total of 22. In 17
there was inflammation or necrosis of the vessel wall
seen in relation to the thrombus, and in 11 throm-
bosis was seen in normal veins. In three there was
thrombosis of a major artery. This was associated
with an arteritis in two cases, and in the third the
thrombosis was the result of surgical ligation of the
splenic artery. Necrosis of arterial walls was seen in a
total of six cases.

2 Presence of bacteria

In all sections a careful search was made for the
presence of bacteria. These were observed histo-
logically in areas of necrosis in four cases. In
three, Gram-negative rods were seen, and in one,
Gram-positive cocci. In one additional patient
Escherichia coli was cultured from the pancreas at
the laparotomy which confirmed the diagnosis of
acute pancreatitis.

3 Previous pancreatitis

There was evidence of previous inflammation in 10
specimens. This comprised focal areas of fibrosis
with destruction of lobules and dilatation of remain-
ing acini. The changes were consistent with healing
of previous exocrine inflammation by scar tissue.

CLINICOPATHOLOGICAL CORRELATION

The clinical findings were assessed retrospectively
after the histological material had been studied. In
Table 3 the clinical findings in patients with peri-
ductal necrosis are contrasted with those having
perilobular necrosis. Perilobular necrosis was not
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Fig. 6 This section demonstrates
the sharp demarcation that often
exists between viable pancreas
and pancreas in which there is
panlobular necrosis (seen here in
the bottom half of the picture).
Thrombosed veins (V) and an
artery (A) are seen in the necrotic
area.(H and E x 16).

Table 3 Clinical association related to pattern of necrosis

Periductal necrosis only No. of Perilobular necrosis only No. of

cases cases

Alcohol abuse 3 Septic shock 5

Cholelithiasis 2 Cardiogenic shock 2

Metastatic carcinoma in 1 Postoperative 1
pancreas

Idiopathic 3 Idiopathic 1

Total 9 9

associated with either of the two common causes of
pancreatitis : gall stones and alcohol abuse. In seven
of the nine cases the clinical and necropsy evidence
suggested that the pancreatitis was secondary to
prolonged hypotension because of septic or cardio-
genic shock. Further clinical details of these patients
are given in the discussion section. By contrast,
five of the nine patients with periductal necrosis
were associated with alcohol abuse or gall stones.
Among 11 patients with panlobular necrosis, gall
stones were found at necropsy in five, and there was
a history of alcoholism in three. Inevitably, in a
retrospective review, there were a number of patients
in whom the aetiology was uncertain, and four of the
five patients with a mixed pattern of periductal and
perilobular necrosis were included in this category.
Gall stones were present in the fifth.

Discussion

Microscopy of the pancreas from a full blown
clinical case of acute pancreatitis usually shows
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panlobular necros:s, and here the initiating lesion is
probably obscured. Previous studies have concen-
trated on such cases.®>7 It is perhaps only when
early or incidental pancreatitis is studied that the
initiating lesion can be observed, and this has been
attempted in the present study. As can be seen in
Table 1, two-thirds of the cases had not been
diagnosed clinically, and these included many early
examples of acute pancreatitis.

There appear to be at least two sites of initial
parenchymal necrosis in acute pancreatitis. In one,
this is in the immediate vicinity of ducts, and in the
second it occurs at the periphery of the lobule. What
are the mechanisms involved in the production of
these two patterns? There is a striking correlation
between periductal necrosis and duct inflammation
(Table 2). The mere presence of necrosis in the
vicinity of the duct is not in itself sufficient to cause
duct inflammation since polymorphs are seldom
seen in the duct lumen in sections showing panlobu-
lar necrosis. By contrast, primary duct inflammation
can cause periductal necrosis. If pancreatitis is
induced in a rabbit by a low-pressure intraduct
infusion of 0-3 ml of E. coli admixed with duodenal
juice the initial lesion is severe duct inflammation.
Sequential studies show that later there is necrosis
of the duct wall, followed by periductal parenchymal
necrosis (personal observation). Thus it seems likely
that in cases with only periductal necrosis duct
inflammation is the initial lesion.

The production of perilobular necrosis seems to
have quite a different mechanism. Duct inflam-
mation is seldom seen, and whereas venular throm-
bosis is rarely observed in cases with oniy periductal
necrosis, it is commonly associated with perilobular
necrosis. The necrosis is confined to the vulnerable
microcirculatory periphery of the lobule, and here
there is evidence of capillary thrombosis. Thus the
histological findings support a primary ischaemic
mechanism in this form of pancreatitis.

Although these two patterns appear to have
distinct aetiologies they can be found together. A
possible explanation of this is that the periductal
necrosis may cause enzymatic damage to adjacent
vessels, which then thrombose. It was shown by
Rich and Duff that trypsin injccizd subcutaneously
caused a vesculitis and thromuosis at the injection
site. Vascular lesions similer to those that they
attributed to trypsin attack were observed in three
of the five cases with this mixed pattern of necrosis.
Such thrombosis can obviously lead to sludging in
the microcirculation and thus to perilobular necrosis.

Panlobular necrosis is the lesion commonly seen
in very severe cases of haemorrhagic pancreatitis.
The histological features of coagulative necrosis,
littic evidencz of inflammatory ccll infiltrate within
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much of the necrotic tissue,and venular and occasion-
ally arterial thrombosis at the junction between
necrotic and viable tissue, all support the view of
Thal et al.” that these lesions represent infarcts.
The likely mechanism here is destruction and throm-
bosis of blood vessels exposed to necrotic pancreatic
parenchyma, with subsequent infarction, and so
probably either of the initial forms of pancreatitis
can progress to panlobular necrosis. The ischaemic
nature of this lesion is supported by the work of
Goodhead,’1 who showed that in experimental
pancreatitis the total pancreatic blood flow was
raised initially, but later, with the onset of haemor-
rhagic pancreatitis, there was a profound drop in
blood flow.

The distinction between the two early forms of
pancreatitis would perhaps be of merely academic
interest were it not for the fact that the clinical
associations also showed striking differences (Table 3).
This was an unexpected finding since the clinical
details were obtained subsequent to the microscopic
study. However, taken together, they probably
underline the fundamental biological difference
between these two forms of initial pancreatitis.

Histologically, periductal necrosis appears to be a
‘duct-borne’ disease in that the duct inflammation
is probably primary. Cases associated with alcohol
abuse and gall stones are included within this group,
and there is evidence for a duct-related mechanism
in both these clinical forms of pancreatitis. In 80 to
909, of patients with gall stone pancreatitis, migration
of a gall stone from the common bile duct, through
the ampulla, and into the duodenum apparently
occurs during the attack of pancreatitis.’2714 In
patients with a common channel, this will cause
temporary pancreatic duct obstruction. Prolonged
ingestion of alcohol leads to increased secretion of
protein in the pancreatic juice with the formation of
proteinaceous plugs, which can then cause obstruc-
tion.!> Thus in both alcohol- and gall stone-related
pancreatitis there is evidence of duct obstruction,
although the precise reason for the duct inflammation
remains obscure.

In carlier clinical studies in Glasgow, gall stones or
alcohol abuse were associated with acute pan-
creatitis in 83°, of cases.? In the present study. no
such association was present in the nine cases with
only perilobular necrosis. In two patients the
diagnosis was cardiogenic shock secondary to acute
myocardial infarction. A further five had septic
shock. and in four of these thz onset of shock was
secondary to perforation of a viscus or leakage from
an intestinal anastomosis. In these cases the pan-
creatitis appears to be secondary to the shock state.
In the fifth case of septic shock, the pancreatitis may
have been initiated by ligature of the splenic artery
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at a difficult splenectomy. The patient developed
both pancreatitis and septic shock postoperatively.
Necrosis confined to the periphery of the pan-
creatic lobule has been described by Feiner.16 She
noticed that it was present in some patients who died
after cardiac surgery and concluded that it was the
result of diminished perfusion of the pancreas post-
operatively. Thus both the histological distribution
of the necrosis and the clinical state of the patients
before death suggest that this represents a form of
pancreatitis which is primarily ischaemic.

Conclusion

Histological and clinical evidence has been presented
supporting the view that there are at least two dif-
ferent initiating mechanisms in acute pancreatitis.
In one, there seems to be duct-borne disease in that
duct inflammation appears to be the primary event.
In the second, there is evidence that the initial lesion
in the pancreas is the result of parenchymal ischae-
mia. Probably either of these can progress to a
final common pathway of vascular damage, de-
creased pancreatic blood flow, and widespread
pancreatic infarction, which is the hallmark of the
advanced disease.

I am indebted to Mr Derek Bishop and Mr George
McLaren for expert technical help.
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