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Pancreatic ductal mucinous hyperplasia: distribution
within the pancreas, and effect of variation in
ampullary and pancreatic duct anatomy
T G ALLEN-MERSH

From the Charing Cross Hospital, London

SUMMARY The prevalence and amount (hyperplasia score) of ductal mucinous hyperplasia (DMH)
were estimated in 12 predetermined areas taken from 102 pancreases obtained at necropsy from
patients dying of non-pancreatic diseases. The mean prevalence of DMH was 18% (213/1206) per
section and 63% (63/102) per pancreas. Different areas ofthe pancreas could be stratified by amount
ofDMH into 'high' (hyperplasia score >0'09), 'intermediate' (0 06-009), and 'low' (<006). There
was no significant difference in either prevalence or amount ofDMH with variation in ampullary or
pancreatic ductal anatomy. There was significantly (p<005) less DMH adjacent to the accessory
papilla when it was patent, compared with when it was not patent and the accessory duct com-
municated with the main pancreatic duct. The findings suggest thatDMH is a proliferative response
to exogenous agents which injure the pancreas, and that some areas of the pancreas are more
vulnerable than others to this damage. There was no evidence that this injury was associated either
with reflux, or with any particular variation in pancreatic duct anatomy. The association between
DMH and occlusion of the accessory papilla may explain the susceptibility of pancreas divisum to
pancreatitis.

Pancreatic ductal mucinous hyperplasia (DMH) is
thought to be a hyperplastic and metaplastic response
by pancreatic duct and acinar cells to a variety of
proliferative stimuli.' It has been seen as a response
to carcinogen exposure in experimental models of
pancreatic neoplasia;23 but it is also commonly found
in chronic pancreatitis4 where its presence suggests a
proliferative response to injury, and in association
with corticosteroids' which are known to produce
pancreatitis.'
The increased prevalence ofDMH which has been

observed' h in the head compared with the body of the
pancreas could be explained if the stimulus resulting
in DMH was produced by an agent which exerted a
greater effect on the head than on the body of the
pancreas. Possible sources of a stimulus which could
produce such a differential effect include: (a) reflux
of either bile, which may be promoted by certain
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anatomical arrangements of the ampullary
sphincter,' or duodenal fluid' into the pancreas.
(b) Stasis of pancreatic juice because of decreased
pancreatic drainage - affecting only that area of the
pancreas drained by the blocked duct - as occurs in
ventral unfused pancreas.9
The purpose of the present study was to accurately

identify the distribution of DMH within the
pancreas, and to determine whether variation in
amount or distribution of DMH could be attributed
to variation in either ampullary or pancreatic duct
anatomy.

Methods

Pancreas was obtained at necropsy, carried out
within 48 hours of death, on patients who had died of
non-pancreatic diseases. Preliminary experiments
suggested that pancreas obtained within 48 hours of
death from refrigerated cadavers was not autolysed
on histological examination. The pancreas was
removed in a block including pylorus, duodenum,
distal bile duct, and spleen. The tip of the tail of the
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Pancreatic ductal mucinous hyperplasia

Table Thze duct classification was derived by combining the
information obtained at thze time ofdye injection with that
obtainedfrom cutting sagittal slices thirough the pancreas

Duict category Dse injection Appearatnce ofslices

I Dye at both papillae. Main and accessory
main papilla first duct stained

II Dye at both papillae, Main and accessory
accessory papilla first duct stained

III Dye at main papilla only No staining of accessory
duct

IV Dye at accessory papilla No staining of main
only duct in head

V Dye at main papilla only Main and accessory
ducts stained

Fig. 1 Categories ofduct anatomy to which the
classification in the Table refers.

pancreas was then incised and a 1 a1 mm, od, Medicut
cannula inserted into the pancreatic duct. Approxi-
mately 1 ml of a solution of 1% crystal violet dye
dissolved in 10% formalin was then injected. As the
dye flowed along the pancreatic duct it imparted a

ripple to the surface of the pancreas which allowed
the injection rate to be slowed as dye approached the
papilla. A final slow injection of 0 25 ml caused dye to
appear at the ampulla. The distance between the
pancreatic duct opening and the tip of the papilla was
then measured with dividers and classified as: 0 mm,
<2 mm, 2-5 mm, and >5 mm.

The pancreatic duct orifice was then pinched off
with a pair of fine forceps and a further 1 ml injected
through the cannula at a pressure of approximately
200 mmHg. The duodenum proximal and ventral to
the main papilla was scrutinised for dye emerging
from the accessory papilla. Occasionally dye
emerged first from the accessory papilla, in which

Fig. 2 Standard areas (A-J, W, and X) from whlic tissue
blocks were taken. It was possible to divide the pancreas into
'high', 'intermediate', or 'low' areas according to the amount
of liyperplasia seen. Tlhere was a significant (paired t test
p<OOI) difference between pancreas hyperplasia score in
any 'high 'area compared with any 'low' area within the same
pancreas.

case this was pinched off and the main papilla was
observed for the presence of dye after extra injection
under pressure. The pancreas was pinned out and
fixed in 10% buffered formalin for five days after
which it was sagittally sliced at 1 cm intervals.
Pancreatic ducts could be identified by the crystal
violet stain in these sagittal slices. Frequently both
main and accessory ducts were stained, but in some
cases only one duct was outlined while in other cases
both ducts were outlined in a specimen where dye
had not emerged through both papillae. These
findings suggested a functional classification of
pancreatic anatomy (Table, Fig. 1).

Blocks of tissue for histological examination were
taken (Fig. 2) from two sites in the embryologically
'ventral' component' of the pancreatic head (areas
A. B), two sites in the embryologically 'dorsal'
component of the pancreatic head (area W, X), the
site of fusion of the two duct systems (area C), the
uncinate process (area D), the pancreatic neck (area
E), three sites in the pancreatic body (areas F, G, H),
and two sites in the tail (areas I, J). The site of fusion
of the dorsal and ventral embryological components
of the pancreatic head"' was usually evident in the
sagittal slices (Fig. 3).

Sections were stained with haematoxylin and
eosin, and the amount ofDMH seen was scored using
a graticule eyepiece and light microscope as pre-
viously described.' In brief, a score of 1 was given
wherever an area of either ductular metaplasia or
papillary ductal hyperplasia was seen, and a score of 2
where both were seen in the same field. This provided
a hyperplasia score for the amount of DMH seen in
one field. A hyperplasia 'score' for the entire
pancreas was obtained by adding the scores for each
graticule area and dividing by the number of areas
examined.' One hundred and two specimens were
examined. In each specimen, the amount of DMH
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seen in one section (mean area 148-8 mm2, range
21*2-1908 mm2) taken from each of the 12 defined
areas (Fig. 2) was recorded.

Hyperplasia score was not normally distributed
and so the significance of differences in hyper-
plasia score was estimated by a non-parametric
(Wilcoxon's) test. Where hyperplasia scores within
the same pancreas were compared, a paired
Student's t test was appropriate because the distribu-
tion of difference between two hyperplasia scores
within a pancreas was approximately normal.
Pearson correlation was used to correlate hyperplasia
scores in different areas of the same pancreas.
Prevalence of hyperplasia was compared in different
areas by 2x2 contingency table. Results were
analysed by computer using SPSS." Complete infor-
mation about every case was not available; there-
fore the number of cases in each analysis varied
slightly.

Results

PREVALENCE AND DISTRIBUTION OF DMH
WITHIN THE PANCREAS
Ductal mucinous hyperplasia was found in 62% (63/
102) of pancreases examined. Mean prevalence of
DMH per section was 18% (213/1206). Eighteen
sections were not evaluable because of tissue auto-
lysis. Ductal mucinous hyperplasia was not uniformly
distributed throughout the pancreas (Fig. 2). The
pancreas could be divided by hyperplasia score into:
'high' (hyperplasia score >0.09), 'intermediate'
(hyperplasia score 0.09-0.06), and 'low' (hyperplasia
score <0.06) areas. Within an individual pancreas,
hyperplasia score in any high area was significantly
(paired t test p<0.01) greater than that in any low
area. Hyperplasia scores in the pancreatic head (area
B) had a lower correlation with adjacent areas in the
head (area A, r=0 35, p<0 0001; area C, r=0-50,
p<0.000l) than with the uncinate process (area D,
r=0 55, p<0-0001) or the tip of the pancreatic tail
(area J, r=0-61, p<0-0001).

EFFECT OF VARIATION IN PAPILLARY AND
PANCREATIC DUCT ANATOMY
The number of specimens in each group, stratified by
ampullary common channel size, was: 0 mm (26
specimens), <2 mm (29 specimens), 2-5 mm (30
specimens), >5 mm (17 specimens). There was no
significant difference in either prevalence ofDMH or
pancreas hyperplasia score between these groups.
There was also no significant difference between
these groups in prevalence of DMH or hyperplasia
score, in tissue sections adjacent to the main papilla
(area A).
The number of specimens within each category of

pancreatic duct anatomy (Fig. 1, Table 1) was: 1 (30
specimens), II (three specimens), III (17 specimens),
IV (four specimens), V (48 specimens). There was no
significant difference in either prevalence ofDMH or
pancreas hyperplasia score between these categories
of duct anatomy. The prevalence of DMH adjacent
to the accessory papilla (area W, Fig. 1) was less (2/
27, 7%) when the accessory papilla was patent (duct
categories I, II, IV, Fig. 1) than (13/49, 27%) when
the accessory duct stained with dye but the accessory
papilla was not patent (duct category V), but this was
not a significant difference (95% confidence). How-
ever the hyperplasia score adjacent to the accessory
papilla (area W) was significantly less (Wilcoxon's
test p<005) where the papilla was patent (duct
categories I, II, IV) compared with where the papilla
was not patent but the accessory duct communicated
with the main duct (duct category V).

Discussion

The increased prevalence of DMH which has been
reported in the head and neck of the pancreas
compared with the body and tail'6 would be antici-
pated ifDMH was the result of reflux of either bile or
duodenal contents into the pancreatic duct. Arrange-
ments of the ampulla which could allow bile reflux
through a 'common channel' were, however, not
associated with increased prevalence of DMH. Nor
was the prevalence greatest adjacent to the ampulla
where duodenopancreatic reflux would be expected
to be most marked.
There was a significant increase in DMH adjacent

to the accessory papilla when it was occluded com-
pared with when it was patent - suggesting that DMH
adjacent to the accessory papilla may reduce its
patency. The increased susceptibility to pain and
pancreatitis associated with ventral unfused pancreas9
in which the majority of the pancreas drains through
the accessory papilla, could be the result of increased
pressure in the ventral pancreas'2 produced by
reduced drainage through a papilla which is
obstructed by DMH. As would be expected from the
reported prevalence,9 there were only four patients
with ventral unfused pancreas (duct category IV) in
the present study. Pancreas from these patients was
not associated with significant increase in pancreas
hyperplasia score. Although the incidence of pan-
creatitis is increased about six-fold in ventral unfused
pancreas compared to pancreas with a fused duct
system,9 not all cases are affected by pancreatitis. The
extent to which the minor duct changes of pan-
creatitis seen at ERCP correspond to the DMH
measured in this study is not clear.'3 The 70%
prevalence of minor duct change seen at ERCP in
ventral unfused pancreas,'4 however, should be

1394

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.29.10.1392 on 1 O

ctober 1988. D
ow

nloaded from
 

http://gut.bmj.com/


Pancreatic ductal mucinous hyperplasia

Fig. 3 Two sagittal slices through the pancreatic head. The slice on the right is closer to the duodenum. A septum is present,
separating the dorsal (above and in front in each slice) from the ventral (below and behind) embryological component of the
pancreatic head.

interpreted with caution in view of the 62% preval-
ence of DMH found overall and the absence of any
increased prevalence of DMH in the four cases of
ventral unfused pancreas. These minor histological
abnormalities are not uncommon in normal pancreas
and they become more common with age.'
While DMH was increased in the head and neck

compared with the body and tail of the pancreas, on
closer examination it had a patchy distribution which
was different from that which would be produced by
reflux, or by occlusion of a particular pancreatic
segment. In addition to the head of the pancreas, the
greatest amount of DMH was found in the uncinate
process and the tip of the pancreatic tail. It is possible
that this patchy distribution was the result of a variety
of different factors, each affecting a separate area of
the pancreas. Against this was that the correlation
between amount ofDMH seen in the pancreatic head
with adjacent areas was not greater than that
between head and uncinate process, or head and

pancreatic tail. This would be more consistent with a
response to the same agent acting throughout the
pancreas.
These findings support the view that DMH is

produced by external agents which injure the
pancreas thereby stimulating duct and acinar cell
proliferation.' The patchy distribution noted in this
study suggests that some areas of the pancreas are
more vulnerable than others to this injury. Although
the distribution of ducts of different diameter'5 and of
pancreatic blood supply'6 is relatively uniform, the
pancreas is not functionally uniform throughout - for
example, there are differences in production of
endocrine peptides within different areas.'7 This may
extend to exocrine function since the functions of
endocrine and exocrine components of the pancreas
are inter-dependent. 18 Local variation in vulner-
ability to DMH could result from local differences in
exocrine secretion, flow rate or duct juice composi-
tion.
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