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Objective: To present a new theory on the pathogen-
esis of acute alcoholic pancreatitis based on experimen-
tal data, the significance of which has not been recog-
nized, and on evidence from the current literature.

Hypothesis: That chronic alcoholism damages musca-
rinic receptors in the pancreas, duodenum, and Oddi
sphincter, producing heightened sensitivity to acetylcho-
line, stimulation of protein-rich pancreatic juice, hyperto-
nicity of the duodenum and esophagus, relaxation of the
Oddi sphincter, and intraduodenal pressures exceeding
those shown to cause duodenopancreatic reflux and acute
pancreatitis in humans and experimental animals.

Outcome: The duodenopancreatic reflux mechanism can
explain all of the clinical features of acute alcohol pan-

creatitis, including the intraductal site and rapid activa-
tion of zymogens by enterokinase, the recurrent epi-
sodes of pancreatitis, the precipitation of protein plugs
by partial proteolytic hydrolysis, the severe vascular
changes, the relation to infection by the most direct route,
and the progression to chronic pancreatitis via the ne-
crosis-fibrosis sequence.

Conclusions: Damage to the nervous system, with a time
lag of 5 to 15 years between the onset of heavy drinking
and the development of neurological disorders (periph-
eral neuropathy and cerebellar degeneration), is a char-
acteristic complication of chronic alcoholism. The simi-
larity to events in alcoholic pancreatitis is striking.
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D AMAGE to thenervous sys-
tem, with a time lag be-
tween the onset of heavy
drinkingandthedevelop-
ment of neurological dis-

orders (peripheralneuropathyandcerebel-
lardegeneration), isacharacteristiccompli-
cationofchronicalcoholism.1 Thesimilarity
toeventsinalcoholicpancreatitis(AP)isstrik-
ing, and the time lag is 5 to 15 years.

Grönroos and others2-4 proposed a
new theory of the pathogenesis of AP based
on the fact that the hypersecretion of pan-
creatic juice protein in patients with AP
is due to increased cholinergic tone; su-
pramaximal stimulation by the cholecys-
tokinin (CCK) analogue, cerulein, causes
acute edematous “pancreatitis” in ani-
mals; poisoning by anticholinesterase in-
secticides in humans precipitates acute
pancreatitis; and a 60% decrease in rat pan-
creatic muscarinic receptors was demon-
strated after 8 months of alcohol intake.4

However, acute AP and gallstone-
associated pancreatitis are characterized by
the inappropriate, intrapancreatic activa-
tion of pancreatic zymogens; the release
of active enzymes into the interstitial space,
pancreatic circulation, and peritoneal and

pleural effusions5-8; and evidence of marked
vascular damage and pancreatic necro-
sis.9-12 These major changes are not ex-
plained by Grönroos’ theory.

First, cerulein “pancreatitis” is be-
nign and edematous; marked vascular
damage does not occur; the pathological
process is mainly apoptosis rather than ne-
crosis13-15; there is no general release of
active enzymes into the circulation or in-
terstitial space; there is no activation of the
kinin system13-17; enzyme release into the
pancreatic duct (PD) ceases; unactivated se-
cretion accumulates in the interstitial space;
and instillation of enterokinase into the PD
transforms mild cerulein pancreatitis into
lethal necrohemorrhagic pancreatitis.18 Ce-
rulein pancreatitis is grossly unphysiologi-
cal anddespite evidenceof activationof tryp-
sinogen by cathepsin B in isolated rat acini
exposed to supramaximal cerulein and ad-
ditional calcium, cell viability was unaf-
fected,16-17 consistent with the essentially
benign nature of cerulein pancreatitis.

Second, the central role of enzyme-
induced vascular damage in the pathogen-
esis of pancreatitis, now called “ischemia
reperfusioninjury,”wassummarized30years
ago,19,20 beginning with the classic descrip-
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tion by Rich and Duff in 1936 of a “peculiar and rapid ne-
crosisof thewallsof thepancreaticvessels inallof theircases
ofhemorrhagicpancreatits,”9 whichprovedtobedueto the
destruction of elastic tissue by free elastase, augmented by
substantial trypsinlike activity21; similar lesions were pro-
ducedindogsbyinjectingcommercial trypsin,9 whichmust
havecontainedsomeelastase.Discrete areasof coagulative
fatnecrosiswereproducedalsobyactivatedenzymes in the
peritoneal cavity of dogs, and small vessels plugged with
thrombi were closely related to the areas of fat necrosis.22

Trypsin, phospholipase A2, elastase, and lipase gain
access to the interstitial space, lymphatics, and blood ves-
sels via basolateral gaps in acinar cells and increased ductu-
lar permeability,23,24 causing widespread thromboses, hem-
orrhage,9-12 infarction, and fat necrosis22 by activation of
the thrombin, complement, and kinin systems7,25,26; and
liberation of inflammatory cytokines,27 platelet activat-
ing factors,28 and possibly endothelin.29 These factors may
contribute to death from renal failure, shock, and adult
respiratory distress syndrome in 10% to 20% of patients
with severe pancreatitis.26

The essential question in pathogenesis is “how” and
“where” are the pancreatic zymogens activated in AP?
So far, only one mechanism of rapid enzyme activation
has been demonstrated in man, which involves the spe-
cific physiological action of duodenal enterokinase and
bile salts on trypsinogen during normal digestion and via
the reflux of duodenal contents into the PD from an ob-
structed duodenal loop (in dogs and in man), which pre-
cipitates severe acute pancreatitis.30 A study of the se-
quential changes developing in closed duodenal loop
pancreatitis has shown also that blood vessels were af-
fected first, followed by hemorrhagic necrosis of the pa-
renchyma.31 Duodenopancreatic reflux (D-PR) there-
fore provides an answer to the previously mentioned
questions and there is now a rational explanation for the
development of recurrent D-PR in patients with AP.

Basic studies in dogs showed that D-PR occurred only
during phase 3 of the interdigestive motor migrating com-
plexinwhichmeanduodenalpressuresexceededmeanpan-
creatic pressure and minimal reflux was observed in 2 of 5
dogs.32 However, the increased cholinergic stimulation in
AP2-4 alsoaffectscholinergicreceptors intheduodenumand
Oddisphincter(OS).Stimulationofthesereceptorsincreases
duodenal toneand theamplitudeofduodenal contractions
andrelaxestheOS.33Theneteffectistoincreasetheduodenal/
pancreatic pressure gradient and the possibility of D-PR.

HYPOTHESIS

Excessive alcohol intake for years damages muscarinic
cholinergic receptors, initially leading to reduced cho-
linesterase activity; increased sensitivity to acetylcho-

line (ACH); duodenal hypertonicity; relaxation of the OS
in response to food, fat, and alcohol; and subsequently
leading to recurrent episodes of D-PR and pancreatitis,
hypersecretion of protein-rich pancreatic juice, and pre-
cipitation of protein plugs. The evidence is as follows:

Motility Disturbances

Müller-Wieland34 showed that the duodenal motility pat-
tern in normal people consisted of small rhythmic con-
tractions in rapid sequence with an amplitude of 5 to 15
cm H2O (Figure 1). In patients with acute AP, irregu-
lar duodenal contractions of high amplitude (10-50 cm
H2O) alternated with relatively atonic phases (Figure 2).

Müller-Wieland’s findings were confirmed and ex-
tended by Anderson,35 who measured duodenal pres-
sures after the intraduodenal instillation of saline, di-
lute hydrochloric acid, and alkali in 6 patients with chronic
biliary tract disease, 7 patients with chronic pancreatitis
(excess alcohol intake in 6), and 2 normal patients. In
normal patients and in patients with biliary tract dis-
ease, there was a rapid rise in duodenal pressure after the
instillation of acid, which returned to normal rapidly with
the addition of alkali. Patients with AP developed marked
and prolonged duodenal hypertonicity after acid instil-
lation, which was associated with abdominal pain that
“accurately reproduced previous attacks of pancreati-
tis”; the hypertonicity settled slowly with the addition
of alkali. The initial resting duodenal pressures were 0
to 10 cm H2O in 4 of the 6 patients with alcoholism and
15 to 25 cm H2O in 4 of the 7 patients with chronic pan-
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Figure 1. Normal duodenal motility. Reproduced with permission from
Springer-Verlag, Berlin, Germany.34 W indicates water.
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Figure 2. Duodenal motility in patients with acute pancreatitis. Reproduced
with permission from Springer-Verlag, Berlin, Germany.34 W indicates water.
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creatitis. After instillation of dilute acid, duodenal pres-
sure exceeded 75 cm H2O in all patients, and in 1 pa-
tient, reached 130 cm. In 3 patients, the duodenal pressure
remained high for more than 20 minutes even after the
instillation of alkali. Implications as to “whether it was
a cause or effect of pancreatitis” were not pursued.

T HESE RESULTS are highly significant when
compared with closed duodenal loop pan-
creatitis in monkeys36 and dogs,37 in which
D-PR occurred at duodenal loop pressures
of 40 cm H2O and between 25 and 130 cm

H2O, respectively. When alcohol was used to distend the
duodenal loop instead of saline, D-PR occurred at a lower
pressureandwas further loweredbychronicalcohol inges-
tion.38 Trypsinogen, kallikreinogen, and proelastase are all
rapidly activated in the duodenal loop model; all 3 pancre-
atic proteases induce reflux pancreatitis39 and the destruc-
tive effect of elastase in the canine and human pancreas is
welldocumented.21,39 ImportantarticlesbyMüller-Wieland34

and Anderson35 have been neglected (one was in a German
journal,34 the other was not readily accessible35), and their
relevance to the pathogenesis of pancreatitis was not un-
derstood. Further motility studies need to be done.

Arecent studyshowedthatesophagealperistalticdys-
functionandrefluxarecommoninchronicalcoholism;high
amplitude contractions have been recorded in the middle
thirdoftheesophagusin13(57%)of23patientswithchronic
alcoholism; 14 (61%) had reflux symptoms and 10 (43%)
had esophageal inflammation.40 The instillation of alcohol
into the stomach or duodenum of opossums while awake
alsoproduces intenseburstsofspikepotential (phase3–like
activity) in the duodenum and OS,41 and a recent study in
humans showed that perfusion of the descending duode-
num with various ethanol-containing solutions stimulated
clustered contractions that migrated aborally.42

There is evidence of severe damage to nerves and gan-
glia in patients with AP. Inflammatory foci of lymphocytes
associatedwithnerveswereobservedinthepancreas in57%
and 35%, respectively, of patients with obstructive chronic
pancreatitis andAPandonly in1caseofnonalcoholic idio-
pathic chronic pancreatitis.43 Similar foci were more com-
monly found in association with ganglia than in nerves in
patients with chronic pancreatitis. The mean diameter of
nerves was increased and they showed disintegration of
the perineurial sheath sufficient to affect its permeability.44

Electron microscopy studies in patients with alcoholic
myopathy have also revealed degeneration of axons and
disruption of myelin sheaths.45

Cholecystokinin receptors on human OS tissue me-
diate sphincter relaxation,46 consistent with the physi-
ological effect of intraluminal fats and amino acids in
releasing CCK, causing contraction of the gallbladder
and prolonged relaxation of the OS47,48; and CCK-
stimulated duodenal contractions in one third of the pa-
tients tested.48 Hypersensitivity to CCK in AP therefore
should relax the OS, and Sarles and Sahel made the im-
portant observation in patients with chronic pancreati-
tis that “the OS was immobile and patulous, offering no
resistance to the passage of contrast”49; and in 150 pa-
tients with chronic pancreatitis and dystonia of the OS

assessed by radiological and manometric control, 133 were
related to hypotonia and 17 to hypertonia.50 Direct vi-
sion of the duodenum has also shown that anesthesia of
common types causes dilatation of the papilla of Vater.51

Mean basal OS and PD pressures are similar in nor-
mal controls and in patients with AP in the basal fast-
ing, unstimulated state.52-54 However, intragastric etha-
nol reduced peak OS pressure from 75 ± 26 mm Hg to
39 ± 19 mm Hg, and basal pressure from 30 ± 19 mm Hg
to 11.8 ± 6 mm Hg.53 No drugs were given before endos-
copy. Several groups have also reported an excess of ret-
rograde contractions in the OS with a corresponding fall
in the percentage of antegrade phasic contractions in pa-
tients with idiopathic recurrent pancreatitis and AP,
changes that could predispose to D-PR.54-56

Acute pancreatitis, abdominal pain, vomiting, and
death have been reported after the ingestion of organo-
phosphate insecticides57-61 and from cutaneous exposure
to these compounds.60 Organophosphates bind irrevers-
ibly to acetylcholinesterase at acetylcholine receptors, which
mediate relaxation of the OS,60 thus producing an acute form
of sensitivity to acetylcholine that mimics the more chronic
alcoholic variety postulated for AP. A patulous OS in the
presence of duodenal hypertonicity and D-PR would ex-
plain persistent symptoms of acute pancreatitis. In the pa-
tient with cutaneous exposure to insecticide, symptoms of
pancreatitis persisted for 6 months.60

Specific examples of D-PR include the following:
• the precipitation of severe acute pancreatitis in dogs

and humans with an obstructed duodenal loop30;
• the relatively common occurrence of D-PR during op-

erative cholangiography62-64 and reflux occurs only
when the OS is relaxed65;

• the occurrence of reflux in 5 patients exhibiting D-PR
and a hypotonic OS, and in 2 patients, one of whom
had chronic pancreatitis, during gross segmental ac-
tivity of the duodenum66;

• the visibility of contrast in the common bile duct (CBD),
duodenum, and PD after an intravenous infusion of
cholegrafin and dextrose in a woman with gallstone-
associated pancreatitis, indicating that D-PR may oc-
cur under more physiological conditions67;

• the association of pancreatitis and D-PR, as reported
in 6 patients with an incompetent papilla of Vater due
to Crohn disease of the duodenum68-71;

• the existence of separate openings of the PD and CBD
into the duodenum, which also predispose the alco-
holic patient to pancreatitis and to reflux of contrast
material from the duodenum: 24 (86%) of 28 patients
with AP at endoscopic retrograde cholangiopancrea-
tography had separate openings of the ducts com-
pared with 6 (20%) of 30 in chronic alcoholic pa-
tients without pancreatitis.64

Pancreatitis and Lysolecithin

The combination of trypsin, bile salts, phospholipase A2,
and lecithin produces lysolecithin, which is lytic for acinar
cells72 and which is found in the highest concentrations in
theduodenum.73 Lysolecithin infusedatphysiologicalpres-
sures into the PD of rats produces severe hemorrhagic ne-
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crosis,74 and a high concentration of lysolecithin has been
demonstrated innecrotic tissueofpatientsdyingfromacute
pancreatitis,75 consistent with the mechanism of D-PR.

Relation to Protein Plugs

Sarles et al76-78 attributed the precipitation of protein plugs
in chronic calcific pancreatitis to an imbalance between
protein hypersecretion in pancreatic juice; super-
saturation of pancreatic secretion with calcium carbon-
ate; a decreased concentration of a low-molecular-
weight protein (pancreatic stone protein [PSP]), later
named lithostathine, which helps to prevent the crystal-
lization of calcium carbonate in the ducts; and an in-
crease in the trypsinogen-trypsin inhibitor ratio, which
would favor the calcification of precipitated protein.

Allan and White,79 however, found 2 types of pre-
cipitates in human pancreatic juice collected postopera-
tively: concentration-dependent fine precipitates in un-
activated juice, chilled on ice, which redissolved on
warming, and insoluble flocculent precipitates in acti-
vated pancreatic juice. They concluded that plug forma-
tion was due to a series of partial activations of zymo-
gens in the ductule. This was supported by the following:

1. Large amounts of protein micro precipitates and
free proteolytic activity were found by Rinderknecht and
Renner80 in a patient who subsequently died from pancre-
atitis; in contrast, pure pancreatic juice from 10 chronic
alcoholic patients without evidence of pancreatic disease
confirmed protein hypersecretion in these patients, but pro-
tein plugs were not seen81; pancreatic juice obtained from
11 patients with acute or resolving acute pancreatitis con-
tained large amounts of active enzymes (trypsin, chymo-
trypsin, elastase, and carboxypeptidase) and a corrre-
sponding lack of natural trypsin inhibitor.82,83

2. In 1 patient with AP treated by lateral pancre-
aticojejunostomy, thick material resembling toothpaste
occluded the large and small PDs84 and there are similar
reports of ducts filled with inspissated fluid, without any
stones, in patients with acute pancreatitis.76,85-87

3. Figarella et al88 found that precipitated protein
X present in pancreatic juice of patients with chronic pan-
creatitis was immunologically identical with a degrada-
tion product of trypsinogen liberated by proteolysis. Lim-
ited tryptic hydrolysis of PSP yields a carboxy terminal
polypeptide of 133 amino acids, stated to be the main com-
ponent of ductal plugs, and an N-terminal undecapep-
tide that exerts the inhibitory effect on calcium carbon-
ate crystal growth.78 A recent study in which porcine
enteropeptidase was added to human pancreatic juice
demonstrated rapid conversion of PSP to PSP S1 by tryp-
tic cleavage of the N-terminal part of PSP, and PSP S1 has
been found in serum from a patient with pancreatic dis-
ease.89 These findings are consistent with the role of ac-
tive enzymes in the formation of ductal plugs by partial
proteolytic hydrolysis, and the plugs add a marked ob-
structive element to the inflammatory process.

Obstruction of the main PD is not the cause of AP, as
it is absent in the early stages of the disease,90 and in 33
cases of chronic relapsing pancreatitis associated with al-
coholism, most showed a normal-caliber PD even when the

disease was severe.91 Protein plugs may be found also in
nonactivated pancreatic juices,92 but this is to be expected
in the intervals between episodes of acute pancreatitis.

Relation to Infection

A study of the normal flora in the small bowel showed
that one third of the jejunal aspirates were sterile, one
half showed minimal growth, and 17% showed signifi-
cant growth,93 suggesting that refluxed duodenal con-
tents could be sterile in most cases of human pancreati-
tis, but were infected in 10% to 20% of patients. This is
supported by a series of 405 patients dying from acute
pancreatitis (90% of whom were chronic alcoholics); 243
died within 7 days of admission and 67 (27.5%) were in-
fected. In patients surviving more than 7 days, 80% were
infected.94 Similarly, in a recent study, 38 (76%) of 50
patients with severe pancreatitis who were not receiv-
ing antibiotic prophylaxis developed pancreatic infec-
tion.95 The presence of infection in closed duodenal loop
pancreatitis in rats changes mild or moderate pancreati-
tis to severe pancreatitis96 and the findings are consis-
tent with a direct route of enteric infection via D-PR in
acute pancreatitis in contrast to the translocation of bac-
teria from distant sites.

Usual Arguments Against D-PR

The following arguments are made against the role of
D-PR: (1) the pressure gradient of about 12 mm Hg be-
tween the PD and duodenum; (2) the finding of normal
OS and PD resting pressures in most cases of acute pan-
creatitis; (3) that sphincteroplasty allows free reflux into
the PD without causing pancreatitis; (4) that proce-
dures that make the OS incompetent are not usually fol-
lowed by pancreatitis.97,98

The first 2 arguments no longer apply to AP because
of the evidence of marked duodenal hypertonicity, a hypo-
tonic OS, and intraduodenal pressures in patients with AP
that exceed those necessary to precipitate D-PR in experi-
mental animals.Normal restingOSandPDpressuresare ir-
relevant; it is the exaggerated responses to food, fat, and al-
coholintheOSandduodenumthatdeterminewhetherD-PR
occurs. The third argument, which is often used, is an in-
correct assumption. After 247 sphincteroplasties, Jones et
al99 found that there was free reflux into the CBD but not
intothePD;thiswasalsonotedbyothers.100,101 Thiswaspre-
sumably due to the separate PD sphincter, the specialized
mucosal folds inthepapillaofVater,32,62 andtherestingpres-
surewithinthePD,whichis2to4timesthat intheCBD.102,103

When the transampullary septum was excised in addition
tosphincteroplasty,8(9.8%)of81of thepatientsdeveloped
postoperative pancreatitis and only 30% of patients with
chronic pancreatitis had a good result.104 In a recent report,
26patientswithepisodesof recurrent idiopathicpancreati-
tisunderwentsphincteroplastyandseptectomywithoutde-
velopingsignificantpancreatitispostoperatively; the selec-
tion process excluded patients with alcohol dependence105

and thereforeexcluded theabnormal responses to foodand
alcohol seen in patients with AP.

It is axiomatic that D-PR would not precipitate acute
pancreatitis unless refluxed material was retained for suf-
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ficient time toactivatepancreatic zymogenswithin theducts.
The complex system of mucosal folds in the papilla of Vater
reacts to chemical irritation by producing a marked hy-
peremia and a significant increase in papillary pressure.106

Initially, this mechanism would aid retention of refluxed
material and also prevent further reflux. Sphincteroplasty
would destroy this mechanism, increase drainage from the
ducts, and therefore prevent retention of refluxed mate-
rial. The balance beween retention, degree of activation of
zymogens, and drainage of refluxed material would deter-
mine the severity (or absence) of ensuing pancreatitis in
each case. This is illustrated by the classic experiment in
which bile and active proteases were continually perfused
through the pancreas of a goat without causing pancreati-
tis107: there were no barriers to drainage; there was no re-
tention of active enzymes; the serum amylase was not al-
tered; and the experiment was a wash-through procedure
in which pancreatic secretions were continuously drained
from the pancreas; therefore, although expected, pancre-
atitis did not ensue.

Consideration of these principles helps to answer
the question of why sphincterotomy and sphinctero-
plasty appear to be helpful in gallstone-associated pan-
creatitis when these procedures increase the risk of pan-
creatitis.108 In gallstone-associated pancreatitis, pancreatitis
has already occurred and sphincterotomy aids drainage
from the bile duct without substantially increasing the
risk of reflux into the PD. However, there is not com-
plete agreement about the value of endoscopic sphinc-
terotomy (ES) in biliary pancreatitis.

In a recent study of 238 patients with acute biliary
pancreatitis, 126 patients had early endoscopic retro-
grade cholangiopancreatography and ES, 14 of whom died
(10 from acute pancreatitis); the other 112 were treated
conservatively, which resulted in 7 deaths (4 from acute
pancreatitis). Patients in the ES group had more severe
complications.109 Two hundred fourteen patients were in-
vestigated for choledocholithiasis, by transduodenal
sphincterotomy in 108 patients and by exploration of the
CBD only in 106. Long-term results were available in 31
patients in each group. In the ES group, 10 (32%) de-
veloped recurrent cholangitis and 7 (23%) developed
chronic pancreatitis, compared with 3 (10%) and 3 (10%),
respectively, in the CBD exploration group.110 Forty-
five patients with a diagnosis of stenosis of the OS had
sterile bile initially; after sphincterotomy or sphinctero-
plasty, 70% and 76%, respectively, had bile colonized by
enteric organisms. There were no symptoms of infec-
tion, due presumably to adequate drainage of the CBD.111

The loss of sterility in the biliary tract is permanent after
these procedures. Whether this is a satisfactory situa-
tion has yet to be determined, but recent articles have
documented recurrent stones, sphincter stenosis, chol-
angitis, and bile duct cancer as possible long-term re-
sults of ES and sphincteroplasty.112,113

Endoscopic sphincterotomy, sphincteroplasty, en-
doscopic retrograde cholangiopancreatography, and en-
doscopic manometry of the papilla of Vater are all pro-
cedures that temporarily or permanently breach the
normal defense mechanisms that prevent duodenal re-
flux, and that are associated with an increased risk of D-PR,
acute pancreatitis, and death.

Relationship Between Acute
and Chronic Pancreatitis

Once the pathogenetic process has started, episodes of
acute AP, gallstone-associated pancreatitis, and idio-
pathic pancreatitis are clinically indistinguish-
able,2,114,115 particularly at the time of the first attack.115

The age and sex difference between the patients in the
study by Sarles,116 who had alcoholic or gallstone-
associated pancreatitis, was due to the fact that the al-
coholics were mostly young men, and patients with gall-
stones are more often female and middle-aged.116

Sarles116 claimed that acute AP was an early mani-
festation of chronic AP. This view was challenged by
a study of the morphologic changes in 73 patients with
AP (mean follow-up, 12 years) that supported the de-
velopment of chronic pancreatitis from severe acute
pancreatitis (necrosis leading to fibrosis sequence),117, 118

and a criticism of the article119 was answered by the
authors.120

In addition, in a retrospective study of 247 chronic
alcoholic patients dying from acute pancreatitis, 131 (53%)
showed no histological evidence of chronic pancreati-
tis; the other 116 had evidence of both acute and chronic
pancreatitis. Early chronic pancreatitis was also found
in 8, 12, and 8 patients, respectively, in the miscella-
neous, postoperative, and CBD stone groups.94 Of 67 pa-
tients with acute AP and no other symptoms, 11 died and
54 had severe necrotic pancreatitis; 48 of the 56 survi-
vors had complete clinical, morphologic, and biochemi-
cal follow-up (median, 9 years), and 7 of the 48 died af-
ter another 2 to 17 years. The authors found no evidence
of chronic pancreatitis in these patients and concluded
that the acute episode was not a first attack of pancre-
atitis in already existing chronic pancreatitis.121 Nonal-
coholic acute pancreatitis may also progress to chronic
pancreatitis: recurrent episodes of acute necrotic pan-
creatitis induced by a closed duodenal loop in rats healed
with scarring.122 Two genetic variants of coxsackievirus
B4 affect the mouse pancreas differently: one variant in-
duces acute pancreatitis, which is followed by repair of
the exocrine tissue (suggesting apoptosis rather than ne-
crosis); the other variant caused marked destruction of
exocrine tissue and chronic pancreatitis.123 Acute heredi-
tary pancreatitis is clinically indistinguishable from acute
AP and gallstone-associated pancreatitis, and recurrent
acute episodes of hereditary pancreatitis progress to
chronic pancreatitis, which is indistinguishable from other
forms of chronic pancreatitis.124 Functional exocrine im-
pairment was present in 9 (30%) and structural abnor-
malities were present in 4 (13%) of the 30 patients stud-
ied. In 4 patients (13%) who suffered multiple attacks
of severe acute pancreatitis and in whom cholecystec-
tomy was not performed, enzyme supplements were re-
quired and pancreatic calcifications were observed.125

These observations provide convincing evidence for
the necrosis-fibrosis sequence in pancreatitis, which has
been widely accepted for years,126 and suggest that the
development of pancreatic fibrosis depends on the num-
ber and severity of acute attacks of pancreatitis rather than
whether they are alcoholic, gallstone associated, idio-
pathic, or “other” in origin.
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Role of Oxidative Stress
and Inflammatory Mediators

Sulfhydryl compounds, particularly glutathione, pro-
tect cells from injury by oxygen-derived free radicals that
are generated in a variety of models of experimental pan-
creatitis including cerulein pancreatitis in rats,127-129 and
there is evidence that antioxidant therapy relieves pain
in patients with chronic pancreatitis.130 However, hu-
man131 and rat132 pancreatic zymogens are not activated
by oxygen-free radicals, and the role of the latter in patho-
genesis appears to be secondary to the mechanism that
initiates pancreatic inflammation by activating the pan-
creatic proenzymes.

Inflammatory mediators (cytokines) have been rec-
ognized only in the last 10 years. Interleukin (IL-1), tumor
necrosis factor a, and interleukin 6 appear in the pancre-
atic parenchyma within 30 minutes of induction of acute
pancreatitis; in turn, they release other cytokines includ-
ingplatelet-activating factorand interleukin8andtheir cu-
mulativeactionsmaycontribute toshock, renal failure, and
theadult respiratorydistress syndrome.27 Perfusionexperi-
ments using IL-1 and tumor necrosis factor a alone do not
precipitate acute pancreatitis, “colocalization, activation,
or release of enzymes,”27 and their production is also sec-
ondary to the mechanism initiating pancreatic inflamma-
tion. Cytokine determinations may be helpful in assessing
the severity and prognosis of episodes of acute pancreati-
tisand, intheory,cytokineantagonistscouldbeuseful thera-
peutic agents, but anti–tumor necrosis factor a has so far
been ineffective in clinical trials.133

Role of Intra-acinar Calcium Ions

The stimulation of zymogen secretion by CCK is medi-
ated by the mobilization and release of calcium ions into
the acinar cytosol,134 and a high level of cytosolic calcium
has been suggested as the trigger for all forms of acute pan-
creatitis.135 This theory is based on the cerulein pancreati-
tis model in which the earliest changes occur within the
acinar cytosol, accompanied by a marked increase in intra-
acinar calcium ions; the assumption that, in human pan-
creatitis, the earliest changes also occur within the acinar
cell; and that these changes precipitate pancreatitis, which
mimics clinical acute pancreatitis.

However, a sharp rise in cytosolic calcium ions is part
of the normal stimulus for enzyme secretion, which re-
turns to near-resting concentrations with continued stimu-
lation.134 The intra-acinar changes in cerulein pancreati-
tis, which include the activation of trypsinogen, are
consistently benign and cell viability appears to be unaf-
fected.16,17 Colocalization of lysosomal enzymes and zy-
mogens occurs after PD ligation136 and the pancreatitis is
also benign. There is no hard evidence that the earliest
changes in human acute pancreatitis occur in the acinar
cytosol, and insevereexperimentalpancreatitis,whichmim-
ics clinical pancreatitis, the earliest changes are vascular.31

Although there is increased muscarinic stimulation in AP,
there is no evidence that it can reach a “supramaximal” level
(40 times the maximal dose) and maximal stimulation does
not cause the intra-acinar changes. In clinical pancreatitis
associated with gallstones or alcoholism, the serum cal-

cium concentration is normal or reduced, and most pa-
tients with hyperparathyroidism diagnosed at an early stage
do not develop pancreatitis.137

By contrast, severe hypercalcemia (whether due to
multiple myeloma,138 vitamin D intoxication,139 or hyper-
parathyroidism)140 does cause acute pancreatitis, al-
though the mechanism is uncertain. Autoactivation of tryp-
sinogen is unlikely; it is a slow in vitro process that takes
hours, and the high content of natural trypsin inhibitor
would neutralize slow activation in vivo.141 In a recent study
of 1224 patients with hyperparathyroidism, 40 had pan-
creatitis (acute in 18, subacute in 8, and chronic in 14)
and the serum calcium level was significantly higher in the
patients with pancreatitis than in those without.140

Episodes of severe abdominal pain unrelated to pep-
tic ulceration or acute pancreatitis occur in cases of un-
treated hyperparathyroidism and chronic AP, consis-
tent with duodenal spasm142 or hyperstimulation of nerves
and ganglia. Hypercalcemia is known to stimulate pan-
creatic secretion,143 and it may have other cholinergic ac-
tions including increased duodenal tone, a relaxed OS,
and a pressure gradient favoring D-PR, which could ex-
plain the association bewteen all forms of hypercalce-
mia and acute pancreatitis. This alternative hypothesis
is open to testing by motility studies of the duodenum
and OS in patients with marked hypercalcemia.

CONCLUSIONS

The proposed model of pathogenesis can explain, to our
knowledge for the first time, all of the typical features of
AP, including the following:

• The time lag between the onset of heavy drinking and
neurological damage, which is typical of slow poison-
ing by alcohol abuse in other neurological disorders, and
why only a proportion of heavy drinkers are affected.

• The recurrent episodes of acute AP, precipitated by D-PR,
and associated with a pressure gradient from the duo-
denum to the PD that exceeds that proven to cause D-PR
and pancreatitis in man, monkeys, dogs, and rats.33-38

• The rapid activation of pancreatic zymogens by the physi-
ological action of enterokinase and bile salts, and the
neutralization of protease inhibitors.

• The site of zymogen activation—intraductal—shown by
the presence of active enzymes within the ducts.78,80,82,83

• The precipitation of protein plugs by partial proteo-
lytic hydrolysis of lithostathine at an appropriate pH for
tryptic activity.

• The central role of enzyme-induced vascular damage via
the actions of trypsin, elastase, phospholipase A2, and
the activation of the thrombin, complement, kinin sys-
tems, and platelet-activating factors.

• The pathogenesis of fat necrosis by vascular damage and
coagulative necrosis.22

• TherelationshipbetweenrecurrentepisodesofD-PRand
acute necrohemorrhagic pancreatitis leading to the de-
velopmentofchronicAPviathenecrosis-fibrosissequence.

• Therelationshipbetweenacutepancreatitisandexposure
to insecticides through damage to cholinergic receptors
in the duodenum and OS as well as in the pancreatic pa-
renchyma.
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• The reason why infection by enteric organisms compli-
cates pancreatitis in some patients and not in others via
the most direct route from the duodenum.

• Therelationshipbetweenmarkedhypercalcemia(due to
avarietyof factors)andpancreatitis,viamuscarinicstimu-
lation of duodenal tonicity and associated relaxation of
the OS.

Corresponding author: A. Douglas McCutcheon, MD,
FRACP, 28 Maitland Ave, East Kew, Victoria 3102,
Australia.
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44. Bockman D E, Büchler M, Malfertheiner M, Beger HG. Analysis of nerves in chronic
pancreatitis. Gastroenterology. 1988;94:1459-1469.

45. O’Brien ET, Goldstraw P. Alcoholic myopathy. BMJ. 1969;4:785-786.
46. Tokunaga Y, Cox KL, Itasaka H, Concepcion W, Nakazato P, Esquivel CO. Char-

acterization of cholecystokinin receptors on the human sphincter of Oddi. Sur-
gery. 1993;114:942-950.

47. Ryan JP. Motility of the gallbladder and biliary tree. In: Johnson LR, Chris-
tensen J, eds. Physiology of the Gastrointestinal Tract. 2nd ed. New York, NY:
Raven Press; 1987:695-722.

48. GeenenJE,HoganWJ,DoddsWJ,StewartET,ArndorferRC. Intraluminalpressure
recording from the human sphincter of Oddi. Gastroenterology. 1980;78:317-324.

49. Sarles H, Sahel J. Progress report: cholestasis and lesions of the biliary tract in
chronic pancreatitis. Gut. 1978;19:851-857.

50. Mallet-Guy P. Treatment of chronic pancreatitis. Am J Surg. 1965;109:756-759.
51. McCune WS. In discussion of: Nardi GL, Acosta JM. Papillitis as a cause of pan-

creatitis and abdominal pain: role of evocative test, operative pancreatography
and histologic evaluation. Ann Surg. 1966;164:611-621.

52. Novis BH, Bornman PC, Girdwood AW, Marks IN. Endoscopic manometry of
the pancreatic duct and sphincter zone in patients with chronic pancreatitis. Dig
Dis Sci. 1985;30:225-258.

53. Viceconte G. Effects of ethanol on the sphincter of Oddi: an endoscopic mano-
metric study. Gut. 1983;24:20-27.

54. Ugljesic M, Bulajic M, Milosavljevic T, Stimec B. Endoscopic manometry of the
sphincter of Oddi and pancreatic duct in patients with chronic pancreatitis. Int
J Pancreatol. 1996;19:191-195.

55. Toouli J, Roberts-Thomson IC, Dent J, Lee J. Sphincter of Oddi motility disorders
in patients with idiopathic recurrent pancreatitis. Br J Surg. 1985;72:859-863.

56. Goff JS. The effect of ethanol on the pancreatic duct sphincter of Oddi. Am J
Gastroenterol. 1993;88:656-660.

57. Lankisch PG, Müller C, Niederstadt H. Painless acute pancreatitis in anticho-
linesterase insecticide (Parathion) intoxication. Pancreas. 1988;3:603.

58. Dressel TD, Goodale RL Jr, Arneson MA, Borner JW. Pancreatitis as a complica-
tion of anticholinesterase insecticide intoxication. Ann Surg. 1979;189:199-204.

59. Hsiao CT, Yang CC, Deng JF, Bullard MJ, Liaw SJ. Acute pancreatitis following
organophosphate intoxication. J Toxicol. 1996;34:343-347.

60. Marsh WH, Vukov GA, Conradi EC. Acute pancreatitis after cutaneous exposure
to an organophosphate insecticide. Am J Gastroenterol. 1988;83:1158-1160.

61. Panieri E, Krige JE, Bornman PC. Severe necrotizing pancreatitis caused by or-
ganophosphate poisoning. J Clin Gastroenterol. 1997;25:463-465.

62. McCutcheon AD. Reflux of duodenal contents in the pathogenesis of pancre-
atitis. Gut. 1964;5:260-265.

63. Hicken NF, McAllister AJ. Is the reflux of bile into the pancreatic ducts a normal
or abnormal physiologic process? Am J Surg. 1952;83:781-786.

64. Yatto RP, Siegel JH. The role of pancreatobiliary duct anatomy in the etiology
of alcoholic pancreatitis. J Clin Gastroenterol. 1984;6:419-423.

65. Caroli J, Porcher P, Pequignot G, Delattre M. Contribution of cineradiography to
study of the function of the human biliary tract. Am J Dig Dis. 1960:5:677-696.

66. Cuschieri A, Hughes JH, Cohen M. Biliary pressure studies during cholecys-
tectomy. Br J Surg. 1972;59:267-273.

67. Ominsky SH. Intravenous cholangiogram contrast medium reflux into pancre-
atic duct in a patient with acute pancreatitis. Radiology. 1974;111:97-98.

68. Legge DA, Hoffman HN, Carlson HC. Pancreatitis as a complication of regional
enteritis of the duodenum. Gastroenterology. 1971;61:834-837.

69. Altman HS, Phillips G, Bank S, Klotz H. Pancreatitis associated with duodenal
Crohn’s disease. Am J Gastroenterol. 1983;78:174-177.

70. Barthelemy CR. Crohn’s disease of the duodenum with spontaneous reflux into
the pancreatic duct. Gastrointest Radiol. 1983;8:319-320.

71. Meltzer SJ, Korelitz BI. Pancreatitis and duodenopancreatic reflux in Crohn’s
disease: case report and review of the literature. J Clin Gastroenterol. 1988;10:
555-558.

ARCH SURG/ VOL 135, MAR 2000 WWW.ARCHSURG.COM
284

©2000 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 07/21/2017



72. Terry TR, Hermon-Taylor J, Grant DAW. The generation of lysolecithin by en-
terokinase in trypsinogen, prophospholipase A2, lecithin mixtures and its rel-
evance to the pathogenesis of acute necrotising pancreatitis. Clin Chim Acta.
1985;150:151-163.

73. Poncelet P, Thompson AG. Action of bile phospholipids on the pancreas. Am J
Surg. 1972;123:196-202.

74. Creutzfeldt W, Schmidt H. The possible role of phospholipase A in acute pan-
creatitis: European Pancreatic Club. Gut. 1968;9:257.

75. Schmidt H, Creutzfeld W. The possible role of phospholipase A in the patho-
genesis of acute pancreatitis. Scand J Gastroenterol. 1969;4:39-48.

76. SarlesH,SarlesJ-C,CamatteR,etal.Observationson205confirmedcasesofacute
pancreatitis, recurring pancreatitis and chronic pancreatitis. Gut. 1965;6:545-549.

77. Sarles H. Epidemiology and physiopathology of chronic pancreatitis and the
role of the pancreatic stone protein. Clin Gastroenterol. 1984;13:895-912.

78. Sarles H, Dagorn JC, Giorgi D, Bernard JP. Renaming pancreatic stone protein
as “lithostathine.” Gastroenterology. 1990;99:900-901.

79. Allan J, White TT. An alternate mechanism for the formation of protein plugs in
chronic calcifying pancreatitis. Digestion. 1974;11:428-431.

80. Rinderknecht H, Renner IG. New evidence for the pathogenesis of pancreatitis.
Gastroenterology. 1976;70:929.

81. Renner IG, Rinderknecht H. Studies of pure pancreatic secretions in chronic
alcoholic subjects without pancreatic insufficiency. Scand J Gastroenterol. 1980;
15:241-244.

82. Geokas MC, Rinderknecht H. Free proteolytic enzymes in pancreatic juice of
patients with acute pancreatitis. Am J Dig Dis. 1974;19:591-598.

83. Gregg J, Sipos T, Sharma M, Gibbons G, Whalen M, Blackburn G. Enzymatic
analysis of pure pancreatic juice (PPJ) obtained during the endoscopic cannu-
lation of the main pancreatic duct (ECMPD). Gastroenterology. 1975;68:904.

84. Silen W, Baldwin J, Goldman L. Treatment of chronic pancreatitis by longitu-
dinal pancreaticojejunostomy. Am J Surg. 1963;106:243-258.

85. Tourtellote CR, Tyler RD. Hyperlipemia associated with diabetes mellitus and
pancreatitis: a case report with autopsy. Ann Intern Med. 1956;45:691-697.

86. Edmondson HA, Bullock WK, Mehl JW. Chronic pancreatitis asnd lithiasis, 1: a
clinicopathologic study of 62 cases of chronic pancreatitis. Am J Pathol. 1949;
25:1227-1247.

87. Wainwright CW. Intrapancreatic obstruction. N Engl J Med. 1951;244:161-170.
88. Figarella C, Amouric M, Guy-Crotte O. Proteolysis of human trypsinogen, I: patho-

genic implication in chronic pancreatitis. Biochem Biophys Res Commun. 1984;
118:154-161.

89. KatoM,HayakawaS,NaruseS,etal.Changeofpancreaticenzymes,pancreaticstone
protein(PSP),andplasmaa2-macroglobulin-trypsincomplex-likesubstance(MTLS)
in the activation of pancreatic juice. Pancreas. 1997;15:345-349.

90. Grodsinsky C, Schuman BM, Block MA. Absence of pancreatic duct dilation in
chronic pancreatitis: surgical significance. Arch Surg. 1977;112:444-449.

91. Trapnell JE. Chronic relapsing pancreatitis: a review of 64 cases. Br J Surg. 1979;
66:471-475.

92. Guy O, Robles-Diaz G, Adrich Z, Sahel J, Sarles H. Protein content of precipi-
tates present in pancreatic juice of alcoholic subjects and patients with chronic
calcifying pancreatitis. Gastroenterology. 1983;84:102-107.

93. Kalser MH, Cohen R, Arteaga I, et al. Normal viral and bacterial flora of the hu-
man small and large intestine. N Engl J Med. 1966;274:500-505.

94. Renner IG, Savage WT, Pantoja JL, Renner VJ. Death due to acute pancreatitis: a
retrospective analysis of 405 autopsy cases. Dig Dis Sci. 1985;30:1005-1018.

95. Ho HS, Frey CF. The role of antibiotic prophylaxis in severe acute pancreatitis.
Arch Surg. 1997;132:487-492.

96. Dickson AP, Foulis AK, Imrie CW. Histology and bacteriology of closed duode-
nal loop models of experimental acute pancreatitis in the rat. Digestion. 1986;
34:15-21.

97. Steer ML. Classification and pathogenesis of pancreatitis. Surg Clin North Am.
1989;69:467-480.

98. Soergel KH. Acute pancreatitis. In: Sleisenger MH, Fordtran JS, eds. Gastrointes-
tinal Disease. Vol 2. 5th ed. Philadelphia, Pa: WB Saunders Co; 1993:1628-1653.

99. Jones SA, Smith LL, Gregory G. Sphincteroplasty for recurrent pancreatitis: a
second report. Ann Surg. 1958;147:180-190.

100. Goinard P, Pelissier G. Total sphincteroplasty without drainage of the CBD in
the treatment of biliary tract disease. Surg Gynecol Obstet. 1960;111:339-347.

101. Nardi GL, Acosta JM. Papillitis as a cause of pancreatitis and abdominal pain:
role of evocative test, operative pancreatography and histologic evaluation. Ann
Surg. 1966;164:611-618.

102. Carr-Locke DL, Gregg JA. Endoscopic manometry of pancreatic and biliary sphinc-
ter zones in man: basal results in healthy volunteers. Dig Dis Sci. 1981;26:7-15.

103. Csendes A, Kruse A, Funch-Jensen P, Oster MJ, Ornsholt J, Amdrup E. Pres-
sure measurements in the biliary and pancreatic duct systems in controls and
in patients with gallstones, previous cholecystectomy or common bile duct stones.
Gastroenterology. 1979;77:1203-1210.

104. Stephens RV, Burdick GE. Microscopic transduodenal sphincteroplasty and trans-
ampullary septoplasty for papillary stenosis. Am J Surg. 1986;152:621-626.

105. Toouli J, di Francesco V, Saccone G, Kollias J, Schloithe A, Shanks N. Division
of the sphincter of Oddi for treatment of dysfunction associated with recurrent
pancreatitis. Br J Surg. 1996;83:1205-1210.

106. Tansy MF, Salkin L, Innes DL, Martin JS, Kendall FM, Litwack D. The mucosal
lining of the intramural common bile duct as a determinant of ductal opening
pressure. Am J Dig Dis. 1967;12:303-309.

107. Robinson TM, Dunphy JE. Continuous perfusion of bile and protease activa-
tors through the pancreas. JAMA. 1963;183:530-533.

108. Neoptolemos JP, Carr-Locke DL, London NJ, Bailey IA, James D, Fossard DP.
Controlled trial of urgent endoscopic retrograde cholangiopancreatography and
endoscopic sphincterotomy versus conservative treatment for acute pancre-
atitis due to gallstones. Lancet. 1988;2:979-983.

109. Folsch UR, Nitsche R, Ludtke R, Hilgers RA, Creutzfeldt W. Early ERCP and papil-
lotomycomparedwithconservative treatment foracutebiliarypancreatitis: theGer-
man Study Group on Acute Biliary Pancreatitis. N Engl J Med. 1997;336:237-242.

110. Waldner H, Hallfeldt KK. Late complications after transduodenal sphincter-
otomy. Surgery. 1996;120:574.

111. Gregg JA, De Girolami P, Carr-Locke DL. Effects of sphincteroplasty and en-
doscopic sphincterotomy on the bacteriologic characteristics of the common
bile duct. Am J Surg. 1985;149:668-671.

112. Tham TCK, Carr-Locke DL, Collins JSA. Endoscopic sphincterotomy in the young
patient: is there cause for concern? Gut. 1997;40:697-700.

113. Hakamada K, Sasaki M, Endoh M, Itoh T, Morita T, Konn M. Late development
of bile duct cancer after sphincteroplasty: a ten- to twenty-two-year follow-up
study. Surgery. 1997;121:488-492.

114. Lankisch PG, Haseloff M, Becher R. No parallel between the biochemical cause
of acute pancreatitis and morphologic findings. Pancreas. 1994;9:240-243.

115. Uhl W, Isenmann R, Curti G, Fogel R, Beger HC, Buchler MW. Influence of etiology
on the course and outcome of acute pancreatitis. Pancreas. 1996;13:335-343.

116. SarlesH.Definitionsandclassificationsofpancreatitis.Pancreas.1991;6:470-474.
117. Ammann RW, Muellhaupt B. Progression of alcoholic acute to chronic pancre-

atitis. Gut. 1994;35:552-556.
118. Amman RW, Heitz PU, Kloppel G. Course of alcoholic chronic pancreatitis: a

prospective clinicomorphological long-term study. Gastroenterology. 1996;
111:224-231.

119. Blackstone MO. Alcoholic pancreatitis: from what histological starting point?
Gastroenterology. 1997:112:314-317.
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