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Effects of ethanol on the sphincter of Oddi: an
endoscopic manometric study
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SUMMARY The effect of ethanol, given either intragastrically or intravenously, on the sphincter
of Oddi was evaluated by endoscopic manometry. In 12 subjects intragastric ethanol (150 ml of
32%) was given over 10 minutes. In five control subjects saline solution (150 ml of 0.9%) was
given intragastrically instead of ethanol. In five other subjects ethanol was infused intravenously
(6 ml/kg of 10%) for 36 minutes. Ethanol given intragastrically produced a significant inhibitory
effect on sphincter of Oddi pressure. Peak pressure fell from a control value of 75.7±26.35
mmHg to 39±15.39 mmHg (p<0.001) at 35 minutes. Basal pressure fell from a control value of
30.17±19.47 mmHg to 11.83±6.35 mmHg (p<0.01) at 35 minutes. Wave height fell from a
control value of 41.33±15.4 mmHg to 27.16±11.25 mmHg (p<002) at 35 minutes. No effects on
sphincter of Oddi wave frequency were observed. No significant modifications of sphincter motor
activity were observed after intragastric saline infusion. Ethanol given intravenously also
produced an appreciable inhibitory effect on sphincter of Oddi pressure, without affecting its
wave frequency.

The association between alcoholism and pancreatic
disease is well known. The aetiological role of ethyl
alcohol has generally been accepted, although the
mechanism has not yet been defined. A widely held
theory is that alcohol causes a duodenitis which, in
turn, causes pancreatic duct obstruction. 1-3
Some authors47 have found that ethyl alcohol

produces spasm of the sphincter of Oddi; at the
same time increased gastric secretion and secretin-
release stimulate the pancreas. Thus consumption of
alcohol stimulates the pancreas to secrete in the
presence of spasm of the sphincter. This view is not
shared by other investigators,8 9 who think that
ethanol produces reflux of duodenal contents into
the pancreatic and bile duct. There is still
controversy on the effect of ethanol on the sphincter
of Oddi.
So far, in human subjects, these studies have been

performed by indirect methods, mostly through
T-tubes in the early postoperative period. Newly
developed recording instrumentation and cannu-
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lation of the ampulla of Vater by endoscopy have
brought about a more accurate direct quantifica-
tion of sphincter of Oddi motor activity.l-2
The purpose of this study was to evaluate, by

endoscopic manometry, the effect of ethanol on the
sphincter of Oddi, when given intragastrically or
intravenously.

Methods

EQUIPMENT
Two catheters, 195 cm long, 1.6 mm external
diameter and 1.1 internal diameter, with a 1.1
diameter side hole, 1 cm from their tip, were used
for manometric measurement.

In order to obtain recordings from the biliary or
pancreatic duct systems and the sphincter of Oddi
one catheter was passed through the biopsy channel
of a side-view fibrescope (Olympus model JF B3);
the end of this catheter was marked by three black
rings 1 mm wide and 3 mm apart, to allow
endoscopic observation of the depth of insertion
into the sphincter of Oddi, bile, and pancreatic
ducts. Continuous recording of the intraduodenal
pressure was obtained from the other catheter
attached to the external surface of the endoscope.
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Both catheters were attached to external trans-
ducers (Statham P23Db) and connected to a multi-
channel direct polygraph (Ormed M19). They were
constantly perfused with sterile 0.9 saline at a rate of
0.9 ml/min with syringes from an infusion pump
(Harvard 901). This system gives a small increase in
baseline pressure (7 mmHg) and a pressure rise rate
of 80 mmHg/s. A third catheter, for intragastric
alcohol infusion, was taped to the endoscope, so
that its tip was 25 cm proximal to the end of the
endoscope.

TECHNIQUE OF MANOMETRY
No drugs were given before endoscopy. Once the
papilla of Vater was identified, the manometry
catheter was passed into the duodenum and the
initial duodenal pressure was recorded as a
reference. The papilla was then cannulated and the
catheter inserted at least 1-2 cm. The position of the
catheter was verified by the appearance of bile
(green) or of pancreatic juice (colourless) upon
gentle aspiration. Ductal pressure was measured;
the catheter was then slowly withdrawn until a
phasic high pressure zone was located and the
sphincter pressure was recorded where maximum
activity was present, pausing one minute or longer at
each station. During pressure recordings the
position of the catheter was continuously monitored
by observing the catheter marks relative to the
papillary orifice.

After the basal pressure measurements had been
recorded, intragastric ethyl alcohol (150 ml of 32%)
was given to 12 subjects over a period of 10 minutes.
Pressure measurements were then taken at approxi-
mately five minute intervals, for 35 minutes, after
the beginning of the intragastric infusion.

In five different subjects, after basal measure-
ment, intragastric saline solution (150 ml of 0.9%)
instead of alcohol, was given in an identical manner
and pressure recorded for 35 minutes at the same
time intervals.

In five other subjects, after basal pressure
measurements had been taken, intravenous alcohol
(6 ml/kg of 10%) was infused for 36 minutes and
pressure recordings were taken at approximately
three minute intervals starting three minutes after
the beginning of the infusion. For statistical analysis
of data, we used Student's t test. All values are
expressed as means ± 1 SEM.

SUBJECTS
A total of 22 subjects (nine woman and 13 men)
were included in this study. Twelve subjects (five
women and seven men), with a mean age of 49 years
(range 27-72 years) took part in the study with
intragastric alcohol infusion; of these, five patients

had choledocholithiasis (two postcholecystectomy),
three had ERCP findings of chronic pancreatitis,
while in four of them no abnormality was found at
ERCP. Two of the subjects with choledocho-
lithiasis, one of those with chronic pancreatitis, and
one of those with normal ERCP had a history of
consuming more than 30 g of alcohol per day.

Five subjects (two women and three men), with a
mean age of 43 years (range 25-65 years), served as
controls in the study with intragastric saline
infusion: among them, one patient had choledocho-
lithiasis, one had ERCP findings of chronic
pancreatitis, while in three no abnormality was
found at ERCP. A history of alcohol excess (more
than 30 g per day) was found in the subjects with
choledocholithiasis and in one of those with normal
ERCP.
The remaining five subjects (two women and

three men), with a mean age of 39 years (range
31-56 years), took part in the study with intravenous
alcohol infusion: of these, two patients had chole-
docholithiasis, while in three no abnormality was
found at ERCP. One of the patients with normal
ERCP had a history of consuming more than 30 g of
alcohol per day.
The project was approved by the North Lothian

District Medical Committee (Scotland). Permission
to perform the study was obtained from all subjects,
who voluntarily agreed to take part in it.

Results

Endoscopic manometry showed that the sphincter of
Oddi has a basal, steady-state pressure higher than
that in the common bile duct, pancreatic duct, and
duodenum; phasic activity, composed of rhythmic
contractions and relaxations, is superimposed on the
basal pressure; no motor activity is present either in
the bile duct or the pancreatic duct; there is no
relationship between duodenal contractions and
sphincter of Oddi activity.

All values were expressed in mmHg, taking
duodenal pressure as zero reference. Five individual
peaks were read frum each section to generate the
value for peak pressure. The lowest sphincter of
Oddi pressure recorded from each section was
considered to be the basal pressure. The difference
between peak and basal pressure was termed wave
height. The mean basal sphincter of Oddi pressure
was 27.5±15.81 mmHg. Mean value of the sphincter
peak pressure was 73.59±20.47 mmHg. Mean wave
height was 46.52± 16. 18 mmHg; wave frequency was
4.66± 1.24/min.
The effect of intragastric alcohol infusion on the

sphincter of Oddi pressure is shown in Fig. 1. The
alcohol produced an inhibitory effect on the

21



mmHg

100-

90-

80-

70-
60-

50-

40-

30-

20-
10-

0 5 10 20

'A,
TIME (n wes)

PEAK PRESSURE

. i WAVE HEIGHT
BASAL PRESSURE

1 11 1 1 1 5~ ~~~~~~~~
25 30 5

* P<0.05 P <Q02 P(Q0I *~ PK0.005 .0o P<0OI

Fig. 1 Graph showing changes in sphincter of Oddi motor activity after intragastric ethanol infusion (12 subjects). Values
are means ± 1 SEM. Black arrow: beginning ofinfusion. White arrow: end ofinfusion. Significant difference from control
pressure: *p<0.05, * *p<0.02, * * *p<0.01, * * * *p<0J005, and * * * * *p<0-001.

pressure in 11 of 12 patients. In nine of these,
alcohol began to reduce the pressure 15 minutes
after starting intragastric infusion; this effect lasted
for 35 minutes. A typical tracing is shown in Fig. 2.

In two subjects, a mild increase of sphincter of
Oddi basal and phasic pressure was observed 15, 20,
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and 25 minutes after intragastric alcohol infusion
had been started; this effect was followed by
significant inhibition at 30, 35, and 40 minutes in
controls. A typical tracing is shown in Fig. 3. In
three subjects, in whom the experiment was

continued, the inhibition was still present at 40
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Fig. 2 Endoscopic manometry recordings from the same subjects before and after intragastric (ig) ethanol infusion; the
margins ofthe sphincter segment are shown by arrows (movements of the catheter across the sphincter). About 15 minutes
after starting intragastric infusion the sphincter ofOddi pressure is seen to be reduced.
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Fig. 3 Endoscopic manometry recordings from the same subjects before and after intragastric (ig) ethnol infusion. About
15 and 20 minutes after starting intragastric infusion an increase ofsphincteric pressure is observed; this increase is followed
by an inhibition at 30 and 35 minute controls.

minutes. In one subject no significant effect on
sphincter of Oddi pressure was observed after
intragastric alcohol infusion. No effects on the
frequency of the sphincter's phasic contractions
were observed after intragastric alcohol infusion.
Alcohol blood levels achieved after starting intra-
gastric infusion were 2.77±1*32 mmol/1 at 10
minutes, 8.53±4.77 mmol/l at 15 minutes, 5.56±3 6
mmol/l at 20 minutes, 3.43±2.84 mmol/l at 30
minutes, and 2*11±2.26 mmol/l at 45 minutes.
No significant modifications of the sphincter's

motor activity were observed after intragastric saline
infusion.
The effect of intravenous alcohol infusion on the

sphincter of Oddi pressure is shown in Fig. 4. The
alcohol, given intravenously, produced an in-
hibitory effect on the sphincter in all five patients;
the inhibition began three minutes after starting the
infusion and it was present continuously during the
infusion. No effects on the frequency 'of the
sphincter's phasic contractions were observed after
intravenous alcohol infusion. A typical tracing is
shown in Fig. 5.
Duodenal activity, detectable with the catheter in

the duodenum, consisted of small undulations of 3-7

mmHg; sporadic, disorganised duodenal
contractions, not related to phasic sphincter of Oddi
activity, were also observed. Alcohol, given either
intragastrically or intravenously, did not provoke
any systematic change in duodenal pressure. We
have to bear in mind, however, that, because of air
insufflation during endoscopy, intraduodenal
pressure recordings could not represent real duo-
denal activity. There were no complications from
the procedure.

Discussion

The results show that intragastric or intravenous
ethanol infusion causes an inhibition of sphincter of
Oddi activity. Ethanol given intragastrically began
to produce an effect on the sphincter 15 minutes
after starting infusion, almost at the time of the
maximum rise in blood alcohol; when it is given
intravenously it acts on the sphincter earlier, about
three minutes after starting the infusion. These
effects lasted 25-30 minutes after the intragastric
infusion was ended and during the entire time of
intravenous infusion. Alcohol given either intra-
gastrically or intravenously affected neither the
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Fig. 4 Effect ofintravenous ethanol infusion on sphincter of Oddi motor activity (five subjects). Values are means ± 1
SEM. The arrow indicates the beginning ofinfusion. Appreciable changes in peak, basal pressure, and wave heights are
observed. The small number ofsubjects did not allow a statistical analysis.

frequency of the sphincter's contractions nor
duodenal motor activity. At present good evidence
exists that motor activity of the sphincter of Oddi is
independent of duodenal activity. In fact, the
muscular fibres of the sphincter differ from those of

the duodenal wall both in structure and embryo-
logical developments.'3 Furthermore, simultaneous
electromyographic studies of the sphincter of Oddi
and the duodenum in rabbit14 15 and man,16 and
endoscopic manometry in humansl 12 show that the
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Fig. 5 Endoscopic manometry recordings from the same subjects before and at different times after the beginning of
intravenous (IV) ethanol infusion. The margins of the sphincter segment are shown by arrows (movements of the catheter
across the sphincter). An inhibition ofsphincteric activity is observed beginningfrom three minutes after starting the
infusion.
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activity of the sphincter is not directly related to
duodenal activity.
The regulation of the sphincter of Oddi's motor

activity is complex and as yet unclear. A strict
interaction between neural and hormonal
mechanism, together with an intrinsic automaticity,
are probably involved. Experimental studies in
cats, r dogs, 1819 and endoscopic manometry in
man'2 20 have shown that CCK and CCK-OP have
an inhibitory effect in vivo on sphincter of Oddi
motor activity. Animal studies18 have shown that
secretin relaxes the sphincter. Geenan et al'2
observed that intravenous pulse dose of secretin (1
U/kg) elicited a biphasic response of sphincter of
Oddi excitation followed by inhibition. This dose
was probably non-physiological, so the observed
response is, rather, to be considered pharmaco-
logical. Carr-Locke and Gregg2' have found that
intravenous secretin infusion, which produces
plasma secretin levels such as those observed in the
range of postprandial rises, causes selective
relaxation of the pancreatic duct sphincter. The
same investigators believe that glucagon produces a
selective physiological inhibitory action on the bile
duct sphincter.

Pentagastrin has been reported to increase
sphincter of Oddi motor activity in humans,12 20
while naloxone, an antagonist of enkephalins,
depresses it.21 It is reasonable to suggest that a
physiological role of CCK consists in the relaxation
of the sphincter of Oddi while causing gall-bladder
contraction; secretin and glucagon may have an
accessory role to CCK in inhibiting the tone of the
sphincter of Oddi. It is very difficult to establish
what physiological role, if any, gastrin, enkephalins,
VIP, motilin, and PP have in regulating the
sphincter's activity.
The role of the autonomic nervous system in the

dynamics of the sphincter of Oddi is not yet known.
It has been reported that the sphincter contracts
through a cholinergic mechanism.22-24 a-adrenergic
mechanism is also responsible for the contraction,
whereas relaxation can be elicited by a ,-adrenergic
mechanism. 23 25-27 We cannot, at present,
determine the physiological role of either
cholinergic or adrenergic systems in regulating the
activity of the sphincter of Oddi.

It has also been reported that the sphincter can
function autonomously.23 28 This spontaneous
activity was shown to be myogenic in origin, as it
was not inhibited by agents known to block nervous
effects.23
The role of the sphincter, whether functional or

anatomical, in controlling biliary or pancreatic flow
and preventing duodenal reflux into the biliary and
pancreatic ducts is controversial. Although some

investigators29 3( believe that the phasic sphincter
contractions serve as a peristaltic pump, available
evidence suggests that phasic activity retards biliary
and pancreatic emptying.31 32 It also seems likely
that sphincter of Oddi basal pressure plays some
part in controlling emptying of the pancreatic duct.
Finally, it has been suggested that the occlusive
competence of the sphincter is accounted for by a
mucosal flutter valve.33
The integrity of the sphincteric mechanism seems

of obvious importance in preventing reflux of bile
and duodenal contents back into the pancreatic
duct.3v36 The importance of duodenopancreatic
reflux in acute pancreatitis is also stressed by several

8 35 36 37.investigators. Keynes, in a recent experi-
mental study in dogs, concludes that, while experi-
mental interstitial pancreatitis results fromn damage
to the pancreatic duct system without infection,
haemorrhagic pancreatitis results mainly fromt reflux
of bacteria into the pancreatic ducts from the
duodenum. Thus the physiological role of basal
pressure and phasic contractions in the sphincter of
Oddi remains to be determined. We suggest that
basal and phasic sphincter of Oddi pressure are of
fundamental importance in regulating biliary and
pancreatic flow. Reflux of duodenal contents into
the biliary and pancreatic ducts is probably avoided
mainly by basal pressure.
This study does not allow us to draw conclusions

regarding the mechanism of alcohol-induced
inhibition. It is possible that alcohol causes a
hormone-mediated relaxation of the papillary
sphincter, but a nervous or direct mechanism cannot
be excluded.
The importance of transampullary duodenal

reflux as an aetiological factor in alcoholic
pancreatitis is stressed by Rosato et al.9 In their
experiments in dogs subjected to measurement of
closed duodenal loop pressures, they found that the
duodenopancreatic reflux associated with acute
pancreatitis occurred at a lower pressure when
alcohol was used to distend the loops than when
saline was used. Further lowering of the pressure
reflux was produced by chronic oral alcohol
ingestion.

Jalovaara and Apaja38 found that bile obtained
from chronically alcohol-fed rats caused significantly
more serious lesions in the pancreas than did bile
from normal rats. Reflux of 'toxic alcoholic' bile into
the pancreas might act as an induction factor for
alcohol pancreatitis.
Menguy et a15 in experimental dogs and Sarles et

af7 in rabbits observed a spasmogenic action of
alcohol on the sphincter of Oddi. In previous
studies, performed in humans through T-tubes, it
has been postulated that alcohol, given intra-
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gastrically4 or intravenously,6 causes increased tone
in the sphincter mechanism at the choledocho-
duodenal junction. This study seems to support the
theory that alcohol favours reflux through an
insufficiency of the sphincter of Oddi. The
hypothesis of duodenal reflux would explain why
attacks of acute pancreatitis, related to alcohol
abuse, follow some 24-48 hours after a bout of
drinking. An incubation of bacteria refluxed in the
pancreatic duct from the duodenum could explain
the delay between alcoholic excesses and the
beginning of symptoms of acute pancreatitis.
The part played by an alcohol-induced depression

of the activity of the sphincter of Oddi in the
pathogenesis of chronic alcoholic pancreatitis and
pancreatic cancer is unknown, and, at present, no
hypothesis can be formulated. Theoretically,
chronic alcohol consumption and repeated episodes
of duodenal reflux could produce progressive
pancreatic damage, but satisfactory data to support
this hypothesis in man are lacking.
The present endoscopic manometry study demon-

strates that ethanol given either intragastrically or
intravenously inhibits the activity of the sphincter of
Oddi but the mechanism of this inhibition and its
role in the pathogenesis of pancreatic disease are
still unclear. Thus, further investigation is
necessary.
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