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Introduction
DURING the time of Hippocrates, tne

"Four Humors" and their relative balance
or imbalance supposedly determined health
and disease. Centuries later the control of
one of the original Humors, yellow bile,
was studied intensively by the Italian in-
vestigator Rugero Oddi.16 He demonstrated
the existence of a distinct muscular sphinc-
ter at the distal end of the common bile
duct. Oddi believed that an imbalance in
the sphincteric mechanism could interfere
with normal bile flow and lead to jaun-
dice, pain or both. During the intervening
years much has been learned about the ac-
tivity of the sphincter of Oddi and the flow
of bile from the liver to the duodenum.
However, there are certain aspects of bili-
ary kinetics which remain unclear, particu-
larly the role of the common bile duct in
bile transport. Is the common bile duct
merely an inert conduit or is the delivery
of bile through the sphincter aided by co-
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ordinated muscular activity or peristalsis?
The following studies were designed origi-
nally to gather information about this par-
ticular phase of biliary physiology. In
addition, important information has been
gained about the functional activity of the
sphincteric mechanism itself.

History

In 1898, the first detailed anatomic study
of the human extrahepatic biliary tree ap-
peared in the literature.7 Gross and micro-
scopic investigations demonstrated the ex-
istence of transverse, longitudinal and di-
agonal muscle fibers in the gallbladder,
cystic duct, hepatic duct and common bile
duct of man. In a comparative study the
canine common duct was found to contain
no diagonal muscle layer. However, at the
distal end of the canine common duct, the
transverse and longitudinal muscle fibers
were seen to form a relatively heavy layer.
As the common duct is sectioned at inter-
vals from the duodenum to the cystic duct,
the muscle layers are seen to thin out
gradually. The wall of the proximal com-
mon duct in both man and the dog is thus
composed mainly of fibrous connective
tissue with loosely associated muscle fibers.
From an anatomic standpoint intrinsic

motor activity of the common bile duct
was certainly to be suspected in several
species. In 1923, Westphal 19 reported visi-
ble peristaltic activity of the common bile
duct of the guinea pig, cat and rabbit. He
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FIG. 1.
Description of Catheters

A) Double lumen catheter
B) Triple lumen catheter

Internal Diameter

0.044 in.
0.028 in.

The catheters are made of polyvinyl tubing, fused together by light applications of cyclohexanone. The ends
are sealed with epoxy glue.

believed that any disturbance in the nor-

mal motility of the extrahepatic biliary tree
could lead to biliary stasis and gallbladder
disease. Although direct vagal innervation
of the biliary tree and sphincter was

thought by Meltzer-' to be critical in
the egress of bile from the gallbladder,
Whitaker 20 21 demonstrated that a denerv-
ated gallbladder and sphincter functioned
normally. He postulated that the gallblad-
der and sphincter were responding to a

humoral substance released in response to
the ingestion of food, especially fats. This
substance was later identified as chole-
cystokinin.
By 1932, paristalsis of the common bile

duct was reported or postulated to occur in
several species of laboratory animals. Al-
though much was already known about gall-
bladder disease, there was very little infor-
mation available on the function of the hu-
man extrahepatic biliary system. Mirizzi13
in 1942 demonstrated what he thought to be

peristalsis in the human common bile duct
using radiographic technics. Burnett and
Shields 1 in 1958 described peristaltic waves
in the common duct using cinefluorography.
They described waves occurring three to

five times a minute with each wave lasting
1 to 3 seconds. Myers and coworkers 14 in
1962 attempted to confirm the work of
Burnett and Shields and, in addition, did
direct manometric studies of common bile
duct pressure. In none of their investiga-
tions was any form of peristalsis or even

local segmental spasm of the choledochus
observed. In 1963 Scatliff, Mark and Simi-
rak 17 also were unable to visualize any co-

ordinated motor function in the human
common bile duct. Thus the question of
peristalsis of the common bile duct re-

mained unsettled. The present study was

initiated in the hope that a new method
for study of common bile duct physiology
might prove helpful.
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FIG. 2. Typical reproducible pressure profile of sphincter zone. Numbers on top indicate distance
between skin edge and most proximal catheter opening. In this experiment sphincter zone was 2
cm. in length. Other findings include: 1) sudden pressure increase as catheter enters sphincter zone
from duodenum, 2) rapid, (every 3-5 sec.) prominent waves which indicate sphincter contraction and
3) slower, (every 25-50 sec.) low pressure variation interpreted as representing ampullary emptying
and filling.

Materials and Methods
Eighteen healthy mongrel dogs averag-

ing 19 Kg. in weight were used for these
experiments. The dogs were fasted at least
12 hours before laparotomy, performed un-

der general anesthesia using intravenous
sodium pentobarbital, 30 mg./Kg. The ani-
mals were allowed to breathe room air
spontaneously. Using sterile technic, a mid-
line abdominal incision was made. The
gallbladder was elevated with a clamp so

that the cystic duct and common duct
could be visualized. The cystic duct was

then isolated and ligated adjacent to the
gallbladder, following which the cystic
duct was incised at its most proximal point.
A double or triple lumen catheter filled
with saline was then gently guided through
the cystic duct into the common duct and
finally beyond the sphincter of Oddi into
the duodenum. Openings in the catheters
were at 2-cm. intervals (Fig. 1). The po-
sition of the catheter could be determined
easily by gentle palpation through the
duodenal wall. A ligature was also placed

around the cystic duct below the site of
catheter insertion. This ligature prevented
slipping of the catheter but permitted its
withdrawal by moderate traction. The ab-
dominal wall was then closed in layers
around the catheter to produce a closed
system within the abdominal cavity. Nor-
mal saline was flushed through the cathe-
ters before they were attached to a San-
born 964 multi-channel recorder. The trans-
ducers were positioned midway between
the xiphoid and the posterior abdominal
wall. This point was used as manometric 0.
Respirations were recorded simultaneously
by the use of a pressure pneumograph.

Initial pressure recordings were made
with all catheter openings in the duode-
num. The catheter was then withdrawn
slowly, centimeter by centimeter, until the
proximal catheter opening was in the
sphincter or high pressure zone. Record-
ings were made at this level and gradual
withdrawal of the catheter was again car-

ried out with recordings being made every

0.5 to 1 cm.

TABLE 1. Pressuire Recordings of Duodenum, Sphincter Zone and Comm?on Duct

Maximal Amplitude
Resting Duodenal Resting Sphincter of Sphincter Resting Common

Pressure Zone Pressure Contraction Duct Pressure

Average Range Average Range Average Range Average Range
mm. N.S. mm. N.S. mm. N.S. mm. N.S. mm. N7.S. mm. N.S. mm. N.S. mm. N.S.

-39 -60 to 4 93 44-210 203 70-281 60 31-149
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Results

As the catheter was withdrawn from the
low pressure region of the duodenum into
the intramural portion of the common duct,
a sudden increase in pressure was noted
(Fig. 2). This high pressure or sphincter
zone was approximately 2 cm. in length in
the dog. As the catheter entered the com-

mon duct, the pressure was seen to fall
slightly. The average pressure recordings
in the duodenum, sphincter zone and com-

mon bile duct are shown in Table 1. These
pressure recordings are in agreement with
those of other investigators.2 5 It should
also be noted that the effect of barbiturate
anesthesia on extrahepatic biliary tract
pressure is negligible.3' 10 12

The most prominent wave noted in the
tracing while recording from the sphincter
zone was a regular fluctuation occurring
about every 3 to 5 seconds. In most cases

this variation was seen every 31/2 seconds.
Rhythmic contraction and relaxation of the
entire sphincter ampullae probably ac-

counts for this wave. Other investigators
have demonstrated a similar rate of sphinc-
ter activity.8
Another important rhythmic variation

was seen to be superimposed on this basic
sphincteric activity. Every 25 to 50 seconds
a smaller variation in pressure was often
noted. It is thought that this represents
rhythmic emptying and filling of the am-

pulla, a kind of "ampullary suction." It was
also noted that ampullary emptying and
filling can occur without change in pres-

sure being noted in the proximal common

duct (Fig. 3, 4). For this reason there must
be a third, more proximal, protective
sphincter, the sphincter choledochus. Fig-
ures 5 and 6 represent further examples of
the independent action of this proximal
sphincter. These tracings were made after
the animal had received morphine sulphate
intravenously. Note that the pressure was

first seen to rise simultaneously in the
sphincter zone and in the common bile

FIG. 3. Simultaneous pressure recordings are
shown in duodenum, sphincter zone and common
duct. Respirations are also recorded. Slower, low
pressure variations, as well as the sphincteric con-
tractions, are transmitted to common duct.

duct. Then a fall in pressure in the sphinc-
ter zone was recorded while the pressure

in the common bile duct continued to rise.
This is interpreted as representing contrac-
tion of the sphincter choledochus, associ-
ated with a relaxation of the sphincter
papillae, allowing the ampulla to empty.
Figure 4 also demonstrates that marked
pressure variations in the sphincter zone
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may not be transmitted to the common
bile duct.
As the catheter was withdrawn from the

sphincter zone into the common bile duct,
several changes in pressure were noted.
First, there was usually a slight decrease
in pressure. With this decrease there was
seen to occur a regular, rapid fluctuation
every 2 to 7 seconds which was associated

Annals of Surgery
December 1965

FIG. 4. In this tracing
the very active sphinc-
teric contractions and the
slower waves of postu-
lated ampullary activity
are not transmitted to
the common duct tracing.

with respiration. This change averaged 35
mm. of saline.
A second rapid fluctuation seen in many

of the resting common duct tracings was
due to the transmitted sphincter rhythm.
The frequency of this variation was about
every 3 to 5 seconds and was easily con-
fused with respiratory variations. After
morphine sulphate was given, the sphinc-
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FiG. 5. The protective
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RESPIRATION

ter rhythm was seen to be transmitted to

the common duct tracings without respira-

tory interference (Fig. 6). It was also

noted that the sphincteric waves were often

transmitted with greater intensity to -the

more distal catheter openings in he com-

mon duct (Fig. 7). This is probably due

to the decreasing amount of muscle in the
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FIG. 6. This tracing
presents another example
of the protective, proxi-
mal sphincter fibers, the
sphincter choledochus.
Note, however, that even
though the pressure is
decreasing only in the
sphincter zone, the in-
trinsic sphincteric rhythm
is still transmitted to the
common duct.

FIG. 7. Representation of pressure profile seen with all catheter openings in common duct. Simul-
taneous changes in pressure are noted with 1) respiration, 2) sphincteric activity and 3) ampullary
activity, the 25-50 sec. minor variation in pressure. After morphine is given a pressure increase is noted
in all catheters. Sphincteric activity is seen differentially transmitted along the duct. Sphincteric rhythm
is exhibited during period of apnea caused by morphine.
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TABLE 2. Drug Effects on Common Duct Pressure

Change in Resting Change in Resting Change in Resting
Common Duct Common Duct After Common Duct After
After Morphine Methacholine Acetylcholine

Average Range Average Range Average Range
mm. N.S. mm. N.S. mm. N.S. mm. N.S. mm. N.S. mm. N.S.
Increase Increase Increase Increase Decrease Decrease

53 8-93 66 15-110 28 0-50

proximal common duct and greater dis-
tensability of this region.
A third rhythmic variation in pressure

was frequently seen occurring every 25 to
90 seconds, averaging 16 mm. of saline. In
Figure 7, an example of this minor rhythm
is demonstrated occurring simultaneously
in all catheter openings in the common bile
duct. Therefore, this cannot be interpreted
as common bile duct peristalsis. Menguy12
has reported a similar slow, low pressure

wave but offered no explanation for its oc-

currence. It would appear that this is due
to ampullary emptying and filling.

Effect of Drugs on Common
Duct Pressure

The spasmogenic effect of morphine on

the sphincter of Oddi has been known for
decades and was reconfirmed by the pres-

ent study (Table 2). Although the tone of
the sphincter mechanism was seen to be
increased by the administration of mor-

phine, the basic rhythm was unchanged.
The contractions were seen to be of greater
amplitude but still occurred on an aver-

age of every 3 to 5 seconds. Morphine also
uniformly depressed the respiratory rate.

Methacholine chloride, 5 mg. given sub-
cutaneously, was also noted to cause an

increase in pressure in the common duct.
No peristalsis was seen following the ad-
ministration of this drug.

Acetylocholine injected directly through
the proximal catheter opening into the
common duct caused a decrease in com-

mon duct pressure. Atropine, as well as

nalorphine, was found to lower the com-
mon duct pressure.

Discussion

The use of double or triple lumen cathe-
ters in the study of motor activity of the
esophagus is now well accepted and widely
employed.15 Changes in esophageal func-
tion associated with certain disease states
can easily be demonstrated. This study
represents an attempt to use the simul-
taneous recording multiple lumen catheter
in the investigation of extrahepatic biliary
tract function.

In order to explain the pressure waves

seen in the sphincter zone it becomes neces-
sary to think of this mechanism as com-
posed of three functional sphincters. Fig-
ure 8 is a diagrammatic representation of
this postulated triple sphincter mechanism.
The initial sudden rise in pressure noted
when the catheter enters the sphincter zone

is probably due to the tonus of the sphinc-
ter papillae.

Since Oddi's demonstration of a muscu-

lar sphincter at the distal end of the com-

mon bile duct, much has been learned and
postulated about the role of this sphincter
mechanism in health and disease. A mal-
functioning sphincter mechanism has been
singled out by clinicians as a factor in the
etiology of cholangitis, jaundice, hepatitis,
cholelithiasis, biliary colic, unexplained
right upper quadrant pain, recurrent acute
pancreatitis, dyspepsia and cholecystitis.
As there is no reliable medical means of
controlling a spastic sphincter, surgeons
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have developed various technics of sphinc-
terotomy. A reduction in ductal pressure
without reflux or ascending infection is the
goal. In 1936 Colp and Doubilet4 reported
that endocholedochal sphincterotomy could
do just that. The procedure was soon per-
formed on humans, especially for recurrent
acute pancreatitis. A transduodenal sphinc-
terotomy technic was also developed. The
efficacy of this procedure has been a
subject of much discussion and contro-
versy.6, 12 Lempke9 in 1963 concluded that
the effect of sphincterotomy is transient
and that it usually does not alter biliary
dynamics enough to be considered thera-
peutic.

In the present study the high pressure
zone of the sphincter mechanism in the
experimental animal was found to he about
2 cm. in length. Thus it would seem highly
unlikely that a transduodenal sphincter-
otomy of about 1 cm. could afford a satis-
factory means of reducing ductal pressure
in the animal. Further studies in humans
are being carried out to evaluate this aspect
of the problem.

Despite prolonged measurements of rest-
ing common duct pressure following the
administration of various drugs, no evi-
dence of coordinated intrinsic motor ac-
tivity of the common duct or peristalsis
could be demonstrated.

Summary

Motility studies in the common bile duct
using a double or triple lumen catheter
were performed on 18 mongrel dogs with
the following findings. 1) There is an in-
trins,ic contractile rhythm of the sphincter
of Oddi. Other variations in pressure in
the sphincter zone are postulated to be
due to ampullary filling and emptying as
a result of a functionally triple sphincter
mechanism. 2) Rhythmic pressure varia-
tions in the common duct tracings are be-
lieved to be due to respiration, transmitted
sphincteric activity and transmitted ampul-
lary emptying and filling. 3) No common
duct peristalsis could be demonstrated. 4)
On the basis of this experimental study
further doubt is cast upon the efficacy of
conventional transduodenal or endochole-
dochal sphincterotomy alone in ablating
the muscular activity of the sphincter of
Oddi.

References
1. Burnett, W. and Shields, R.: Movements of

Common Bile Duct in Man, Studies with
Image Intensifier. Lancet, 2:387, 1958.

2. Butsch, W. L., McGowan, J. M. and Walters,
W.: Clinical Studies on the Influence of
Certain Drugs in Relation to Biliary Pain
and to the Variations in Intrabiliary Pres-
sure. Surg. Gynec. & Obstet., 63:451, 1936.

3. Caroli, J., Porcher, P., Pequignot, G. and
Delattre, M.: Contribution of Cineradog-
raphy to the Study of the Function of the



HAUGE AND MARK Annals of Surgery1038 December 1965

Human Biliary Tract. Amer. J. Dig. Dis.,
5:677, 1960.

4. Colp, R., Doubilet, H. and Gerber, J. E.:
Endocholedochal Section of the Sphincter of
Oddi. Amer. J. Roentgen., 57:1, 1947.

5. Doubilet, H. and Coip, R.: Resistance of
Sphincter of Oddi in Humans. Surg. Gynec.
& Obstet., 64:622, 1937.

6. Eiseman, D., Brown, W. A., Virabutr, S. and
Gottesfeld, S.: Sphincterotomy; An Evalua-
tion of the Physiologic Rationale of the Op-
eration. Arch. Surg., 79:294, 1959.

7. Hendrickson, W. F.: Study of Musculature of
Entire Extrahepatic Biliary System, Includ-
ing Duodenal Portion of Common Bile Duct
and Sphincter. Bull. Hopkins Hosp., 9:221,
1898.

8. Hicken, N. F., McAllister, A. J., Franz, B. J.
and Crowder, E.: Does the Removal of the
Gallbladder Produce Functional Changes of
the Sphincter of Oddi and the Choledochus?
Amer. Surg., 17:598, 1951.

9. Lempke, R. E.: Sphincter of Oddi and Gall-
bladder Function: II. The Effect of Sphinc-
terotomy Upon Sphincteric Resistance. Ann.
Surg., 9:158, 1963.

[0. Mallet-Guy, P.: Value of Preoperative Mano-
metric and Roentgenographic Examination
in the Diagnosis of Pathologic Changes and
Functional Disturbances of the Biliary Tract.
Surg. Gynec. & Obstet., 94:385, 1952.

L1. Meltzer, S. J.: The Disturbance of the Law of
Contrary Innervation as a Pathogenetic Fac-
tor in the Diseases of the Bile Ducts and the
Gallbladder. Amer. J. Med. Sci., 153:469,
1917.

12. Menguy, R. B., Hallenbeck, G. A., Boilman,
J. L. and Grindlay, J. H.: Intraductal Pres-
sures and Sphincteric Resistance in Canine
Pancreatic and Biliary Ducts after Various
Stimuli. Surg. Gynec. & Obstet., 106:306,
1958.

13. Mirizzi, P. L.: Functional Disturbances of the
Choledochus and Hepatic Bile Ducts. Surg.
Gynec. & Obstet., 74:306, 1942.

14. Myers, R. N., Haupt, G. J., Birkhead, N. C.
and Deaver, J. M.: Cinefluorographic Ob-
servations of Common Bile Duct Physiology.
Ann. Surg., 156:442, 1962.

15. Nagler, R. and Spiro, H. M.: Serial Esophageal
Motility Studies in Asymptomatic Young
Subjects. Gastroenterology, 41:371, 1961.

16. Oddi, R.: D'Une Disposition a Sphincter Spe-
ciale de l'Overture du Canal Choledoque.
Arch. Ital. Biol., 8:317, 1887.

17. Scatliff, J. H., Mark, J. B. D. and Simarak, S.:
Cinefluorography of T-tube Extractions. Sur-
gery, 53:432, 1963.

18. Webb, W. R., DeGuzman, V. C., Hoopes, J. E.
and Doyle, R. A.: Experimental Evaluation
of Sphincteroplasty with and without Long
Arm T Tubes. Surg. Gynec. & Obstet., 119:
62, 1964.

19. Westphal, K.: Muskelfunktion, Nervensystem
un Pathologie der Gallenwege. Z. Klin. Med.,
96:22, 1923.

20. Whitaker, L. R.: The Mechanism of the Gall-
bladder. Amer. J. Physiol., 78:411, 1926.

21. Whitaker, L. R. and Boyden, E. A.: Observa-
tions on the Function of the Gallbladder.
Amer. J. Physiol., 76:199, 1926.


