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Frequencies and cyclical pattern of the human
sphincter of Oddi phasic activity
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SUMMARY Basal frequency of sphincter of Oddi phasic contractility has been repeatedly
measured during endoscopic manometry and reported to range, in control subjects, from
(M±SE) 3-0±0-6 to 7*5±0*7 c/min. Recently, high frequency (>8 c/min) phasic contractions
or absence of phasic activity were recorded in patients with postcholecystectomy or pancreatic
complaints, possibly suggesting a sphincter of Oddi dysfunction. In the present study, sphincter
of Oddi (biliary tract) phasic contractility was measured by perendoscopic manometry in 13
subjects without specific clinical symptoms of biliopancreatic disease and with a normal common
bile and pancreatic duct at ERCP. Four T-tube patients with no evidence of common bile duct
stones or papillary stenosis were studied for comparison (transductal sphincter of Oddi
manometry). Basal frequency was found to range from 0 to 7 c/min (M±SE: 2-99±0.46) in
perendoscopic manometry (85 min of recording time) and from 0 to 12 c/min (2.0±0.3) in
transductal manometry (2546 min of recording time). Long lasting transductal recordings also
showed that frequency of activity derived from the sphincter area varied cyclically in close
relation with the duodenal migrating motor complex. It is concluded that the sphincter of Oddi in
man is likely to participate in the interdigestive gastrointestinal motor activity and that short
perendoscopic recordings may not be representative of the overall sphincter of Oddi activity.

The sphincter of Oddi is a specialised and, to a large
extent, embryologically independent' muscular
structure surrounding the terminal end of common
bile and pancreatic duct. It determines a resistance
to flow toward and from the duodenum and displays
rapid closing and opening movements. As shown by
cinefluorography opening is accompanied by an
apparently free flux of ductal contrast medium into
the duodenum. Closing movement begins with a
ring like contraction at about half way of the
sphincter, then the ducts obliterate and ampulla
empties distally. Both movements appear to be
relatively' independent from duodenal motor
activity.
A quantitative evaluation of sphincter of Oddi

motility is possible by intra-Oddian manometry, and
the endoscopic cannulation of the papilla allows
measurements to be made in intact subjects and in
both the biliary and pancreatic tract of the sphincter.
Address for corrcspondence: Aldo Torsoli MD, Cattcdra di Gastro-
enterologia, c/o 2a Clinica Medica. Viale del Policlinico, (W)161 Roma. Italy.
Received for publication 12 July 1985

Pull through manometry shows that a zone of raised
resting pressure corresponds to the distal end of the
ducts, possibly indicating a continuous local tonic
activity. Superimposed on the resting pressure are
phasic waves which appear either simultaneous or in
temporal sequences suggesting anterograde or re-
trograde propagation.

Perendoscopic measurements include length and
basal pressure of the sphincter, amplitude, duration,
frequency, and propagation of phasic waves. Basal
frequency was reported to range (M±SE) from
3-0±0-6 to 7-5±0-7 c/min.49 Frequencies higher
than 8 c/min were recently recorded for several
minutes in patients with postcholecystectomy symp-
toms and were proposed as an explanation for
biliary dykinesia (tachyoddia).1(1 Periods of high
frequencies, or the absence of phasic activity, have
also been observed in patients with idiopathic
relapsing pancreatitis and presumptive sphincter of
Oddi dysfunction.11 Perendoscopic manometry,
however, might not be representative of the overall
sphincter motility as recordings are relatively short
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and possibly influenced by drdgs used for pre-
medication and the presence of the endoscope
within the duodenum.
The aim of this study was therefore to further

analyse basal frequencies of biliary sphincter of
Oddi phasic activity. Perendoscopic manometric
tracings from subjects without specific clinical symp-
toms of biliopancreatic disease, and with apparently
normal biliary and pancreatic ducts at ERCP, were
compared with more prolonged recording obtained
by transductal manometr' from patients with an

external biliary drainage.

Methods

MANOMETRIC RECORDINGS
A polyethylene triple lumen catheter, 200 cm
in length, with an outer diameter of 1-7 mm and
luminal diameters of 0-5 mm (Med. Techn. Inc.
Watertown, Mass, USA) was used to record intralu-
minal pressures from the biliary tract. Each lumen
ended with a 0 5 mm side hole and the three orifices
were spaced 2 mm apart. The most distal orifice was
5 mm from the catheter tip. Starting from the most
proximal orifice, the catheter was marked with eight
black rings 2 mm apart.

Intraduodenal pressures were recorded by means
of a single lumen polyvinyl catheter, with an outer
diameter of 1-7 mm and an inner diameter of
0-8 mm, which ended with a 0O8 mm side hole. A
radioopaque marker placed distally to the side hole
enabled the recording site at fluoroscopy to be
localised. Each manometric catheter was con-
tinuously infused with bubble-free water at a rate of
0*5 ml/min by a minimally compliant hydraulic
capillary infusion system (Arndorfer Inc, Green-
dale, Wisconsin, USA). Intraluminal pressures were
transmitted to P23 Db Statham external transducers
and then to a multichannel polygraph (either DR 8
Electronics for Medicine, White Plains, or R 511 A
Beckman, Irvine, Ca, USA) Paper ran at a constant
rate throughout the recording periods: 2-5 mm/sec
during perendoscopic manometry and 2-5 or
1 mm/sec during transductal manometry.

PROTOCOL OF THE STUDY
Perendoscopic manometry
Immediately before endoscopy all patients were
sedated with diazepam (10-20 mg iv). At least
12 min after completion of the ERCP examination
the triple lumen catheter was passed through the
biopsy channel of a fiberoptic endoscope (Olympus
JF IT), the papilla recannulated and the common
bile duct entered. The manometric catheter was
introduced into the common bile duct to record
intracholedochal pressure, and then withdrawn

across the sphincter of Oddi in 2 mm step in-
crements using the black marks on the catheter as a
reference for measurement. During pressure record-
ing the catheter position was monitored continuously
through the endoscope by observing the position of
the catheter marks relative to the papillary orifice.
At the end of the manometric procedure a small
amount of contrast medium (meglumine diatrizoate)
was introduced through one of the lumens of the
catheter to verify its correct position in the common
bile duct.

Intraduodenal pressures were recorded by the
single lumen catheter taped to the endoscope so that
its recording orifice was 4 mm proximally to the
biopsy channel opening.

Transductal manometry
Transductal manometry was done at least 15 days
after surgery. The triple lumen manometric catheter
was inserted, in one patient, through the T-tube
and, in three patients, through the choledocho-
cutaneous fistula remaining after T-tube extraction.
The catheter was gently pushed through the sphinc-
ter of Oddi into the duodenum and then withdrawn
across the sphincter of Oddi in 2 mm step incre-
ments to detect the sphincter high pressure zone.
Insertion of the catheter into the duodenum and
localisation of the recording side holes within the
sphincter of Oddi were checked at fluoroscopy
introducing contrast medium as needed through one
of the three lumens. Exact location of the recording
sites was also checked at fluoroscopy at the end of
each recording period and whenever variation in the
manometric record suggested dislocation of the
catheter. Once the three recording sites were
located within the sphincter the catheter was tightly
anchored to skin. Recordings in basal conditions
were done on separate days, three times in each
patient. At the end of each recording session the tip
of the catheter was withdrawn and left in the
choledochus.

Intraduodenal pressures were recorded in two out
of four patients by the single lumen catheter which
was introduced transnasally with a small mercury
bag attached at its distal end 15 cm distally to the
recording orifice which, at fluoroscopy, was located
in the second duodenal loop.

In both manometric approaches contrast medium
has been used to visualise the common bile duct
and/or to localise the manometric catheter and it
cannot be excluded that instillation of contrast
medium does not influence manometric recordings.
Such a possible interference, if any, can be assumed
to be scarcely relevant as by the time perendoscopic
manometry is done the previously injected contrast
medium has left the biliary tree and the small
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amount (1- 3 ml) of contrast medium used to
confirm positioning of the manometric catheter
during manometry does not induce any pressure
variation within the biliary tract as recorded simul-
taneously by the other two side holes.

ANALYSIS OF DATA

Sphincter of Oddi pressures were recorded as

mmHg with duodenal pressure as zero reference.
Pressure recordings were divided into one minute
periods. Maximal basal midinspiratory pressure,
mean amplitude and duration of phasic contractions
were measured at the level of the middle recording
orifice over each 1 minute period. Occasionally
during transductal manometry sphincter of Oddi
baseline recording dropped to zero. Basal pressure
was considered to be zero if baseline equalled
duodenal pressure in all three tracings, phasic waves
were present and did not reflect simultaneous
intraduodenal pressure variations and obvious arti-
facts could be excluded. A wave on sphincter of
Oddi tracings was identified as a sphincteric contrac-
tion if at least 16 mmHg high and appearing in close
time relation with at least another wave in the
remaining two tracings. A wave on duodenal tracing
was identified as a duodenal contraction if at least
6 mmHg. These figures have been chosen because
respiratory and movements artefacts seldom cause a

pen deflection greater than 16 and 6 mmHg, in the
sphincter of Oddi and duodenum, respectively and
because in our previous studies the lower amplitude
of sphincter of Oddi contractions was 16 mmHg and
the lower amplitude of duodenal contractions was

6 mmHg. Sphincter of Oddi and duodenal contrac-
tions were regarded to be associated if the entire or
a part of the waves appeared simultaneously. The
propagating pattern of sphincter of Oddi contrac-
tions were examined by analysing the three record-
ing sites. Contractions were defined simultaneous if
onset of the three waves appeared simultaneously;
anterograde if onset of the waves appeared progres-
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sively delayed from the proximal to the distal
recording sites; retrograde if onset of the three
waves appeared progressively delayed from the
distal to the proximal recording sites; mixed if the
three waves did not follow any of the above
definitions - for example, two simultaneous waves
and one either retrograde or anterograde.

PATIENTS
Perendoscopic manometry was carried out in 13
subjects (six men, seven women, age range 25-61
years) undergoing ERCP examination for recurrent
upper abdominal pain of unexplained origin and
without biochemical evidence of biliary or pancrea-

tic disease. Common bile duct did not exceed 8 mm
in diameter and injected contrast medium flowed
rapidly (in less than 6 min) into the duodenum after
retrograde cholangiography. None had been pre-

viously operated upon the biliary tree, pancreas or

the digestive tract.
Transductal manometry was carried out in four

additional patients (one man and three women,

aged 56, 58, 71, and 76 years) in whom a trans-
choledochal T-tube was positioned at operation for
acute cholecystitis and gall bladder stones (three
patients) and acute pancreatitis (one patient). None

mm Hg

IJ~ Middle

t;l,\>s,t@, sa8<^.^tj5St!aSP , ,,duodnum

Fig. 1 Perendoscopic manometric recordingfrom
sphincter of Oddi and duodenum in fasting basal
conditions: sphincter of Oddi phasic waves appearing
simultaneously at the three recording sites. Calibration in
mmHg.

Table Manometric characteristic of sphincter of Oddi recording

Perendoscopic Transductal

M±SE Range M±SE Range

Sphincter of Oddi basal pressure (mmHg) 13-6±1-3 7-5-25 6-4±1 0-44
Sphincter of Oddi phasic activity
Amplitude (mmHg) 114-3±10-9 40-176 51-6±12 16-223
Duration (sec) 6-9±0-5 3-11-8 3-8±0-5 3-5-12

Propagation (dmin)
Anterograde 0-2+0-1 0-2±0-09
Retrograde 0-3±0-1 0-06±0-02
Simultaneous 1-1±0-4 1-22±0-67
Mixed 0-3±0-1 0-3±0-1
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of the patients had stones in the common bile duct
or showed alterations at the distal part of the
choledochus as judged at operation by cholan-
giography and easy passage of a soft 8 F catheter
through the papilla. Enterohepatic circulation of
bile was re-established by closing the external end of
the T-tube at least one week before manometric
examination.

This study was approved by the Ethical Commit-
tee of SIGE (Italian Society of Gastroenterology),
and all patients gave informed consent.

Results

PERENDOSCOPIC MANOMETRY (Fig. 1)
Total recording time in basal conditions was
85 minutes (range in individual patients three to
nine minutes). Length of sphincter of Oddi high
resting pressure zone was 9-5±0-4 mm (range
7-13). Manometric characteristics of sphincter of
Oddi are reported in the Table. Mean frequency of
phasic contractions was 2-99±0-4 c/min with a range
from 0 to 7. There was no phasic activity (zero
frequency) during 15% of total recording time.
Frequency distribution of phasic contractions is
shown in Figure 2.

TRANSDUCTAL MANOMETRY (Fig. 3)
Total recording time in basal conditions was 2546
minutes (range for each recording session 39-686
minutes). Manometric characteristics of sphincter of
Oddi are reported in the Table. Period of zero
resting pressure could be detected in three patients
and occurred during 16 6% of the total recording
time. Mean frequency of phasic activity was 2-0±0-3
c/min with a range from a 0 to 12 c/min. Zero
frequency was recorded during 24-1% of total
recording time and frequencies equal or greater than
8 c/min during 3-1% of the time. Frequency distribu-
tion of phasic waves showed some skewness to the
left (Fig. 2) with a peak at 0 c/min.

30-

E0

,15-

0 1 2 3 4 5 6 7 8 9 10 11 12
c/min

Fig. 2 Frequency distribution ofphasic waves recorded by
perendoscopic (black columns: 13 subjects) and transductal
(empty columns: 4 pts) manometry in fasting basal
conditions.

Proximal mmHg
J50

duodenum 9D

,60"
Fig. 3 Transductal manometric recordingfrom sphincter
of Oddi and duodenum in fasting basal conditions:
sphincter of Oddi phasic waves appearing simultaneously at
the three recording sites in the absence ofduodenal
contractions. Calibration in mmHg.

Simultaneous sphincter of Oddi-duodenal long
lasting recordings showed that sphincteric phasic
activity varied cyclically over time paralleling the
cyclical duodenal interdigestive motor complex (Fig.
4). Overall 10 phases at maximal, zero and in-
termediate frequency of contractions were recorded
from the patients with transductal catheter. The
phases with maximal frequency of phasic activity
exhibited 9-12 c/min, had a mean duration of
168 sec (range 2-4 min), and were followed by
phases of zero frequency (mean duration 297 sec,
range 1-7 min). Phases with irregular and progres-
sively increasing frequency of contractions (range
0-8 c/min) ensued and had a mean duration of
76 5 min (range 33-111 min).

Overall two-thirds (65.1%) of sphincter of Oddi
contractions appeared to be associated with duo-
denal contractions and, conversely, 34-9% were
independent. During phase II association between
sphincter of Oddi and duodenal contractions varied
from 40 to 87%. Maximal association, reaching
100%, between sphincter of Oddi and duodenal
contractions constantly occurred during the duo-
denal interdigestive phase III.

Discussion

Sphincter of Oddi is a complex of smooth muscle
fibres showing both a tonic and phasic activity.
Phasic activity is represented by contractions and
relaxations corresponding to the cinefluorographic
closing and opening movements of the sphincter
area. Phasic contractions can be identified on
manometric tracings as positive pressure waves
either simultaneous or apparently propagating
caudally or cranially. On occasion, anterograde or
retrograde waves appear in a peristaltic-like pattern,
however, because longitudinal Oddian fibres are not
continuous around the circumference but condensed
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Fig. 4 Sphincter ofOddi and duodenal phases of the interdigestive migrating motor complex in a prolonged manometric
session (transductal and duodenal manometry). The 35 min continuous recording shows phase II in a, b and d, phase III in
c} phase I in c and d.

in two lateral fascicles,13 it seems unlikely that a true
peristalsis takes place along the sphincter.

Sphincter of Oddi phasic contractions vary in
frequency from subject to subject and also in the
same subject, but do not significantly differ at
various levels of the sphincter. 14 In the present
investigation, basal frequency ranged, at per-
endoscopic manometry, from 0 to 7 c/min. Fre-
quencies, equal or higher than 8 c/min or zero phasic
activity were recorded for 0 and 15% of the time,
respectively. Transductal manometry overcomes some
ofthe limitations ofperendoscopic approach. Sphincter
of Oddi recordings can be prolonged (hours), there is

neither premedication nor the endoscope in the
duodenum. Although possible in a restricted
population and corresponding to the unphysio-
logical situation of recording from a bile duct which
has been operated upon and which has access
through an abnormal route, transductal manometry
provided overall motor patterns comparable with
those of perendoscopic manometry. Phasic wave
frequency, however, ranged from 0 to 12 c/min.
Mean wave amplitude was smaller and mean
duration shorter, although the range values of
transductal manometry included those derived from
perendoscopic manometry. Waves occurred some-

367

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.27.4.363 on 1 A

pril 1986. D
ow

nloaded from
 

http://gut.bmj.com/


368 Torsoli, Corazziari, Habib, De Masi, Biliotti, Mazzarella, Giubilei, and Fegiz

times at an apparently regular time interval (Fig. 2),
in other instances as short bursts of repetitive
contractions (Fig. 4). No definite explanation can be
given for these discrepancies, although the different
recording approach, a possible sampling error
among the limited number of patients investigated
and the different mean age of the two groups could
be taken into account.

This study shows that by means of prolonged
transductal manometry it is possible to detect short
periods of either rapid phasic contractions or no
phasic activity due to the interdigestive cyclical
changes in sphincter of Oddi frequency and which
are rarely seen during short ERCP recordings.
Accordingly, perendoscopic measurements should
not be considered representative of the overall
sphincter motility, but only of the activity phase
during which manometry takes place. Transductal
manometry also confirmed the relative indepen-
dence of sphincter of Oddi phasic motility in man, as
in the dog, 1 and showed that this motility is
submitted to cyclical changes apparently related to
the various phases of the duodenal interdigestive
migrating motor complex. Maximal frequencies
(10-12 c/min) recorded from the sphincter
of Oddi area coincided with phase III and no activity
coincided with phase I of the duodenal interdiges-
tive migrating motor complex. A varying number of
autonomous sphincter of Oddi contractions were
observed during duodenal phase I and II whereas in
phase III sphincter of Oddi and duodenal contrac-
tions were closely associated. This close association
raises the question whether sphincter of Oddi has its
own pacemaker at the same frequency of the
duodenum or its movements are paced by a duo-
denal pacemaker. In the latter situation, sphincter
of Oddi 10-12 c/min phasic waves might simply
reflect contraction of the duodenal muscle surround-
ing the papilla.

Experiments in rabbits provided evidence of
independent pacemakers in the sphincter of Oddi
and duodenum.'6 In the opossum'7 sphincter of
Oddi spike burst activity showed a cyclic interdiges-
tive pattern similar to that of the stomach and small
bowel. Spike burst frequency of sphincter of Oddi
and duodenum coincided during maximal motor
activity but not during duodenal quiescence, when
sphincter of Oddi bursts could still be recorded. In
man, however, this problem deserves further study.
The cyclical pattern of sphincter of Oddi phasic

activity suggests that the sphincteric activity is
adjusted to deal with the cyclically varying flow of
bile and pancreatic juice into the duodenum. In fact
it is known'8 that bile flow fluctuates over time (it
increases progressively from phase I to phase III of
the duodenal interdigestive migrating motor com-

plex and then decreases markedly during phase III)
and recent observations in dogl seem to indicate
that such phasic changes might play a major role in
regulating delivery of bile and pancreatic juice into
the duodenum.

This work was supported in part by the CNR, grant
no. CT 82.02112.04. A preliminary communication
of this work appeared as an abstract'9 and was
presented as poster at the AGA Meeting, New
Orleans, Louisiana, May 1984.
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