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Intraluminal Pressure Recording from the 
Human Sphincter of Oddi 
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In this study we recorded intraluminal pressure from 
the human sphincter of Oddi during ERCP examina- 
tion and determined the effect of enteric hormones 
on sphincter of Oddi motor function. Studies were 
obtained in 26 patients who had no demonstrable 
evidence of pancreaticobiliary disease. After can- 
nulation of the common bile duct (CBD) or pancre- 
atic duct (PD), pressure measurements were made 
across the sphincter of Oddi (SO) during 1-2 mm in- 
cremental withdrawals of the catheter pausing 1 min 
or longer at each station. The findings showed an SO 
segment, 4-6 mm in length, that had basal, steady- 
state pressure about 4 mm Hg higher than CBD or 
PD pressure. Pronounced phasic contractions were 
superimposed on the basal SO pressure. These 
phasic contractions measured 101 k 50 SE mm Hg in 
amplitude and 4.3 f 1.5 set in duration. They had a 
frequency of 4.1 + O.S/min. Corresponding phasic 
contractions were not observed in the CBD, PD, or 
duodenum. Intravenous pulse doses of cholecystoki- 
nin octapeptide and glucagon depressed SO motor 
activity, whereas pentagastrin increased SO pres- 
sure. Secretin caused a mixed response of excitation 
followed by inhibition. We conclude that the human 
sphincter of Oddi demonstrates unique phasic con- 
tractions that are altered by enteric hormones given 
intravenously. These phasic SO contractions may 
have an important role in regulating biliary and pan- 
creatic duct emptying. 

At present, little information is available about the 
pressure dynamics of the sphincter of Oddi in hu- 
mans. Recent developments in recording instrumen- 
tation,’ however, offer the opportunity for accurate 
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quantitation of sphincter of Oddi motor activity at 
the time of endoscopic retrograde cholangiopan- 
creatography (ERCP) examination. In this study we 
evaluated the manometric characteristics of the 
sphincter of Oddi at ERCP examination in patients 
who were without demonstrable evidence of biliary 
or pancreatic duct disease, and determined the ef- 
fect of enteric hormones on sphincter of Oddi motor 
function. 

Methods 

During the past 2 yr, we obtained manometric 
pressure recordings in 102 patients undergoing ERCP ex- 
amination for suspected biliary or pancreatic disease. 
From this group we identified 26 individuals, who showed 
no abnormality of the biliary and pancreatic ducts at the 
completion of their evaluation. Data from these 26 sub- 
jects (9 males and 17 females, age 45 -C 30 SE yr) were ana- 
lyzed to provide an estimate of normal pressure dynamics 
in the biliary duct, pancreatic duct, and sphincter of Oddi. 

Pressure recording was accomplished using two Teflon 
catheters each of an internal diameter of 0.8 mm, an outer 
diameter of 1.6 mm, and length of 200 cm. A lateral record- 
ing orifice of 0.8 mm diameter was cut in each catheter 3 
mm from its distal end. The catheter lumen beyond the 
side hole was sealed with glue. The end of one catheter 
was marked by three black rings, 1 mm wide and 3 mm 
apart, to permit endoscopic observation of the depth of 
catheter insertion into the sphincter of Oddi. To obtain 
recordings from the biliary and pancreatic duct systems, 
this latter catheter was passed through the biopsy channel 
of a fiberoptic endoscope (Olympus model JFB-2). Contin- 
uous recording of the duodenal intraluminal pressure was 
obtained by a second Teflon catheter which was taped to 
the endoscope so that its recording orifice was 4 mm prox- 
imal to the biopsy channel opening. 

During pressure recording, each catheter lumen was in- 
fused with bubble-free water, 0.25 ml/min, by a minimally 
compliant hydraulic-capillary infusion system’ driven by 
a constant reservoir pressure of 750 mm Hg. Under these 
conditions, the hydraulic-capillary infusion system 
yielded a postocclusion pressure rise rate of 250 mm Hg in 
1 set when the recording orifice of each catheter was 
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abruptly occluded. During flow at 0.25 ml/min, catheter 
base line pressure increased 8 mm Hg. This steady-state 
base line pressure was reset to zero. With the catheter in 
place, flexion of the endoscope tip caused no appreciable 
alteration of baseline pressure. In vivo flexion of the tip 
occasionally caused ramping of the pressure recording 
when the catheter orifice became impinged against the duo- 
denal wall. This phenomenon was easily recognized and 
readily remedied by adjusting the attitude of the in- 
strument. 

Immediately prior to endoscopy, the majority of the pa- 
tients were sedated with diazepam (lo-15 mg i.v.). Diazepam 
is reported to have no effect on sphincter of Oddi pres- 
sure.’ After insertion of the endoscope into the stomach, 
the scope was advanced into the duodenum with the pa- 
tient in the left prone oblique position. The duodenal pa- 
pilla was then identified and cannulated using a conven- 
tional end-hole catheter designed for injection of contrast 
medium. Following roentgen examination of the biliary or 
pancreatic ducts, or both, with water-soluble contrast me- 
dium, the end-hole catheter was removed, and the intra- 
ductal contrast medium allowed to drain into the duode- 
num. The manometric catheter was then inserted into the 
endoscope, the papilla recannulated, and the catheter 
passed 1-2 cm into the common bile duct or pancreatic 
duct. Location of the catheter was determined fluoro- 
scopically by injection of a small amount of contrast me- 
dium which was allowed to drain prior to manometric 
study. In each study several station withdrawals of the 
catheter recording orifice across the sphincter of Oddi 
were done in 1-2 mm increments, pausing 1 min or longer 
at each station. After sphincter of Oddi pull-throughs, the 
catheter recording orifice was stationed at one position in 
the sphincter segment, and pressure recording was ob- 
tained for 10 min or longer. During continuous recording 
from the sphincter of Oddi, pressure activity from the 
sphincter was determined before and after intravenous in- 
jections of different enteric hormones. The following hor- 
mones were tested: cholecystokinin-octapeptide (E. R. 

Figure 1. Manometric recording of sta- 
tion pull-through across the 
sphincter of Oddi (SO) seg- 
ment. The upper tracing is 
from the catheter withdrawn 
through the sphincter, while 
the bottom recording shows 
the pressure recorded from 
an intraduodenal catheter 
taped to the endoscope. Each 
dot represents a Z-mm with- 
drawal of the cannulating 
catheter. The margins of the 
sphincter segment are shown 
by arrows. The pull-through 
pressure recordings from the 
SO segment demonstrate a 
basal SO pressure slightly 
higher than pressure in the 
bile duct. Phasic contraction 
waves are superimposed on 
the shallow basal SO pres- 
sure plateau. 

Squibb, Princeton, N.J.), glucagon (E. Lilly, Indianapolis, 
Ind.), secretin (Gastrointestinal Hormone Research, Karo- 
linska Institute, Stockholm, Sweden), and pentagastrin 
(Ayerst Laboratories, New York, N.Y.). Each hormone was 
injected as a pulse dose over a 30-see interval. During pres- 
sure recording, catheter position was monitored continu- 
ously through the endoscope by observing the position of 
the catheter marks relative to the papillary orifice. 

For statistical analysis of data, we used the paired Stu- 
dent’s t-test. All averaged values in the text are given as x 
+- 1 SE. This study was approved by the Institutional Hu- 
man Research Review Committee in June 1977. 

Results 

After positioning the manometric catheter in 
either the common bile duct (CBD) or pancreatic 
duct (PD), most station pullthroughs showed a seg- 
ment, 4-6 mm in length, that had a basal steady- 
state pressure which was only slightly higher than 
duct pressure. We judged that this segment (Figure 
1) represented the sphincter of Oddi (SO). Superim- 
posed on the SO basal pressure plateau were high- 
amplitude phasic contractions which often demon- 
strated a regular frequency. As the catheter exited 
from the sphincter and entered the duodenum, an 
abrupt fall in pressure occurred. The pressure re- 
corded from this catheter then became identical to 
that of the external duodenal catheter attached to 
the duodenoscope. About one out of ten sphincter 
pull-throughs showed a prominent high-pressure 
zone with continuous rapid phasic activity that ob- 
scured a stable basal pressure (Figure 2). Such rec- 
ordings, however, were not reproducible and may 
possibly be artifacts, and therefore were not in- 
cluded in our data analysis. 
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Figure 2. Manometric recording of sta- 
tion pull-through across the 
sphincter of Oddi (SO) seg- 
ment. The upper tracing is 
from the catheter withdrawn 
through the sphincter, while 
the bottom recording shows 
the pressure recorded from 
an intraduodenal catheter 
taped to the endoscope. Each 
dot represents a 2-mm with- 
drawal of the cannulating 
catheter. The margins of the 
sphincter segment are shown 
by arrows. The pull-through 
pressure recording from the 
SO segment demonstrates a 
prominent high-pressure 
zone with rapid phasic activ- 
ity. A steady-state basal SO 
pressure is not seen. 
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Figure 3 shows the pressure values obtained from 
CBD pullthroughs in 12 patients, and PD pull- 
throughs in 14 patients. Because duodenal pressure 
was taken as the zero reference, the CBD, PD, and 
basal SO pressures are shown as pressure gradients 
relative to duodenal pressure. No significant differ- 
ence existed between CBD pressure (12.4 + 1.5 mm 
Hg), when compared to PD pressure (15.7 f 1.5 mm 
Hg). The basal SO pressure averaged 4 mm Hg 
above ductal pressures for both the CBD and PD 
pull-throughs. 

The values for the SO phasic contractions were as 
follows: Wave amplitude averaged 101 & 50 mm Hg 
above atmospheric pressure. Wave duration was 4.3 
+ 1.5 set, and wave frequency 4.1 + O.S/min (range 
3-12/min). Sphincter of Oddi wave frequency was 
often regular during lo-15 min of recording, but in 
other instances, changes in frequency occurred. The 
waves sometimes varied between a regular and ir- 
regular rhythm. 

An intravenous pulse dose of cholecystokinin-oc- 
tapeptide (CCK-OP) of 0.02 pg/kg invariably abol- 
ished the phasic SO contractions and generally also 
caused an increase in duodenal contractions (Figure 
4). The reduction in basal SO pressure ranged from 3 
to 5 mm Hg. The effect of CCK-OP on the pressure 
and frequency of SO phasic contractions in 7 pa- 
tients is shown in Figure 5. Two minutes after CCK- 
OP, SO phasic wave amplitude was significantly re- 
duced from 118 & 9 to 21 f 14 mm Hg, and wave fre- 
quency fell from 5 +- 0.5 to 0.4 f 0.3 contractions/ 
min. 

Glucagon, given in an i.v. pulse dose of 0.4 mg to 8 
patients also caused a reduction in SO pressure ac- 
tivity (Figure 6). Basal SO pressure generally fell 3-5 
mm Hg. Amplitude of the phasic SO contractions 
decreased from 128 -t 17 to 54 f 12 mm Hg, and SO 

phasic wave frequency from 5.0 f 0.5 to 1.6 +- 0.6 
contractions/min at 3 min after glucagon adminis- 
tration (Figure 7). These glucagon-induced changes 
in SO wave amplitude became maximal at 3 min, 
and were largely dissipated by 10 min. A glucagon 
dose of 0.2 mg administered to 4 patients caused 
similar, but less dramatic, reduction in SO phasic 
wave amplitude and frequency at 3 min. 

Secretin, at an i.v. dose of 1 U/kg was administered 
to 12 patients. Three minutes after secretin, SO 
phasic amplitude and frequency were increased 
above baseline values. The phasic wave amplitude 
increased from 116 +- 13 to 156 -+ 13 mm Hg, while 
wave frequency increased from 4.3 f 0.3 to 5.3 f 0.5 
contractions/min (P < 0.05). At about 6 min after se- 
cretin, however, both the SO amplitude and fre- 
quency decreased significantly from control values. 

“I 
BILE DUCT PULL-THROUGH 

(I2 Patients) 
Pl ANC 

PUI 

I- 

AL- 
CBD 

1 
/ d 
so 

:REATIC WC1 
-L-THROUGH 
14 Patwlisl 

i 

I’ 1 i 

I 1 

iI 
PD so 

- 

Figure 3. Pressure values obtained from common bile duct (CBD) 
and pancreatic duct (PD) pull-throughs across the 
sphincter of Oddi (SO). The resting CBD, PD, and SO 
pressure gradients are referenced to duodenal pressure 
as zero. The black vertical hors indicate 1 SE. 
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Effect of cholecystokinin-octapeptide (CCK-OP) on the 
amplitude and frequency of phasic pressure waves re- 
corded from the sphincter of Oddi (7 subjects). An os- 
terisk indicates a significant change from the control 
values (P < 0.01). 

Figure 4. Effect of cholecystokinin-oc- 
tapeptide (CCK-OP) on 
sphincter of Oddi (SO) pres- 
sure. The top tracing was ob- 
tained via a catheter orifice 
stationed within the sphinc- 
ter, and the bottom tracing 
was recorded by an intra- 
duodenal catheter attached 
to the endoscope. About 45 
set after intravenous CCK- 
OP at a dose of 0.02 pg/kg, the 
phasic SO activity was abol- 
ished and a slight decrease 
occurred in basal SO pres- 
sure. Phasic intraduodenal 
contraction waves began 80 
set after CCK-OP adminis- 
tration, but these duodenal 
contractions were not trans- 
mitted to the recording from 
the sphincter of Oddi. 

Discussion 

During the past several decades, investigators 
have recorded pressures from the common bile duct 
during biliary tract surgery or postoperatively via an 
indwelling biliary duct T-tube.“-” Manometry during 
ERCP examination, however, now allows pressure 
measurements from the biliary and pancreatic duct, 
as well as from the sphincter of Oddi, in nonop- 
erative patients. The first description of ERCP ma- 
nometry was in 1974 from Germany.7 Subsequently, 
additional reports on ERCP manometry have ap- 
peared in the medical literature.2~R~‘2 The majority of 
these reports, however, focus on pressure measure- 
ments from the biliary or pancreatic ducts rather 
than from the sphincter of Oddi. In this study we: (a) 
recorded pressure activity within the human sphinc- 
ter of Oddi, (b) identified phasic contraction waves 
from the sphincter segment which hitherto have not 
been observed in humans, and (c) evaluated the ef- 
fect of enteric hormones on sphincter of Oddi pres- 
sure activity. 

Because investigation of asymptomatic volunteers 
was not feasible, we selected for analysis 26 patients 
who underwent ERCP examination, but had no sub- 
stantiating evidence of biliary or pancreatic disease. 
We believe that the manometric data from these pa- 
tients represents an approximation of normalcy. 

Using station withdrawals of a single infused 
catheter orifice across the sphincter of Oddi in 1-2 

mm increments, we generally identified a steady- 
state basal SO pressure that was only a few mm Hg 
greater than biliary or pancreatic duct pressure. In a 
few instances, however, we recorded erratic SO pres- 
sures 15-20 mm Hg above CBD or PD pressure. Be- 
cause these pressures were not reproducible be- 

https://www.gastroscan.ru/physician/manometry/03/
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Effect of glucagon on sphincter of Oddi (SO) pressure. The top tracing was obtained via a catheter orifice stationed within the 
sphincter, while the bottom tracing was recorded by an intraduodenal catheter attached to the endoscope. About 2 min after 
intravenous glucagon at a dose of 0.4 mg, the phasic SO contractions are seen to be reduced in amplitude and frequency. The 
slight decrease glucagon caused in basal SO pressure cannot be appreciated on the reduced image of the tracing. Beginning 98 
set after glucagon administration, no contraction waves are seen in the recording of duodenal pressure. 

tween subjects or between SO pull-throughs in the 
same subject, we did not include these recording se- 
quences in the present analysis. High basal SO pres- 
sures in the 15-45 mm Hg range were described by 
Nebel in normal subjects,’ but have not been re- 
ported by other investigators. The possibility exists 
that high steady-state pressures generated by short 
discrete sphincters, 1-2 mm in length, within the SO 
segment might not be radially uniform or might be 
missed on most pull-throughs. Thus, short choledo- 
chal or pancreatic duct sphincters located at the 
proximal margin of the SO segment might account 
for the variability of our findings. 

The major finding in our study was phasic con- 
tractions in the human sphincter of Oddi. These 
phasic contractions were not recorded in the com- 
mon bile or pancreatic ducts and did not occur 
coincidentally in the duodenum. Similar phasic SO 
pressure waves have been observed previously in 
the sphincter of Oddi in opossums,” but SO con- 
tractions had not been described on manometry in 
humans. Using electromyelographic or cineroentgen 
techniques, or both, however, phasic rhythmic SO 
contractile activity has been recorded in humans 14-” 
as well as in experimental animals.‘“~*’ The question 
arises, therefore, why other investigators performing 
ERCP manometry have not reported phasic SO con- 
tractions. Perhaps the disparity is partially ex- 
plained by differences in instrumentation. During 
our earlier studies with ERCP manometry, a conven- 
tional syringe-pump system with high compliance 
was used to infuse the manometric catheter. With 
such an infusion system the phasic SO contractions 
were either inapparent or greatly dampened. When 
the dampened contraction waves were present, we 
did not initially recognize their importance. Since 

we began using a minimally compliant infusion sys- 
tem with high-fidelity characteristics,’ we have per- 
formed ERCP manometry in more than 100 patients. 
High-amplitude phasic SO contraction waves have 
been identified on more than 95% of the examina- 
tions. 

Because the SO contraction waves occurred at a 
rate up to lZ/min, the possibility exists that the SO 
contractions are controlled by duodenal pacesetter 
potentials which have a frequency of about lZ/min 
in the human duodenum.“’ Available evidence, how- 
ever, suggests that SO motor activity is not directly 
related to duodenal pacesetter electric activity. First, 
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Effect of glucagon on the amplitude and frequency of 
phasic pressure waves recorded from the sphincter of 
Oddi (8 subjects). An asterisk indicates a significant 
change from control values (P < 0.01). 
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the muscle fibers of the Oddi sphincter zone are em- 
bryologically distinct from those of the duodenal 
wall.“’ Second, electromyelographic studies in rab- 
bits demonstrate different electrical activity between 
the muscle of the sphincter of Oddi and the duode- 
nal wall.1A~‘9 Finally, findings from simultaneous 
electromyelography of the sphincter of Oddi and du- 
odenum accompanied by cinecholangiography sug- 
gest that SO muscle activity in humans is independ- 
ent of duodenal muscle activity. In our study, SO 
contractions were generally not accompanied by 
concurrent duodenal contraction. Duodenal con- 
tractions, when present, differed in timing from the 
SO contractions. Cholecystokinin-octapeptide abol- 
ished the phasic SO contractions, but often in- 
creased duodenal contractile activity. 

Some role for the SO phasic contractions in con- 
trolling biliary and pancreatic duct emptying seems 
likely. Under resting conditions, bile flow across the 
sphincter of Oddi is metered drop by drop,15,22 rather 
than occurring as entry of a large bolus into the duo- 
denum, such as might occur during a mass gallblad- 
der contraction. This metering function of the 
sphincter of Oddi differs from the function of many 
other physiologic sphincters, which open as an iso- 
lated event on demand, but remain closed most of 
the time. The physiologic role of SO motor activity is 
controversial.23~2” Some investigators suggest that 
phasic contractions serve as a peristaltic pump,13 
whereas others propose that these contractions im- 
pede biliary and pancreatic duct emptying.‘9~25 Al- 
though the design of our study does not provide data 
to resolve this issue, we believe that the evidence 
available favors the notion that phasic SO activity 
retards biliary and pancreatic duct emptying in hu- 
mans. SO contractile activity is abolished during in- 
tervals of rapid bile duct emptying, such as that elic- 
ited by CCK. Ono et a1.l’ have shown that after 
administration of contrast media via a common duct 
tube, the flow of contrast across the terminal portion 
of the CBD was interrupted intermittently during 
electrical activity of the SO musculature. Con- 
versely, flow into the duodenum occurred only dur- 
ing intervals of absent SO electrical activity. 

In our study intravenous pulse doses of exogenous 
CCK-OP and glucagon reduced basal SO pressure 
and inhibited phasic SO contractions. In contrast, 
pentagastrin caused SO contraction. Secretin elic- 
ited a biphasic response of SO excitation followed 
by inhibition. Because the doses of hormones used 
were probably nonphysiologic, we consider the ob- 
served responses to be pharmacologic rather than 
physiologic. Evidence exists, however, that a physio- 
logic role of CCK ,is to relax the sphincter of Oddi 
while causing gallbladder contraction.25.2” Similarly, 
secretin may have an accessory role to CCK in inhib- 

iting SO tone.26 Teleologically, an inhibitory effect of 
CCK and secretin on the sphincter of Oddi would be 
anticipated because these hormones increase fluid 
flow through the biliary and pancreatic ducts, re- 
spectively. The fact that both hormones tend to re- 
duce basal SO pressure and inhibit phasic SO con- 
traction suggests that total inhibition of SO motor 
activity may be needed for maximal fluid outflow 
across the sphincter segment. 

Our findings for CCK-OP are consistent with 
those of Nebel,” who found CCK decreased the 
“peak” pressure profile of the human sphincter of 
Oddi. Studies in the dogZ7-29 and cat3’ have demon- 
strated that CCK has an inhibitory effect in vivo on 
SO motor activity. The net effect of CCK on bile 
flow may vary depending on duodenal motor activ- 
ity. When CCK increases duodenal motor activity in 
dogs, bile outflow decreases.2g A recent report sug- 
gests that CCK given to humans as one dog unit iv. 
increases motor activity in the human small bowel, 
but not in the duodenum.31 In our study, CCK-OP, 
0.02 pg/kg i.v., stimulated duodenal contractions in 
about one-third of the subjects. Earlier studies claim 
that CCK has a direct inhibitory effect on SO 
muscle.25.“2 A more recent study in the cat, however, 
suggests that CCK has a direct excitatory effect on 
SO muscle, but also excites noncholinergic inhib- 
itory nerves to the sphincter.30 The net effect is SO 
relaxation. Some evidence suggests that the effect of 
CCK on SO muscle is mediated by cyclic AMP.‘5,3” 

In an earlier study, secretin was reported to in- 
crease SO pressure in humans.* Our study showed 
that secretin caused an initial increase in SO phasic 
wave amplitude and frequency within 3 min after its 
intravenous administration. By 6 min after secretin 
administration, however, the pattern changed signif- 
icantly as SO phasic wave amplitude and frequency 
fell below control levels. This depression of sphinc- 
ter motor activity was frequently associated with 
the endoscopic observation of increased bile flow 
across the papilla. In dogs, secretin administration is 
associated with decreased SO resistance accom- 
panied by increased fluid flow across the sphinc- 
ter.2”.34 Because the threshold dose of secretin which 
relaxed the sphincter of Oddi was four times less 
than that needed to contract the gallbladder, Lin 
postulated that secretin has a physiologic role in reg- 
ulating SO resistance.34 

Glucagon in intravenous pulse doses of 0.2 and 0.4 
mg/kg caused a significant reduction in SO phasic 
wave amplitude and wave frequency. Nebel also re- 
ported that glucagon reduces SO pressure in hu- 
mans, and several studies in the dog report similar 
findings.“,ZA Because the glucagon dose required to 
get an effect is in the pharmacologic range, a physio- 
logic role for glucagon in regulating SO motor func- 
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tion is considered unlikely.“” Glucagon is useful as a 
pharmacologic agent, however, to relieve sphincter 
of Oddi spasm which may simulate an impacted 
gallstone in the distal common bile duct during cho- 
langiography.“” 

In this study intravenous pulse doses of pen- 
tagastrin as low as 0.01 pg/kg generally caused such 
vigorous SO and duodenal contractions that the rec- 
ording orifice was displaced from the sphincter seg- 
ment. Nebel reported an increase in SO pressure in 
humans following a 0.1 pg/kg pentagastrin dose.’ 
Previously, we reported that pentagastrin given to 
dogs cause SO contraction accompanied by a reduc- 
tion in fluid flow through the common bile duct.” An 
in vitro study reports that Gastrin I simulates the cir- 
cular muscle of the canine SO.** In other studies, 
however, gastrin has been reported to relax the 
sphincter of Oddi in the dog” and guinea pig.“” Irre- 
spective of the discrepancies concerning gastrin’s ef- 
fect on the SO, we believe that gastrin probably has 
a negligible physiologic role in regulating SO motor 
function. 

The major finding in the present study is that 
high-amplitude phasic contractions occur in the hu- 
man sphincter of Oddi. What physiologic role, if 
any, these contractions have in regulating biliary- 
pancreatic duct emptying remains to be determined. 
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