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Abstract

Background Several animal and human studies have reported that sphincter of Oddi (SO) motility shows cyclical changes
during the fasting state. However, to date, the relationship between the SO motility and the migrating motor complex (MMC)
of the small bowel (SB) remains unclear in humans.

Aims We observed SO motility over a long study period and evaluated its relationship with the MMC of the SB in humans
using percutaneous long-term manometry.

Methods Our study included patients with hepatolithiasis who required percutaneous transhepatic catheter placement and
subsequently underwent choledochoscopy and stone removal. Long-term percutaneous transhepatic SO manometry was
performed after complete stone removal. SO and SB motility were simultaneously recorded.

Results SO motility showed cyclical phasic changes with periodic high-frequency contractions similar to the MMC contrac-
tions of the SB. All high-frequency contractions of the SO coincided with phase III contractions of the MMC of the SB.
The proportions of phase III contractions of SO and SB were similar, but the proportions of phase I (P=0.001) and phase
II (P=0.002) contractions were significantly different. The mean basal SO pressure was observed to significantly increase
in phase III compared to phase I (P=0.001) and phase II (P =0.001) contractions.

Conclusions SO motility in humans showed cyclical phasic changes closely coordinated with the MMC of the SB in a fast-
ing state; however, the proportion of phases differed between the SO and the SB. The basal pressure significantly increased
during physiological high-frequency phase III contractions of the SO.
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Introduction

Several animal studies have reported that sphincter of
0ddi (SO) motility shows clearly distinguishable cyclical
changes in a fasting state [1-4], and these cyclical changes
in SO motility show a close relationship with the migrat-
ing motor complexes (MMCs) of the small bowel (SB).
Few studies in humans have described cyclical changes
in SO motility because long-term SO manometry is not
usually performed [5-8]; such cyclical changes of the
SO remain neglected as a part of the normal criteria of
SO motility and diagnosis of SO dysfunction, although
periodic high-frequency contractions of the SO have been
observed in human SO manometry studies.

SO manometry can be performed via the endoscopic
transpapillary route or percutaneously. Conventional
endoscopic SO manometry does not indicate overall SO
motility because recordings are obtained over a relatively
short period and could be affected by a number of fac-
tors including air inflation and medications used during
endoscopy. Percutaneous SO manometry can be performed
via the transhepatic or T-tube tract, allowing long-term
recordings without associated discomfort and/or risk of
complications and may reflect a more accurate physiologi-
cal baseline than endoscopic SO manometry. We used a
specially designed percutaneous long-term SO manometry
catheter (3- or 8-lumen) to simultaneously evaluate the
SO and SB motility. Therefore, here we performed long-
term percutaneous SO manometry simultaneously with
obtaining SB tracings to accurately evaluate the cyclical

Fig. 1 a 3-Channel percutane- a
ous sphincter of Oddi and small
bowel manometry catheter. b
The 8-channel percutaneous
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changes/patterns of SO motility and their relationship with
the MMC of the SB in humans.

Methods
Patients

Our study included patients diagnosed with hepatolithiasis
who underwent percutaneous transhepatic choledochoscopy
between January 2006 and December 2014. Exclusion cri-
teria were: prior upper gastrointestinal surgeries, history of
sphincterotomy, or presence of a periampullary diverticulum
or papillary stenosis indicated by fluoroscopic evidence of a
slow/reduced flow through the papilla. Manometric studies
were performed without any premedication after an over-
night fasting period approximately 4—7 days after complete
removal of the hepatolithiasis. Patients underwent minimum
3-year follow-up for the assessment of the development of
symptoms related to apparent SO dysfunction. This study
was approved by the Ethical Committee of the Ajou Uni-
versity Hospital.

Percutaneous Transhepatic SO Manometry

We used two types of specially designed percutaneous man-
ometric catheters to simultaneously record SO and SB motil-
ity tracings. The first was a 3-lumen manometric catheter
(Arndorfer Inc., Greendale, WI, USA) (Fig. 1a) that was
160 cm long with an outer diameter of 1.7 mm. The inner
diameter of each lumen and the diameter of each luminal
orifice was 0.5 mm. The two proximal orifices used to record
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the SO motility were set 2 mm apart, and the distal orifice
used to record the SB motility was located 10 cm below the
orifice above. The other catheter was an 8-lumen manomet-
ric catheter (Arndorfer Inc., Greendale, WI, USA) that was
designed to record the propagation of duodenal motility to
the proximal jejunum and simultaneously record SO motil-
ity (Fig. 1b). The 3-lumen manometry catheter has just only
one side hole for duodenal motility. Therefore, we could not
evaluate the propagation of MMC of SB using the 3-lumen
manometry catheter. For that reason, we used a specially
manufactured 8-lumen manometry catheter (increased the
number of lumens for the small bowel) to further evalu-
ate the propagation of MMC of the SB and the correlation
between the SO and SB motility. It was 200 cm long with
an outer diameter of 4.5 mm, and the inner diameter of each
lumen and the diameter of each luminal orifice was 0.5 mm.
The three proximal orifices used to record the SO motility
tracing were set 2 mm apart, while the five distal orifices
to record the SB motility tracing were 10 cm apart begin-
ning from the third proximal orifice. The location of the side
hole for SB motility was determined using a modification
of the manometry catheter design used in the study of Kuo
et al. [9], and the 10-cm spacing was used to compare and
measure the SO motility and duodenal motility completely
independent. Each lumen was infused with sterilized and
distilled water at a rate of 0.25 mL/min using a low-compli-
ance pneumohydraulic capillary infusion system (Arndorfer
Inc., Greendale, WI, USA) (Fig. 2). Pressures were recorded
using the PC polygraph HR (Synectic Medical Inc., Stock-
holm, Sweden) or Polygram Net (Medtronic, Skovlunde,
Denmark).

The manometry catheter was inserted via a percutaneous
transhepatic biliary drainage tract and tightly anchored to
the skin at the appropriate position under fluoroscopic and
manometry monitoring guidance. During the manometry
examination, one must remain next to the patient. SO and
SB motility were simultaneously recorded over a duration
> 1 MMC cycle of the SB in a fasting state only during
the time period when high-frequency contractions of the
SB were observed more than twice. SO motility was clas-
sified into phases I, II, and III based on the criteria used for
classifying MMC of the SB [10]. The MMC phases were
defined as follows: (1) phase I, a period of quiescence that
always follows phase III and precedes phase II; (2) phase II,
a period of irregular contractions that vary in amplitude and
periodicity; and (3) phase III, a period of a distinct pattern of
regular high-amplitude contractions that migrate to the distal
segments of the bowel. The proportion of phases was defined
as the percentages of phases I, II, and III in each cyclic pha-
sic change of the SO and SB motility. Amplitudes of SO
pressure were measured and expressed in mmHg using 0
duodenal pressure as a reference. SO phasic contractions
were defined as SO waves measuring at least 16 mmHg in

amplitude, while duodenal contractions were defined as duo-
denal waves measuring at least 6 mmHg in amplitude [6].
Basal SO pressure was defined as the mean value of the basal
pressure obtained from the two proximal orifice recordings,
which was only obtained using the 3-lumen SO manom-
etry catheter. In this study, the basal pressure of the SO was
measured using only the 3-lumen SO manometry catheter
because the outer diameter of the 8-lumen manometry cath-
eter (4.5 mm) was larger than the conventional 3-lumen SO
manometry catheter. However, the 8-lumen catheter more
accurately showed the propagation of duodenal contraction
waves; therefore, it was easier to evaluate the relationship
between the SO and SB contractions.

Statistical Analysis

The statistical analysis was performed using Student’s t
test. Mean basal pressure was analyzed using the paired ¢
test. Data were analyzed using SPSS 18.0 software (SPSS
Inc., Chicago, IL, USA). The results are expressed as a
mean =+ standard deviation. Two-tailed P values <0.05 were
considered statistically significant.

Results

The baseline characteristics of each patient are noted in
Table 1. We studied 31 patients (17 men and 14 women).
The mean age of the patients was 55.6 (range 31-79) years.
Percutaneous transhepatic manometry was performed using
a 3-lumen catheter in 15 patients and the 8-lumen catheter
in 16 patients. Patients were followed up for 4.8 + 1.8 years,
and no patient was observed to have developed any symp-
toms of apparent SO dysfunction.

Cyclic Changes in SO Motility

Cyclical phase changes in SO motility were noted in all
patients who underwent percutaneous manometry with the
3-lumen (Fig. 3a) or 8-lumen (Fig. 3b) catheter. Cyclical
SO motility was closely coordinated with the MMC of the
SB other than the finding that the SO was not quiescent dur-
ing phase I of the SB. Phase III (high-frequency contraction
period) of the SO coincided with phase III of the MMC of
the SB. The mean duration of one cycle of the SO and SB
was 78.5+43.5 min and 77.9 +40.1 min, respectively (P
value of SO vs. SB=0.75).

Phase | of the SO and SB Motility
In all 31 studied patients, phase I of the SO

(9.3 +6 min) was significantly shorter than that of the
SB (20.8 + 18 min; P=0.001) because the SO showed
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Fig.2 a Schematic diagram showing percutaneous long-term sphinc-
ter of Oddi (SO) manometry using a 3-lumen catheter. The 3-lumen
catheter was inserted into the mature percutaneous transhepatic
tract and the common bile duct and advanced into the duodenum. b
Fluoroscopic image showing percutaneous long-term SO manometry

irregular contractions during phase I of the MMC of the
SB even though the SB motility showed a period of qui-
escence. The proportion of phase I of one complete MMC
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performed with an 8-lumen catheter. Using the 8-lumen catheter, the
three proximal lumens recorded the SO motility (white arrow) and
the five distal lumens (black arrows) recorded duodenal and jejunal
small bowel motility

cycle in the SO (14.3 £ 11.0%) was significantly smaller
than that of the MMC of the SB (28.8 +19.0%; P=0.001)
(Table 2).
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Table 1 Characteristics of patients and baseline data based on the type of manometry catheter used

3 CH 8§ CH 3 and 8 CH P value (3
CH vs. 8
CH)
No. of patients 15 16 31
Age (years, mean [range]) 60.5 (35-79) 51.2 (31-71) 55.6 (31-79) 0.060
Sex ratio (men:women) 9:6 8:8 17:14 0.570
Total recording time (min) 4310 4415 8725
Mean recording time (min, mean +SD) 287.3+101 276 +210 281.4+164 0.180
Total number of MMC during the recording time (cycles) 47 59 106
Mean number of MMC during the recording time (cycles) 3.1+0.8 37+1.8 34+14 0.770
Duration of one cycle of MMC in SO (min, mean + SD) 88.7+51 68.9+34 78.5+43 0.210
Duration of one cycle of MMC in the small bowel (min, mean + SD) 88.3+51 68.1+23 77.9+40 0.350

CH channel manometry, SD standard deviation, MM C migrating motor complex, SO sphincter of Oddi
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Fig.3 a Cyclical changes in the sphincter of Oddi motility observed 8-channel percutaneous sphincter of Oddi manometry. The SO show-

using 3-channel percutaneous sphincter of Oddi manometry. b The ing cyclical phasic changes observed with use of 3- and 8-channel
cyclical changes in the sphincter of Oddi motility observed using percutaneous manometry as noted in the small bowel
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Table 2 Duration and proportion of phasic contractions of phase I in
the sphincter of Oddi and the small bowel

Table 4 Duration, proportion, and frequency of phasic contractions
of phase III in the sphincter of Oddi and the small bowel

Parameters Sphincter of Oddi Small bowel P value Parameters Sphincter of Oddi ~ Small bowel P value
3-Channel manometry 3-Channel manometry
Duration (min) 89+7 22.2+22 0.028 Duration (min) 57+2 53+1 0.510
Proportion (%) 11.7+8 26.2+18 0.013 Proportion (%) 82+6 8.1+5 0.890
8-Channel manometry Frequency (CPM) 103+1 10.4+1 0.830
Duration (min) 9.7+6 193+14 0.007 8-Channel manometry
Proportion (%) 16.8+14 31.4+20 0.015 Duration (min) 5.1+2 49+1 0.647
3- and 8-channel manometry Proportion (%) 9.1+4 8.1+3 0.245
Duration (min) 9.3+6 20.8+18 0.001 Frequency (CPM) 9.8+2 99+2 0.900
Proportion (%) 143+11 28.8+19 0.001 3- and 8-channel manometry

Duration (min) 54+2 5.1+1 0.410
Values are presented as mean+SD .

Proportion (%) 8.7+5 8.1+4 0.340

Frequency (CPM) 10.0+1 10.1+1 0.820

Phase Il of the SO and SB Motility

In all 31 studied patients, phase II of the SO (61.2 +39 min)
was significantly longer than that observed in the SB
(50.9 35 min; P=0.008). The proportion of phase II in
the SO (74.6 +£15.0%) was significantly larger than that
observed in the SB (62.3 £20.0%; P=0.002). The mean
frequency of phasic contractions of the SO in phase II was
4.5 +2/min (Table 3).

Phase Il of the SO and SB Motility

In all 31 studied patients, regular high-frequency con-
tractions that coincided with phase III of the MMC of
the SB were noted. There was no significant difference
in the proportion of phase III between SO (8.7 +£5.0%)
and SB (8.1 £4.0%; P=0.340). The frequency of phasic

Table 3 Duration, proportion, and frequency of phasic contractions
of phase II in the sphincter of Oddi and the small bowel

Parameters Sphincter of Oddi ~ Small bowel P value
3-Channel manometry

Duration (min) 73.3+47 59.1+41 0.026
Proportion (%) 784+14 64.8+20 0.019
Frequency (CPM) 4242

8-Channel manometry

Duration (min) 49.9+27 43.2+26 0.169
Proportion (%) 71.0+16 60.0+21 0.057
Frequency (CPM) 4.8+2

3- and 8-channel manometry

Duration (min) 61.2+39 50.9+35 0.008
Proportion (%) 74.6+15 62.3+20 0.002
Frequency (CPM) 45+2

Values are presented as mean + SD

CPM contractions per minute
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Values are presented as mean + SD

CPM contractions per minute

contractions in phase III was 10.0 + 1.0/min in SO and
10.1 £+ 1.0/min in the SB (P =0.820) (Table 4).

Basal Pressure of the SO

The basal pressure of the SO obtained in only the 15
patients who were examined using 3-lumen catheters was
18.5+4 mmHg, 18.8 +4 mmHg, and 29.6 + 8 mmHg in
phases I, II, and III, respectively. The basal pressure signifi-
cantly increased in phase III compared to phase I (P=0.001)
and phase II (P=0.001). In two patients, the mean basal
pressure of the SO in phase III (43 mmHg and 42 mmHg,
respectively) increased above the defined normal range
(<40 mmHg) (Fig. 4).

Discussion

Few studies performed in humans have reported on cyclical
changes in SO motility [5-8]. Torsoli et al. [6] identified
that the frequency of SO phasic contractions traced/recorded
by performing long-lasting transductal manometry varied
cyclically in close relation to the duodenal MMC in humans;
however, a varying number of autonomous SO contractions
were observed during duodenal phases I and II although
rapid phasic contractions of the SO and duodenal phase III
were similar. Worthley et al. [7] evaluated the SO motility in
post-cholecystectomy patients with indwelling T-tubes dur-
ing the fasting state and noted a close relationship between
the phasic contraction patterns of the SO and the duodenum
during the interdigestive cycle. In their study, however, the
SO motility in humans was only classified into two phases: a
prolonged phase in the SO corresponding to duodenal phases
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Fig.4 a Incremental increase in basal pressure observed during phase
IIT contractions of the sphincter of Oddi using 3-channel percuta-
neous sphincter of Oddi manometry. b The incremental increase in
basal pressure during phase III contractions of the sphincter of Oddi

I and II, and the short phase in the SO that just preceded the
onset of duodenal phase III.

We simultaneously recorded SO and SB motility using
specially designed manometry catheters and classified SO
motility into phases I, II, and III based on the criteria used
for the MMC of the SB. We could then evaluate and com-
pare the characteristics of each phase of the SO and SB. In
this study, we observed that the SO motility in all patients
showed definite cyclical changes closely coordinated with
the MMC of the SB, as the duration of one cycle of MMC
and the proportions of phase III in the SO and SB were
almost identical and all high-frequency contractions of the
SO coincided with phase III contractions of the MMC of
the SB. However, the proportions of phases I and II were
significantly different between SO and SB motility. The SB
was observed to be quiescent despite contractile activity of
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using 8-channel percutaneous sphincter of Oddi manometry (black
arrow, incremental increase in the basal pressure during phase III
contractions of the sphincter of Oddi)

the SO (phase II) being observed that resulted in a lack of
sequential motility progression between the SO and the SB.
This evidence indirectly supports the theory that SO contrac-
tility in humans is closely correlated with SB contractility
and that the SO may possesses innate contractility.
High-frequency phasic contractions of the SO are referred
to as “tachyrhythmia” or “tachyoddia” and have been consid-
ered motility abnormalities [11, 12]. Based on the Rome II
and III criteria for functional SO disorders, high-frequency
phasic contractions (> 7/min) are defined as abnormal [13,
14]. However, Torsoli et al. [6] reported that the phases dem-
onstrating maximal frequency of phasic activity (9—12/min)
were followed by a phase of 0 frequency using endoscopic
or transductal manometry in patients with suspected SO
dysfunction. Akita et al. [5] observed high-frequency con-
tractions (9.49 +0.35/min) in 12 of 23 patients with biliary
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disease during percutaneous transhepatic SO manometry.
In five of these patients, high-frequency contractions were
observed twice at intervals of 85.4 + 13.3 min. In our study,
we observed high-frequency contractions (10.0+ 1.0/min)
of the SO that coincided with phase III of the SB in all
patients without any apparent SO dysfunction over a long-
term follow-up period. Isolated high-frequency contractions
of the SO synchronous with phase III of the MMC of the SB
were not noted. Therefore, we reckon that the synchronous
occurrence of high-frequency contractions of the SO coin-
ciding with phase III of duodenal contractions noted during
endoscopic SO manometry should be considered physiologi-
cal and not an abnormality. From the Rome IV criteria, the
frequency and amplitude of phasic wave contractions were
excluded from the diagnostic criteria, which matches our
study result [15].

Here we observed the basal pressure based on the cyclical
changes in SO motility. The basal pressure of the SO was
observed to significantly increase in phase III compared to
phases I and II. In two of our patients, it rose above the
defined normal range (>40 mmHg) despite their being
asymptomatic with regard to apparent SO dysfunction.
Therefore, an increase in basal pressure during high-fre-
quency contractions of the SO, which is synchronous with
duodenal MMC phase III, should perhaps be considered
physiological rather than indicating SO dysfunction. An
increment of basal pressure during high-frequency contrac-
tions of the SO that is asynchronous with duodenal MMC
phase III could mean SOD; however, this should be carefully
interpreted. If this finding is noted during an endoscopic SO
manometry procedure, we suggest discontinuing the evalua-
tion of the basal pressure during these high-frequency con-
tractions of the SO and restarting the evaluation once they
have ceased.

Limitations of this study include the fact that we studied
only patients who were diagnosed with hepatolithiasis and
considered to show normal SO function. Although percu-
taneous SO manometric studies performed in healthy con-
trols would be of interest, this is unlikely to be achieved.
Data with regard to SO manometric studies in patients with
biliary stones are limited. One SO manometric study was
conducted in Caucasians with extrahepatic biliary stones
and resulted in normal SO manometric parameters [16].
SO motility is usually evaluated using 3-lumen manometry
catheters. However, because the 3-lumens of these catheters
are inadequate to precisely evaluate the relationship between
SO and SB motility, a specially designed 8-lumen manom-
etry catheter was used in this study to effectively record SO
motility as well as assess the sequential progression of duo-
denal motility through to the proximal jejunum. However,
the basal pressure of the SO could only be obtained using the
3-lumen catheter because the larger diameter of the manom-
etry catheter could have altered the amplitude of the SO

@ Springer

pressure wave [17]. Therefore, only data from 3-manometry
catheter in 15 patients were obtained to analyze the basal
pressure of the SO and we abandoned the pressure data from
the 8-channel manometry catheter in 16 patients. However,
when we compared the frequency and proportion of each
phases of both catheters, there were no statistically signifi-
cant differences between them. Therefore, we described not
only individual results from the 3- and 8-channel manometry
catheters, but also integrated results from both manometry
catheters except for the basal pressure in Tables 2, 3 and 4.

In conclusion, the SO motility in humans showed cyclical
phasic changes that were closely coordinated with the MMC
of the SB in a fasting state. The proportion of phases I and
IT was different between the SO and the SB. Additionally,
physiological high-frequency contractions, which signifi-
cantly increased the basal pressure and coincided with phase
III of the MMC of the SB, were noted in all patients without
any apparent SO dysfunction. This evidence suggests that
the SO contractility in humans is in close correlation with
SB contractility but may possess innate contractility.
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