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Summary 

In 36 cases with gallstones, biliary scintigraphy was performed before and after operation 

to prepare the time－匂activitycurve in the juxta-papillary duodenum. This curve showed di長 rent

patterns depending on the conditions of disease, and seemed to represent one aspect of the 

sphincter of Oddi phasic activity, in view of the exerted effect of caerulein administration. This 

method is useful as a non-invasive one for the diagnosis of dynamic function of the sphincter of 

Oddi. 

Introduction 

Motor activity of the sphincter of Oddi is an important factor for elucidating the etiology of 

biliary tract diseases. This sphincter of Oddi motor activity has been elucidated clinically by 

intracholedochal pressure recording using a tube introduced operatively via the common bile 

duct8>, by electromyographic findings obtained with the strain gauge positioned at the sphincter 

in animal experimentsへormore recently, by ERCP during which a microtransducer catheter is 

inserted in a retrograde way into the sphincter area, th巴rebyinferring the motility from the 

pressure wave typesi丸山． Among them, especially endoscopy with improvement of the techni-

ques including the pressure sensor has been most prevailing. We devised a method using biliary 

scintigraphy to evaluate the function of sphincter of Oddi from decrements of a scanning agent 

(radionuclide (RN) activity) in the distal biliary tractl,2l. The aim of this study was to evaluate 

the sphincter of Oddi motor activity from decrements of RN activity in the juxta-papillary 

duodenum. 
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Materials and Methods 

1. Subjects 

A total of 36 patients were enrolled in this study. They consisted of 8 preoperative patients 

(7 with cholecystolithiasis and 1 with choledocholithiasis plus juxta-papillary diverticulum) and 

28 postoperative patients (23 who underwent cholecystectomy for gallbladder stones, 2 who 

underwent cholecystectomy and transduodenal sphincteroplasty for gallbladder and common 

ROI 

Fig. 1. Region of interest (RC H) seet up on the site of juxta-papillary area. 
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bile duct stones, and 3 who underwent endoscopic sphincterotomy for recurrent biliary calculi). 

The preoperative patients had no history of hepatic and biliary tract diseases. The postoperativ巴

patients were in two or three postoperative months and were noted to have normal liver function‘ 

being free from anemia or such lesions as would have possible influence on the present study. 

2. Cholescintigraphy 

The patients was intravenously injected 10 mCi of Tc-99m-E・HIDA. When a biliary tract 

image appeared 20 to 30 min later、avitelline agent (Daiyan"', 13 g，九IaruishiSeiyaku, Japan) 

was brally administered; then, the breathing was stopped for 30 seconds during which the biliary 

image was photographed 10 times at three second intervals using scinticamera (Pho/Gamma 

LFOV, Searle, West Germany) and recorded on a computer (Scintipac 1,200, NOVA 32 K羽仁

Shimadzu, Japan）、 accordingto the method of KAWASHIMA for scintiphotographing10,11>. In 

some patients, caerulein (CeosuninR, Kyowa Hakko, Japan) was given intramuscularly 0.2 μ.g/kg 

of body weight, and imaging and recording were done after 5, 10, and 20 min according to the 

same method. 

3. Preparation and analysis of time-activity (T-A) curve 

The region of interest (ROI) was set up on the site of image corresponding to the juxta-

papillary area of the duodenum (Fig. 1). With the RN activity of ten times in total in ROI, 

the ratio of RN activity at the start of imaging (R。） and that in each frame (Rn), Rn/Ro was 

calculated to prepare the T-A curve. The wave type in these T-A curve were used to compute 

the maximal amplitude, frequency (waves/min, the number of wave during 30 seconds doubled), 

and duration of monophasic waves during 30 seconds. 

Results 

1. Pre-and postoperative cases of cholecystolithiasis 

Fig. 2 shows the T-A curve in a representative preoperative case of cholecystolithiasis and 

in the same case cholecystectomized. Before operation, three distinct, regular waves with a wide 

amplitude appeared. After operation, similar waves were also observed, but the amplitude 

was rather narrow. 

2. Transduodenal sphincteroplasty and endoscopic sphincterotomy 

The T A curve in a case which underwent cholecystectomy plus transduodenal sphinctero-

plasty for gallbladder and common bile duct stones is shown in Fig. 3. Compared with the 

T-A curves in the pre-and post-operativ巴casesof cholecystolithiasis alone, this T A curve was 

characterized by the wave which was obscure and narrow in amplitude. Besides, the T A curve 

in a case which underwent endoscopic sphincterotomy did not show any distinct wave, additionally 

with a very narrow amplitude. 

3. Properties of wave in the T-A curve 

Based on the T A curves, the maximal amplitude of wave, frequency in a minute、and

duration of monophasic waves in each group were compared. The maximal amplitude tended to 

be wide in cases of pre-and post~cholecystectomy and narrow in other groups (Table 1). Fre-
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Fig. 2. 
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Time-activity curves in a preoperative (top) or postoperative (bottom) 
case of gallbladder stones. 

quency of wave was somewhat lower in pre-cholecystectomy group than in post-cholecystectomy 

group; duration tended to be longer in the former than in the latt巴r. In post-cholecystectomy 

group, the waves with narrow amplitude tended to increase in number. In both groups of 

transduodenal sphincteroplasty and endoscopic sphincterotomy, it was not possible to measure 

the frequency and duration of wave, because of no appearance of waves being capable of such 

measurements on the T-A curve. 

4. Influence of caerulein 

In the preoperative case of cholecystolithiasis shown in Fig. 4. the bile volume showed 

a gradual increase after administration of caerulein; it increased six times the basal level 10 

minutes later, and decreased but kept a higher level than the basal level 20 minutes later. In the 

postcholecystectomy case, the bile volume reached a peak five minutes after caerulein admin-

istration, showing only a four-fold increase compared to the basal level; thereafter it declined 

gradually and recovered to the basal level 20 minutes later. 

5. A case with choledocholithiasis plus juxta-papillary diverticulum 

Unlike the T A curves in cases of cholecystolithiasis, the only waves that were irregular and 
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Fig. 3. Time-activity curves in a case underwent transd uodenal sphincteroplasty 

with cholecystectoy (top), or endoscopic sphincterotomy (bottom). 

Table l. Scintigraphic characteristics of the sphincter of Oddi 

phasic contractions. 

No. of Amplitude Frequency Duration 
patients (arbitrary) (per m川（sec)

Pre（~：l~~~~d：~~~ones) 7 0.9 ±0.4 5.8 ± 1.5 5.4 ± 1.2 

Postcholecystectomy 23 0.8 ±0.4 6.5± 1.5 4.9 ±0.9 

Cholecystectomy pl凶
2 0.3士0.1

廿・an珂u凶enalsphincteropl笛 ty

Endoscopic sphincterotomy 3 0.6 ±0.2 

Mean:'" S.D 
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294 

Activity ratio 
6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

Activity ratio 
4.0 

3.0 

2.0 

1.0 

日外宝第58巻第3号（平成元年5月）

Smin 10mm 

／、ヘ．

~~.ヰィノ
Caeru 

ρ～ 

20min 

ノLへ～

【『『『［『『『『 門『『『門『『四【 門 『『『『『幽門『 【『圃【『ー門『『30 0 ....... 30 ....... ・3・0 

Seconds 

5mm 10mm 20min 

ぺ／～八へ
0.2μg/kg, 1.m 

ハノピ ハ～v
F〒『"T守・F干『圃F『 l"T守・F守・F守圃n『 F〒『"T守・F〒『・F『 l"T守『’F守・F〒『『

30 30 30 30 
Seconds 

Fi邑.4. Effect of caerulein on the sphincter Oddi motor activity in a preop-
erative (top) or postoperative (bottom) case of gallbladder stones. 

narrow in amplitude appeared. Under caerulein loading as shown in Fig. 5, the bile volume 

remained under two-fold increase, and did not show any further increase 10 and 20 minutes later. 

Discussion 

We have an attempt to analyze the function of sphincter of Oddi by means of biliary scmti-

graphy and propose a method to infer the sphincter of Oddi function from the degree of decre-

ments in Ri¥' activity in a distal area of the common bile duct1，払11> This method has the 

following advantages: for the subject of study, the operative invasion is minimal and the dose of 

radioactivity is small; for the investigator, no specific technical skillfulness is needed. As 

a convenient method it has been applied in the clinical field. However, although the image can 

be enlarged to actual size by using a pinhole collimator10,11i, it takes as long as 30 seconds for 

photographing a time, and “blurring”of images due to the respiratory movement is not negligi-

ble. Consequently, although changes in RN activity in the distal common bile duct can be 
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Fig. 5. Time-activity curve (top) and effect of caerulein on the sphincter of 
Oddi motor :activity (bottom) in a case of common duct stones 
complicated with a juxta-papillary diverticulum. 

quantitated, no detailed motor activity of the sphincter of Oddi can be explored. 
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In this study, we employed a method to take a photograph of the image 10 times at three 

second intervals, preventing "blurring" of the biliary tract image due to respiratory movement 

by means of breathing halt for 30 seconds. Further, the dose of a tracer was increased from 

3 mCi to 10 mCi, so that it would be possible to examine delicate changes of R:¥ activity in the 

juxta-papillary area of the duodenum even by photographing at three seconds intervals. 

According to the previous studies on sphincter of Oddi phasic activity by endoscopic mano-

metory, the frequency of contractions per minute was reported as 4士0.5(TOOULI et a].15)), 4.1士

0.9 (GEEN EN et al. 5>), 5.6土2.4(CARR-LOCKE et al.3>), 6.89士0.2('.¥IESHKINPOt:R et aJ.14>), and 

7.5士0.7(CSENDES et al.4>). Our results did not deviate from these values. '.¥lean duration of 

monophasic waves was 4.3土1.5seconds (GEEN EN et al. 5>) and 8.0土0.6seconds (ToouLI et al.15>); 

our data of 5.4土1.2seconds in the pre-cholecystectomy case and 4.9土0.9seconds in the post-

cholecystectomy case are median between them. It is most likely, therefore, that the T A curve 

obtained by cholescintigraphy may seize one aspect of the sphincter of Oddi phasic activity. 

The maximal amplitude of monophasic waves in the pre-cholecystectomy case was wider 

than in the post-cholecystectomy case. This finding ipmlies that if there exists the functioning 
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gallbladder even in the presence of gallstones, bile flows out from the gallbladder to the common 

bile duct, and the volume of bile excreted into the duodenum by the sphincter of Oddi phasic 

activity may be relatively increased as compared to that after cholecystectomy. Frequency of 

phasic activity tended to increase more or less after cholecystectomy, but no significant difference 

was noted statistically. Further investigations on functional changes of the sphincter of Oddi 

after cholecystectomy are indicated. 

Since the aim of transduodenal sphincteroplasty and endoscopic sphincterotomy lies in 

opening of the sphincter of Oddi, it is easily conceivable that any distinct waves on the T-A curve 

may not be observed. This finding mean that bile from the bile duct flows out into the duodenum 

continuously due to loss of the sphincter of Oddi structure. However, in patients who underwent 

transduodenal sphincteroplasty or endoscopic sphincterotomy, GREGG et al. 6> examined the lost 

state of the function of sphincter of Oddi and reported that they were able to recognize the phasic 

activity, though reduced as compared with that before operation, in 60 percent of the former and 

in 21 percent of the latter. In view of these findings, it seems that the evaluation of the effect of 

these operations should be based on the long-term follow-up observations. 

Caerulein contracts the gallbladder and relaxes the sphincter of Oddi thereby having the 

bile flow out into the duodenum7>. When caerulein was loaded before and after cholecystectomy 

for gallbladder stones, the increase in RN activity on the T A curve was more marked in the 

preoperative case. This seems to indicate that the bile accumulated in the gallbladder flows out 

into the common bile duct at a stroke by contraction of the gallbladder due to caerulein ad-

ministration, and then the bile volume more increased by relaxation of the sphincter of Oddi 

flows out into the duodenum. In postoperative state, the excision of the gallbladder as a reservoir 

of bile resulted in the reduction of outflow of the bile into the duodenum. Some of duodenal 

juxta-papillary diverticula have been drawing attention in that they induce impairment of the 

sphincter of Oddi phasic activity which may be responsible for cholestasis, ascending infection, 

or common bile duct stones. In the patient of this disease which we encountered, no distinct 

phasic activity was observed, and even when caerulein was loaded, no effect was exerted in spite 

of the presence of the functioning gallbladder. In this case, cholecystectomy and choledocho-

duodenostomy with jejunal interposition were performed for reconstruction of biliary tract. The 

analysis of calculi by infrar巴dabsorption spectrum revealed bilirubin-calcium as main ingredient, 

and bacterial culture of bile from the common bile duct evidenced E. coli. 

These findings obtained in this study indicate that our devised method is a useful diagnostic 

technique for the function of the sphincter of Oddi. 

This paper was presented at VIII Asian・ Pacific Congress of Gastroenterology, Seoul, Korea, 1988. 
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和文抄録

胆道シンチグラフィーによる胆石症例の

Oddi括約筋律動運動の観察

和歌山県立医科大学消化器外科学教室

青木洋三，谷村 弘，川嶋寛昭，佐々木政一，上田耕臣

植阪和修，杉本恵洋，川口富司，児玉悦男

胆石症手術前後の36例lとおいて胆道シンチグラフィ

ーを施行し，十二指腸乳頭部近傍lζ関心領域を設定す

ることにより，との time-activity(T-A) curve から

Oddi筋の律動運動を観察する方法を工夫した．胆嚢

結石症では術前後を問わず，比較的規則正しい， 5秒

前後持続する律動運動が5～6回／分の割合で観察さ

れたが，胆摘・経十二指腸的手L頭括約筋形成術症例，

胆摘・内視鏡的乳頭括約筋切開術症例，十二指腸芳乳

頭部憩室合併総胆管結石症では， T-Acurve上明瞭な

波型は出現しなかった．さらに， ζれらの症例ICセル

レイン 0.2 μg/kg b.w.を負荷したととろ，それぞれ

特徴あるパターンを示した．

本法は，Oddi筋の動態機能を診断K，有用，かつ非

侵襲的方法の 1っと思われる．


