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Summary 

The plasma disappearance rate (K) and transfer rate constants for the two compartmental system of 
Indocyanine Green (ICG) were calculated in visualized and nonvisualized cases of the biliary tract with 
hepatobiliary disease using drip infusion cholangiography (DIC). In nonvisualized cases with hepatocel- 
lular disrder K and the fractional hepatic removal rate mainly decreased, and in nonvisualized cases with 
cholelithiasis the fractional biliary secretory rate significantly decreased by DIC-A, utilizing it as a screening 
test. Three methods (B, C and D) of drip infusion cholangiography were established according to the 
result of the ICG test. Through DIC-B, -C or -D in addition to DIC-A the visualization of the biliary 
tract significantly elevated in patients with hepatocellular disorder and cholelithiasis. These results were 
confirmed using 181I-iodipamide. In some cases the serum transaminase activity elevated, but the elevation 
was temporary. 
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Cholecystocholangiography has been per- 

formed for many  years. This is one of  the 

most impor tant  methods used to diagnose 

hepatobil iary disease. In  patients with he- 

patobil iary disease the oral administration 

method and the single intravenous injection 

method are not sufficient to visualize the 

gal lbladder and the bile duct  1). For this 

reason, many  modified methods have been 

reported and the continuous drip infusion 

method  has been developed 2,3). 

The  contrast med ium used in cholecysto- 

cholangiography is an organic anion product  

which is carried from the blood to the liver 

and excreted from the liver to the bile 4). The  

same transport  mechanism of other organic 

anion substances has been utilized in the liver 

function test as Bromsulfalein (BSP) and  

Indocyanine  Green ( ICG).  

In  this study the relationship between the 

visualization of  the biliary tract by  drip in- 

fusion cholangiography (DIC)  and the result 
of  I C G  test were observed in patients with 

hepatobil iary disease, and the appropr ia te  

D I C  was determined according to the result 

of  I C G  test. 

Materials  and Methods  

Materials:  D I C  and I C G  tests were per- 
formed in 198 patients, including 167 with 

clinically suspected gallstone, 11 with acute 
hepatitis, 9 with chronic hepatitis and 11 with 

liver cirrhosis. Patients with hepatocellular  

disorder were diagnosed by histological findings 
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Table 1. Methods of infusion cholangiography 

50% 5% glucose Iodipamide 
iodipamide solution Infusion time 

Methods (ml) (ml) (rain) gr/min gr(Total) 

A 40 100 60 0.33 20 

B 60 200 90 0.33 30 

C 40 300 120 0.16 20 

D 60 400 120 0.25 30 

DIC-A was examined in all patients basically as a screening test. In patients in 
whom DIC-A did not serve to visualize the gallbladder DIC-B, -C or -D was 
performed according to the result of ICG test. 

of biopsied specimens in liver tissue. 

Methods of D I C :  Four  methods, A, B, 

C and D were established for D I C  ( T a b l e  1). 

Method A (DIC-A),  in which 50~o meglumine  

iodipamide* was di luted in 100ml  of 5% 

glucose and  adminis tered by slow in t ravenous  

injection dur ing  a period of sixty minutes,  was 

utilized basically as a screening test and  was 

performed in all patients.  I n  such a case in 

which D I C - A  did not  serve to visualized the 

gallbladder,  DIC-B,  -C or -D was performed 

according to the result of I C G  test. 

X ray films of the gal lbladder and  the bile 

duct  were obta ined  at the end of the infusion 

and  at 30, 60, 90, and  120 minutes  after the 

infusion. 

I C G  test: The  disappearance rate of I C G  

(KIcG) was calculated from the first l inear  

par t  of the disappearance curve after a single 

injection of I C G * *  0.5 mg per kg of body 

weight. Three  fractional transfer rates were 

determined for the two compar tmenta l  system 

of ICG. Transfer  rate (a) is the fractional 

hepatic removal  rate, (b) is the fractional  

hepatic plasma reflux rate and  (h) is the 

fractional bi l iary secretory rate5, 6) (Fig. 1). 

Examina t ion  using 131I-iodipamide: 250 

microcurie of 131I-iodipamide*** mixed with 

* Biligrafin, Nihon Schering KK. Japan. 
** Diagnogreen, Daiichi Seiyaku Co., Ltd. Japan. 

*** latI-Biligrafin, Radioisotope Association Japan. 
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a: The fractional hepatic removal rate 
b: The fractional hepatic reflux rate 
h: The fractional biliary excretory rate 

]Fig. 1. ICG plasma disappearance curve and kinetics 
model in normal subject. 

20 ml of 50% nonradioact ive  iodipamide was 

administered by a single injection to 5 cases, 

including 2 cases of gastric ulcer as control  and  

one each of cholelithiasis, Rotor 's  type of 

hyperb i l i rub inemia  and  liver cirrhosis. 300 

microcurie of 131I-iodipamide mixed with 

40 ml of 50~o nonradioact ive  iodipamide and  

100ml  of 5% glucose was adminis tered by 

slow infusion dur ing  a period of sixty minutes  
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to each  one case of gastr ic  ulcer,  as control ,  

chronic  hepat i t is  and  l iver cirrhosis. 

T h e  p lasma  d i sappea rance  of  1311-iodipamide 

were observed th rough  the blood samples 

ob ta ined  at  10, 20, 30, 40, 50, 60, 90 and 120 

minutes  after the inject ion.  Radio i so tope  

act iv i ty  of these samples was counted  by  scin- 

t i la t ion counter  of Well  type.  The  sagi t ta l  

l inear  scanning of the body  was examined  at  

5, 30, 60, 90, 120, 150 and  180 minutes  after  

the injection,  and  S 1 and  S 2 values were 

measured  by the plan• S 1 value  ma in ly  

revealed  the accumula t i on  of  rad ioac t iv i ty  in 

the l iver  and  the ga l lb ladder ,  and  S 2 value  

ma in ly  revealed the accumula t ion  in the 

u r ina ry  b l adde r  (Fig .  2). 

L2 
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Fig. 2. Linear scanning of :3tI-iodipamide in every 
parts of body. 
St and $2 mean activity levels of radioisotope in 
the gallbladder and in the urinary bladder. These 
areas were measured by plan• 

R e s u l t s  

1. Rela t ionship  be tween  the visual izat ion of  

the ga l lb l adde r  and  the result of  I C G  test 

I n  cases with choleli thiasis  Kic G did not  

show a significant difference be tween visual ized 

and  nonvisual ized cases of  the ga l lb ladder .  

In  acute  hepat i t is  and  chronic  hepat i t i s  K i t  G 

of  cases wi th  visual ized ga l lb l adde r  showed a 

signif icantly h igher  va lue  than  tha t  of  non-  

visual ized cases. 

I n  cases wi th  choleli thiasis  transfer ra te  

(a) and  (b) d id  not  show a significant difference 

be tween  visual ized and  nonvisual ized cases of  

the ga l lb ladder ,  whereas  transfer rate  (h) 

decreased signif icantly in nonvisual ized cases. 

In  hepa toce l lu la r  d isorder  transfer ra te  (a) 

decreased and  (b) increased  in nonvisual ized 

cases wi th  acute  hepat i t i s  a n d  chronic hepati t is .  

Transfer  rate  (h) showed a significant decrease 

in nonvisual ized cases wi th  acute  hepat i t i s  

(Table  2). 
2. Visual iza t ion  of the ga l l b l adde r  and the 

bile duct  

By D I C - A  the ga l l b l adde r  was visual ized in  

111 cases (66.5~o) of 167 cases wi th  cl inical ly 

suspected gallstone and  the common  bile duc t  

was visual ized in 148 cases (88.6%).  T h e  

ga l l b l adde r  was visual ized in 20 cases (64.5%) 

of  31 cases wi th  hepa toce l lu la r  disorder ,  

Table 2. Relationship between the visualization of the gallbladder and the 
result of ICG test 

Visualized Non-visualized 

K a b h K a b 

Cholelithiasis 0.1684 0.1760 0.0075* 0.0167" 0 . 1 6 7 7  0.1739 0.0176" 0.0138" 
• j=0.0393 • • i0.0272 -t-0.0312 5:0.0116 • 

Acute hepatitis 0.1791" 0.1749" 0.0127" 0.0347* 0.0833* 0.0895* 0.0210" 0.0198" 
• • !0.0088 -4-0.0181 • • • i0.0105 

Chronic hepatitis 0.1063" 0.1267" 0.0128" 0 . 0 4 2 3  0.0558* 0.0633* 0.0253* 0.0187 
• • • • 

Liver cirrhosis 0.0786 0.0808 0 . 0 0 8 2  0.0566 0.0606 0 . 0 6 2 2  0 .0091  0.0399 
• • • • • • 4-0.0063 • 

*The significant difference (p<0.05) was recognized between visualized and nonvisualized cases of the 
gallbladder through DIC-A. 
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inc luding  7 cases of  acute  hepati t is ,  7 cases of  

chronic hepat i t is  and  6 cases of liver cirrhosis. 

The  common  bile duc t  was visual ized in 8 

cases (25.8%),  inc lud ing  4 cases of  acute  

hepati t is ,  2 cases of  chronic  hepat i t is  a n d  2 

cases of  liver cirrhosis ( T a b l e  3). 

DIC-B  or -D were  ut i l ized in 31 cases wi th  

suspected gal ls tone and  D I C - C  was ut i l ized 

in 8 cases wi th  hepa toce l lu la r  disorder ,  in 

which the g a l l b l a d d e r  failed to visualize 

th rough  D I C - A .  T h e  ga l lb ladder  was vis- 

ua l ized  in 13 cases per formed  by  D I C - B  or  

-D and  in 7 cases by  D I C - C  ( T a b l e  4). 

Consequent ly  the visual izat ion of  the  gal l -  

b l adde r  e levated f rom 66.5% to 87.3~o in 

pat ients  with suspected gallstone and  f rom 

64.5% to 96.4% in pat ients  wi th  hepa toce l lu la r  

d isorder  th rough  DIC-B ,  -C or -D in add i t i on  

to D I C - A .  

3. Detec t ion  ra te  of  gal ls tone by  D I C  

In  69 cases wi th  galls tone was f inal ly con- 

I'able 3. Visualization Rate of the Gallbladder and 
the Bile duct through DIC-A 

Common bile 
Gallbladder duct 

Suspected gallstone 66.5% 88.6% 
Hepatocellular disorder 64.5% 25.8% 

firmed th rough  D I C .  Using  D I C - A  galls tones 

~e re  de tec ted  in 37 cases (53.6%).  I n  10 of  

32 nonvisual ized cases by  D I C - A  gallstones 

were demons t r a t ed  th rough  D I C - B  or -D. 

In  the rest of  the cases gallstones were  con- 

f i rmed by  percu taneous  t ranshepat ic  cholangio-  

g raphy  or surgical  opera t ion  ( T a b l e  5). 

Consequent ly  the detec t ion  rate  of  gal ls tone 

e levated from 53.6% to 68.1% th rough  D I C - B  

or -D in a d d i t i o n  to D I C - A .  

4. E x a m i n a t i o n  using l a l I - iod ipamide  

A c c u m u l a t i o n  of  rad ioac t iv i ty  in u p p e r  and  

lower a b d o m e n  a m o n g  cases of b e p a t o b i l i a r y  

disease was observed after a single in t ravenous  

injection.  T h e  p l a sma  d i sappea rance  curves 

were very  s imilar  in bo th  cases of he pa tob i l i a ry  

disease and  control .  The  S I -S  z ra t io  decreased  

in cases of he pa tob i l i a ry  disease, a l though  it 

increased in cont ro l  subjects (Fig .  3). 

F r o m  these results it  was suggested tha t  

most of  the cont ras t  m e d i u m  was excre ted  into 

the ur ine  in pa t ien ts  wi th  hepa tob i l i a ry  disease 

when a single in t ravenous  inject ion was 

performed.  W h e n  D I C  was ut i l ized,  however ,  

contras t  m e d i u m  in the ur ine  was re la t ive ly  

small  and  i t  was accumula ted  effectively in 

the ga l lb l adde r  (F ig .  4). 

T a b l e  4. Visualization rate of the gallbladder through DIC-B, -C or -D in addition to DIC-A 

Visualized cases Visualized cases 
through DIC-A through DIC-B or -D Total of visualized cases 

Suspected gallstone 
(167 cases) 111 (66.5%) 13 of 31 cases 124 of 142 cases (87.3o/o) 

Hepatocellular disorder 
(31 cases) 20 (64.55/o) 7 of 8 cases 27 of 28 cases (96.4%) 

Acute hepatitis 
(11 cases) 7 1 8 

Chronic hepatitis 
(9 cases) 7 1 8 

Liver cirrhosis 
( 11 cases) 6 5 11 

The visualization of the gallbladder elevated from 66.5% to 87.3~}/O in patients with suspected 
gallstone and from 64.5% to 96.4% in patients with hepatocellular disorder through DIC-B, -C or 
-D in addition to DIC-A. 
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Table 5. Detection rate of the gallstone through DIC-A, and through DIC-B and/or 
DIC-D in addition to DIC-A 

by PTC or surgical 
by DIC-A by DIC-B or -D operation 

in 69 cases gallstone . . . . . . .  detected 
was detected in 37 cases (53.6%) 

non detected 
in 32 cases (46.4%) 

detected 
in 10 cases 

_ non detected _ _  detected by PTC 
in 22 cases in one case 

_ detected by surgical 
operation in 21 cases 

Gallstone was detected in 37(53.6%) of 69 cases finally confirmed through DIC-A. In 10 of 
32 nonvisualized cases by DIC-A, gallstone was demonstrated through DIC-B or DIC-D. 
Consequently gallstone was detected in 47(68.1%) of 69 cases through DIC-B or DIC-D in 
addition to DIC-A. 
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Fig. 3. Accumulation of radioactivity in upper and 
lower abdomen in hepatobiliary diseases through a 
single intravenous injection method. 
The plasma disappearance curves are very similar 
in both hepatobiliary disease and control subject. 
S~--$2 ratio, however, decreased rapidly in patients 
with hepatobiliary disease and increased in control 
subjects. 

5. C h a n g e s  in  l iver  f u n c t i o n  tests  a n d  u r i n a r y  

f i n d i n g s  a f t e r  D I C  

I n  8 cases w i t h  cho l e l i t h i a s i s  a n d  10 cases 

w i t h  a c u t e  h e p a t i t i s ,  i c t e r u s  i ndex ,  s e r u m  

G O T ,  s e r u m  G P T  a n d  a l k a l i n e  p h o s p h a t a s e  
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Fig. 4. Accumulation of radioactivity in upper and 
lower abdomen in hepatobiliary diseases through 
drip infusion method. 
S1--S~ ratio slowly decreased both in cases with 
hepatobiliary disease and control subject. 

w e r e  d e t e r m i n e d  b e f o r e  a n d  o n  e v e r y  2 d a y s  

a f t e r  D I C .  I n  6 cases o f  cho le l i th ias i s ,  i n  

w h i c h  5 cases w e r e  p e r f o r m e d  b y  D I C - B  or  -D  

a n d  o n e  case  b y  D I C - A ,  a n d  in  4 cases of  a c u t e  

h e p a t i t i s ,  in  w h i c h  3 cases w e r e  p e r f o r m e d  b y  

D I C - A  a n d  o n e  case  b y  D I C - C ,  G O T  a n d  

G P T  e l e v a t e d  a f t e r  D I C .  T h e r e  was  n o  

e l e v a t i o n  in  i c t e rus  i n d e x  a n d  a l k a l i n e  p h o s -  

p h a t a s e .  T h e  e l e v a t i o n  o f  t r a n s a m i n a s e  was  
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transient and the enzyme activity returned to 

the value before DIG within 7 or 14 days. 

No change was indicated in examination of 

the urine. 

D i s c u s s i o n  

Iodipamide, one of organic anion products, 
is a substance which transfers from the blood 
to the bile through the liver. I t  binds to 
albumin in plasma and is taken up into the 

liver through cytoplasmic protein. Two 
specific carrier proteins (Y and Z protein) 
have been described by Levi et al. 7), and 
these proteins carry also anionic dyes, e.g. 

BSP and ICG. I t  is suggested from these 

results that the transport process of iodipamide 
is very similar to that  of BSP and ICG.  

Kanai  8~ and Barber-Riley et al. 9) reported 

the transfer rates of BSP and ICG in hepato- 

biliary diseases. In  acute hepatitis transfer 
rates of (a) and (h) were low. In  liver 

cirrhosis (a) was apparently low. In  chole- 
lithiasis (h) was mainly low. These results 

suggested that the biliary excretion of iodi- 
pamide through the liver is different among 

these diseases. 

Fischer l~ described the appropriate dose of 

contrast medium for the visualization of the 
gallbladder and the bile duct, and it was 

0 .6ml  per kg of body weight of 52% iodi- 

pamide in dog. Iodipamide was excreted 
into the urine when administered dose became 
over this concentration. Loeb et al. ~1) also 
reported that at low plasma concentration, 
iodipamide was not excreted in the urine, 
whereas at high plasma concentration, urinary 
excretion increased sharply. I t  appears that 
a biliary concentration of iodipamide sufficient 

to achieve adequate radiographic visualization 
of the biliary tree can be obtained without 
significant renal excretion by constant infusion 
of iodipamide at a appropriate rate in dog. 

Other investigators 12,1~) reported that  iodine 

concentration of 1-2% should be maintained 

in bile for good visualization of the biliary 

tract. By DIG prolonged optimal doses of 

contrast medium are able to deliver to the 

bile through the liver cell according to the 
parameters of ICG.  

The fractional hepatic removal rate of I C G  

showed significant decrease in nonvisualized 

cases with acute hepatitis and chronic hepatitis, 
and the fractional biliary excretory rate de- 

creased in nonvisualized cases with acute 
hepatitis and cholelithiasis. 

From these results four methods of DIC  
were established. DIC-A is a modified method 

of Ikeda et a l .m and Bornhurst et al. ~5~ 

I t  was performed in all patients as a screening 

test. DIC-B or -D is a method in which a 
larger amount  of iodipamide is administered 

than that in DIG-A, and these two methods 

are utilized in patients with gallstone, because 

of decreased fractional biliary excretory rate 

with normal fractional hepatic removal rate 

of ICG.  DIC-C  is a method which is ad- 

ministered the same amount of iodipamide by 

DIC-A during long period. This method is 

utilized in patients with hepatocellular dis- 
order, because of reduced fractional hepatic 
removal rate of ICG.  

The visualization of the gallbladder elevated 
from 66.5% to 87.3% through DIC-B or -D 

in addition to DIC-A in cases with suspected 
gallstone. In  cases with hepatocellular dis- 
order the visualization of the gallbladder 
elevated from 64.5% to 96.4% through DIC-C  

in addition to DIC-A. The detection rate of 
gallstone is elevated from 53.6% through 
DIC-A to 68.1% through DIC-B or DIC-D 
in addition to DIC-A, 

The advantage of DIC  to a single injection 
was confirmed by using 131i_iodipamide. 

Most of the ~31I-iodipamide was excreted into 

the urine in cases with hepatobiliary disease 
through a single intravenous injection, whereas 
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the isotope was accumulated effectively in 

the liver and the gallbladder through DIC. 
I t  has been reported that iodipamide is one 

of the most toxic contrast materials in use in 

radiology 16~, and these toxic reactions are 

related to the dose administered and/or the 
plasma concentration of iodipamide17L In  
some cases the transaminase activity elevated 

after DIC  in this study, but the elevation was 

temporary. No change was shown in ex- 

amination of the urine. 
From these results it is concluded that DIC  

is useful in clinical medicine to diagnose 

biliary disease, and that the appropriate 
method should be determined by analysis of 
the I C G  plasma disappearance curve. 
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