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Ten years a f t e r  i t s  in t roduct ion i n t o  c l  i n i c a l  medicine (3,6,8) pancreas r i ._ . - 
-A&- - - -  

scanning i s  s t i  I 1  championed only by a few enthusiasts and d is t rus ted  by many 

, who have e i t he r  never used i t  o r  have abandoned the procedure a f t e r  an ea r l y  

d isappoint ing experience. Most p rac t i t i one rs  o f  nuclear medicine e i t h e r  have 

not accumulated s u f f i c i e n t  experience, o r  have not analyzed t h e i r  experience 

,. we l l  enough to-know what may be expected from t h i s  procedure nf IimiL,,, t 
- - - 

7- - 
def i n i t e  va 1 ue.- 

-Purpose o f  Study 

Unbiased by previous enthusiasm and sharing most o f  the general mis t rust ,  

- .  - we were s t i l l  unw i l l i ng  t o  abandon wi thout a good c l i n i c a l  study one o f  the 

- ::few rad io log ic  procedures ava i lab le  i n  a f i e l d  o f  great d iagnost ic d i f f i c u l t y .  

- .'We therefore decided t o  re-analyze a l l  our pancreatic scans w i t h  the ob ject  

o f  es tab l ish ing cor re la t ion  between the appearance o f  the scan and the c l i n i c a l  

utcome i n  order t o  assess the c l i n i c a l  value o f  the procedure. ! 
dqa * - . * z . ~ ' 3  ?. , * , * 8 . ~+'c.+ , . 
:. ,= Ld- I > F  

' &  - ,;A\ - 7 - - ,  . - - <, , $'<T; :"- : - . . , I .  . - \ -  

, <,- 2 
,-,At. = 

a t e r i a l  and ~ e t h o d s ~  
8 .  

. , A t o t a l  o f  106 pancreas scans were performed a t  the Univers i ty  o f  Chicago 

rom January 1966 u n t i l  Ju ly  1, 1970. The examination d i d  not  include a - 
ecia l  meal o r  any o f  the b io l og i c  and pharmacologic agents used by orL--s 

: ,",.?;-', 
Id" _ - .-.- 1 

1 i:"., . Dr,  ro l cyn  i s  cu r ren t l y  a t  the I l l i n o i q  Research and Education Hospital,  
- % a -  

L 
Chicago, I l l i n o i s .  
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1 i ,  i n  an a t tempt  t o  increase c o n c e n t r a t i o n  o f  t h e  radiopharmaceutJca1 i n  t h e  

! 
pancreas, b u t  which had n o t  proved t o  be c l  i n i c a l  l y  b e n e f i c i a l  (5,6,9,11-1.6, 

20, 22, 29 -4'1). We i n s i s t e d ,  however, t h a t  ou r  p a t i e n t s  have b r e a k f a s t ,  

beca'use s t a r v a t i o n  p r e f e r e n t i a l l y  increases i s o t o p e  uptake i n  t h e  1 i v e r ,  

~ ! s i n c e  plasma p r o t e i n  syn thes is  has b i o l o g i c  p r i o r i t y  over  d i g e s t i v e  enzyme 

1 i 
i 

syn thes i s  i n  t h e  pancreas (7 ,8) .  
? -f; 

.i I 
A f t e r  I .V. i n j e c t i o n  o f  250 m i c r o c u r i e s  o f  75~e -se lenome th ion ine  , t h e  

1 
1 
I 

p a t i e n t  was p laced  supine under t he  Anger camera mounted w i t h  a 364 KEV 

. i p a r a l l e l  h o l e  m u l t i a p e r t u r e  c o l l i m a t o r .  The d e t e c t o r  head was p o s i t i o n e d  over  

; 
I t h e  mid-abdomen i n c l i n e d  5-10 degrees towards t he  head i n  an a t t emp t  t o  . . 
i 

. . " l ook  under t h e  1 i ve r . "  

I 
i 

S e r i a l  10 minu te  a n t e r i o r  views were then taken, the  p a t i e n t  be ing  

repos i t i oned ,  i f  necessary, a f t e r  t he  f i r s t  v i e w ( ~ i ~ . l ) ~ h e  t ime o f  optimum 

v i s u a l i z a t i o n  o f  t h e  pancreas proved t o  be v a r i a b l e  and d i f f e r e n t  reg ions  o f  

t h e  pancreas were b e s t  seen on d i f f e r e n t  v iews. We f i r m l y  b e l i e v e  t h a t  t h i s  

I I techn ique  has been o f  e s s e n t i a l  va lue  s i n c e  i t  i s  t h e  usual  r a t h e r  than 

occas iona l  case i n  which the  normal pancreas image i s  ob ta ined  by an.. 
j 

amalgamation o f  t he  sequen t i a l  v iews. The method, t h e r e f o r e ,  has a b e t t e r  

chance o f  r eco rd ing  a d i a g n o s t i c  image than t h e  one o r  two views t h a t  can 

/ I 
be taken  w i t h '  the r e c t i l i n e a r  scanner. I n i t i a l l y ,  t h e  examina t ion  l a s t e d  

f o r  a t  l e a s t  one hour.  We analyzed these cases i n  an e f f o r t  t o  e s t a b l i s h  

optimum t ime  o f  v i s u a l i z a t i o n ,  and found as w i l l  be seen i n  Tab le  I ,  t h a t  t h e  

b e s t  v iew was ob ta ined  most o f t e n  i n  t h e  f i r s t  40 minutes.  Even when 

i t  occur red  l a t e r ,  the  e a r l y  p i c t u r e s  would have been adequate f o r  d i agnos i s .  

-1. 

' pradueed by Squi bb by b iosyn thss  i s  



I 

1 
I I t  i s  t h e r e f o r e  cons idered unnecessary t o  p ro long  t he  examina t ion  beyond 

50 minutes. 

. . 

TABLE I 
1 

ANALYSIS OF SEOUENTIAL V I E W S  TECHNIOUE 

Best  View Obtained No. P a t i e n t s  

, . 10-20 minutes 9 

20-30 minutes . I 7  

30-40 minutes 12 

4 40-50 minutes 

50-60 minutes 3 

l a t e r  than 60 

n o t  v i s u a l  i zed  13 

. T o t a l  6 1 

The normal v a r i a b i l i t y  o f  p a n c r e a t i c  shape has been the  s u b j e c t  o f  much 

d iscuss  i o n  (21,24,31,33,36). I n  ou r  exper ience  t he  decreased uptake. a t  t h e  
, 

. . 
j u n c t i o n  o f  t h e  headand body o f  t h e  pancreas can cause more d i a g n o s t i c  

d i f f i c u l t y .  Th i s  i s  due t o  t he  u n d e r l y i n g  a o r t a ,  and when t h i s  organ 

compl i ca tes  i n t e r p r e t a t i o n  o f  t h e  scan, we suggest a bo lus  n u c l i d e  i n j e c t i o n  

t o  pe rm i t  v i s u a l i z a t i o n  o f  t h e  a o r t a  immediately f o l l o w i n g  t h e  l a s t  pancreas 

image. The p a t i e n t  should n o t  be moved f o r  t h i s  v iew so t h a t  t h e  appearance 

of  t h e  a o r t a  and pancreas can be c o r r e l a t e d  (see Fi.g. 2 ) .  

L i v e r  o v e r l a p  has always caused t h e  g r e a t e s t  d i f f i c u l t y  i n  t h e  

i n t e r p r e t a t i o n  o f  pancreas scans because, a l though t h e  up take  on a gram 

b a s i s  i s  l ess  i n  t h e  l i v e r  than i n  t h e  pancreas, t he  mass o f  t h e  l i v e r  i s  



s o  g r e a t  t h a t  i t  accumulates t h r e e  t imes more se lenometh ion ine .t'han t h e  

t 
1 pancreas (1,2,7,8,26,36,42) . Numerous methods o f  overcomi ng t h i s  

d i f f i c u l t y  have been t r i e d ,  f rom s imp le  lead  s h i e l d s  (35) t o  s o p h i s t i c a t e d  

e l e c t r o n i c  s u b t r a c t i o n  methods (4,17,19,23,33). We have a l s o  used a 

1600 ~ h a n n e l ~ a n a l y z e r  i n  c o n j u n c t i o n  w i t h  t he  gamma camera t o  s u b t r a c t  t he  

1 i v e r  image ob ta ined  w i t h  9 9 m ~ c  s u l f u r - c o l l o i d  f rom t h e  combined 1 i v e r -  

pancreas image produced' by 7 5 ~ e  selenometh i o n  i ne. An example i s  shown 

i n  F ig .  3. Subsequent a n a l y s i s  o f  these cases  a able I t )  p e r m i t t e d  us t o  

assess the  va lue  o f  t h e  s u b t r a c t i o n  technique.  I" our  hands s u b t r a c t i o n ,  

j a l t hough  u s e f u l  a t  t imes i s  a lmos t  never e s s e n t i a l ,  and we b e l i e v e  t h a t  t h e  
, 

absence o f  s u b t r a c t i o n  equipment should never d iscourage  a . phys i c i an  f r om scanning 

t h e  pancreas. 

- 

TABLE I I 

ANALYSIS OF SUBTRACTION RESULTS 

E s s e n t i a l  1 case 

Cor robora t  i ve 20 cases 

Not C o n t r i b u t o r y  - 26 cases 

T o t a l  Sub t rac t i ons  47 cases 

Resul t s  

The scans were i n t e r p r e t e d  by one o f  us (A.G.) w i t h o u t  recourse  t o  

e i t h e r . c l i n i c a 1  da ta  o r  t he  i n i t i a l  r e p o r t .  Only t h r e e  d i a g n o s t i c ' c a t e g o r i e s  

were used ( ~ i g .  4) : t h e  normal pancreas, t h e  n o t  v i s u a l  i zed pancreas; t h e  

p a r t i a l l y  o r  f a i n t l y  v i s u a l i z e d  pancreas. C l i n i c a l  c o r r e l a t i o n  was obldined 

from autopsy, surgery,  o r  c l i n i c a l  course. The s e r i e s  i s  shown i n  Tab le  I l l ,  



and t he  r e s u l t s  o f  t h i s  s tudy a r e  g i v e n  i n  Tables I V  - V I .  

TABLE I l l  

SUMMARY OF SCAN DATA 

Scan I n t e r p r e t a t i o n  No: cases L o s t  t o  F/U 

Normal v i s u a l  i z a t i o n  

Abnormal o r  f a i n t  

T o t a l s  

TABLE I V  

F I  NAL D l  AGNOS l S I N PATI ENTS WITH NORMAL V l SUAL l ZATl ON OF THE PANCREAS 

Adequate F/U 

' 48 

Diaanosi  s  Autopsy Surgery C l  i n  i c a l  T o t a l  

Normal pancreas 2  7 33 42 = 88% 

Chronic  p a n c r e a t i t i s  1  2 '  2. 5 = 10% 

- 1 ' - Ca r'c i noma 1 = 2% 

Tota 1 48 



TABLE V 

FINAL DIAGNOSIS I N  PATIENTS WlTH NON-VISUALIZATION OF THE PANCREAS 

Diagnos i s  

Ca r c  i noma 

Autopsy Surgery C l  i n i c a l  To t a  1 

2 5 2 9 = 41% 

Chronic  p a n c r e a t i t i s  1 4 4 9 = 41% 

Diabetes - - 1 1 = 5% 

Norma 1 pancreas 1 2 - 3 = 13% - 
Tota 1 I 22 

TABLE V I  

FINAL DIAGNOSIS I N  PATIENTS WlTH ABNORMAL AND FAINT VISUALIZATION 

Chronic  p a n c r e a t i t i s  

Carcinoma 

Autopsy Surgery C l  i n i c a l  T o t a l  ' 

1 D iabetes . . - - I . . =  :.4% 

Normal pancreas 

To ta  1 

D i  scuss i o n  

88% o f  our  p a t i e n t s  w i t h  a normal pancreas scan proved t o  have no I 

d e t e c t a b l e  l es i ons  i n  t he  organ. The remain ing 12% were f a l s e  nega t i ves  

w i t h  p a t h o l o g i c a l  c o n d i t i o n s  unrevealed i n  the  normal scan. M i l d  c h r o n i c  

I I p a n c r e a t i t i s  may.be expected t o - l e a v e  t h e  pancreas w i t h  s u f f i c i e n t  enzyme-secret ing 

c a p a c i t y  t o  produce a normal se lenometh ion ine uptake, and t h e  pancreas scan, 

t h e r e f o r e  w i l l  commonly . .. miss these cases. I n  the' p a t i e n t  w i t h  carcinoma 



whose scan i s  shown i n  F i g .  5 t h e r e  was an adenocarcinoma o f  the  duodenum which 

invaded most o f  the  head o f ' t h e  pancreas i n  i t s  p o s t e r i o r  aspect,  b u t  o n l y  

1 cm o f  t he  a n t e r i o r  aspect,  and l e f t ' t h e  ampul la and t he  p a n c r e a t i c  duc t  

un invo lved ,  thus r e t a i n i n g  enough f u n c t i o n  and uptake o f  r a d i o n u c l i d e  i n  the  

gl'and t o  produce a normal scan. The g r o s s l y  demonstrab.le ',. area i nvo l ved  

by carcinoma was t h e r e f o r e  below t h e  r e s o l u t i o n  l i m i t  o f  t he  scanning procedure, 

. . 
' . which i s  about one inch .  

The v a s t  m a j o r i t y  o f  p a t i e n t s  whose scans show e i t h e r  n o n - v i s u a l i z a t i o n  

o r  ' p a r t i a l  o r  f a i n t v i s u a l i z a t i o n ,  w i l l  have s i g n i f i c a n t  impairment o f  .the 

g land.  Most o f  them w i l l  have e i t h e r  a carcinoma o r i g i n a t i n g  i n  o r  invad ing  

t h e  pancreas, o r  c h r o n i c  p a n c r e a t i t i s .  The scan i s  unable t o  ' d i f f e r e n t i a t e  

between these two l e s i o n s .  . I nsu l  i n - r e s i s t a n t  d i abe tes  ha; a1 so been found 

t o  impa i r  v i s u a l i z a t i o n  o f  the  pancreas (25,27),  and t h i s  was s u b s t a n t i a t e d  
. .  . 

i n  two o f  ou r  cases. Our s e r i e s  con ta ins  fewer f a l s e  p o s i t i v e s  than 

many s e i i e s  p r e v i o u s l y  r epo r ted  (10,28,33) , probab ly  because we use the 
5 ,  

i 
t echn ique  o f  sequen t i a l  imaging on t he  gamma camera. 

I 
I . . TABLE V I I 
I 

j . .  APPEARANCE OF SCAN I N  PATIENTS INVESTIGATED FOR PANCREATIC DISEASE /. 
I 

F i n a l  Diagnosis  Normal Scan N o n - v i s u a l i z a t i o n  Abnormal T o t a l .  . . .  1 
I . .  Norma 1 pancreas 42 = 86% 3 = 6% 4 = 8% 49 

Chronic  p a n c r e a t i t i s  5 = 18% 

Diabetes 

T o t a l s  4 8 



' .  Table VII summarizes the appearance of the scan in patients examined 

for pancreatic disease by categorizing the scan readings according to the 

final diagnosis. 

In conclusion, a normal pancreas scan has a high degree.of reliability 

(88% in this series). when the scan is abnormal, it is difficult or impossible 

to distinguish reliably between various pathologic entities, especially between 

pancreat i ti s and carcinoma. Severe diabetes, starvation, (7,8) or post-operat ive 

states (28) wi 1 1 a 1 so cause non-v i sua 1 i zat ion of the pancreas. S i nce the 

patency of the excretoCy ducts seems to be a crucial factor in determining 
- .  

visualization, small tumors not obstructing the duct system will therefore 

b,e missed when the lesion size is below the resolution limits of current 

imaging devices. 

I 
I On the basis of these results, our own attitude to pancreas scanning 

has been revised. We believe that if the examination is used principally 

1 . to establish normality or abnormality of the pancreas without attempting 

1 : .  an etiologic diagnosis, the pancreas scan - done with sequential imaging - 

can be a useful diagnostic technique. 

We acknowledge the ass i stance of Sharon ~hom~son, M. D., Department of 

Pathology, University of Chicago Hospitals and Clinics, in analyzing the 
1 . . 

case in Figure 5. 

.. . 

~~- 
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. F i g u r e  Legends 
I'  ' 

I ; . . /. , 

. . F ig .  1 -- S e r i a l  10-minute a n t e r i o r  views i n ,  p a t i e n t  w i t h  normal pancreas. 

I n  genera l ,  the  image i s  eva lua ted  by an amalgamation o f  t h e  severa l  views, f o r  
I 

i . 
I example, t h e  mid p o r t i o n . o f  t he  body i s  seen i n t a c t  o n l y - o n  the  f i i - s t  image; whereas 

t h e  head i s  b e s t  seen on t he  20-30 minu te  view. . . 

r .  . 

F i g .  2 - - Example o f  area o f  decreased uptake i n  t he  neck o f  t h e  pancreas 

( l e f t )  shown t o  correspond t o  t h e  abdominal a o r t a  on n u c l i d e  angiogram ( t - i gh t ) .  

F ig .  3 - - S u b t r a c t i o n  technique. 

Upper l e f t ,  r o u t i n e  s c i n t i p h o t o g r a p h  showing t h e  pancreas obscured by t he  lower -- 
. . 
. , edge o f  t h e  l i v e r .  : . . 

! 

Upper r i g h t ,  D i g i t a l  m a t r i x  r e p r e s e n t a t i o n  o f  t he  same image w i t h  t he  1600 channel -- 
analyze r .  

Lower L e f t  , Technetium-99m s u l f u r  c o l l o i d  image o f  l i v e r  arid ! sp leen w i t h  -- 
p a t i e n t  i n  t h e  same p o s i t i o n .  

., I Lower r i g h t ,  D i g i t a l  s u b t r a c t i o n  image o f  t h e  technet ium f rom t h e  se lenometh ion ine -- 
y i e l d i n g  a c l e a r e r  v iew o f  the pancreas. 

F ig .  4 Examples o f  d i a g n o s t i c  ca tego r i es :  ' ' ? .  , , 

Upper l e f t  - Normal v i s u a l i z a t i o n  
, , .  

.. . , Upper r i g h t  - N o n - v i s u a l i z a t i o n  (carcinoma) 
- .  

Lower l e f t  - F a i n t  v i s u a l i z a t i o n  ( c h r o n i c  p a n c r e a t i t i s )  -- 
Lower r i g h t  - p a r t i a l  v ' i s u a l i z a t i o n ,  t he  head i s  f a i n t  and deformed (carcinoma) -- 

F i g .  5 - Apparent normal v i s u a l i z a t i o n  o f  t he  pancreas i n  p a t i e n t  w i t h  

adenocarci  noma o f  the  duodenum invad ing  o f  the  head p o s t e r i o r l y  and n o t  i nvo l v  i ng 

. - t he  e x c r e t o r y  ducts.  Th i s  i s  t h e  -- o i l y  case o f  carcinoma i n  t h i s  s e r i e s  w i t h  a 

normal scan. 




