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Abstract 
Prediction of healing of ulcers in ischaemic limbs 
can preclude unnecessary treatment for ulcers 
that cannot heal. Non-invasive methods are of 
marked value as the ischaemic limb is susceptible 
to further ulceration from local skin penetration. 
Relative hyperemia of the ulcer was measured by 
scintillation count over the ulcer and at points 
2.5 cm from the edge of the ulcer. Relative 
hyperemia was determined by dividing the count 
per unit area of the ulcer by the counts per unit 
area of the surrounding tissue. A l l ulcers with a 
relative hyperemia over 1.5 healed. 

Introduction 
Ischaemic changes of the lower extremities 

leading to ulceration, infection, and gangrene 
now account for 70-90% of lower limb 
amputations in the United States. These surgical 
procedures account for approximately 0.5% of 
all operations performed (Warren and Ki lhn, 
1968). 

I n the past 30-40 years there has been a 
marked shift in the ratio of above-knee to below-
knee amputations. A t one time 80% of all 
amputations for lower limb ischaemia were 
performed above the knee. Wi th the increasing 
recognition of the importance in the aged of the 
knee joint for prosthetic ambulation the ratio has 
been reversed and now 80% of ischaemic 
amputations are performed below the knee with 
better diagnostic procedures. More procedures 
are being done at the ankle and foot level 
(Wagner, 1977,1978). 

The two diagnostic questions facing the team 
caring for a patient with an ulcer in a dysvascular 
l imb are: 

1. I f ablation is necessary at what level wil l a 
surgical procedure heal? 
A t Rancho Los Amigos Hospital the ischaemic 
index measured with Doppler ultrasound has 
provided a reliable indicator in the 87%+range 
(Wagner, 1977, 1978). Further studies of 
nutritive skin flow are now being carried out with 
intravenous fluorescein measured with a 
fibreoptic dermofluorometer. 

2. Can the patient heal the ulcer and avoid 
ablation? 
I f the ulcer can be healed with local means such 
as Povidone Iodine, walking casts, or with minor 
local procedures the patient has been saved the 
major disability of an amputation. 
To determine healing potentials in patients with 
ulcers in an ischaemic l imb, peripheral vascular 
perfusion was measured with Thallium 201 
administered intravenously. I t has been shown 
that in the heart, skin, and skeletal muscle 
Thall ium 201 distribution represents the fraction 
of cardiac output to that tissue and is thus related 
to regional blood flow (Strauss et al, 1975, 1977). 

Invasive studies with Tc-99m-labeled 
microspheres administered intra-arterially 
showed a significant relationship between the 
ability to develop an inflammatory response with 
its associated hyperemia and the ability to heal 
an ulcer (Siegel et al, 1975). Because of the 
intra-arterial invasive nature of the test it has not 
been accepted by primary physicians. The same 
response appears to be measureable wi th 
intravenously administered Thallium 201. 

Materials and methods 
Ten diabetic and three non-diabetic patients 

were selected who had non-infected ulcers on the 



f o o t , a n k l e , a n t e r i o r s k i n o r c a l f . T h e p a t i e n t s 

h a d n o t h a d p r e v i o u s u l c e r s a n d t h e r e w a s n o 

r a d i o g r a p h i c e v i d e n c e o f o s t e o m y e l i t i s o r s o f t 

t i s s u e g a s . A t a r e s t i n g s t a t e 1 .5 m C u o f T h a l l i u m 

2 0 1 w e r e g i v e n i n t r a v e n o u s l y . P o i n t c o u n t i n g f o r 

6 0 s e c o n d s w a s p e r f o r m e d 5 m i n u t e s a f t e r 

i n j e c t i o n d i r e c t l y o v e r t h e u l c e r a n d a t 3 p o i n t s 

2 . 5 c m . f r o m t h e e d g e o f t h e u l c e r o v e r n o r m a l 

a p p e a r i n g t i s s u e . A 2 . 5 4 c m x 1 . 2 7 c m p i n h o l e -

c o l l i m a t e d s c i n t i l l a t i o n d e t e c t o r w a s u s e d a n d 

t h e o u t p u t f e d t o a p u l s e h e i g h t a n a l y z e r w i t h 

d i g i t a l r e a d o u t . H e a l i n g u l c e r s p r o d u c e d a 

r e a d o u t o f 1 5 — 2 0 , 0 0 0 c o u n t s p e r m i n u t e , b u t 

w i t h n o n - h e a l i n g u l c e r s t h e c o u n t s w o u l d g o 

b e l o w 1 0 0 0 p e r m i n u t e . T h e c o u n t s p e r u n i t a r e a 

i n t h e u l c e r w e r e t h e n d i v i d e d b y t h e c o u n t s p e r 

u n i t a r e a i n t h e s u r r o u n d i n g t i s s u e . T h i s r a t i o w a s 

u s e d a s a n i n d e x o f t h e r e l a t i v e h y p e r e m i a o f t h e 

i s c h a e m i c u l c e r . 

R e s u l t s 

O f t h e 1 3 p a t i e n t s 1 0 w e r e d i a b e t i c s t r e a t e d 

w i t h i n s u l i n o r o r a l h y p o g l y c e m i c a g e n t s . S i x o f 

t h e s e h e a l e d , f o u r d i d n o t a n d r e q u i r e d 

a m p u t a t i o n o r e x c i s i o n a l f o o t s u r g e r y . T w o o f 

t h e t h r e e n o n - d i a b e t i c p a t i e n t s h e a l e d , o n e 

r e q u i r e d a m p u t a t i o n . A r a t i o o r i n d e x o f 1 .5 is 

t a k e n a s t h e m i n i m u m h y p e r e m i c r e s p o n s e 

n e c e s s a r y f o r h e a l i n g . S e v e n o f t h e p a t i e n t s h a d 

a n i n d e x o v e r 1 .5 a n d a l l h e a l e d . S i x o f t h e 

p a t i e n t s h a d a n i n d e x l e s s t h a n 1 .5 a n d o n l y o n e 

o f t h e s e h e a l e d . T h e m e a n r e l a t i v e h y p e r e m i a o f 

t h e h e a l e d p a t i e n t s i s 2 . 8 ± 0 . 5 , a n d o f t h o s e w h o 

d i d n o t h e a l i s 0 . 9 ± 0 . 6 . T h e r a n g e o f v a l u e s w a s 

f r o m 0 . 2 t o 4 . 2 . 

D i s c u s s i o n 

C r i t e r i a f o r p r e d i c t i o n o f h e a l i n g o f i s c h a e m i c 

u l c e r s m a y e x p e d i t e a n e e d e d a m p u t a t i o n o r 

a v o i d a n u n n e c e s s a r y o n e . T h e p r e s e n c e o f a 

r e l a t i v e h y p e r e m i a g r e a t e r t h a n 1 .5 w a s s h o w n t o 

h a v e a s i g n i f i c a n t r e l a t i o n s h i p t o h e a l i n g o f s u c h 

u l c e r s a n d t h u s a p r e d i c t i v e v a l u e . I n t r a v e n o u s l y 

a d m i n i s t e r e d T h a l l i u m 2 0 1 h a s b e e n s h o w n t o b e 

a s u i t a b l e m e a n s f o r m e a s u r i n g t h i s h y p e r e m i a . 

A d e q u a t e relative hyperemia = ( a c t i v i t y p e r u n i t a r e a ulcer)/(activity p e r u n i t a r e a o f surrounding tissue) = 1 .5 
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