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A b s t r a c t 

S i n c e 1972 t h e D a n i s h A m p u t a t i o n R e g i s t e r 

( D A R ) h a s r e c o r d e d m a j o r a m p u t a t i o n s in 

D e n m a r k . T h e r e g i s t e r is b a s e d o n v o l u n t a r y 

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

d e p a r t m e n t s . T h e p r e s e n t i n v e s t i g a t i o n is b a s e d 

u p o n 2 0 2 9 a m p u t a t i o n s fo r a r t e r i o s c l e r o t i c a n d 

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

t o 4 y e a r s . 

T h e i n c i d e n c e of i p s i l a t e r a l r e a m p u t a t i o n is 

h i g h in t h e i m m e d i a t e p o s t o p e r a t i v e p e r i o d w i t h 

1 0 . 4 % a f t e r o n e m o n t h , 1 6 . 5 % a f t e r t h r e e 

m o n t h s a n d 1 8 . 8 % a f t e r six m o n t h s . L a t e r t h e 

i n c i d e n c e is q u i t e l o w , r e a c h i n g a t o t a l o f 2 3 . 1 % 

a f t e r f o u r y e a r s . 

T h e risk o f c o n t r a l a t e r a l a m p u t a t i o n is e v e r 

p r e s e n t w i t h a n i n c i d e n c e o f 1 1 . 9 % w i t h i n o n e 

y e a r , 1 7 . 8 % a f t e r t w o y e a r s , 2 7 . 2 % a f t e r t h r e e 

y e a r s , a n d finally 4 4 . 3 % a f t e r f o u r y e a r s . 

T h e m o r t a l i t y a f t e r t h r e e m o n t h s is 1 6 . 3 % a n d 

t h e n t a p e r s off t o a t o t a l of 2 2 . 5 % af te r f o u r 

y e a r s . A s c o m p a r e d w i t h t h e n o r m a l p o p u l a t i o n 

a s ign i f i can t o v e r - m o r t a l i t y is s e e n d u r i n g t h e 

first t h r e e m o n t h s , a n d a n e q u a l l y s igni f icant 

u n d e r - m o r t a l i t y f r o m six m o n t h s o n w a r d d u r i n g 

t h e o b s e r v a t i o n p e r i o d . 

I n t r o d u c t i o n 

O v e r t h e y e a r s m a n y s t u d i e s h a v e a t t e m p t e d 

t o c la r i fy t h e f a t e o f t h e a r t e r i o s c l e r o t i c a n d 

d i a b e t i c a m p u t e e , w i t h r e s p e c t t o l a t e r ipsi- o r 

c o n t r a l a t e r a l a m p u t a t i o n ( S i l b e r t 1952 ; G o l d n e r 

1 9 6 0 ; B a d d e l e y & F u l f o r d 1 9 6 5 ; M a z e t 1 9 6 7 ; 

S a r m i e n t o 1 9 6 8 ; W h i t e h o u s e e t a l . 1 9 6 8 ; P e r s s o n 

& S u n d e n 1 9 7 1 ; K o l i n d - S ø r e n s e n 1974) ; a n d 

a l s o m o r t a l i t y S m i t h 1956 ; H a n s s o n 1964; 

W h i t e h o u s e e t a l . 1 9 6 8 ; E c k e r & J a c o b s 1 9 7 0 ; 

P e r s s o n & S u n d e n 1 9 7 1 ; K a h n 1974 ; K o l i n d -

S ø r e n s e n 1 9 7 4 ) . 

A m a j o r i t y of t h e s t u d i e s c o m p r i s e r a t h e r few 

o b s e r v a t i o n s a n d t h e o b s e r v a t i o n p e r i o d is o f t e n 

r a t h e r s h o r t . 

M e t h o d 

T h e D a n i s h A m p u t a t i o n R e g i s t e r w a s 

f o u n d e d in 1972 fo r t h e p u r p o s e o f c o n t i n u o u s 

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

s e n s e . T h e r e g i s t e r b u i l d s o n v o l u n t a r y r e p o r t s 

f r o m o r t h o p a e d i c a n d su rg i ca l d e p a r t m e n t s in 

D e n m a r k a n d f u r t h e r r e p o r t s f r o m D a n i s h 

p r o s t h e t i c fitters. 

S i n c e 1973 t h e r e g i s t e r h a s r e c o r d e d d a t a o n c. 

5 , 0 0 0 n e w a m p u t a t i o n s a n d a n e q u a l n u m b e r of 

p r o s t h e s e s fitted. D a t a o n a m p u t e e su rv iva l is 

b r o u g h t u p t o d a t e by a b i a n n u a l c o m p a r i s o n 

w i t h t h e D a n i s h C e n t r a l C i t i z e n R e g i s t e r ( C P R ) . 

T h e p r e s e n t s t u d y w a s u n d e r t a k e n in o r d e r t o 

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

a n d is b a s e d o n d e t a i l e d r e p o r t s o f 2 , 0 2 9 p e r s o n s 

w i t h a m p u t a t i o n s o n t h e l o w e r e x t r e m i t i e s , 

p e r f o r m e d for a r t e r i o s c l e r o t i c o r d i a b e t i c 

g a n g r e n e . 

T h e i n p u t m a t e r i a l w a s t h e d a t e of b i r t h , d a t e 

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

a n y l a t e r ips i - o r c o n t r a l a t e r a l l o w e r e x t r e m i t y 

a m p u t a t i o n p e r f o r m e d d u r i n g t h e o b s e r v a t i o n 

p e r i o d . I n all i n s t a n c e s o f d e a t h t h e e x a c t d a t e is 

r e c o r d e d . 

T h e s t a t i s t i c a l a n a l y s i s w a s p e r f o r m e d in 

t h e d e p a r t m e n t fo r m e d i c a l s t a t i s t i c s , 

R i g s h o s p i t a l e t , u t i l i z ing life t a b l e m e t h o d s . A l l 

c o m p u t a t i o n s w e r e c a r r i e d o u t i n d i v i d u a l l y fo r 

t h e d i a b e t i c a n d n o n - d i a b e t i c g r o u p s , a n d as a 

c o m p o u n d a s w e l l . N o s igni f icant d i f f e r e n c e s 

w e r e f o u n d b e t w e e n d i a b e t i c s a n d n o n - d i a b e t i c s . 

R e s u l t s 

Ipsilateral reamputation 
I p s i l a t e r a l r e a m p u t a t i o n s a r e c a r r i e d o u t o n 

1 0 . 4 % of al l a m p u t e e s w i t h i n o n e m o n t h of t h e 

in i t i a l a m p u t a t i o n . T h e p e r c e n t a g e a f te r t w o 

m o n t h s is 1 4 . 8 a n d a f t e r t h r e e m o n t h s 1 6 . 5 . 

T h e p e r c e n t a g e o f r e a m p u t a t i o n a f t e r six 

m o n t h s is 1 8 . 8 , c o n s t i t u t i n g t h e m a j o r i t y o f all 



i p s i l a t e r a l r e a m p u t a t i o n s d u r i n g t h e o b s e r v a t i o n 
p e r i o d ( F i g . 1 ) . 

I n f a c t , f r o m t h e 7 t h a n d 4 8 t h p o s t o p e r a t i v e 
m o n t h o n l y a f u r t h e r 4 . 3 % of t h e a m p u t e e 
p o p u l a t i o n is r e a m p u t a t e d . I t s e e m s m o s t 
p r o b a b l e t h a t b y f a r t h e m a j o r i t y of i p s i l a t e r a l 
r e a m p u t a t i o n s i s d u e t o p o s t o p e r a t i v e c o m p l i ­
c a t i o n s w h i c h c o u l d n o t b e c o n t r o l l e d b y c o n ­
s e r v a t i v e m e a n s . 

L a t e r b r e a k d o w n o f a s t u m p w h i c h h a s h e a l e d 
a f t e r t h e in i t i a l a m p u t a t i o n s e e m s t o b e a r a t h e r 
r a r e o c c u r e n c e in t h e p r e s e n t m a t e r i a l . 

Contralateral amputation 
T h e p r o g n o s i s f o r " s u r v i v a l " o f t h e o t h e r l eg is 
l e s s o p t i m i s t i c . W h e r e a s t h e risk o f i p s i l a t e r a l 
a m p u t a t i o n w a s a l m o s t e l i m i n a t e d 6 m o n t h s 
a f t e r t h e p r i m a r y a m p u t a t i o n , t h e " o t h e r l e g " is 
a t risk a s l o n g a s t h e t a b l e s a r e a b l e t o p r e d i c t , 
w i t h c o n t r a l a t e r a l a m p u t a t i o n h i t t i n g 1 1 . 9 % 
w i t h i n t h e first y e a r , 1 7 . 8 % w i t h i n t w o y e a r s , 

2 7 . 2 % w i t h i n t h r e e y e a r s a n d 4 4 . 3 % less t h a n 
f o u r y e a r s a f t e r t h e in i t i a l a m p u t a t i o n (F ig . 2 ) . 

A c e r t a i n d i f f e r e n c e is s e e n b e t w e e n t h e r a t e 
o f c o n t r a l a t e r a l a m p u t a t i o n in a r t e r i o s c l e r o t i c 
p a t i e n t s ( 3 8 % ) a n d d i a b e t i c p a t i e n t s 5 2 . 6 % ) . 

Mortality 
T h e r a t e o f s u r v i v a l w a s s t i p u l a t e d for t h e 

a r t e r i o s c l e r o t i c a n d d i a b e t i c g r o u p s i n d i v i d u a l l y 
a n d n o s ign i f i can t d i f f e r e n c e s w e r e e n c o u n t e r e d . 

T h e c o m p o u n d s u r v i v a l c u r v e ( F i g . 3 ) 
d e m o n s t r a t e s a n in i t i a l " d i p " b u t a f t e r w a r d s a 
r a t h e r l i n e a r a n d n o t v e r y s t e e p s l o p e . B y far t h e 
g r e a t e s t risk o f d e a t h is e n c o u n t e r e d w i t h i n t h r e e 
m o n t h s f o l l o w i n g a m p u t a t i o n ( 1 6 . 6 % ) , w h e r e a s 
t h e figures a f t e r 1 t h r o u g h 4 y e a r s a r e 1 8 . 4 , 1 9 . 2 , 
2 0 . 3 a n d 2 2 . 5 % . H o w e v e r f u r t h e r s ta t i s t i ca l 
s t u d y d e m o n s t r a t e s a n a s t o u n d i n g d i f f e r e n c e in 
m o r t a l i t y , a s c o m p a r e d t o t h e " n o r m a l " 
p o p u l a t i o n ( F i g . 4 ) . W i t h i n t h e first 3 - 6 m o n t h s a 
m a r k e d l y i n c r e a s e d m o r t a l i t y is n o t e d in t h e 
a m p u t e e g r o u p — t h e d i f f e r e n c e b e i n g s igni f icant 
( p < 0 . 0 0 1 ) . A t s ix m o n t h s p o s t o p e r a t i v e l y t h e 
c h a n c e o f s u r v i v a l is r o u g h l y t h e s a m e a s in t h e 

Fig. 1. Ipsilateral reamputation was performed after 
one month in 10.4% of patients, after three months in 
16.5% and after six months in 18.8%. Thereafter, until 
four years from the initial operation, a further 4 .3% 

were reamputated. 

Fig. 2. One year after primary amputation, 
contralateral amputation in the compound group had 
been performed in 11.9% of patients, after two years 
in 17.8%, after three years in 27.2% and after four 
years in 44 .3%. The incidence in diabetic amputees 
( D M ) after four years was 52.6%, whereas in the 

non-diabctic group ( ASCL) it was 38%. 

Fig. 3. Compound survival of diabetic and non-
diabetic amputees. 

Fig. 4. A significantly increased mortality among 
amputees compared with a "normal" population is 
shown during the first three postoperative months. 
During the next three months the mortality is the same 
and after six months a significantly decreased mortality 

in the amputee group is demonstrated. 



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

c h a n c e s o f s u r v i v a l a r e s igni f icant ly ( p < 0 . 0 0 1 ) 

g r e a t e r in t h e a m p u t e e g r o u p . T h e r e a s o n s for 

t h i s u n e x p e c t e d o b s e r v a t i o n a r e n o t k n o w n a t 

p r e s e n t , b u t it is t e m p t i n g t o p o s t u l a t e t h a t t h e 

frai l a n d in f i rm a r e e l i m i n a t e d t h r o u g h t h e 

o p e r a t i v e s t r e s s , l e a v i n g a l ive t h e f i t tes t . 

T h e c o m p o u n d f a t e o f p a t i e n t s f o l l o w i n g t h e 

first l o w e r e x t r e m i t y a m p u t a t i o n is d e m o n s t r a t e d 

in F i g . 5 . A f t e r f o u r y e a r s 3 6 . 6 % of t h e p a t i e n t s 

a r e sti l l a l i ve w i t h o u t f u r t h e r a b l a t i v e s u r g e r y . A 

f u r t h e r 4 0 . 9 % h a v e b e e n s u b j e c t e d t o i p s i l a t e r a l 

r e a m p u t a t i o n ( 9 . 5 % ) o r c o n t r a l a t e r a l 

a m p u t a t i o n ( 3 1 . 4 % ) . A f t e r f o u r y e a r s 2 2 . 5 % a r e 

d e a d . 

D i s c u s s i o n 

T h e i n c i d e n c e o f i p s i l a t e r a l r e a m p u t a t i o n h a s 

b e e n d e s c r i b e d a s r a n g i n g f r o m 7 . 5 % t o 4 8 % 

( S a r m i e n t o 1968 ) a n d from 1 2 . 5 % t o 3 0 % 

( P e r s s o n & S u n d é n 1971) . 

D u r i n g t h e 4 8 - m o n t h s ' o b s e r v a t i o n p e r i o d a 

t o t a l o f 2 3 . 1 % of o u r p a t i e n t s w e r e r e a m p u t a t e d . 

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

n u m b e r o f r e a m p u t a t i o n s ( 1 0 . 4 % ) w e r e p e r ­

f o r m e d w i t h i n 1 m o n t h of t h e p r i m a r y o p e r a t i o n , 

t h r e e q u a r t e r s ( 1 6 . 5 % ) a f t e r 3 m o n t h s a n d 

a l m o s t a l l ( 1 8 . 8 % ) w i t h i n 6 m o n t h s f o l l o w i n g t h e 

in i t i a l a m p u t a t i o n . F r o m t h e 7 t h t h r o u g h t h e 

4 8 t h m o n t h o n l y a f u r t h e r 4 . 4 % of t h e a m p u t e e 

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

N o p r e v i o u s s t u d y d e t a i l s t h e e x a c t t i m e of 

i p s i l a t e r a l r e a m p u t a t i o n o v e r a p r o l o n g e d p e r i o d 

o f t i m e . 

T h e s e findings s u g g e s t t h a t t h e m a j o r i t y of 

i p s i l a t e r a l r e a m p u t a t i o n s w e r e s e q u e l s t o a n 

u n r e a l i s t i c p r i m a r y c h o i c e o f a m p u t a t i o n l eve l 

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

i n f e c t i o n . If t h e a m p u t a t i o n s t u m p s u r v i v e s t h e 

in i t i a l 6 p o s t o p e r a t i v e m o n t h s it s t a n d s a v e r y 

g o o d c h a n c e o f p e r m a n e n c y . 

I n a s e r i e s o f u n i l a t e r a l d i a b e t i c a m p u t e e s 

B a d d e l e y & F u l f o r d (1965) r e c o r d e d 2 0 % 

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

T h e c o r r e s p o n d i n g findings o f S i l be r t ( 1952) 

w e r e 3 0 % a f t e r t h r e e y e a r s a n d 5 1 % a f t e r five 

y e a r s . M a z e t ( 1 9 6 7 ) in a g r o u p of u n i l a t e r a l 

d i a b e t i c a m p u t e e s c o m p u t e d t h e risk o f 

c o n t r a l a t e r a l a m p u t a t i o n a t 10 , 2 0 a n d 4 0 % a f t e r 

1 , 2 a n d 5 y e a r s . G o l d n e r ( 1 9 6 0 ) f o l l o w e d 7 1 

d i a b e t i c p a t i e n t s w i t h a m p u t a t i o n o n o n e s i d e o f 

w h o m 6 6 % e v e n t u a l l y d e v e l o p e d c o n t r a l a t e r a l 

l e s i o n s ; a m o n g t h e s e t w o t h i r d s ( 6 8 % ) w e r e 

a m p u t a t e d . T h e a d v e n t of t h e c o n t r a l a t e r a l 

l e s i o n w a s r e c o r d e d w i t h i n t h e 1 s t — 4 t h y e a r s in 

2 3 , 6 1 , 7 2 a n d 8 9 % of a l l . W i t h t h e s t a t e d 

a m p u t a t i o n r a t e o f 6 8 % t h i s w o u l d m e a n 

c o n t r a l a t e r a l a m p u t a t i o n in 1 5 . 6 , 4 1 . 5 , 4 9 a n d 

6 0 . 5 % of t h e o r i g i n a l l y u n i l a t e r a l a m p u t e e s 

w i t h i n t h e 1st t h r o u g h 4 t h y e a r s . 

T h e a b o v e m e n t i o n e d figures c o r r e s p o n d 

fa i r ly w e l l t o t h o s e o f o u r s e r i e s , in p a r t i c u l a r t h e 

g e n e r a l t r e n d is i d e n t i c a l , t o w a r d s a r e l e n t l e s s l y 

i n c r e a s i n g risk o f c o n t r a l a t e r a l a m p u t a t i o n . I t 

s h o u l d b e s t r e s s e d t h a t w h e r e a s t h e s t u d i e s 

r e f e r r e d t o w e r e all c o n c e r n e d w i t h d i a b e t i c 

a m p u t e e s , w e f o u n d t h e s a m e t e n d e n c y in n o n -

d i a b e t i c s a s w e l l . 

M a n y a u t h o r s o p e r a t e w i t h t h e c o n c e p t " i n -

h o s p i t a l m o r t a l i t y " o r " p o s t o p e r a t i v e m o r t a l i t y " 

w i t h o u t c l e a r l y d e f i n i n g t h e a v e r a g e d u r a t i o n o f 

t h e h o s p i t a l i z a t i o n . 

I n c o n t e m p o r a r y w o r k it h a s b e c o m e 

c o n v e n t i o n a l t o s u b s t i t u t e " 3 - m o n t h m o r t a l i t y " 

i . e . t h e r a t e o f d e a t h w i t h i n 3 m o n t h s fo l l owing 

in i t i a l s u r g e r y . F o r t h i s r e a s o n it is n o t p o s s i b l e t o 

c o m p a r e e x a c t l y t h e m o r t a l i t y in d i f f e r en t s e r i e s . 

T h e i n - h o s p i t a l m o r t a l i t y r a n g e s f r o m 9 % 

( K a h n 1974) o v e r 1 1 . 9 % ( P e r s s o n & S u n d é n 

1971 ) a n d 1 2 % ( S m i t h 1956) , t h r o u g h 2 5 % 

( K o l i n d - S ø r e n s e n 1974) . I n a n a t i o n w i d e s u r v e y 

o f l o w e r e x t r e m i t y a m p u t a t i o n s in D e n m a r k 

d u r i n g 1977 E b s k o v (1979) f o u n d a n a v e r a g e 

i n - h o s p i t a l m o r t a l i t y of 1 4 % — v a r y i n g b e t w e e n 

8 % a n d 2 1 % in d i f f e r e n t p a r t s o f t h e c o u n t r y . 

T h e t o t a l n u m b e r o f a m p u t e e s w a s 1725 a n d t h e 

a v e r a g e d u r a t i o n o f h o s p i t a l i z a t i o n w a s 47 d a y s . 

I n t h e p r e s e n t s e r i e s o f 2 , 0 2 9 a m p u t e e s 1 6 . 6 % 

w e r e d e a d w i t h i n t h r e e m o n t h s f o l l o w i n g 

s u r g e r y . 

A s wi l l b e s e e n t h e r e is n o p r i n c i p a l d i f f e r e n c e 

in t h i s r e s p e c t . T h i s c o m p a t i b i l i t y c h a n g e s w h e n 

Fig. 5 . Four years after the initial amputation three out 
of four patients were still alive. Almost half of these 
had no further amputation. The remainder had been 
ipsi- or contralaterally amputated at a later stage 

within the observation period. 



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

t i m e . 

H a n s s o n ( 1 9 6 4 ) s h o w e d 4 5 % , 5 8 % , 7 1 % a n d 

7 6 % m o r t a l i t y 1, 2 , 3 a n d 4 y e a r s 

p o s t o p e r a t i v e l y . 

E c k e r & J a c o b s ( 1 9 7 0 ) f o u n d a 3 9 % m o r t a l i t y 

a f t e r 3 y e a r s , K o l i n d - S ø r e n s e n (1974) 

d e m o n s t r a t e d 5 0 % a f t e r 5 y e a r s , S m i t h (1956) 

6 0 % a f t e r 5 y e a r s a n d W h i t e h o u s e e t a l . (1968) c. 

8 0 % a f t e r 7 y e a r s . 

I n o u r s e r i e s t h e p e r c e n t a g e s a f t e r 1 t h r o u g h 4 

y e a r s a r e 1 8 . 4 , 1 9 . 2 , 2 0 . 3 a n d 2 2 . 5 . A s far a s c a n 

b e j u d g e d t h e r e a r e n o m a j o r d i f f e r e n c e s in 

a e t i o l o g y a n d a g e d i s t r i b u t i o n , t h e so le 

d i f f e r e n c e in fact b e i n g t h e m u c h m o r e 

c o m p r e h e n s i v e m a t e r i a l in o u r s e r i e s . 

H a n s o n ( 1 9 6 4 ) flatly s t a t e d t h a t t h e m o r t a l i t y 

in a g r o u p o f 2 5 4 p a t i e n t w a s f o u r t i m e s t h a t of a 

c o m p a r a b l e " n o r m a l " p o p u l a t i o n . T h i s is in 

s t r o n g c o n t r a s t t o o u r findings t h a t a f t e r 6 

m o n t h s t h e a m p u t e e g r o u p d e m o n s t r a t e s a 

h i g h l y s ign i f i can t u n d e r - m o r t a l i t y a s c o m p a r e d 

w i t h t h e " n o r m a l " p o p u l a t i o n . T h e r e is n o 

k n o w n e x p l a n a t i o n fo r th i s d i s c r e p a n c y . 

W h i t e h o u s e e t a l . (1968) s t a t e d tha t " a 

d i a b e t i c a m p u t e e wil l p r o b a b l y lose h i s life 

b e f o r e h e l o s e s h i s s e c o n d l e g " . T h i s d i c t u m is 

w i d e l y c i t e d , b u t it is c e r t a i n l y n o t in 

c o r r e s p o n d e n c e w i t h t h e f ind ings in t h e p r e s e n t 

s e r i e s , w h e r e v e r y s igni f icant n u m b e r s of 

d i a b e t i c s a n d n o n - d i a b e t i c s l ive l o n g e n o u g h t o 

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

l eg a n d in p a r t i c u l a r t o lose in e v e r i n c r e a s i n g 

n u m b e r s " t h e s e c o n d l e g " . 
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