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FIG. 1 .1 

Pressure waveform i n t h o r a c i c a o r t a , abdominal a o r t a , femora l a r t e r y 

and d o r s a l i s ped is . I t shows t h a t a l though t he mean pressure i n t he 

a r t e r i e s o f t he l eg i s lower than i n the a o r t a , t he s y s t o l i c p ressu re 

i s h i ghe r (Remington and Wood, 1956; McDonald, 1960). 
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FIG. 1.2 

Calculation of the total excess of flow during the period of reactive 

hyperaemia (area under the curve of flow plotted against time). 
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S = saphenous vein 
D = deep » 
P= perforating » 

^ = direction of flow 

FIG. 1 .3 

Diagramatic representation of the direction of flow in the superficial, 

deep and perforating veins during the walking cycle in a normal limb. 
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FIG. 1.4 

t \ 

Diagramatic representation of the direction of flow in the superficial, 

deep and perforating veins during the walking cycle in a limb with 

saphenofemoral incompetence only. 
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FIG. 1.5 

Diagramatic representation of the direction of flow in the superficial, 

deep and perforating veins during the walking cycle in a limb with 

saphenofemoral incompetence and incompetent perforating veins. 
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f i g . 1. 6 

Diagramatic representation of the direction of flow in the superficial, 

deep and perforating veins during the walking cycle in a limb with deep 

venous insufficiency. 



- 187 -

P=pressure 
R=resistance 
Type of resistance fixed 

Pa, 

Ra 

Pa, 

Rd 

n 
variable 

Earth 
Pv 

4=1 ero pressure 
« veins » 

FIG. 1.7 

An e l e c t r i c a l model o f t he c o l l a t e r a l c i r c u l a t i o n accord ing to 

and Sumner (S t randness and Sumner, 1975) . 
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FIG. 1.8 

Modification of the electrical model presented in Fig. 1.7 assuming 

that the main artery is occluded (Strandness and Sumner, 1975). 
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FIG. 1.9 

V e r t i c a l tube model accord ing to Gauer and Thorn (Gauer and Thorn, 1965). 
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FIG. 1.10 

H o r i z o n t a l tube model accord ing to Ho l t (Ho l t , 1969) 
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FIGURES FOR CHAPTER 2 
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FIG. 2.1 

Experimental set up for simultaneous 99m Tc - muscle 

clearance in the thigh and calf at rest and after 

exercise using heavy probes (Pitman - 235-isctope 

localisation monitors). 
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FIG. 2 .2 

D iag rama t i c r e p r e s e n t a t i o n o f t he e xpe r imen t a l set-up f o r s imu l taneous 

99m Tc muscle c l ea rance i n the t h i g h and c a l f a t r e s t and a f t e r e x e r c i s e . 
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FIG. 2.3 

Walking on the treadmill 

j 
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FIG. 2.4 

Graph of the percentage clearance per minute (T) against time for the 

calculation of Total excess of T, Maximum value of post-exercise T, 

Hyperaemic Index, Time of onset of maximum value of post-exercise T 

and Total period of increased post-exercise T. 



- 196 -

30 

I 

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 28 
Minutes 

FIG. 2 .5 

C a l c u l a t i o n o f t he T o t a l excess o f pos t-exe rc i se TCA) (shaded a r e a ) . 
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F IG. 2 .6 

C a l c u l a t i o n o f t he Hyperae rmic Index ( H . I . ) . 
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FIG. 2.7 

Experimental set-up for simultaneous 99m Tc muscle clearance 

in the thigh and calf at rest, during and after exercise 

using light probes (Dual Channel Analysers - Model 45-24). 
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FIGURES AND TABLES FOR CHAPTER 3 
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FIG. 3.1 

The mean values of T and standard deviation in Group A (normal limbs) 

before and after exercise (Clinical Study I). 
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The mean changes o f t h i g h T, c a l f 
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3 . 2 

T and ank le s y s t o l i c p ressure i n 

a f t e r e xe r c i s e ( C l i n i c a l Study I ) . 
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FIG. 3.3 

The mean values of T and standard deviation in Group B (limbs with 

iliac occlusion only) before and after exercise (Clinical Study I). 
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FIG. 3.4 

The mean changes of thigh T, calf T and ankle systolic pressure in 

Group B (limbs with iliac occlusion only) before and after exercise 

(Clinical Study I). 
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FIG. 3.5 

The mean values of T and standard deviation in Group C (limbs with 

superficial femoral artery occlusion only) before and after exercise 

(Clinical Study I). 
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FIG. 3 .6 

The mean changes o f t h i g h T, c a l f T and ank le s y s t o l i c pressure i n Group C 

( l imbs w i t h s u p e r f i c i a l femora l a r t e r y occ lus ion) before and a f t e r exe rc i se 

( C l i n i c a l Study I ) . 
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FIG. 3.7 

The mean values of T and standard deviation in Group D (limbs with 

combined aortoiliac and femoropopliteal lesions) before and after 

exercise (Clinical Study I). 
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FIG. 3.8 

The mean changes of thigh T, calf T and ankle systolic pressure in 

Group D (limbs with combined aortoiliac and femoropopliteal lesions) 

before and after exercise (Clinical Study I). 
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FIG. 3 .9 

A n a l y s i s o f t he Hyperaemic I nd i c e s i n t he t h i g h and i n t he c a l f f o r 

e ve r y l imb s t ud i ed . The means f rom Tab le 3 .1 a re shown as l a r g e b l ack 

dots ( C l i n i c a l Study I ) . 



- 209 -

T A B L E 3 . 1 

d e v i a t i o n o f t h i g h and c a l f Hyperaemic 

( C l i n i c a l Study I ) 

Group 

A 

Group 

B 

Group 

C 

Group 

D 

Th igh 

Hyperaemic Index ( H . I ) 

1.53 

+ 0 .19 

4.69 

1 ° ' 4 8 

1.50 

1 
4.55 

+_ 0.37 

C a l f 

Hyperaemic Index ( H . I ) 

1.54 

'_+ 0.20 

5.02 

_+ 0.60 

4.30 

_+ 0 .52 

9.10 

_+ 1.14 

Mean and s t anda rd 

I nd i ces i n Groups A t o D. 



- 210 -

r 2 0 

t 

Type of resistance 

Fixed i Variable 

• I — T — l 
l R t i 

R c i 

Q Infinitely high 

Earth 
Zero pressure 
(veins) 

FIG. 3.10 

Diagramatic representation of the arterial tree and its electrical 

analogue in a limb with superficial femoral artery occlusion only 

(Clinical Study I). 

Rl = Resistance of common iliac artery (fixed) 

V = Resistance of external iliac artery (fixed) 

R 2 = Resistance of superficial femoral artery ( 0 0 ) 

R 3 = Resistance of profunda femoris artery (fixed) 

Ri» = Resistance of collateral artery (fixed) 

RS = Resistance of main calf artery (fixed) 

R t = Resistance of thigh muscle bed (variable) 

R c = Resistance of calf muscle bed (variable) 

V Assumed constant pressure (voltage) in aorta. 
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FIG. 3.11, a and b 

Simplification of the electrical model in Figure 3.10 by omitting the 

resistance of the occluded superficial femoral artery (R2) and the 

fixed resistances of the external iliac CRi) and of the main arteries 

distal to the occlusion (R5). 
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FIG. 3.12 

Analysis of the mean thigh and calf Hyperaemic Indices of the four 

groups (A to D) studied (Clinical Study I). 
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FIG. 3.13 

Analysis of the thigh and calf Hyperaemic Indices for every limb with 

combined aortoiliac and femoropopliteal stenoses studied (Clinical Study II). 



T A B L E 3.2 

Degree of stenosis of the aortoiliac and femoropopliteal Segments and relative stenosis according 
to the aortographic findings in relation to triangles p , q , r , s . (Clinical Study II) 

Position of Limb No. Degree of Stenosis According to the Aortogram Relative Stenosis 
Limbs Femoropopliteal Segment Aortoiliac Segment 
(Fig. 3.13) (FP) (Al) 

1 7 70 < 10 FP>AL 

2 > 70 10-40 FP>AI 

Triangle 3 > 70 10-40 FP>AI 

P 4 > 70 10-40 FP>AI 

5 7 70 40-70 FP>AI' 

6 > 70 40-70 FP>AI 

7 10-40 > 70 FP<AI 

8 10-40 > 70 FP<AI 

9 10-40 > 70 FP<AI 

10 10-40 > 70 FP<AI 

11 10-40 7 70 FP<AI 

Triangle 12 10-40 7 70 FP<AI 

q 13 10-40 > 70 FP<AI 

14 10-40 7 70 FP<AI 

15 10-40 > 70 FP< Al 

16 40-70 > 70 FP<AI 

17 40-70 > 70 FP<AI 

18 40-70 7 70 FP<AI 

19 40-70 > 70 FP<AI 

20 > 70 100 FP<AI 
Z1 7 70 100 fP<AI 
22 > 70 100 FP< Al 
23 > 70 100 FP<AI 



Continuation from previous page:.. TABLE 3.2 

Position of Limb No. Degree of Stenosis According to the Aortogram Relative Stenosis 
Limbs 
(Fig3.13) 

Femoropopliteal Segment 
(FP) 

Aortoiliac Segment 
(Al) 

24 10-40 < 10 FP>AI 

triangle 
r 

25 40-70 < 10 FP>AI 

26 40-70 < 10 FP>AI 

27 100 < 10 FP>AI 

triangle 28 < 10 10-40 FP<AI 

29 < 10 10-40 FP<AI 

30 10-40 10-40 FP<AI 

31 10-40 40-70 FP<AI 

32 10-40 40-70 FP<AI 

33 110-40 40-70 FP^AI 

ro 
Ul 
i 
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FIG. 3.14 

Graphical representation of the results of Clinical Study I and Clinical 

Study II (by superimposing Figs. 3.9 and 3.13). 
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FIG. 3.15 

Analysis of the thigh and calf Hyperaemic Indices prospectively (Clinical 

Study III). 



TABLE 3.3 

Degree of stenosis in the aortoiliac.and femoropopliteal segments and relative stenosis according to 
the Hyperaemic Index in relation to triangles p, q,'r,, s. (Clinical Study II) 
(Kev: mild = Q%-40%; moderate = 40%-70%; severe: >70% stenosis) 

Position of Limb No Degree of Stenosis According to H.I. Relative Stenosis According to H.I 
Limbs Fern-Pop Aortoiliac 
(Fig.3.15) 

1 normal normal 

2 normal normal 

near A 
outside 
quatrangle 

3 normal normal 

4 normal normal 

5 normal normal 

6 normal normal 

7 normal normal 

8 normal normal 

9 normal occlusion 

near B 
outside 
quatrangle 

10 normal occlusion 

11 normal occlusion 

12 normal occlusion 



Continuation from previous page TABLE 3.3 

Position of Limb No Degree of Stenosis Accodring to H.I Relative Stenosis According to H.I 
Limbs Fem-POP Aortoiliac 
CFig. 3.15) 

13 occlusion normal 

near C 
outside 
quatrangle 

14 

15 

occlusion 

occlusion 

normal 

normal 

16 occlusion normal 

17 occlusion normal 

18 occlusion normal 

Between C&D 
outside 
quatrangle 

19 occlusion mild to moderate 
stenosis 

Between BSD 
outside 
quatrangle 

20 mild to moderate 
stenosis 

occlusion 

21 mild to moderate 
stenosis 

occlusion 

Triangle 22 severe stenosis mild to moderate FP>AI 

P 
23 

24 

severe stenosis 

severe stenosis 

mild to moderate 
stenosis 
mild to moderate 
stenosis 

FP>AI 

PP>AI 



Continuation from previous page TABLE 3.3 

Position of Limb No Degree of Stenosis According to H.I 
(Limbs Femo-POP Aortoiliac 
(Fig. ~· 15) 

25 mild to moderate severe stenosis 
stenosis 

triangle 26 mild to moderate severe stenosis 
p stenosis 

27 mild to moderate severe stenosis 
stenosis 

28 mild to moderate severe stenosis 
stenosis 

29 mild to moderate severe stenosis 
stenosis 

30 mild to moderate severe stenosis 
stenosis 

31 mild to moderate severe stenois 
stenosis 

32 mild to moderate severe stenosis 
stenosis 

33 mild to moderate severe stenosis 
stenosis 

34 mild to moderate severe stenosis 
stenosis 

35 mild to moderate severe stenosis 
stenosis 

36 severe stenosis severe stenosis 

Relative Stenosis According to H.I 

FP<AI 

FP<AI 

FP<AI 

FP lAI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

N 
N 
0 



Continuation from previous page TABLE 3.3 

Position of Limb No Degree of Stenosis According to H.I Relative Stenosis According to H.I 
Limbs Fern-Pop Aortoiliac 
(Fig.3.15) 

37 moderate stenosis mild stenosis FP>AI 

triangle 38 moderate stenosis mild stenosis FP>AI 

r 
39 moderate stenosis mild stenosis FP>AI 

40 mild stenosis moderate stenosis FP<AI 

triangle 41 mild stenosis moderate stenosis FP<AI 

s 
42 mild stenosis moderate stenosis FP<AI 

43 mild stenosis moderate stenosis FP<AI 

44 mild stenosis moderate stenosis FP<AI 

Between 
A & B 
outside 
quatrangle 

45 normal mild to moderate 
stenosis 

46 normal mild to moderate 
stenosis 

47 normal mild to moderate 
stenosis 



TABLE 3.4 

Degree of stenosis in the aortoiliac and femoropopliteal segments and relative stenosis according to the 
aortographic findings in relation to triangles p. 0, r, s. (Clinical Study II). 

Position of 
Limbs 
(Fig.3.15) 

Limb No Degree of Stenosis According to Aortogram 
Femoropopliteal Aortoiliac 

Relative Stenosis According to 
aortogram 

near A 
outside 
quatrangle 

near B 
outside 
quatrangle 10 

11 
12 

100 

100 

100 

100 



Continuation from previous page TABLE 3.4 

Position of Limb No Degree of Stenosis According to Aortogram Relative Stenosis According to Aortogram 
Limbs 
(Fig.3.15) 

Femoropopliteal Aortoiliac 

13 100 0 

near C 
outside 
quatrangle 

14 

15 

100 

100 

0 

0 

16 100 0 

17 100 0 

18 100 0 

Between C and 
outside 
quatrangle 

19 <10 40-70 

Between B and D 
outside 
quatrangle 

20 

21 

10-40 

40-70 

100 

100 

FP<AI 

FP<AI 

22 >70 10-40 FP>AI 

triangle rj 23 >70 <10 FP>AI 
r 

24 >70 10-40 FP>AI • 



ron 

L i r 

25 

26 
27 

28 
29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

page TABLE 3.4 

Degree of Stenosis According to Aortogram 
Femoropopliteal AortoiliaG 

Relative Stenosis According to Aortogram 

10-40 

< 10 

10-40 

10-40 

10-40 

40-70 

40-70 

40-70 

40-70 

40-70 

40-70 

40-70 

>70 

>70 

>70 

>70 

>70 

>70 

>70 

>70 

>70 

>70 

>70 

>70 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

FP<AI 

10-40 

40-70 

40-70 

<10 
<10 
<10 

FP>AI 

FP>AI 

FP>AI 



Continuation from previous page... 

Position Limb No. Degree of Stenosis According to Aortogram Relative Stenosis According to Aortogram 
Limbs Femoropopliteal Aortoiliac 
(Fig3.15) 

40 <10 10-40 FP< Al 

41 10-40 40-70 FP< Al 

triangle 42 10-40 40-70 FP< Al 

43 <10 40-70 FP< Al 

44 10-40 40-70 FP< Al • 

Between 
A & B 

45 0 40-70 FP<AI 

outside 
quatrangle 

46 0 40-70 FP<AI 

47 0 40-70 FP<AI 



TABLES (3.3 and 3.4) 3.5 

Degree of stenosis in the aortoiliac and femoropopliteal segments and relative stenosis according to the aort-
ographies findings and the Hyperaemic Index in relation to triangles p, q, r, s. (Clinical Study II). 
(Key: mild = 10%-4Q%; moderate = 40%-70%; severe = >70% stenosis). 

Position of Limb No Degree of Stenosis According to Relative Degree of Stenosis According Relative 
Limbs the Hyperaemic Index (H.I) Stenosis to the Aortogram (A) Stenosis 
(Fig 3.15) According According 

Femoropopliteal Aortoiliac to H.I to (A) 
Segment (FP) Segment (Al) FP Al 

1 normal normal 0 0 

2 normal normal 0 0 

near A 3 normal normal 0 0 
outside 
quatrangle 4 normal normal 0 0 

5 normal normal 0 0 

6 normal normal 0 0 

7 normal normal 0 0 

8 normal normal 0 0 

9 normal occlusion 0 100 

near B 10 normal occlusion 0 100 
outside 
quatrangle 11 normal occlusion 0 100 

12 normal occlusion 0 100 



Con t i nua t i on f rom p rev i ous page TABLES (3 .3 and 3 .4 ) 3 .5 

P o s i t i o n o f 

Limbs 

Limb No Degree o f S t enos i s Accord ing t o 

t he Hyperaemic Index ( H . I ) 

R e l a t i v e 

S tenos i s 

Degree o f S tenos i s According 

t o t h e Aor togram (A) 

R e l a t i v e 

S tenos i s 

( F i g 3 .15) 

Femoropop l i t ea l 

Segment (FP) 
A o r t o i l i a c 

Segment ( A l ) 

Accord ing 

t o H . I . 

FP A l 

Accord ing 

t o A 

13 occ lus ion •normal 100 0 

14 occ l us i on normal 100 0; 

near C 

ou t s i de 

qua t r ang l e 

15 

16 

occ l us ion 

occ l us i on 

normal 

horma l 

100 

100 

0 

0 

17 occ l us i on normal 100 0 

18 occ lus ion normal 100 0 

between C 

& D ou t s i de 

qua t r ang l e 

19 occ lus ion mi I d t o moderate' 

s t e nos i s 

100 40-70 

between B 

& D ou t s i de 

qua t r ang l e 

20 

21 

m i l d t o moderate 

m i l d t o moderate 

occ l u s i on 

occ l us i on 

10-40 

40-70 

100 

100 

FP<AI 

FP<AI 

22 severe s t enos i s m i l d t o moderate 

s t enos i s 

FP>AI >70 10-40 FP>AI 

t r i a n g l e 

P 

23 severe s t enos i s m i l d t o moderate FP>AI >70 v <10 FP >AI 

24 s'evere s t enos i s m i l d t o moderate FP>AI >70 10-40 FP>AI 



Continuation from previous page TABLE 3.5 

Position of Limb No Degree of Stenosis According to the Hyperaemic Relative Degree of Stenosis According Relative 
Limbs Index (H.I) Stenosis to the Aorto1ram (A) Stenosis 

(fig.3.15) Femoropopliteal Aortoiliac Segment (AI) According According 

Segment (FP) to H.I. FP AI to A 

25 mild to moderate severe stenosis FP<AI 10-40 )70 FP<AI 
stenosis 

26 mild to moderate severe stenosis FP<AI <10 )70 FP<AI 
stenosis 

27 Rlild to moderate severe stenosis FP<AI 10-40 )70 FP<AI 
stenosis 

28 mild to moderate severe stenosis FP<AI 10-40 )70 FP<AI I 

stenosis IN 
N 
en 

triangle 29 mild to moderate severe stenosis FP<AI 10-40 )70 FP<AI I 

q - stenosis 

30 mild to moderate severe stenosis FP<AI 10-40 )70 FP<AI 
stenosis 

31 mild to moderate severe stenosis FP<AI 40-70 )70 FP<AI 
stenosis 

32 mild to moderate severe stenosis FP<AI 40-70 )70 FP<AI 
stenosis 

33 mild to moderate severe stenosis FP<AI 40-70 )70 FP<AI 
stenosis 

34 mild to moderate severe stenosis FP<AI 40-70 )70 FP<AI 
stenosis 

35 mild to moderate severe stenosis FP<AI 40-70 )70 FP<AI 
stenosis 

, 

36 severe stenosis severe stenosis FP<AI 40-70 )70 FP<AI 
-· _,_ _____ --



Con t i nua t i on f rom p r e v i ous page Tab le 3.5 

P o s i t i o n o f Limb No Degree o f S tenos i s Accord ing t o the Hyperaemic R e l a t i v e Degree o f S t enos i s Accord ing R e l a t i v e 

Limbs Index ( H . I ) S t enos i s t o t he Aor tgoram (A) S tenos i s 

( F i g 3 .15) 
Femoropop l i t ea l 

Segment (FP) 

A o r t o i l i a c 

Segment ( A l ) 

Accord ing 

t o H . I 
FP A l 

Accord ing 

t o A 

37 moderate s t enos i s m i l d s t enos i s FP>AI 10-40 < 10 FP>AI 

t r i a n g l e 

r 

38 moderate s t enos i s m i l d s t enos i s FP>AI 40-70 < 1 0 FP>AI 

39 moderate s t enos i s m i l d s t enos i s FP>AI 40-70 < 10 • FP>AI 

- 40 m i l d s t enos i s moderate s t enos i s FP<AI >10 10-40 FP<AI 

41 m i l d s t enos i s moderate s t enos i s FP<AI 10-40 40-70 FP<AI 

t r i a n g l e 

s 

42 m i l d s t enos i s moderate s t enos i s FP<AI 10-40 40-70 FP<AI 

43 m i l d s t enos i s moderate s t enos i s FP<AI <10 40-70 FP<AI 

44 m i l d s t enos i s moderate s t enos i s FP<AI 10-40 40-70 FP<AI 

45 normal m i l d t o moderate 0 40-70 FP<AI 

between A 
s t enos i s 

& B out-

s ide 

qua t r ang l e 

46 normal m i l d t o moderate 0 40-70 FP<AI 
& B out-

s ide 

qua t r ang l e 
s t enos i s 

47 normal m i l d t o moderate 

s t enos i s 

0 40-70 FP<AI 
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FIG. 3 .16 

A n a l y s i s o f t he t h i g h and c a l f Hyperaemic I nd i ces p r e o p e r a t i v e l y 

( C l i n i c a l Study I I I ) . 
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FIG. 3 . 17 

A n a l y s i s o f t he t h i g h and c a l f Hyperaemic I nd i ces po s t -ope r a t i v e l y 

( C l i n i c a l Study I I I ) . 
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FIG. 3 .18 

D i agnos t i c cha r t based on c a l f and t h i g h Hyperaemic I n d i c e s , ab normal 

a r t e r i a l t r e e ; b , a o r t o i l i a c occ l u s i on o n l y ; c, f emo ropop l i t e a l o cc l u s i o n 

o n l y ; d, a o r t o i l i a c and f e m o r o p o p l i t e a l occ l us i on ; e, s u p e r f i c i a l f emo ra l 

o r p o p l i t e a l s t e nos i s o n l y ; f , a o r t o i l i a c s t enos i s o n l y ; g, a o r t o i l i a c 

occ l us i on and s u p e r f i c i a l f emo ra l s t e n o s i s ; h, s u p e r f i c i a l femora l 

occ l us i on and a o r t o i l i a c s t e n o s i s ; p, a o r t o i l i a c and s u p e r f i c i a l f emora l 

s t e nos i s (SF s t enos i s > 70 pe r cen t : SF s t enos i s > A l s t e n o s i s ) ; q, 

a o r t o i l i a c and s u p e r f i c i a l f emora l s t e nos i s (A l s t enos i s > 70 per cen t : 

A l s t enos i s > SF s t e n o s i s ) ; r , a o r t o i l i a c and s u p e r f i c i a l femora l s tenos is 

(both stenoses < 70 pe r cen t : SF s t e no s i s > A l s t e n o s i s ) ; s , a o r t o i l i a c 

and s u p e r f i c i a l f emora l s t e no s i s (both stenoses < 70 pe r cen t : A l s tenos is 

> SF s t e n o s i s ) . 
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T in a normal limb 

Thigh 
Calf 
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FIG. 3 . 19 

Changes o f T i n t he t h i g h and c a l f o f a normal l imb be f o r e , du r i ng and 

a f t e r e x e r c i s e ( C l i n i c a l Study I V ) . 
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Mean and standard deviation of T in 5 norma! limbs 
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FIG. 3 .20 

Mean va l ues o f t h i g h T and c a l f T i n Group • (normal l i m b s ) ( C l i n i c a l 

Study I V ) . 
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T in a limb with proximal disease 
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FIG. 3 . 21 

Changes o f T i n t h e t h i g h and c a l f o f a l imb w i t h i l i a c occ lus ion o n l y , 

be fo r e , du r i ng and a f t e r e x e r c i s e ( C l i n i c a l Study I V ) . 
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Mean and standard deviation of T 
in 5 limbs with proximal disease 
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FIG. 3 .22 

Mean va l ues o f t h i g h T and c a l f T i n Group 1 ( l imbs w i t h i l i a c occ l u s i o n 

o n l y ) ( C l i n i c a l Study I V ) . 
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T in a limb with distal disease 
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FIG. 3 .23 

Changes o f T i n t he t h i g h and c a l f o f a l imb w i t h s u p e r f i c i a l f emora l 

a r t e r y occ l us i on o n l y , be fo r e , du r i ng and a f t e r e x e r c i s e ( C l i n i c a l Study IV). 
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Mean and standard deviation of T 
in 5 limbs with superficial femoral occlusion 
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FIG. 3 .24 

Mean va l ues o f t h i g h T and c a l f T i n Group 2 ( l imbs w i t h s u p e r f i c i a l 

f emora l a r t e r y occ l u s i on o n l y ) ( C l i n i c a l Study I V ) . 
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T in a limb with proximal and distal disease 
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FIG. 3.2 5 

Changes o f T i n t he t h i g h and c a l f o f a l imb w i t h combined severe a o r t o i l i a c 

and f emo r opop l i t e a l l e s i o n s , b e f o r e , du r i ng and a f t e r e x e r c i s e ( C l i n i c a l 

S tudy I V ) . 
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Mean and standard deviation ofT 
in 10 limbs with proximal and distal disease 
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FIG. 3 .26 

Mean va lues o f t h i g h T and c a l f T i n Group 3 ( l imbs w i t h combined seve re 

a o r t o i l i a c and f e m o r o p o p l i t e a l l e s i o n s ) ( C l i n i c a l Study I V ) . 



- 241 -

FIGURES FOR CHAPTER 4 
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Two - poo l haemodynamic model 
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FIGURES FOR CHAPTER 5 



- 245 -

F i g . 5 . 1 

D iag rama t i c r e p r e s e n t a t i o n of the 

e xpe r imen t a l set-up f o r s imu l taneous 

Tc muscle c l ea r ance i n both ca l ves 

du r i ng t i p t o e i n g . 
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FIG. 5.2 

Experimental set-up for simultaneous ^ m T c muscle 

clearance in both calves during tiptoeing, using 

heavy probes. (Initial phase - the heel on the 

ground). 
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FIG. 5.3 

Experimental set-up for simultaneous ^ m T c 

muscle clearance in both calves during tip-

toeing, using heavy probes (second phase -

on tiptoe). 
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seconds 

F i g . 5 . 4 a 

Schematic r e p r e s e n t a t i o n o f t he c lea rance curve 

ob ta ined du r i ng f i v e movements on t i p t o e , us ing 

heavy probes. The upward and downward component 

o f each movement was due to t he v a r i a b l e d i s t ance 

o f t he r a d i a t i o n sources f rom t he probes du r i ng 

t i p t o e i n g . The he i gh t h i i s r ep r e sen t i ng t h e 

c l ea r ed amount o f r a d i o a c t i v i t y . 
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F i g . 5 .4b 

Schemat ic r e p r e s e n t a t i o n o f the c lea rance curve 

ob ta i ned f rom a nf i rmal l imb and f rom a l imb w i t h 

p r o x ima l a r t e r i a l d i sease du r i ng a five-mov.ement 

sess ion us ing heavy probes, The c l ea r ed amount 

o f r a d i o a c t i v i t y i s g r e a t e r i n a normal l imb 

( h e i g h t h^) than i n a l imb w i t h p r o x ima l a r t e r i a l 

d isease ( he i gh t hu ) . 
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seconds 

F i g . 5 .4c 

Schemat ic r e p r e s e n t a t i o n o f t he c lea rance curve 

ob ta i ned f rom a normal l imb and f rom a l imb w i t h 

d i s t a l a r t e r i a l d i sease du r i ng a f i v e - movement 

sess ion us ing heavy probes. The c l ea r ed amount o f 

r a d i o a c t i v i t y i s s i g n i f i c a n t l y g r e a t e r i n a normal 

l imb ( he i gh t h i ) t han i n a l imb w i t h d i s t a l a r t e r i a l 

d i sease , ( h e i g h t h ) . 
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FIG. 5.5 

99m 

Experimental set-up for simultaneous Tc muscle 

clearance in both calves during tiptoeing, using 

light probes. (Initial phase - the heel on the 

ground). 
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FIG. 5.6 

99m 

Experimental set-up for simultaneous " Tc muscle 

clearance in both calves during tiptoeing, using 

light probes (second phase - on tiptoe). 
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seconds 

Fig. 5.7 

Schematic representation of the clearance 

curves obtained simultaneously from a normal 

calf using a light and aiheavy probe. During 

a five-movement session on tiptoe,the cleared 

amount of radioactivity was equal (heights h^ 

and h 2 respectively). However, the light probe 

gave a much smoother clearance curve. 
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5-movement session (De) 
* • 

Time in seconds 

F i g 5 .8 

C a l c u l a t i o n o f t h e t o t a l percentage c lea rance 

Dj. d u r i n g f i v e t i p t o e movements. 
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FIGURES AND TABLES FOR CHAPTER 6 
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F i g . 6 . 1 

The mean va l ues o f a and s tandard 

d e v i a t i o n i n t he f i v e groups s t ud i ed 

(0 t o Da) ( C l i n i c a l Study V) 
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The mean va l ues o f Q and s tanda rd d e v i a t i o n 
o 

i n t h e f i v e groups s t u d i e d . (0 t o Da) 

( C l i n i c a l Study V) 
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Fig.6.3 

The mean values of A and standard deviation 

in the five groups studied (0 to Da) 

(Clinical Study V) 
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Fig.6.4 

The median and 95 per cent tolerance levels 

of Q q in the five groups studied. (• to Da) 

(Clinical Study V) 
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The median and 95 per cent tolerance levels 

of A in the five groups studied (• to Da) 

(Clinical Study V) 
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A n a l y s i s o f Qq and A i n the f i v e groups 

s t ud i ed (0 t o Da) ( C l i n i c a l Study V) 
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TABLE 6 .1 

The Va lues o f a, Qo and X f o r Every Normal Limb Studied 

Group Limb 

No 

a 
(%) 

Qo 

(ml/100 ml) 

A 

(ml/100 m l / 

t i p t o e cyc le 

1 5 .3 22.45 2.18 

2 6 .2 22.38 2.19 

3 5.9 21.74 2.28 

4 6 .8 21.43 2.17 

5 7.4 21.28 2.26 

6 7 .1 20.96 2.20j 

7 7.7 20.90 2.24 

8 8.2 20.81 2.21 

9 8.8 20.79 2.18 

10 7.- 19.98 2.18 

0 11 8.5 19.91 2.16 

normal l imbs 12 8.8 19.84 2.14 

14 9 .2 19.65 2.10 

15 9 .9 19.36 2.05 

16 10.4 19.39 4.93 

17 9 .8 19.12 1.78 

18 10.6 18.90 1.86 

19 11.2 19.04 1.94 

20 10.9 18.46 1.81 

21 11.8 18.64 1.90 

22 12.4 18.24 1 v78 

23 11.9 17.60 1.59 

24 12.8 18.08 1.74 

25 13.4 16.96 1.62 

26 12.6 16.28 1.49 

27 13.8 14.90 1.41 

28 12.6 15.97 1.39 

29 14.2 14.08 1.31 



LEGEND TO TABLE 6.2 

Degree of stenosis of the aortoiliac and femoropopliteal segment according to 

the aortographic findings in relation to the values of a, Qo and A in groups 

Aa (limbs with iliac occlusion only), Ba (limbs with superficial femoral artery 

occlusion only), Ca (limbs with aortoiliac and femoropopliteal stenosis)(Clinical 

Study V). 

(Key: i = long occlusion or stenosis longer than 5 cmj 

f = short occlusion or stenosis shorter than 5 cm). 



T A B L E 6.2 

Group Limb 
No 

a 
(%) 

Qo 
(ml/ 100 ml) 

X 
f- m l ) 
M 0 0 ml tiptoe ) 

cycle 

A0RTDGRAPHIC FINDINGS 
Group Limb 

No 
a 
(%) 

Qo 
(ml/ 100 ml) 

X 
f- m l ) 
M 0 0 ml tiptoe ) 

cycle 

DEGREE OF LESION % SITE OF ART LESION 
Group Limb 

No 
a 
(%) 

Qo 
(ml/ 100 ml) 

X 
f- m l ) 
M 0 0 ml tiptoe ) 

cycle 
A.I. Segment F.P. Segment A.I. Segment F.P Sgment 

30 15.8 8.65 0.46 100 - Ext Iliac -

31 13.6 9.08 0.52 100 - Ext Iliac -

32 15.2 9.37 0.45 100 - Ext Iliac ^ -

33 15.4 9.34 0.72 100 - Ext Iliac ^ -

34 14.8 9.48 0.56 100 - Com + Ext Iliacs -

35 14.6 9.59 0.74 100 - Ext Iliac ^ -

36 14.0 9.61 . | 
0 
0.58 100 - Com + Ext Iliacs -

37 14.3 9.60 0.71 100 - Ext Iliac 4 — 

Aa 38 14.8 9.86 . 0.66 100 - Ext Iliac -t -

limbs 39 13.6 9.75 0.69 100 - Ext Iliac 4s* -

with 
Iliac 40 13.9 9.84 0.72 100 - Com + Ext Iliacs -

Occlusion 
only • 41 13.5 9.97 0.72 100 - Com Iliac ^ -

42 12.8 9.95 0.77 100 - Com + Ext Iliacs -

43 13.8 10.02 0.66 100 - Ext Iliac f -

44 12.4 10.10 0.83 100 - Ext Iliac ^ -

45 12.8 10.56 0.59 100 - Ext Iliac fy -

40 13.4 10.55 0.76 100 - Com Iliac ^ -

47 12.2 10.67 0.79 100 - Ext Iliac ^ -



Continuation from previous page TABLE 6.2 

Group Limb 
No 

a 
(%) 

Qo 
(ml/100 ml) 

1 ml J 

(100 ml tiptoe) 
cycle 

A0RT0GRAPHIC FINDINGS 
Group Limb 

No 
a 
(%) 

Qo 
(ml/100 ml) 

1 ml J 

(100 ml tiptoe) 
cycle 

DEGREE OF ART LESION % SITE OF ART LESION Group Limb 
No 

a 
(%) 

Qo 
(ml/100 ml) 

1 ml J 

(100 ml tiptoe) 
cycle 

A.I.Segment F.P. Segment A.I. Segment F.P. Segment 

48 11.9 10.81 0.81 100 - Ext Iliac 'T' -

49 11.1 10.86 0.80 100 - Com Iliac T -

50 10.0 11.48 0.75 100 - Com Iliac ^ -

51 10.6 11.24 0.77 100 - Ext Iliac & -

52 9.2 12.36 0.88 100 - Com Iliac -

53 8.2 12.57 0.84 100 - Com Iliac & -

54 18.9 12.52 0.89 100 - Ext Iliac ^ -



Limb Qo 

A 

C ml ) 
aortographic findings 

Group Limb a 
Qo 

degree of art lesion % site a r t lesion 
No W Lml/1Q0mll LIQQml t i p t q e l 

c y c l e 

No W Lml/1Q0mll LIQQml t i p t q e l 

c y c l e A.TJ Segment J S f S e g m e n t Segment F»Pf Segment 

55 23.2 3.04 0.18 - 100 - Sup Fern + Pop 

56 22.8 2.95 0.19 - 100 - Sup Fern + Pop 

57 21.2 3.42 0 .31 - 100 - Sup Fern + Pop 

58 20.6 • 3.54 0.24 - 100 - Sup Fern + Pop 

59 21.9 3.58 0.34 - 100 - Sup Fern + 

60 20.5 3.56 0.39 - 100 - Sup Fern ^ 

61 19.6 3.90 0.33 - 100 - Sup Fern T* 

Ba 62 - 19.9 3.65 0.39 - 100 - Sup Fern "h 

Limbs 63 18.2 4.10 0.36 - 100 - Sup Fern f-

w i t h 

super- 64 18.6 3.48 0.45 - 100 - Sup Fern f 

f i c i a l 

f emora l 65 17.1 3.56 0.44 - 100 - Sup Fern T 

a r t e r y 

occ lus ion 66 17.8 4.10 0.49 - 100 - Sup Fern T 

OTllLj 



Continuation from previous page TABLE 1343.5 

Group Limb a Qo 
A 

( ml ) 
A0RT0GRAPHIC FINFINGS 

No (%) (ml/100 ml) 

A 

( ml ) 
DEGREE OF ART LESION % SITE OF ART LESION No (%) (ml/100 ml) 

(100 ml t i p t o e ) 

cyc le 

DEGREE OF ART LESION % SITE OF ART LESION 

• 
(100 ml t i p t o e ) 

cyc le 
A . I Segment F .P . Segment A . I . Segment F .P . Segment 

67 17.4 3.80 0.42 - 100 - Sup Fem + 
68 16.2 4.08 0.45 - 100 - Sup Fem + 
69 15.0 4.12 0.49 - • 100 - Sup Fem f 

70 15.6 4.60 0 .41 - 100 - Sup Fem + 
71 14.4 4.48 0.44 - 100 - Sup Fem + 
72 14.8 4.62 0.47 - 100 - Sup Fem f 

73 13.6 5.60 0.46 - 100 - Sup Fem i 

74 13.7 5.12 0 .51 - 100 - Sup Fem + 
75 12.5 6.22 0.49 - 100 - Sup Fem + 
76 13.2 6.54 0.60 - 100 - Sup Fem + 
77 22.3 0.42 0.02 100 100 Com I l i a c + Sup Fem + Pop 

Ca 

Limbs 

w i t h 

a o r t o i l i a c 

& femor-

o p o p l i t e a l 

occ lus ion 

78 

79 

80 

81 

24.5 

20.8 

23.6 

19.2 

0.83 

0.67 

1.02 

0.94 

0.02 

0 .03 

0.09 

0.06 

100 

100 

100 

100 

100 

100 

100 

100 

Ex t 

Com 

Com 

Ex t 

I l i a c 

I l i a c 

I l i a c 

I l i a c 

+ 

+ 

Sup 

Sup 

Sup 

Sup 

Fem 

Fem 

Fem 

Fem 

+ 
+ 
+ 
+ 

02 21.4 1.28 0 .11 100 100 E x t I l i a c + Sup Fem 4» 

83 17.4 1.43 0 .12 100 100 E x t I l i a c f Sup Fem I 



Continuation from previous page TABLE 1344.5 

Group Limb 

IMo 
3 

(%) 

Qo 

(ml/100 m l ) 
< ml I 

(100 ml t i p t o e ) 

c yc l e 

AORTQGRAPHIC FINDINGS Group Limb 

IMo 
3 

(%) 

Qo 

(ml/100 m l ) 
< ml I 

(100 ml t i p t o e ) 

c yc l e 

DEGREE OF ART LESION % SITE OF ART LESION 
Group Limb 

IMo 
3 

(%) 

Qo 

(ml/100 m l ) 
< ml I 

(100 ml t i p t o e ) 

c yc l e 
A . I . Segment F .P . Segment A . I . Segment F.P. Segment 

84 23.7 2.85 0.02 >70 >70 Com I l i a c 4 Sup Fern 4 

85 21.8 2.12 0.06 40 >70 >70 E x t I l i a c 4 Sup Fern 4 

86 22.0 4.54 0.05 40>70 >70 Ex t I l i a c 4 Sup Fern 4 

87 22.6 5.26 0.12 >70 >70 E x t I l i a c 4 Sup Fern 4 

88 20 .1 7.72 0 .21 >70 >70 Ex t I l i a c 4 Sup Fern + Pop 

89 19.2 6.94 0.18 40-70 40-70 Com + Ex t I l i a c Sup Fern 4 

90 21.4 6.90 0.16 40-70 40-70 Com I l i a c 4 Sup Fern + Pop 

91 18.4 8 .52 0 .31 40-70 40-70 Com I l i a c 4 Sup Fern 4 

92 19.9 7.46 0 .33 1.0-40 10-40 Com I l i a c 4 Sup Fern + Pop 

93 17.9 8.04 0.26 40-70 10-40 Ex t I l i a c 4 Sup Fern 4 

Da 94 17.3 9.98 0.34 >70 10-40 Ex t I l i a c '•tr Sup Fern 4 

95 15.2 9.62 0 .21 >70 10-40 Ex t I l i a c 4 Sup Fern 4 

l imbs 

w i t h 96 16.9 12.32 0.47 >70 <10 E x t I l i a c 4 Sup Fern + Pop 

a o r t o i l i a c 

& femor- 97 16.6 10.82 0.42 40-70 10-40 E x t I l i a c 4 Sup Fern 4 

o p o p l i t e a l 

s t enos i s 98 13.9 10.56 0.56 >70 10-40 Com I l i a c 4 Sup Fern 4 

99 15.8 12.97 0.49 40-70 <10 Comp + E x t l i l a c s Sup Fern t 

100 14.1 13.24 0.45 40-70 '<10 Ex t I l i a c 4 Sup Fem t 



Continuation from previous page... TABLE 6.2 

Group Limb 
No 

a 
(%) 

Qo 
(ml/100 ml) 

c * ) 
ml 

AORTOGRAPHIC FINDINGS 
Group Limb 

No 
a 
(%) 

Qo 
(ml/100 ml) 

c * ) 
ml DEGREE OF ART LESION % SITE OF ART LESION 

Group Limb 
No 

a 
(%) 

Qo 
(ml/100 ml) 

(100 ml tiptoe) 
cycle 

DEGREE OF ART LESION % SITE OF ART LESION 
Group Limb 

No 
a 
(%) 

Qo 
(ml/100 ml) 

(100 ml tiptoe) 
cycle A.I. Segment F.P.Segment A.I. Segment F.P.Segment 

101 14.3 13.12 0.51 40-70 10-40 Ext Iliac 4 Sup Fern 4 

102 13.1 14.90 0.56 . 40-70 <10 Com Ext Iliac Sup Fern 4 

103 12.0 13.78 0.53 '10-40 <10 Ext Iliac 4 Sup Fern 4 

104 12.6 14.99 0.76 10-40 10-40 Ext Iliac 4 Sup Fern + Pop 

105 11.2 15.84 0.64 10-40 <10 Ext Iliac 4 Sup Fern + Pop 

106 11.9 17.30 0.73 10-40 <10 Com Iliac 4 Sup Fern 4 

107 8.2 16.92 0.84 10-40 <10 Com + Ext Iliacs Sup Fern 4 
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tiptoe cycles 

Fig.6.7 

GROUP O 

a r 0.09 

Q o « i a 0 ml/100ml 

A = 2.1 ml/100ml/tiptoe cycle 

n = 7 tiptoe cycles 

Q f = £ = 23 ml/100ml 

Mean values of Q^ (Qn) in Group 0 (normal 

limbs) in relation to the number of tiptoe 

cycles (Clinical Study V) 
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• D 
5 

G R O U P Aa 

a = 0.12 

Q o = 1 0 ml/100ml 

A ? 0.7 ml/100ml/t iptoe cycle 

n = 16 tiptoe cycles 

Q f = ^ = 5.83 ml / 100ml 

5 10 15 20 

tiptoe cycles 

Fig.6.8 

Mean values of Qn (Qn) in group Aa (limbs 

with iliac occlusion only) in relation to the 

number of tiptoe cycles (Clinical Study V) 
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G R O U P Ba 

a = 0.18 

Q0= 3.7 ml/100ml 
A = 0.4 ml/l00ml/tiptoe cycle 
n = 9 tiptoe cycles 

Qf =^=2.2 ml/100 ml 

5 10 15 20 

tiptoe cycles 

Fig. 6.9 

Mean values of Qn (Qn) in group Ba (limbs with 

superficial femoral artery occlusion only) in 

relation to the number of tiptoe cycles 

(Clinical Study V). 
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0.5 

0.4 
GROUP Ca 

E 
0.3 

E 

c 
o 0.2 

a = 0.22 
Q 0 = 0.45 ml/100ml 
A =0.07 ml/IOOml/tiptoe cycle 
n = 7 tiptoe cycles 

Qf =h= 0.22 ml/100ml 

10 15 20 
tiptoe cycles 

i 

Fig. 6.10 

Mean values of Qn (On) in group Ca (Limbs 

with combined aortoiliac and femoropopliteal 

occlusions) in relation to the number of 

tiptoe cycles (Clinical Study V) 
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150 

Group 
O 

100 
o 
X 
E 
E 
o> 
v. 
3 
2! 
2 
Q. 

50 
w 

0 5 10 

Time in seconds 
20 

Da 

Aa 

Ba 

Ca 

Fig. 6.11 

Mean values of the ankle systolic 

pressures at rest and after 5, 10 

and 20 tiptoe cycles in the five 

groups studied (0 to Da) (Clinical 

Study V). 



TABLE 6 . 3 

The Values of P r , P5, P10 and P2q for every limb studied in relation to the values of a, Qo and A 
[Clinical Study V). (Key; * = Decrease in P20; und = Pressure unrecordable) 

Group Limb 
a 

(%) 
Qo 

(ml/100 ml) 

A 
;(ml/100 ml ) 

(tiptoe cycle) 

p 
r(mmHg) 

p 
5(mmHg) 

P10(mmHg) P20(mmHg) 

1 5.3 22.45 2.18 130 138 140 140 

2 6.2 22.38 2.19 125 135 135 115* 

3 5.9 21.74 2.28 140 150 150 150 

4 6.8 21.43 2.17 135 135 145 145 

5 7.4 21.28 2.26 150 150 165 165 

6 " 7.1 20.96 2.20 140 150 150 120* 

7 7.7 20.90 2.24 120 120 130 130 

8 8.2 20.81 2.21 110 125 120 135 

9 8.8 20.79 2.18 110 125 125 85* 

10 7.9 19.98 2.18 145 145 160 160 

0 11 8.5 19.91 2.16 125 130 135 135 

12 8.8 19.84 2.14 120 120 120 140 

(normal limbs) 13 9.4 19.42 2.09 115 120 125 125 

14 9.2 19.65 2.10 120 120 120 100* 

15 9.9 19.36 2.05 120 120 140 140 

16 10.4 19.39 1.93 150 150 160 110* 

17 9.8 19.12 1.78 135 135 150 150 

18 10.6 18.90 1.86 140 140 155 160 
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Group Limb 
No 

a 
(%) 

Qo 
( m l / 1 0 0 ml) 

A 
( m l / 1 0 0 ml ] 
( t i p t o e cycle) 

p 
r(mmHg) 

p 
5(mmHg) P10(mmHg) P20(mmHg) 

19 1 1 . 2 1 9 . 0 4 1 . 9 4 120 130 130 80* 

20 1 0 . 9 1 8 . 4 6 1 . 8 1 135 135 140 100* 

21 1 1 . 8 1 8 . 6 4 1 . 9 0 140 150 150 155 

22 1 2 . 4 1 8 . 2 4 1 . 7 8 130 150 150 150 

23 1 1 . 9 1 7 . 6 0 1 . 5 9 100 130 120 120 

24 1 2 . 8 1 8 . 0 8 1 . 7 4 120 135 135 95* 

25 1 3 . 4 16 .96 1 . 6 2 130 130 145 150 

26 1 2 . 6 1 6 . 2 8 1 . 4 9 130 130 145 145 

27 1 3 . 8 1 4 . 9 0 1 . 4 1 115 130 125 100* 

28 1 2 . 6 1 5 . 9 7 1 . 3 9 115 115 125 125 

29 1 4 . 2 1 4 . 6 8 1 . 3 1 145 145 160 160 

30 1 6 . 8 8 . 6 5 0 . 4 6 100 75 60 45 

31 1 3 . 6 9 . 0 8 0 . 5 2 105 90 75 35 

32 1 5 . 2 9 . 3 7 0 . 4 5 90 80 50 45 

33 1 5 . 4 9 . 3 4 0 . 7 2 90 80 65 50 

34 1 4 . 8 9 . 4 8 0 . 5 6 105 70 40 und 

A a 
( l i m b s w i t h 
i l i a c 
o c c l u s i o n } 

3 5 

36 

1-4.6 

1 4 . 0 

9 . 59 

9 . 6 1 

O . 74 

0 . 5 8 

1 oo 

105 

6 0 

75 

3 5 

60 

u n a 

35 
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Group Limb 
No 

a 
(%) 

CJo 
(ml /100 m3) 

X 
( ml /100 ml ) 

( t i p t o e cycle! 
p 

r(mmHg) 
p 

5(mmHg) P10(mmHg) P20(mmHg) 

37 14 .3 9 .60 0 . 7 1 80 40 25 und 

38 14 .8 9 .86 0 .66 85 60 40 20 

39 13 .6 9 .75 0 .69 90 75 45 35 

40 13 .9 9 . 8 4 0 . 7 2 85 75 75 45 

41 13 .5 9 . 9 7 0 . 7 2 80 60 60 30 

42 12 .8 9 .95 0 . 7 7 90 60 40 und 

43 13 .8 10.02 0 .66 100 70 45 45 

44 12 .4 10 .10 0 . 8 3 100 60 60 und 

45 12 .8 10.56 0 .59 85 60 45 30 

46 13 .4 10 .55 0 .76 85 55 55 30 

47 12 .2 10.67 0 . 7 9 80 60 45 45 

48 11.9 10 .81 0 . 8 1 85 70 45 25 

49 11 .1 10.86 0 .80 90 75 35 30 

50 10.0 11 .48 0 .75 105 85 70 55 

51 10.6 11 .24 0 . 7 7 90 75 45 und 

52 9 . 2 12.36 0 . 8 8 80 65 55 40 

53 8 . 2 12.57 G.Q4 125 90 85 70 
54 8 . 9 12 .52 0 .89 100 65 50 35 
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Group Limb 
No 

a 
(%) 

Qo 
(ml /100 ml) 

> 
(ml /100 ml) 
( t i p t o e cycle; 

p 
r(mmHg) 

p 
5 (mmHg) P10(mmHg) P20(mmHg) 

55 2 3 . 2 3 .04 0 . 1 8 90 45 und und 

56 2 2 . 8 2 .95 0 . 1 8 85 60 25 25 

57 21 .2 3 .42 0 .31 110 70 und und 

Ba 58 20 .6 3 .54 0 . 2 4 75 45 30 30 
( l imbs w i t h 
s u p e r f i c i a l 59 • 21 .9 3 .58 - . 3 4 80 45 und und 
femoral 
a r t e r y 60 20 .5 3 .56 0 .39 100 65 40 35 
occlusion 
only) 61 19.6 3 .90 0 . 3 3 125 80 45 40 

62 19 .9 3 .65 0 .39 100 65 30 und 

63 18 .2 4 .10 0 .36 85 60 25 25 

64 18.6 3 .48 0 .45 70 60 25 25 

65 17 .1 3.56 6 . 4 4 75 35 und und 

66 17 .8 4 .10 0 .49 95 45 35 und 

67 17 .4 3 .80 0 . 4 2 100 80 30 25 

68 16 .2 4 .08 0 .45 120 75 35 30 

69 15 .0 4 .12 0 .49 80 60 35 35 

70 15.6 4 .60 0 . 4 1 70 45 30 30 

71 1 + . + + . + 0 0 . 4 + 70 5 0 30 30 

72 14 .8 4 .62 0 .47 85 70 35 25 



Continuation from previous page TABLE 1355.5 

Group Limb a Qo 

x 
(ml/100 ml ) 

P 
r(mmHg) 

P 
5(mmHg) P10(mmHg) P20(mmHg) 

No (%) Oml/100 ml ) ( t i p t o e cyc l e ) 

72 14.8 4.62 0.47 85 70 35 25 

73 13.6 5.60 0.46 90 55 30 und 

74 13.7 5.12 0 .51 80 45 und und 

75 12.5 6.22 0.49 100 50 25 20? 

76 13.2 6.54 0.60 70 65 30 30 

77 22.3 0.42 0 .02 100 35 und und 

Ca 78 24.5 0.83 0.02 120 20 und und 

( l imbs w i t h 

a o r t o i l i a c 
0 

79 20.8 0.67 0 .03 80 und und und 

a 
femoropop- 80 23.6 1.02 0.09 60 und und und 

l i t e a l 

occ l u s i on ) 81 19.2 0.94 0.06 75 30 20? und 

82 21.4 1.28 0 .11 75 und und und 

83 17.4 1.43 0 .12 85 35 25 und 

84 23.7 2.95 0.02 85 45 25 und 

85 21.8 2.12 0.06 100 55 45 25 

86 22.0 4.54 0.05 70 30 und und 

87 22.6 5.26 0.12 70 50 30 und 

sa 20 - "1 7.72 O . 2-1 95 eo 45 99 

89 19.2 6.94 0 .18 110 ' 75 50 35 



Continuation from previous page TABLE 1356.5 

Group Limb 
No 

a 
(•%) 

Qo 
(ml /100 ml ) 

X 
(ml /100 ml ) 

( t i p t o e c y c l e ) 
p 

r(mmHg) 
p 

5(mmHg) P10(mmHg) P20(mmHg) 

90 21 .4 6 .90 0 .16 65 45 20 und 

91 18 .4 8 .52 0 .31 120 75 60 40 

92 19.9 7 .46 0 .33 105 60 55 30 

93 17.9 8 .04 0 .26 95 65 40 25 

94 17 .3 9 .98 0 .34 95 40 25 und 

Da 95 17 .3 9 . 9 8 0 .34 95 40 35 25 
( l imbs w i t h 
a o r t o i l i a c 96 15 .2 9 .62 0 . 2 1 80 60 35 25 
and 
femoropop- 97 16.6 10 .82 0 .42 105 75 . 70 40 
l i t e a l 
stenoses) 98 13.9 10.56 0 .56 85 60 45 30 

99 15 .8 12 .97 0 .49 85 85 45 30 

100 14 .1 13.24 0 .45 90 80 65 40 

101 14 .3 13.12 0 .51 75 60 60 45 

102 13.1 14 .90 0 .56 100 100 85 70 

103 12.0 13 .78 0 . 5 3 95 80 65 50 

104 12.6 14 .99 0 .76 85 85 80 65 

105 11 .2 15 .84 0 . 6 4 110 85 80 60 

106 11.9 17.30 0 . 7 3 115 100 100 70 

107 8 . 2 16.92 0 .84 115 115 115 90 



TABLE;6.4 

Va lues o f I , a , (5"Q , W i , Q f i n a l and W f i n groups 0 t o C q ( C l i n i c a l Study V) 

A 

Amount o f b lood 

e n t e r i n g poo l 2 

pe r t i p t o e cyc le 

(ml/100 ml o f t i s s u e ) 

/ t i p t o e cyc l e ) 

"a 

Amount o f b lood 

l e a v i n g poo l 2 

i n any cyc le 

expressed as 

f r a c t i o n o f Qn 

Qo 
Amount o f b lood 

i n poo l 2 a t r e s t 

(ml/100 ml t i s s u e ) 

W 1 
Amount o f b lood 

l e a v i n g poo l 2 

i n 1st cyc l e 

(a x Qo) 

Q f i n a l 

Amount i n Poo l 2 

when i t s volume 

reaches a steady 

va l ue i . e . amount 

e n t e r i n g = amount 

l e a v i n g 

(ml/100 ml t i s s u e ) 

W f . 

Amount l e a v i n g 

poo l 2 when 

steady s t a t e i s 

reached 

(a x Q f i n a l ) 

(ml/100 ml t i s s u e ) 

0 2 .1 0.09 15. 1.7 23.0 2 .1 

Aa 0.7 0.12 JO 1.2 5.83 0.7 

Ba 0.4 0 .18 3.7 0.67 2.20 0.4 

Ca 0.07 0.22 0.45 0.10 0.22 0.07 
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^ Group O 
Group Aa 
Group Ba 
Group Va 
Group Vb 
Group Vc 
Group Vd 

10 15 20 25 30 
Q o ( m l / l 0 0 m l ) 

Fig 6t12 

Analysis of Qo and A in the four groups 

(Va to Vd) studied (Clinical Study VI). 

Groups 0, Aa and Ba (see Fig. 5.6) are 

included for comparison as shaded areas. 



T A B L E 6,5 

Values of, 0 and A, before and after-the application of the external 
compression j n the 8 limbs studied. (Clinical Study VII) 

-
RFFflRF FXTFRNAI rnMPRFqq-rnM AFTER EXTERNAL CnMPRFqqmIM 

No 
o f l imb 

Qo 
( m l / 1 0 0 ml) 

A 
( m l / 1 0 0 m l / ) 
( t i p t o e i n g ) 

Qo 
( m l / 1 0 0 ml) 

A 
( m l / 1 0 0 m l / ) 
( t i p t o e i n g ) 

1 2 0 . 0 2 1 . 5 2 2 0 . 5 0 2 . 2 1 

2 2 1 . 5 3 1 . 3 1 2 1 . 3 0 1 . 8 5 

3 1 8 . 4 0 1 . 2 1 1 8 . 8 7 1 . 9 0 

4 17 '42 0 . 9 2 1 7 . 9 0 1 . 6 0 

5 2 0 . 9 2 0 . 5 8 2 0 . 0 9 1 . 2 5 

6 2 0 . 9 2 0 . 5 8 2 0 . 0 9 1 . 2 5 

7 1 8 . 0 8 0 . 3 0 1 8 . 9 0 1 . 2 3 

8 1 5 . 9 0 0 . 2 5 1 5 . 8 3 1 . 0 8 



2.5 
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2.0 

•§ 1.5 

I i.o 

| 0.5 

E 
W o < 

-0.5 

"A 

A 90 

A l l 
A 37 vm Group O 

• Group Vb 
a Group Vc 

10 15 20 25 30 
Qo(ml/100ml) 

F i g . 6 . 1 3 a 
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2.5 

2.0 

' J 1.5 
o 

g 1.0 
tx, 
'<5 

I * 0.5 

A»t 

E 

-0.5 

^ Group O 
4 Group Vb 
• Group Vc 

10 15 20 25 30 
Qo(ml/100ml) 

Fig.6.13b 

Analysis of the values of Qo and A for the 8 

limbs studied before the application of the 

external support (Fig 6.13a) and after the 

application of the external support (Fig 6.13b) 

(Clinical Study VII). 
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A P P E N D I C E S 
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A P P E N D I X A1 

KETY'S MATHEMATICAL ANALYSIS OF THE 

CLEARANCE OF A LOCALLY INJECTED RADIOACTIVE 

2 4 
TRACER ( Na ) 
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Accord ing t o Ke ty ( K e t y , 1949) 

Le t 

24 

A = sma l l u n i t mass o f t i s s u e i n t o which Na 

has been i n j e c t e d . 

S = sodium space ( e x t r a c e l l u l a r volume) 

F^ = a r t e r i a l b lood f l ow 

Fy = venous b lood f l o w 

Fj. s l ympha t i c f l o w 

24 
= concen t r a t i o n o f Na i n S 

24 
G. = concen t r a t i on o f Na i n Fn 
A A 

24 
Cy = concen t r a t i on o f Na i n Fy 

24 
= concen t r a t i on o f Na i n F L 

24 
GJQ = i n i t i a l amount o f Na 

24 
Q = concen t r a t i on o f Na pe r A 

C q = Q 
b S 

m and n = cons tan ts w i t h v a l u e s between 0 and 1 exp ress i ng t he 

e x t e n t t o which c a p i l l a r y b lood and lymph come to e q u i l i b r i u m 

24 
w i t h t h e t i s s u e concen t r a t i o n o f Na r e s p e c t i v e l y . They 

24 

depend on t h e d i f f u s i o n r a t e o f Na, t he d i f f u s i o n d is tances , 

t he c a p i l l a r y - t i s s u e i n t e r f a c e , t he p r opo r t i o n o f t he 

a r t e r i o v enou s shunts and the f i l t r a t i o n - abso rp t i on o f the 

e x t r a c e l l u l a r f l u i d a t t h e c a p i l l a r y . 

Over a s ho r t p e r i od o f t ime ( d t ) an amount o f venous b lood 

(Fyd t ) and o f l ympha t i c f l u i d (F^d t ) f l ows out o f t he t i s s u e whereas an 

amount o f a r t e r i a l b lood ^ ^ d t ) f l ows i n t o the t i s s u e . The changes o f 

Q (dQ) du r i n g d t would be equa l t o t h e amount o f b lood brought i n t o the 
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tissues(F^dt) minus the amount of blood (F^dt) and lymph 

(F^dt) carried out of the tissues. Thus, 

dQ = Fa CAdt - Fy Cydt - FLCLdt CA1.1) 

Assuming that the arterial concentration of the radioactive 

isotope can be considered negligible, equation A1.1 can be rewritten as 

dQ = - Fy Cydt - Fl CLdt { M m 2 ) 

Or 

As 

Or 

But 

Therefore 

Or 

Let 

^S = - F C - F C dt rV LV hL LL 

Cv = m Cs and C|_ = n Cs 

f - - F vmC s-F Ln Cs CA1.3) 

AS =-C_ (mFlf + nF, ) CA1.4] dt S V L" 

C - A 
s s 

^r - - § CmFw + nF. ) CA1.5) dt b V L 

dQ _ CmF.. nF. I 
dt " " Q C-JL * _ k ) 

( S S 3 (A1.6) 

mFV + nFL = K 
CA1.7) 

dt " CA1.8) 
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Equa t ion A1 .8 can be so l ved f o r Q as 

q . g e • K t CA1-91 
O 

Since F i s a cons tan t f r a c t i o n , r , of F and s i m i l a r l y F. i s a cons tan t V n L 
f r a c t i o n 1 - r o f F under amy one s e t o f p h y s i o l o g i c c i rcumstances 

A 
t hen equa t i on A1.7 can be r e w r i t t e n as 

mr F + n ( 1 - r ) F 

K _ A A CA1.10 

Le t mr + n (1- r ) = Q 

S 

K = FA.Q A1.11) 

24 

Equa t ions A1.9 and A1.11 imp l y t h a t the t i s s u e depos i t Na 

would decrease a long a s i n g l e e x p o n e n t i a l curve wh ich , i f p l o t t e d 

s e m i l o g a r i t h m i c a l l y , c l ea rance cons tan t K, can p rov ide a q u a n t i t a t i v e 

measure o f t h e a b i l i t y o f t h e l o c a l c i r c u l a t i o n to remove- f r e e l y 

d i f f u s i b l e subs tances. 
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A P P E N D I X A2 

LASSEN'S MATHEMATICAL ANALYSIS OF THE 

CLEARANCE OF A LOCALLY INJECTED RATIO-

139 
ACTIVE TRACER ( XP1 
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Fundamental t o t he c a l c u l a t i o n s i s the assumption o f t he 

maintenance o f a complete d i f f u s i o n e q u i l i b r i u m , thus 

C = AC 
muscle b lood (A2.1) 

133 
where C

m u s c i e
 = a m o u n ' t X e P e r gramme o f muscle 

133 

^-blood, = amount o f Xe per ml o f b lood 

A = muscle t o b lood p a r t i t i o n c o e f f i c i e n t 

t a ken to be 0.70 f o r blood w i t h a heama toc r i t 

o f about 40%(Conn,1961). 

Accord ing t o Lassen (Lassen e t a l , 1964) 

133 

Le t Q = amount o f Xe i n t he t i s s u e a t any g i ven 

t i m e . 

Q' = t he f i r s t d e r i v a t i v e o f Q w i t h r espec t t o 

t ime . 
133 

C = concen t r a t i o n o f • Xe i n a r t e r i a l b lood 
a 

133 

wh ich can be cons idered n e g l i g i b l e s ince Xe 

i s e f f e c t i v e l y e l i m i n a t e d by t h e l ungs . 

133 

C v = concen t r a t i o n o f Xe i n venous b lood 
133 

CJ = concen t r a t i o n o f Xe i n lymph, which 

can be cons ide red n e g l i g i b l e s i nce l ympha t i c 

f l ow i s q u i t e sma l l i n comparison t o venous 

b lood f l o w . 

A p p l i c a t i o n o f t he F i ck p r i n c i p l e leads to t he w e l l known r e l a t i o n 

Q' = F (C - C ) (A2.2) 
a v 

where 

F = M.B.F. . W (A2.3) 

100 



M.B.F. = muscle blood f l ow per 100g o f t i s s ue 

W = t he t i s s u e weight i n grammes 

Since jv 0 equa t ion A2.2 can be r e w r i t t e n as 

Q ' = " F C v (A2.4) 

I n s e r t i n g equa t ion A2 .3 i n t o equat ion A2.4 

Q' = - -R-r . M.B.F . W. C (A2.5) 100 v 

o r 

M.B.F. = - 100 . — — (ml pe r 100g per min) (A2.6) 
C .W v 

Equat ion A2.1 can be r e w r i t t e n as 

V W = o h o '"muscle -W < 2 - 7 ) 

o r 

Cv-W = 0770 • 0 C A 2 - 0 ' 

By i n s e r t i n g equa t ion A2.8 i n t o equati .on A2.5 i t can be 

shown t h a t 

Q' 
M.B.F. = - 70 . — (ml per 100g per min) (A2.9) y 

By us ing a l o g a r i t h m i c po ten t i ome te r (Lassen et a l . , 1974) 

the c learance r a t e can be obta ined from the tangent o f the curve whose 

s lope i s [ t l ° g 1 0 

Since, 

l o g e (10) • d l o g . d l o g e £ _ . S I CA2.10 
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then 

M.B.F = - 70 . l og ( 1 0 ) . d l og . -~r* (2.11) 
e • 10 d t 

or 

M.B.F = - 161.D (ml pe r 100g per min) (A2.12) 

D be ing t he s l ope o f t h e l o g a r i t h m i c d isappearance curve o f 

t he r a d i o a c t i v i t y , 

A l t hough Q cannot be observed d i r e c t l y , as the coun t i ng r a t e 

0' 
i s on l y p r o p o r t i o n a l t o Q, however, s ince t h e des i r ed r a t i o i s Q 
o r d d o g ^ —•) the f a c t o r o f p r o p o r t i o n a l i t y cancels ou t . 
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A P P E N D I X A3 

MATHEMATICAL ANALYSIS OF THE PERCENTAGE 

CLEARANCE PER MINUTE CT) 
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I t has been ment ioned Csee s ec t i o n 2 .22) t h a t the percentage 

c lea rance per minute (T) can be ob ta ined f rom equa t ion 2 . 1 . 

_ f ( t ) - f ( t+1 ) ___ f _ . 
T = f ( t ) + fC t+1) * 2 0 0 ( 2 ' 1 ) 

By us i ng t he above equa t i on the r a t e o f c lea rance f o r any 

muscle c lea rance curve can be dete rmined w i t h o u t making any assumptions 

about t h e na t u r e o f t h e cu r ve , i . e . w i t h ou t assuming t h a t the f i n a l shape 

o f curve i s e xponen t i a l ( Ke t y , 1948; Lassen e t a l . , 1964) (See Appendices 

A1 and A2) . 

Assuming e xponen t i a l decay t h e percentage c learance per minute 

(T) can be ob ta i ned f rom t h e f o l l o w i n g equa t i on . 

T = - l og 10 , 100 . D 

D be ing the s lope o f t h e l o g a r i t h m i c d isappearance curve o f 

t h e r a d i o a c t i v i t y (see Appendix A2 ) . 

The mathemat ica l a n a l y s i s o f t he e xponen t i a l decay o f any muscle 

c lea rance curve f o l l o w s : 

Le t 

Q = i n i t i a l amount o f a l o c a l l y i n j e c t e d r a d i o a c t i v e 
o 

i s o t ope measured i n some conven ient un i t s , s i nce 

( ~ ) / Q appears as a r a t i o 

A = t he l o g a r i t h m t o the base 10 o f 

(A = i o g 1 0 q Q ) 

D = t he s lope o f t h e l o g a r i t h m to t he base 10 o f G) 

a ga i n s t t ime i n m inu tes . 
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S ince a q u a n t i t y o f r a d i o a c t i v i t y Q w i l l r ema in i n t h e t i s s u e s 

a f t e r t m i nu t es , whose l o g a r i t h m i s . 

l o g 1 Q Q = A - Dt , i t i m p l i e s t h a t 

Q = 1 0 ( A - D t ) ( A 3 . 1 ) 

o r 

Q = 10A . 10~D t CA3.2) 

A iog.n^ 
Bu t , 10 = 1 0 0 = Q Q 

T h e r e f o r e , 

as 

as 

Q = Qq . 1 0 _ D t (A3 .3 ) 

Le t 10 " D = e " a (A3 .4 ) 

On t a k i n g n a t u r a l l o g a r i t h m s , equa t i o n A3.4 can be r e w r i t t e n 

- D l o g e 1 0 = - a CA3.5) 

I n s e r t i n g e q u a t i o n A3.5 i n t o equa t i o n A3.3 

0 = 0 o . a
 l 0 * e

 1 0 C A 3 . 6 ) 

• n t a k i n g n a t u r a l l o g a r i t h m s , equa t i on A3.6 can be r e w r i t t e n 

Log Q = l o g Q - D. l o g 1 0 . t CA3.7) 
e e o e 

B e a r i n g i n mind t h a t 

d . l o g e y 1 dy 

dx y dx 
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On differentiating 

r " Ht = • l os e
1 0 

(A3.8) 

The r e f o r e , 

Un i t c l ea r ance pe r m inu te = - D log 10 
e 

CA3.10) 

and 

Percentage c l ea rance per minute (T) = — D l og 10.100 
e 

CA3.11) 

L e t , x be t h e muscle t o b lood p a r t i t i o n c o e f f i c i e n t . Then 

touscle b lood f l ow (M.B.F.J can be c a l c u l a t e d f rom: 

M.B.F = T . A 

A l though the above ma thema t i ca l a n a l y s i s has been used i n 

gene r a l by a l l p r e v i ous wo rke rs who have d e a l t w i t h q u a n t i t a t i v e muscle 

c lea rance t echn iques , i t can be shown ma thema t i ca l l y t h a t the percentage 

c lea rance pe r minute cor responds t o the e xponen t i a l decay on l y under t he 

assumption o f s low s i n g l e e x ponen t i a l decay, when the percentage c learance 

pe r minute remains cons t an t . Under any o t h e r cond i t i o n , i . e . d u r i n g 

t h e pos t-exe rc i se hyperaemia, t h e percentage c lea rance pe r minute w i l l net 

be cons tan t bu t i t w i l l v a r y w i t h time... Th i s can be expressed as fo l l ows 

M.B.F = - D log 10 . 100 A 
e 

(A3.12) 

o r 

Le t f ( t ) = A.e 
-a t 

so t h a t 

-aCt + 1) 
fC t + 1) = A.e 

where f ( t ) i s t h e r a d i o a c t i v i t y measured a t t ime t and fC t+1) 
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t he r a d i o a c t i v i t y measured one minute l a t e r . 

But 

T . f t t ) - x 2 Q 0 
f ( t ) + fC t+1 ) 

On d i f f e r e n t i a t i n g w i t h r espec t to t ime t he p rev ious equa t ion 

can be r e w r i t t e n as 

T ( t ) . -a t . - aCt+1) 
T Ae - Ae 

200 
A e " a t + Ae " a C t + 1 ) 

(A3.13) 

o r 

(t) Ae-t 1 - 8 -a 

200 
Ae 

-at 
1 + e 

-a 

(A3.14) 

o r 

-a 1 - i k 
200 

Ct) 

1 + 
200 

(A3.15) 

( t ) 

where, T i s t he d i f f e r e n t i a l o f T w i t h respec t to t ime . 

Th i s i m p l i e s t h a t f o r sma l l a and s m a l l T 

1 - a + n e g l i g i b l e terms = 1 x 2 + n e g l i g i b l e terms 
200 

o r 

T ^ 100 a 
ir 

(A3.16) 
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For any a and T and s t i l l w i t h s i n g l e e xponen t i a l decay 

T » 100 t anh (|-) (A3.17J 

From these two equa t i ons (A3.12 and A3.13) i t i s apparent t h a t 

an e r r o r e x i s t s i n t he c a l c u l a t i o n s o f the percentage c lea rance pe r 

minute when t he assumpt ion o f t he l o g a r i t h m i c decay o f t he c lea rance 

curve i s t aken i n t o c o n s i d e r a t i o n ( equa t i on T = f log i'O. 100.D) 
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A P P E N D I X A4 

ISOTOPE LOCALISATION MONITOR - MODEL 235 
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Description of Instrument 

The model 235 is a portable battery operated ratemeter 

with scintilation detector probe designed to have a wide variety 

of applications. 

125 133 

Six selective channels are provided, tuned to I, Xe, 

" m T c , 3 1 C r and 1 1 3 m I n , but other isotopes might be selected at 

the expense of one of them. 

Five ranges are provided 

cover a wide range of doses with 

are displayed on a 5 inch linear 

up to 3,000 counts per second to 

different isotopes. The counts 

scale matter. 

The selective channels ensure that the background level 

is kept at a minimum. A "zero trim" control on the rear panel is 

used to back off a high background count when looking for a small 

change. Two twim constants are incorporated which are selected 

by a switch on the front panel. 

The hand-hold probe used with the model 235 has a 1 x 1 

inches scintillation detector combined with a 1 inch photo-

multiplier tube/which is connected to the instrument with a 5 

foot lead. The variable depth collimator can be varied between 

1 inch and zero in three steps. When not in use the probe and 

lead are housed in the back of the instrument. 
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Specification 

Ratemeter 

Ranges: 

Scale: 

Channels 

Controls 

Electronics 

Time constants: 

0-30, 0-100, 0-300, 0-1000, 0-3000 

counts per second. 

0-3, 0-10 and special scale of 0-120%. 

Six selective channels tuned to specific 

, , . 125 T 99m 133 v 
isotopes such as I, Tc, Xe, 

51 113m_ 
Cr and In. 

Range selection with battery check 

isotope selection. 

Set percentage variable control. 

Time constant switch - fast and slow. 

CPS/set present switch, 
i 

Gain Trim. 

Zero Trim. 

Fully transistorised. 

Approximately 2 and 12 seconds. 

Recorded output: 0-1 mA into 1,500 ohms. 

Audio output: Jack plus output to earphone C100 ohms) 

Power: 2 x P P 9 batteries. 

Dimensions: 10" x 6" x 8" 

Weights Ratemeter and battery: 9.5 lbs. 
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Remote probe 

Detector: 

Lead length: 

Collimator: 

1" x 1" Nal scintillation detector with 

1" photomultiplier tube. 

5ft. coaxial, detachable. 

Variable depth collimator between 

0-1". Outside diameter : 2.5". 

Length: 2.5". 

Probe dimensions: Length: 8.5" 

Weights: Probe and collimator: 3 lbs 

Controls 

Range selection: There are five ranges available : 0-3,000 

0-1000, 0-300, 0-100 and 0-30 counts per second. These are read 

in conjunction with the 0-3 and 0-10 scales on the meter. As two 

batteries are used there are two battery check positions. For 

proper operation the meter pointer must be within the square marked 

"BAT" in both battery positions. 

Isotope selection: There are five isotope selection positions which 

are used for six isotopes: 

(a) Iodine 125 has an energy level of 35 Kev - the 

channel width is set to _+ 15 KeV. 

(b) Xenon 133 has an energy level of 80 KeV - the 

channel width is set to 20 KeV. 

99m 

(c) Technetium has an energy level of 140 KeV -

channel width is set to _+ 20 KeV. 

(d) Crhomium 51 and Iodine 131. Because these two isotopes 

have similar energy levels (320 KeV and 364 KeV respectively) 
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they have been included as a single isotope. The channel 

width is set at ± 80 keV, at about 347 keV. 

(e) Indium 113m has an energy level of 390 KeV - the 

channel width is set to ± SO KeV. 

Each channel has a fixed channel width which cannot be 

adjusted. Isotopes other than those described above may be selected 

at the expense of one of them up to an energy level of 500 KeV. 

CPS/percent switch: When in the "CPS" position the reading 

on the meter is showing counts per second, regardless of 

the position of the "set percent" control. When in the 

"Percent" position the "set percent" control is brought 

into effect and the reading can be adjusted to read 100 per 

cent on the top scale using a reference source. 

Time constant: This varies the time taken for the reading 

on the meter to reach a steady reading. The two times are 

2 sees, and 12 sees. 

Gain trim (rear panel): This is a fine gain control to 

peak any of the channels on its respective isotope. By 

tuning one channel, all other are automatically correct, 

125 

except I which has a preset gain control within the 

case. 

Zero trim (rear panel) : Allows accurate adjustment of 

the 0 c.p.s. position. 

Recorder output (rear panel): 0-1 mA into 1500 ohms. 
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Any reader either galvanometric or potentionmetric, may 

be used providing the input resistance is greater than 

1,500 ohms. 

Audio output (rear panel): This output is fed to ear-

phones having a resistance of 100 ohms or greater. 
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A P P E N D I X A5 

DUAL CHANNEL ANALYSER - MODEL 45-24 
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DESCRIPTION OF INSTRUMENT 

The model 45-24 is a combined instrument including high voltage 

supply for scintillation or Geiger detectors, pulse shaping amplifier, 

two pulse height analysers and ratemeter with linear as well as 

logarithmic output. 

Twelve ranges are provided up to 20,000 counts per second. The 

counts are displayed on a percentage ratemeter with a logarithmic and 

a linear output. The negative input pulses are amplified and shaped 

through a three-stage linear amplifier with current input and low 

impedance. The amplifier has a superior overloading characteristic due 

to the fact that all transistors go into conduction and not into cut-

off when a pulse appears. If positive input pulses are connected to the 

amplifier then only two of the three amplifier stages are used. For 

this purpose, a front panel switch activated a 10 to 1 attenuator. 

The lower and upper pulse height discriminator Channel II is 

125 

intended for use with I and is adjusted only by the high voltage to 

a maximum count-rate. Setting for other isotope energies is possible 

by adjusting the lower and upper pulse height discriminator Channel I 

downwards for lower energies. The upper level discriminator in both 

channels (I and II) has a longer time constant enabling the upper level 

discriminator to veto the output from the lower level discriminator. 

Setting for other isotope energies is also possible by adjusting the 

"set gain" for higher energies up to 10 times; increase of the high 

voltage setting corresponds to a decrease in energy. 
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SPECIFICATIONS 

1) High Voltage Supply: 

Voltage Range: 

Current Range: 

Indication: 

Stability: 

Connector: 

300-1300 V positive. 

0-1 mA at 1000 V, 0-0.7 mA at 1300 V. 

10 turn counting dial. 

Bett.er than 0.001 % per % mains change? 

Better than 0.003% per °C temperature change 

MHV marked HV. 

2) Pulse Amplifier: 

Input GM: 

Input SG: 

Gain: 

Pulse Shaping: 

Overload: 

AC - parallel to input SC; 

DC - parallel to HV; 

Connector MHV 

Negative pulse; 

Impedance 1000 ft; 

Connector BNC 

Switch at X10 : 500; 

Switch at X1 : 50. 

1 ys integration and 1 ys differentiation. 

Less than 5 ys recovery time for 100 times 

overload. 

Gain Stability: Better than 0.03% per C temperature change. 

3) Pulse Height Discriminator Channel I: 

Discrimination 
Range: 

Channel Width: 

0.2-4 V or 50-1000 scale divisions on 

10 turn counting dial. 

0.04-4 V or 10-1000 scale divisions on 

10 turn counting dial. 
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Analysing Time: 3 ys 

Mode Switch 
(Differential) 

Integral: 

Stability: 

Output: 

Output for pulses in channel. 

Output for pulses higher than discrimination 

level. 

Better than 0.003% FS per °C temperature 

change. 

6X positive pulse 1 ys; 

BNS connector marked OUT I. 

4) Pulse Height Discriminator Channel II: 

Discrimination 
Level: 

Channel Width: 

Output: 

Fixed at 0.08 V 20 scale divisions except 

when applying an external voltage to the 

SCAN input (BNC connector); external 0-15 V 

negative will scan the 20-1000 scale divisons. 

Fixed at 0.18 V 45 scale divisions. 

6 V positive pulse 1 ys; 

BNC connector marked OUT II. 

5) Ratemeter: 

Range: 

Time Constant 

Indication: 

Accuracy: 

Input PB: 

5, 10, 20, 50, 100, 200, 500, 1000, 2000, 

5000, 10000 and 20000 counts per second FSD. 

0.3, 1, 3, 10 and 30 seconds. 

80 mm scale moving coil instrument. 

Better than 2% FSD. 

The input is through a high impedance signal 

pad internally connected to the OUT I, and 

the ratemeter is responds to Channel I. 

By connecting a normal impedance (approximately 

1 KO) source to input PB by a coaxial cable 
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t he s i g n a l pad w i l l be cha r ted and t he 

r a t eme te r w i l l respond to the PB i npu t 

s i g n a l (BNC connec to r ) . 

Output L I N : 100 mV p o s i t i v e FSD f o r r eco rde r . 

Accuracy: B e t t e r than 2%; 

BNC connector . 

Output LOG: 0-100 mV p o s i t i v e f o r 2 decades f o r recorder . 

Accuracy: B e t t e r than 5% on upper 90% o f s ca l e ; 

50-100 pre-

p o s i t i v e f o r 1 decade. 

6) Genera l : 

Power 

Requ i rements : 220 V ± 10%; 

50 ops; 

15 w. 

Ope ra t i ng Tempera-

t u r e Range: 0-50 C. 

Dimensions: 420 mm wide, 90 mm h igh , 40 mm deep, 

We igh t : 6 Kg. 

CONTROLS AND CONNECTORS 

1) F ron t Pane l : 

High Vo l t a ge : 

Range: 

D i s c r i m i n a t o r 

L e ve l : 

Range: 

10 t u r n po t en t i ome te r f o r a d j u s t i n g de tec to r 

v o l t a g e . 

300-1300 V. The count ing d i a l i s equipped 

w i t h a b rake . 

10 t u r n po t en t i ome te r f o r a d j u s t i n g Channel I 

l owe r l e v e l . 

0 .5 to 10.0. The count ing d i a l i s equ ipped 

w i t h a b rake . 
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Channel Width: 

Range: 

Gain: 

Mode: 

Ratemeter 
Range Switch: 

Range: 

Ratemeter Time 
Constant Switch 

Range: 

10 turn potentiometer for adjusting Channel I 

difference between upper and lower level. 

0.1 to 10.0. The counting dial is equipped 

with a brake. 

X1 or X10 switch for main amplifier gain. 

"Integral"/"Differential" switch. "Integral" 

means that Channel I only is discriminated 

downwards. "Differential" means that Channel I 

is in the "window" mode. 

Note: Channel II has fixed lower and upper 

level. 

4 + 3 push button switch selects ratemeter range, 

10 x 0.5 = 5; 10 x 1 = 10j 10 x 2 = 20; 

100 x 0.5 = 50j 100 x 1 = 100; 100 x 2 = 200; 

1000 x 0.5 = 500; 1000 x 1 = 1000; 

1000 X 2 = 2000; 10000 x 0.5 = 5000; 

10000 x 1 = 10000; 10000 x 2 = 20000 counts 

per second full scale. 

5 push-button switch for selection of rate-

meter integrating time. 

0.3, 1, 3, 10 and 30 seconds. 

Rear Panel: 

Mains 
Receptacle: 

GND Binding 
Post: 

+15 V BNC 
Connector: 

-15 V BNC 
Connector: 

220 or 110 V 10% 50-60 cps 

Frame (ground). 

+15 V max 20 mA for preamplifier etc, 

-15 V max 20 mA for preamplifier etc, 
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HV MHV 
Connector: 

GM MHV 
Connector: 

SC BNC 
Connector; 

AMP BNC 
Connector: 

SCAN BNC: 

PB BNG 
Connector: 

OUT I 

BNC Connector: 

OUT II 
BNC Connector: 

LOG BNC 
Connector: 

LIN BNC 
Connector: 

High Voltage for scintillation detectors etc. 

High voltage parallel to signal input. For 

Geiger dectectors and for scintillation 

detectors carrying high voltage bias and 

signal in the same cable. 

Signal input from scintillation detector etc. 

Signal input from preamplifier etc. Positive 

pulses. 

By applying an external voltage between 0 and 

-15 V, Channel II is scanned through the full 

spectrum. 

Ratemeter input is internally connected to the 

OUT I (Channel I output) through a high 

impedance signal pad. By connecting a low 

impedance (less than 2 Kfi) source to PB 

connector by a coaxial cable the signal pad 

will be shorted and the ratemeter will respond 

to the PB signal. 

Output from Channel I. 

Output from Channel II. 

Logarithmic ratemeter output over 2 decades 

100 mV full scale. 

Linear output from ratemeter; 100 mV full scale. 
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A P P E N D I X A6 

DIRECTIONAL DOPPLER - MODEL 806 
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DESCRIPTION OF INSTRUMENT 

The Model-806 directional Doppler includes two meters on the 

front panel indicating the direction of flow and the relative flow 

velocity. This device introduces a phase-shift prior to detection 

making possible the identification and separation of positive and 

negative Doppler shifts depending on the direction of blood flow. 

To obtain the directional characteristics, probes of operating 

frequency in the vicinity of 10 MH are used. The output from the 

receiving crystal is fed to a pair of phase detectors which compare the 

receiver output quadrature carriers from the transmitter. The Doppler 

difference is in the audible range; its frequency is proportional to the 

velocity of the particles in the blood. The two audible outputs from 

the two directions, away and towards the probe, are fed to stereo-head-

phones. The forward flow is heard in one ear and the reverse flow in the 

other. 

For flow velocity recordings the two audio outputs are passed 

to a pair of zero-crossing detectors and integrators. A cross-coupled 

clamp between the two circuits is used so that the first arriving signal 

from a particular reflection inhibits the others and preserves the 

directional characteristics. 

The instrument operates from ordinary torch batteries (1.5V). 

PANEL DESCRIPTION 

Oscillator Frequency, controls the frequency of the electrical energy 

used to activate the transmitting crystal in the probe. It is the nature 

of the crystal to vibrate more at some frequencies than at others. 
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The f requency a t which i t v i b r a t e s best i s t he mechanical resonant 

f r equency , which i s marked on one o f t he p lugs o f each probe. 

Demodulator , i s t he t u n i n g c o n t r o l f o r t he r e c e i v i n g pa r t o f t he Dopp le r 

( the p a r t t h a t r e ce i v e s t he r e f l e c t e d u l t r a s ound ) . 

Earphone Volume, c o n t r o l s t h e audio s i g n a l fed to t he s t e r eo ou tpu t j a c k s , 

Me te r , shows c o n d i t i o n o f t he b a t t e r i e s o n l y . As b a t t e r y v o l t a ge f a l l s , 

performance w i l l be degraded and t he meter c a l i b r a t i o n w i l l a l so f a l l o f f , 

Power-High-Low: The t r anscu taneous probes a re no rma l l y used i n the h igh 

j a c k which u t i l i s e s a l l t h e power t h e i n s t r umen t i s capable o f d e l i v e r i n g , 

For f l ow s t u d i e s w i t h p e r i - a r t e r i a l probes the low j a c k i s used t o min im ise 

the p o s s i b i l i t y o f o v e r l o ad i ng t he r e c e i v e r w i t h s t r a y energy f rom t h e 

t w i s t e d w i r e s . 

Common: Th i s i s t he r e c e i v e r (demodu la to r ) i n pu t j a c k . 

Output F i l t e r , c o n t r o l s t he amount o f smoothing app l i ed t o t he ou tpu t 

vo l t ages which a r e recorded. 

C a l i b r a t i o n I npu t A and B: These j a c k s a re meant f o r i n s e r t i o n o f known 

f r equenc i es f rom an e x t e r n a l source t o e i t h e r v s r i f y t he c a l i b r a t i o n o f 

t he meters o r t o mark f requency l e v e l s on a r eco rde r . 

S i g n a l Output A and B: These j a c k s a re used on l y when two channels are 

recorded s imu l t a neous l y . Both ou tpu t s a re p o s i t i v e , thus f l ow away f rom 

t he probe s t i l l g i ves a p o s i t i v e d e f l e c t i o n . 

Se l ec t ed : Th i s j a c k i s used when a s i n g l e channel i s reached. The 

s i g n a l f ed to t h i s j a c k i s c o n t r o l l e d by t he sw i tch above i t . 
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Output L e v e l , i s a two-channel a t t e n u a t o r used t o reduce the s i g n a l l e v e l 

f o r these r eco rde r s not capab le o f hand l i ng t he f u l l ou tpu t o f t h i s 

i n s t r umen t . 

Zero-Cross I n p u t , makes t he sound waves un i fo rm. 

Mete r M u l t i p l i e r : Th i s sw i t ch c o n t r o l s t h e s e n s i t i v i t y o f both f l ow 

i n d i c a t i n g mete rs . 



- 1394 -

A P P E N D I X A 7 

RECIRCULATION OF " m T c 
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AIM 

Recirculation of 99m Tc was tested by giving a single injection 

99m 

of 40 yCi of To in the gastrocnemius muscle and by measuring the 

amount of radioactivity at rest and after exercise for 20 minutes over 

the point of injection and over the precorduim. 

MATERIAL AND METHOD 

5 healthy volunteers without any evidence of arterial disease 

were studied. Their ages ranged between 18 and 25 years. 

All the volunteers rested for 20 minutes before starting the 

test. Forty yCi of 9^ mTc as sodium pertechnate diluted in 0.2 ml of 

saline were injected into the thickest part of the right gastrocnemius. 

The probes of two 235-isotope localisation monitors (see Appendix A4) 

were placed over the site of the injection and over the precordium, at 

the level of the 4th intercostal space and the position was marked to 

enable accurate replacement of the probes. The output from the detector 

was recorded continuously on a CR 552 recorder. Clearance curves were 

recorded for 5 minutes at rest and for 20 minutes after a 3-minute walk 

on the treadmill at 4.5 Km per hour. 

RESULTS 

The amount of radioactivity over the precordium at rest and 

after exercise indicated the radioactivity as a result of recirculation. 

This could be expressed as a percentage of the remaining radioactivity 

at the site of the injection at any time. 

Calculations were carried out according to the following 
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equation: 

R r e c i r c ' = rglstr. X 1 0 0 

where Rrecirc. w a s taken to be the radioactivity as a result of 

recirculation at the n^h minute, Rprec. the amount of radioactivity 

over the praccordium at the n t n minut e and Rgastr. the amount of radio* 

activity at the point of injection at the nth minute. 

The mean radioactivity as a result of recirculation was 0.23% 

at rest; it was 0.65% immediately after exercise; 0.45% at the fifth 

post-exercise minute; 0.32% at the tenth post-exercise minute; 0.39% 

at the fifteenth post-exercise minute; finally, it was 0.29% at the 

twentieth post-exercise minute. 

DISCUSSION 

The results suggested that the amount of radioactivity over the 

precordium as a result of recirculation was, at any time, less than 

1 per cent in comparison to the remaining radioactivity at the point of 

the injection. According to these results and for the purpose of the 

99m 

measurements made in this thesis recirculation of Tc can be 

considered as negligible (see also Appendix A11). 
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A P P E N D I X AS 

99m 

R e p r o d u c i b i l i t y o f Tc muscle 

c l ea rance a t r e s t and a f t e r 

e x e r c i s e i n normal l imbs . 
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Aim 

Measurements of the percentage clearance per minute (T) at 

rest and after exercise by means of ^ m T c muscle clearance were 

carried out on the same normal volunteers repeatedly in order to 

demonstrate the reproducibility of this method. 

Material and Methods 

5 normal volunteers (5 limbs) were studied. Their mean age 

was 32.4 years. 

5 tests were carried out on every normal volunteer on 5 

consecutive days. All the normal volunteers rested for 20 minutes 

99m 

before starting each test. Forty yCi of Tc as sodium perlechnate 

diluted in 0.2 ml of saline were injected into the thickest part of 

the calf. The probe of a Pitman 235 - isotope localisation monitor 

(see Appendix: A4) was placed at the site of the injection and the 

position was marked to enable accurate replacement of the probe after 

exercise as well as repetition of the injection during the consecutive 

tests. The output from the detector was recorded continuously on 

a CR - 552 pen recorder for 10 minutes at rest. Then, the normal 

volunteers walked on the treadmill for 3 minutes at 4.5 km per hour. 

Clearance curves were recorded for 20 minutes after the end of the 

exercise. From the clearance curves obtained, the percentage 

clearance per minute (T) was calculated using equation 2.1 (see section 

2.22). 

Results 

The results are listed in tables A8.1 to A8.5. 
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Discuss ion 

The percentage c l ea rance pe r minute CT3 a t r e s t was s t a b l e , 

w i t h an o v e r a l l c o e f f i c i e n t o f v a r i a t i o n 3 p e r c en t . . I n c o n t r a s t , 

immed ia te l y a f t e r e x e r c i s e , T was marked ly i nc reased i n comparison 

t o the r e s t i n g l e v e l . I t showed a f i v e t o seven fo ld i nc r ease 

du r i n g t he f i r s t pos t-exe r c i s e m inu te and t hen r e t u r n ed t o the 

r e s t i n g l e v e l and remained unchanged du r i n g the pos t-exe rc i se r e s t 

p e r i o d . The c o e f f i c i e n t o f v a r i a t i o n o f T du r i ng the f i r s t post-

e x e r c i s e minu te was 12 pe r cen t . 

These r e s u l t s suggested t h a t the r e p r o d u c i b i l i t y o f t he per-

centage c l ea rance pe r m inu te T a t r e s t and a f t e r e x e r c i s e measured 

by means o f " m T c muscle c l ea r ance i s accep tab le . 



TABLE A8.1 

T at rest (1-10 m i n ) and after exercise (1-20 min) 

in the calf of a normal limb. 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 

(Min) 

Tes t 1 Tes t 2 Test 3 Tes t 4 Tes t 5 

1 3.60 3.90 4.00 3.55 4.15 

2 3.75 4.00 3.90 3.45 4.10 

3 3.55 3.85 4.05 3.50 4.10 

4 3.55 3.85 3.80 3.50 4.20 

5 3.70 3.90 3.85 3.62 4.15 

6 3.65 3.95 3.85 3.60 4.20 

7 3.80 3.85 4.00 3.55 4.15 

8 3.75 4.00 4.05 3.66 4.18 

9 3.60 3.75 4.05 3.50 4.23 

10 3.50 3.80 4.05 3.58 4.18 

1 25.20 2645 24.35 23.90 24.90 

2 10.40 10.52 10.30 11.00 10.40 

3 3.75 3.80 4.05 4.00 4.25 

4 3.75 3.75 4.00 3.80 4.20 

5 3.60 3.75 3.93 3.60 4.10 

6 3.55 4.00 3.97 3.65 4.15 

7 3.70 4.05 3.97 3.50 4.18 

8 3.80 3.90 3.70 3.50 4.15 

9 3.75 3.93 3.85 3.45 4.23 

10 3.60 3.86 3.80 3.40 4.28 

11 3.70 3.80 3.80 3.60 4.30 

12 3.70 3.82 4.00 3.60 4.30 
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TABLE A8.1 Continued..../ 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 

(Min) Tes t 1 Tes t 2 Tes t 3 Tes t 4 Tes t 5 

13 3.58 3.80 4.00 3.66 4.36 

14 3.50 3.80 3.93 3.52 4.26 

15 3 .63 3 .90 4.05 3.50 4.30 

16 3.60 3.95 4.10 3.55 4.20 

17 3.75 3.90 4.10 3.45 4.10 

18 3.70 3.85 4.00 3. 80 4.15 

19 3.65 3.80 3.90 3.56 4.15 

20 3.65 3.85 3.95 3.45 4.20 
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TABLE AS.2 

T at rest (1-10 min) and after exercise (1-20 min) 

in the calf of a normal limb. 
< 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 
(Min) Tes t 1 Tes t 2 Tes t 3 Tes t 4 Tes t 5 

1 4.95 4.50 5.05 3.90 4.30 

2 4 .53 4.50 5.15 4.00 4.40 

3 4.50 4 .63 5.10 3.98 4.40 

4 4.50 4.60 5.10 3.95 4 .33 

5 4.45 4 .58 5.00 3.95 4.45 

6 4 .33 4.55 5.05 3.80 4 .49 

7 4.40 4.50 5.09 3.90 4.52 

a 4.45 4 .55 5.13 3.88 4.35 

9 4.55 4 .58 5.10 3.95 4.35 

10 4.40 4 .60 5.05 4.05 4.35 

1 17.30 23.15 26.90 25.50 26.00 

2 12.00 1055 10.90 11.00 10.33 

3 4.45 4.60 4.95 4.00 4.50 

4 4.45 4.60 5.15 4.05 4.50 

5 4.60 4 .60 5.10 3.98 4.55 

6 4.45 4 .50 5.05 3.95 4.50 

7 4 .53 4.58 5.05 3.90 4.48 

8 4.55 4.66 5.10 3.95 4.30 

9 4.50 4.70 5.08 4.00 4 .33 

10 4.60 4.50 5.03 4.03 , 4.40 

11 4.50 4 .83 5.09 4.05 , 4.45 

12 4.40 4 .62 5.10 4.00 4.50 
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TABLE A 8 . 2 . . . Con t inued/ 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 

(min) 

Tes t 1 Tes t 2 Tes t 3 Tes t 4 Tes t 5 

13 4.40 4.59 5.15 3.95 4.50 

14 4.55 4.55 5 .18 3.80 4.33 

15 4 .50 4.55 5.12 3.83 4.37 

16 4.55 4 .80 5.05 3.90 4.38 

17 4.45 4.70 5.10 4.15 4.30 

18 . 4 .50 4.60 5.05 4.08 4. .40 

19 4 .55 4 .50 5.15 4.00 4.45 

20 4.50 4.50 5.05 4.00 4.50 



TABLE A8. 3 

T at rest (1-10 min) and after exercise (1-20 min) 
in the calf of a normal limb. 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time Test 1 Test 2 Test 3 Test 4 Test 5 
(Min) 

1 4.84 5.20 4.60 4.20 4.90 

2 4.76 4.90 4.75 4.35 5.15 

3 4. 92 5.15 4.80 4.15 5.00 

4 4.85 5.00 4.65 4.20 5.00 

5 4.60 4. 85 4.70 4.40 5.20 

6 4.78 4.70 4.70 4.25 5.15 

7 4.93 4.90 4.95 4.25 5.10 

8 4.80 5.00 4. 80 4.30 5.05 

9 4.30 4. 80 4.75 4.35 4.90 

10 4.65 5.10 4.65 4.25 5.05 

1 26.35 27.80 25.90 26.85 27.10 

2 10.20 11.45 12.00 11.00 10.50 

3 5.80 5.00 4. 90 5.00 5.05 

4 4.90 4.75 5.1- 4.25 f 5.20 , 
5 4.45 5.15 4.70 4.30 5.10 

6 4.70 5.05 4.50 4. 30 5.15 

7 4.85 4.90 4.60 4.15 ( 5.20 

I 
8 4.93 5.10 4.75 4.23 5.18 I 

' 9 4.38 5.10 4.75 4.28 ' 5.30 
:: 

10 5.05 4. 80 4.60 4.15 1 5.05 

I 
; 

11 4.80 4.90 4.65 4.40 ; 5.10 
I 
I 

12 4.60 4.95 I 
l 

4.80 4.32 5.15 

I 
I 
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TABLE AQ.3 Continued.../ 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 
(min), Test 1 Test 2 Test 3 Test 4 Test 5 

13 4.75 5.10 4.60 4.25 5.25 

14 4.38 5.00 4,55 4.20 5.15 

15 4.85 4.75 4.70 4.15 5.00 

16 4.95 5.25 4.70 4.25 4.95 

17 4.60 5.10 4.65 4.32 5.05 

18 4.75 4.95 4.50 4.28 5.23 

19 4.50 5.15 4.60 4.25 5.15 

20 4.80 4.95 4.65 4.25 5.10 
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TABLE A8.4 

T at rest (1-10 min) and after exercise (1-20 min) 
in the calf of a normal limb. 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 
(Min) 

Test 1 Test 2 Test 3 Test 4 Test 5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

4.70 

4.80 

4.75 

4.60 

4.80 

4.83 

4.77 

4.72 

4.65 

4.70 

4.55 

4.55 

4.63 

4.78 

4.50 

4.56 

4.50 

4.55 

4.53 

4.50 

4.15 

4.20 

4.25 

4.25 

4.28 

4.19 

4.15 

4.25 

4.20 

4.18 

4.95 

4.80 

5.00 

5.00 

4.95 

5.05 

5.05 

4.88 

5.00 

4.90 

4.05 

3.95 

4.15 

4.10 

4.10 

4.08 

4.05 

4.10 

4.05 

4.00 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

26.05 

10.70 

4.90 

4.85 

4.70 

4.80 

4.65 

4.70 

4.83 

4.80 

4.77 

4.80 

4.65 

27.05 

11.00 

4.55 

4.70 

4.60 

4.55 

4.58 

4.70 

4.68 

4.63 

4.61 

4.72 

4.70 

25.90 

11.33 

4.20 

4.20 

4.20 

4.32 

4.37 

4.35 

4.30 

4.25 

4.19 

4.18 

4.20 

26.00 

10.70 

4.83 

5.00 

4.90 

4.95 

5.05 

5.05 

4.90 

4.88 

4.96 

4.90 

5.00 

25.30 

11.50 

4.00 

4.00 

4.00 

4.05 

4.40 

3.95 

3.98 

3.95 

4.00 

4.15 

4.05 



TABLE A8.4... Continued/ 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 
(Min) Test 1 Test 2 Test 3 Test 4 Test 5 

14 4.75 4.65 4.20 5.05 4.03 

15 4.70 4.55 4.25 4.90 3.95 

16 4.75 4.50 4.25 4.98 3.95 

17 4.88 4.55 4.22 4.95 4.10 

18 4.65 4.52 4.20 4.99 3.98 

19 4.69 4.43 4.15 5.00 4.00 

20 4.70 4.53 4.20 5.05 4.03 



TABLE A8.1 

T at rest (1-10 min) and after exercise (1-20 min) 
in the calf of a normal limb. 

PERCENTAGE CLEARANCE PER MINUTE (T) 

Time 
(min) Test 1 Test 2 Test 3 Test 4 Test 5 

1 5.10 • 4.74 4.90 4.70 5.05 

2 5.20 4.80 4.70 4.90 4.95 

3 5.15 4.80 5.00 4.80 5.00 

4- 5.15 4.60 5.05 4.85 5.00 

5 5.25 4.65 4.75 4.80 4.95 

6 5.23 4.75 4.75 4.85 5.10 

7 5.30 4.85 4.85 4.75 5.15 

8 5.13 4.80 4.80 4.90 5.00 

9 5.18 4.75 4.80 4.75 5.05 

10 5.18 4.70 4.70 4.80 4.95 

1 28.75 28.00 27.33 27.00 26.90 

2 10.70 12.00 11.20 10.90 11.30 

3 5.00 4.80 5.00 4.95 5.05 

4 5.10 4.80 4.90 4.75 5.05 

5 5.15 4.75 4.75 4.85 5.15 

6 5.22 4.60 4.75 4.80 5.08 

7 5.20 4.65 4.70 4.78 4.95 

8 5.13 4.63 4.70 4.79 5.03 

9 5.15 4.70 4.82 5.00 5.00 

10 5.10 4.77 4.83 4.90 5.00 

11 5.10 4.60 4.90 4.75 4.90 

12 5.18 4.65 4.75 4.83 4.97 

13 5.26 4.80 4.70 4.80 5.03 

14 5.25 4.75 4.75 4.85 5.00 
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TABLE A0.5 .. Continued/ 

PERCENTAGE CLEARANCE PER MINUTE (T) , 

Time 
(Min) 

Test 1 Test 2 Test 3 Test 4 Test 5 

15 5.25 4.80 4.88 4.85 5.05 

16 5.15 4.80 4.77 4.90 5.15 

17 5.10 4.90 4.70 4.77 5.08 

18 5.10 4.86 4.80 4.75 5.05 

19 5.20 4.75 4.80 4.75 5.05 

20 5.13 4.75 4.85 4.80 5.00 
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A P P E N D I X A9 

THE COMPARISON OF 9 9 m Tc AND 1 3 3Xe 
FOR MEASURING CHANGES IN BLOOD FLOW 
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AIM 

99m 

The validity of . Tc as a local radioactive tracer for the 

measurement of the flow of blood was tested by comparing the results 

obtained by " m Tc clearance to the results obtained by 1 3 3 X e clearance, 

at rest and after exercise. 

MATERIAL AND METHOD 

5 healthy volunteers without any evidence of arterial disease 

were studied. Their ages ranged between 21 and 30 years. 

All the normal volunteers rested for 20 minutes before starting 

99m 

the test. Forty yCi of Tc diluted in 0.2 ml of saline were injected 

into the thickest part of the right gastrocnemius; the probe of a 235-

isotope localisation monitor (see Appendix A4) was placed at the site of 

the injection and the position was marked to enable accurate replacement 

of the probe after exercise. The output from the detector was recorded 

continuously on a double-pen CR-552 recorder for 10 minutes at rest. 

Then, the normal volunteers walked on the treadmill for 3 minutes at 

4.5 Km per hour. The clearance curve was recorded for 20 minutes after 

the end of the exercise. From the clearance curves obtained the 

percentage clearance per minute (T) was calculated using equation 2.1 

(see Section 2.22). 

The following day, 100 yCi of 1 3 3 X e diluted in 0.2 ml of saline 

were injected into the same muscle at the site of the previous injection 

99m 
•f : Tc. The same procedure was repeated. 
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RESULTS 

Figure A9.1 shows -the mean values of T and standard deviation 

99m iqo 
obtained from the muscle clearance curves of Tc and i 3 d X e . It 

99m 
demonstrates that at rest, T for Tc was stable but slightly higher 

than T for 1 3 3 X e . This difference was not significant. In contrast, 

99m 
during the first post-exercise minute, the values of T for Tc were 

lower than the corresponding values of T for 1 3 3 X e (21 ± 3.9 and 25.1 ± 3,0 

respectively). Finally, during the second post-exercise minute and there-

99m 

after T for .. Tc was slightly, but not significantly, higher than the 

corresponding T for 1 3 3 X e . 

DISCUSSION 

These results demonstrate that flow measurements by means of 

99m Tc and 1 3 3 X e muscle clearance, before and after exercise, do not show 

any significant difference at rest and after the first post-exercise 

minute. A significant difference exists in normal limbs at high flow 

rates, i.e. post-exercise hyperaemia. 
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A P P E N D I X A10 

DERIVATION OF THE EQUATIONS 

FOR CALCULATING a , Q0 AND X 
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It has already been deduced (see Section 4.21) that in the 2-poal 

haemodynamic model the amount of blood (Wp) that leaves pool 2 via B 

(Fig. 4.1) from time t=0 to time t=n is proportional to the total per-

centage clearance (D n) between t=0 and t=n. Thus, 

Wn = K.Dn (4.15) 

where K is the musclte to blood partition coefficient for the isotope used, 

It has also been shown in the same section (Section 4.21: 

Equations 4.17, 4.18 and 4.19) that the amount of blood which leaves 

pool 2 via B after 5 (D5), ten (Dx0^ a n d 2 0 (°2ol tiptoe cycles is: 

KD 5 = Q 0(1 - 3
5) + -|(5a- 1 + 3 5) (A10.1) 

KD 1 0 = Q 0(1-3
1 0), + ~(10a-1+3 1 0) (A10.2) 

a 

KD 2 0 = Q 0Cl-3
2 0) + -C20a-1+3'20) (A10.3) 

a 

Equation A10.1 can be rewritten as: 

KD 5 - Qo(1 - 3
5
) = —(5a - 1 + 3

5
) (A10.4) 

a 
Similarly, equation A10.2 can be rewritten as: 

KD 1 0 - Qo(1-3
1 0
) = -(10a-1+3

1 0
) CA10.5) 

a 

and equation A10.3 can be rewritten as follows: 

KD 2 0 - Q 0 d - 3
2 0 ) = -(20a-1+3 2 0) (A10.6) 

a 

In order to eliminate X, equation A10.5 is divided by equation 

A10.4; similarly, equation A10.6 is divided by equation A10.5. Thus, 

K D l n - Q 0 t 1 - 61°) . 10a- 1 + 6 " 

KD5 - Q 0 (1 -g. S) 5a - 1 + g5 I f t lU . / J 
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K D ? I 0 - Q q ( 1 - 3 2 Q ) __ 20a - 1 + g
2 ° ( 1 Q , 

K D 1 0 - Q 0(1 - 3
1 0 ) 10a - 1 + 010 in iu•oj 

Equation A12.7 can be rewritten as follows: 

KD 1 0(5a - 1 + 3 5 ) - Q o C 1 - 3
l 0 H 5 a - 1 + 3 5 3 = 

KD5(10a - 1 + 3 1 0 ) - Qo(1 - 0 5)(1Oa - 1 + 3 1 0 ) (A10.9) 

o r : 

Q 0[(1 - 3 5 ) (10a - 1 + 3 1 0 ) ~ (1 - 3 1 0)(5a - 1 + 3 5 ) ] 

= KD 5(10a - 1 + 3
1 0 ) - KD 1 0(5a - 1 + 3

5 ) (A10.10) 

Similarly, equation A10.8 can be rewritten as follows: 

Q o[(1-3
l 0)(20a- 1 + 3 2 0 ) - (1 - 3 2 0)(10a - 1 + 3 1 0 ) ] 

= KD 1 0C20a - 1 + 3
2 0 ) - KD 2 0ClOa - 1 +3

 1 0 ) CA10.11) 

In order to eliminate Qo, equation A10.11 is divided by equation 

A10.10. Thus, 

(1 - 3 1 Q ) (20a - 1 + 3 2 0 ) - -(1 ~ & 2 0)(10a- 1 +3 1 03 
(1 - 3 5)(10a- 1 + 3 1 0 ) - (1 - 3.10)(5a - 1 + 3 b ) 

_ D10 (20a - 1 + 3
2 0
) - D 2o(10a- 1 + 3

1 0
) f A 1 n 

~ D5 (10a- 1 +310) - D 1 0(5a - 1 + 3 5 ) iaiu.izj 

Assuming that a is small (i.e. a
2
« a ) then equation A10.12 can 

be rewritten as: 

(1+3
5
)(20a- 1 + 3

2 0
) - (1 + 3

1 0
H 1 + 3

5
H l 0 a - 1 + 3

1 0
) 

(10a - 1 + 3103 - (1 + 35) (5a - 1 + 35) 

- DlO(20a-1+1-20a + 190a 2)-D2Q (10a-1+1.-10at45a2) 
•5 (10a-1+1-10a+45a 2) - D 1 0(5a-1+1-5a+10a

2) 

Equation A10.13 can be rewritten as: 

(A10 .13) 

(1+1-5a)[(190a 2) - (2-10a)(45a 2)] 190Diq - 45D2Q f A . n 

4 5 a
2
- (2-5a)(10a

2
) 45D 5 - 10D 1 0 LA10.14J 
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or: 

or: 

or: 

or: 

or: 

(2-5a)(190a2-90a2) _ 3QDio-9D2o 
45a 2-10a 2 = 9D 5-2D 1 0 

(A10.15) 

Zi(2-5a) = 3 9 D 1 0 - 9 P 2 0 
7 9D5-2D10 

CA10.16) 

1 
9 = 5 2 2- 3 9 P 1 0 ~ 9 P 2 Q 

50 ' 9D 5-2D 1 0 

CA10.17) 

a = 
900D5-200DIO-266Diq+6302Q 

50(9D5 - 2D 1 0) 
CA10.18) 

a = 
_ 63D2Q-466DIQ+9Q0D5 

250(9D5 - 2D 1 0) 
(A10.19) 

Then Q 0 can be calculated from equation A10.10, thus: 

- K[D 5 ( 10a-1+8 1 0 ) - DioC5a-1+-85)]_ 

" C1-3 5 )C1Da-1+3 1 0 ) " ( I-310)C5a-1+05) 
(A10.20) 

Finally, X can be calculated from equation A10.4. Thus, 

_ [KD5-qQ(1-g53] 
10a 

(A10.21) 

In order to avoid escalation of errors, approximation for, a, is 

necessary to linearise the previous equations. Once, a, is calculated 

Q 0 and X are computed exactly without any approximation. 

Equations A10.19, A10.20 and A10.21, are those used for the 

calculation of a, Q 0 and X from D5, O 1 0 and D 2 0 obtained from the studies 

in Part III of this thesis. 
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A P P E N D I X A11 

INTERACTION BETWEEN TWO 
RADIATION SOURCES IN THE LOWER LIMBS 
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AIM 

The possible interaction between two radiation sources in the 

lower limbs was tested by measuring the radioactivity at the site of a 

99m 

9ingle injection of Tc in the calf and the radioactivity at a similar 

site of the non-injected calf. 

MATERIAL AND METHODS 

Five healthy volunteers without any evidence of arterial disease 

were studied. Their ages ranged between 22 and 31 years. 

Forty yCi of 99m Tc as sodium pertechnate diluted in 0.2 ml of 

saline were injected into the thickest part of the right gastrocnemius 

and the normal volunteer stood up with his limbs placed 20 cm apart. 

The probes of two 235-isotope localisation monitors (see Appendix A4) in 

full collimation were placed above the point of the injection and at a 

similar site on the non-injected calf at a constant distance from the 

skin. The output from the detectors was recorded continuously on a 

CR552 double-pen recorder. 

Clearance curves were obtained before, during and after five, 

ten and twenty movements on tiptoe which were separated by 3-minute 

resting intervals. 

RESULTS 

The amount of radioactivity in the non-injected calf indicated 

the sum of radioactivity due to re-circulation (see Appendix A7) and 

to the radiation effect produced by the injected calf. This was expressed 

as a percentage of the remaining radioactivity at the site of the injection 
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at any time. Calculations were carried out according to the following 

equation (see also Appendix A7): 

s = 5a x 100 Ho 

where S = the sum of radioactivity at the non-injected calf due to 

re-circulation and to tne radiation effect produced by the 

injected calf, 

R n = the amount of radioactivity on the non-injected calf at the 

n^h minute, and 

Ro = the amount of radioactivity at the site of injection at the 

nth minute. 

The results demonstrated that S at rest was 0.55%; it was 0.73% at the 

end of the fifth tiptoeing session, 0.69% at the end of the tenth tip-

toeing session and finally, 0.52% at the end of the twentieth tiptoeing 

session. 

DISCUSSION 

The results suggest that the amount of radioactivity at the non-

injected calf at any time was less than 1.0% in comparison to the 

remaining radioactivity at the site of the injection. Since this is 

the result of re-circulation and of the radiation effect produced by the 

injected adjacent calf it can be clearly deduced that re-circulation of 

99m 

. To and the interaction of two radiation sources is negligible for 

the studies in this thesis (see also Appendix A7). 
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A P P E N D I X A12 

THE RELATIONSHIP OF 9 9 m Tc MUSCLE CLEARANCE 

TO CALF FLOW MEASURED BY MERCURY STRAIN 

GAUGE PLETHYSMOGRAPHY DURING EXERCISE 
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AIM 

Changes i n muscle b lood f l ow s t i m u l a t e d by a c t i v e e x e r c i s e 

99m 

dete rmined by Tc muscle c l ea r ance and s t ra in-gauge p le thysnog raphy 

i n t he same c a l f s imu l t a n eous l y a re p resen ted i n t h i s Appendix. 

MATERIAL AND METHODS 

Three h e a l t h y v o l u n t e e r s w i t h ou t any ev idence o f a r t e r i a l d i sease 

were s t ud i ed . They r e s t e d h o r i z o n t a l l y f o r 20 minutes be fo re s t a r t i n g 

t he t e s t . Then, 40 yC i o f 99m Tc as sodium pe r techna te d i l u t e d i n 0 .2 ml 

o f s a l i n e were i n j e c t e d i n t o t h e t h i c k e s t p a r t o f t h e r i g h t gastrocnemius, 

The probe o f a P i tman 235- isotope l a c a l i s a t i o n mon i to r (see Appendix A43 

was p laced a t t he s i t e o f t he i n j e c t i o n a t a constant d i s t ance f rom the 

s k i n . The ou tpu t f rom t h e d e t e c t o r was recorded con t i nuous l y on a 

CR 552 r e co r de r . A mercury s t r a i n-gauge was p laced around t he t h i c k e s t 

p a r t o f t h e c a l f a t t h e s i t e o f t he i n j e c t i o n . Th i s was connected t o 

t he equipment s upp l i ed by Hokanson wh ich i nco rpo r a t ed au tomat ic c a l i b r a t i o n 

f a c i l i t i e s (Model EC-2). A 25 cm venous t o u r n i q u e t was app l i e d a t t h e 

p r o x ima l p a r t o f t h e t h i g h wh ich cou ld be i n f l a t e d r a p i d l y ( i n l e s s t han 

1 second) t o 60 mm Hg f o r 5 seconds du r i n g which a r ead ing was t a ken . 

(S iggaard Andersen and Pe t e r sen , 1969) . Readings w i t h t he s t ra in-gauge 

were ob ta i ned eve r y m inu te , i n i t i a l l y a t r e s t and then a f t e r a c t i v e 

p l a n t a r f l e x i o n and d o r s e f l e c t i o n o f t h e foo t aga ins t r e s i s t a n c e f o r a 

t o t a l p e r i od o f 20 m inu tes . The po i n t s a t which these read ings were taken 

were marked on t he t r a c i n g o f t he c l ea rance curve and thus i t became 

poss i b l e t o c a l c u l a t e t h e v a l u e o f T t h a t corresponded t o each s t r a i n -

gauge measurement. From t he c l e a r ance . cu r ves ob ta ined t h e percentage 

c lea rance pe r minute (T) was c a l c u l a t e d us ing equat ion 2 . 1 (see Sec t ion 2 ,22 ) . 

S t ra in-gauge measurements were expressed i n ml pe r 100 ml pe r m inu te . 
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RESULTS 

The results are demonstrated in Figure A12.1 where the mean values 

of the strain-gauge measurements expressed in ml per 100 ml per minute 

were plotted against the corresponding mean values of the percentage 

clearance per minute (T) for a total period of 20 minutes. They suggest 

99m 

that the muscle to blood partition coefficient (K) for Tc is 

approximately 0.8. 

DISCUSSION 

The results supported the suggestion made by Veall (N. Veall, 1977) 

that the partition coefficient, K, for " m Tc for the first 20 minutes 

after injection is approximately 0.8. However, it should be pointed out 

that T is proportional to fluctuations of flow in the muscle while the 

strain gauge plethysmography measures flow in the muscle and other 

expandable tissues. For this reason this cannot be used as a method of 

verification of the value of K but a very rough indication of its possible 

value. 

As pointed out in Section 4.32, the partition coefficient K is 

proportional to Q 0 (see Equation 4.21) and thus a 50 per cent error can 

lead to an equal 50 per cent error in the estimation of the amount of 

blood in pool 2 of the 2-pool haemodynamic model. This error will be the 

same and in the same direction in all limbs studied and it will not 

invalidate the results which, after all, are used to indicate changes on 

exercise or differences in the various groups studied. Very little use 

is made of absolute values. 
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32 

c 
E 

8 16 24 32 
° / 0 clearance/min ( T ) 

C o r r e l a t i o n o f t h e mean va lues 

o f t he s t r a i n-gauge measurements 

and t he percentage c lea rance per 

minute ( T ) . 

F IG. A12.1 
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A P P E N D I X A13 

9Qm 
SIMULTANEOUS MEASUREMENTS OF Tc MUSCLE 

CLEARANCE AT THE SITE OF A SINGLE INJECTION 

IN THE CALF USING HEAVY AND LIGHT PROBES 

s 



Initially, a, Qo and X were calculated (see section 4.3) from 

clearance curves obtained with heavy probes using the Pitman 235-

isotope localisation monitors (see Appendix A4). When the dual 

channel analysers and the light probes (see Appendix A5) became 

available they were used instead of the 235- isotope localisation 

monitors. In order to test the accuracy and correlation of these 

instruments clearance curves were obtained at the site of a single 

injection in the calf using light and heavy probes simultaneously. 

Material and Method 

Three healthy volunteers without any evidence of arterial disease 

and -two patients with long occlusion of the superficial femoral artery 

shown on the aortogram were studied. . The ages of the normal volunteers 

ranged between 21 and 26 years; the ages of the two patients, with arterial 

disease were 46 and 54 years respectively. 

99m 

Forty yCi oT Tc as sodium pertechnate diluted in 0.2 ml of 

saline were injected into the thickest part of the gastrocnemius and the 

paint was marked to enable accurate replacement of the probes. Then 

the normal volunteers and the patients stood up, and the heavy probe 

of a 235- isotope localisation monitor was placed at the site of the 

injection at a constant distance from the skin. This was ensured by 

marking the position of the foot on the floor. A light probe attached 

on a dual channel analyser was strapped on the same calf at the site 

of the injection. The output from the detectors was recorded contin-

uously on a double-pen CR 552 recorder. 
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Clearance curves were ob ta i ned be fo r e , du r i ng and a f t e r f i v e , 

t en and twenty movements on t i p t o e sepa ra ted by r e s t i n g i n t e r v a l s . 

From each c l ea rance cu rve t h e t o t a l percentage c lea rance D_, D . r 5 10 
D^q was c a l c u l a t e d as shown i n f i g u r e 5.8 F i n a l l y , f rom these 

measurements a , Qo and A were c a l c u l a t e d us ing t he equa t ions developed dn 

s ec t i o n 4 .21 . 

Rbsu l t s 

The r e s u l t s a re shown i n t a b l e A13.1. They demonst rated t h a t 

t he va l ues o f a , Qo and A c a l c u l a t e d f rom c lea rance curves ob ta ined 

w i t h t he heavy probe d i d no t show any s i g n i f i c a n t d i f f e r e n c e i n 

comparison t o t h e co r respond ing va l ues o f a, Qo and A c a l c u l a t e d 

f rom c l ea rance curves ob t a i ned w i t h t he l i g h t probe. 

D i scuss ion 

These r e s u l t s suggested t h a t t he l i g h t probes, s t rapped on 

the l e g , cou ld be used i n s t e a d o f t h e heavy probes, hot a t tached t o 

the l eg , w i t h o u t a f f e c t i n g t h e c a l c u l a t i o n s o f a, Qo and A. I n f a c t , 

t h e . l i g h t probes had t h e advantage, t h a t the measures taken t o ensure 

t h a t t he d i s t ance between t h e s k i n and the heavy probes remained 

cons tan t a t t h e end o f each p e r i o d o f e x e r c i s e , cou ld now be i gno red . 



TABLE A13.1 

The va l ues o f a, Qo and X c a l c u l a t e d f rom c l ea rance 

curves ob ta ined w i t h heavy and l i g h t p robes. 

HEAVY PROBE 
LIGHT PROBE 

(235-ISOTOPE . " 
(DUAL CHANNEL ANALYSER! U 0 C A L I S A T I 0 N MONITOR) 

No o f Limb a Qo X a Qo X 

1 

(Normal) 8.6 19. 98 2. 16 8. 5 19.83 2.26 

2 

(Normal) 0.5 19. 42 2. 09 0. 4 19.35 2.08 

3 

(Normal) 7 .1 20. 78 2. 26 7. 1 20.93 2.19 

4 

( S u p e r f i c i a l 

f emo ra l a r t e r y 

occ l u s i on ) 

17.6 4. 36 0. 50 16. 8 4 .10 0.49 

5 

( S u p e r f i c i a l 

f emo ra l a r t e r y 

occ lus ion ) 

13.4 4. 80 0. 49 14. 3 4.48 0.43 
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A P P E N D I X A14 

THE USE OF CDC 6400 COMPUTER FOR THE 

CALCULATIONS AND PLOTTING OF GRAPHS 

OF " m T c MUSCLE CLEARANCE. 
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I n t r o d u c t i o n 

99m 

From the c l ea r ance curves ob ta ined w i t h Tc muscle 

c l ea rance method the percentage c lea rance per minute ( T ) , maximum 

pos t-exe r c i s e T, t o t a l excess T, Hyperaemic I ndex , a,Qo and X were 

c a l c u l a t e d us ing t he equa t i ons developed i n p rev ious sec t i ons 

(see sec t i ons 2 . 22 , 4 .21 and 4 . 3 2 ) . These c a l c u l a t i o n s , though 

not d i f f i c u l t , were t e d i o u s , t ime consuming and sub j ec t to human 

e r r o r . A l l t hese were done by a computer w i t h cons ide rab le 

advantages. 

The computing f a c i l i t i e s and l i s t i n g s o f t he programs 

used i n t he v a r i o u s c l i n i c a l s t u d i e s a re g i ven below. 

Computing F a c i l i t i e s 

A CDC 6400 computer was employed based a t I m p e r i a l 

Co l l ege , London U n i v e r s i t y . Th i s was connected v i a a ded ica ted l i n e 

t o a t e l e t y p e i n p u t te rmina l- and a v ideo d i s p l a y u n i t l oca ted a t t h e 

Va scu l a r L abo r a t o r y , S t . Ma ry ' s H o s p i t a l . 

The computer language employed i n i n t e r a c t i v e computat ions 

was Bas ic and i n batch p rocess i ng was F o r t r a n I V . 

Data A c q u i s i t i o n - 1+0 F a c i l i t i e s 

The r e s u l t s o f t h e t e s t s c a r r i e d out on normal v o l u n t e e r s 

and p a t i e n t s w i t h p e r i p h e r a l a r t e r i a l and venous d iseases were recorded 

on a double-pen CR 552 r e co r d e r (see sec t i ons 2 .21 , 2 .211, 3.52 and 

4 . 3 1 ) . The va l ues o f p o i n t s f rom the c lea rance curves were en te r ed 

v i a t he Keyboard o f t h e t e l e t y p e i n t e r a c t i v e l y as requested by the 
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computer d u r i n g t he e xecu t i on o f t he programs. The r e s u l t s were 

p r i n t e d on t he t e l e t y p e ou tpu t a t t he end o f the programms. 

PROGRAM NICOS AND NICQS 2 

Program f o r t h e e v a l u a t i o n o f T be fo re and a f t e r e x e r c i s e , 

maximum pos t-exe r c i se T, t o t a l excess pos t-exe rc i se T and the 

Hyperaemic I ndex . (See s e c t i o n 2 .21) 

The program NICOS 2 (see p . 358), e va l ua t ed .the percentage 

c l ea rance pe r m inu te (T) be fo rehand a f t e r e x e r c i s e , maximum post-

e x e r c i s e T, t o t a l excess pos t -e xe r c i s e T and the Hyperaemic Index f rom 

data s upp l i e d f rom a g i v en cu rve ( v a l u es o f po i n t s f rom the c lea rance 

curve a t one minute i n t e r v a l s ) . T h i r t y numbers were supp l i ed and 

the e v a l u a t i o n s were c a r r i e d ou t acco rd ing t o equa t ion 2 .1 (see s ec t i o n 

2.22). 

I n o r de r t o compare these r e s u l t s w i t h Lassen's fo rmu la (see 

Appendices A2 and A3) t h e same data was employed but equa t ion A3.12 

(see Appendix A3) was used i n s t e a d . (Program NICOS - see p. 363) . 

The ou tpu t s o f NICOS and NICOS 2 conta ined t he f o l l o w i n g : ( i ) the 

i n p u t po i n t s ( i i ) t h e percentage c lea rance per minute (T) befo re and 

a f t e r e x e r c i s e ( i i i ) t h e t a b l e o f d i f f e r e n c e s between t he mean v a l u e o f 

T a t r e s t and i t s va l ues a f t e r e x e r c i s e ( i v ) f rom t he above, the mean 

va l ue o f T a t r e s t (MEAN), t h e t o t a l excess pos t-exe rc i se T (EXCESS) 

t he maximum pos t-exe rc i se T (HEIGHT) and t he Hyperaemic Index (INDEX) 

were p r i n t e d . 

L i s t i n g o f programs NICOS and NICOS 2 w i t h example o f i n p u t and 

ou tpu t f o r data p e r t i n e n t to t h i g h and c a l f measurements f o r a norma l 
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v o l u n t e e r and f o r p a t i e n t s w i t h p e r i p h e r a l a r t e r i a l d isease a re shown 

i n f i g u r e s A14.1 to A14.10. 

PROGRAM MEAN 

Program f o r t h e e v a l u a t i o n o f t he mean va l ues o f T be fo re and 

a f t e r e x e r c i s e , maximum pos t-exe r c i s e T, t o t a l excess pos t-exe rc i se 

T and t he Hyperaemic Index (see sec t i ons 2.22 and 2 .23 ) was c a l l e d "MEAN" 

The e n t i r e s e t o f r e s u l t s were d i v i d e d i n t o 4 groups : group A 

(normal l i m b s ) ; group B ( l imbs w i t h i l i a c occ l us ion o n l y ) ; group C 

( l imbs w i t h s u p e r f i c i a l f emo ra l a r t e r y occ lus ion on l y ) and group D 

( l imbs w i t h combined p r o x ima l and d i s t a l a r t e r i a l l e s i ons ) (see s e c t i o n 

3 . 22 ) . 

The mean va l ues o f T be fo r e and a f t e r e x e r c i s e , maximum post-

e x e r c i s e T, t o t a l excess pos t -e xe r c i s e T and the Hyperaemic Index were 

c a l c u l a t e d f o r each o f these groups i n d i v i d u a l l y by t he program PEAN 

(see p.. 368 ) . . The i n p u t t o t he program was t he app rop r i a t e v a l ues 

f o r t h e e n t i r e group ( e . g . group 0 = normal l imbs ) . 

L i s t i n g o f program MEAN w i t h examples o f i n p u t and ou tpu t a re 

shown i n f i g u r e s A14.11 to A14.15 . 

PROGRAM CLEAR 

Program f o r t h e e v a l u a t i o n o f T be fo r e , d u r i n g and a f t e r e xe rc i se 

(see sec t i on 2 . 3 ) was c a l l e d "CLEAR". 

The program CLEAR (see p. 373) e va l ua t ed the percentage c learance 

pe r minute- (T) f rom data s upp l i e d be fo r e , du r i ng and a f t e r e xe r c i s e 
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f rom a g i v en cu r ve . E i g h t y se t s o f po i n t s were employed i n these 

c a l c u l a t i o n s , and t he c a l c u l a t i o n s proceeded i n accordance w i t h 

equa t ion 2 . 1 (see s e c t i o n 2 . 2 2 ) . The r e s u l t s o f the c a l c u l a t i o n s 

were s t o r ed i n an a r r a y and t hen p l o t t e d aga i ns t t ime us ing a l i n e 

p r i n t e r w i t h t he p l o t t i n g s ub r ou t i n e appear ing a t t he end of the 

program CLEAR ( F i g A14 .16 ) . 

Examples o f t h e r e s u l t s f o r T be fo r e , du r i ng and a f t e r e x e r c i s e 

a re shown i n f i g u r e s A14.17 t o A14.24. I n these f i g u r e s t he i n p u t 

data va l ues be fo r e , d u r i n g and a f t e r e x e r c i s e , and the computed 

c l ea rance va l ues f o r t h e same pe r i ods a re shown. 

PROGRAM K6 

Program f o r t h e e v a l u a t i o n o f a, Qo and A (see sec t i on 5 . 2 2 ) . 

Th i s program ( F i g A14.25) computed the parameters a, Qo and 

A i n accordance w i t h equa t i ons 4 . 20 , 4 .21 and 4.22 (see sec t i ons 4 .21 

and 4 . 3 2 ) . 

The v a l u e s , D.., D . n and D o n (see sec t i on 4 .21) were r e q u i r e d b 1U ZU 
f o r t he c a l c u l a t i o n s o f t h e above pa ramete rs . 

The ou tpu t f rom t he program conta ined t he g i ven va lues o f D^, 

D^g and O^g and t h e r e q u i r e d paramete rs a, Qo and A. Examples a re 

i n f i g u r e s A14.2B. 
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010 PROCRAM NICOS (INPUT fOUTPUT»TAPE1»TAPE2) 
020 DIMENSION A<31)fT<31>FD<31> 
030 10 CONTINUE 
040 DO 50 I"1»31 
050 READ(.END."999 f1»11) J f A < I) 
055 11 FORMAT<I2f1XfF8.2) 
060 50 CONTINUE 
070 DO 60 I»1»30 
080 Al»<A<I)-A<I+l))/(A<I)+A<I+l)) 
090 T(I)"Al*200. 
105 IF(I.EQ.ll)T(I)-0. 
110 60 CONTINUE 
115 Tl-0. 
120 DO 70 X-l»10 
130 T1»T1+T(I) 
140 70 CONTINUE 
150 T2-T1/10. 
155 01-0. 
160 DO 80 I•11r 30 
170 IF(T(I)•LT.T2)D(I)"0. 
180 IF(T(I).LT.T2)GO TO 190 
190 D(I)»T(I)-T2 
200 190 D1*D1+D(I) 
205 80 CONTINUE 
210 R»AMAX1(0(11)fD<12)fD<13)fD<14)fD(15)fD<16)fD<17)fD<18> fD(19)rD(20)r 
215+D(21)f D (22)f D(23)f D(24)fD<25)fD<27> fD(28)»D(29)fD(30)) 
220 Rl-Dl/R 
230 PRINT 91»(A(I)fI-1f31) 
240 PRINT 92f<T(I)fI«1f30) 
250 PRINT 93>(O(I)fZ-llt30) 
260 PRINT 94rT2 
270 PRINT 95rDI 
280 PRINT 96*R 
290 PRINT 97»R1 
300 91 FORMAT(6HINPUT »/»6(F5.1i2X)»/»6(F5.1r2X)t/»6(F5.1r2X)f/»6(F5.1 
310+»2X)t/»6(F5.1»2X> »/»2(F5.1f2X>) 
320 92 FORMAT</»9HCLEARANCE»/»6(F8.4rIX)t/»6(F8.4»1X> »/»6(F8.4» 1 X)r/t 
321+6<F8.4»IX)»/»6(F8.4fIX)r/rF8.4) 
330 93 FORMAT(/»9HDIFFERENCf/»5(F8.4»IX)f/f5(F8.4f1X)f/f5(F8.4f!X)f 
331+/f5<F8.4fIX)) 
340 94 FORMAT(/f5HMEAN fF9.4> 
350 95 FORMAT(7HEXCESS fF9.4) 
360 96 FORMAT(7HHEIGHT fF9.4) 
370 97 FORMAT(6HINDEX fF9.4f/) 
380 DO 100 I-1f10 
381 WRITE(2f98)IfT(I) 
382 98 FORMAT(I2f1XfF8.4) 
383 100 CONTINUE 
384 WRITE(2f99) 
385 99 FORMAT(2H11f1Xf2H0.f/f2H12f1Xf2H0.f/f2H13f1Xf2H0.) 
386 DO 101 1 = 12 f 30 
387 WRITE(2f98)I+2fT(I) 
388 101 CONTINUE 
389 GO TO 10 
400 999 STOP 
410 END 

F I G . A 1 4 . 1 

P r og r am NICOS 2 f o r t h e e v a l u a t i o n o f T b e f o r e and a f t e r e x e r c i s e , 

maximum p o s t - e x e r c i s e T , t o t a l e x ce s s p o r t - e x e r c i s e T and t h e Hype raem ic 

I n d e x a c c o r d i n g t o e q u a t i o n 2 . 1 ( see S e c t i o n 2 . 2 2 ) . 
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INPUT ( T H \ G H ) 
190.0 181.0 172.5 164.3 156.5 149. 1 
142. 1 135.4 129.0 122.9 117.1 84. 0 
63.8 57.6 54.0 51.4 48.9 46. 6 
44.4 42.3 40.3 38.4 36.6 34. 9 
33.2 31.6 30.1 28.7 27.4 26. 1 
24.8 

CLEARANCE 
4.8407 
4.8443 

10.3130 
4.3432 
4.8419 

4.8433 
4.8349 
6.3626 
4.8414 
4.3559 

4.8462 
4.8525 
5.0484 
4.8533 
4.8250 

4.8373 
4.8435 
4.8459 
4.8273 
4.8502 

4.8484 
0 

4.8352 
4.8425 
4.6671 

4.8419 
\7.2881 
4.8555 
4.8480 
4.8340 

DIFFERENC 
0 

.0027 

.0100 

.0127 

22.4448 
0 
0 
0 

5.4697 
.0123 

0 
.0069 

1.5193 
0 

.0047 

.0238 

.2051 
0 
0 
0 

MEAN 4.8433 
EXCESS 29.7119 
HEIGHT 22.4448 
INDEX 1.3238 

INPUT ( C A L F ) 
188.0 181.1 174. 4 
150.0 144.4 139. 1 
68.6 60.4 56. 1 
47.6 45.9 44. 2 
38.0 36.6 35. 2 
30.3 

167.9 161.7 155.7 
134.0 129.0 92.0 
53.4 51.3 49.4 
42.5 41.0 39.5 
33.9 32.7 31.5 

CLEARANCE 
3.7609 
3.7631 

12.7297 
3.7655 
3.7544 

3.7702 
3.7664 
7.3832 
3.7543 
3.7872 

3.7630 
3.7645 
4.9886 
3.7832 
3.7594 

3.7555 
3.7644 
3.8586 
3.7609 
3.7532 

3.7736 
0 

3.7706 
3.7558 
3.7724 

3.7615 
29.1407 
3.7503 
3.7707 
3.7553 

DIFFERENC 
0 25.3764 8.9654 3.6189 1.2243 

.0943 .0063 0 .0012 0 

.0189 0 0 .0064 0 
0 0 .0081 0 

MEAN 3.7643 
EXCESS 39.3431 
HEIGHT 25.3764 
INDEX 1.5504 

FIG. A14.2 

I npu t s t o and ou tpu t s f rom program NICQS 2 f o r a normal l imb . 
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INPUT ( T H t G H ) 
196.0 190.0 134. 2 
162.7 157.7 152. 9 
119.3 107.0 9 7 . 2 
73.1 69.5 6 6 . 4 
57.6 55.8 5 4 . 1 
47.8 

178.6 173.1 167.8 
148.2 143.7 134.6 
89.2 82.7 77.4 
63.7 81.4 59.4 
52.5 50.9 49.3 

CLEARANCE 
3.0983 
3.1021 

10.8744 
4.9951 
3.1035 

3.1050 
3.1033 
9.5509 
4.6080 
3.1105 

3.1037 
3.1014 
8.5940 
4.0590 
3.0960 

3.1049 
3.1033 
7.5988 
3.7084 
3.1162 

3.1031 
0 

6.5975 
3.3113 
3.0947 

3.1041 
12.0854 
5.7697 
3.0943 
3.1099 

DIFFERENC 
0 

4.4958 
.9561 
.0076 

8.9825 
3.4946 
.6055 

0 

7.7714 
2 . 6 6 6 8 
.2083 
.0133 

6.4479 
1.8922 

5.4910 
1.5051 

.0006 

.0070 

MEAN 3.1029 
EXCESS 44.5458 
HEIGHT 8.9825 
INDEX 4.9592 

INPUT c C A L O 
172.5 168.0 163. 6 
147.2 143.4 139. 6 
114.2 106.5 9 9 . 8 
81.0 77.7 74. 7 
66.2 64.5 6 2 . 8 
56.5 

159.4 155.2 151.1 
136.0 132.4 123.6 
94.0 89.2 84.8 
72.2 70.1 63.1 
61.2 59.6 53.0 

CLEARANCE 
2.6432 
2.6430 
7.0040 
4.1089 
2.6626 

2.6477 
2.6431 
6.5455 
3.8964 
2.6398 

2.6381 
2.6413 
5.9036 
3.4295 
2.6297 

2.6387 
2.6450 
5.3281 
3.0220 
2.6503 

2.6440 
0 

4.9897 
2.8662 
2.6363 

2.6411 
7.8796 
4.6326 
2.7846 
2.6546 

DIFFERENC 
0 

2.6856 
.7870 

0 

5.2371 
2.3471 
.3795 

0 

4.3615 
1.9901 
.2237 
.0078 

3.9029 
1.4664 
. 1421 

0 

3.2611 
1.2538 
.0201 
.0120 

MEAN 2.6425 
EXCESS 28.0778 
HEIGHT 5.2371 
INDEX 5.3614 

F IG. A14 .3 

I n p u t s t o and ou t pu t s f rom program NICOS 2 f o r a l imb w i t h i l i a c 

o c c l u s i o n o n l y . 
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INPUT CT H 1 6 H ) 
168.0 161.4 155 . 1 
132.1 126.9 121 .9 
67.5 61.4 57 .3 
46.8 45.0 43 .2 
36.8 35.4 34 .0 
29.0 

149.0 143 .-1 137.5 
117.1 112.5 88.5 
53.7 51.1 48.8 
41.5 39.9 38.3 
32.7 31.4 30.1 

CLEARANCE 
4.0016 
4.0081 
9.4674 
3.9870 
3.9895 

4.0071 
4.0113 
7.0471 
4.0137 
4.0080 

4.0132 
3.9995 
6.3829 
4.0128 
3.9915 

4.0062 
4.0150 
5.0402 
3.9799 
4.0299 

4.0060 
0 

4.4852 
4.0144 
3.9999 

4.0065 
2.7.0431 
4.2035 
4.0192 
3.9938 

DIFFERENC 
0 23.0357 5.4599 3.0396 2.3754 

1.0328 .4778 .1960 0 .0062 
.0054 0 .0069 .0117 0 
.0006 0 .0225 0 0 

MEAN 4.0074 
EXCESS 35. 6705 
HEIGHT 23. 0357 
INDEX 1.5485 

INPUT (CALF) 
172.5 166.6 161 .0 155. 5 150. 2 145. 1 
140.2 135.4 130 .8 126. 4 122. 1 116. 6 
114.8 112. 1 107 .6 100. 5 91. 6 83. 1 
76.3 70.6 65 .9 62. 0 58. 7 55. 9 
53.4 51.3 49 .4 47. 7 46. 1 44. 5 
43.0 

CLEARANCE 
3.4502 
3.4615 
2.4064 
7.7533 
4.1072 

3.4554 
3.4480 
4.0789 
6.8912 
3.7148 

3.4568 
3.4603 
6.8356 
6.0539 
3.5012 

3.4540 
3.4614 
9.2836 
5.4175 
3.4545 

3.4604 
0 

9.6917 
4.9378 
3.4658 

3.4560 
1.5384 
8.6126 
4.5371 
3.4506 

DIFFERENC 
0 0 0 .6225 3.3792 

5.8272 6.2353 5.1562 4.2969 3.4348 
2.5975 1.9611 1.4814 1.0807 .6508 
.2584 .0448 0 .0094 0 

MEAN 3.4564 
EXCESS 37.0361 
HEIGHT 6.2353 
INDEX 5.9398 

FIG. A14.4 

I n pu t s t o and ou tpu ts f rom program NICOS 2 f o r a l imb w i t h s u p e r f i c i a l 

f emora l a r t e r y occ l us i on o n l y . 
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INPUT ( T H » 
182.0 175. 5 
146.2 140. 9 
99.2 88. 9 
62.3 59. 1 
48.5 46. 8 
39.0 

H) 
169.2 163.1 
135.9 131.0 
31.8 75.9 
56.3 54.1 
45.1 43.5 

157.2 151.6 
126.3 114.0 
70.8 66.2 
52.2 50.3 
41.9 40.4 

CLEARANCE 
3.6592 3.6503 
3.6574 3.6490 

10.8453 8.3138 
5.3360 4.7640 
3.6532 3.6364 

3.6537 3.6586 
3.6573 3.6457 
7.4910 7.0197 
4.0373 3.6500 
3.6585 3.6543 

3.6524 3.6471 
0 13.9338 

6.7314 5.9757 
3.6491 3.6636 
3.6691 3.6547 

DIFFERENC 
0 

3.3666 
.3842 

0 

10.2808 
3.0783 

0 
.0055 

7.1922 
2.3227 

0 
.0012 

4.6606 
1.6829 
.0105 
.0160 

3.8379 
1.1109 
.0001 .0016 

MEAN 3.6531 
EXCESS 37.95 23 
HEIGHT 10.2808 
INDEX 3.6916 

INPUT C C A l - F ) 

175.4 169.8 164 .4 159. 1 154, ,0 149. 1 
144.4 139.7 135 .3 131. 0 126, .8 113. 5 
99.4 88.0 78 .4 70. 6 64, .3 5 8 . 8 
54.1 49.9 46 .3 43. 0 40. ,3 3 8 . 0 
36.2 34.9 33 .8 32. 7 31. .6 30. 6 
29.7 

CLEARANCE 
3.2445 
3.2452 

12.1891 
8.0416 
3.6312 

3.2438 
3.2432 

11.4650 
7.5291 
3.2338 

3.2519 
3.2449 

10.5207 
7.2564 
3.2501 

3.2443 
3.2512 
9.4179 
6.6515 
3.2328 

3.2458 
0 

8.8582 
5.8545 
3.2429 

3.2438 
13.2457 
8.3813 
4.8557 
3.2504 

DIFFERENC 
0 9.9998 8.9433 8.2191 7.2748 

6.1720 5.6123 5.1355 4.7957 4.2832 
4.0106 3.4056 2.6087 1.6098 .3854 

0 .0042 0 0 .0045 

MEAN 3.2459 
EXCESS 72.4644 
HEIGHT 9.9998 
INDEX 7.2466 

FIG. A14.5 

I npu ts to and ou tpu ts f rom program NICOS 2 f o r a l imb w i t h combined 

p rox ima l and d i s t a l a r t e r i a l l e s i o n s . 
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010 PROGRAM NIC0SCINPUT»0UTPUT,TAPE1»TAPE2,TAPE3) 
020 DIMENSION A(31)»T(31)rD(31)»AV(31),TOT(31),AINDEX(31) 
021 DIMENSION AVC<31),TOTC(31)»AINDEC<31) 
030 10 CONTINUE 
040 DO 50 I»1»31 
050 READ(.END.-999*lr)JtA(I) 
055 11 FORMAT(I2*1X*F8.2) 
060 50 CONTINUE 
070 DO 60 1-1*30 
080 Al-ALOG10 (A(I>) 
090 A2-ALOG10(A(1+1)) 
100 T(I>-2.30259*100.*<A1-A2> 
105 IF(I.EQ.ll>T(I)-0. 
110 60 CONTINUE 
115 Tl-0. 
120 DO 70 1*1 * 10 
130 T1-Tl+T(I) 
140 70 CONTINUE 
150 T2-T1/10. 
155 Dl-0. 
160 DO 80 1-11*30 
170 IF(T(I).LT.T2)D(I)*0. 
180 IF(T(I).LT.T2)GO TO 190 
190 D(I)-T(I)-T2 
200 190 D l - D l + D U ) 
205 80 CONTINUE 
210 R-AMAX1(D(11>*D(12> *D(13)*D(14)*D(15)»D(16)*D(17)*D(18)*D(19)* D(20)* 
215+D(21)*D(22)*D(23)*D(24)»D(25)»D(27)*D(28)»D(29)*D(30>> 
220 Rl-Dl/R 
230 WRITE(3*91)(A(I)*I-l*31) 
240 WRITE(3»92)(T(I),1-1*30) 
250 WRITE(3,93)(D(I),1-11*30) 
260 WRITE(3*94)T2 
270 WRITE(3*95)DI 
280 WRITE(3,96)R 
290 WRITE(3* 97)RI 
300 91 FORMAT(/*1H »6HINPUT »/*6<F5.1 *2X)*/,6<F5.1,2X)»/* 6(F5.1 *2X)*/*6(F5.1 
310+»2X)»/»6<F5.1*2X)*/*2(F5.1»2X)> 
320 92 FORMAT</»1H »9HCLEARANCE»/*6(F8.4* IX)*/,6(F8.4* IX)»/»6(F8.4,1X)*/, 
321+6(F8.4*1X)»/»6(F8.4*IX)»/»F8.4) 
330 93 FORMAT(/»1H *9HDIFFERENC,/,5(F8.4*1X)*/,5<F8.4*1X)*/* 5(F8.4 * 1X), 
331+/»5(F8.4*1X)) 
340 94 FORMAT(/»1H *5HMEAN *F9.4) 
350 95 FORMAT(8H EXCESS *F9.4) 
360 96 FORMAT(8H HEIGHT *F9.4) 
370 97 FORMAT(7H INDEX *F9.4) 
380 DO 100 1-1*10 
381 WRITE(2,98)I» T(I) 
382 98 FORMAT(I2*1X*F8.4) 
383 100 CONTINUE 
384 WRITE(2*99) 
385 99 FORMAT(2H11»1X »2H0.,/*2H12*lX* 2H0.*/*2H13*lX* 2H0.) 
386 DO 101 1-12*30 
387 WRITE(2*98)I+2»T(I) 
388 101 CONTINUE 
389 GO TO 10 
400 999 STOP 
410 END 

FIG. A14.6 

Program NICOS for the evaluation of T before and after exercise, maximum 

post-exercise T, total excess post-exercise T and the Hyperaemic Index 

according to equation A3.11 (see Appendix A3). 
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INPUT ( T H I » H ) 
190.0 181.0 172 .5 
142.1 135.4 129 .0 
63.8 57.6 54 .0 
44.4 42.3 40 .3 
33.2 31.6 30 . 1 
24.8 

164.3 156.5 149.1 
122.9 117.1 84.0 
51.4 48.9 46.6 
38.4 36.6 34.9 
28.7 27.4 26.1 

CLEARANCE 
4.8417 
4.8452 

10.3222 
4.8441 
4.8429 

4.8442 
4.8358 
6.3647 
4.8424 
4.8569 

4.8471 
4.8534 
5.0495 
4.8542 
4.8260 

4.8383 
4.8444 
4.8469 
4.8283 
4.8512 

4.8493 
0 

4.8361 
4.8435 
4.8681 

4.8428 
27.4594 
4.8565 
4.8489 
4.8349 

DIFFERENC 
0 

.0027 

.0100 

.0127 

22.6152 
0 
0 
0 

5.4780 
.0123 

0 
.0069 

1.5205 
0 

.0047 

.0238 

.2052 
0 
0 

MEAN 4.8442 
EXCESS 29.8919 
HEIGHT 22.6152 
INDEX 1.3218 

INPUT C C A U 0 • 
188.0 181.1 174.4 
150.0 144.4 139.1 
68.6 60.4 56.1 
47.6 45.9 44.2 
38.0 36.6 35.2 
30.3 

167.9 161.7 155.7 
134.0 129.0 92.0 
53.4 51.3 49.4 
42.5 41.0 39.5 
33.9 32.7 31.5 

CLEARANCE 
3.7614 
3.7635 

12.7469 
3.7660 
3.7548 

3.7706 
3.7669 
7.3866 
3.7548 
3.7877 

3.7635 
3.7649 
4.9896 
3.7836 
3.7598 

3.7559 
3.7649 
3.8591 
3.7614 
3.7536 

3.7740 
0 

3.7710 
3.7562 
3.7729 

3.7619 
29.3497 
3.7507 
3.7711 
3.7557 

DIFFERENC 
0 25.5849 8.9822 3.6219 1.2249 

.0944 , f-r-iS 0 .£>;?: 2 ff 

.0189 0 0 .0064 0 

.0230 0 0 .0081 0 

MEAN 3.7648 
EXCESS 39.5720 
HEIGHT 25.5849 
INDEX 1.5467 

FIG. A14.7 

I n pu t s to and ou tpu t s f rom program NICOS f o r a normal l imb . 
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INPUT ( T H I G H ) 
196.0 190.0 184.2 
162.7 157.7 152.9 
119.3 107.0 97.2 
73.1 69.5 66.4 
57.6 55.8 54.1 
47.8 

178.6 173.1 167.8 
148.2 143.7 134.6 
89.2 82.7 77.4 
63.7 61.4 59.4 
52.5 50.9 49.3 

CLEARANCE 
3.0985 3.1053 
3.1023 3.1035 

10.8851 9.5582 
4.9961 4.6088 
3.1038 3.1108 

3.1040 3.1052 
3.1017 3.1035 
8.5993 7.6024 
4.0596 3.7089 
3.0962 3.1165 

3.1033 3.1044 
0 12.1002 

6.5999 5.7714 
3.3116 3.0945 
3.0950 3.1101 

DIFFERENC 
0 

4.4993 
.9564 
.0076 

8.9970 
3.4968 
.6057 

0 

7.7819 
2.6682 
.2084 
.0133 

6.4550 
1.8930 

0 
0 

5.4961 
1.5057 

.0006 

.0070 

MEAN 3.1032 
EXCESS 44.5918 
HEIGHT 8.9970 
INDEX 4.9563 

INPUT C C A L F ) 
172 .5 168 .0 163.6 
147 .2 143 .4 139.6 
114 .2 106 .5 99.8 
81 .0 77 .7 74.7 
66 .2 64 .5 62.8 
56 .5 

159.4 155.2 151.1 
136.0 132.4 123.6 
84.0 89.2 84.8 
72.2 70.1 68.1 
61.2 59.6 58.0 

CLEARANCE 
2.6433 2.6478 
2.6431 2.6433 
7.0069 6.5478 
4.1095 3.8969 
2.6627 2.6400 

2.6383 2.6388 
2.6415 2.6452 
5.9053 5.3294 
3.4298 3.0222 
2.6298 2.6505 

2.6442 2.6413 
0 7.8837 

4.9907 4.6335 
2.8664 2.7848 
2.6364 2.6547 

DIFFERENC 
0 

2.6867 
.7872 

0 

5.2410 
2.3480 
.3796 

0 

4.3642 
1.9908 
.2238 
.0073 

3.9051 
1.4668 
.1421 

0 

3.2626 
1.2542 
.0201 
.0120 

MEAN 
EXCESS 
HEIGHT 
INDEX 

2.6427 
28.0920 
5.2410 

5.3601 

FIG. A14.8 

I npu t to and output f rom program NICOS f o r a l imb w i t h i l i a c occ lus ion 

on l y . 
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INPUT ( T H I O H ) 
168.0 161.4 155 . 1 149.0 143. 1 137. 5 
132.1 126.9 121 .9 117.1 1 12. 5 88. 5 
67.5 61.4 57 .3 53.7 51. 1 48. 8 
46.8 45.0 43 .2 41.5 39. 9 38. 3 
36.8 35.4 34 .0 •32.7 31. 4 30. 1 
29.0 

CLEARANCE 
4.0011 
4.0076 
9.4603 
3.9865 
3.9889 

4.0066 
4.0108 
7.0442 
4.0132 
4.0075 

4.0126 
3.9990 
6.3807 
4.0123 
3.9910 

4.0056 
4.0145 
5.0391 
3.9794 
4.0294 

4.0054 
0 

4.4845 
4.0138 
3.9993 

4.0059 
26.8794 
4.2028 
4.0186 
3.9932 

DIFFERENC 
0 

1.0322 
.0054 
.0006 

22.8725 
.4776 

0 
0 

MEAN 4.0069 
EXCESS 35.4960 
HEIGHT 22.8725 
INDEX 

INPUT 

1.5519 

( C A L F ) 

5.4534 
.1959 
.0069 
.0225 

3.0372 
0 

.0117 

2.3738 
.0062 

0 
0 

172.5 166 .6 161. 0 155.5 150.2 145.1 
140.2 135 .4 130. 8 126.4 122.1 116.6 
114.8 112 .1 107. 6 100.5 91.6 83.1 
76.3 70 .6 65. 9 62.0 58.7 55.9 
53.4 51 .3 49. 4 47.7 46.1 44.5 
43.0 

CLEARANCE 
3.4498 3. 4550 3 .4564 3.4537 3.4601 o o .4556 
3.4612 3. 4476 3 .4599 3.4610 0 1 .5383 
2.4062 4. 0783 6 .8329 9.2769 9.6841 3 .6073 
7.7494 6. 8885 6 .0521 5.4161 4.9368 4 .5363 
4.1066 3. 7144 3 .5008 3.4542 3.4654 o 

•w» .4502 

DIFFERENC 
0 0 0 .6222 3.3769 

5.8209 6.2280 5.1512 4.2934 3.4324 
2.5960 1.9601 1.4807 1.0803 .6505 
.2583 . .0448 0 .0094 0 

MEAN 3.4560 
EXCESS 37.0051 
HEIGHT 6.2280 
INDEX 5.9417 

F IG. A14.9 

I n p u t s t o and ou t pu t s f r om program NICOS f o r a l imb w i t h s u p e r f i c i a l 

f emo r a l a r t e r y o c c l u s i o n o n l y . 



- 367 -

INPUT ( T H I <r H ) 
132.0 175.5 169. 2 
146.2 140.9 135. 9 
99.2 88.9 81. 8 
62.3 59.1 56. 3 
43.5 46.8 45. 1 
39.0 

163.1 157.2 151.6 
131.0 126.3 114.0 
75.9 70.8 66.2 
54.1 52.2 50.3 
43.5 41.9 40.4 

CLEARANCE 
3.6596 
3.6578 

10.3560 
5.3372 
3.6536 

3.6507 
3.6494 
8.3186 
4.7649 
3.6368 

3.6541 
3.6578 
7.4945 
4.0379 
3.6590 

3.6590 
3.6461 
7.0224 
3.6505 
3.6547 

3.6528 
0 

6.7340 
3.6495 
3.6495 

3,6475 
13.9565 
5.9775 
3.6640 
3.6551 

DIFFERENC 
0 10.3030 7.2025 4.6452 3.8410 

3.3691 3.0805 2.3240 .1.6838 1.1114 
.3844 0 0 .0105 .0001 

0 .0055 .0012 .0160 .0016 

MEAN 3.6535 
EXCESS 37.9998 
HEIGHT 10.3030 
INDEX 3.6882 

INPUT ( C A L F ) 
175.4 169.8 164 .4 159 .1 154 .0 149 .1 
144.4 139.7 135 .3 131 .0 126 .8 113 .5 
99.4 88.0 78 .4 70 .6 64 . 3 58 .8 
54. 1 49.9 46 .3 43 .0 40 .3 38 .0 
36.2 34.9 33 .8 32 .7 31 .6 30 .6 
29.7 

CLEARANCE 
3.2448 
3.2*55 

12.2043 
8.0459 
3.6317 

3.2441 
3.2435 

11.4776 
7.5327 
3.2341 

3.2522 
3.2452 

10.5304 
7.2596 
3.2504 

3.2446 
3.2515 
9.4249 
6.6539 
3.2331 

3.2461 
0 

8.8640 
5.8562 
3.2432 

3.2441 
13.2651 
8.3863 
4.8566 
3.2507 

DIFFERENC 
0 10.0189 8.9581 8.2314 7.2842 

6.1787 5.6178 5.1401 4.7997 4.2865 
4.0135 3.4078 2.6101 1.6105 .3855 

0 .0042 0 0 .0045 

MEAN 3.2462 
EXCESS 72.5516 
HEIGHT 10.0189 
INDEX 7.2414 

FIG. A14.10 

I npu t s t o and ou tpu ts f rom program NICOS f o r a l imb w i t h combined 

p rox ima l and d i s t a l a r t e r i a l l e s i o n s . 
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00100 PROGRAM MEAN(INPUT>OUTPUT>TAPE1>TAPE2) 
00105 DIMENSION STAN(31) 
00110 DIMENSION A M E A N O l ) >ACUM(31) >SQACUM(31) 
00111 IND-0 
00112 WRITE(2>113) 
00113 113 FORMAT(/t'THIGH'>/>/) 
00120 DO 1 I«1f 31 
00130 SQACUM(I)>0. 
00140 ACUM(I)»0. 
00150 1 CONTINUE 
00160 INUM-0 
00170 5 CONTINUE 
00180 DO 10 I*1>31 
00190 READ(.END."100>1>11)IliAl 
00200 11 FORMAT(12 > 3X > F6.2) 
00210 ACUM(I)»ACUM(I)+A1 
00220 SQA-A1«A1 
00230 SQACUM<I)-SQACUM(I)+SQA 
00240 10 CONTINUE 
00250 INUM-INUM+1 
00260 DO 15 I•1> 31 
00270 READ(.END.«100>1>11)II>A1 
00280 15 CONTINUE 
00290 GO TO 5 
00300 100 CONTINUE 
00310 DO 40 I * 1>31 
00320 AMEAN<I)®ACUM(I)/INUM . 
00330 40 CONTINUE 
00340 DO 50 I»1> 31 
00350 RMEAN*AMEAN(I)*«2 
00360 BMEAN»RMEAN*INUM 
00370 CMEAN»SQACUM(I)-BMEAN 
00375 STANB=CMEAN/INUM 
00380 STAN(I)*SQRT<STANB> 
00390 206 FORMAT<I2r5X>F12.2>5XfF12.2) 
00400 WRITE(2>206)I>AMEAN(I)>STAN(I) 
00410 50 CONTINUE 
00420 F(IND .EQ. 1>G0 TO 150 
00430 IND-1 
00440 REWIND 1 
00450 WRITE(2>261) 
00460 261 FORMAT(/>/>'CALF'>/>/) 
00470 DO 60 I al>31 
00480 READ(.END. S105>1>11)I1>A1 
00490 60 CONTINUE 
00500 GO TO 5 
00510 105 CONTINUE 
00520 150 STOP 
00530 END 

FIG. A14.11 

Program MEAN f o r t he e v a l u a t i o n o f t h e mean va l ues o f T be fo re and a f t e r 

e x e r c i s e , maximum pos t-exe rc i se T, t o t a l excess pos t-exe rc i se T and the 

Hyperacmic Index . 
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INPUT 
160.4 
121.9 
57.9 
39.4 
30.0 
22.9 

(THIO 
153.2 
116.5 
51.0 
37.6 
28.7 

H) 
146.4 
111 .3 
47.8 
36.0 
27.4 

139.8 
106.4 
45.3 
34.4 
26.2 

133.6 
101.6 
43.2 
32.9 
25.1 

127.6 
74.9 
41.2 
31.4 
24.0 

CLEARANCE 
4.5847 
4.5544 

12.6206 
4.5449 
4.4959 

4.5726 
4.5560 
6.5614 
4.5109 
4.4888 

4.5699 
4.5478 
5.2649 
4.5203 
4.5090 

4.5716 
4.5479 
4.8373 
4.5211 
4.4826 

4.5632 
0 

4.6457 
4.5122 
4.5260 

4.5598 
25.6140 
4.5415 
4.5255 
4.4786 

DIFFERENC 
0 21.0512 8.0578 1.9986 .7021 

.2745 .0829 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

MEAN 4.5628 
EXCESS 32.1669 
HEIGHT 21.0512 
INDEX 1.5280 

INPUT 
166.2 
129.1 
62.4 
43.6 
34.0 
26.5 

(CUf ) 
159.3 152.8 
123.9 
55.7 
41.8 
32.6 

118.6 
52.3 
40.1 
31.3 

146.5 
113.9 
• 49.7 
38.5 
30.0 

140.4 
109.3 
47.5 
36.9 
28.8 

134.7 81.6 
45.5 
35.4 
27.7 

CLEARANCE 
4.2090 
4.1817 11.2268 
4.1457 
4.1441 

4.2106 
4.1873 
6.4253 
4.1504 
4.0995 

4.1976 
4.1771 
5.1010 
4.1481 
4.1415 

4.1963 
4.1669 
4.5717 
4.1379 
4.1121 

4.1944 
0 

4.3057 
4.1471 
4.1076 

4.1921 
26.7139 
4.2008 
4.1204 
4.0952 

DIFFERENC 
0 22.5226 7.0355 2.2340 .9098 

.3804 .1144 .0096 0 0 
0 0 0 0 0 
0 0 0 0 0 

MEAN 4.1913 
EXCESS 33.2063 
HEIG8T 22.5226 
INDEX 1.4744 

F I G . A 1 4 . 1 2 

Mean v a l u e s o f T b e f o r e and a f t e r e x e r c i s e , maximum p o s t - e x e r c i s e T , 

t o t a l e x c e s s p o s t - e x e r c i s e T and o f t h e H ype r a em i c I n d e x i n Group A 

( n o r m a l l i m b s ) ( f r o m p r o g r a m MEAN). 
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INPUT ( T H I 
191.4 184.4 
152.9 147.3 
106.8 96.2 
67.5 64.2 
48.9 47.2 

39.4 

H) 
177.6 171.0 
141.9 136.7 
88.1 81.4 
61.4 59.0 
45.5 43.9 

164.7 158.7 
131.7 120.8 
75.9 71.3 
52.6 50.7 
42.3 40.8 

CLEARANCE 
3.7630 3.7523 
3.7320 3.7286 

10.3957 8.8402 
4.9376 4.4098 

z 3.6027 3.6054 

3.7524 3.7468 
3.7266 3.7265 
7.8511 7.0336 
4.0863 11.5053 
3.5806 3.5954 

3.7414 3.7428 
0 12.3730 

6.2248 5.5502 
3.6614 3.5959 
3.5826 3.5897 

DIFFERENC 
0 

3.2924 
.3450 

0 

8.6317 
2.4836 
7.7641 

0 

6.6544 
1.8089 

0 
0 

5.0989 
1.1964 

0 
0 

4.1099 
.6686 

0 
0 

MEAN 3.7412 
EXCESS 42.0538 
HEIGHT 8.6317 
INDEX 4.8720 

INPUT ( C A L F ) 
180.5 174.3 168.2 162.4 156.8 151.4 
146.2 141.2 136.3 131.7 127.2 115.6 
103.1 93.5 85.8 79.4 74.1 69.6 
65.8 62.5 59.7 57.2 52.9 51.0 
49.2 47.5 45.9 44.4 42.9 41.5 
40.1 

CLEARANCE 
3.5182 
3.4938 
9.8049 
5.0981 
3.4736 

3.5157 
3.4955 
8.5845 
4.5987 
3.4025 

3.5144 
3.4929 
7.6901 
4.2596 
3.4097 

3.5149 
3.4855 
6.9587 
7.8311 
3.3902 

3.5041 
0 

6.2507 
3.6963 
3.3886 

3.5014 
11.4599 
5.6441 
3.5533 
3.4076 

DIFFERENC 
0 7.9563 6.3013 

3.4550 2.7471 2.1404 
.7560 4.3275 .1926 

0 0 0 

5.0809 4.1864 
1594 1.0951 
.0496 0 

0 0 

MEAN 3.5036 
EXCESS 39.8827 
HEIGHT 7.9563 
INDEX 5.0127 

READY. 

F I G . A 1 4 . 1 3 

Mean v a l u e s o f T b e f o r e and a f t e r e x e r c i s e , maximum p o s t - e x e r c i s e T , 

t o t a l e x c e s s p o s t - e x e r c i s e T and o f t h e H ype r a em i c I n d e x i n Group B. 

( L imbs w i t h i l i a c o c c l u s i o n o n l y ) ( F r om p r o g r a m MEAN). 
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INPUT ( T H I G H ) 
158.5 151.9 145.6 
122.9 117.8 112.9 
62.5 56.9 53.3 
43.8 42.0 40.3 
34.0 32.6 31.2 
26.3 

139.5 133.7 128.2 
108.2 103.7 82.3 
50.3 47.9 45.8 
38.6 37.0 35.5 
29.9 28.7 27.5 

CLEARANCE 
4.2466 4.2494 
4.2482 4.2416 
9.3743 6.4632 
4.2629 4.2539 
4.2381 4.2333 

4.2515 4.2382 
4.2444 4.2491 
5.8903 4.8711 
4.2355 4.2605 
4.2532 4.2327 

4.2384 4.2468 
0 27.5685 

4.4196 4.3728 
4.2242 4.2633 
4.2378 4.2734 

DIFFERENC 
0 23.3231 5.1289 2.2178 1.6449 

.6256 .1741 .1274 .0175 .0085 
0 .0150 0 .0179 0 
0 .0078 0 0 .0279 

MEAN 4.2454 
EXCESS 33.3364 
HEIGHT 23.3231 
INDEX 1.4293 

INPUT ( C A L F ) 
149.6 144.4 139.5 
121.2 117.0 113.0 
91.6 89.0 85.0 
58.3 53.8 50.0 
40.3 38.7 37.3 
32.4 

134.7 130.0 125.5 
109.1 105.3 93.7 
79.3 70.3 63.7 
44.9 44.3 42.1 
36.0 34.7 33.5 

CLEARANCE 
3.5032 3.5012 
3.5009 3.5128 
2.8467 4.5515 
8.0515 7.2265 
4.0046 3.7144 

3.5094 3*5062 
3.5031 3.5068 
6.9253 12.0386 
6.4379 5.7008 
3.5235 3.5081 

3.5141 3.5100 
0 2.2995 

9.8828 8.9054 
5.0913 4.5413 
3.5163 3.4900 

DIFFERENC 
0 

8.5318 
2.9311 
.2076 

0 
6.3760 
2.1940 
.0167 

0 
5.3986 
1.5846 
.0014 

1.0447 
4.5447 
1.0345 
.0096 

3.4186 
3.7197 
.4978 

0 

MEAN 
EXCESS 
HEIGHT 
INDEX 

3.5068 
41.5114 
8.5318 

4.8655 

F I G . A 1 4 . 1 4 

Mean v a l u e s o f T b e f o r e and a f t e r e x e r c i s e , maximum p o s t - e x e r c i s e T 

t o t a l e x c e s s p o s t e x e r c i s e T and o f t h e H ype r a em i c I n d e x i n Group C. 

( L imbs w i t h s u p e r f i c i a l f e m o r a l a r t e r y o c c l u s i o n o n l y ) ( F r o m p r o g r a m MEAN), 
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INPUT ( T H I G 
173.0 166.7 
138.4 133.3 
94.5 84.7 
56.5 53.5 
43.7 42.1 
35.2 

) 
160.6 154.7 
128.5 123.8 
76.8 70.2 
50.9 48.8 
40.6 39.2 

149.1 143.6 
119.3 107.4 
64.7 60.3 
47.0 45.3 
37.8 36.5 

CLEARANCE 
3.7385 
3.7097 

10.8717 
5.5813 
3.6152 

3.7279 
3.7047 
9.8588 
4.8659 
3.6030 

3.7236 
3.7018 
8.9276 
4.2511 
3.6099 

3.7199 
3.7016 
8.0925 
3.8847 
3.5863 

3.7243 
0 

7.1846 
3.6655 
3.6099 

3.7094 
12.8579 
6.3533 
3.6216 
3.6028 

DIFFERENC 
0 

4.3764 
.5349 0 ' 

9.1417 
3.4684 
.1686 

0 

7.1556 
2.6372 

0 
0 

6.1427 
1.8652 

0 
0 

5.2115 
1.1498 

MEAN 3.7161 
EXCESS 41.8519 

- H E I G H T 9.1417 
INDEX 4.5781 

( INPUT ( C A L F ) 
169.2 163.6 158.2 
138.4 133.9 129.5 
106.0 100.6 95.6 
74.7 69.4 64.7 
52.1 49.8 47.9 
41.7 

153.0 148.0 143.1 
125.3 121.2 112.9 
90.7 85.4 80.1 
60.8 57.5 54.6 
46.1 44.5 43.0 

CLEARANCE 
3.3589 
3.3266 
5.3049 
7.3313 
4.4139 

3.3555 
3.3252 
5.0466 
6.9809 
4.0733 

3.3478 
3.3119 
5.3259 
6.2151 
3.7897 

3.3421 
3.3098 
5.9291 
5.5617 
3.5336 

3.3388 
0 

6.4649 
5.1181 
3.2907 

3.3313 
6.2400 
7.0053 
4.7592 
3.2346 

DIFFERENC 
0 2.9052 1.9701 1.7119 1.9911 

2.5943 3.1301 3.6705 3.9965 3.6461 
2.8803 2.2269 1.7834 1.4244 1.0791 
.7385 .4549 .1988 0 0 

MEAN 3.3348 
EXCESS 36.4021 
HEIGHT 3.9965 
INDEX 9.1085 

STOP 

CP 0.692 S E C S . 

RUN C O M P L E T E . 

FIG. A14.15 

Mean values of T before and after exercise, maximum post-exercise T, 

total excess post-exercise T and of the Hyperaemic Index in Group D* 

(Limbs with combined severe aortoiliac and femoropopliteal lesions). 
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010 PROCRAM CLEAR(INPUT fOUTPUT FTAPE1) 
020 DIMENSION A(60)fT(60> 
025 DIMENSION G(60) 
026 DIMENSION JI(80) 
027 DIMENSION AJI(80) 
030 PRINT 5 
040 5 FORMAT('ENTER VALUES BEFORE EXERCISE') 
050 DO 10 I-1»11 
060 READ 11FA(I) 
070 11 F0RMAT(F6.2) 
080 10 CONTINUE 
100 PRINT 6 
110 6 FORMAT(' ENTER VALUES DURING EXERICES') 
120 DO 15 I-12f18 
130 READ 11 F A (I) 
140 15 CONTINUE 
150 PRINT 7 
160 7 FORMAT C E N T E R VALUES AFTER EXERCISE') 
170 DO 20 I°19F39 
180 READ 11 F A (I) 
190 20 CONTINUE 
200 DO 25 I»1f10 
210 A1»(A(I)-A(I+1))/(A(I)+A(I+1)) 
220 T(I)«A1*200. 
230 25 CONTINUE 
240 DO 30 I»12rl7 
250 A1«(A(I)-A(I+1))/(A(I)+A(I+1)) 
260 T(I)«A1*200. 
270 30 CONTINUE 
280 DO 40 I»19r38 
290 A1»(A(I)-A(I+1))/(A(I)+A(I+1)) 
300 T(I)»A1*200. 
310 40 CONTINUE 
315 T(ll)»0.*T(18)»0.$T(39)»0. 
320 PRINT 45F(T(I)FI»1F10> 
330 PRINT 46»(T(I)»I«12»17) 
340 PRINT 47f(T(I).1-19*38) 
350 45 FORMAT('CLEARANCE BEFORE EXERCISE'f/»5(F6.2»2X)»/»5(F6.2.2X)) 
360 46 FORMAT('CLEARANCE DURING EXERCISE'f/F5hF6.2F2X)F/F5(F6.2F2X)) 
370 47 FORMAT('CLEARANCE AFTER EXERCISE 'F/f5<F6.2F2X)F/F5(F6.2F2X)) 
380 DO 50 I 31f 39 
390 G(I)-(T(I)*2.5) 
400 JI(I)»G(I)+l 
410 50 CONTINUE 
420 PRINT 48 
430 48 FORMAT(/f'GRAPH OF RESULTS'F/ F/) 
440 PRINT 60 
450 60 FORMAT(1H F79(1H*)) 
460 AJI(1)=1H* 
465 DO 90 J=1f38 
470 70 DO 75 I=2f80 
480 AJI(I)»1H 
505 75 CONTINUE 
506 AJI(JI(J)+l)=1H+ 
510 IF(J .LT. 11)GO TO 80 
520 IF(J .EQ. 11)GO TO 89 
530 IF(J .LT. 18)GO TO 31 
540 IF(J .EQ. 18)GO TO 89 
550 80 PRINT 86 
551 PRINT 85f(AJI(K)FK=1F80) 
560 GO TO 89 
570 81 CONTINUE 
580 86 FORMAT(1H*) 
585 PRINT 85f(AJI(K)FK»1F80) 
590 GO TO 89 
600 85 FORMAT(80A1) 
610 89 CONTINUE 
620 90 CONTINUE 
630 STOP 
640 END 

FIG. A14.16 

Program CLEAR f o r t h e e v a l u a t i o n o f T be fo re , du r i ng and a f t e r e xe r c i s e . 
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77/87/34. 13.18.43. PROCAAN O.IAR «•• c chancc or trrc in itahncnt CNTCA vm.UII ItfOtl ciiac14C 7 in. 7 1(1. * 172.3 
* 144.1 7 184.3 7 l«». 7 142,1 7 iis.4 7 127. 7 121. 7 117. acn7cr vm.uc8 our1mo cicricc8 7 41. 7 41. <7 4(. 7 14. 7 27. t f.t 7 is.2 iktir v»Luzt wm (incm 7 44. 7 41.8 7 17.3 7 34• 7 si.3 7 47. 7 44.3 7 44.3 7 42.1 7 43.1 7 13.3 7 34.4 7 14.« 7 ll.t 7 11.4 7 18. 7 28.7 7 27.4 7 24.1 7 24.8 7 22.4 cicarancc icfou cic8ci8c 4.83 4.81 4.87 4.84 4.71 4.74 4.83 4.84 4.74 3.It clcarancc durum mcrcim 27.48 27.81 23.37 23.37 23.81 
cuaramct attcr curcim 27.13 18.1* 4.23 4.74 3.24 4.48 3.87 4.84 8.34 4.74 4.(7 4.74 4.43 4.43 4.84 3.11 

dormant rrr* vtto 

«.*t 4.37 3.17 4.74 
drarm of rmm.t8 

FIG. A14.17 

Graph ica l output f rom program CLEAR f o r the t h i g h o f a normal l imb. 
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77/07/04. 13.42.44. 9R0CR4H CCtAR 490 e CH4M0C 09 TV9t IN iTAHNfNT - DOMINANT TTfC UIIS INTtA V4CUI0 II90AC ClCRCItt T 144, t m.i T IJ4, T 1X0,0 T 120. » IIM T 112.0 T 107,0 7 100. T 0490, 7 04.0 CMTCR VACUO DUN I NO (ICRICtl T 00.0 7>0. ? 40.1 f 94.1 T 27.2 
7 20.0 7 10.1 intca vacuo am* cxoeim 7 04. 7 40.0 7 07.3 7 04. 7 31.3 7 47. 7 44.3 t 7 44.0 7 42.3 7 40.0 7 00.0 t 04.0 7 14.0 7 00.1 7 01.0 7 00. ^ 7 20.4 T 27.4 7 24.1 t 7 24.0 7 29.4 CCCAAANCC 0C9ORC C2CRCI0C t 4.14 4.24 4.00 4, .22 4.17 4.00 4.00 4.20 4, ,70 0.44 CCCARANCt DORINO CICRCI0C c <7.73 24.02 20.00 10, .12 <7.00 <0.07 CCCARANCt A9TIR CXtRCItt t 27.00 7.72 4.20 4, .74 4.70 0.24 4.40 0.07 4, ,04 4.97 0.13 4.77 3.01 4, .70 4.00 4.70 4.27 4.04 3, .It 4.74 CRA0M 09 MKJLTt 
• IHmMIHHHIHHHHHimHHWMIHUHWIIWHimWUHMWmHI 

CP 0.709 0CC*. RUN C0N9CITC. 
bv« ICCICAC COHHAND. •V«Hr>rf99C>vNT-"R..00s40X7«c»4ir>»l0«0ric 

FIG. A14.18 

G raph i ca l ou tpu t f rom program CLEAR f o r t he c a l f o f a normal l imb . 
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77/99/9*. 99.49,97. 
PAOCAAFL CL2AA 

««• C CHANCT Of Tfft IN 4TATCN2NT • 
(NTFN M U / I I itrant I I H C I K 
7 132. 
7 143. . 
7 13*.3 
» 133.7 t 129.1 
T 122.7 
7 117.9 
* 112.4 
» 197.* 
7 1*3.4 
7 **. 
I N T M VACUC* DUN INC (I2RICI3 

7 »4.* 
7 73.3 
7 4*. 
7 32. 
7 44. 
7 4 1 . 
7 3*. 
2N72N VM.VCS A F T M (ILLCTLL 
7 **.9 
7 •*. 
7 72.* 
7 44.* 
7 42. 
7 3*. 
7 >4.4 
7 31.* 
7 44.3 
7 47.2 
7 49.1 
7 43.2 
7 41.4 
7 37.7 
7 }*.« 
7 34.4 
7 34.7 
7 33.4 
T 32. 
7 39.7 
7 29.1 
A T M M K I 1270*2 (ICACISC 

4.71 3.97 4.23 4.29 4.31 
4.33 4.24 4.24 4.24 4.33 

CLIANANCT SUN INC 2I2NCISC 
22.73 22.42 14.29 12.24 11.49 
7.3* ClZMMNCl ArrtN 2UACISI 
12.32 7.27 9.3* 7.4* 4.47 
4.94 9.24 4.79 4.33 4.93 
4.3* 4.24 4.17 4.39 4.3* 
4.21 4.39 4.29 4.13 3.33 «MM Of KM.lt 

FIG. A14.19 

G raph i ca l ou tpu t f rom program CLEAR f o r t he t h i g h o f a l imb w i t h i l i a c 

occ l us i on o n l y . 
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m««/t«. 44.14,14. cut** 
4 II:. y ITS . y I M . I y ui.7 
4 183.4 y 14T.4 

7 148.4 t 1)4.1 y 132.7 
T 117.7 y 122.7 

M L u u outiira i m i c t i 

y 7s!) y 41. y 33.8 
4 47.3 
» 43. 

y 4i.3 Win VllUtl IfTW (IOC!IX y 144.4 
4 44.4 
4 41.1 
4 44.2 
4 74.3 
4 73.4 
4 74.1 
4 44.4 
4 4 4 . 
4 41.1 
4 84.1 
4 34.4 
T 34.4 
4 82.3 
4 84.3 
4 44.8 
4 44.4 
4 44.4 
4 43.1 
4 41.4 
4 44.1 
C l U I I N C t 1(7012 (ICICttt 

3.42 1.44 3.44 3, .47 3.44 
3.44 3.41 3.44 ), .14 3.44 

C U M a N C X Dull NO C K I C I I C 
24.44 21.41 11.11 it, .11 4.44 
3.33 

21.41 11.11 it, 4.44 

C L X M 4 N C I 47724 CICICItC 
4.74 1.71 7.17 7, ,11 4.14 
3.24 4.12 4.21 3, .41 1.41 
3.47 3.43 3.42 ), .11 4.44 
4.41 3.44 3.17 2, .12 .4.14 

CN47N 07 l i m i t s 

ST07 

FIG. A14.20 

G raph ica l ou tpu t f rom program CLEAR f o r t he c a l f o f a l imb w i t h i l i a c 

occ l us ion o n l y . 
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77/47/04. 19.9T.24* 
7900RM C U M 

449 C CMMTCC 04 7772 IM ITATIIKMT - DOMINANT TF49 UTCB 
INTTR VAKTML 9(7049 ( I I X I U 
7 144. 
T lit. 
t 194. 
t IT9. 
T 129. 
9 117.9 
7 lit.9 
7 197.9 
T 149. 
7 79.9 
7 44.9 
CN7CA VA4.UC9 DU91N0 CIOHCTT 

7 49.9 
7 49. 
7 44. 
7 94>*.T 
7 27. 
7 24.2 
7 19.9 itrit v4iHi «7t>* nuetn 
7 49. 
7 49. 
7 42.9 
7 44. 
7 99. 
7 94.1 
7 94.9 
7 99. 
7 91.9 
7 90.9 
7 27. 
7 27.9 
7 24.9 
«7 **»£9.S 
7 24.9 
7 22.9 
7 £2.9 
7 21.9 
7 24.9 
7 17.9 
7 19.9 
climamcc krone in«ei4( 

4.71 9.44 4.94 9.70 4.97 
4.99 4.99 4.29 4.47 19.94 

CLTARANCT DURINO (IUC149 
27.77 27.42 24.94 24.44 29.91 
27.41 

CLTMANCZ ATTIR m t c i i f 
27.49 12.19 4.44 
4.99 4.44 
4.29 4.77 
4.29 4.99 

4.49 
9.49 
4.74 

9.19 
9.99 
4.44 
9.44 

9.19 
4.99 
4.27 . 
9.24 

O M A N 07 RC90LT9 

W t M t t t i t M f M W t t M W t t W t M t M t W W t t t t — M W W f t W t * I W * W M « « W t W 

rim corrlttt. 
•14.«l44T 
R44RT. 

F i g A14 .21 

G r a p h i c a l o u t p u t f r om program 

CLEAR f o r t h e t h i g h o f a l imb 

w i t h s u p e r f i c i a l f emo r a l a r t e r y 

o c c l u s i o n o n l y . 
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r r / * * / * * . t r . 4 4 . s i . 
AAOGAAR CCCAA 

44* E CMAACC or TYAC I* »TATCACNT - OONINANT TTAC utto 
CATCR V A C U O TC'OAC CXCACtfC • 178. 7 1*4.7 
» I4C.7 r nr.! 
7 132.3 
7 1*7.4 
* 141.4 
7 117.1 
7 133.2 

7 131.1 
7 127.2 
CATCH V A C U O OUR J AO CXCR1CC8 

7 114. 
7 44.3 
7 47. 
7 44. 
7 33. 
7 33. 
7 32. 
CNTCR V A C U O ASTCA CXCACITC 
7 121.3 
7 117.4 
7 117. 
7 112.9 
7 144,7 
7 4**4.4 
7 T*. 
7 74.4 
7 71. 
7 **.•.* 
7 43. 
7 4 4 . 4 f 3 4 . 9 
7 34.7 
7 94.7 
7 33.3 
7 11.7 
7 34.2 
7 44.7 
7 47.2 
7 43.7 
CVCAAANCC I C 7 M C OCRCISS 3 . 41 3 . 4 4 3.41 2. ,77 1, .44 

2.79 3 . 4 * 2.77 2, ,44 3, .42 
CKARANCC OUATRO OCRCTSI 
23.1* 24.74 13.73 4, ,74 1. ,74 
1.74 

CCCARAMCC AATC* CICRC1SC 
1.41 2.24 3.72 3. ,27 7, ,47 

14.23 12.44 7.71 4, ,44 3. .34 3 . 4 4 9.33 3.12 3.21 2, .74 
3.43 2.7* 3.43 1. ,11 2. .7* 

CRATM OR R O U U T 4 

ITOR 

CP 4.747 «tc«. 
RUM CORTCCTT. 

F i g A14.22 

G r a p h i c a l o u t p u t f r om program 

CLEAR f o r t h e c a l f o f a l imb 

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

o c c l u s i o n o n l y . 
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77/97/99. 19.14.37. r*oe**n ct.i«« 
r 444 E CMAMOC or TTFI IN ITATCNCNT - OODINNNT TIPC UIXO 

7 142.9 
. 7 197.9 

V 192.9 
? 149.1 

, 7 149.9 
7 197.2 
7 194.7 
7 199.9 
7 124.9 
7 129. 

/ 7 117.1 
INT29 V 4 U X 9 01MIN9 IltNICtl 

7 199. 
I 7 79.9 

7 79-». 
7 99. 

t 7 97.9 
7 97.3 
7 97.1 

r CNTCN V4LUC9 47T2N CICXCIIC 
7 117.9 
7 117. 

r 7 119.9 
7 112.1 
7 199.1 

f 7 79. 
7 97.9 
7 9 1 . 

f 7 79.. 
7 79. 
7 49. 

> M l . 
7 9 7 . 
7 9 9 . 

( 

( 

c. 

7 92.9 
7 99.9 
7 49.9 
7 47.9 
7 49.4 • 
7 43.9 
7 4 2 . 
CLC4P4NCC 9CP9PC (XCPCICC 

9.19 3.29 2.79 3, 14 9. ,94 
3.14 3.97 3.11 3. .94 3. ,14 

CLIAN4NC9 OU9INO fXCDCtfC 
27.37 7.92 2.23 .97 ,29 

.29 
C L C M k N C t 4PTIN ( i n t e n t 

.24 1.93 9.23 4. ,49 4. ,77 
7.97 7.77 7.47 4. .79 7, .41 
4.39 4.79 3.97 4, ,43 3, ,99 
4.94 2.99 4.99 4, ,93 4, ,29 

CMPtt OP 9CSULT9 

• M H . H H I H W . 

CP 9.747 tcct. pun cow.ere. 

F i g A14.23 

G raph i ca l ou tpu t f rom program 

CLEAR f o r t h e c a l f o f a l imb 

w i t h combined seve re a o r t o i l i a c 

and f emo ra l l es ions-
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?7/47/94. 19.11.42. AAOOAAN cccan 
499 C CH4t.eC 07 TT»C IN 4TATCHINT • 0041 MAN T TT*f U<(0 INT2N V A C U O If/OA* (ICACItt t 192. » 173. 7 1*9.2 • 141.7 7 133.34 7 147,4 7 143.4 7 119.1 7 112.7 7 127.4 7 122.7 (NT2N VACUO 0UNIN4 CICAICf* 7 ft. 7 73. 7 4*. 7 32. 7 44. 7 41. 7 1*. KNT1N VACUO A7T2N OIAC1IC 7 197.4 7 77. 7 71. 7 94.2 7 79.3 7 73.7 7 79.1 7 44.9 7 44. 7 41.S 7 37.1 7 34.9 7 84,4 7 02.3 f 39.3 7 4*.S 7 44.9 7 44.9 7 41.1 7 41.4 t 49.4 CCCAAANCK ItAOAt (CtNCltC 3.72 1.74 1.74 9. ,9* A, ,91 1.74 1.7* 1.77 1, .72 1. .72 CCtANANCt 0U*1 NO IltAClSt 21.41 22.22 14.27 1 12. .24 11. .47 7.37 CCCAAAMCC A9T29 CXCNCIM 19.14 9.42 7.74 7. ,91 4. ,94 3.29 4.92 4.2* 9, .7* 9. .7* 3.77 1.79 1.72 9. 4, .94 4.21 9.72 9.97 4, .92 2. .44 C9A9M 09 9C9UCT9 

" C* 9.723 SCCS. AUN C0H9CCTC. 

F i g A14.24 

G raph i ca l ou tpu t f rom program CLEAR 

f o r t h e t h i g h o f a l imb w i t h combined 

severe a o r t o i l i a c and f emora l l es ions-
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77/09/12. 18.51.24. 
PROGRAM K6 
010 PROGRAM LAMDA1(INPUTrOUTPUT»TAPE1»TAPE2) 
015 REAL B?A»Q1»Q2»Q3»Q4»Q 
020 5 CONTINUE 
030 PRINT 10 
040 10 FORMAT(' ENTER D5:'> 
050 READ 11»D5 
055 IF(D5 .EQ. 0.)GO TO 200 
060 11 FORMAT(F12.6) 
070 PRINT 12 
075 12 FORMAT(' ENTER D10s'> 
076 READ 11rD10 
081 PRINT 75 
082 75 FORMAT(' ENTER D20J') 
083 READ 11tD20 
100 A a(<900.*D5>-<466.*D10>+<63.*D20> >/(250.*<(9.*D5)-<2.*D10> ) ) 
110 PRINT 137A 
120 13 FORMAT(' A ZS>'rFi2.6) 
130 D«1.-A 
135 Q1 = D5*(<10.*A)- 1.+ <B**10.>) 
138 Q2»D10*((5.*A>-1. + <B**5.)) 
140 Q 3 = < 1 < B * * 5 . > >* < <10.*A>-1.+ (B*#10.> > 
142 Q4={1.- (B**10.) )•*( <5.*A>-1.+<B**5.) ) 
150 G»<0.8*(G1-,G2)>/(Q3-Q4 > 
160 95 CONTINUE 
165 45 CONTINUE 
170 PRINT 14»Q 
180 14 FORMAT(' Q ISi'»F15.5> 
190 Z=<(0.8*D5)-(Q*(1.-(B**5.>>>>/(10.*A) 
220 PRINT 15>Z 
230 15 FORMAT(' Z IS»'»F12.6) 
240 WRITE(1725)D5rD10»A7QfZ 
245 25 FORMAT(5F15.5) 
250 GO TO 5 
260 200 STOP 
270 END 

F ig A14.25 

Program K g f o r e v a l u a t i o n o f a, Qo and 

X by employ ing t h r e e numbers ( D g ' ^ g 

and D«n) (See sec t i on 4 .21 ) . 
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ENTER 
? 17. 
ENTER 

o oo 7 O a 
ENTER 

? 52. 
A IS: 
Q IS: 
Z IS: 
ENTER 

? 5.3 
ENTER 

? 7.7 
ENTER 

? 7.9 
A IS: 
Q IS: 
Z IS: 
ENTER 

? 2.8 
ENTER 

? 3.9 
ENTER 

? 3.8 
A IS: 
Q IS: 
Z IS: 
ENTER 

? .+0.) 
ENTER 

? 1.1 
ENTER 

? 1 . 
A IS: 
Q IS: 
Z IS: 

D5: 

D10: 

D20? 

.14703< 
19.17425 

.096729 
D5: 

D10: 

D201 

.207988 
5.732490 

.1413v0 
D5: 

D10: 

D20 t 

.216552 
3.02426 

.050044 
D5: 

D10: 

D 2 0 ? 

.176000 
. 8 2 0 6 6 

.029025 

F i g A14.26 

Va lues o f a, Qo and X f o r a normal l imb C1), a l imb w i t h 

i l i a c occ l us i on on l y ( 2 ) , a l imb w i t h s u p e r f i c i a l femora l 

a r t e r y occ l us ion on l y C3) and a l imb w i t h combined 

a o r t o i l i a c and f e m o r o p o p l i t e a l occ l us i on C4). 

(Output f rom program K6 ) . 



- 384 -

A P P E N D I X A15 

DERIVATION OF AN ADVANCED 

HAEMODYNAMIC MODEL. 
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Aim 

The i n f o r m a t i o n ob t a i ned f rom the s imu l taneous c lea rance 

s t u d i e s f rom the t h i g h and c a l f ( P a r t I I ) and f rom the 2-pool 

haemodynamic model ( P a r t I I I ) , was used t o develop the 3-pool heam-

odynamic model p resen ted i n t h i s Appendix . 

T h e o r e t i c a l Cons i de r a t i ons and.Development o f the 3-Pool 

Haemodynamic Model. 

I n o r de r t o e l u c i d a t e the p o s i t i o n and the s i g n i f i c a n c e o f 

combined a o r t o i l i a c and f e m o r o p o p l i t e a l l e s i o n s , t he a r t e r i a l t r e e 

o f the lower l imb i s cons ide red t o be composed o f t h r e e pools o f b lood 

( F i g 4 .2 ) : Pool 1, i s an i n f i n i t e poo l con t a i n i ng the amount o f 

b lood above the p r o x ima l l e s i o n . Poo l 2 i s a l i m i t e d pool con t a i n i ng 

the amount o f b lood (Q) between t h e p r o x ima l l e s i o n and the p o i n t 

99m 
o f an i n t r a m u s c u l a r i n j e c t i o n o f Tc i n t he t h i g h . F i n a l l y , poo l 

3 i s a l i m i t e d poo l a l s o , c o n t a i n i n g the amount o f b lood (U) between 

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

99m 

o f Tc i n t he c a l f ( F i g A15 . 1 ) . The t h i g h i s chosen as t he s i t e 

o f t h e p r o x ima l i n j e c t i o n o f " m T c , so t h a t the i so tope c lea rance 

i s measured d i s t a l t o an a o r t o i l i a c l e s i o n , s i m i l a r l y , t he c a l f i s 

chosen as the s i t e o f t he d i s t a l i n j e c t i o n , so t h a t the c lea rance o f 

the i so tope i s measured d i s t a l t o a f e m o r o p o p l i t e a l l e s i o n . 

I t i s assumed, t h a t d u r i n g a pe r i od o f repeated e l e v a t i o n s 

o f t he hee l f rom t he ground ( t i p t o e i n g ) , t he same amount o f b lood 

(x ) i s b rought i n t o poo l 2 f rom Poo l 1 ( F i g A15.1) du r i ng each t i p t o e 

c yc l e . I t i s a l so assumed t h a t a cons tan t p r opo r t i o n (a) o f the blood 

con ta ined i n Poo l 2 l eaves v i a e x i t s A^ and A 2 du r i ng each t i p t o e 

c yc l e , which i s a f r a c t i o n o f t he amount o f b lood i n Poo l 2 a t t ime n 
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(Q ). A fraction (a) of a leaves via exit A, and enters into Pool 3, 
n 1 

while another fraction (a-a) leaves via exit A 2 into the thigh veins. 

Finally, it is assumed that a constant proportion (3) of the blood 

contained in Pool 3 leaves via exit B during each tiptoe cycle; 3* 

is a fraction of the amount of blood in pool 3 at time n (U ). The 
n 

amount of blood ( Q ^ in Pool 2 at the end of the first tiptoe cycle equaLs 

the amount of blood in Pool 2 at rest (QJ* minus the amount that 

left Pool 2 (a.Q Q), plus the amount that entered Pool 2 (X^), thus 

Q = Q - a . Q + X, (A15.1) 1 o o 1 • -

Equation A15.1 can be rewritten as 

Q = C1 - a) . Q + X. (A15.2) 1 o 1 

At the end of the second cycle 

Q 2 = CI - a) . Q 1 + X 2 CA15.3) 

Substituting from equation A15.2, equation A15.3 can 

be rewritten as 

Q = (1 - a) [(1 - a) . Q + X. ] + X 9 (A15.4) 2 O 1 4 

or 

Q = Cl - a) 2 . Q + Cl - a) X + X„ CA15.5) z o l z 

Similarly at the end of the third cycle 

Q 3 = (1 - a) Q 2 + X 3 CA15.6) 

Substituting Q 2 form equation A15.5, equation A15.6 can 

be rewritten as 
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-, 2 
Q = (1-a) [(1-a) . Q + (1-a) X. + X„] + X, 
O 0 a. a i 

(A15.7) 

o r 

Q3 = ( 1-a ) 3 . Qq + ( 1-a ) 2 X x + ( 1- i ) X 2 + Xg (A15.8) 

So, a t t h e end o f t h e c yc l e : 

Q = ( l - a ) n . Q + ( l - a ) 0 " 1 Xn + (1-S)n~ 2 X 0 X (A15.9) 
n o 1 2 n 

Assuming t h a t the same amount o f b lood en t e r s Poo l 2 d u r i n g each 

t i p t o e c yc l e , t hen , 

xx = x2 = x3 X 
n = A 

and 

Q = Q ( l - a ) n + 
n o 

1- ( 1-a ) n . A (A15.10) 

The amount o f b lood (U^) i n Poo l 3 a t t he end o f the f i r s t 

t i p t o e cyc le equa ls the amount o f b lood i n Poo l 3 a t r e s t (U ) , minus o 
t h e amount t h a t l e f t Poo l 3 (3 . U ) , p l u s t he amount t h a t en te red Poo l 3 o 
(a.Q ) , t hus 

o 

U. = (1-3) U + a Q 1 o o. (A15.11) 

At t he end o f t he second cyc l e 

U_ = (1-3) [(1-3) U + a Q ] + a Q (1-a) + T l - d - a ) ! . 
2 o [ — T — J 

(A15.12) 

o r 

U = (1-3) U + a ( l -3 )Q + a ( l - a ) Q + . l - ( l - a ) .A (A15.13) 0 • 
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U 3 - (1-6) U2 + aG) o ( l-a) 2 + ^ l - ( l - a ) 2 j . X ( A ^ . f L ) 

o r 

U 3 * ( 1-3 ) 9 U q + a ( 1-8 ) 2 Q q + a ( l - a ) . (1-6) Q q 

+ (1-6) | l - C l - a ) J . X + a ( l - a ) 2 Qq + j V ( l - a ) 2 J .X 

4* h 
The r e f o r e , a t the n cyc le 

U0 - (1-6) ° UQ + a. Q q [ ( l - e ) " " 1 + ( l - a ) (1-B)n~2 + , 

+ ( l -a ) " " * 2 (1-6) + C l - a ) " " 1 

+ f [ l - ( l - a ) ] . X (1-6) + [ l - ( l - a ) 1 . X t l - 6 ) n ~ 3 

( a a 

l - ( l - a ) X (1-6) + l - C l - a ) " * 1 ' . X. ] 

a a 1 

because 

[ ( l - e ) " " 1 + ( l - a ) . ( l - e ) n ~ 2 + + ( l - a ) ^ 1 ] 

i s a geomet r i c s e r i e s w i t h f i r s t t e rm 

A = ( l - 6 ) n 1 and common r a t i o R = C-^JL 
1~6 J , 

Sum o f s e r i e s = A 1-Rn 

1-R 

tl-»n'1 "lJ M 
1- l - a 

1-6 

(A15.15) 

C A 1 5 . 1 6 ) 
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=(1-8) n-1 (1-8 ) n - (1-a)n 

1 - 8 
1 - 8 

(1-8)- Cl-a) 

o r 

(A15.17) 

S i m i l a r l y , the s e r i e s i n c u r l y b r a c ke t s i n equa t i on A15, 16 can be 

r e w r i t t e n as 

[ [ ( l -0 ) n ~ 2 + ( l - 0 ) n ~ 3 + + (1-8) + 1 )) 
)) 

(1-a) | ( l - 8 ) n " 2 + Cl-a) . C l - 8 ) n " 3 + 

+ : ( l - a ) n " 3 (1-8) + (1-a) n*" 2 ! CA15.18) 

The s e r i e s i n double c u r l y b r ac ke t s i n equa t i on (A15, 18) i s a 

geomet r ic s e r i e s w i t h f i r s t e lement A = 1 and r a t i o R = (1-0) (coun t i ng 

backwards) 

Sum o f s e r i e s = 1 

o r 

1-(1-8) 
1-C1-0) 

n-1 

(A15.16a) 
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The series in single curly brackets in equation (A15.18) is a geo-

n-2 
metric series also, with first element A = (1-0) 

ratio R = ( 1-a ) 
C 1-0 ) . 

and common 

Sum of series » (l-0) n ^ 1- ( 
1-a) 
1-0) 

1- (1-a) 
(1-0) 

or 

Sum = ( (l-0) n" 1 - (1-a)n" - 1 ) 

Ca-0) 

Therefore, by inserting equations A15.18 , A15.18a 

equation A15.16, this can be rewritten as 

CA15.19) 

U = (l-3)n U + aQ C U - p ) n - (l-a)n ) n C O ( : J 
(a-3) 

+ 4 [ l-Cl-g-)""1 ] - 4 (1-a) [(l-e)11"1 - (l-a)""1
 ] 

a 0 3 TFgl 

CA15.20) 
Let, W be the amount of blood that has left Pool 2 from the n 
beginning of the first to the end of the n

t h
 tiptoe cycle. W^ , 

equals to the amount of blood (n.A) that has entered Pool 2, plus 

the amount of blood (Q ) in it at rest, minus the amount of blood (Q ) 
o n 

that remains in Pool 2 at the end of the n ^ cycle, thus 

Ia/ = n. A + Q - Q 
n o n 
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S u b s t i t u t i n g G?n f rom equa t i on A15.10 

W = n.X + Q - Q (1-a) n -n o o l - C l - i ) n 

a 

. X 

L e t , 1-a - a 

Then 

wn = n X + Qo " V " " [ c i l £ L ) n ^ • X 

(A15.21) 

(A15.22) 

o r 

A15.23 

L e t , S n be the amount o f b lood t h a t has l e f t Pool 3 f rom the beg inn i ng 

t h 
o f t he f i r s t t o the end o f t he n t i p t o e c yc l e . S n , equa ls to t he 

amount o f b lood [( — ) W. ] t h a t has en te red Pool 3, p l u s t he amount 

a n 

o f b lood (U ) i n i t a t r e s t . , minus t he amount o f b lood (LL) t h a t 
o n 

remains i n Pool 3 a t the end o f t he n^*1 c yc l e , t hus 

S - [ ( a ) . W ] + U - U 
n .a n o n 

o r 

S = ^ ( i n - 1 + C l - i ) n ) + a Q o C l - C l - i ) n ) 
n — — 

+ r i - ( l - B ) n J U - ' aq ( ' j 1 ' 5 1 " ) 

0 0 (a-3) 
- i [ .. l - U - E ) 0 " 1 ] + i ' ( l - i ) [ ( l - B ) " " 1 - ( l - a ) " " 1 ] 

'5' 8 a Ca-3) 

(A15.24) 
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The amounts o f b lood W and S t h a t l eave Pool 2 and Pool 3 

n n 

r e s p e c t i v e l y f rom t ime t = 0 t o t ime t = n, i . e . by t he end o f t he 

t h 

n c y c l e , a r e p r o p o r t i o n a l t o the t o t a l percentage c lea rance f o r t he 

t h i g h and c a l f r e s p e c t i v e l y j between t =0 and t = n, i . e . t o t a l 

percentage c l ea rance f o r t h i g h = and t o t a l percentage c lea rance 

f o r c a l f = D'rf . 

T he r e f o r e 

Wn ^ K ' D ' n (A15.25) 

and 

S = K . D " " 
n n (A15.26) 

Where K i s t he muscle to b lood p a r t i t i o n c o e f f i c i e n t f o r 

t h e i so tope used. 

Wn can be s u b s t i t u t e d i n equa t i on A15.25 f rom equa t ion A15.23. 

S i m i l a r l y , S^ can be s u b s t i t u t e d i n equa t ion A15.26 f rom equa t ion 

A15.24. T he r e f o r e , by s o l v i n g 6 equa t ions o f t he form Wn = KD ' n and 

S^ = K . D ^ f o r 3 va l ues o f ti, t he unknowns o f the 3 poo l haemodynamic 

model, a , a, 3, G) , U and X, can be dete rmined, o o 

The 3-pool heamodynamic model can be v a l i d a t e d by do ing t h e 

s tanda rd t i p t o i n g e x e r c i s e o f 5, 10 and 20 movements used i n the 2 -

poo l haemodynamic model, w i t h the measurement o f t he s imu l taneous 

c lea rance f rom t he t h i g h and c a l f . 
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The decrease i n r a d i o a c t i v i t y du r i ng each one o f t he 3 

e xe r c i s e s (5, 10 and 20 t i p t o e movements) would p ro v i de 3 va l ues 

f o r t he t h i g h and 3 va l ues f o r the c a l f f rom which the equa t ions 

can be so l ved and the va l ues o f a, a, 8, Q , U and X can be found. 
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collateral vessels 

P O O L 1 

proximal arterial lesion 

site of injection 
in thigh 

collateral vessels 

site of injection 
in calf 

P O O L 2 

v * ( a - a ) . Q n - i 
distal arterial lesion 

[Al 

P O O L 3 

z n = /3.Un-l 

Three-pool Haemodynamic Model 

F i g . A15.1 


