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FIG. 1.1

Pressure waveform in thoracic aorta, abdominal aorta, femoral artery
and dorsalis pedis. It shows that although the mean pressure in the

arteries of the leg is lower than in the aorta, the systolic pressure

is higher (Remington and Wood, 1958; McDonald, 1860).
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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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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

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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Resultant mean flow: from D to S

FIG. 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.
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FIG. 1.7
An electrical model of the collateral circulation according to Strandness

and Sumner (Strandness 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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Vertical tube model according to Gauer and Thorn (Gauer and Thorn, 19B5).
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FIG. 1.10
Horizontal tube model according to Holt (Holt, 1969)
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FIG. 2.1
Experimental set up for simultaneous 9Sm 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

Diagramatic fepresentation of the axperimenfal set-up for simultaneous

899m Tc muscle clearance in the thigh and caiF at rest and after exercise.
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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-exesrcise T.
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FIG. 2.5

Calculation of the Total excess of post-exercise T(A) (shaded area).
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FIG. 2.6

Calculation of the Hyperaemic 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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FIG. 3.1

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

before and after exercise (Clinical Study I).




- 201 -

30 Mean thigh T
£ .
g o |
E; 20} .g E
Q .
g S
g 10 ‘
-GO (XX NN RN NN N/ ..'.l“......O.C‘OCO..‘.’..Q‘
30 Mean calf T
£ ]
E o |
} 20‘ ."é - :"---- -
o H
g 10 :
% hoeosscacnscee ' Y T L L T PR PP OT Y P PPN P PP TP
180 Mean ankle
160, systolic pressure
) 4 .‘~~
W 2 ~ . . .
E e
£ 120, g
100 w
80
-5 0 S 10 15 20 minutes
FIG. 3.2

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

Group A (normal limbs] before and after exercise (Clinical 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 IJ.
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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 aonly]) 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 of thigh T, calf T and ankle systolic pressure in Group ¢

(1imbs with superficial femoral artery occlusion) before and after exercise

(Clinical Study IJ.
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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
Analysis of the Hyperaemic Indices in the thigh and in the calf for
every limb studied. The means from Table 3.1 are shown as large black

dots (Clinical Study I).
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TABLE 3.1

Mean and standard deviation of thigh and calf Hyperaemic

Indices in Groups A to D. (Clinical Study I)

Group | Group | Group | Group

Thigh 1.53 4.89 1.50 4.55
Hyperaemic Index (H.I) +0.19}) + 0.48| + 0.16| *+ 0.37

Calf 1.54 5.02 4.30 8.10
Hyperaemic Index (H.I) | + 0.20| + 0.60] + 0.52| + 1.14
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FIG. 3.10

Diagramatic representation of the arterial tree and its electrical

analogue in a limb with superficial femoral artery occlusion only

(Clinical Study IJ.
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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 (Rp) and the
fixed resistances of the external iliac (Ry”) and of the main arteries

distal to the occlusion (Rg).
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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 stenosesstudied (Clinical Study II).




TABLE 3.2

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

Position of Limb No. ] Degree of Stenasis According to_the Aortogram Relative Stenosis
Limbs Femoropopliteal Segment § Aortoiliac Segment
{Fig. 3.13) {FP) (A1)
1 770 {10 FP>AL
2 <2 70 10-40 FP>AI
Triangle 3 > 70 10-40 FP>AT
p 4 770 10-40 FP>AI
5 > 70 40-70 FP>AT"
B 7 70 40-70 FP>AI
7 T q0-40 > 70 FP<AT
8 10-40 "7 70 FP<AI
9 10-40 270 FP<AI
10 10-40 > 70 FP<AT
11 10-40 > 70 FP<AI
Triangle 12 10-40 270 FP<AI
q 13 10-40 270 FP<AI
14 10-40 270 FP<AI
15 10-40 7 70 FP<AL
18 40-70 7 70 FP<AI
17 40-70 7270 FP<AL
18 40-70 7 70 FP<AI
19 40-70 770 FP<AI
20 .y 70 100 FP<AI
21 7 70 100 FP<AI
22 7 70 100 FP<AI
23 > 70 , 100 FP<AT

- plLZ -



SRS RN T ALY

Continuation from previous page:.. TABLE 3.2

Position of Limb No. Degree of Stenosis According to the Aortogram Relative Stenosis
Limbs Femoropopliteal Segment | Aortoiliac Segment
(Fig3.13) (FP) (A1)
24 10-40 { 10 FP>AI
triangle 25 40-70 £ 10 FP>AI
r
26 40-70 < 10 FP>AT
27 100 {10 FP>AL
triangle 28 {10 10-40 FP<AI
° 29 {10 10-40 FP<AI
30 10-40 10-40 FP<AL
31 10-40 40-70 FP<AI
32 10-40 40-70 FP<AI
33 110-40 40-20 FP<AT
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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).
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TABLE 3.3

Degree of stenosis in.the aortoiliac.and femoropopliteal segments and relative stenosis according to

the Hyperaemic  Indéx in relation to triangles P> 9, T, S.

(Clinical Study II)

(Key: mild = 10%-40%; moderate = 40%-70%; severe: >70% stenosis)
Position of Limb No | Begres of Stenosis According to H.I. Relative Stenosis According to H.I
Limbs Fem-Pap Aartoiliac
(Fig.3.15]
1 normal normal
2 normal normal
near A 3 normal normal
outside
guatrangle
4 normal normal
5 normal normal
6 normal normal
7 normal normal
8 normal normal
9 normal occlusion
near B 10 normal occlusion
ocutside
quatrangle
11 normal occlusion
12 normal occlusian

PRUER ey S A
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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
(Fig. 3.15)
13 occlusion normal
near C 14 occlusion normal
ocutside .
qguatrangle 15 occlusion normal
16 occlusion normal
17 occlusion normal
18 occlusion normal
Between C&D 19 occlusion mild to moderate
outside stenosis
quatrangle
Between B&D 20 mild to moderate occlusion
outside stenosis
quatrangle
21 mild to moderate occlusion
stenosis ’
Triangle 22 severe stenosis mild to moderate FP>AT
p
23 severe stenosis mild to moderate FP>ATI
stenosis
29 sgvere stenosis mild to moderate FP>AT

stenosis

- BlZ -



Continuation from previous page TABLE 3.3

Degree of Stenosis According to H.I

Position of Limb No g Relative Stenosis According to H.I
{(Limbs Femo-POP , Aortoiliac
(Fig. 3.15)
25 mild to moderate severe stenosis FP<AI
stenosis
triangle 26 mild to moderate severe stenosis FP<AI
p stenosis
27 mild to moderate severe stenosis FP<AI
stenosis
28 mild to moderate severe stenosis FP (AL
stenosis
29 mild to moderate severe stenosis FP<AI
‘ stenosis
30 mild to moderate severe stenosis FP<AI
stenosis
31 mild to moderate severe stenois FP<AI
stenosis
32 mild to moderate severe stenosis FP<AI
stenosis
33 mild to moderate severe stenosis FP<AI
stenosis
34 mild to moderate severe stenosis FP<AI
stenosis
35 mild to moderate |severe stenosis FP<AI
stenosis
36 severe stenosis severe stenosis FP<AL
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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 Fem-Pop Aortoiliac
(Fig.3.15)
37 moderate stenosis | mild stenosis FP>AI
triangle 38 moderate stenosis | mild stenosis FP>ATI
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 maoderate stenosis FP<AI
44 mild stenosis moderate stenosis FP<AIX
Between 45 normal mild to moderate
A&B stenosis
outside
quatrangle
45 normal mild to moderate
stenosis
47 normal mild to moderate

stenosis

- 12z~



Degree of stenosls in the aortoiliac and femoropopliteal segments and relative stenosis according to the
ortographic_ findings in relation to triangles p, 9, T, S.

a

TABLE 3.4

{Clinical Study II).

Position of | Limb No | Degree of Stenosis According to Aortogram Relative Stenosis According to
Limbs Femoropopliteal Aortoiliac aortogram
(Fig.3.15) ‘

1 o o
2 0 1}
3 0 0

near A 4 0 0

outside

quatrangle

5 0 0
6 0 0
7 0 0
8 0 0

near B 9 0 100

outside

quatrangle 10 0 100

11 o 100
12 0 100

-z -



Continuation from previous page

TABLE 3.4

Position of Limb Na Degree of Stenasis According to Aortogram | Relative Stenosis According to Aortogram
Limbs Femoropopliteal Aortoiliac
(Fig.3.15)
13 100 0
near C 14 100 0
outside
quatrangle
15 100 0
16 100 0
17 100 1]
18 100 0
Between C and | 19 <10 40-~70
outside
quatrangle
Between B and D 20 10-40 100 FP<AI
outside
quatrangle 21 40-70 100 FP<AI
22 >70 10-40 FP>AI
triangle 23 70 <10 FP>AI
P
24 >70 10-40 FP>AI
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Continuation from previous page

TABLE 3.4

Position of Limb No Degree of Stenosis According to Aortogram | Relative Stenosis According to Aortogram
Limbs Femoraopopliteal Aortoiliac
(Fig. 3.15)
25 10-40 270 FP<AI
26 <10 270 FP<AI
27 10-40 270 FP<AI
28 10-40 >70 FP<AI
triangle 29 10-40 >70 FP<AI
: 30 40-70 >70 FP<AI
31 40-70 >70 FP<AI
32 40-70 >70 FP<AI
33 40-70 >70 FP<AI
34 40-70 270 FP<AI
35 40-70 270 FP<AT
36 40-70 >70 FP<AI
37 10-40 <10 FP>AI
trianglé‘ 38 40-70 <10 FPOAI
i 39 40-70 <10 FPOAI
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Continuation from previous page...

TABLE 3.4

Position Limb No. | Degree of Stenosis According to Aortogram Relative Stenosis According to Aortogram
Limbs Femoropopliteal Aortoiliac
(Fig3.15)
40 <10 10-40 FP< AT
41 10-40 40-70 FP< AI
triangle 42 10-40 40-70 FP<AI
s .
43 <10 40-70 FP<AI
44 10-40 40-70 FP<AI
Between
A& B 45 0 40-70 FP<AI
outside
quatrangle 48 0 40-70 FP<AI
47 0 40-70 FP<AI
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TABLES (3.3 and 3.4) 3.5

Degree of stenosis in the aortoiliac and femoropopiiteal‘segments and relative stenosis according

to the aort-

ographic findings and the Hyperaemic Index in relation to triangles p, g, r, s. (Clinical Study II).
(Key: mild = 10%-40%; moderate = 40%-70%; severe = >70% stenosis).

Position of | Limb No Degree of Stenosis Accarding 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 (AI) FP AI

1 normal normal 0 0

2 normal normal ] 1]

near A 3 normal normal 0 0

outside

guatrangle 4 normal normal 0 0

5 normal normal 0 0
6 normal normal 0 1]
7 normal normal 0 0
8 normal normal 0 0
9 normal occlusion 0 100

near B 10 normal occlusion 0 100

outside

quatrangle i normal occlusion 0 100

12 normal occlusion 0 100
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Continuation

from previous page

TABLES (3.3 and 3.4) 3.5

Position of {Limb No |]Degree of Stenosis According to |Relative |DOegree of Stencsis 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 (FFP) ‘Segment (AI) FP Al

13 occlusion ‘Aormal 100 8]

14 occlusion normal 100 0-

near C 15 occlusion normal 100 0

outside

quatrangle |16 occlusion normal 100 0

17 occlusion normal 100 0
18 occlusion .normal: 100 0

between C 18 occlusion “mildﬁtgnmﬁeratev 100 40-70

8D outside stenosis '

guatrangle

between B 20 mild to moderate | occlusion 10-40 100 FP<AL

& D outside

quatrangle 21 mild to moderate } occlusion 40-70 100 FP<AI

22 severe stenosis | mild to moderate| FP>AI >70 10-40 FP§AI
stenosis

triangle 23 severe stenosis | mild toc moderate] FP>AI 270 W <10 FPAT

p
24 severe stenosié mild to moderate] FP>AI 70 10-40 FP>AI

- 22 -



Continuation

from previous page

TABLE 3.5

Position of| Limb No } Degree of Stenosis According to the Hyperaemig Relative Degree of Stenosis According| Relative
‘Limbs Index (H.I) : Stenosis to the Aortqgram (A) Stenosis
(Fig.3.13) Femoropopliteal Aortoiliac Segment (AI) According According

to H.I. FP AT to A
Segment (FP)
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 mild 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
stenosis

triangle 29 mild to moderate severe stenosis FP<AI 10-40 >70 FP<AI
q - stenosis

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

31 mild to moderate severe stenosis FP<ATI 40-70 >70 FP<AI
stenosis '

32 mild to moderate severe stenosis FP<ATI 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<ATI
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<ATI

- 82




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 Aortgoram (A) Stenosis
(Fig3.15) Femoropopliteal Aortoiliac Qgcgrging Qgczrdlng_
Segment (FP) Segment (AI) i FP Al
37 moderate stenosis mild stenosis FP>AI 10-40 <10 FP>AI
triangle 38 moderate stenosis mild stenosis FP>AT 40-70 <10 FP>AI
r
339 moderate stenosis mild stenosis FP>AI 40-70 < 10" FP>AI
. 40 mild stenosis moderate stenosis FP<AI >10 10-40 FP<AI
41 mild stenosis moderate stenocsis FP<AI 10-40 40-70 FP<AI
triangle 42 mild stenosis moderate stenosis FP<AI 10-40 40-70 FP<AI
s
43 mild stenosis moderate stenosis FP<AI <10 40-70 FP<AI
44 mild stenosis moderate stenosis FP<AIL 10-40 40-70 FP<AI
45 normal mild to moderate 0 40-70 FP<AI
betwesn A stenosis
iii;'“t‘ 48 normal mild to moderate 0 40-70 FP<AT
stenosis
quatrangle
47 normal mild to moderate ] 403-70 FP<AI

stenosis
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FIG. 3.16

Analysis of the thigh and calf Hyperaemic Indices preoperatively

(Clinical Study III).
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FIG. 3.17

Analysis of the thigh and calf Hyperaemic Indices post-operatively
(Clinical Study III}.
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calf
hyperaemic 7
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thigh hyperaemic index

FIG. 3.18

Piagnostic chart based on calf and thigh Hyperaemic Indices. a, normal
arterial tree; b, aortoiliac occlusion only; c, femoropopliteal occlusion
only; d, aortoiliac and femoropopliteal occlusion; e, superficial femoral
or popliteal stenosis anly; f, aortoiliac stenosis only; g, aortoiliac
occlusion and superficial femoral stenosis; h, superficial femoral
occlusion and aortoiliac stenosis; p, aortoiliac and superficial femoral
stenosis (SF stenosis > 70 per cent: SF stenosis > AI stenosis); g,
aortoiliac and superficial femoral stenosis (AI stenosis > 70 per cent:

AI stenosis > SF stenosis):; r, aorteoiliac and superficial femoral stenosis
{both stenoses < 70 per cent: SF stenosis > AI stenosis); s, aortoiliac
and superficial femaral stencsis (both stenoses < 70 per cent: AL stenosis
> SF stenosis).
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FIG. 3.189
Changes of T in the thigh and calf of a normal limb before, during and

after exercise (Clinical Study IV).
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Mean and standard deviation of T in 5 normal limbs
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FIG. 3.28

Mean values of thigh T and calf T in Group O (normal limbs)(Clinical

Study IV).
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T in a limb with proximal disease
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FIG. 3.21

Changss of T in the thigh and calf of a limb with iliac occlusion anly,

before, during and after exercise (Clinical Study IV].
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Mean and standard deviation of T
in 5 limbs with proximal disease
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FIG. 3.22
Mean values of thigh T and calf T in Group 1 (limbs with iliac occlusion

only){Clinical Study 1V).
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T in a limb with distal disease
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FIG. 3.23
Changes of T in the thigh and calf of a limb with superficial femoral

artery occlusion only, before, during and after exercise (Clinical Study 1V).
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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 valuss of thigh T and calf T in Group 2 {limbs with superficial

femoral artery occlusion only)(Clinical Study IV).
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T in a limb with proximal and distal disease
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FIG. 3.25
Changes of T in the thigh and calf of a limb with combined severe aortoiliac

and femoropopliteal lesions, before, during and after exercise (Clinical

Study IV).
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Mean and standard deviation of T
inl0limbs with proximal and distal disease
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FIG. 3.26
Mean values of thigh T and calf T in Group 3 (limbs with combined severe
aortoiliac and femoropopliteal lesions)(Clinical Study IV).
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FIGURES FOR CHAPTER 5
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Monitor

Monitor

Diagramatic representation of the
experimental set-up for simultaneous

S9m

during tiptoeing.
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Fig.5.1

Tc muscle clearance in both calves

40uCi Tc99Im
(4
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FIG. 5.2

3
Experimental set-up for simultaneous ngc 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 simultanecus gngc

muscle clearance in both calves during tip-

toeing, using heavy probes {second phase -

on tiptoel.



- 248 -

100
—
80
Y 60
c
«
S
s
2
o
¥ 40
_ h1=nonnal
20 o o » o
10 20 .30 40
seconds
Fig.5.4a

Schematic representation of the clearance curve
obtained during five movements on tiptoe, using
heavy probes. The upward and downward component’
of each movement was due to the variable distance
of the radiation sources from the probes during
tiptoeing. The height hy is representing the

cleared amount of radiocactivity.
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Fig. 5.4b

Schematic representation of the clearance curve

obtained from a néirmal limb and P}om a limb with
proximal arterial disease during a fivé—movement
session using heavy probes; The cleared amgunt
of radicactivity is greater in a normal limb

(height h1] than in a limb with proximal arterial

disease (height h2].
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Fig. 5.4c

Schematic representation of the clearance curve
obtained from a normal limb and from a limb with
distal arterial disease during a five - movement
session using heavy probes. The cleared amount of
radioactivity is significantly greater in a normal
1imb (height h4) than in a limb with distal arterial

disease. (height h3].
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FIG. 5.5

: . 9
Experimental set-up for simultaneous S mTc muscle
clearance in both calves during tiptoeing, using

light probes. (Initial phase - the heel on the

ground).
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FIG. 5.6

9
Experimental set-up for simultaneous QmTc muscle
clearance in both calves during tiptoeing, using

light probes (second phase - on tiptoe).
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Fig., 5.7

Schematic representation of the clearance

curves obtained simultaneously from a normal
calf using a light and a:heavy probe. Ouring
a five-movement session on tiptoe,the cleared
amount c:f radioactivity was equal (heights hl

and h, respectively). However, the light probe

2

gave a much smoother clearance curve.
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Fig 5.8

Calculation of the total percentage clearance

D5 during five tiptoe movements.
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Fig.6.1

The mean values of a and standard
deviation in the five groups studied
(0 to Da) (Clinical Study V)
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Fig.6.2

The mean values of Qo and standard deviation
in the five groups studied. (0 to Da)
(Clinical Study V)
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Fig.8.3

The mean values of A and standard deviation
in the five groups studied (0 to Da)
(Clinical Study V)
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The median and 95 per cent tolerance levels
of QO in the five groups studied. (0 to Da)
(Clinical Study V)
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Fig.6.5

The median and 95 per cent tolerance levels

of X in the five groups studied (0 to Da)

(Clinical Study V)
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Analysis of QD and A in the five groups
studied (0 to Da) (Clinical Study V)
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TABLE 6.1
The Values of a, Qo and A for Every Normal Limb Studied
Group 0) (Clinical Stidy V)
Group Limb a Qo A
No (%) (m1/100 ml)|{ (ml/100 ml/
tiptoe cycle
1 5.3 22.45 2.18
2 6.2 22.38 2.19
3 5.8 21.74 2.28
4 6.8 21.43 2.17
5 7.4 21.28 2.26
6 7.1 20.96 2.20;
7 7.7 26.90 2.24
8 8.2 20.81 2.21
8 8.8 20.79 2.18
10 7.~ 19.98 2.18
0 11 8.5 19.91 2.18
‘normal limbs| 12 8.8 19.84 2.14
14 9.2 18.65 2.10
15 9.9 19.36 2.05
16 10.4 19.39 4.83
17 9.8 19.12 1.78
18 10.6 18.80 1.88
19 11.2 19.04 1.84
20 10.8 18.46 1.81
21 11.8 18.64 1.80
22 12.4 18.24 178
23 11.9 17 .60 1.58
24 12.8 18.08 1.74
25 13.4 16.96 1.62
26 12.6 16.28 1.49
27 13.8 ﬁ4.90 1.41
28 12.6 15.97 1.39
29 14.2 14.08 1.31

e ety e



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 (1limbs with aorteoiliac and femoropopliteal stenosis)(Clinical

Study V.
(Key: 4 = long occlusion or stenosis longer than 5 cm;
¥+ = short occlusion or stenosis shorter than 5 cml.
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TABLE B.2

' A AORTOGRAPHIC FINDINGS
Group Limb a Qo ml
No (%) {(ml/ 100 ml) [ - J | DEGREE OF LESION % SITE OF ART LESION
100 ml tiptoe ) | & T, Segment | F.P. Segment] A.I. Segment F.P Sgment
cycle
30 15.8 8.65 0.46 100 - Ext Iliac N -
31 13.6 9.08 0.52 100 - Ext Iliac A -
32 15.2 §.37 0.45 100 - Ext Iliac M -
33 15.4 9.34 0.72 100 - Ext Iliac M -
34 14,8 | .9.48 0.56 100 - Com + Ext Iliacs| -
35 14.6 9.59 0.74 100 - Ext Iliac P -
£
36 14.0 9.61 . || D0.58 100 - Com + Ext Iliacs | -
37 14.3 9.60 0.71 100 - Ext Iliac 1 -
Aa 38 14.8 9.86 0.66 100 - Ext Iliac 4 -
limbs 39 13.6 9.75 0.69 100 - Ext Iliac M -
with
Iliac 40 13.9 9.84 0.72 100 - Com + Ext Iliacs | -
Occlusian
only. 41 13.5 9.97 8,72 100 - Com Iliac -
42 12.8 g9.95 0.77 100 - Com + Ext Iliacs | -
43 13.8 | 10.02 0.66 100 - Ext Iliac 1 -
44 12.4 | 10.10 0.83 100 - Ext Iliac A -
45 12.8 | 10.58 0.59 100 - Ext Iliac |, -
47 12.2 U.?g 100 - Ext Iliac '1\ -

10.67
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Continuation from previous-page TABLE 6.2

B A AORTOGRAPHIC FINDINGS
Group Limb a Ro [ ( ml ) DEGREE OF ART LESION % SITE OF ART LESION
No (%) (m1/100 ml) (100 mI Eiptoe) A.I.Segment] F.P. Segment A.I. Segment F.P. Segment
cycle
48 1.9 10.81 0.81 100 - Ext Iliac ™ -
49 11.1 10.86 .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 J -
52 9.2 12.36 .88 100 - Com Iliac ¢ -
53 8.2 12.57 0.84 100 - Com Iliac ¢ -
54 18.9 12.52 0.89 . 100 - Ext Iliac § -

- §9¢ -




A

AORTOGRAPHIC FINDINGS

C ml
Group Limb a Ro . DEGREE OF ART LESION % SITE ART LESION
No (%) (m1/100m1] (100ml tiptgel b . -
cycle A.T, Segment f.Pp,. Segment A, L. Segyent F.P, Segment
55 23.2 3.04 0.18 - 100 - Sup Fem + Pop
56 22.8 2.85 0.19 - 100 - Sup Fem + Pop
57 21.2 3.42 0.31 - " 100 - Sup Fem + Pop
58 20,6 3.54 0.24 - 100 - Sup Fem + Pop
59 21.9 3.58 0.34 - 100 - Sup Fem 4
60 20.5 3.56 0.39 - 100 - Sup Fem 4
61 19.6 3.90 0.33 - 100 - Sup Fem M
Ba 62 . 18.9 3.65 0.39 - 100 - Sup Fem 1T~
Limbs 63- 18.2 4.10 0.36 - 140 - Sup Fem 4
with
super- 64 18.6 3.48 0.45 - 100 - Sup Fem T
ficial ‘ '
femoral 65 17.1 3.586 0.44 - 100 - Sup Fem T
artery
occlusion | 66 17.8 4.10 0.49 - 100 - Sup Fem T
only

- 88z -



Continuation from previous page TABLE 6.2

Group Limb a Qo ( i ) _AORTOGRAPHIC FINFINGS
No (%) (m1/100 ml) (160 mlmti too) _DEGREE OF ART LESION % SITE OF ART LESION

cyclep A.I Segment | F.P. Segment | A.I. Segment F.P. Segment

87 17.4 3.80 0.42 - 100 - Sup Fem
B8 16.2 4.08 0.45 - 100 - Sup Fem
69 15.0 4.42 0.49 - 100 - Sup Fem
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
73 13.6 5.60 0.46 - 100 - Sup Fem
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 Iliac Sup Fem + Pop

Ca 78 24.5 0.83 0.02 100 100 Ext Iliac Sup Fem

Limbs :

with 79 20.8 0.67 0.03 100 100 Com Iliac Sup Fem

aortoiliac

& femor- 80 23,6 1.02 0.08 100 100 Com Iliac Sup Fem

opopliteal

occlusion B1 19.2 0.94 0.06 100 100 Ext Iliac Sup Fem
82 21.4 1.28 0.11 100 - 100 Ext Iliac Sup Fem
83 17.4 1.43 D.12 100 100 Ext Iliac Sup Fem

- (8¢ -



Continuation from previous page TABLE 6.2
Group Limb | & Qo ( mi‘ y  |AoRTOGRAPHIC FINDINGS
No (%) (ml1/100 ml) (700 mi tintos) DEGREE OF ART LESION % SITE OF ART LESION
cycle P A.I. Segment |F.P. Segment A.I. Segment F.P. Segment
84 23.7 2.85 0.02 >70 >70 Com Iliac + Sup Fem +
a5 21.8 2.12 0.06 40>70 >70 Ext Iliac + Sup Fem %
86 22.0 4,54 0.05 40570 >70 Ext Iliac + Sup Fem ¥
87 22.6 5.26 0.12 >70 >70 Ext Iliac 4+ Sup Fem +
88 20.1 7.72 0.21 >70 270 Ext Iliac + Sup Fem + Pop
83 19.2 6.94 0.18 40-70 40-70 Com + Ext Iliac Sup Fem *
90 21.4 5.90 0.18 40-70 40-70 Com Iliac ¢ Sup Fem + Pop
91 18.4 8.52 0.31 40-70 40-70 Com Iliac + Sup Fem +
92 19.8 7 .46 0.33 10-40 10-40 Com Iliac ¥ Sup Fem + Pop
93 17.9 8.04 0.26 40-70 10-40 Ext Iliac + Sup Fem +
Da 94 17.3 9.98 0.34 70 10-40 Ext Iliac 4 Sup Fem 4
a5 15.2 9.62 0.21 >70 10-40 Ext Iliac ¢ Sup Fem +
limbs
with a8 16.9 12,32 0.47 270 <10 Ext Iliac ¥ Sup Fem + Paop
aortoiliac
& femor- 97 16.6 10.82 0.42 40-70 10-40 Ext Iliac ¢ Sup Fem +
opopliteal
stenosis a8 13.8 10.56 0.58 >70 10-40 Com Iliac + Sup Fem +
39 15.8 |12.97 0.49 40-70 <10 Comp + Ext Iliacs{Sup Fem %
100 14,1 13.24 0.45 40-70 <10 Ext Iliac + Sup Fem +

ARy @ e AT v
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Continuation from previous page...

TABLE 6.2

AORTOGRAPHIC FINDINGS

: A
Group Lmb ) o 3o ( ml ] DEGREE OF ART LESION % SITE OF ART LESION
No | (%) (m1/100 ml) (700 mi:tiptoe] 1 : o
cycle A.I. Segment| F.P.Segment | A.I. Segment F.P.Segment

101 14.31] 13.12 0.51 40-70 10-40 Ext Iliac + Sup Fem +

102 13.11 14.90 0.586 . 40-70 <10 Com Ext Iliac Sup Fem +

103 } 12.01} 13.78 0.53 10-40 <10 Ext Iliac + Sup Fem +

104 | 12.6| 14.99 0.76 10-40 10-40 Ext Iliac + Sup Fem + Pop
105 11.21] 15.84 0.64 10-40 <10 Ext Iliac + Sup Fem + Pop
106 11.94§ 17.30 0.73 10-40 <10 Com Iliac + Sup Fem +

107 8.2} 16,82 0.84 10-40 <10 Com + Ext Iliaces | Sup Fem +
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Fig.B6.7

Mean values of Qn (@n) in Group O (normal
limbs) in relation to the number of tiptoe
cycles (Clinical Study V)
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GROUP Aa
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Qo=10 mif100m|

é =0.7mlf 100mi/ tiptoe cycle
n = 16 tiptoe cycles

Q¢ -2 5.3 mi/ 100mi
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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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GROUP Ba

a-0.18

Qo= 3.7 mi[100 ml

A - 0.4 mI[100ml]tiptoe cycle
n =9 tiptoe cycles

Qs =2 2.2 mif 100mi

|

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 VJ.
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GROUP Ca

a.0.22
Q- 0.45 ml[100ml
A - 0.07 mif100ml[tiptoe cycle
n = 7 tiptoe cycles
Qg -2 0.22 mif100mi

5 10 15 20
tiptoe cycles

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 ecycles (Clinical Study V)
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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 Dal (Clinical

Study VJ).



TABLE 6.3

The Values of Ppr» Ps, P1g and P2y for every limb studied in relation to the values of a, Qo and A
(Clinical Study V). {(Key: * =Decrease in Pyg; und = Pressure unrecordable)

Group Limb | (%) [ml/'?go m1) (o m ) Primmtg) | Pstmong) | Protmmrg) | P20(mmtg)
(tiptoe cycle)
1 5.31] 22.45 2.18 130 138 140 140
2 6.2]22.38 2.19 125 135 135 115*
3 5.9 1] 21.74 2.28 140 150 150 150
4 6.81 21.43 2.17 135 135 145 145
5 7.4 21.28 2.26 150 150 165 165
6 | 7.1]20.95 2.20 140 150 150 120%
7 7.7 ] 20.90 2.24 120 120 130 130
8 8.2 1] 20.81 2.21 110 125 120 135
9 8.8} 20.79 2.18 110 125 125 85+
10 7.91] 19.98 2.18 145 145 160 160
0 11 8.5119.91 2.16 125 130 135 135
12 8.8] 19.84 2.14 120 120 120 140
( normal limbs) 13 9.41 19.42 2.09 115 120 125 125
14 9.2 19.65 2.10 120 120 120 100*
15 9.91 19.36 2.05 120 520 140 140
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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Continuation from previous page TABLE 6.3
Group Lﬁmb 8 Go [ml/'lDS ml ) P (g ) P5 (mmHg) Protmmig]  T20(mmHg)
o (%) (m1/100 ml) (tiptoe cyclo)

19 11.21 19.04 1.94 120 130 130 a0*
20 10.91] 18.46 1.81 135 135 140 100*
21 11.8] 18.64 1.90 140 150 150 155
22 12.41 18.24 1.78 130 150 150 150
23 11.9] 17.60 1.59 100 130 120 120
24 12.8 | 18.08 1.74 120 135 135 g5+
25 13.4} 16,96 1.62 130 130 145 150
26 12.6 ] 16.28 1.49 130 130 145 145
27 13.81{ 14.90 1.41 115 130 125 100*
28 12.6 | 15.97 1.39 115 115 125 125
29 14.2 1 14.68 1.31 145 145 160 160
30 16.8 8.65 0.46 100 75 60 45
31 13.8 g9.08 0.52 105 90 75 35
32 15.2 9.37 0.45 90 80 50 45
33 15.4 9.34 0.72 90 ao 65 50
34 14.8 9.48 0.56 105 70 40 und

Aa 35 14.6 9.59 0.749 100 60 as und

(limbs with

iliac 36 14.0| 9.61 0.58 105 75 60 35

'occlusion]
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Cantinuation from previous page TABLE 6.3
Group Limb § & Go [m1/103 ml ) P P P P
No (%) {m1/100 m) (tiptos oycls] r{mmHg) 5(mmHg) 10 (mmHg) 20 (mmHg)
37 14.3 | 9.60 0.71 80 40 25 und
38 14.8 9.86 0.66 85 60 40 20
39 13.6 9.75 0.69 a0 75 45 35
40 13.8 9.84 0.72 85 75 75 45
41 13.5 9.97 0.72 a0 60 60 30
42 12.8 9,95 0.77 80 60 40 und
43 13.8 110.02 0.66 100 70 45 45
44 12.4 {10.10 0.83 100 60 60 und
45 12.8 }10.56 0.58 a5 60 45 30
46 13.4 }10.55 0.76 85 55 55 30
47 12.2 |10.67 0.79 80 80 45 45
48 11.9 {10.81 0.81 85 70 45 25
43 11.1 {10.86 0.80 80 75 35 30
50 10.0 |11.48 0.75 105 85 70 55
51 10.8 [11.24 0.77 aqa 75 45 und
52 9.2 }112.36 0.88 80 65 55 40
53 8.2 112,57 0.84 125 90 85 70
54 8.9 }12.52 0.89 100 65 50 35

- LLe -



continuation from previous page

TABLE 6.3

. A
Group L;mb [f] ( 1/?80 ml) (m1/100 ml) Pr[mmHg] PSi[mmHg) P10(mmHg] P20(mmHg]
° ° m (tiptoe cycle

55 23.2 3.04 0.18 90 45 und und
586 22.8 2.95 0.18 B5 60 25 25
57 21.2 3.42 0.31 110 70 und und

Ba 58 20.6 | 3.54 0.24 75 45 30 30

(limbs with

superficial 59 . 21.9 3.58 -.34 80 45 und und

femoral ‘ '

artery 60 20.5 3.56 0.39 - 100 65 40 35

occlusion

only) 61 19.6 3.90 0.33 125 80 45 40
62 19.9 3.65 0.39 100 65 30 und
63 18.2 4.10 0.36 a5 60 25 25
64 18.6 3.48 0.45 70 60 25 25
65 17.1 3.56 6.44 75 35 und und
66 17.8 4.10 0.49 a5 45 35 und
67 17 .4 3.80 0.42 100 80 30 25
68 16.2 4,08 0.45 120 75 35 30
69 15.0 4,12 0.49 a0 60 35 35
70 15.6 4.60 0.41 70 45 30 30
71 14.4 | <4.40 0.44 70 50 30 30
72 14.8{ 4.62 0.47 85 70Q 35 25
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Continuation from previous page..... TABLE 6.3
A P P P P

Group Limb a Qo (m1/100 m1 ) r(mmHg) 5 (mmHg) 10 (mmHg ) 20 (mmHg )
No (%) (m1/100 ml) (tiptoe cycle)
72 14.8 4.62 0.47 85 70 35 25
73 13.6 5.60 0.46 a0 55 30 und
74 13.7 5.12 0.51 a0 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

(limbs with

aortoiliac 79 20.8 0.67 0.03 a0 und und und

& .

femoropop- 80 23.6 1.02 0.08 60 und und und

liteal

occlusion) 81 18.2 0.94 0.06 75 30 207 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 2.85 0.02 BS 45 25 und
85 21.8 2.42 .06 100 55 45 25
86 22.0 4.54 0.05 70 30 und und
a7 22.6 5.26 0.12 70 50 30 und
as 20.1 .22 0.21 as 60 45 a0
89 19.2 6.94 0.18 110 75 50 35
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Continuation from prévious page TABLE 6.3
‘ A
srou o | & | /100 m)| Eintes myerey | rlme) | Tstmmig) | P10tmarg) | P20 (mmig)
80 21.4 6.90 0.16 65 45 20 und
91 18.4 | 8.52 0.31 120 75 60 40
92 18.8 7.46 0.33 105 60 55 30
83 17.9 8.04 0.26 85 65 40 25
94 17.3| 9.98 0.34 95 40 25 und
Da g5 17.3| 9.98 0.34 g5 40 35 25
(limbs with
aortoiliac 36 15.2 9.62 0.21 80 80 35 25
?gioropop- 97 16.6 | 10.82 0.42 105 75 . 70 40
liteal
stenoses) a8 13.9] 10.56 0.56 85 60 45 30
99 15.8] 12.97 0.49 8s a5 45 30
100 14,11 13.24 0.45 30 80 65 40
101 14.3} 13.12 0.51 75 60 60 45
102 13.1| 14.90 0158 100 100 85 70
103 12.01 13.78 0.53 g5 80 865 50
104 12.81 14.99 8.76 as a5 a0 B5
105 11.2| 15.84 0.64 116 85 80 60
106 11.9] 17.30 0.73 115 100 100 70
107 8.2| 16.92 0.84 115 115 115 80
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Values of X , 3,

o

[3) ',W1 , Q.final and W

P in groups O to Ca

(Clinical Study V)

A
Amount of blood
gntering pool 2
per tiptoe cycle

a
Amount of bloaod
leaving pool 2
in any cycle

Qo
Amount of blood
in pool 2 at rest
(m1/100 ml tissue)

. W
Amount of blcod
leaving pool 2
in 1st cycle

Q final
Amount in Pool 2
when its volume
reaches a steady

W f.
Amaunt leaving
pool 2 when
steady state is

(m1/100 ml of tissue) | expressed as (a x Qo) value i.e. amount reached
/tiptoe cycle) fraction of Q@Qn entering = amount (a x @ final)
leaving (m1/100 ml tissue)
(m1/100 ml tissue)
0 2.1 0.08 19 1.7 23.0 2.1
Aa 0.7 0.12 10 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 6.07

|

|
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« Group Va
L Al A Jd ¢ Gmup Vb
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¥ Group Vd
5 0 15 25 30
Qo (mi/100mi)
Fig 6312

Analysis of Qo and A in the four groups

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

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

included for comparison as shaded areas.




Values of, §_ and A, before ahdvafter-the,applibation

TABLE 6,5

CwRd e - -

R e U T ¥

AR

4

of the external

compréssion 1n the 8 limbs studied. (Clinical Study VII)

BEFDRE EXTERNAI COMPRESSTON |AFTER CXTERNAL EOMPRESSTON
No Qg A Qg A

of 1limb (m1/100 ml1) | (m1/100 ml/) | (m1/100 ml) | (m1/100 ml/ )

(tiptoeing ) (tiptoeing )
1 20.02 1.52 20.50 2.21
2 21.53 1.31 21.30 1.85
3 18.40 1.21 18.87 1.90
4 1742 0.92 17.80 1.60
5 20.92 0.58 20.09 1.25
6 20.82 0.58 20.09 1.25
7 18.08 0.30 18.80 1.23
8 15.80 0.25 15.83 1.08
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A (mi]100mi] tiptoe cycle)

2.5

2.0

1.5

1.0

0.5
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Fig. 6.13a
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§ 1.0
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b

=
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: 7 Group O
0.5 4 Group Vb
oo a Group Vc

S 10 15 20 25 30
Qo(mi [ 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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APPENDICES
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APPENDIX Al

KETY'S MATHEMATICAL ANALYSIS OF THE
CLEARANCE OF A LOCALLY INJECTED RADIDACTIVE

TRACER (24 Na )
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According to Kety (Kety, 18949)

Let
A = small unit mass of tissue into which 24Na
has been injected.
S = sodium space (extracellular volume]
FA = arterial blood flow
FV = venous blood flow
'FE = lymphatic flow
DS = concentration of 24Na in S
CA = concentration of 24Na in FA
CV' = concentration of 24Na in FV
CL = concentration of 24Na in FL
QO = initial amount of 24Na
Q = concentration of 24Na per A
Cg = %
mand n = constants with values between 0O and 1 expressing the

extent to which capillary blood and lymph come to equilibrium
with the tissue concentration of 24Na respectively. They
depend on the diffusion rate of 24Na, the diffusion distances,
the capillary - tissue interface, the proportion of the
arteriovenous shunts and the filtration - absorption of the

extracellular fluid at the capillary.

Over a short period of time (dt) an amount of venous blood
(det] and of lymphatic fluid (FLdt] flows out of the tissue whereas an
amount of arterial blood [FAdt] flows into the tissue. The changes of

Q (d@) during dt would be equal to the amount of blood brought into the



tissues(FAdt]minus the amount of blood (det] and lymph
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(FLdtJ carrisd out of the tissues. Thus,

Assuming that the arterial concentration of the radicactive

dQ =

F, C,dt - F, Cdt - FC dt

A A

Vv

LL

(A1.1)

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

Or

As

Or

But

Therefore

Or

Let

ag =

D)
4]

dqQ _
dt

dq
dt

dg
dt

d@
dt

- Fy by

=-Cg (mF

ta)

]

(mF

dt - FL C, dt

L

v + nFL)

* nFL]

(A1.2)

(A1.3)

(A1.4)

(A1.5)

(A1.6)

(A1.7)

(A1.8)
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Equation A1.8 can bse solved for @ as

- Kt (A1.9)

Since FV ls a constant fraction,r, of F, and similarly FL is a constant

A

fraction 1 - r of FA under amy one set of physiologic circumstances

then equation A1.7 can be rewritten as

mr F, +n(l-r)F
A A (A1.10)

Let mr + n (l-r) = Q

K = FA.Q ' A1.11)

Equations A1.9 and A1.11 imply that the tissue deposit 24Na
would decrease along a single exponential curve which, if plotted
semilogarithmically, clearance constant K, can provide a quantitative
measure of the ability of the local circulstion to remove freely

diffusible substances.
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APPENDTIX A2

LASSEN'S MATHEMATICAL ANALYSIS OF THE

CLEARANCE OF A LOCALLY INJECTED RATIO-

133

ACTIVE TRACER ( Xg)
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Fundamental to the calculations 1s the assumption of the

maintenance of a complete diffusion equilibrium, thus

Cmuscle - Acblood (A2.1)
where C = amount of 433Xe per gramme of muscle
muscle _
Cbiompd, = amount of 133)(9 per ml of blood
A = muscle to blood partition coefficient

taken to be 0.70 for blood with a heamatocrit

of about 40%(Conn,1861).

According to Lassen (Lassen et al, 1964)

Let Q = amount of 133Xe in the tissue at any given
time.

Q' = the first derivative of @ with respect to
time.

- . 133 '

Ca = concentration of ~ Xe in arterial blood
which can be considered negligible since 133Xe
is effectively eliminated by the lungs.

. 133 .
CV = concentration of Xe in venous blood
GL = concentration of 133Xe in lymph. which

can be considered negligible since lymphatic
flow is quite small in comparison to venous

blood flow.

Application of the Fick principle leads to the well known relation

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

where 1

— MlBan . W (AZ.S]
100

1
]



M.B.F. = muscle blood flow per 100g of tissue

W = the tissue weight in grammes

Since Ca v 0 eguation A2.2 can be rewritten as

[, .
Q FC,, (A2.4)
Inserting equation A2.3 into equation A2.4
Q' = - —— . M.B.F . W. C (A2.5)
100 v
or
M.B.F. = =~ 100 . (ml per 100g per min) (A2.5}
C .w
v
Equation A2.1 can be rewritten as
CW == ¢ W (2.7)
v - 0.70 “muscle * :
or
CW=mte . Q (A2.8)
v 0.720 ° ‘ '
By inserting equation A2.8 into equation A2.5 it can be
shown that
QI
M.B.F. = - 70 . T {ml per 100g per min) (A2.9)

By using a logarithmic potentiometer (Lassen et al., 1974)
the clearance rate can be obtained from the tangent of the curve whose

slope is  [(log,, %E]]

Since,

* = -Q—‘:.QL
1oge‘ (10) ° d log d 1oge e (A2.10])

e
10 dt
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then
= - -8
M.B.F 70 . loge _{10) .d log10 a9t (2.11)
or .
M.B.F = - 161.0 (ml per 100g per min) (A2.12)

D being the slope of the logarithmic disappearance curve of

the radioactivity,

Although @ cannot be cbserved directly, as the counting rats

’
is only proporticnal to Q, however, since the desired ratio is %—
Urd[logﬂ0~%g]tha factor of proportionality cancels out.
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APPENDTIX A3

MATHEMATICAL ANALYSIS OF THE PERCENTAGE

CLEARANCE PER MINUTE (T)
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It has been mentioned (see section 2.22) that the percentage

clearance per minute (T} can be obtained from equation 2.1.

f(t) - £( t+1)

)+ F( €1y X 200 (2.1

T =

By using the above equation the rate of clearance for any
muscle clearance curve can be determined without making any assumptions
about the nature of the curve, 4.e. without assuming that the final shape
of curve is exponential (Kety, 1948; Lassen et al., 1964) (See Appendicesv

A1 and A2).

Assuming exponential decay the percentage clearance per minute

(T) can be obtained from the following equation.

=-log_ 10 « 100 . D

D being the slope of the logarithmic disappearance curve of

the radioactivity (see Appendix A2).

The mathematical analysis of the exponential decay of any muscle

clearance curve follows:

Let
QO = initial amount of a locally injected radioactive
isotope measured in some convenient units, since

(%%] / Q) appears as a ratio

A = the logarithm to the base 10 of QO
(A = log10 QO]
D = the slope of the logarithm to the base 10 of @

against time in minutes.
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Since a quantity of radiocactivity § will remain in the tissues

after t minutes, whose logarithm is

10g10 § =A- Dt , it implies that

or
Q = 107 . 107Dt
But, 10" = 10 "%810% _ 9,
Therefore,
Q=09 - 1070t
Let 190 " PD.-g2

(A3.1)

(A3.2)

(A3.3)

(A3.4)

On taking natural logarithms, equation A3.4 can be rewritten

as
- D loge10 = - a (A3.5)
Inserting equation A3.5 into equation A3.3
9=q . 0108 10T (A3.5)
On taking natural logarithms, equation A3.6 can be rewritten
as

LogeQ = 10ge QU - D, loge 10.t

Bearing in mind that

d.logey 1 dy

dx v dx

(A3.7)
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On differentiating

dq | (A3.8)

Thersefore,
Unit clearance per minute = - D 10g810 " [A3.10)
and

Percentage clearance per minute (T) = — D log 10.100

Let, X be the muscle to blood partition coefficient. Then

muscle blood flow (M.B.F.) can be calculated from:

M.B.F

- Dlog810 « 100 2 (A3.12)

or

M.B.F.

1]
-—

. A

Although the above mathematical analysis has been used in
general by all previous workers who have dealt with quantitative muscle
clearance techniques, it can be shown mathematically that the percentage
clearance per minute corresponds to the exponential decay only under the
assumption of slow single exponential decay, when the percentage clearance
per minute remains constant. Under any other condition, i.e. during

the post-exercise hyperaemia, the percentage clearance per minute will nct

be constant but it will vary with. time.  This can be expressed as follows:

Let £t = Ace 3% 5o that

flt + 1) = Ae 2t v 1)

where  f(t) is the radicactivity measured at time t and f(t+1)
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the radioactivity measured one minute later.

But

_flE) - f(t+l)
£IE) + FlE+1)

T x200

On differentiating with respect to time the previous equation

can be rewritten as

(t) -at - alt+1)

T ke ok (A3.13)
200 Ae-at + Ag - al(t+l)
or
(t) -at _ _ -a
Tk 1-e (A3.14)
200 Ae ~at 1+¢ 8
or
L. T[t] ,
é -a _ 200 {A3.15)
(vl
1 + T
200
where, T[t] is the differential of T with respect to time.

This implies that for small a and small T

1 - a + negligible terms = 1 - LIV I negligible terms

200

ar

T N 100 a (A3.18)
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- For any a and T and still with single exponential decay

T = 100 tanh (5;'—] (A3.17}

From these two equations (A3.12 and A3.13) 1t 1is apparent that
an error exists in the calculations of the percentage clearance per
minute when the assumption of the logarithmic decay of the clearance

curve is taken into consideration (equation T =~ioge10. 100.0)
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APPENDTIX A4

ISOTOPE LOCALISATION MONITOR - MODEL 235
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Description of Instrument

The model 235 is a portable battery cperated ratemster
with scintilation detector probe designed to have a wide variety
of applications.

Six selective channels are provided, tuned to 1251, 133Xe,

gngc, 51Cr and 113mIn, but other isotopes might be selected at

the expense of one of them.

Five ranges are provided up to 3,000 counts per second to
cover a wide range of doses with different isotopes. The counts

are displayed on a 5 inch linear 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 §
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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Specificatian
Ratemeter
Ranges: 0-30, 0-100, 0-300, 0-1000, 0-3000
counts per second.
Scale: 0-3, 0-10 and special scale of 0-120%.
Channels: Six selective -channels tuned to specific
1sotopes such as 125I. ngTc:, 133Xe.
51Cr and 113mIn.
Controls: Range selaction with battery check
isotope selection.
Set percentage variable control.
Time constant switch - fast and slow.
CPS/set present switch.
]
Gain Trim.
Zero Trim,
Electronics Fully transistorised.
Time constants: Approximately 2 and 12 seconds.

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

Audio output: Jack plus output to earphene (100 ohms]l.
Power: 2 x ppg batteries.
Dimensions: 10" x 6" x 8”

Weights Ratemeter and battery: 9.5 lbs.



- 304 -

Remote probe

Detector: 1" x 1" Nal scintillation detector with
1" photomultiplier tube.

Lead length: 5ft. coaxial, detachable.

Collimator: Variable depth collimator between

0-1". Outside diameter : 2.5".

Length: 2.5".

Probe dimensions: Length: 8.5"

Weights: Probe and collimator: 3 1lbs.

Caontrols

Range selection: There are five ranges availahle : 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)  Todine 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.

(c) Technetium 93m 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.

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

channel width is set to * 60 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 1in 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 toc 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 secs. and 12 secs.

Gain trim (rear panel]:‘ This is a fine gain control to
peak any of the channels on its respective lsotope. By
tuning one channel, all other are automatically correct,
gxcept 1251 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 panell: 0-1 mA into 1500 ohms.
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Any reader either galvanometric or potentionmetric, may

be used providing the input resistance 1s greater than

1,500 ohms.

Audic output (rear panell: This output is fed to ear-

phones having a resistance of 100 ohms or greater.
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APPENDIX AS

DUAL CHANNEL ANALYSER - MODEL 45-24
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DESCRIPTION OF INSTRUMENT

The model 45-24 1is 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 conducticn 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 dsed. For

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

The lower and upper pulse height discriminator Channel II is

intended for use with 125

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 uppef pulse height discriminator Channel I
downwards for lower ensrgies. 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.




SPECIFICATIONS

1)

2)

3)

High Voltage Supply:

Voltage Range:
Current Ranga:
Indication:

Stability:

Connector:

Pulse Amplifier:

Input GM:

Input SG:

Gain:

Pulse Shaping:

Overload:

Gain Stability:
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300-1300 V positive.

0-1 mA at 1000 V, 0-C.7 mA at 1300 V.

10 turn counting dial.

Better than 0.001 % per % mains change;
Better than 0.003% per °c temperature changs.

MHV marked HV.

AC - parallel to input SC;

DC - parallel to HV;

Connector MRV

Negatlive pulse;

Impedance fDDD Q;

Connector BNC

Switch at X10 : 500;

Switch at X1 : 50,

1 us integration and 1 us differentiation.
Less than 5 us recovery time for 100 times
averload.

Better than 0.03% per % temperature change.

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 sceale divisions on

10 turn counting dial.
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Analysing Time: 3 us

Mode Switch
(Differentiall): Output for pulses in channel.

Integral: Output for pulses higher than discrimination
level.

Stability: Better than 0.003% FS per °C temperature
change.

COutput: 6X positive pulse 1 us;

BNS connector marked OUT I.

4) Pulse Height Discriminator Channel II:

Discrimination Fixed at 0.08 V 20 scale divisions except
Level:
when applying an external voltage to the
SCAN input (BNC connectorl); external 0-15 V
negative wlll scan the 20-1000 scale divisons.
Channel Width: Fixed at 0.18 V 45 scale divisions.
Output: 6 V positive pulse 1 us;

BNC connector marked OUT II.

5) Ratemeter:

. Range: 5, 10, 26, 50, 100, 200, 500, 1000, 2000,
5000, 10000 and 20000 counts per second FSD.

Time Constant: 0.3, 1, 3, 10 and 30 seconds.

Indicatidn: 80 mm scale moving coil instrument.
Accuracy: Better than 2% FSD.
Input PB: 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 KQ) source to input PB by a coaxial cable




Qutpur LIN:

Accuracy:

Qutput LOG:

Accuracy:

8) General:

Power
Requirements:

- 311 -

the signal pad will be charted and the
ratemster will respond to the PB input
signal (BNC connector).

100 mV positive FSD for recorder.

Better than 2%;

BNC connector.

D~-100 mV positive for 2 decades for recorder.
Better than 5% on upper 90% of scale;

50-100 mV;

Positive for 1 decade.

220 V * 10%;
50 cps;

15 w.

Operating Tempera-

ture Range:
Dimensions:

Weight:

CONTROLS AND CONNECTORS

1) Front Panel:

High Voltage:

Range:

Discriminator

Level:

Range:

0-50 “C.
420 mm wide, 90 mm high, 40 mm deep.

6 Kg.

10 turn potentiometer for adjusting detectar
voltage.

300-1300 V. The counting dial is equipped
with a brake.

10 turn potentiometer for adjusting Channel I

" lower level.

0.5 to 10.0. The counting dial is equipped

with a brake.
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Channel Width: 10 turn potentiometer for adjusting Channel I

difference betwsen upper and lower level,
Range: 0.1 to 10.0. The counting dial 1s equipped
with a brake.

Gain: X1 or X10 switch for main amplifier gain.

Mode: "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.
Ratemeter
Range Switch: 4 + 3 push button switch selects ratemeter rangs.
Range: 10 x 0.5 =5; 10 x1=10; 10 x 2 = 20;

100 x 0.5 = 50; 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.

Ratemeter Time 5 push-button switch for selection of rate-

Constant Switch:
meter integrating time.

Range: 0.3, 1, 3, 10 and 30 seconds.

2] Rear Panel:

Mains
Receptacle: 220 or 110 V 10% 50-860 cps.

GND Binding
Post: Frame (ground}.

+15 V BNC
Connector: +15 V max 20 mA for preamplifier etc.

-15 V BNC
Connector: -15 V max 20 mA for preamplifier etc.



HV MHV
Connector:

GM MHV
Connector:

SC BNC
Connector:

AMP BNC
Connector:

SCAN BNC:

PB BNG
Connector:

gutT I

BNC Connector:

ouT II

BNC Connector:

LOG BNC
Connector:

LIN BNC
Connector:
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High Voltage for scintillation detectors etc.

High wvoltage parallel to signal input. For
Geiger dectectors and for scintillation
detectors carrying high voltage bias and

signal 1n the same cable.
Signal input from scintillation detector etec.

Signal input from preamplifier etc. Positive
pulses.

By applying an external voltage bstween 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 KR} source to PB
connector by a coaxial cable the signal pad

will be shorted and the ratemeter will respind

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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APPENDTIX A6

DIRECTIONAL DOPPLER -~ MODEL 806
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DESCRIPTICN OF INSTRUMENT

The Model-806 directional DOoppler 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 DOoppler 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 tha

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

receiver output quadrature carriers from the tranémitter. 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 1s 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 1s the nature

of the crystal to vibrate more at some frequencies than at others.
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The frequency at which it vibrates best 1s the mechanical rasonant

frequency, which is marked on one of the plugs of each probs.

Demodulator, 1s the tuning control for the receiving part of the Doppler

(the part that receives the reflected ultrasound).

Earphone Volume, controls the audio signal fed to the stereo output jacks,

Meter, shows condition of the batteries only. As battery voltage falls,

performance will be degraded and the meter calibration will also fall off,

Power-High-Low: The transcutaneous probes are normally used 1in the high

jack which utilises all the power the instrument is capable of delivering,
For flow studies wilth peri-arterial probes the low jack is used to minimi:e
the possibility of overloading the receiver with stray energy from the

twisted wires.

Common: This is the receiver (demodulator) input jack.

Output Filter, controls the amount of smoothing applied to the ocutput

voltages which are recorded.

Calibration Input A and B: These jacks are meant for insertion of known

frequencies from an external source to either verify the calibration of

the meters or to mark frequency levels on a recorder.

Signal Output A and B: These jacks are used only when two channels are

recorded simultaneously. Both outputs are positive, thus flow away from

the probe still gives a positive deflection.

Selected: This jack 1s used when a single channel is reached. The

signal fed to this jack is controlled by the switch above it.
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Output Level, is a two-channel attenuator used to reduce the signal level

for these recorders not capable of handling the full output of this

instrument.

Zero-Cross Input, makes the sound waves uniform.

Meter Multiplier: This switch controls the sensitivity of both flow

indicating meters.
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APPENDTINX A7

RECIRCULATION OF S9Mr
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AIM

Recirculation of 99m Tc was tested by giving a single injection
of 40 uCl of gngc 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 arterlal disease

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

All the volunteers rested for 20 minutes before starting the

test. Forty uCi of -oM

Tc 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 radicactivity over the precordium at rest and
after exercise indicated the radiocactivity as a result of recirculation.
This could be expressed as a percentage of the remaining radicactivity

at the site of the injection at any time.

Calculations were carried out according to the following
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equation:

_ Rprec.

= x 100
Rgastr.

Rrecirc.

where Rrecirc. was taken to be the radioactivity as a result of
recirculation at the nth minute, Rprec. the amount of radioactivity
over the praccordium at the nth minute and Rgastr, the amount of radio-

activity at the point of injection at the nth minute.

The mean radicactivity 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 0.28% at the

twentieth post-exercise minute.

DISCUSSION

The results suggested that the amount of radiocactivity over the
precordium as a result of recirculation was, at any time, less than
1 per cent in comparison to the remaining radiocactivity at the point of
the injection. According to these results and for the purpose of the
measurements made in this thesis recirculation of gngc can be

considered as negligible (see also Appendix A11).
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APPENDTIX A8

Reproducibility of gngc muscle
clearance at rest and after

exercise in normal limbs.
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Aim

Measurements of the percentage clearance per minute (T) at
rest and after exercise by means of gngc 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 svery normal volunteer on 5
consecutive days. All the normal volunteers rested for 20 minutes
before starting each test. Forty AuCi.of gngC as sodium periechnate
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 repitition of the injsction 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 minqtes 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] L

Results

The results are listed in tables A8.1 to AB.S5.
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Discussion

The percentage clearance per minute (T) at rest was stable,
with an overall coefficlent of variation 3 percent.. In contrast,
immediately after exercise, T was markedly increased in comparison
to the resting level. It showed a five to sevenfold increase
during the first post-exerciss minute and then returned to the
resting level and remained unchanged during the post-exercise rest
period. The coefficient of variation of T during the first post-

gxercise minute was 12 percent..

These results suggested that the reproducibility of the per-
centage clearance per minute T at rest and after exercise measured

by means of gngc muscle clearance is acceptable.



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 Test 1| Test 2| Test 3| Test 4 |Test §
(Min)
1 3.80 3.90 4,00 3.55 4.15
2 3.75 4,00 3.80 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 3.82 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 S.Bb 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 3.83 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 S.Sd 4.15
3 3.75 3.83 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)

Test 1| Test 2] Test 3} Test 4] Test 5

13

14

15

16

17

18

18

20

3.58 |3.80 |4.00 |3.66 | 4.38
3.50 |3.80 |3.93 |3.52 | 4.2
3.63 |3.90 |4.05 |3.50 |4.30
3.60 |{3.85 |4.10 |3.55 |4.20
3.75 |3.80 |4.10 |3.45 |4.10
3.70 | 3.85 |4.00 |3.80 |a4.15
3.65 |3.80 |3.90 |3.56 |4.15

3.65 3.85 3.95 3.45 4.20
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TABLE A8.2

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] Test 1| Test 2| Test 3| Test 4| Test 5
1 4,85 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 4,80 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 4,48
7 4,40 4,50 5.09 3.90 4,52
8 4,45 4,55 5.13 3.88 4,35
g 4.55 4.58 5.10 3.95 4.35
10 4.40 4.60 5,05 4.05 4,35
1 17.30 { 28.15 | 26.80 | 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 4.860 4,80 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 4,86 5.10 3.85 4,30
9 4,50 4,70 5.08 4.00 4,33
10 4.80 4.50 5.03 4,03 4,40
11 4.50 4.83 5.08 4.05 4.45
12 1 4.40 4.62 5.10 4,00 4.50

A
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TABLE A8.2... antinued/

PERCENTAGE CLEARANCE PER MINUTE (T)

Time Test 1| Test 2| Test 3| Test 4| Test 5
{min)

13 4,90 | 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
16 |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
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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 4,80 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 4.85 4,20 5.00
5 4.60 4.85 4.70 4.40 5.20
B 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 4.85 5.10 4,85 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 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 4,80 4.15 5.20
8 4,93 5.10 4.75 4.23 5.18
g8 4,38 5.10 4,75 4.28 ¢ 5.30
10 5.05 4.80 4.60 4.15 E 5.05
11 4.80 4.90 4,85 4.40 f 5.10

12 4.60 | 4.95 | 4.80 | 4.3z 5.15 |

é




TABLE A8.3 Continued..
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./

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 4,385 5.25 4,70 4.25 4,95

17 4.60 5.10 4.85 4,32 5.05

18 4,75 4,95 4.50 4,28 5.23

18 4,50 5.15 4.60 4.25 5.15

20 4.80 4,35 4.65 4.25 5.10
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TABLE AB8.4

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

PERCENTAGE CLEARANCE PER MINUTE (T)
I;Tﬁ] |Test 1| Test 2 | Test 3| Test 4 | Test 5
1 4.70 | 4.55 | 4.15 | 4.95 | 4.05
2 4.80 | 4.55 | 4.20 | 4.80 | 3.95
3 4.75 4,63 4.25 5.00 4.15
4 4,60 | 4.78 | 4.25 | s5.00 | 4.10
5 4.80 | 4.50 | 4.28 | 4.95 | 4.10
6 4.83 | 4.56 | 4.19 | s5.05 | 4.08
7 4.77 | 4.50 | 4.15 | 5.05 | 4.05
8 4.72 | 4.55 | 4.25 | 4.88 | 4.10
9 4,65 | 4.53 | 4.20 | 5.00 | 4.05
10 4.70 | 4.50 | 4.18 | 4.30 | 4.00
1 26.05 |27.05 }25.90 |26.00 |25.30
2 10.70 | 11.00 {11.33 |10.70 |11.50
3. | 4.90)| 4.55 | 4.20 | 4.83 | 4.00
! 4.85 | 4.70 | 4.20 | 5.00 | 4.00
5 4.706 | 4.60 | 4.20 | 4.90 | 4.00
6. 4.80 | 4.55 | 4.32 | 4.95 | 4.05
7 | 4.65 | 4.58 | 4.37 | s5.05 | 4.40
8 4,70 | 4.70 | 4.35 | 5.05 | 3.95
g 4,83 | 4.68 | 4.30 | 4.%0 | 3.98
10 4,80 | 4.63 | 4.25 | 4.88 | 3.95
11 4.77 | 4.81 4.19 | 4.98 | 4.00
12 4,80 | 4.72 | 4.18 | 4.30 | 4.15
13 4.65 | 4.70 | 4.20 | 5.00 | 4.05




TABLE A8.4..
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. 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 4.80 3.85

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 A8.5

T at rest (1-10 min) and after sxercise (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 4,80 4,70 5.05
2 5.20 4,80 4,70 4,30 4,85
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 4.80 5.00
g 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 26,80
2 10.70 12.00 11.20 10.90 11.30
3 5.00 4.80 5.00 4.85 5.05
4 5.10 4,80 4.90 4,75 5.05
5 5.15 4,75 4.75 4,85 5.15
8 5.22 4,80 4,75 4.80 5.08
7 5.20 4.65 4.70 4.78 4.85
8 5.13 4,863 4,70 4,79 5.03
g 5.15 4,70 4.82 5,00 5.00
10 5.10 4.77 4,83 4,90 5.00.
1" 5.10 4,80 4,80 4,75 4.90
12 5.18 4,85 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




TABLE A8.5 ..
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Continued/

PERCENTAGE CLEARANCE PER MINUTE (T)

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

15 5.25 4.80 4.88 4,85 5.05
186 5.15 4,80 4,77 4.90 5.15
17 5.40 4.80 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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APPENDTIX A9

THE COMPARISON OF 3™ 1 anp 133e
FOR MEASURING CHANGES IN BLOOD FLOW
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AIM

99m

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

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

g

obtained by 98m Tec clearance to the results obtained by 133%g clearance,

at rest and after exercise.

MATERIAL AND METHOD

5 healthy volunteers without any evidence of arterial disease

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

All the normal volunteers rested for 20 minutes before starting
the test. Forty uCi of 99m Tc diluted in 0.2 ml of saiine were injected
into the thickest peart 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 positlon 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 mlnutes at
4.5.Km per hbur. 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 uCi of 133Xe diluted in 0.2 ml of saline

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

989m

of Tc. The same procedure was repeated.
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RESULTS

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

99m Tc and 133%e. It

obtained from the muscle clearance curves of
demonstrates that at rest, T for 35m Tc was stable but slightly higher
than T for !33Xe. This difference was not significant. In contrast,
during the first post-exerqise minute, the values of T for 93m Tc were
lower than thé corresponding values of T for 133%e (21 + 3.9 and 25.1 * 3,0
respectively). Finally, during the second post-exercise minute and there-

after T for S?m Tec was slightly, but not significantly, higher than the

corresponding T for 133xg,
DISCUSSION

These results demonstrate that flow measurements by means of
89m Tc and 133Xe'rﬁuscle 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.s. post-exercise hyperaemia.
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APPENDTIX A10

DERIVATION OF THE EQUATIONS
FOR CALCULATING a, Qg AND A
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It has already been deduced (see Section 4.21) that in the 2-poal
haemodynamic model the amount of blood (wn) that leaves pool 2 via B
(Fig. 4.1} from time t=0 to time t=n 1s proportional to the total per-

centage clearance [Dnl between t=0 and t=n. Thus,

Wn = K.Dn (4.15)

where K is the muscle 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 (Dg), ten (Dj;p) and 20 (Dyy) tiptoe cycles is:

KDs = Qo(1- 85) + 2(5a- 1+ 85) (A10.1)
KD1g = Og(1-=810) «+ —3-(10.:—1—1+Bw] (A10.2)
KDpg = Qg(1-820) + %[20a-1+8‘201l (A10.3)

Equation A10.1 can be rewritten as:

[

KD5 - Gol1- 8%) = 2(5a- 1+ 8%) (A10.4)

Similarly, equation A10.2 can be rewritten as:

KD1g - Go(1-810) = 2(10a-1+810) , (A10.5)

and equation A10.3 can be rewritten as follows:
KDpg - Qg(1-8%0) = -2—(20a-1+6°~°) (A10.8)
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,

KD3g - Qg(1- B0)  1pa -1 + B0
KDs - Qg1 -85) ° 5a-1+¢g5 (A10.7)
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KDpg - Qg (1 - 820)  20a - 1+g20

KD1g - @o(1- B10) ~ 10a- 1+ @10 (A10.8)
Equation A12.7 can be rewritten as follows:

KDig(5a = 1 + B5) - Qo(1-810)(5a - 1 + g5) =

KDg(10a - 1+810) - @51 - g5)(10a- 1 +10) (A10.9)
ar:

Qo[ (1 - B5)(10a-1+810) - (1-810)(5a~1+85)]

= KD5(10a- 1 +B10) - KDyq(5a-1+85) (A10.10)
Similarly, equation A10.8 can be rewritten as follows:

Rol(1-810)(20a-1+820) - (1-820)(10a- 1+ pl0)]

= KDjg(20a-1+820) - KD,q(10a- 1 +810) (A10.11)

A10.10.

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

Thus,

(1-810)(20a-1+829) ~~+(1-8203(10a-1+810)

(1 - B5)(10a-1+810) = (1-810)(5a - 1 + BS)

_ Djyp(20a-1+820) - Dog(10a~-1+810)
" Dg (10a-1+810) - Dyg(5a - 1 + B5)

(A10.12)

Assuming that a 1s small (i.e. a << a) then equation A10.12 can

be rewritten as:

(1+85)(20a- 1+820) - (1 +pL0)(1 +85)(10a - 1 + 10}

(10a-1+Bl0) - (1+85)(5a-1+g5)

_ D10(20a-1+1-20a+190a%) D20 {10a-1+1-10a+45a2) -

D5 (10a-1+1-10a+45a2) - Dy (5a-1+1-5a+10a2) (A10.13)
Equation A10.13 can be rewritten as:
- 2y . - 2 -
(1+1-5a)[(190a%) - (2-10a)(45a%)] _ 190010 - 45020 (A10.14)

4534 - (2-5a) (10a2) 4505 - 10079
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or:
(2-5a) (190a%-90a2) _ 38D30-S02¢
45a2-10a% ~ 8D5-2D;9 (A10.15)
or:
50, . 380310-89020
7(2 Sa) ~90s-2075 (A10.186)
or:
M. 7 38019-8D2¢ r
a = 5{2 50 * "8D5-20 {A10.17)
or: s
_ 1[9000s-20001¢-266D010+6302¢
a= 5[ 50(905 - 2D1p) (A10.18)
or:
_ 63D20-466010+30005
Then Qg can be calculatsd from equation A10.10, thus:
- 107 _ - 5
K[Ds(10a-1+8'?) - D1g(5a-1+8)] (A10.20)

% = T1-g5)(10-1+810) = (1-g10) (5a-T+g5)

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

. - - a)
_ [KDs-95(1-8°) ] (A10.21)

A 10a

In order to avold escalation of errors, approximation for, a, is
necessary to linearise the previous equations. Once, a, is calculated

Qo and X are computed exactly without any approximation.

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

calculation of a, Qg and A from D5, Djg and Dyg obtained from the studies

in Part III of this thesis.
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APPENDTIX A1

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
99
aingle injection of ™ Tc in the calf and the radiocactivity at a similer

site of the non-injected calf.

MATERIAL AND METHODS

Five healthy volunteers without any evidence of arterlial disease

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

Forty uCi 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-minufe

resting intervals.

RESULTS

The amount of radiocactivity in the non-injected calf indicated
the sum of radicactivity due to re-circulation (see Appendix A7) and
to the radiation effect produced by the injected calf. Thils was expressed

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

equation (see alsoc Appendix A7):

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

re-circulation and to the radiation effect produced by the

injected calf,

Rnp = the amount of radiocactivity on the non-injected calf at the
nth 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 tlptoeing session, 0.6S% at the end of the tenth tip-
toeing session and finally, 0.82% at the end of the twentieth tiptoeing

sessian.

DISCUSSION

The results suggest that the amount of radicactivity at the naon-
injected calf at any time was less than 1.0% in comparison to the
remaining radiocactivity 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
9Sm

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

the studies in this thesis (see also Appendix A7).
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APPENDTIX A12

THE RELATIONSHIP OF 39m Tec MUSCLE CLEARANCE
TO CALF FLOW MEASURED BY MERCURY STRAIN
GAUGE PLETHYSMOGRAPHY DURING EXERCISE
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AIM

Changes 1n muscle blood flow stimulated by actlve exercise
determined by 99m Tc muscle clearance and strain-gauge plethysnography

in the same calf simultaneously are presented in this Appendix.

MATERIAL AND METHODS

Three healthy volunteers without any evidence of arterial diseass
were studied. They rested horizontally for 20 minutes before starting
the test. Then, 40 uCi of 99m Tec as sodium pertechnate diluted in 0.2 ml
of saline were injected into the thickest part of the right gastrocnemius
The probe of a Pitman 235-isotope lacalisation monitor (see Appendix A4)
was placed at the site of the injection at a constant distance from the
skin. The output from the detector was recorded continuously on a
CR 552 recorder. ‘A mercury strain-gauge was placed around the thickest
part of the calf at the'site of the injection. This was connected to
the equipment supplied by Hokanson which incorporated automatic calibration
facilities (Model EC-2). A 25 cm venous tourniquet was applied at the
proximal part of the thigh whicﬁ could be inflated rapidly {(in less than
1 second) to 60 mm Hg for 5 seconds during which a reading was taken.
(Siggaard Andersen and Petersen, 1969). Readings with the strain-gauge
were obtained every minute, initially at rest and then after active
plantar flexion and dorseflection of the foot against resistance for a
total period of 20 minutes. The points at which these readings were taken
were marked on the tracing of the clearance curve and thus it became
possible to calculate the value of T that corresponded to each strain-
gauge measurement. From the clearance curves cbtained the percentage
clearance per minute (T) was calculated using equation 2.1 (see Section 2.22).

Strain-gauge measurements were expressed in ml per 100 ml per minute.
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RESULTS

The results are demonstrated in Filgure A12.1 where the mean values
of the strain-gauge measureﬁents 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 98m 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 possibls

value.

As pointed out in Section 4.32, the partition coefficient K is
proportional to Qg (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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APPENDTI X A13

SIMULTANEOUS MEASUREMENTS OF gngc MUSCLE

CLEARANCE AT THE SITE QF A SINGLE INJECTION

IN THE CALF USING HEAVY AND LIGHT PROBES
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Aim

Initially, a, Qo and A were calculated (see section 4.3) from
clearance curves obtained with hsavy praobes using the Pitman 235-
isotope localisation monitors (see Appendix A4). When the dual
channel analysers and the light probes (sse Appendix AS) became
availabls 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 diseasce
and .itwo 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

dissase were 46 and 54 years respectively.

Forty uci of gngc as sodium pertechnate dilutedlin 0.2 ml of
saline were injected into the thickest part of the gastrocnemius and the
point 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 lecalisation 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 obtained before, during and after five,

ten and twenty movements on tiptoe separated by resting intsrvals.

From each clearance curve the total percentage clearance DS’ 010

D20 was calculated as shown in figure 5.8 .. Finally, from these
measurements a, Jo and A were calculated using the equations developed in

saction 4.21.

Rbsults

"'““”Thé results are shown in table A13.1. They demonstrated that
the values of a, Qo and A calculated from clearance curves obtained
with the heavy probe did not show any significant difference in
comparison to the corresponding values of a, Qo and A calculated

from clearance curves obtained with the light probe.

Discussion

These results suggested that the light probes, strapped on
the leg, could be used instead of the heavy probes, not attachsed to
the leg, without affecting the calculations of a, Qo and A. In fact,
the. light probes had the advantage, that the measures taken to ensure
that the distance between the skin and the heavy probes remained

constant at the end of each period of exercise, could now be ignored.



TABLE A13.1

The values of a, Qo and X calculated from clearance

curves obtained with heavy and light probes.

HEAVY PROBE

LIGHT PROBE
_ (235- ISOTOPE
(DUAL CHANNEL ANALYSER). | gcAL TSATION

MONITOR)

No of Limb a Qo P a o Y
1

(Normal) 8.8 19.98 | 2.16 8.5 19.83 | 2.26
2

(Normal) 0.5 19.42 | 2.08 0.4 | 19.35 | 2.08
3

(Normal) 7.1 20.78 | 2.26 | 7.1 20.83 | 2.19
4

(Superficial 17.6 4,36 | 0.50 | 16.8 4.10 | 0.49

femoral artery

occlusion)
5

(Superficial 13.4 4.80 | 0.49 14.3 4.48 | 0.43

femoral artery

ocelusion)

- ZS€ -
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APPENDTIX A14

THE USE OF CDC 6400 COMPUTER FOR THE
CALCULATIONS AND PLOTTING OF GRAPHS

OF gngc MUSCLE CLEARANCE.
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Introduction

From the clearance curves obtained with gngc muscle
clearance method the percenﬁage clearance per minute (T), maximum
post-exercise T, total excess T, Hyperaemic Index, a,Qo and A were
calculated using the equatlons developed in previous sections
(ses sections 2.22, 4.21 and 4.32). These calculations, though
not difficult, were tedious, time consuming and subject to human
errar. All these were done by a computer with considerable

advantages.

The computing facilities and listings of the programs

used in the various clinical studies are given below.

Computing Facilities

A COC 6400 computer was employed based at Imperial
College, London University. This was connected via a dedicated line
to a teletype input terminal. and a video display unit located at the

Vascular lLaboratory, St. Mary's Hospital.

The computer lénguage employed in interactive computations

was Basic and in batch processing was Fortran IV.

Data Acquisition - I+0 Facilities

The results of the tests carried out on normal volunteers
and patignts with peripheral arterial and venous diseases were recorded
on a double-pen CR 552 recorder (see sections 2.21, 2.211, 3.52 and
4,31). The values of points from the clearance curves were entered

via the Keyboard of the teletype interactively as requested by the
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computer during the execution of the programs. The results were

printed on the teletype output at the end of the programms.

PROGRAM NICOS AND NICOS 2

Program for the evaluation of T before and after exercise,
maximum past-exercise T, total excess post-exercise T and the .

Hyperaemic Index. (See section 2.21)

The program NICOS 2 (see p. 358), evaluated .the percentage.
clearance per minute (T) before and after exercise, maximum post-
exercise T, total excess post-exercise T and the Hyperaemic Index from
data supplied from a given curve (values of points from the clearance
curve at one minute intervals). Thirty numbers were supplied and

the evaluations were carried out according to equation 2.1 (see section

2.22).

In order to compare these results with Lassen's formula (see
Appendices. A2 and A3) the same data was employed but equation A3.12

{see Appendix A3) was used instead. (Program NICOS - see p, "363).

The outputs of NICOS and NICOS 2 contained the following: (i) the
input points (ii) the percentage clearance per minute (T) before and
after exercise (iii) the table of differences between the mean value of
T at rest and its values after exercise (iv) from the above, the mean
value of T at rest (MEAN), the total excess post-exercise T (EXCESS]
the méximum post-exercise T (HEIGHT) and the Hyperaemic Index (iNDEX}

were printed.

Listing of programs NICGOS and NICOS 2 with example of input and

output for data pertinent to thigh and calf measurements for a normal
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volunteer and for patients with peripheral arterial disease are shown

in figures A14.1 to A14.10.

PROGRAM MEAN

program for the esvaluation of the mean values of T before and
after exercise, maximum post-exercise T, total excess post-exercise

T and the Hyperaemic Index (see sections 2.22 and 2.23) was called "MEAN'.

The entire set of results were divided into 4 groups : group A
(normal limbs); group B (limbs with iliac occlusion only); group C
(1imbs with superficial femoral artery occlusion only) and group D
(1imbs with combined proximal and distal arterial lesions ) (see section

3.22).

The mean values of T before and after exercise, maximum post-
exercise T, total excess post-exercise T and the Hyperaemic Index were
calculated for each of these groups individually by the program MEAN
(see p,. 368). .. The input to the program was the appropriate values

for the entire group (e.g. group 0 = normal limbs].

Listing of program MEAN with examples of input and output are

shown in figures A14.11 to A14.15.,

PRAOGRAM CLEAR

Program for the evaluation of T before, during and after exercise

(see section 2.3) was called "CLEAR”.

The program CLEAR (see p, 373) evaluated the percentage clearance

per minute- {T) from data supplied before, during and after exercise
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from a given curve. Eighty sets of poilnts were employed in thess
caleculatlons, and the calculations proceeded in accordance with
equation 2.1 (see section 2.22). The results of the calculations
wers stored in an array and then plotted against time wusing a line
printer with the plotting subroutine appearing at the end of the

program CLEAR (Fig A14.16).

Examples of the results for T before, during and after exsrcise
are shown in figures A14.17 to A14.24. In these figurss the input
data values before, during and after exercise, and the computed

clearance values for the same periods are shown.

PROGRAM KB

Program for the evaluation of a, Qo and A (see section 5.22).

This program (Fig A14.25) computed the parameters a, Qo and
A in accordance with equations 4.20, 4.21 and 4.22 (see sections 4.21

and 4.32).

The values, DS‘ D10 and D20 (see section 4.21) were required

for the calculations of the above parameters.

The output from the program contained the given values of 05.

010 and D20 and the required parameters a, Qo and A. Examples are

in figures A14.28.
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@19 PROGRAM NICOS(INPUTOUTPUT,»TAPEL»TAPEZ)

#2868 DIMENSION A(31),T(31)+D(31)

B30 19 CONTINUE

%40 DO S8 I=1,31

@50 READ(.END.=999»1r11)JrA(D)

B55 11 FORMAT(12,1X»F8.2)

8469 50 CONTINUE

P70 DO 48 11,30

880 Al=(A(I)-A(I+1))/ (ACI)I+A(I+1))

B899 T(I)=Al1#200.

165 IF(I.EQ.11)T(I)=g.

119 60 CONTINUE

115 Ti=0.

120 DO 76 I=1,10

136 TiaTi+T(1)

140 70 CONTINUE

156 T2=Ti/198.

155 Di=g.

1460 DO 80 I=11+390

178 IF(T(I).LT.T2)D(I)=g,.

188 IF(T(I).LT.T2)GO0 TO 196

190 D(I)=T(I)-T2

200 19¢ D1=Di+D(I)

205 8¢ CONTINUE

218 R=AMAX1(D{(11)+D(12)+D(13)DB(14)+D(15)+D(16)+D(17)+D(18),D(19):D(28):
215+4D(21)¢D(22)+D(23)+D(24),D(25),D(27),D(28):D(29),D(38))
229 R1=D1/R

238 PRINT 91y (A(1)1=1,31)

240 PRINT 92:(T(I1)sI=1,36)

258 PRINT 93+ (D(1)¢I1=211,30)

268 PRINT 94.72

279 PRINT 9501

286 PRINT 96+R

299 PRINT 97(R1 :

366 91 FORMAT(OHINPUT +/28(FS5.102X) v /2 6(FS.1102X) 0/ 26(F5.192X)+/16(F5.1
318+92X) 1 /1 6(FS.1e2X)9/22(FS.1+2X))

328 92 FORMAT(/19HCLEARANCE /16 (F8.4»1X) 2/ 26(FB.4+1X) s/ 16(FB.411X) 1/
321+6(FB8.411X) 2 /186 (F8.491X)+/1F8.4)

338 93 FORMAT(/)»9HDIFFERENC»/+S{(FB.421X)r/2S(F8.4+1X)+/+15(F8.411X)
331+/+5(F8.4,1X))

348 94 FORMAT (/+SHMEAN »F9.4)

354 95 FORMAT (7HEXCESS »F9.4)

3460 96 FORMAT (THHEIGHT +F9.4)

376 97 FORMAT(GHINDEX +F%?.4+/)

386 DO 180 I=1.,18

381 WRITE(2.98)1.T(I)

382 98 FORMAT(IZ+11X+F8.4)

383 188 CONTINUE

384 WRITE(2,99)

385 99 FORMAT(2H114+1X+2HO.»/+2H12+1Xy2HB. ¢ /+ZH13»1X+2HB.)
384 DO 101 I=12,39

387 WRITE(Z:98)1+2,T(1}

388 141 CONTINUE

389 GO TO 14

489 999 STOP

419 END

FIG. A14.1
Program NICOS 2 for the evaluation of T before and after exercise,
maximum post-exercise T, total excess port-exercise T and the Hyperaemic

Index according to equation 2.1 (see Section 2.22).
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INPUT (THIGH)

196.0 181.0 172.5 144.3 156.5 1491
142.1 135.4 129.6 122.9 117.1 84.6
63.8 57.6 54.8 51.4 48.9 4b.5
44.4 42.3 46.3 38.4 3b.6 34.9
33.2 31.6 30.1 28.7 27.4 26.1

24.3

CLEARANCE
4.8497 4.98433 4.8442 4.8373 4.6484 4.8419
4.8443 4.8349 4.8525 4.8435 8 27.2881

16.3130 6.3626 5.0484 4.8459 4,8352 4.8555
4.3432 4.8414 4.8533 4.8273 4,5425 4.8430
4.8419 4,3559 4.8250 4.85062 4.8671 4.8340

DIFFERENC
@ 22.4448 5.4697 ¢+ 1.5193 20851
3027 g .8123 9 0
3100 g a 9847 3
8127 2 0969 0238 a

MEAN 4.8433

EXCESS 29.7119
HEIGHT 22.4448
INDEX 1.3238

INFUT (CALF)

185.8 161.1 174.4 147.9 161.7 155.7
156.0 144.4 159.1 134.6 129.6 92.0
8.6 bB.4 Sb.1  53.4 S1.3 49.4
47.6 45.9 44,2 42.5 41.8 39.5
38.8 36.6 25.2 33.9 32.7 31.5

36.3

CLEARANCE
3.7609 3.7702 3.7638 3.7355 3.7734 3.7615
3.7631 3.7664 3.764S 3.7444 ¥ 29.1487

12.7297 7.3832 4.983%6 3.2586 3.77084 3.7363
3.7455 3.7%543 3.7332 3.76019 2.7558% 3.7767
3.7544 3.7872 3.7594 3.7532 3.7724 3.7553

DIFFERENC :
@ Z5.3754 B.7654 3.4189 1,2243
JI743 G863 8 9812 o]
@137 @ (7 B854 [
2] 7] 0851 2]

MEAN 3.7643

EXCESS 39.32431
HEIGHT 25,3744
INDEX 1.5564

FIG. A14.2

Inputs to and outputs from program NICOS 2 for a normal limb.
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INPUT (THIGH)

196,86 190.6 134.2 178.6 173.1 167.8

162,7 157.7 152.9 148.2 143.7 134.4
119.3 187.8 97.2 89.2 82.7 77.4
73,1 69.5  b6.4 63.7 b1.4 59.4
57.4 S55.8 S54.1 52.5 56.9 49.3

47.8

CLEARANCE
3.0983 3.1658 3.1827 3.16849 3.1931 3.1041
3.1921 3.1033 3.1614 3.1083 6 12.0254

16.8744 ?.5589 8.59486 7.5988 6.5975 5.76%97
4.9951 4,6003 4,059 3.7084 3.35113 3.0943
3.1635 3.1165 3.0%9¢8 3.1162 3.0947 3.1099

DIFFERENC
@ 8.9825 7.7714 6.4479 5.4910
4.4958 3.4946 2.44468 1.8922 1.5651
. 9561 « 6855 .2683 B 0805
B876 2 0133 2 8070

MEAN  3.1029
EXCESS 44,5458
HEIGHT  8.9825

(  INDEX 4.9592

INPUT CCALF)

£ 172.5 168.6 1463.6 159.4 155,2 151.1
147.2 143.4 139.6 1346.6 132.4 123.4
114.2 106.5 99.8 94.8 89.2 84.8
81.86 77.7 74.7 72.2 7B.1  43.1
66.2  64.5 b2.8 &1.2 S59.6 53.0

§4.5

CLEARANCE
2.6432 2.5477 2.6381 2.4387 2.5440 Z.6411
2.6430 2.6431 2.6413 2.6456 ) 7.87%6

7.0040 6.5455 5.9934 5.3281 4.9997 4.4326
4.1089 3.89464 3.4295 3.9229 2.8662 Z.7844
2.6626 2.6398 2.6297 2.6503 2.63463 2.56546

DIFFERENC
1 5.2371 4.35615 3.9829 3.2611
2.6856 2.3471 1.9931 1.4644 1.2538
7376 . 3795 <2237 1421 82061
1 & 8878 : ] LBL128

MEAN 2.6425
EXCESS £8.8778
HEIGHT §.2371
INDEX 5.3414

FIG. A14.3

Inputs to and outputs from program NICOS 2 for a limb with iliac

occlusion only.
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INPUT (THIGH)

165,80 141.4 155,1 149.6 143.1 137.5
132.1 126.9 121.9 117.1 112.5 88,5
7.5 51.4 57.3 53.7 51.1 48.8
46,8  45.8 43.2 41.5 39.9 38.3
36.8 35.4 34,8 52.7 31.4 36.1

29.9

CLEARANCE
4.0016 4.0871 4.83132 4.00662 4.0060 4.085%
4.6081 4.6113 3.9995 4.0156 g 27.8431

9.4474 7.0471 65,3829 S5.8402 4,4852 4.2035
3.98760 4.8137 4.8128 3.9799 4.8144 4.8192
3.9895 4.0080 3.9915 4.9299 3.9999 3.9938

DIFFERENC
B 23.0357 5.4599 3.08394 2.3754
1.0328 .4778 1940 %] 8062
3354 3 3869 D117 o)
BEss 7] 9228 o g

MEAN 4,0074
EXCESS 35.4785
HEIGHT 23.8357
INDEX 1.5485

INPUT (CALF)

172.5 1b6.6 141.8 155.5 1560.2 145.1
140.2 135.4 138.8 126.4 122.1 116.5
114.3 112.1 197.6 168.5 91.56  83.1
75.3  78.6 45.9 62.6 S8.7 55.9
53.4 51.3 49,4 47.7 4h.1  44.5

43.3

CLEARANCE
3.4582 3.4554 3.45¢48 3.4549 3.4684 3.4568
3.44615 2.4488 3.4403 3.45614 o] 1.5384

2.8064 ° 4,92789 £.8356 ?.2836 F.6917 8.6124
7.7533 5.8912 4.85339 S5S.4175 . 4.9378 4.5371
4.1972 3.7148 3.5012 3.4545 3.4458 3.4564

DIFFERENC
a [ "] 6225 3.3792
S.8272 £.2353 S5.1542 4,2946% 3.4348
2.5973 1.961¢ 1.4814 1.08087 46568
. 25334 8443 g 0894 )

MEAN 2.435624

EXCESS 37.83461
HEIGHT $.2358
INDEX 5.9398

FIG. A14.4

Inputs to and outputs from program NICOS 2 for a limb with superficial

femoral artery occlusion only.



INPLUT (THIGH)
182.8 175.5 149.2
186.2 146.% 135.9
99.2  £8.9 S1.8
62.3 59.1 54.3
48.5  46.8  A45.1
39.0

CLEARANCE
3.6592
3.6574

19.8453
5.3368
3.6532

3.463583
3.6498
8.2138
4.7646
2.46354

DIFFERENC
g
3.3646
.3842
2]

10.25488
3.0783
g

. 3055

MEAN
EXCESS
HEIGHT
INDEX

3.5531
37.9523
10.2988
3.6916

INPUT (EALF)

175.4 169.8 144.4
144.4 139.7 135.3
99.4 835.0 72.4
S54.1 49.9 44.3
346.2 34.9 33.8
29.7
CLEARANCE
3.2445 3.2438
3.2452 3.2432
12,1891 11.4458
8.0414 7.5291
3.46312 3.2338
DIFFERENC
@ ?.9998
5.1720 5.46123
4.8186 3.4854
g 8P4z
MEAN 3.2459
EXCESS 72,4644
HEIGHT F.7995
INDEX 7.2458¢4

Inputs to and outputs from program NICOS 2 for a limb with combined

362 -

163.1 157.2 151.4
131.8 126.3 114.9
75.92 76.8 46,2
S4.1 sz.2 56.3
43.5 41.9 4G.4
3.6537 3.46584 3.46524
3.46573 3.6457 2
7.4919 7.8197 6.7314
4.0373 3.4560 3.46491
3.46535 3.46543 3.6691
7.1922 4.6406 3.8379
Z.3227 1.6829 1.1169
] 0185 1151
0912 5166 SO316
159.1 154.6 149.1
131.86 1246.8 113.5
76.4 £4.3 538.8
43.9 4.3 38.8
22.7 31.4 38.6
3.2519 3.2443 3.2458
3.2449 g.2512 ")
16.5297 ?.4179 8.58582
7.2564 6.56515 5.8545
3.2581 3.2328 3.2429
8.9428 8.2191 7.2748
5.1355 4.7957 4.2832
2.46887 1.6898 3854
g "] GF4AS5
FIG. A14.5

proximal and distal arterial lesions.

3.5471
13.9338

5.9757
3.64636

2.6547

3.2438
13.2457
8.3813
4.8557
3.25684
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@18 PROGRAM NICOS (INPUT:OUTPUT:TAPELTAPEZ2,TAPE3)

P26 DIMENSION A(31)eT(31)¢D(31)+AV(31),TOT(31)AINDEX(31)
‘921 DIMENSION AVC(31)2TOTC(31) »AINDEC(31)

P30 19 CONTINUE

p4g DO 56 I=1,31

P58 READ(.END.=999¢1»)JrAL(I)

BS55 11 FORMAT(I2+1X:F8.2)
* P66 SO CONTINUE

P73 DO 40 I=1.36

P88 A1=ALOGIS(A(I))

p98 A2=ALOG1IB(A(I+1))

106 T(1)=2.30259#1006.#(A1-A2)

195 IF(1.EQ.11)T(I)=9.

110 60 CONTINUE

115 T1=9,

126 DO 78 I=1+14

138 TiaT1+T(D)

148 79 CONTINUE

154 T2=Ti1/16.

155 D1=3,

1466 DO 896 I=11,30

176 IF(T(1).LT.T2)D(1) =8,

188 IF(T(I).LT.TZ2)GO TO 196

196 D(1)=T(I1)-T2

2006 196 Di1=D1+D(I}

205 B89 CONTINUE

219 'ﬁHAXl(D(ll)vD(lZ)1D(13)9D(14)vD(15)vD(ib)!D(l7)rD(lQ)vD(l?)vD(Zﬂ)v
215+D(21)D(22)»D(23),D{(24) ¢ D(235) ¢ D(27)+D(28) D (29)D(36))
228 R1=Di/R

230 WRITE(3991) (A(I)»I=1,31)

249 WRITE(3+92)(T(1)1n1,30)

250 WRITE(3+193)(D(1)+I=11,30)

260 UWRITE(3,24)T2

278 WRITE(3,»95)D1

288 WRITE(3:94)R

298 WRITE(3:97)R!

360 91 FORMAT(/+1H »SHINPUT +/vb(F5.1+2X)¢/9b(FS.192X) 1 /2b(FS.192X)r/96(F5.1
310++2X) 2/ 2LIFS.102X) e/ +2(FS5.1:2X))

320 92 FORMAT(/+1H +9HCLEARANCE s /216 (FS.401X) 2 /16 (FB.8¢1X) 0/ 16{F8.4+1X) ¢/
. 321+6(F8.491X) v /16(F8.4»1X) v/ +F8.8)

336 93 FORMAT(/+1H »9HDIFFERENC s/ +S(F8.4+1X)»/sS(F8.4+1X)1/2S(FB.4:1X)»
331+/5(F8.4:1X)) .

348 94 FORMAT(/+1H »SHMEAN »F9.4)

3568 95 FORMAT(8H EXCESS +F9.4)

3468 96 FORMAT(8H HEIGHT »F9.4)

378 97 FORMAT(7H INDEX +F9.4)

386 DO 166 I=1.,19

381 WRITE(Z2:98)I,T(I)

382 98 FORMAT(12+1X+F8.4)

383 143 CONTINUE

384 WRITE(2,99)

385 99 FORMAT(ZHI1+1X+2HB.9/+2H1291X22HB .2 /22HI3+1X»2HB.)
3846 DO 161 1=12,38 .

387 WRITE(Z2/,98)I+2:T(I)

388 161 CONTINUE

389 GO TO 1g

468 999 STOP

416 END

FIG. A14.8
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 equaticn A3.11 (see Appendix A3J.



- 364 -

INPUT (THIGH)

198.0 101.8 172.5 164.3 156.5 149.1
142.1 135.4 129.8 122.9 117.1 84.8
53.8 57.6 S54.8 S5i.4 48.9  4b.b
44.4 42.3  4B.3 38.4 3b6.6 34,9

3z, 31.6 38.1 28.7 27.4 26.1
24.8
CLEARANCE
4.8417 4.8442  4.8471  4.8383 4.8493  4.8428
4.8452 4.8358 4.8534 4.8444 g 27.4594

18.3222 6.35647 5.08495 4.8469 4£.8361 4.3543
4.5441 4.8424 4.8542 4.5283 4.5435 4,8489
4.8429 4.356% 4.8260 4.8512 4.84681 4.8349

-- DIFFERENC
B 22.6152 S5.4780 1.5285 «20852
6827 g P123 ) )
9100 2] o/ . 0847 g
8127 @ 8869 8238 2]

MEAN 4.8442
EXCESS 29.8919
HEIGHT 22.6152
INDEX 1.3218

INPUT CCAVF) .

186.8 181.1 174.4 167.9 161.7 155.7
150.6 144.4 139.1 134.8 129.8 92.0
8.6 68.4 54,1  S53.4 51.3 49.4
47.6 45.9 44.2 42.5 41.8  39.5
38.8 36.6 35.2 33.9 32.7 31.5

36.3

CLEARANCE
3.7514 3.7706 3.7635 3.7559 3.77408 3.74619
3.7635 3.746469 3.74649% 3.7549 8 29.3497

12,7449 7.3866 4.98%964 3.8591 3.7716 3.7567
3.7648 3.7548 3.783¢ 3.74614 3.7562 3.7711
2.7548 3.7877 3.7598 3.7536 3.7729 3.7557

DIFFERENC

. $ 25.5849 g.9822 3.46219 1.2249
.B94¢ R "] WBELE é
G169 o] 1% 8064 )
L8230 g 9 39881 %)

MEAN 3.7648

EXCESS 39.5729

HEIGHT 25.584¢9

INDEX 1.5447

FIG. A14.7

Inputs to and outputs from pregram NICGOS for a normal 1imb.



INPUT (THIGH)
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196.8 196.8 164.2 178.6 173.1 167.8
162.7 157.7 152.9 148.2 143.7 134.6
119.3 167.8 97.2 89.2 82.7 77.4
73.1  69.5 66.4 53.7 &1.4 S59.4
57.6 55.8 S54.1 52.5 58.9 49.3 .
47.8
CLEARANCE
3.0985 3.1053 3.1040 3.1652 3.1033 3.1844
3.1023 3.1635 3.1617  3.10635 o 12.1002
10.8851 9.5582 8.5993  7.4024  4.5999 5.7714
4.9951 4.4088 4.9596 3.7889 3.3116  3.8945
3.1838 3.1108 3.0962 3.1165 3.06956 3.1161
DIFFERENC
@ 8.9976 7.7819  &.4556  5.4981
4.4993  3.4968 2.6682 1.8938  1.5657
19564  .4857  .2084 ¢ .0006
6876 9 .6133 6 .0070
MEAN  3.1832
EXCESS  44.5918
HEIGHT  8.9979
INDEX  4.9563
INPUT C€ALF)
172.5 168.8 163.6 159.4 155.2 151.1
137.2 143.4 139.6 136.6 132.4 123.6
118.2 166.5 99.8 84.8 89.2 B84.8
81.6 77.7 74.7 72.2 76.1  68.1
66.2 b4.5 62.8 b1.2 59.6 58.8
56.5
CLEARANCE
Z.6433  2.6478  2.6383 2.6388 2.6842  2.6413
2.6431 2.6433 2.68415  2.4452 8 7.8837
7.8669 6.5478 5.9053 5.3294 4.9987 4.4335
4.1695 3.8969 3.4298 3.8222 2.8644 2.7848
2.6627 2.6400 2.4298 2.4505 2.6364 2.46547
DIFFERENC
@  5.2418 4.3642  3.9651  3.2626
2.6867 2.3480 1.9968  1.4668  1.2542
\7872  .3796  .2238  .1421 .6261
P 6 .0073 8  .0120
MEAN  2.6427
EXCESS  28.0920
HEIGHT  5.2410
INDEX  5.3661
FIG. A14.8

Input to and output from program NICOS for a limb with 1liac occlusion

only.
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INPUT (THIGH)

159.8 141.4 155.1 149.9 143.1 137.5
132.1 126.9 121.9 117.1 112.5 £3.5
7.5 b1.4 57.3 53.7 51.1 48.8
46.8 45.89 42.2 41.5 239.9 33.2
36.8 35.4 34.9 .32,7 31.4 30.1

29.8

CLEARANCE
4.8011 4.0846 4.2126 4.8856 4.0054 4.0099
4.0076 4.0108 3.99906 4.9145 0 26.8794

9.4683 7.6442 4.3807 S.83%1 4.4845S 4.2028
3.9865 4.0132 4.0123 3.9794 4.0138 4.8186
3.988¢9 4.06875 3.99149 4.082%4 3.9993 3.9932

DIFFERENC
g 22.8725 5.4534 3.8372 2.37386
1.8322 4774 1959 @ 0352
<3054 8 8869 . .B117 ]
0606 7} 0225 [} g

MEAN  4.0849
EXCESS  35.4940
HEIGHT 22,8725
INDEX  1.5519

INPUT (CALF)

172.5 166.6 1561.8 155.5 158.2 145.1
143.2 135.4 136.8 126.4 122.1 114.6
114.8 112.1 167.6 168.5 91.6 83.1
76.3 78.6 45.9 42.8 S8.7 55.9
.\ 53.4 51.3 49.4 47.7 46.1  24.5

42.3

CLEARANCE
3.4498 3.4558 3.4564 3.4537 3.44601 3.45546
3.4612 3.4474 3.4599 3.44610 (4] 1.5383

2.4062 4,8783 6.8329 ?.2749 ?.4841 8.4073
7.7494 4.8885 46.0521 S.4161 4.9348 4.5363
4.,16466 3.7144 3.5608 3.4542 3.4454 3.45092

DIFFERENC
] 7] 1%/ 4222 3.3769
S5.3289 6.2286 S.1512 4.2934 3.4324
2.5940 1.9401 1.48087 1.6803 . 6505
.2583 . +84438 ] 8894 4]
MEAN 3:45460
EXCESS 37.8051
HEIGHT 6.2228
INDEX 5.9417
FIG. A14.9

Inputs to and outputs from program NICOS for a limb with superficial

femoral artery occlusion only.
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INFUT (THIGH)

132.6 175.5 169.2 163.1 157.2 151.4
146.2 146.9 135.9 131.6 126.2 114.8
99.2 88.9 81.8 75.9 76.3  66.2
562.3 59.1 54.3 54,1 52.2 50.3
45.5 46,8 A45.1 43.5 41.9 45.4

39.0

CLEARANCE
2.65946 3.46507 3.46541 3.4598 3.4528 3.6473
3.4578 3.6494 3.63578 3.4461 g 13.9565

13.3560 8.3184 7.4945 7.62246 6.7348 5.%2775
5.3372 4.74649 4.6379 3.46565 3.649S 3.64644
3.46536 3.4368 3.659¢ 3.4547 3.6495 3.46551

DIFFERENC
3 16.3820 7.2025 4.464652 3.8410
3.3621 3.8305 2.3248 1.46838 1.1114
.3844 o] e «B105 00061
3 <9955 .BP12 0140 B916

MEAN 3.56535

EXCESS 37.999%8
HEIGHT 19,3038
INDEX 3.68582

INPUT C(CALF)

175.4 169.8 164.4 159.1 154.0 149.1
144.4 139.7 135.3 121.8 126.8 113.5
99.4  S3.8  78.4 78.6 b4.3 58.8
S4.1  49.9 44,3 43.6 48.3  35.8
36.2  34.9 33.8 32.7 31.6 30.4

29.7

CLEARANCE
3.2448 3.2241 3.2522 3.244¢6 3.2461 3.2441
3.2455 3.2435 3.2452 3.2515 g 13.2451

12,2043 11.4776 18.5384 7.4249 8.5448 Z.3863
3.5459 7.5327 7.25%94 5.6339 5.8562 4.8566
3.46517 3.2341 2.2504 3.2331 3.2432 3.2587

DIFFERENC
g 16.01289 8.9581 §.2314 7.2842
6.1787 5.4175 5.1441 4.7%97 4,28465
4.8135 3.44@78 2.6161 1.6165 . 3855
) 0042 ] 7] BB45

MEAN 3.2462 .
EXCESS 72.3516
HEIGHT 18.8199
INDEX 7.2414

FIG. A14.10

Inputs to and outputs from program NICOS for a limb with combined

proximal and distal arterial lesions.
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206160 PROGRAM MEAN(INPUT,OUTPUT)TAFEL!TAPE2)
90195 DIMENSION STAN(31)

96116 DIMENSION AMEAN(31)»ACUM(31) ySQACUM(31)
206111 IND=8

@6112 WRITE(Z2,113)

806113 113 FORMAT (/' THIGH? +/+/)

90120 DO 1 I=1,31

86136 SQACUM(I)=d.

#0140 ACUM(1)=9.

86150 1 CONTINUE

06168 INUM=g

80178 5 CONTINUE

60180 DO 16 I=1,31

80199 READ(.END.=168+1,11) 11,41

#0200 11 FORMAT(I293X1F6.2) . o
80218 ACUM(1)=ACUM(I)+A1 i
20220 SQAsA1#A1

#9230 SQACUM(I)=SGACUM (1)+5QA

69248 16 CONTINUE

66250 INUM=INUM+1

36260 DO 15 I=1,31

99270 READ(.END.=186,1+11)I1,A1

80286 15 CONTINUE

806298 GO TO S

@0390 100 CONTINUE

86316 DO 49 1=1,31

88326 AMEAN(I)=ACUM(I)/INUM
80330 48 CONTINUE

00346 DO 50 1=1:31

90350 RMEAN=AMEAN (1) ##2
80346 BMEAN=RMEAN#INUM
88378 CMEAN=SQACUM (I}-BMEAN
B0375 STANB=CMEAN/ INUM
80366 STAN(I)=SQRT(STANB)
86390 206 FORMAT(IZ:S5X1F12.2+5X¢F12.2)
86406 WRITE(2,286) 1/ AMEAN(I) »STANCI)
80416 S6 CONTINUE

86420 F(IND .EG. 1)G0 TO 158

#0430 IND=1

#0440 REWIND 1 -

96458 WRITE(2,261)

B0468 2561 FORMAT(/+/+'CALF' +/+/)
86470 DO 68 I=1,31

#0486 READ(.END.=185,1+11)11,A1
#0490 68 CONTINUE

#0586 GO TO 5

#0518 165 CONTINUE

#6520 156 STOP

80536 END

FIG. A14.11
Program MEAN for the evaluation of the mean values of T before and after
exercise, maximum post-exercise T, total excess post-exercise T and the

Hyperacmic Index.
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INPUT (THIGH)

160.4 153.2 1446.4 139.8 133.6 127.6
121.9 116.5 111.3 186.4 181.6 74.9
57,9 S51.8 47.8 45.3 43.2 41.2
39.4 37.6 36.86 34,4 32.9 31.4
30.8 28.7 27.4 26,2 25.1 24.9

22.9

CLEARANCE
4.5847 4.5726 4.569% 4.5716 4.5632 4.5598
4.5544 4.5540 4.5478 4.5479 8 25.46140

12.6206 6.5614 S.2449 4.8373 4.6457 4.5415
4.5449 4.5109 4.5203 4.5211 4.5122 4.5255
4.4959 4.4888 4.5098 4.4826 4.52460 4.4786

DIFFERENC
g 21.8512 8.8578 1.9986 7821
2745 0829 8 o [
2] ) 9 2 ]
o o @ ] 9

MEAN 4.5628
EXCESS 32.1669
HEIGHT 21.9512
INDEX 1.528¢

INPUT (CALF)

166.2 159.3 152.8 146.5 148.4 134.7
129.1 123.9 118.8 113.9 189.3 81.6
2.4 55.7 52.3 +49.7 47.5 45.5
43.6 41.8 4.1 38,5 34.9 35.4
34,4 232.64 31.3 36.8 28.8 27.7

BPC Ewaess oo i,

246.5
CLEARANCE
4.2099 4,2106 4.1976 4.1963 4.1944 4.1921
4.1817 4.1873 4.1771 4.1669 g 26.7139

11,2268 6.4253 5.1618  4.5717 4,3857 4.2608
4.1457 4,.1564 4.1481 4.1379 4.1471 4.1284
4.1441 4.8995 4.1415 4.1121 4.1676 4.06952

DIFFERENC
g 22.5226 7.8355 2.2340 9698
. 38064 1144 0096 g 8
@ ) o g - o
o 8 "] 0 )

MEAN 4.1913
EXCESS 33.2063
HEIGRT 22.5226
INDEX 1.4744

FIG. A14.12
Mean values of T before and after exercise, maximum post-exercise T,
total excess post-exercise T and of the Hyperaemic Index in Group A

(normal 1imbs) (from program MEAN).
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INPUT (THI6M)

191.4 184.4 177.6 171.8 164.7 158.7
152.9 147.3 141.9 136.7 131.7 128.8
166.8 94.2 68.1 B1.4 75.9 71.3
67.5 b&4,2 b1.4 S59.8 52.6 50.7
48.9 47.2 45.S 43.9  42.3 48.9

39.4
CLEARANCE
3.7636 3.7523 3.7324 3.7448 3.7414  3.7428
3.7328 3.7286 3.7266  3.7265 g 12.3730

18.3957 8.8492 7.8511 7.8336 6.2248 5.5592
4.9376 4.40698 4.9863 11.5053 3.64614 3.5959
4 3.4027 3.46054 3.5806 3.5954 3.5826  3.5807

DIFFERENC
g B8.46317 6.6544 S.6989 4.1899
3.2924 2.483% 1.8089 1.1964 6686
«3450 7.7641 g ] 0
9 2 o ] ¢

MEAN 3.7412
EXCESS 42.0538
HEIGHT 8.6317
INDEX 4.872¢

INPUT (CALF) .

186.5 174.3 168.2 162.4 156.8 151.4
S 146.2 141.2 136.3 131.7 127.2 115.6

163.1  93.5 85.8 79.4 74.1  69.6

65.8 2.5 59.7 57.2 52.9 51.8

49.2 47.5 45.9 44.4 42.9 41.5

40.1

CLEARANCE

3.5182 3.5157 3.5144 3.5149 3.5041 3.5814

3.4938 3.4955 3.4929  3.4855 # 11.4599 '

?.8649 8.5845 7.46901 6.9587 6.25087 5.56441
5.4961 4.5987 4.2596 7.8311 3.46963  3.553%
3.4736 3.4025 3.40897 3.3992 3.3886  3.4674

DIFFERENC
B 7.9563 6.3613 5.0809 4.1864
3.4558 2.7471 2.1484 1594 1,.6951
7568 4.3275 1926 84956 ¢
g g a g 2

MEAN 3.58346
EXCESS 39.8827
HEIGHT 7.9563
INDEX 5.0127
READY.

FIG. A14.13
Mean values of T before and after exercise, maximum post-exercise T,
total excess post-exercise T and of the Hyperaemic Index in Group B.

(Limbs with iliac occlusion only) (From program MEAN).
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INPUT (THIGH)

158.5 151.9 145.6 139.5 133.7 128.2
122.9 117.8 112.9 188.2 183.7 82.3
2.5 S$6.9 S53.3 S56.3 47.9 45.8
43.8 42.4 48.3 38.6 37.8 35,5
34.86 32.6 31,2 29.9 28.7 27.5

26.3

CLEARANCE

4.248466 4.2494 4.2515 4.2382 4.2384 4.2448
4.2402 4.2416 4.2444 4.2491 g 27.5685

9.3743 6.4632 | 5.8993 4.8711 4.4196 4.3728
4.2629 4,.2539 4,2355 4.24685 4.2242 4,.2633
4.2381 4,2333 4.2532 4.2327 4.2378 4.2734

DIFFERENC
g 23.3231 5.1289 2.2178 1.56449
6256 1741 1274 8175 B985
e 8150 ] 6179 8
) 8078 9 . 8 «8279

MEAN 4.2454
EXCESS 33.33464
HEIGHT 23.3231
INDEX 1.4293

INPUT ( CALF)
149.6 144.4 139.5 134.7 138.8 125.5
121.2 117.@ 113.8 169.1 195.3 3.7
91.6 89.8 85.8 79.53 78.3 63,7
58.3 53.8 58.0 46.9 44.3 42,1
46.3 38.7 37.3 36.86 34.7 33.5

32.4

CLEARANCE

3.5832 3.5012 3.5094 3.50862 3.5141 3.5198
3.5699 3.5128 3.5031 3.5868 8 2.2995

2.8467 4.5515 6.9253 12.0386 9.8828 8.9654
8.9515 7.2245 6£.4379 S5.7008 5.8913 4.5413
4.0046 3.7144 3.5235 3.5081 3.5143 3.4969

DIFFERENC
] ) g 1.06447 3.418%6
8.5318 6.3768 5.39846 4.5447 3.7197
2.9311 2.1948 1.5846 1.8345 4978
20876 91467 0614 B9 8

MEAN  3,5668
EXCESS  41.5114
HEIGHT  8.5318
INDEX  4.8655

FIG. A14.14
Mean values of T before and after exercise, maximum post-exercise T
total excess post exercise T and of the Hyperaemic Index in Group C.

(Limbs with superficial femoral artery occlusion only) (From program MEANJ.
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INPUT (THIGH)

173.0 166.7 168.6 154.7 149.1 143.6
138.4 133.3 128.5 123.8 119.3 1087.4
94.5 84.7 76.8 76.2 &4.7 60.3
56.5 53.5 56.9 48.8 47.8 45.3
43.7 42.1 48.6 39.2 37.8  36.5

35.2

CLEARANCE
3.7385 3.7279 3.7236 3.7199 3.7243 3.7094
3.7997 3.7847 3.7018 3.7816 g 12.8579

16.8717 ?.8588 8.9276 8.9925 7.1846 4$.3533
5.5813 4.84659 4.2511 3.8847 3.46655 3.4214
3.46152 3.46039 3.56899 3.5863 3.46099 3.4028

DIFFERENC
[ 9.1417 7.1556 6.1427 §.2115
4.37464 3.4484 2.6372 1.8652 1.1498
9349 1686 @ 2 2
gy a @ [*) "]

MEAN 3.71614

EXCESS 41.8519
- HETGHT 9.1417

INDEX 4.5781

( INPUT (CALF) :
169.2 163.6 158.2 153.8 148.8 143.1
138.4 133.9 129.5 125.3 121.2 112.9
166.86 168.6 95.6 98.7 85.4 86.1
74.7 &9.4 &4.7 4B.8 S7.5 54.6
52.1 49.8 47.9 46.1 44.5 43.0

41.7 -

CLEARANCE
3.358¢ 3.3555 3.3478 3.3421 3.3388 3.3313
3.3266 3.3252 3.3119 3.3098 g 6.2409

5.3049 S5.0466 5.3259 5.9291 6.4649 7.8853
7.3313 6.9809 6.2151 5.5617 S5.1181 4.7592
4.4139 4.8733 3.7897 3.533%6 3.2947 3.234%6

DIFFERENC
) 2.9652 1.9761 1.7119 1.9911

2.5943 3.1301 3.4674S5 3.9945 3.6461
2.8863 2.2269 1.7834 1.4244 1.8791
. 7385 « 4549 .1988 é "]

MEAN 3.3348
EXCESS 346.4021
HEIGHT 3.99465
INDEX 9.108S
STOP

ce $.692 SECS.

RUN COMPLETE.

B T sk Fraan UM,

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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218 PROGRAM CLEAR(INPUT,OUTPUT,TAPEL)
320 DIMENSION A(48) T (4A)
925 DIMENSION G(é&8)
9256 DIMENSION JI(84)
p27 DIMENSION AJ1(30)
339 PRINT 5
#4080 S FORMAT ('ENTER VALUES BEFORE EXERCISE?)
356 DO 18 I=t.11
A69 READ 11,A(I)
870 11 FORMAT(F4.2)
388 18 CONTINUE
108 PRINT &
119 & FORMAT(' ENTER VALUES DURING EXERICES’)
126 DO 1S 1=12,18
139 READ 11,A(I)
. 149 15 CONTINUE
150 PRINT 7 .
168 7 FORMAT{'ENTER VALUES AFTER EXERCISE')
176 DO 26 1=219,39
188 READ 11+A(D)
199 280 CONTINUE
283 DO 25 1a21.10
218 AL=(A(D) -AC(I+1))/ (A(TI)+A(T+1))
220 T{(l)=A1%200.
230 25 CONTINUE
240 DO 36 1=a12+17
254 Al=(A(I)-A(I+1)})/CA(II+A(TI+1))
268 T(1)=A1#200.
278 30 CONTINUE
284 DO 46 [219:38
298 At={(A(D)-A(I+L))/(A(I)+A(I+1))
308 T(1)=A1+280,
318 44 CONTINUE
315 T(11)=3.3T(18)=6.$T(39) =0,
320 PRINT 45+(T(1)11=1,18)
330 PRINT 469 (T(1),1=12,17)
348 PRINT 472 (T(1)1I=19:38)
358 45 FORMAT (’CLEARANCE BEFORE EXERCISE'»/25(Fé.2:2X)s/+5(Fb6.2:2X))
3460 46 FORMAT('CLEARANCE DURING EXERCISE’?:/+ShFA.2+2X)1/15(F6.2:2X))
370 47 FORMAT('CLEARANCE AFTER EXERCISE ":/r5(Fb.2:2X)1/+S5(Fb6.2:2X))
382 DO 56 121,39
399 GIII=(T(11%2.5)
460 JI(1)=G(I)+1
416 50 CONTINUE
426 PRINT 48
438 43 FORMAT(/:'GRAPH OF RESULTS':/+/)
444 PRINT 69
450 60 FORMAT(1H 179 (1H#))
460 RJI(1)=1H+*
445 DO 96 J=1,38
476 76 DO 75 1=2:.80
426 AJI(I)=1H
9S85 75 CONTINUE
566 AJI(JI (AN +1) =1H+
518 1IF(J .LT. 11)G0 TO 80
520 IF(J .EQ. 11)G0 TO 89
530 IF(J .LT. 18)G0 TO 31
S49 IF(J .EQ. 15)G0 TO 89
550 B@ PRINT €6
551 PRINT 85+ (AJI(K) +K=1,80)
568 GO TO 89
576 31 CONTINUE
580 86 FORMAT(1H*)
589 PRINT 85 (AJI(K) 1K=1,808)
596 GO TO 8¢9
4948 85 FORMAT (8dA1)
616 29 TONTINUE
6200 98 CONTINUE
636 STOP
644 END

FIG. A14.186

Program CLEAR for the evaluation of T before, during and after exercise.
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77709/04, 13.18.40,
PROCRAR  CLEAR

408 C CuanCE OF TYPL [M ITATEMENT - DONINANT TYPE USED
INTEA VALUES BEFORE CXEAGISE
* 198,

LR RV P PR

b
AENTER VALUES DURING CITRICKS
v . .

* 18.2
ENTER VALUTS AZTER EILRCISK
“”

eharuNNOS

? 241

? 4.0

* 2.4
CLEARANCE DLFORE KIERCISE
4.43 4.0 .07 .84 ;.".
#

4,78 4,03 (3
CLEARANCE DURING EIERCISE
27.48  27.8%  29.37 29.37

e,
CLEARANCE APTER CXERCISK :
£7.33  18.39 &.20 4,78 4.98
.24 .49 3.07
S04 4“4 4,99 4.7 S.1e
4.4 4,40 .88 .11 4.%

CRAPH OF RESLTS

P800S 00NN ANNNLNEILCPEP RN CLLRRERNSRILERROCNOEIRORCEEERLES

Wssresnsunsss

7o
cr J.931 $TCS.

FIG. A14.17

Graphical output from program CLEAR for the thigh of a normal limb.
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I2/09/94. 13,4284,
PROGRAR  CLEAR

400 C CHANCE OF TYPE N STATERENT - DOMINANT TTPR USKD
ENTER VALULS BEIFORE LXCRCISE

PR L PR R P
I
.-
~
-

9.3
THTER VALUES DUAING RITRICLS
M

19,3
ENTER VALURS AFTER EXTRCISC

L P PE R LR R TR I
»
o
H
°

ARANCE SCFORE EXCRCISEK
4,24 4.3
4,23 4.39 2.29
CLEARANCE DURING EXCRCISE
:7.:: 2¢.82 20.%8
CLEARANCK AFTER CXENCISE
27.06 .7 b 20
.24 4.4
8.33 477
4.70 420
CRAPH OF REBULTS

4.22
4.0

20,12

4,37
2.64

29,03

1
4“8

RS EEEIS 000 ENREENNECNCOtAANTEURORSIORORNOIEREDORRS

nesusssseans
.

ToP
cP #.938 sECS.
RUN COMPLETE.

bve

TLLECAL COMmAND.
Welr Sy IQFCIwK =R, wORZhRICToCo4{T 521 008

FIG. A14.,18

Graphical output from program CLEAR for the calf

of a normal
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TT/09/00, 0#9,4Q.49.
PROCRAN  CLEAA

408 C CHANGE OF TYPE IN STATEMENT « OOMINANT TYPE USED
ENTEN VALUES 2EFOAL RXERCISE

EL

DL L R B P e

”,
ENTER VALUES OURING QXERICES
L

* 3.
ENTER VALUZS AFTER RIERCISE
1.3

L L L LR T T 2 R R e R e SR SR
»

16,29 12,24 11,49
CLEARANCE APTER EXIRCISE
12.32 .29

9.38 647
3.2¢ 4.93 4,33
4.26 . 1® 4,30
4.3 4.28 3.33
GAAPH OF RTSULTS *
s6000000s0080
.
. .
.
. -
.
- -
L)
. .
.
. - .
)
" .
-
. .
-
» -
.
. .
-
- *
. *
. -
. -
- . f
L . '
- *
.
- L
.
* *
. .
. . .
.
. .
L
L] *
.
- .
.
3 *
*
» PR
.
. LY
. 2
Y N
. A
- Loe
. <
L] 4
. .
» .
L
. -
.
- *
[
M -
. . M
L P 4
. M
- -
L4
. .
-
» -
sTOP

FIG. A14.18

Graphical output from program CLEAR for the thigh of a limb with iliac

occlusion only.
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‘..
P1/89/00, 09.39,84,
PROCRAN  CLEAR

490 C CHANOE OF TTPE IN GTATEMENT = DONINANT TTPE USTD
tl:l VALUCS DPLFORL CIRRCISE

R L L L L R

122.7
(:7[: VALUES DURING RXCRICES
&,

~
-

I X900 T

A AA LI ERLE L 1Y

“

4

4

40.1

CARANCE BEIFORE EIERCISK

3.9 3. % 2.9 3,97 3.94

3.% N 3.9 .04 3.0

3:-;; 20.99  13.19 11,00 %
.

CLEARANCE ATTEIR LXRRCISK

.7 [ B¢ 7.07

s o2

Bel
» 3.0
CRAPN OF RISULTS

s0e
NP B G EE AT EEREINNEEeEsnrinirtudseideeeeeossasassitacsstocansasannses
.

3
o
v

FIG. A14.20
Graphical output from program CLEAR for the calf of a limb with iliac

occlusion only.



- 378 -

17/09/08, 18.31.26.
cLEan

. PROGAAR

400 C CHANGE OF TYPR Lk STATEMENT = DONINANT TYPE USED
UNTER VALULY JEFORE KXERCIOR

N
2
b
)

3

o

ZARANCE SCFORC TXERCISE

4.9 3.4 4.39 3. 4,37
4,33 4.93 4,20 4,47 18.3¢

CLEARANCT DURING KILRCLSR

:;-x 27.83  I0.39  20.04 20,88

CLEARANCE APTEN KICRCISE
22,63 12.19 [y .13
4,59 4,44 4.43 2,08 4.39
4.2 47 3.83 4,00 4,47
4,33 .58 “©7 3.90 S.2

GRAPN OF RESULTE

~
PN P00 8E0NP0N000N00000R00NRECEAERERActinaEttonssttessitiossisessssns
.

i

cr 9,94 SKCS.

RUR COReLETE.
sldeclanr
mfany,

Fig A14.21
Graphical ocutput from program
CLEAR for the thigh of a limb
with superficial femoral artery

occlusion only.
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77/09/86, (4,054,853,
PROCRAN AR
440 G CHANGR OF TYPE 1N STATEAENT < OOMINANT TYSC nELD
INTER vALuES BLPORE CXERCItE
78,
1ed.?
1D
197.1
132.3
147.9
1874
139.3
133.2

131,12

127.2

CNTER VALUCS BUATHG CIERICCS
T 11e.

FE R R

7 3% -

* 3.
ENTER VALULS AZTEN EXERCISK
* 3

EE L EE L L]
i
H
4

7 43.9
CLEARAMCE SKYORE EXERCISE
¢ 20 204 381 LY 2.4
298 3.4 2040 3 ez
CLEARANCE OURING EXERCISE
S U R R
1.
CLEARANCE AFTER CXERCISE
L .81 2.20 292 820 7.ae
10.23 12,44 AN 640 LN
200 233 342 223 2%
¢ 383 2% 33 w12 B

CRAPH OF REIULTY

“7s .79

20080 0o 08000840000etints Nttt aensiBORsRRCRRsRINIREILIRRICEE

¢ .
.
.
. .
..
. .
.
. .
-
. .
.
. .
.
. -
sTop
ce #.907 SECS.

RUN CORPLETE.

Fig A14.22

Graphical output from program
CLEAR for the calf of a 1limb
with superficial femoral artery

occlusion only.
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-

-

-~

-~

. F4
© CLEARANCE AFTER LYEACISE
26 1,09 3,33
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72/09/80, 14,34.37,

PROGAAN  CLEAR
408 C CMANOE OF TYPR TN RTATENENT = DONINANT TTPE UELD
1 4

ENTER VALUCS SEFORE J1ERCIY
162,93
187,93

PR LY R L)
P -

»

-

-

119.2
ENTER VALUCS DUAING CIERICES
0.

T 4%.4 .

Y .
CLEARANCE BEFORL RICRCICK
.13 3.32 2.93
8 .0 .11
CLIARANCE DURING SILRCISE

.29

27.87 .02 -87 .23

.07 .97 .49 [ 314 7.4%
433 79 3.57 4,43 3.50
.04 T.00 s.08 “.n .20

CRAPH OF ACSULTS

.
+
.
.
80P .
o 0.947 sgcs.,
:'Jl ComPLETE.

Fig A14.23
Graphical output from program
CLEAR for the calf of a limb
with combined severe aartoiliac

and femoral lesions.
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77/89/88, tdollidg,
PApCRAn (LA
400 € CHANCE OF TTRE Iw STATEMINT - DOMIMANT TYRQ u3ED
ENTER vALUES PEFORE grEscied
102,

PR T R R R RPN
-
-
K3

122.7
CNTER VALUKY OURING CIERICKS

? 30,
ENTEA VALULS AFTIR KIZACISE
T 19%.4

PR EZEE LR ]
geggasegiiey

-

-

bd
Pheubuase-a’e

-
-
h

T 40,4

CLEARANCE JEFORE RIKRCISK
2,92 2.9 2.9 2.00 4.83
2.9 3.94 3.99 3.2 3.92

l;.‘) 22,22 14,29 12,34 11,4

3¢
CLEARANCE AFTER EXIEACISZ
10,16 9.42 To76 7.0 b4
9.2 a0 4.2¢ 3.98 3.9
3.97 3.99 392 3.98 4.0
L2 3] .72 .97 4,82 2.88

CRAPH OF RESULTS

. o o o

A L R PR Y P
o
.
.

#.923 $ECS.
RUn conPLETE.
oo

Fig A14.24
Graphical output from program CLEAR
for the thigh of a limb with combined

severe aortoiliac and femoral lesions-
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77/89/12. 12.51.24.
PROGRAM Kb
318 PROGRAM LAMDAL (INPUT:DUTPUT»TAPELTAPEZ)
#1S REAL BrA»Q1,22,33:Q4.4
020 S CONTINUE
#38 PRINT 19
046 18 FORMAT(’ ENTER BS:*)
958 READ 11.D5
#5S IF(DS .EQ. 9.)GO TO Z8B
866 11 FORMAT(F1Z.6)
76 PRINT 12
¥75 12 FORMAT(’ ENTER Dig:’*}
874 READ 11.D18
Be1 PRINT 75
Be2 75 FORMAT(* ENTER D283 ")
#82 READ 11.:D20
183 A= ( (900 .4D5) - (444, 4D13)+(4&3,2D2B) )/ (25F.#((2.#DS) - (Z.#D183) )}
113 PRINT 13»A
128 13 FORMAT(' A IS:'»F1Z2.4)
1368 B=1.-A
125 Q1=DS5*#((18.2A)~1.+(Exx#18.))
135 Q2=D16*» ((S.#AY-1.+(E*25.))
148 QA3=(1.~-(B*#4S5.) % ((15.,#4)-1.+(B*%18.})

142 R4s(1.-(E*x10.) ) {(S.#A)-1.+(B*%5,})

158 B=(f.9*{R1-32))/(A2-24)
140 95 CONTINUE

145 45 CONTINUE

179 PRINT 14.Q

1233 14 FORMAT(?* @ IS:’:F15.5)
199 Z=((F.8%D0)1-{(QA# (1.~ (E*¥%5.1)}1)/(18.+4)
228 PRINT 152

233 1S FORMAT(® I IS:3:7,F12.6)
240 WRITE(1:25)DS+D1GrA0» 2
245 25 FORMAT(S5FLS.5)

258 GO TO S

248 286 STOR

279 END

Fig A14.25
Program K8 for evaluation of a, Qo and

A by employing three numbers (DS,D10

and 020] (See section 4.21).
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A IS: 147334
3 IS: 19.17325

Z Is: 23986729

"ENTER D1#:

5 7.7

ENTER D23} 2
2 7.9

A IS: L2BT9E8

2 IS: 5.732498

Z Ig: 14130 _
ENTER DS: =

T 2.5

ENTER Dif:

"ENTER D2@; 3
5 3.8

A IS: 214552

2 1S: S EZA25

Z 1S: 50644

ENTER D5: =

'? ‘-653‘7

ENTER Difs:

> 1.1

ENTER D2} 4
‘? 1.

A IS: 17 LBEE

g ISt B2BLE

7 IS: B29B25

Fig A14.26

Values of a, Qo and A for a normal limb (1], a limb with
iliac occlusion only (2], a limb with superficial femoral
artery occlusion only (3) and a limb with combined
aortoiliac and femoropopliteal occlusion (4).

{Output from program K8,
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APPENDTIX A15

DERIVATION OF AN ADVANCED

HAEMODYNAMIC MODEL.
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Aim

The information abtained from the simultaneous clearance
studies from the thigh and calf (Part II) and from the 2-pool
haemodynamic model (Part III), was used to develop the 3-pool heam-

odynamic model presented in this Appendix.

Theoretical Considerations and.Development of the 3-Pool

Haemodynamic Model.

In order to elucidate§the.go§ition and the significance of
combined aortoiliac and femoropopliteal lesians, the arterial tree
of the lower limb is considered to be composed of three pools of blood
(Fig 4.2) : Pool 1, is an infinite pool containing the amount of
blood above the proximal lesion. Pool 2 is a limited pool containiug
the amount of blood (Q) between the proximal lesion and the point
of an intramuscular injection of gngc in the thigh. Finally, pool
3 is a limited pool also, containing the amount of blood (U) between
the distal arterial lesion and the point of an intramascular injectiaon
of gngc in the calf (Fig A15.1). The thigh is chosen as the site
of the proximal injection of gngc, sﬁ that the isotope clearance
is measured distal to an aortoiliac lesion, similarly, the calf is
chosen as the site of the distal injection, so that the clsarance of

the isotope is measured distal to a femoropopliteal lesion.

It is assumed, that during a period of repeated elevations
of the heel from the ground (tiptoeing), the same amount of blood
(x) is brought into pool 2 from Pool 1 (Fig A15.1) during each tiptoe
cycle. It is also assumed that a constant proportion (a) of the blood
contained in Pool 2 leaves via exits A, and A2 during each tiptoe

1

cycle, which is a fraction of the amount of blood in Pool 2 at time n
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[Qh)' A fraction (a) of a leaves via exit Al and enters into Pool 3,
while another fraction (a-a) leaves via exit A2 into the thigh veins.
Finally, it is assumed that a constant proportion (8) of the blood
contained in Pgol 3 leaves via exit B during each tiptoe cycle; B,

is a fraction of the amount of blood in pool 3 at time n (Un]. The
amount of blood [Ql]_in Pool 2 at the end of the first tiptoe cycle equals
the amount of blood in Pool 2 at rest (Qd), minus the amount that

left Pool 2 [E.QO), plus the amount that entered Pool 2 [XI]. thus

Ql = QO - a . QD + Xl - (A']S'}] -

Equation A15.1 can be rewritten as

Q. = (1 -a) . Q, * %y (A15.2)

At the end of the second cycle

02 =(1-a). Dl + X2 (A15.3)
Substituting Ql from equation A15.2, equation A15.3 can
be rewritten as
0, = (1-a[t1-2a).q +Xx1+*X (A15.4)
or
0, = (1-2%.0 +(1-2a) X +X (A15.5)
2 "o 1 2

Similarly at the end of the third cycle

QB = {1 - a) 0, * X3 (A15.6)

Substituting 02 form equation A15.5, equation A15.68 can

be rewritten as
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= (1-a) [(1—5)2 . Q (1-a) Xy * x2] + Xg (A15.7)

or

_ =43 7.2 =
03 = (1-a)” . QQ + (1l-a) X1 + (1-a) X2 + X3 (A15.8)

So, at the end of the nth cycle :

-,n-1

8 = (-2 . g o+ (-2 %+ -2 XX (AY5.9)
n 0 n

1 2

Assuming that the same amount of blood enters Pool 2 during each

tiptoes cycle, then,

and

C1-(1-a)" L (A15.10)

Q, = 9, (1-a)N+

The amaunt of blood [UlJ in Pool 3 at the end of the first
tiptoe cycle equals the amount of blood in Pool 3 at rest [UOJ. minus
the amount that left Pool 3 (B. UO), plus the amount that entered Pool 3

Ea.QOJ. thus

Ul = (1-8) UO + a Qo. (A15.11]

At the end of the second cycle

_ _ _ = r. .=
U, = (1-8) [(1-B) U +aq J+a0 (1-3) + L} (1 a]:}k
a {A15.12)

or

U, (1-8)2 U+ al1-8)a, + al1-8) q_ +-[?r(é-él:kx (A15.13)
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Uy = (1-8) U, + aQO(1-532 +[:1-(1-§]%] . A

(A15.44)
3
or
Uy = (8)3 U +a (1-8)%2q +a (1-3) . (1-8) g
3 o (o) * (o)
~ (A15.15)
+ (1-8) [E-[l-éJ:I. A+ all-3)% g + [}-[1-5)%] A
5. 0 —'—é'——
th .
Therefore, at the n cycle
Uy = (=87 u_ + a0 [0-80""0 4 (-3 (e 2 el
cereeees + (=372 (1-8) + -3 L
» C[-a-3] . a -8 2 s [1-0-3%] . (1-8)"3
( 3 3
feeveen #1203 2 (1-8) ¢ 1-(-m™ )
a a (A15.16)
because
[(1-8)""% + (1-a) . (1-80"°2 & ...... o+ (-3

is a geometric series with first term

A= (l-B]n-1 and common ratio R = (—1-—---‘?l

Sum of series = A l-Rn

H
~—
[
ko)
S?
3
1
—
—
]
3=
gt
™)
25
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1 a-g)" - a-3)"

1-g)"  Q-g)- 1-a)
1-8

=(1-g)"

or

n =N
Sum of seriss = (L Bié_;][l-a] (A15.17)

Similarly, the series in curly brackets in equation A15, 16 can be

rewritten as

I:“tl-m“‘z s (183 .+ (18 + 1“

i >

(¢

13 s 2 v (-3 . -0 e

(

s (1-3)"3 (1-8) + cl-a)“"zﬂ (A15.18)

The series in double curly brackets in equation (A15, 18) is a
geometric series with first element A = 1 and ratio R = (1-B) (counting

backwards])

n-1
- 1-(1-8)
Sum of series = 1 . 1-C1-8)
or
- S n=1
sum = 1 (lBBJ '
(A15.18a)
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The series 1in single curly brackets in equation (A15.18) is a geo=-

metric series also, with first element A = [l-B]n-2 and common

ratioc R = (1-a )
( 1-8)

= N-1
Sum of series = (1-8)" 2 1- E%E%;
- (1-8)
(1-8)

or

Sum = (1-8)" % - (-3 )
(5-8)

(A15.19)

Thereforse, by inserting equations A15.18, A15.18a and A15.18 into

equation A15.16, this can be rewritten as

_ _aiNn -p _ _=4N
Un = (1-B8]} U0 + aQD E (1-8) [lva) }
(3-8)

+
ot} >

[1-a-20" ! 1-2 -3 [t - a-:n7t )
—————————— a —
B (a-8)

(A15.20)
Let, wn be the amount of blood that has left Pool 2 from the

beginning of the first to the end of the nth tiptoe cycle. wn s
equals to the amount of blood {n.A) that has entered Pool 2, plus
the amount of blead (QO) in it at rest, minus the amount of blood (Qn)

that remains in Pool 2 at the end of the nth cycle, thus

W =n.x + QO - Q
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Substituting Qn from equation A15.10

a

W= nad o+ Q- 9 (1-a)" - [1-(1—51”] A

Let, l-a = o (A15.21)
Then-
= - n _ -g]n ..
Wy = PA+ Q) - Q0 - [ (1297 ]. 2 (A15.22)
a
ar
- A - n ~n
W "5 (an-1+0) +0Q (1-0™) A15.23
a o .

Let, Sn be the amount of blood that has left Pool 3 from the beginning
of the first to the end of the nth tiptoe cyecle. Sn' equals to the
amount of blood [[-? ) wh ] that has entered Pool 3, plus the amount
of blood (UO) in itaat rest., minus the amount of blood (U;} that

remains in Pool 3 at the end of the nth cycle, thus

_red }
Sn - [Fé] ' wn] * Uo Un

ar

s, - _% (an - 1 + (1-a)" 3 + ¥ (1-c1-33")

a a

n =40
E (1-8) - (1-a) ]

pll> -

[ o1-01-)" Y 7+ 2 -3 [a-e)" L -a-377t ]
B 5-8)

1
i py>

(A15.24)
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The amounts of blood wﬁ and Sn that leave Pool 2 and Pool 3
raspectively from time t = 0 to time t = n, 4i.e. by the end of the
nth cycle, are proportional to the total percentage clearance for the
thigh and calf respectively; between t =0 and t = n, i.e. total

percentage clearance for thigh = D‘n and total percentage clearancs

for calf = D .

Therefore

Wh = Ko D7 (A15.25)
and

S, =K D77, | (A15.26)

Where K 1s the muscle to blood partition coefficient for

the isotope used.

Wn can be substituted in equation A15.25 from eguation A15.23.

Similarly, S_ can be substituted in equation A15.26 from equation

n

. A15.24, Therefore, by solvingvs equations of the form Wn==KD’n and
Sn = K.D'; far 3 values of n, the unknowns of the 3 pool haemodynamic

model, a, a, B, QO, UO and A, can be determined.

The 3-pool heamodynamic hodel can be validated by doing the
standard tiptoing exercise of 5, 10 and 20 movements used in the 2 -
pool haemodynamic model, with the measurement of the simultaneous

clearance from the thigh and calf.
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The decrease in radiocactivity during sach one of the 3
exercises (5, 10 and 20 tiptoe movements) would provide 3 values
for the fhigh and 3 values for the calf from which the equations

can be solved and the valuss of a, 5. B, QO, U0 and A can be found.
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POOL 1

collateral vessels

site of injection
in thigh

collateral vessels

_‘ = v=(a-a). Qp1
Gl distal arterial lesion

POOL 3

site of injection : U
in calf '

Three-pool Haemodynamic Model

Fig. A15.1



