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ABSTRACT 

Whole blood v i s c o s i t y ,  plasma v i s c o s i t y ,  e r y t h r o c y t e  d e f o r m a b i l i t y ,  and f i n g e r  

s y s t o l i c  p r e s s u r e  (FSP) were measured i n  t e n  p a t i e n t s  w i t h  primary v a s o s p a s t i c  

(Raynaud-s) d i s e a s e  b e f o r e  and a f t e r  a c o n t r o l l e d  double-blind p r o s p e c t i v e  

t r i a l  involv ing  dazoxiben (a  thromboxane i n h i b i t o r ,  P f i z e r ) .  Five of the  

p a t i e n t s  were ass igned  t o  dazoxiben and f i v e  t o  placebo.  

Before t r e a t m e n t ,  t h e  FSP a t  10 OC i n  t h e  p a t i e n t  groups was s i g n i f i c a n t l y  

lower than t h a t  i n  a normal r e f e r e n c e  group,  bu t  a l l  rheologic  v a r i a b l e s ,  

measured a t  37 and 10 OC, were normal. There was no s i g n i f i c a n t  c o r r e l a t i o n  

between FSP and rheology.  Dazoxiben d id  n o t  y i e l d  any s u b j e c t i v e  r e l i e f  o r  

g ive  any o b j e c t i v e  e f f e c t .  

INTRODUCTION 

The mechanism of the  v a s o s p a s t i c  r e a c t i o n  t o  co ld  i n  Raynaud's phenomenon/ 

d i s e a s e  i s  s t i l l  unknown. Severa l  s t u d i e s  i n  the  l i t e r a t u r e  have r e p o r t e d  on 

a l t e r e d  blood v i s c o s i t y  i n  p a t i e n t s  s u f f e r i n g  from symptoms of primary 

Raynaud-s d i s e a s e  (3, 4 ,  1 0 ) .  Goyle and Dormandy ( 4 )  suggested t h a t  t h i s  

phenomenon may be caused by a n  abnormal i n c r e a s e  i n  t h e  v i s c o s i t y  and t h e  

y i e l d  stress of blood i n  response t o  a l o c a l  f a l l  i n  temperature .  

We have measured blood v i s c o s i t y  and f i n g e r  s y s t o l i c  p r e s s u r e  i n  t e n  p a t i e n t s  

wi th  primary v a s o s p a s t i c  d i s e a s e  i n  connect ion w i t h  a c l i n i c a l  t r i a l  on t h e  

e f f e c t  of dazoxiben,  a drug proposed t o  have a t h e r a p e u t i c  v a s o d i l a t i n g  

e f f i c a c y  ( 6 ,  9 ,  1 1 ,  1 2 ) .  

MATERIAL AND METHODS 

P a t i e n t s  

The p a r t i c i p a t i n g  s u b j e c t s  were o u t - p a t i e n t s ,  inc luding  seven women and t h r e e  
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men aged 21-50 and 24-48 y e a r s  r e s p e c t i v e l y .  

The s u b j e c t s  were s e l e c t e d  a c c o r d i n g  t o  a c r i t e r i o n  of a t y p i c a l  h i s t o r y  of 

p r imary  v a s o s p a s t i c  d i s e a s e  which i n v o l v e  t h r e e  o r  more c l a s s i c a l  a t t a c k s  p e r  

week of Raynaud's phenomenon i n  b o t h  hands.  None o f  t h e  p a t i e n t s  s e l e c t e d  had 

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

The f o l l o w i n g  c r i t e r i a  o f  e x c l u s i o n  were used :  

- age  below 18 o r  above 65 y e a r s  

- a s s o c i a t e d  c o l l a g e n i c  d i s e a s e  where h i s t o r y  and s e r o l o g y  were p o s i t i v e  

- a r t e r i a l  h y p e r t e n s i o n ,  c a r d i o v a s c u l a r  d i s e a s e ,  gas t roduodena l  u l c e r  o r  

d i a b e t e s  m e l l i t u s  

- a h i s t o r y  o f  b r o n c h i a l  as thma,  a t o p i c  s k i n  d i s e a s e  o r  a l l e r g y  t o  d r u g s  

- i n a d e q u a t e  a n t i c o n c e p t i o n  (women), p regnan t  women o r  n u r s i n g  mothers  

- o t h e r  d r u g  t r e a t m e n t  ( a n t i c o n c e p t i v e  p i l l s  a l lowed)  

The t h e r a p e u t i c  s t u d y  was a p r o s p e c t i v e  doub le -b l ind  p l a c e b o - c o n t r o l l e d  t r i a l ,  

approved by t h e  r e s e a r c h - e t h i c a l  committee o f  t h e  med ica l  f a c u l t y ,  Uppsala  

u n i v e r s i t y .  There w a s  a two week r u n - i n  p e r i o d  i n v o l v i n g  a s i n g l e - b l i n d  

a d m i n i s t r a t i o n  o f  p l acebo  a f t e r  which,  f i v e  p a t i e n t s  ( 3  women and 2 men) were 

a s s i g n e d  t o  dazox iben  ( P f i z e r ,  no t  r e g i s t r e r e d  i n  Sweden, 6,9,11,12) and f i v e  

( 4  women and I man) t o  p l acebo  t r e a t m e n t .  The assignment  was computer- 

randomized.  Dosage o f  dazoxiben was 100 mg a d m i n i s t r e r e d  f o u r  t i m e s  p e r  day.  

Rou t ine  l a b o r a t o r y  t e s t s  were made a t  two-week i n t e r v a l s .  Blood rheo logy  and 

f i n g e r  s y s t o l i c  p r e s s u r e  were measured b e f o r e ,  and a f t e r  one and t h r e e  months 

of t r e a t m e n t .  The s t u d y  began i n  Februa ry  and was ended i n  May 1983. 

F i n g e r  s y s t o l i c  p r e s s u r e  measurements 

F i n g e r  s y s t o l i c  p r e s s u r e  (OSP) was measured d u r i n g  c o o l i n g  o f  t h e  d i g i t s .  The 

c o l d  t e s t  was performed on b o t h  hands u s i n g  f i n g e r  plethysmographs (model 

SB 2 ,  Medimatic,  Copenhagen, Denmark) w i t h  a 2 4  m c u f f  p e r f u s e d  w i t h  f l u i d  a t  

a p r e s e t  t e m p e r a t u r e .  

D i g i t  4 was f i r s t  exposed t o  30 and t h e n  t o  10 OC whereas  d i g i t  2 s e r v e d  a s  a 

c o n t r o l .  The c u f f  was coo led  f o r  two minu tes  a f t e r  which t h e  FSP was measured 

s u c c e s s i v e l y .  The p r o c e d u r e  w a s  r e p e a t e d  t w i c e  and t h e  v a l u e s  ave raged  (13) .  

FSP i s  e x p r e s s e d  b o t h  i n  mm Hg and i n  p e r c e n t a g e  a c c o r d i n g  t o  t h e  fo rmula  o f  

N i e l s e n  (8) :  

FSP% = FSPth ,x  - 100 
FSPth , c  - ( F S P r e f , c  - FSPref , x  1 
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F i n g e r  p r e s s u r e  a t  t h e  lower t e m p e r a t u r e  (x )  i n  t h e  t h e r m o s t a t e d  f i n g e r  ( t h )  

is e x p r e s s e d  as a p e r c e n t a g e  o f  t h e  c o n t r o l  p r e s s u r e  a t  30 OC ( c )  c o r r e c t e d  

i s  t h e  p r e s s u r e  measured f o r  changes i n  t h e  a r t e r i a l  p r e s s u r e ,  where 

s i m u l t a n e o u s l y  from a r e f e r e n c e  f i n g e r  o f  t h e  same hand ( 5 ) .  
FSPref  

E r y t h r o c y t e  volume f r a c t i o n  and b lood  rheo logy  

E r y t h r o c y t e  volume f r a c t i o n  (EVF) was a n a l y s e d  by c e n t r i f u g a t i o n  i n  

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

e s t i m a t e d  a s  approx ima te ly  1 2 ) .  

Samples  f o r  EVF and rheo logy  measurements were c o l l e c t e d  i n  h e p a r i n i z e d  

v a c u t a i n e r  t u b e s  a f t e r  t h e  p a t i e n t  had r e s t e d  f o r  15 m i n u t e s .  

Rheo log ic  v a r i a b l e s  (whole b lood  v i s c o s i t y ,  plasma v i s c o s i t y  and e r y t h r o c y t e  

d e f o r m a b i l i t y )  were ana lysed  a t  37 and 10 O C  i n  a c o u e t t e  r o t a t i o n a l  

v i s c o m e t e r ,  Low Shea r  30 (Con t raves  AG, Zi i r ich,  S w i t z e r l a n d ) .  A t e m p e r a t u r e  o f  

10 " C  w a s  chosen  t o  match t h e  FSP c o l d  t e s t .  

Whole b lood  a p p a r e n t  v i s c o s i t y  ( B - v i s c o s i t y )  was a n a l y s e d  a t  a s h e a r  r a t e  o f  

100 s-' and plasma v i s c o s i t y  ( P - v i s c o s i t y )  a t  37.6 s- ' .  B - v i s c o s i t y  was 

c o r r e c t e d  t o  a s t a n d a r d  EVF o f  45 X by u s i n g  a l i n e a r  r e l a t i o n s h i p  between EVF 

and t h e  l o g a r i t h m  of v i s c o s i t y .  

E r y t h r o c y t e  d e f o r m a b i l i t y  was e s t i m a t e d  i n d i r e c t l y  by t h e  a p p a r e n t  f l u i d i t y  a t  

a s h e a r  r a t e  of 0.945 s-' and a t  an EVF of 55 %. The e r y t h r o c y t e s  were washed 

and resuspended i n  i s o t o n i c  s a l i n e  phospha te  g l u c o s e  b u f f e r  a t  pH 7 .4 .  

D e f o r m a b i l i t y  w a s  e x p r e s s e d  as e r y t h r o c y t e  a p p a r e n t  f l u i d i t y  ( E - f l u i d i t y )  

u s i n g  t h e  u n i t  Pa * s  . -1 -1 

Rou t ine  l a b o r a t o r y  t e s t s  

I n i t i a l l y  t h e  S - a c r y l ,  S-ANF and S - e l e c t r o p h o r e s i s  t e s t s  were performed i n  

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

For  t h e  t r i a l  samples  were c o l l e c t e d  a f t e r  t h e  run - in  p e r i o d  and t h e r e a f t e r  a t  

two week i n t e r v a l s  f o r  t h e  f o l l o w i n g  r o u t i n e  t e s t s :  

S-albumine, S-ALAT, S-ASAT, S-ALP, S-urea,  S - c r e a t i n i n e ,  S-sodium, 

S-potassium, S - c h l o r i d e ,  vB-b ica rbona te ,  S-phosphate ,  S-calcium, fB-glucose,  

U-albumine and U-glucose. 

RESULTS 

A. FSP and rheo logy  b e f o r e  t r e a t m e n t  

F i n g e r  s y s t o l i c  p r e s s u r e  
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A s  there was no significant difference between men and women, the FSP% from 

the ten patients were pooled. The mean of the right and left hand was used. 

FSPZ was significantly lower (p < 0.001, Student's unpaired t-test) in the 

Raynaud patients than that reported in a reference group of normal subjects 

(13) (Table 1 ) .  

Raynaud group 
Reference group 

FSPZ 

62 
90 

Table 1. Finger systolic pressure 

SD n 

28 10 (7 women, 3 men) 
1 1  56 (33 women, 23 men) 

Rheology 

The rheologic variab es (Tab e 2) were not significantly different from normal 

subjects (healthy laboratory personnel, 8 women, 2 men) apart from fluidity at 
37 OC, where the Raynaud group showed an uncharacteristic enhancement of 

fluidity compared to normal subjects (p < 0.05, Student's unpaired t-test). 

None of the rheologic variables were significantly correlated to FSP%. 

Table 2. Rheologic variables 

(B-viscosity corrected to an EVF of 45 %) 

Variable 

Raynaud group Normal 

Mean SD n Mean 

41 4 10 
4.6 0.2 10 

EVF ( 2 )  
B-viscosity,37 OC (mPa x s )  

~-viscosity,37 OC (mPa x s )  1.28 0.05 10 
P-viscosity,~~ OC (mPa x s )  2.5 0.3 10 

B-viscosity,lO OC (mPa x s )  11.4 2.2 10 

E-fluidity,37 O C  (Pa-l x s-l) 122 9 9 
E-fluidity,lO OC (Pa-l x s-l) 68 6 9 

4 3  
4.5 

10.9 
1.25 
2.4 
14 
66 

subjects 

SD n 

3 10 
0 .3  10 
0.8 10 
0.05 10 
0.3 10 
8 10 
6 10 

B. Effect of dazoxiben treatment 

None of the patients in the dazoxiben or placebo groups experienced any 

subjective relief during treatment. No side effects were registered and the 

routine laboratory tests were normal throughout the study. In Figure 1 the 

mean value and SEM are shown for both the dazoxiben (filled circels) and the 

placebo groups (squares) before, and after one and three months of treatment. 

A small but significant change in P-viscosity (p < 0.05, Student's paired 

t-test) was observed for the dazoxiben group during treatment. The reason 

for this change, indicated by an asterisk (A) in the Figure, is unknown. 

Otherwise no significant changes in blood rheology were observed. 
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FSP i: EVF 

Before 1 month 3 months 

Inpa. B-viscosity 37°C 

.1 
I 
Before 1 month 3 months 

mPa. s P- viscosity 3 7 "C 

Before 1 month 3 months 

mpa.  s B-viscosi ty  10°C 

16 

81 

Before 1 month 3 months 

mPa.s P-viscosity 1O'C 

T 

Before 1 month 3 months Before 1 month 3 months 

Fig 1. Viscosity variables in blood and plasma of the patients before and 
during therapy 
FSP = Finger systolic pressure, EVF = Erythrocyte volume fraction 
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DISCUSSION 

There was no s u b j e c t i v e  o r  o b j e c t i v e  improvement d u r i n g  dazoxiben t r e a t m e n t .  

The p rev ious  pub l i shed  s t u d i e s  on blood rheo logy  i n  p a t i e n t s  s u f f e r i n g  from 

primary v a s o s p a s t i c  d i s e a s e  a r e  c o n t r a d i c t o r y .  For example P r i n g l e  e t  a l .  (10) 

i n  1965 found "primary Raynaud's d i s e a s e "  had a h i g h e r  

blood v i s c o s i t y  ( a s  determined by P i ro f sky ' s  con t inuous  f l o w  method a t  body 

t empera tu re )  t h a n  a co r re spond ing  c o n t r o l  group of 22 normal s u b j e c t s .  Goyle 

and Dormandy ( 4 )  cou ld  n o t  confirm t h i s  o b s e r v a t i o n  a t  37 O C  b u t  d i d  f i n d  

t h a t  whole blood v i s c o s i t y  i n  "primary-Raynaud" p a t i e n t s  was s i g n i f i c a n t l y  

i n c r e a s e d  a t  27 OC and a t  low s h e a r  r a t e s .  Blunt  e t  a l .  (3) however found t h a t  

whole blood v i s c o s i t y  was s i g n i f i c a n t l y  i n c r e a s e d  i n  21 female p a t i e n t s  w i t h  

" i d i o p a t h i c  Raynaud's syndrome" a t  bo th  h i g h  and low s h e a r  r a t e s  a t  37 b u t  n o t  

a t  22  OC. I n  c o n t r a s t ,  McGrath e t  a l .  ( 7 )  r e p o r t e d  t h a t  blood and plasma 

v i s c o s i t i e s  from p a t i e n t s  w i t h  "Raynaud's d i s e a s e "  were found t o  be normal a t  

b o t h  h i g h  and low s h e a r  r a t e s .  The p e r c e n t a g e  i n c r e a s e  i n  blood v i s c o s i t y  w i t h  

c o o l i n g  from 35 t o  25 OC was a l s o  normal.  Ayres e t  a l .  ( 2 )  a l s o  r e p o r t e d  t h a t  

blood v i s c o s i t y  from p a t i e n t s  w i t h  " i d i o p a t h i c  Raynaud's phenomenon" d i d  n o t  

d i f f e r  from t h a t  of a c o n t r o l  group. 

t h a t  22 p a t i e n t s  w i t h  

S ince  blood rheo logy  i n  t h e  p r e s e n t  s t u d y  was normal (Table  2) w i t h  no 

c o r r e l a t i o n  found between t h e  lowered FSPZ and rheo logy ,  we conclude l i k e  b o t h  

Ayres e t  a l .  (2 )  and McGrath e t  a l .  (7 )  t h a t  whole blood and plasma 

v i s c o s i t i e s  a s  w e l l  a s  r e d  c e l l  d e f o r m a b i l i t y  ( a t  e i t h e r  37 o r  a t  10 O C )  i n  

pr imary v a s o s p a s t i c  d i s e a s e  (not  r e l a t e d  t o  v i b r a t i n g  t o o l s )  does  n o t  d i f f e r  

from t h a t  under  normal c o n d i t i o n s .  

The v a r i a t i o n  r e p o r t e d  i n  p r e v i o u s  r e s u l t s  may have been a t t r i b u t e d  t o  

d i f f e r e n c e s  i n  t h e  methods chosen f o r  t h e  r h e o l o g i c  d e t e r m i n a t i o n s .  Another 

p o s s i b l e  r e a s o n  f o r  e a r l i e r  d i f f e r e n c e s  may have been t h e  i n c l u s i o n  of  

p a t i e n t s  s u f f e r i n g  from c o l l a g e n i c  d i s e a s e .  The e t i o l o g y  of  t h e  v a s o s p a s t i c  

d i s e a s e  may a l s o  be of  s i g n i f i c a n c e .  I t  has  been r e p o r t e d  (3) t h a t  

h y p e r v i s c o s i t y  may be  found i n  p a t i e n t s  s u f f e r i n g  from t r a u m a t i c  ( secondary )  

v a s o s p a s t i c  d i s e a s e  caused by v i b r a t i n g  t o o l s .  Th i s  q u e s t i o n  r e q u i r e s  f u r t h e r  

i n v e s t i g a t i o n .  
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