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nycth6m6rale.  La rdact ion est  h)rte p e n d a n t  le jour,  faible 
pendant  la nuit .  Chez les souris soumises  $ des condi t ions  
qui emp6chen t  l ' h y p o t h e r m i e  ordinaire  de se produi re  
pendant  l 'anesth~sie,  t ' ampl i tude  tie p6riodieit6 dimimm. 
La p6riodicit6 d ispara i t  le plus souven t  lorsqu 'on  6claire 
les souris sans in te r rup t ion .  L ' a m p l i t u d e  de la p6riodicit6 
diminue lorsque les souris sont parqu6es ind iv idue l lement  

p lu t6 t  q n ' e n  groupes.  I.es m6canismes  physiotogiques  rd- 
p o n d a n t  h c e s  obse rva t ions  son t  sugg6r6s. 

\V. M. I)AVZS 

tr**i,,ersil.l, o/ Oklahoma Collef,,e o/ Pharmacy  .Vorma.n 
(Oklahoma t'N.-t), lgebruarv. -.,~ Ig62. 

P R O  L A B O R A T O R I O  

A Pump for Use in Measuring Arteriovenous 
Differences in Concentration 

Accura te  d i sc r imina t ion  of a r t e r iovenous  d i f f e r ences -  
for ins tance  of pH,  oxygen  sa tu ra t ion  or concen t ra t ion  of 
labelled s u b s t a n c e s - c a l l s  for knowledge of the  t ime 
relation and  the  blood volume be tween  the  ar ter ia l  and 
venous blood samples .  I m p o r t a n t  factors  are the  blood 
volume of, and  ra te  of flow in, the  organ f rom which the  
samples are d rawn,  and the  sampl ing  technique .  The 
blood volume and flow m u s t  be de t e rmined  or e s t ima ted  
for the  ind iv idua l  organ and  on each  occasion of measure-  
ment ,  whereas  the  sampl ing  me thod  can be s t andard ized .  

The s imples t  way  of s t anda rd iz ing  the  sampl ing  pro- 
cedure is to w i t h d r a w  the  blood a t  the  same ra te  s imul-  
taneously  f rom the  respect ive  si tes of measu remen t .  This  
can be effected by  means  of a p u m p  t h a t  can d r a w  blood 
th rough  two channe l s  a t  the  same speed i r respect ive  of 
pressure  f luc tua t ions  in, or pressure  differences be tween ,  
the vessels f rom which the  blood is wi thdrawn.  To aw~id 
var ia t ions  in blood volume dur ing  cont inuous  measure-  
ment ,  the  blood should be r e tu rned  at  the  same ra te  as it 
is w i thd rawn .  Of the  numerous  p u m p s  h i the r to  awulab le  
for ex t racorporea l  c i rculat ion and for perfusion of organs  ~, 
none has been h m n d  t h a t  meets  these requi rements .  

The pure t) descr ibed in this  paper  was des igned  to over-  
come the  prevai l ing deficiencies. 
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Fig. 1. General view of the pump. al motor, S stand for the syringe% 
G Lear trallslllissioll systeln, (" Perspex cylinders, 1" valve. 

.J 

J 

__1 

l:ig. ~ . . < , t h e m a t i c  v i ew  ~ff the  p u m p ' s  mcvhal~ic ;d  con~t r tu ' t i ,  m.  
1 gea r ,  ~ ro ta t i l tg  t ube ,  a t h r e a d e d  b lock ,  l rod  t h a t  s c r e w s  in to  t u b e  :~, 
5 a t l ju>tab le  ~ top  |liil[s, |i SV,'itc}i t'OF t'~,ver,4illg the' m ~ t ~ r d i r e c t i o n ,  

7 m i t r e  gea r .  

A grant from 'Reservati, m.auqa.~ct' of the Karolh~ka Instituter i~ 
~ratefully ackm~wledged. 

2 .A. colllprt,ht'Ii~,ivc review c~f the literature on lmmps dt";igned for 
extrac~rp~real t'omph,te tw partial ~ul>titution of heart functitm 
ha~ been lmbhshed by G. H. A. CLOWES, Jr., Iq)ysiol. l,{t'v. 40, 8"26 
(19e, lt). - M. P,i~:m.ls, Acta phys. st'and., to be published (19¢;I). 



238 Br~ves communications - Kurze Mitteihmgen ]~XPERIENTIA XVIII/5 

Design. The  p u m p  is i l l u s t r a t ed  in F igure  1. To avo id  
haemolys i s  a n d  coagu la t ion ,  on ly  p o l y t h e n e  a n d  Pe r spex  
were used for t he  blood p a t h  t h r o u g h  the  p u m p .  S h a r p  
bends  a n d  angles  were e l i m i n a t e d  b y  us ing  a h y d r a u l i c  
s y s t e m  d r i v e n  b y  a revers ib le  electr ic  moto r .  Th i s  m o t o r  
M dr ives  t he  p i s tons  of four  h y p o d e r m i c  syr inges  t h r o u g h  
a gea r  t r a n s m i s s i o n  s y s t e m  G. The  syr inges  a l t e r n a t e l y  
w i t h d r a w  l iquid f rom,  and  force i t  into,  four  Pe r sp ex  
cy l inders  C. These  c o n t a i n  p o l y t h e n e  bags,  wh ich  a re  
connec t ed  to t he  va scu l a r  s y s t e m  t h r o u g h  a va lve  V. 

As s h o w n  in F igure  2, the  power  is t r a n s m i t t e d  by  a 
mi t r e  gea r  1 to  a r o t a t i n g  t u b e  2, wh ich  ha s  opposed  male  
a n d  female  t h reads .  "When t he  t u b e  ro ta tes ,  a b lock  3, on  
which  two of t he  syr inge  p i s tons  are m o u n t e d ,  m o v e s  
a long  the  tube ,  while  t he  o t h e r  two  p is tons ,  wh ich  are 
connec t ed  to  a rod  d t h a t  screws in to  t he  tube ,  m o v e  in t h e  
oppos i te  d i rec t ion .  Thus ,  fluid is s i m u l t a n e o u s l y  forced 
in to  two  of the  cy l inders  and  w i t h d r a w n  f rom the  o t h e r  
two.  W h e n  t he  p i s tons  r e a c h  t he  end  of t h e i r  s t roke ,  t h e  
r o t a t i o n  of t he  t u b e  is a r r e s t ed  by  two  a d j u s t a b l e  s t op  
nu t s  5a, 5b. The  whole  s t a n d  t h e n  r o t a t e s  a q u a r t e r t u r n  
in i t s  m o u n t i n g .  D u r i n g  th i s  m o v e m e n t  a swi t ch  6 is 
a c t i v a t e d  so as to  reverse  t h e  d i r ec t ion  of t he  m o t o r  a n d  
t h u s  d r ive  t he  t u b e  in t he  oppos i te  d i rec t ion .  At  the  same  

t ime  t h e  choke  va lve  V in the  hyd rau l i c  s y s t e m  is ro ta ted  
a q u a r t e r t u r n  b y  t h e  mi t r e  gear  7. 

T h e  pr inc ip le  of t h e  h y d r a u l i c  s y s t e m  is i l lus t ra ted  in 
F igure  3a-c. The  syr inges  w i t h d r a w  l iquid  from, a n d  force 
i t  in to ,  t h e  Pe r s p ex  cyl inders ,  a n d  as a resu l t  t h e  po ly thene  
bags  in t h e  cy l inders  e x p a n d  a n d  c o n t r a c t  so t h a t  the 
blood is a l t e r n a t e l y  w i t h d r a w n  from, a n d  r e t u r n e d  to, the 
vascu la r  sys tem.  I n  case a leak should  a p p e a r  in one of the 
bags,  t h e  in jec to r s  are  filled w i t h  phys io log ica l  saline. 
W h e n  the  p i s tons  r each  the  end  of t h e i r  s t roke ,  the  choke 
va lve  which  connec t s  the  bags  w i t h  t h e  p las t ic  tub ing  
lead ing  to  t h e  vascu la r  s y s t e m  r o t a t e s  a q u a r t e r t u r n .  At 
th i s  m o m e n t  two of t h e  bags  are  full  a n d  two  are  empty .  
Then ,  w h e n  t h e  p i s tons  change  d i rec t ion ,  t h e  two full bags 
de l ive r  b lood in to  the  c h a n n e l  t h a t  d u r i n g  t h e  prev ious  
ha l f -cycle  h a d  been  fed f rom t h e  now e m p t y  bags.  The 
d i r ec t ion  of the  b lood  in t h e  t ubes  leading to  t h e  vessels 
will t h u s  be t h e  same  w h a t e v e r  the  phase  of t h e  p u m p i n g  
cycle. 

T h e  in j ec t ed  b lood  passes  t h r o u g h  an  a i r  s e p a r a t o r  L, 
which  r emoves  a n y  a i r  b u b b l e s  t h a t  m a y  h a v e  en t e r ed  the 
sys tem.  The  flow ra te  to  t h e  p u m p  can  be v a r i e d  a t  the  
gea r  box.  W i t h  10 ml  syr inges  t h e  a v a i l a b l e  r a t e s  are 
6/2 o, 1, ',,...5 ml /min .  Smal le r  syr inges  will g ive s lower  rates.  
T h e  t ime  re l a t ion  b e t w e e n  t h e  a r t e r i a l  a n d  venous  blood 
in a n y  m e a s u r i n g  cells c an  be va r i ed  b y  a d j u s t i n g  the  
c a p a c i t y  of t h e  s u p p l y  tubes .  

Range o/application. The  p u m p  is i n t e n d e d  for flows not  
exceed ing  6 m l / m i n  in each  channe l ,  a n d  for  c o n t i n u o u s  
m e a s u r e m e n t  of, for  ins t ance ,  a r t e r i o v e n o u s  pH,  oxygen  
a n d  c a r b o n  d iox ide  di f ferences  a n d  dif ferences  in con- 
c e n t r a t i o n  of r ad ioac t i ve ly  label led subs t ances .  I t  is also 
useful  for c o n t i n u o u s  d ia lys is  of v e n o u s  a n d  a r t e r i a l  b lood 
for chemica l  ana lys i s  of the  d ia lysa te .  I t  c an  f u r t h e r  be 
used for p ro longed  f r a c t i o n a t e d  s a m p l i n g  f rom two  si tes:  
T h e  b lood can  t h e n  be  col lec ted  in a f r ac t ion  col lector  
con t ro l l ed  b y  t h e  re lay  t h a t  reverses  the  p u m p  motor .  The  
vo lume  of t h e  f rac t ions  can  be  selected b y  v a r y i n g  the  
s t roke  of t h e  syr inges  a n d  t h e  c a p a c i t y  of t h e  p o l y t h e n e  
bags.  To avo id  a n y  r isk of back- f low in t h e  veins ,  t h e  flow 
r a t e  in the  p u m p  should  be less t h a n  t h e  m i n i m u m  ra te  in 
the  ve in  f rom which  t h e  b lood is be ing  w i t h d r a w n .  The  
poss ib i l i ty  of such  ref lux  shou ld  a lways  be  b o r n e  in m i n d  
w h e n  e v a l u a t i n g  t h e  obse rved  m e a s u r e m e n t s .  

The  p u m p  has  p r o v e d  sa t i s f ac to ry  for c o n t i n u o u s  
m e a s u r e m e n t  of t h e  a r t e r i o v e n o u s  di f ference in concen-  
t r a t i o n  of r a d i o a c t i v e l y  label led  s u b s t a n c e s  across  the  
k i d n e y  of the  r a b b i t  3. lit was r u n  for severa l  hou r s  w i th  no 
sign of haemolys i s  or coagula t ion ,  a l t h o u g h  h e p a r i n i z a t i o n  
h a d  n o t  been  per fo rmed .  T h e  resu l t s  p romise  well  for 
s imi la r  m e a s u r e m e n t s  on  la rger  l a b o r a t o r y  an imals ,  and  
even  in cl inical  work.  

Zusammenfassung. Eine  P u m p e  wurde  kons t ru i e r t ,  
welche das  B lu t  d u r c h  zwei Kan~ile de r  Z i rk u l a t i o n  ent -  
z ieh t  bzw. wieder  zuf t ihr t .  Der  V o r g a n g  er fo lg t  m i t  kon-  
s t a n t e r  Geschwind igke i t ,  u n a b h A n g i g  v o n  D r u c k s c h w a n -  
k u n g e n  a n  de r  E n t n a h m e -  bzw. Zuf i ihrungss te l le .  

Die P u m p e  erwies sich als gee igne t  fiir die Auf rech t -  
e r h a l t u n g  e iner  ex t r aco rp o re l l en  Z i r k u l a t i o n  w/ ih rend  der  
k o n t i n u i e r l i c h e n  Messung  a r t e r i o v e n 6 s e r  K o n z e n t r a t i o n s -  
d i f fe renzen  y o n  r a d i o a k t i v  m a r k i e r t e n  S u b s t a n z e n .  
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Fig. 3. Schematic presentation of the hydraulic system. 
L air separator, a .'~I. I~,ERLIN, Aeta phys. scand., to be published (1961). 


