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Review of V A B  System 

Based on: -- Operator's Manual f o r  TECO-Harmisoti H . L .  machine model #lo4 - 
Thermo Electron Corporation. 

U t a h  BTL. 
-- Screening report  VAB system TR 102-1-TO.OO1. 

-- Conversations w i t h  Frank A 1  t i e r i  . 
1 September 1972. 

Comments on design 

The VAB pump system seems t o  have been designed e s sen t i a l ly  f o r  use i n  
conjunction with the Dow Capillary Membrane oxygenator ( D . C  .M.O.) .  
i n g  to  F r a n k  and  Roger, a t  the  time t h i s  project  was i n i t i a t e d  under Dr. 
Hast ings , several developmental and t e s t ing  procedures were in ten t iona l ly  
by-passed i n  order t o  assemble as rapidly as possible a system which the 
T & E f a c i l i t i e s  could t e s t .  

T h e  pump design corresponds t o  the following schema: 

Accord- 

Swank f i  1 t e r  
Heat --;* venous -P pulsat .-y compl .---rZ//DCMO's->compl v I ------l . -ppulsa t .  --Pcoinpl.' \# 

(3  1 . )  
exc h . reservo i r pump chamber chamber pump chainjer 

I t  contains no l e s s  t h a n  s i x  chambers through which the blood must c i r -  
cu la te  ( r io t  counting t h e  heat exchan5er arid the GSI;C)'s). These chavbers a re  
shaped i n  the form of  cyl indrical  segxents and a re  connected by meacs of rnirch 
narrcuer c i r cu la r  cortdui t s  (Re - Operator 's  ! f igure  IV-3): !he;\ c i r -  
culated t h r o u g h  the pump, the  blood i s  therefore  subjected to  successive ac- 
celerat ions ( i n  the conduits)  a n d  decelerat ions ( in  the chambers) with - pos- 
s i b l e  foma t ion  of j e t s  and  trautm t o  the const i tuents  of the blood. 
stc;tement (UBTL p .  4-1) , insubstant ia ted by e i t h e r  data or  references , t h a t  
p i s t o n  pumps niay be gent le r  t h a n  r o l l e r s  i s  d i f f i c u l t  t o  understand i n  the 
l i g h t  of this design. 

h l  

ihe 

The high i n p u t  res i s tance  (up t o  125 mmllg) of the DCMO requires the use of 
a feeder pump. 
of the DC!IO under p u l s a t i l e  and l i n e a r  flow both modalit ies were kept in 
putiip P I  rendering the sys tern conipl i cated . 
flow seenis t o  be m 3 w  s u i t a b l e .  
device, the p u l s a t i l e  pump P1. cannot accept a continuous flow from p ~ n p  p i ,  
which rendcrs the presence of compl i ance chamber C2 mandatory. 

The complexity of the pump i s  fu r the r  underlined by 1)  the  presence 
of S i x  a i r  gauges plus an a r ray  of control knobs on the back panel of the 
u n i t  (Operator's Manual f igu re  11-4) and this i n  a d d i t i o n  t o  the controls  on 

I n  the absence o f  coniparative d a t a  re la ted  to  the  performznce 

As \vi 11 be seen 1 a t e r ,  conti iiuous 
Because the DCPlO i s  a r i g i d  non-compliant 
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the f r o n t  panel ; 2 )  by the f a c t  t h a t  1 3  t e s t  procedures a r e  required before 
the un i t  can be deemed t o  be in  functioning order ;  3) by the necessi ty  o f  
prolonged r ins ing  of the  system'pr ior  t o  priming i n  order t o  e l iminate  the 
formaldehyde from the DCMO's. 

The  locat ion o f  the heat exchanger on the venous i n p u t  side of the pump, 

A b e t t e r  
I where blood flows in  continuous fash ion ,  can presumably be explained by the 

f a c t  t h a t  a p u l s a t i l e  flow through t h i s  device i s  contraindicated.  
place could have  been found between the DCF'IO's  and compliance chamber C 2 .  As 
i t  i s ,  the unacceptably high priming volume (2700 m l )  and alimentation of 
the DCMO with room temperature g d s  mixtures (02 - C02) must cause a change 
i n  blood tenperature .  Therefore,  t he  maintenance of tenperature i n  the  
a r t e r i a l  l i n e  would require  a l a r p r  H20 t o  blood temperature gradient  and 
this may i n  t u r n  cont r ibu te  t o  hemolysis. 

Comments on Testing and E v a l u a t i E  

The UBTL report i s  r e l a t i v e l y  succ inc t  b u t  can be c r i t i c i z e d  on the fol loxing 
grounds : 

1 )  The data 3represented i n  a d i f fuse  and incomplete manner. 
2 )  The methodology used i s  not always well chosen f o r  gathering of 

t he  desired da ta .  
3) The t e s t ing  and evaluat ion procedure i s  incomplete. 

Referring t o  t a b l e  5-V comparing the physiological data during t o t a l  bypass 
w i t h  r o l l e r  pump ( g r o u p  A )  and with VAB ( g r o u p  B )  f o r  2-4 hours, only 2 
an$mals were used in  group A while 9 or 11 ( i t  i s  not c l e a r  how many, s ince  
no indicat ion i s  given whether only simoth f l w  VI\B experiniznts o r  b o t h  
smooth flow and p u l s a t i l e  VAB experiments were used f o r  comparison; see  
t ab le  5-1) were used in  group B. This does not peri-iit a va i id  coinparison. 
Neither i s  there  any explarrstion a s  t o  why Swank f i l t e r s  were interposed 
b o t h  proximal and d i s t a l  t o ,  t h z  D C i f i O ' s  i n  the  r o l l e r  pun:p system and cnly 
proximal t o  the DClirO's i n  the VAB system. 

From t ab le  5-V I ex t rac ted  the following addi t ional  data:  

Roll e r  pump group VAB group 

Pre bypass Hb = 13.6 gm% = 12.8 gm% 
Bypass ttb = 8.5 gmZ = 8.8 gmX 

31 % hemodi 1 ution 
O2 capaci ty:  8.5x1.34=11.4 Vol % 8.8x1.34=11.8 Vol % 
Bypass flow: 3.6 l/min 3.9 l / m i n  
Sa02: 92% 91 . l% 

56 .O% s"o2: -- 
A-V d i f f .  SO2 56.4% 35.1% 

Too  100 

37% hemodilution 

---- 35.6% 

* 02 Uptake 1 1 . 4 ~ 5 6 . 4 ~ 3 . 6 ~ 1 0  

= 231.5 ml 02/min 

11.8~35.1x3.9xlO ----- 

= 161.5 m l  02/min 

* 
(a) in bovine b l m d  n o t  given. 

Excluding ciisolvcd 02 f r ac t ion :  pO2's and 02 diso lu t ion  coe f f i c i en t  
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This differencn i n  the 02 anfra'ls vas not detected.  
perfusion flows and normal pHa's and paCO3IS was i t  due t o  differences i n  
the weights of  the animals o r  i n  t h e i r  body temperature d u r i n g  bypass?? 

In view of almost equal 

Perfusion f low i n  the VAB group seems t o  have been just  adequate (normal 
ptl, and PaC02, norinal A-V d i f fe rence in  02 sa tu ra t ion ,  mean a r t  P 72 mmHg) b u t  
i n su f f i c i en t  i n  the r o l l e r  pump g r o u p  (nclrml pHa and psC02; A-V d i f f e rence  
i n  02 sa tura t ion  56.4% instead of norgal 33-36%). The i n s u f f i c i e n t  flow and 
grea te r  hemodilution i n  this group may a l s o  explain the low mean a r t e r .  press .  
of only 60 m:nt!g which is  at the  lower l i m i t  of t h a t  required t o  insure ade- 
quate coronary p?rfusion espec ia l ly  with heriiodilution. 

The SO2 A-V d i f fe rence  values a l s o  ind ica te  t h a t  performance of the  DCMO's 
was b e t t e r  with the r o l l e r  pump than w i t h  the VAB. For s imi la r  a r t e r i a l  S02's 
and w i t h  a1n:ost equal perfusion f lows,  t he  O2 ext rac t ion  was l a rge r  when the 
DCMO was used i n  conjunction with the r o l l e r  pump. However, espcc ia l ly  i n  t he  
case of the  VAB system, the  i m b i  1 i t y  o f  the  2//DC50 (operating a t  60% of flow 
capaci ty)  t o  r a i s e  SO2 from 56% t o  above 91?: when the blood has been subjected 
t o  over 30;: hercodi 1 u i io i i  ind ica tes  a inargi nal 1 eve1 o f  performance. 

Although hemolysis values w i t h  the VAB and w i t h  the r o l l e r  pump were 
not compai-ab1 e because d i f f e r e n t  priiri ng vol uiws \.:ere used d u r i  tig -- i ti v i  t r o  
hemolysis t e s t i n g ,  the  VAB system i s  a tiezolysis machine. 

Blood pararwters given in  t a b l e  5-IX a r e  not very useful s ince changes 
from pre-bypass t o  post  bypzss l eve l s  were n o t  determined. 

Conclusions I__ 

1 )  The  VAB i s  i n f e r i o r  t o  cur ren t ly  used equipment. 

2 )  

3)  

4)  Cl in ica l  t e s t i n g  i s  contraindicated.  

I t s  complexity precludes prac t ica l  function i n  the O.R. 

Despite survival o f  a number of animals p u t  on t o t a l  bypass, the  
design i s  n o t  compatible with prolonged perfusion. 

5) CoSt of continued development and t e s t i n g  i s  not j u s t i f i e d .  

Summary Qf Personal Opin ions  

T h i  s revi ew i n d i  ca tes : 

1 )  The need t o  charac te r ize  the  functional c a p a b i l i t i e s  of such sys- 
tenis according t o  more conipl e te  and more rigorous c r i  t e r i  a .  

2 )  The need t o  obtain comparative data under more standardized i n  
v i t r o  experimental conditions before proceeding t o  expensive-f- & E 
on the  l i v e  s n i n a l .  

Clarence Dennis, M . D . ,  Ph.D. 'Sylvain P i t z c l e ,  M . D . ,  Ph.D. 


