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�9 By the use of a fac tor ia l  expe r imen ta l  design a ma themat i ca l  model to s imula t e  the function 
of an i so la ted  hear t - lung  p repa ra t ion  as used for  biological  conserva t ion  of the hear t  was 
crea ted ,  and the opt imal  conditions for  the functioning of this p repa ra t ion  were  se lec ted  
with i ts  aid by the s t e e p - r i s e  method.  F u r t h e r  expe r imen ta l  f i les of these  conditions 
showed an a lmos t  threefo ld  inc rease  in the per iod  of biological  conserva t ion  of the hea r t .  

The use of an i so la ted  hear t - lung  p repa ra t ion  (IHLP) for  biological  conserva t ion  of the hear t  is a 
p romis ing  method at the p re sen t  t ime of obtaining prolonged e x t r a c o r p o r e a l  p r e s e r v a t i o n  of the hea r t  under 
conditions close to those of i ts  na tura l  function [1, 2, 4-7] .  However,  e m p i r i c a l  s ea r ches  for  opt imal  con- 
ditions of function of the IHLP, a imed at secur ing the longest  poss ib le  su rv iva l  of the hear t ,  demand the 
p e r f o r m a n c e  of many expe r imen t s  because  of the l a rge  number  of indices descr ib ing  the act ivi ty  of the 
IHLP, and de te rmina t ion  of the opt imal  l imi t s  of each  of these indices is  e x t r e m e l y  difficult .  In the p r e sen t  
invest igation,  in o rde r  to de te rmine  the opt imal  conditions of function of the IHLP used for  biological  con- 
se rva t ion  of the hear t ,  methods  based  on ma themat i ca l  designing of expe r imen t s  [3] were  used. 

The object  of the p r e s en t  invest igat ion was to study the re la t ionship  between the output of a p r o c e s s ,  
i .e. ,  the durat ion of function of the IHLP (y) and the following regu la to ry  f ac to r s  (indices of IHLP activity):  
the systol ic  p r e s s u r e  in the a r c h  of the aor ta  (xl), the pH of the myoca rd ium (x2), the t e m p e r a t u r e  of the 
hear t  (x3), and the volume veloci ty  of the r e tu rn  of blood into the r ight  hea r t  (x4). 

E X P E R I M E N T A L  M E T H O D  

To invest igate  this p rob l em  a fac tor ia l  design [3] of the 24-1 type was p repa red ,  by means  of which 
the number  of expe r imen t s  would be reduced sharp ly  because  of the poss ibi l i ty  of employing a l inear  app rox -  
imation in which combinat ions  of the t es t  f ac to r s  could be examined at s t r i c t ly  fixed max imal  and min imal  
levels  in accordance  with the fac tor ia l  design (Table 1). The l imi t s  of the max imal  and min ima l  values  of 
the controll ing f ac to r s  we re  provis iona l ly  se lec ted  f r o m  the r e su l t s  of p rev ious  expe r imen t s  [4]. 

Exper iments  were  c a r r i e d  out on noninbred male  dogs weighing 18-22 kg. To p e r f o r m  eight e x p e r i -  
ments  in accordance  with the 24"1 design it was n e c e s s a r y  to p e r f o r m  a fu r the r  five exper imen t s ,  for  in 
some cases  it was imposs ib le  to keep all  of the f ac to r s  concerned at the ass igned  level .  After  the comple -  
tion of the 13 (8 + 5) bas ic  expe r imen t s ,  a fu r the r  ten expe r imen t s  were  p e r f o r m e d  in which the opt imal  
conditions of function of the IHLP thus obtained were  used, thus insuring the longest  poss ib le  pe r iods  of 
biological  conserva t ion  of the hear t .  In six of these  ten expe r imen t s  the conditions of function obtained were  
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TABLE 1. 24-1 Design for a 
Factor ia l  Ex )eriment 

z e.~l~ ~l~u 

60 7,35 29 
120 7,35 29 
60 7,75 29 

120 7,75 29 
60 7,35 33 

120 7,35 33 
60 7,75 33 

120 7,75 33 

combined with injection of catecholamines and glucosides into the 
circulating blood and also with exchange t ransfusions of the c i rcu-  
lating blood~ 

Volume ve- ~ .H 
locity of return 1 ~ ~ Standard anesthesia  and a standard technique of isolation of 
of blood into I : right heart (in I - ~.-- the heart - lung prepara t ion were  used in all the exper iments .  Heparin 
ml/m~n;" x a) ] ~-'~= ~ ~" was injected in a dose of 3 mg/kg  body weight. The surgical  ap- 

/ ~ ~'" proach was through midline s ternotomy.  The epicardium was in- 
"~ ~ cised over  the apex of the hear t  and a miniature selective glass  e lec-  

90--120 295 trode inser ted into the substance of the myocardium to r eco rd  the 
Over1120--150 182 
Over 120--150234 pH, and fixed in the hear t  t issues by means of a pu r se - s t r i ng  suture.  
90--120 356 A catheter  was introduced through the subclavian a r t e ry  into the a rch  
O v e r  1 2 0 - - 1 5 0  197 
90--120 328 of the aor ta  to r ecord  the p re s su re  on an e lec t romanomete r  (Orion). 
90--120 308 A wide, s i l icone- t rea ted  catheter introduced through the brachioce-  over 120--150205 

phalic a r t e ry  into the arch  of the ao r t awas  used to connect the aor ta  
with the "stabilizing r e se rvo i r " ,  suspended at a height of 1 m above 
the operating table. A venous catheter,  connecting the stabilizing 
r e s e r v o i r  with the super ior  vena cave, had a device for controlling 
and measuring the volume of blood entering the right heart .  The 
blood vessels  were  then ligated and divided in the following order :  

X 2 X I X, 

subclavian and brachiocephalic  a r te r ies ,  descendingaor ta ,both  venae 
-- -- -- 295 cavae and the azygos vein. The t rachea  was divided and reintubated. 
+ ; 234182 The IHLP was removed f rom the thorax and placed in a constant-  

356 tempera ture  sys tem on a water  bath. 
@ ~ ~ 197 
-- q- -- 328 TO rule out any effect of drugs (catecholamines,  glucosides,  

308 
@ @ ; ~ 205 etc.) on the period of function of the IHLP, no drugs were  injected 

into the circulating blood (except in the six exper iments  mentioned 
above), although their  deprivation substantially l imited the period of 
function of the IHLP. 

To keep the pH of the myocardium within the assigned limits,  5% sodium bicarbonate solution was 

TABLE 2. Design of Exper i -  
ment in Coded Variables 

+ 

§ 

§ 

§ 

injected into the circulat ing blood and the level of supply of 02 and CO 2 into the inspired mixture was 
changed (indices of the ac id-base  balance of the blood, determined by Astrup'  s micromethod,  were  mea-  
sured simultaneously.  The p res su re  in the arch  of the aor ta  was regulated by changing the height of the 
stabilizing r e s e r v o i r .  The tempera ture  of the hear t  was kept at a stable level by means of a constant-  
tempera ture  sys tem.  

EXPERIMENTAL RESULTS 

Any process in a system can be described as a certain function of the output of the process (y) of the 

factors x I, x 2, x3, and x 4 acting on the system. 

In the present case the operator R is approximated by a linear polynomial 

where xl, x2, x3, and x 4 are  variable and rio, ill, flz, /33, and fi4 are  r eg res s ion  coefficients.  This equation 
descr ibes  a certain surface in multidimensional space called the response surface.  

To facilitate the calculations, the factors  were coded [3] in accordance with the equation 

X~ ' (2) 

where ~i r ep resen t s  the value of the factor  in coded variables;  x i the value of the factor  at one level in 
natural  variables;  Xio the value of the factor  in natural  var iables  at a basic  level, calculated as the ar i th-  
metic rrtean between the chosen levels of the factor;  )t i the unit of variat ion (the half-difference between the 
upper and lower levels) .  

The design of the experiment in coded variables is shown in Table 2, in which the minimal values of 
each factor  are  designated by the sign (-) and the maximal  by the sign (+). 
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After the design of the experiment  had been followed the r eg re s s ion  coefficients were  calculated by 
the equation 

y. x~,y,, (3) bz-- N ' 

where b i r ep resen t s  the est imate  of-the r eg res s ion  coefficient fli obtained experimental ly;  Xiu the value of 
the variable in the corresponding column of the design matrix;  Yu the resul t  of the u- th  experiment;  N the 
total number of exper iments .  The following values were obtained for the r eg re s s ion  coefficients:  b 0 = 263; 
b 1 = 4 . 6 ; b  2= 12 .6 ;b  3 = - 3 . 6 ; b  4=58 .6 .  

Statistical verif icat ion of the significance of the regress ion  coefficients [3] and analysis  of the exper i -  
mental resu l t s  showed the advantage of an inflow of blood into the right hear t  not exceeding 90-120 ml /min  
over  a l a rge r  inflow of blood. Since the variable x 4 (volume velocity of the inflow of blood into the r ight 
heart) was es t imated qualitatively and not quantitatively, it was not included in the mathemat ical  model of 
the p rocess .  

The mathematical  model of the p rocess  is of the form 

g ~ 263 4- 4.6xl -{- 12.6x 2 -- 3.6xa. (4) 

The sea rch  for optimal conditions of fmaction of the IHLP giving the longest possible per iod of biolo-  
gical  conservat ion of the hear t  was ca r r i ed  out by the " s t eep- r i se"  method [3] using the mathemat ica l  
model of equation (4). 

The r eg res s ion  coefficients b i in the equation of the l inear model (four) are  at the same time the 
coefficients in equation (5) for the gradient  of the response  function and, consequently, they can be used in 
the sea rch  for  the ex t remal  region.  In the present  case, in the search  for the maximum period of function 
of  IHLP, the gradient  Ay is 

Ag = 4.6i ]- 12.6] - -  3.6k, (5) 

where i, j, and k are  single vec tors  inthe direct ion of the axes of coordinates .  

Movemen~ in the direct ion found led to the region of the maximum for equation (4), where the systol ic  
p r e s su re  in the a rch  of the aor ta  (xl) was 100 mm Hg, the pH of the myocard ium (x 2) was 7.6, and the t em-  
pera ture  of the hear t  (x3) was 30~ while the re turn  of blood to the right took place at a velocity of 90-120 
ml /min .  

Keeping the pH of the myocard ium at such a high level is justified because r e sp i r a to ry  and metabolic 
alkalosis is known t o  increase  the contract i l i ty of the myocardium.  So far  as the t empera tu re  obtained 
for the hear t  (30~ is concerned, it probably is also justified in the IHLP, for it enables tachycardia  t o b e  
avoided, which would led to the rapid exhaustion of the energy r e s e r v e s  of the myocardinm.  F o r  instance, 
whereas  at 37~ the hear t  ra te  of the IHLP was 130-150/min, at 30~ it was only 70-90/rain.  So far  as  the 
volume velocity of the re tu rn  of blood into the r ight hear t  is concerned, values of 90-120 ml /min  are  evi-  
dently the optimum ensuring stable function of the specimen, freeing the pulmonary circulat ion f rom the 
r i sk  of hypo- or  hypervolemia.  

The use of the conditions thus obtained for function of the IHLP prolonged the duration of its activity 
in four consecutive experiments  to 600 min. Supplementary administrat ion of catecholamines and gluco-  
sides and exchange t ransfusions of the circulat ing blood, used in the other six experiments ,  enabled stable 
function of the IHLP to be obtained for 16 h, and there is no reason  to suppose that the l imit has yet  been 
reached.  
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