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AORTIC HEART VALVES 

GLUTARALDEHYDE PRESERVATION ON 
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The use of artificial heart valves, treated with glutaraldehyde (GA), in heart surgery has been followed 
by publication of a number of investigations in which different concentrations of this preservative, in the com- 
position and pH of the buffer, and in the technology and conditions of preservation, have been evaluated [3, 6, 
8, i0]. However, the extremely important comparative data, whereby the optimal values of these parameters 
can be established, are virtually not to be found. 

The aim of this investigation was to study the rate of absorption and the quantity of GA absorbed by the 
tissue, and also to study changes in the immunogenic properties and physical mechanical and functional pa- 
rameters of artificial heart valves preserved with GA solutions of various concentrations. 

EXPERIMENTAL METHOD 

The effect of stabilized 0.25, 0.625, and I~ solutions of GA (from Serva, West Germany), made up in 
phosphate buffer atpH 7.4, on the tissue of valve prostheses made from pig aorta was investigated. The rate of ab- 
sorptionof GA by the artificial valve tissue was estimated by determining its concentration by iodometric 
titration by the method in [5]; i0 experiments were carried out with GA solutions of the same concentration~ 

The immunogenic properties of native and preserved tissues were studied in active anaphylaxis experi- 
ments conducted on 113 guinea pigs, and by radial immunodiffusion in agar gel with antisera obtained by im- 
munization of four rabbits. The methods of these investigations were described previously [!]. To determine 
the protein concentration by LowryVs method extracts of sLx samples of tissue preserved in GA solutions of 
different concentrations were used. 

As criteria of the effect of GA on the physicomechanical parameters of the prosthesis, the tensile strength 
and the reserve of deformability of the valve cusps, measured on an ~Instrom-!122" tensile testing machine~ 
were used. Each investigation was conducted on 43-74 tissue samples. Parameters of function of the pre- 
served valves were assessed during work in vitro on a bench with constant flow of fluid, by the method de- 
scribed by the writer previously [2]. Eight valves were used in each group of tests. 
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TABLE i. Antigenic Activity of Tissue Ex- 
tracts of Native and Preserved Heterologous 

Aortic Valve Prostheses 

Type of 
sensi- 
tizing 
antigen 

AGN 

AGP 

AGP 

AGP 

AGP 

Severity of shock after 
I reacting injection of an- 
' tigen 

Concentration of 
GA solution 

AGN 

0,25% 

0,625% 

1% 

0,625% ~ formal- 
dehyde 

4,2 0,_~ 
3O 6 

098* 0 

0,8* / -- 

0,4* [ 
9 t 

AGP 

I + ,  5 ~ g~ 

0,2 0,, ~ 0 
T = Y  5 

0 -- -- 

_ _  . ~ 0  _ _  

6 
0 
5 

L e g e n d .  AGN) T i s s u e  ant igens  of nat ive  
va lves ,  AGP) the s a m e ,  of p r e s e r v e d  va lves .  
N u m e r a t o r  - m e a n  anaphylac t ie  index or  s e -  
v e r i t y  of  shock,  a s s e s s e d  by a 5-poin t  s y s t e m ;  
de nom i na t o r ,  n u m b e r  of an ima l s .  Resu l t s  of  
s ens i t i za t ion  of a n i m a l s  with AGP tha t  d i f fer  
s t a t i s t i ca l ly  s ign i f ican t ly  f r o m  r e s u l t s  of s e n -  
s i t i za t ion  with AGN, a r e  m a r k e d  by an a s -  
t e r i sk .  

3 0  

2 0  - 

1 0  - 

a 
/ 2 3  
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Fig .  1. T ime  c o u r s e  of abso rp t i en  of p r e s e r -  
va t ive  (in m g / g  t issue)  a t  d i f fe ren t  t imes  of 
p r e s e r v a t i o n  of va lves  in GA solu t ions  of d i f -  
f e r e n t  c onc e n t r a t i ons .  Ord ina te ,  amoun t  of 
abso rp t i on  of p r e s e r v a t i v e  (in m g / g ) .  1-3) 
Data  r e l a t ing  to p r e s e r v a t i o n  in 0.25, 0.625, 
and 1% GA so lu t ions  r e s p e c t i v e l y .  I-VI) P e -  
r iods  of  p r e s e r v a t i o n :  f r o m  0 to 12 h (I), f r o m  
12 to 24 h (II), f r o m  24 to 48 h (III), f r o m  48 
to 72 h (IV), f r o m  72 to 168 h (V), and f r o m  
7 to  28 days  (vi). 
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TABLE 2. Effect of Preservation of Heterologous Valve Prosthesis Tissues on Their 
Physieomechanical Properties (M • m) 

Parameter Native tissue 

N~mber oftisme spec ime~ 46 
Reserves of deformability, I 

Co~ reserves o f |  5,54__+0,24 
temile strength, kg /em 2 ] . 55,9--+3,5 

0,25 % GA 

56 

4,04+_.0,19" 

72,9• 

Preserved tissue 

o,825 % GA 

74 

3,99• 

76,2• 

0,625 % GA + for- 
maldehyde 

58 

3,94~0,15" " 

72,3• 

1% GA 

43 

4,33• 

64,9~6,7 

Legend. Asterisk indicates values of parameters for preserved valves which differ sta- 
tistically significantly from values for unpreserved (native) valves. 

8 I 
7 

0 9 /2 ;~ 18 

Fig. 2. Effect of preservation of heterologous 
aortic valve prostheses with 0.625% GA solu- 
tion on pressure gradient recorded during 
working of valves on constant How bench with 
different rates of flow of fluid. Abscissa, 
flow rate (liters/rain); ordinate, pressure gra- 
dient (in mm Hg). i) Parameters of valve 
function before preservation, 2) the same after 
treatment with GA. 

EXPERIMENTAL RESULTS 

Tile largest quantity of preservative defusing into the tissue was found with 0.625% solutions, in which 45 
and 34% more GA penetrated into the tissue respectively than in ! and 0.25% solutions (P < 0.001). The great- 
est absorption of preservative was observed on lile first day (Fig. i), when the GA concentration in a solution 
initially of 0.25% fell to 0.001%, which is unacceptable from the standpoint of reliability of sterilization [3, 6]. 
Toward the end of the first week diffusion of GA into the tissue had virtually ceased. To maintain a concentra- 
tion of 0.625% of the GA solution, the solution had to be changed three times during the first week. 

:[he results confirm those obtained in other investigations [9]. The increase= ef sorption of GA in a 0.625% 
sokttion was evidently connected with an increase in the concentration gradient of the aldehyde [4]. This was 
not observed in the 1% solution, evidently due to rapid blocking of the surface layers of the tissue. From this 
standpoint a 0.625% solution must be considered to be optimal. 

After sensitization of the guinea pigs with homogenates of the native valve tissues, injection of the re- 
acting dose of homologous ar~tigen caused anaphylactic shock in 93% of the guinea pigs, and caused death of 26.6~o 
of the animals (Table i). The sensitizing activity of the preserved tissues was considerably depressed: 0.25 
and 0.625% GA solutions prevented anaphylaxis in 40% of guinea pigs a~d reduced its intensity in the other ani- 
mals. A combination of treatment with 0.625% GA solution followed by storage of the tissue in 4% formaldehyde 
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solution reduced the antigenic act ivi ty of the t i s sue  by an even g r e a t e r  deg ree  (P < 0.05). Meanwhile,  a 1% GA 
solution reduced the sensi t iz ing activi ty of the t i s sue  by a much l e s s e r  degree  than solutions with lower con-  
cent ra t ions  (P < 0.05). 

In the immunodiffusion t e s t  with homologous an t i se rum,  saline ex t rac t s  of nat ive t i s sues  gave 6-8 p r e -  
cipitation bands in dilutions of 1:128-1:256. P r e s e r v a t i o n  of the ma te r i a l  for  24 h led to a substant ia l  de -  
c r e a s e  in antigenic act ivi ty,  and on m o r e  prolonged t r e a t m e n t  with GA the ex t r ac t s  were  iner t ,  even during in-  
t e rac t ion  with native an t i se rum.  

The exper imen t s  thus showed that  immune act ivi ty of t i s sues  of heterologous valve p r o s t h e s e s  can be sub-  
s tant ial ly  reduced  by p r e s e r v a t i o n  with aldehydes.  It can be tentat ively suggested tha t  this effect  is due to a 
d e c r e a s e  in the quantity of wa te r - so lub l e  p ro te ins  and to blocking of antigenic de te rminan t s  [6, 11]. GA so lu-  
t ions with low concentra t ions  had higher  act ivi ty of th is  Mnd, espec ia l ly  when combined with formaldehyde  
t r ea tment .  

It will be c l ea r  f r o m  Table  2 that  p r e s e r v a t i o n  of the t i s sues  led to an i nc r ea se  in conventional r e s e r v e s  
of tens i le  s t rength and to a d e c r e a s e  in deformabi l i ty .  This effect  was  mos t  ma rked  when 0.625% GA solution 
was used and was l eas t  and not significant  a f t e r  p r e s e r v a t i o n  with the 1% solution. 

Function tes t ing showed that  the cusps  of nat ive va lves  exer ted  v i r tua l ly  no r e s i s t a n c e  to fluid flowing at  
the min imal  r a t e  of 6 l i t e r s / m i n .  P r e s e r v a t i o n ,  on the other  hand, had three  effects:  f i r s t ,  it led to a s ig -  
nif icant  i nc rease  in r e s i s t a n c e  of the cusps  to the flow (Fig. 2): at flow r a t e s  of approx imate ly  18 l i t e r s / m i n  
the r e s i s t a n c e  of the p r e s e r v e d  va lves  was 41-77% g r e a t e r  than that  of nat ive va lves  (P < 0.001). Second, sub-  
sequent t r e a t m e n t  with formaldehyde  had no s ignif icant  effect  on the hydrodynamic  p a r a m e t e r s  of p r o s t h e s e s  
p r e s e r v e d  beforehand in GA. Third,  in 1% GA solution the t i s sues  p r e s e r v e d  the i r  p las t ic i ty  to a g r e a t e r  de -  
g ree .  This was evidently due to penet ra t ion  of a s m a l l e r  quantity of the aldehyde f r o m  this  solution into the 
t i ssue .  

I t  can be concluded f r o m  these  r e su l t s  that  opt imal  p r e s e r v a t i o n  of heterologous valve p r o s t h e s e s  is given 
by the use  of a 0.625% solution of GA for  4 weeks,  with th ree  changes of solution. The use  of this concentrat ion 
and the technology of t r e a t m e n t  r e s u l t  in max ima l  absorpt ion  of aldehyde by the t i s sue  and the g r e a t e s t  d e c r e a s e  
in antigenicity and i nc r ea s e  in t i s sue  tens i le  s t rength.  Subsequent t r e a t m e n t  of the t i s sue  with formaldehyde  
solution i n c r e a s e s  the biological  iner t ia  of the m a t e r i a l  and guaran tees  i ts  s te r i l i ty .  
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