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Summary. This study deals with myocardial pre
servation after 24 hours of continuous perfusion with 
University of Wisconsin (UW) solution, focusing on the 
morphological changes produced by preservation and 
reperfusion, and their possible relationship to the 
composition of the solution and the immediate hemo
dynamic findings after orthotopic heart transplantation in 
dogs. Following preservation, the histological images of 
the myocardium were normal in almost every case. After 
revascularization, although 50% of the hearts recovered 
preoperative functional levels, there were relevant 
histological changes in all of them. These changes 
consisted of interstitial edema, damage to at least 50% of 
the mitochondria, presence of contraction bands, loss of 
intercellular junction structure and vasoconstriction. 
According to these results, the association of continuous 
perfusion and UW solution appears to be effective 
during the ischemic period of prolonged myocardial 
preservation, but not during reperfusion. Perhaps the 
proportion of viable hearts could be increased by 
preventing vasoconstriction. 
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Introduction 

One of the keys to successful transplantation is the 
preservation of the organ during the ischemic period. For 
this purpose, different preservation solutions have been 
developed which, in routine clinical practice, are used 
for cold storage. In the case of cardiac grafts, this 
technique ensures a safe ischemic time of 4 to 6 hours, 
although it does not completely prevent the adverse 
effects of ischemia-reperfusion on myocardial 
morphology and function (Nutt et aI., 1991; 

Offprint requBsts to: Dr. Eduardo Garcia Poblete, PrinCipe de Vergara ng 

275, 2Q 0, 28016 Madrid, Spain 

Jeevanandam et aI., 1992; Menasche et aI., 1993; Fremes 
et aI., 1995). 

The use of University of Wisconsin (UW) solution 
in clinical heart transplantation is relatively recent. It 
appears to produce better results than other preservation 
solutions (Nutt et aI., 1991; Menascbe et aI., 1993), 
leading to suggestions that it may play a positive role in 
high-risk donors or in cases of prolonged preservation 
(Jeevanandam et aI., 1992; Fremes et aI., 1995). 

In most of the studies involving UW solution, the 
preservation consisted of cold storage technique; when 
continuous perfusion was employed, reperfusion was 
performed in vitro (Nutt et aI., 1991). There are very few 
references to the correlation between the morphological 
and functional results. Thus this report deals with 
myocardial preservation after 24 hours of continuos 
perfusion with UW solution, focusing on the 
morphological changes produced after preservation and 
reperfusion, and their possible relationship to the 
composition of the solution and to the immediate 
he~odynamic findings after orthotopic transplantation. 

Materials and methods 

Animals 

The trials were performed on 11 healthy adult dogs 
of unknown age and breed, weighing between 20 and 25 
kg. Care of the animals complied with the rules 
stipulated by the Principles of Laboratory Animal Care 
and the Guide For The Care and Use of Laboratory 
Animals issue by The National Society for Medical 
Research and the National Academy of Sciences, 
respectively. 

Surgical technique 

Following systemic heparinization, cardiac arrest 
was induced in the donor by injection of a crystalloid 
cardioplegic solution (K+=30 roEq/L). The procurement 
of the donor heart included the aorta up to the 
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commencement of the descending segment. Once the 
heart was harvested, the pulmonary artery was transected 
at the leve1 of its bifurcation and both atria were opened 
wide in preparation for  implantation. The  heart, 
suspended by the aorta, was placed in a gravity-driven 
continuous perfusion chamber, where it remained for 24 
hours at 4 After this period of time, the organ was 
implanted orthotopically into the recipient using a 
technique similar to that employed in humans. 

Preservation technique 

Preservation involved the use of the gravity-driven 
continuous perfusion technique (maximum pressure 15 
cm H20) with hypothermia (4 *C) and oxygenation 
(95% 02, 5% C02) described by Wicomb et al. (1984). 
The  heart was  perfused with a modified form of 
commercially available UW solution (viaspan@); this 
process did not involve the addition of dexamethasone, 
insulin or penicillin. 

In the preservation solution, pH, lactate, creatine 
kinase (CK) and lactic dehydrogenase (LDH) were 

determined 0, 6 ,  20 and 24  hours after continuous 
perfusion. In the donor heart, temperature and myo- 
cardium weight were measured pre- and post- 
preservation. Heart rate and arteria1 blood pressure were 
also assessed in basa1 situation and posttransplantation. 

Histological study 

Samples were taken of both ventricles for light 
microscopy and transmission electron microscopy 
studies after 24 hours of continuous perfusion and 60 
minutes after revascularization of the graft. 

For viewing under light microscopy, the samples 
were fixed in 10% formaldehyde for 4 days, embedded 
in paraffin and cut into 7 micron-thin slices in a Minot 
microtome. Once freed from the paraffin, they were 
stained with hematoxylin-eosin and studied under a 
Leitz photomicroscope (Dialux model). 

The samples to be used in the ultrastructural study 
were immersed for 2 hours in 2% lutaraldehyde in B phosphate buffer and cut into 1 mm blocks; then they 
were washed in phosphate buffer and postfixed with 2% 
osmium tetroxide for 1 hour. After dehydration in a 
graded acetone series, they were embedded in Epon 812, 
cut into semithin slices (0.5 to 1 micron-thick) using a 

Flg. 1. Sernlthin slice of ventricular 
myocardiurn efter 24 hours of 
continuous periusion with üW solution 
showing m a l  stiudure. x 400 
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Fig. 2. Postrevascularization mitochondrial chmgeis of variable severity. ,, , 12,000; b, x 10,000 
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Reichert Jung ultramicrotome and stained with 
Richardson's methylene blue for light microscopy study. 
Likewise, ultrathin slices (70 nm-thick) were stained 
with a water-based solution of 2% uranyl acetate and 
lead citrate for study under a Zeiss 902 electron 
microscope. 

These studies focused mainly on the presence of 
cellular andlor interstitial edema, the loss of 
mitochondrial structure, the presence of contraction 
bands in the myocardial fibers, the status of the 
intercellular junctions and the aspect of the blood 
vessels. 

Results 

Functional findings 

The pH decreased from 7.7 to 7.2 during the first 6 
hours of perfusion, after which it stabiiized, becoming 
neutral at 24 hours. The lactate levels increased 
progressively during the course of perfusion (0.17, 0.52, 
1.06 and 1.16 mmol/L at 0, 6, 20 and 24 hours 
respectively. Continuous increases were also detected at 

these same time points in the concentrations of LDH 
(1.5, 17.6,49.6 and 56.7 U/L, respectively) and CK (5.8, 
39.7, 112.2 and 127.5 U/L, respectively). The weight of 
the myocardium did not change during this period. 

With respect to recovery of the heart rate after 
revascularization, sinus rhythm was restored in only 3 
cases; in the remainder, sinus arrest or atrioventricular 
dissociation was detected. Assessment of the arterial 
blood pressure disclosed a systolic arterial pressure over 
100 mmHg in 5 of 11 cases, while it was equal to the 
preharvest leve1 in 4 cases and 14% lower in 1. In the 
remaining 6 trials, there was a mean decrease in the 
systolic arterial pressure of 52% with respect to basa1 
levels; these hearts developed an edematous appearance 
following reperfusion, and the left ventricle showed 
signs of no-reflow and the stone-heart phenomenon in 2 
of them. 

Morphological findings 

With the exception of a considerable reduction in the 
intracellular glycogen content, the histological pattern 
after 24 hours of continuous perfusion was nearly that of 

Flg. 3. Ventricular myocardium aiter revascularization showing contraction bands, interstitiai edema and dilatation of the endoplasmic reticulum. 
x 3,000 
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nomal myomdium: abseace of deenaas; mitochondrid 
eharm%xhb @$cal af s thme fhe"t by immersion; 
aad namd myoCa$e P ig ,  1). In this phase, 
contrwtian baade and mwM chmges in in&wUular 

Case. 
Ikiw@wr* s i g n í f i a t  s&mcRiral md ultrastructurd 

changes w m  observed aiftar t r anqknta t i an  and 
s u b s ~ f f t  sev@nulrrri~~dian TBwe wm a maderate 
deawe cua* Insteisttrial edema. Railnblv SO% of the - - 
miiocboadria presented changes, rsinging from a 
reduction in the density of h e  mitochdrial matrix and 

dimipi ta  & % gmend swm1lhg and 
arame af Ithe &m md t%ne ~f F sa 1kwt~m Pig, &,biS, mtmcti~n 

. The nuclei in 

4). v%st nzíjority of interceilular junctions presentcd 
wide cl& separadaas and la= of structure of th4 
filaments involvad in binding (Fig. 5). Images of 
vamconstriction affecting capiiíaries and ssmall and 
medium-caliber arteries were observed, with 
incremeated endothelid projwtions fiadiy converting 
the vamlar lumm into a v h m i  s p ,  and a moderate 
imreme in the pbqbtic vesicles wgs aiso seen (Fig. 
6). h t h e r  fhüng ww th p m ~ l c e ,  in some mes, of 
polymorphonucleat mb '&y or totaily obstnicting 
*e vasnilnr 1-n Fí. 

In g e d ,  ahe mmt matked m o r p h o l ~  shanges 
corre to gmfb pmmting t$e severest venEri& 
dysfundion. Howaver, thare is a certain degsee of 
disagrwnnent since there were relevant histological 
lesiam wen whea tbe íb&un returned to prwperative 
leveh. Thew lmiom were M a r  to . thm mpted by 
other autBors @mda et d., 1% Kiuner and Przyklenk, 
1992; Manksd et al., 1992), but were less severe, 
perhaps becauiuse of the use of continuaus perfusion 
during the ischernic period rather than simple cold 

Flg. 6. Contradon band, cellular and intersfltlal edema, end rnarked vesoconstridion. x 4,400 
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storage (Nutt et al., 1991; Choong et al., 1992; Manciet 
and Copeland, 1992; Masuda et al., 1992). 

The role of each component of the UW wlution has 
not been thoroughly demonstrated, but the potassium, 
hydroxyethyl starch, lactobionate and raffinose 
concentrations are considered essential in preventing 
both cellular and interstitial edema Wutt et al., 1991; 
Breda et al., 1992; Mankad et al., 1992; Stringham et al., 
1994; Fremes et al., 1995). in our study, the UW solution 
was highly efkctive in this respect, sin- after 24 hours 
of ischemia with continuous perfusion tbe hearts had not 
increased in weight and showed no sign of edema or 
other relevant histological changes. 

The UW solution contains no glucose, an aspect that 
is considered beneficial: although it can serve as a 
substrate for anaerobic glycolysis during hypotliermic 
ischemia, glucose can also prove harmful as it generates 
lactic acid and acidosis (Breda et al., 1992). In our 
experience, the lactate concentrations had only a 
moderate impact on pH, but the absence of g lume may 
have been the cause of the notable reduction in 
intracellular glycogen detected at the end of the 
perfusion period, and the possibility that the lack of 
substrate had a negative influence on functional recovery 

cannot be ruled out. 
The release into the blwd supaly of mywardial 

enymes is equivalent to cell death, and the iaefeasts in 
LDH and CK during continuous p r fus ion  were 
interpreted in thlpt light; however, they m i e t  aJeo 
indicate permeability and efficacy of the r e m a l  of 
cellular debris by the microcirculatim. This hrp&& 
is supported by the normal morpblogy of the vasalar 
bed during this phase. 

Upon reperfusion, al1 the damage prodmxd during 
ischemia was revealed, as was that generoted by 
reperfusisn itself; thus, it is di"cu1t b dkthguiah w h t  
deleterious eveats are attributable to each phase: and to 
what extent. 

In addition to the absence of glucom, UW mlution 
contains no calcium either. Experimental evidence 
indicates that calcium-free súlutions are a potential 
threat to the 4 1  membrane specially dvring Isshemic 
times of over 12 hou~s; the reintroduction of wlcium 
after a period of perfusion in the h n o e  af this catioa 
produces immediate biochedcal md funct id  h a s  
to the myocardium (Stringham et al., 1999). W s  rnay 
have been an important factor in tlLe m d & m  rsf he 
damage to the mitochondrial membranes and to the 

- 

Flg. 7. Polymoiphonudear cell parüally ocdudlng the turnen of a btood vessel. x 7,000 



Myocardial preservation with U W solution 

intercellular junctions observed in the present study, as 
weíi as in the development of the contraction bands and 
of the ischemic conhacture. 

Another factor that has been implicated in the 
damage to the membranes is the production of free 
radicals during the reperfusion phase (Banabés et al., 
1995; Mezzetti et al., 1995; Pesonen et al., 1995). 
Although these products have not been measured in this 
study, we consider the obstruction of the vascular lumen 
by polymorphonuclear cells that was observed in some 
preparations to be significant. These cells have been 
identified as the source of free radicals and triggers of 
platelet activation (Mazer, 1993; Barrabés et al., 1995; 
Mezzetti et al., 1995; Pesonen et al., 1995). Together 
with the extensive vasoconstriction observed, they are 
responsible for the no-reflow and the perpetuation of 
ischemia after gaf t  revascularization. 

On the basis of the results obtained, we consider that 
the association of continuous perfusion and UW solution 
is more efficacious than other techniques for prolonged 
myocardial preservation. Perhaps the proportion of 
viable hearts can be increased by taking measures to 
prevent vasoconstriction. 
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