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Maintaining organ viability during preservation has remained an important
prerequisite for outcome after transplantation. To minimize preservation related injury
three factors are to be distinguished. These include the temperature effect during
storage, which has been hypothermia to reduce metabolism and generation of catabolic
enzymes1,2; the solution effect related to the components of the preservation solution
counteracting the negative consequences of hypothermic preservation with cell swelling
and acidosis; and the method of preservation by either static cold-storage or continuous
machine perfusion. Good organ preservation, however, starts with an effective blood
wash-out of the donor organ. Major determinants to maintain graft viability, irrespective
of the chosen preservation solution or method, are a rapid decrease in core temperature3

and an equilibration between the intravascular preservation solution and the
parenchyma2. To further improve hypothermic preservation and allow inclusion of
additional less optimal donor categories, the organ procurement and initial perfusion
technique are key factors towards improvement in organ preservation. 

In the late nineteen-eighties a new concept for cold-storage (CS) solutions was
defined and resulted in the development of the University of Wisconsin-cold storage
solution (UW-CSS). UW-CSS allowed a breakthrough in cold-storage preservation and
especially in liver transplantation. Despite improved transplant results, however, some
disadvantages of the solution have been recognized over the past years. A concern has
been the high potassium content of the solution4,5 that results, together with a storage
temperature of 0-4 ºC, in initial vasoconstriction6,7. In addition, the viscosity of UW-
CSS has both been praised and disapproved of as several groups have reported that a
high viscosity results in an initial poor perfusion of potential grafts8,9. Also, an
incomplete distribution of UW-CSS in the donor organ2 has been observed, possibly
preventing equilibration of the preservation solution between intravascular space and
liver parenchyma. In this respect, our group has recently reported that UW-CSS induces
red blood cell (RBC) aggregation. The colloid hydroxyethyl starch (HES) was recognized
as the single component that distinctively increases branched rouleaux formation of
RBCs and also significantly affects the viscosity of the solution8,10. The presence of RBC
rouleaux is unwanted and may prevent adequate microvascular perfusion with UW-CSS
during procurement. 

To improve the initial wash-out procedure during organ procurement and to overcome
impaired perfusion with an incomplete UW-CSS distribution, it has been suggested that
high perfusion pressures should be applied. This method, however, might be associated
with an increase in shear stress11 and could possibly negatively affect cellular energy
metabolism12 and the integrity of the endothelial lining cells of the perfused
(micro)vasculature. In clinical and experimental settings, some authors have indicated
that high perfusion pressures during liver procurement are compatible with good
transplantation results in both human and rat liver transplantation, although authors are
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unaware of the exact pressure-flow relationship they apply13,14. Others have advocated to
improve wash-out by altering the viscosity and RBC aggregation properties of UW-CSS3.

In this study we assessed the effectiveness and quality of the wash-out procedure
and studied related changes in hepatic morphology and function. We focused on the liver
wash-out method and looked for an alternative for the usually used 100 cmH2O perfusion
pressure. 
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Materials and Methods

Six adult male Wistar rats (250-350 gram) were used in each group. All animals
received care in compliance with the guidelines of the local Animal Care and Use
Committee following National Institutes of Health guidelines.  

Experimental design. The hepatectomy procedure: induction of inhalation anesthesia
with isoflurane and a gas mixture of nitrous oxygen (66%) and oxygen (33%) followed
by administration of 1 ml saline with 500 iE/ml of heparin. After laparotomy and
separation of the aorta from the caval vein, both the caval vein and the portal vein were
cannulated with 6 FG cannulas (Portex, Kent, England). 

Three groups were defined. The first group (A) consisted of 15 minute portal
perfusion of cold UW-CSS at 12 mmHg. This group is comparable to wash-out methods
that are used in the clinical setting, since the usually used 100 cmH2O results in a portal
perfusion pressures of approximately 10-15 mmHg. In the second group (group B) a high
pressure perfusion with UW-CSS (ViaSpan, Woerden, The Netherlands) was applied. This
technique is an accepted method and usually used for rat liver transplantation studies15

and reaches fluctuating levels around 100 mmHg in approximately 1 minute of manual
perfusion. In the third group (C) perfusion was defined by 10 minutes portal perfusion
with modified UW-CSS (UWmod) followed by 5 minutes perfusion with the original UW-
CSS to compare wash-out methods instead of changes in preservation. Perfusion with
UW-CSS and UWmod was performed at 12 mmHg, perfusion pressures (Truwave, Edwards
Lifesciences, Irvine, USA) were continuously monitored using a data acquisition program
(Labview 5.0, National Instruments, Austin, Texas, USA). UW-CSS and UWmod were kept
at 0-4 ºC (Frigomix, Sam en Kipp BV, Breukelen, The Netherlands) during wash-out.  

After hepatectomy, tissue samples were taken and slices were prepared16. Briefly,
random cores of 8 mm in diameter and preserved in cold UW-CSS prior to starting the
slicing procedure. Cores were cut into slices using a Brendel/Vitron tissue slicer (Vitron,
Tucson, USA). Slices weighed 12-15 mg (250-300 µm thick) to allow diffusion of
nutrients and oxygen16.

Preservation. The preservation period started at the moment the livers were perfused
during wash-out. Slices were preserved in UW-CSS supplemented with 3 mmol/l fresh
glutathione, for a period of 0, 24 or 48 h cold-storage. These time points were chosen
based on survival results of rat liver transplantation experiments13,17,18, revealing that
0 h preservation in UW-CSS resulted in 100 percent survival, 24 h in 20-50 percent and
48 h in 0 percent animal survival. After preservation, 50% of the slices were reperfused,
while the other half were immediately analyzed (Table 1). 
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Table 1: Schematic view of preservation and reperfusion time periods for each group.

Procurement and wash-out (light grey bars), preservation time (black bars) and reperfusion time (dark grey
bars), followed by sampling. CIT=cold-ischemia time, RBC=Red Blood Cell.

10 min. 24 hours 48 hours 72 hours
A. Conventional liver wash-out sampling
(UW-CSS wash-out & preservation) sampling

sampling
B. High-pressure wash-out sampling
(UW-CSS wash-out & preservation) sampling

sampling
C. Wash-out using modified UW  sampling 
(UWmod wash-out & UW-CSS preservation) sampling

sampling

wash-out and start CIT RBC count in liver parenchyma

Incubation. Slices were incubated in oxygenated Williams Medium E (WME) (Gibco
BRL, Breda, The Netherlands) at 37 ºC for 24 h, to simulate reperfusion. Each slice was
submerged in 3.2 ml WME in a sterile 6-wells plate on a reciprocal shaker (GFL 3006,
Burgwedel, Germany) at a frequency of 90/min19. WME (Invitrogen, 32551-020, Breda,
The Netherlands) was supplemented with 25 mM D-glucose (Sigma, G 6138), 50 µg/ml
gentamicin (Invitrogen, 15750-037, Breda, The Netherlands) and insuline 100 iE/l
(Humuline, Lilly, Nieuwegein, The Netherlands) saturated with 95% O2 : 5% CO2 for the
duration of the experiment20.

Microscopy. Tissue was collected, fixated in 4% formalin, subsequently paraffin
embedded and cut into 4 µm thick sections. Haematoxyline and eosine staining was used
to judge the integrity of liver tissue. Red blood cells were counted in ten randomly
selected microscopic fields for six samples of each group, taken just after procurement.
Histological evaluation was performed in a blinded fashion by two different observers.
The morphological liver integrity was graded on a scale of 1 (excellent) to 5 (poor).
Grading was adapted from Tojimbara et al.8 and Martin et al.21 and described as: 1.
normal rectangular structure, 2. rounded hepatocytes with an increase of the sinusoidal
spaces, 3. vacuolisation, 4. nuclear picnosis and 5. necrosis (Figure 1). Endothelial cell
injury was classified by the degree of cell detachment from the vascular matrix
discriminating between arterioles, large veins and small venules.

Cellular integrity. Levels of aspartate amino transferase (AST), alanine amino
transferase (ALT) and lactate dehydrogenase (LDH) (Mega, Merck, Amsterdam, The
Netherlands) were determined to assess the amount of cellular injury and viability after
slice preservation and reperfusion. 
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Figure 1: Hepatocyte scoring in five classes: (a) control, no wash-out, erytrocytes and leucocytes
are still present in the vasculature (★); (b) score 1, intact tissue slight sinusoidal spacing; (c)
score 2, rounding of hepatocytes; (d) score 3, vacuolisation (open arrow); (e) score 4,
vacuolisation and nuclear picnosis (closed arrow); (f) score 5, necrosis. The inserts are enlarged
sections with a factor of 2.2.
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Mitochondrial function and ATP. ATP levels were measured using the ATP
Bioluminescence assay kit CLS II (Roche Diagnostics GmbH, 1699 695, Mannheim,
Germany): Slices were homogenized with a ultrasonic processor (Cole-Parmer, Vernon
Hills, USA) in a solution containing 70 volume percent ethanol and 2 mM EDTA and were
stored at –80 ºC until measurement. Samples were diluted in a 100 mM phosphate buffer
(pH 7.6-8.0). After one minute centrifugation at 1000 g, 50 µl of luciferase was added
to 50 µl of the supernatant and measured in an luminescence apparatus (Lucy-1, Anthos
Labtec instruments, Salzburg). ATP levels were corrected to the protein concentration of
the slice. The Bio-Rad protein micro photospectrometric assay (Bio-Rad, München,
Germany) was used at 620 nm. 

The Respiratory Control Ratio (RCR) was calculated by dividing phase-III by phase-IV
mitochondrial respiration, reflecting respiratory control by ADP. An RCR of 1
demonstrates no respiratory control, and an increasing RCR shows an increase in
mitochondrial viability, i.e: an intact coupling between electron transport chain and the
F0/F1-ATPsynthase complex. Slices were submerged in 1 ml of respiration medium: 120
mM KCl (Merck 4936), 10 mM Hepes (Sigma H-3375), 10 mM K2HPO4 (Sigma P-3786) and
0.1 percent bovine serum albumine, essentially acid free (Sigma A-6003), in an airtight
housing. The temperature was controled at 30 +/- 0.05 ºC during measurement using a
precision waterbath (Julabo MP-5, VWR, The Netherlands). The partial oxygen pressure
was measured with a clarck-type electrode (Cole-Parmer, The Netherlands, U-53002-50)
using a high flux membrane (FEP, Cole-Parmer, The Netherlands, U-53002-55),
continuously registered with the Oxystat interface and Strathkelvin 928 oxygen system-
software (Cole-Parmer, The Netherlands, U-53002-05). Phase IV respiration was
measured after addition of 25 µl 0.5 M succinate and phase III respiration after addition
of both succinate and 10 µl 100 mM Adenosine DiPhosphate (ADP)22.     

Hepatocyte function. Metabolic capacity requiring ATP and an effective oxidative
phosphorylation is expressed by calculating the urea synthesis rate23. After 22 h
reperfusion, NH4

+ and L-ornithine were added to the WME medium to a final
concentration of 1.0 mM and 0.1 mM respectively. Urea levels were measured at 22 h
and 24 h to calculate the urea synthesis rate over this period. The difference between
urea after 22 and 24 h reperfusion reflects the metabolic function of the liver. The urea
concentration after 22 h reperfusion is an indication of the breakdown of proteins to
amino acids.

Statistical analysis. Samples were taken in triplo. Results are mean +/- SEM. One-way
ANOVA was used, with Bonferroni’s correction for multiple comparisons. Remaining RBCs
were counted and statistically tested by normalising the results to the mean. The median
test of the Kruskal-Wallis test was used24. A p-value of <0.05 was considered to be
statistically significant.
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Results

Wash-out using UW-CSS at a perfusion pressure of 12 mmHg resulted in an initial high
vascular resistance, followed by a gradual decrease of 54%. Wash-out in the UWmod
perfused group showed a significantly lower vascular resistance when compared to the
UW-CSS group. Furthermore, group C also showed a decrease in resistance (21%),
however, less prominent than in group A (Figure 2). After wash-out and procurement the
liver temperature was 10-15 ºC. 

Figure 2: Vascular resistance during liver wash-out using UW-CSS at a normal low-pressure
(squares) and wash-out using UWmod at a low-pressure, followed by perfusion with UW-CSS at 12
and 15 minutes (dots). Wash-out time with UW-CSS at high-pressure was short (< 1 min.) and is
not included in the graph.

Microscopy. Since a non-parametric distribution of the RBC counts was found, the
Kruskal-Wallis test was chosen and showed a significant difference between the three
groups24. The mean rank distribution of normalized RBC counts, ranking without a
quantity, showed: group A 97.2, group B (high pressure) 80.9 and group C (UWmod)
93.5. Figure 3 illustrates the results and shows RBCs that remain present in sinusoids
and large vascular structures at normal perfusion pressure (Figure 3a), high-pressure
wash-out (Figure 3b) and UWmod wash-out (Figure 3c). 
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A B

C
Figure 3: Remaining erythrocytes in liver parenchyma, just after procurement (400*): (a) normal
liver wash-out with UW-CSS, (b) high pressure wash-out using UW-CSS and (c) physiological
pressure wash-out using UWmod. Arrows indicate erythrocytes.

Liver morphology reveals that most viable hepatocytes were found in group A
(normal) scored as grade two out of five (p<0.05 vs Group B and C, Tabel 2a). For the
high-pressure perfused group a grade three to four and for the UWmod group a grade
three was scored. No statistical difference was found between the high-pressure perfused
group and the UWmod group. In all groups endothelial injury was found, which was in
particularly observed in mainly large vessels. In addition, groups A (normal) and B
(high-pressure) also showed endothelial detachment in small vessels (Table 2b).
Statistical analysis concerning endothelial injury showed no differences between groups.
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Table 2a: Hepatocyte scoring after liver wash-out. 

*= p<0.05 compared to group B and C.
Experimental groups score Intact Spacing / Vacuoles Picnosis Necrosis

Rounding
Group A (normal) 2* +++* +++ –* – –
Group B (high-press.) 3-4 + ++ +++ ++ +
Group C (UWmod) 3 + +++ +++ ++ –

Table 2b: Endothelial cell detachment from its matrix after liver wash-out.

Experimental groups % endothelial detachment Arterioles Large venules Small venules
Group A (normal) 40-60 – +++ +
Group B (high-press.) 20-40 – +++ +
Group C (UWmod) 40-60 – +++ –

Cellular integrity. Transaminases and Lactate DeHydrogenase release showed high
levels for group A (normal) and showed an increase with an increase in the preservation
time. The concentration of ALT and LDH in group B (high pressure) were low. Also, group
C (UWmod) showed similar low levels as were found for group B. AST however, did not
show the same low levels for group B and C compared to A. In Table 3 the results of the
three groups are presented showing transaminases and LDH levels with an increasing
preservation time and constant reperfusion duration of 24 h. 

Mitochondrial function and ATP. Mitochondrial function is expressed with the RCR
ratio. The RCR in group A was after 0, 24 and 48 h preservation followed by 24 h
reperfusion: 1.6, 1.7 and 1.5, respectively. Group B showed a significantly better result,
however, the method used in group C did not improve RCR levels when compared to
group A (Table 3). The ATP content after 0 h preservation and 24 h reperfusion showed
a low concentration for group A compared to groups B and C, although no significant
changes were determined. We did observe a significantly lower ATP concentration after
24 and 48 h preservation in group A (Figure 4). Normal wash-out (A) showed after 24 h
preservation a 56% lower level when compared to group B and a 37% lower level when
compared to group C. For 48 h preservation the ATP levels showed a 65% and 57% lower
concentration.
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Figure 4: ATP concentration after preservation and 24 h reperfusion of rat liver slices. Values are
expressed as means +/- SEM. = 0 h preservation, = 24 h preservation and = 48 h
preservation. * = P < 0.05 versus group A.

Hepatocyte function. The urea synthesis rate (µmol/l/min) expresses hepatocyte
function and the capacity of hepatocytes to generate urea. The urea synthesis rate
decreased after 48 h preservation compared to 0 h preservation (Figure 5). No
differences were observed between the three groups at the 0, 24 or 48 h time points. 

Figure 5: Urea synthesis rate after preservation and 24 h reperfusion of rat liver slices. Values are
expressed as means +/- SEM. = 0 h preservation, = 24 h preservation and = 48 h
preservation. * = P < 0.05 versus 0 h preservation.
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A pattern similar to the release of transaminases and LDH was observed for the
release of urea, which is not a functional marker, but a parameter to demonstrate protein
catabolism. Group A showed high levels of urea at the time points 0, 24 and 48 h
preservation, with a mean of 0.66 +/- 0.03 mmol/l. Group B and C levels were low with
means of 0.51 +/- 0.03 and 0.46 +/- 0.02 mmol/l, respectively (Table 3).

Table 3: Reperfusion markers measured after preservation and 24 h reperfusion of rat liver slices
in oxygenated WME.

Rat livers were procured using: UW-CSS according the clinical standard (group A), UW-CSS with high
perfusion pressure (group B) or by using modified UW-CSS (group C). Results are means +/– SEM, statistics
were performed using ANOVA and Bonferroni’s correction for multiple comparisons. 
* = P < 0.05 vs. group A. # = P < 0.05 vs. group A and C

Parameter 0h 24h 48h mean
preservation preservation preservation

Group A AST (U/l) 99.1 +/- 53.4 110.8 +/- 30.9 124.3 +/- 17.2 111.4 +/- 20.2
(normal) ALT (U/l) 28.0 +/- 10.5 31.0 +/- 8.3 42.3 +/- 7.2 33.8 +/- 5.0

LDH (U/l) 340.9 +/- 178.7 359.7 +/- 118.5 566.2 +/- 173.9 422.3 +/- 89.9
RCR 1.58 +/- 0.17 1.68 +/- 0.13 1.51 +/- 0.21 1.59 +/- 0.10
Urea (mmol/l) 0.62 +/- 0.05 0.69 +/- 0.05 0.67 +/- 0.04 0.66 +/- 0.03

Group B AST (U/l) 50.5 +/- 13.5 39.4 +/- 10.1 51.2 +/- 11.2* 47.0 +/- 6.5*
(high-pressure) ALT (U/l) 20.5 +/- 5.8 13.6 +/- 3.6 17.7 +/- 3.2* 17.3 +/- 2.4*

LDH (U/l) 172.5 +/- 48.8 110.1 +/- 33.6 173.5 +/- 32.9 152.0 +/- 22.4*
RCR 2.40 +/- 0.23 2.54 +/- 0.31 2.39 +/- 0.22 2.45 +/- 0.15#
Urea (mmol/l) 0.48 +/- 0.05 0.50 +/- 0.05* 0.54 +/- 0.04 0.51 +/- 0.03*

Group C AST (U/l) 64.6 +/- 10.5 93.4 +/- 18.3 92.2 +/- 16.0 83.4 +/- 8.9
(UWmod) ALT (U/l) 13.8 +/- 1.4 12.6 +/- 1.5 15.0 +/- 2.0* 13.8 +/- 0.9*

LDH (U/l) +/- 22.7 64.1 +/- 7.4* 127.6 +/- 41.4* 87.4 +/- 16.5*
RCR 1.44 +/- 0.07 1.39 +/- 0.09 1.20 +/- 0.06 1.34 +/- 0.05
Urea (mmol/l) 0.47 +/- 0.03 0.44 +/- 0.03* 0.49 +/- 0.05* 0.46 +/- 0.02*
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Discussion

This study demonstrates that the method used to wash-out blood from the donor liver
during procurement is important to decrease graft injury. The effectiveness and quality
of the wash-out procedure were assessed and related changes in hepatic morphology and
function were studied in an in-vitro rat liver model. We compared normal perfusion with
a high pressure perfusion and a non-HES containing modification of UW-CSS to identify
the optimal wash-out procedure which result in a decrease in liver injury and an
improvement of liver function after preservation and reperfusion. 

To study aspects of organ donation and transplantation four models can be used,
including isolated hepatocytes, liver slices, isolated perfusion of the liver and finally
liver transplantation. For our experiments we choose the liver slice model because it
allows the possibility to evaluate microscopy, injury parameters and liver function at
several time points in a single liver. At this point in time we wanted to reduce the
chance of outcomes provided by an inconclusive transplant model, introducing a so
called ‘black-box’ phenomenon. We found the model to be very advantageous as it
allowed a comprehensive analysis of how procurement and initial perfusion affected liver
function25,26. Together with the advantage of including several preservation periods, the
model reduced the number of animal experiments. Successful transplantation of the liver
will remain the ultimate test for new procurement methods, however, the transplantation
model was considered premature at this stage.

Our study demonstrates that morphological evaluation of livers procured with the
high pressure perfusion technique (group B), showed a low donor erythrocyte count. A
significant higher erythrocyte count was found using the conventional low-pressure
wash-out method (group A). Although high-pressure washout (B) and low-pressure
wash-out with UWmod (group C) were effective, microscopy demonstrated, however, a
decreased hepatocyte integrity in both these groups. In contrast, in group A using
conventional low-pressure wash-out more donor blood cells remained in the liver,
however, an intact hepatocyte morphology was observed. Since the high-pressure used
in group B and the low-pressure used in group C (UWmod) both invoked a loss in
parenchymal integrity, we think that the perfusion pressure was not injurious to liver
parenchyma. Moreover, an effective wash-out can be accompanied by a decrease in
hepatocyte integrity without losing hepatocyte function or increasing injury parameters.
This side-effect of the initial perfusion of donor livers is possibly due to the
characteristics of UW-CSS in a hypothermic setting. The hepatocytes are more prone to
injury, as they become more rigid and adept less well to changes in perfusion dynamics
at cold temperatures. To test the hypothesis that an ineffective wash-out induces loss
of function and increased cellular damage, despite of an intact hepatocyte morphology,
we assessed some functional and injury parameters.  
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To detect whether conventional low-pressure liver wash-out could result in a decrease
in viability we used markers concerning liver function and cellular injury. In hepatic
injury a mitochondrial enzyme, AST, and a cytosolic located enzyme, ALT, are both
released into the reperfusion medium. The RCR showed evidence of injury with a similar
pattern as found for AST release and reflects mitochondrial function: the coupling
between the electron transport chain and oxidative phosphorylation. Groups A and C
showed a decline in RCR which suggests a loss of function compared to group B. Since
the urea cycle reflects function and since it is an ATP dependant process, it is tempting
to speculate that a lower RCR results in a decrease in oxidative phosphorylation and
consequently a low tissue ATP content. The lower ATP level might then be accompanied
by a decrease in the urea synthesis rate. Group A, however, showed a decrease in ATP
compared to group B (65%) and C (57%) without a change in the urea synthesis rate.
ATP levels in group A are apparently not rate limiting for urea synthesis. When more
complicated metabolic mechanisms or more simultaneously performed energy-requiring
processes are needed, it is likely that the ATP level will drop to levels that are consistent
with the RCR results. In our study, the urea synthesis rate showed no differences. The
functional markers RCR and ATP, with ATP as an end product, is considered to reflect
viability and both markers showed good results in the high-pressure perfused group27.

The mechanism leading to an increase in cellular energy content during high-pressure
perfusion is unclear. Differences in warm ischemia time could explain these findings,
since wash-out in group B took less than 1 minute in contrast to 15 minutes in group
A and C. Due to the low perfusion pressures, and thus low perfusion flows, a longer
initial wash-out period was inevitably necessary resembling clinical practice. Although
our experimental set-up was designed to infuse UW-CSS or UWmod at 0-4 ºC in all three
groups, infusion of cold fluids alone did not result in the desired immediate decrease in
core temperature to 0-4 ºC. We measured a rapid decrease to 10-15 ºC during wash-out
that was followed by a slow decrease to finally 4 ºC. This implies that both groups A and
C were subjected to a 15 minute longer period of moderate warm ischemia resulting in
a decrease in mitochondrial function.

Recently, we have demonstrated an hyperaggregating effect of hydroxyethyl starch
(HES) in UW-CSS on erythrocytes and postulated that this effect hampers a complete
blood wash-out from the liver10,28. Stasis during perfusion leads to a breakdown of
donor blood components and stresses the relevance of an effective method to remove
erythrocytes and other blood components from the donor organ29,30. The discrepancy
between the results concerning morphological aspect and functional measurement can
be explained with aggregation of donor erythrocytes during wash-out. Furthermore, the
timing of morphology measurements does not allow an interpretation of morphology
in combination with the functional and injury markers. It has been suggested
that ineffective wash-out with a low perfusion pressure is due to the high viscosity of
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UW-CSS9,31. We doubt this, since cold UW-CSS, as opposed to warm blood, increases
viscosity with a factor of only 1.3 and is, therefore, not likely to induce stasis during
perfusion on its own. The high potassium content in UW, the cold-induced
vasoconstriction7,32 as well as aggregate formation between RBCs due to HES are all
important contributors. To improve effective wash-out and allow better preservation
with one single solution Morariu et al. from our group10 has proposed to replace the high
molecular weight HES in the original UW-CSS solution (mean 250 kDa) with a low
molecular weight HES (130 kDa) that does prevent the formation of such aggregates10.

As early as in the 1980s an effective blood wash-out was thought to be mandatory
to improve organ outcome after transplantation3,18. Procurement studies in man,
however, have not been able to demonstrate significant differences in the methods used
for initial perfusion. We conclude that an improvement of the initial blood wash-out
prior to cold-storage significantly contributes to an improvement in liver preservation.
Both, a higher perfusion pressure than the normally used 12 mmHg, and the use of
modified UW-CSS without the hydroxyethyl starch component, improve liver preservation
results. We suggest that an increase in perfusion pressure is preferable, since it improves
the efficacy of wash-out of blood during perfusion, shortens the initial warm ischemia
time during liver procurement and reduces ischemia-reperfusion related injury reflected
by better mitochondrial function and decreased release of transaminases. 
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