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BACKGROUND: Organ shortage has led to an increased num-
ber of transplantations from extended criteria donors. These 
organs are more vulnerable to ischemia-reperfusion injury. 
Thus, improvement of organ preservation is needed. HTK is 
a widely used preservation solution for static cold storage in 
liver transplantation. The present study was to investigate the 
beneficial effect of warm HTK donor pretreatment on liver 
preservation.

METHODS: Male inbred Wistar rats (weighing 230-260 g) 
served as donors and recipients (n=6/group). Donors of treat-
ment groups received i.v. 0.01 mL/g body weight (BW) warm 
(21 ℃) HTK systemically 15 minutes prior to cold perfusion. 
Control groups received 0.01 mL/g BW warm (21 ℃) NaCl 
0.9%. Following pretreatment, donors were flushed with 4 ℃ 
cold HTK, livers were explanted and stored in 4 ℃ HTK for 
six hours. Thereafter orthotopic liver transplantation was 
performed. Recipients were harvested four hours, two and five 
days after reperfusion and blood and liver tissue samples were 
obtained. Blood samples were analyzed for AST, ALT, lactate 
dehydrogenase and bilirubin. Liver histological analysis as 
well as tissue analysis for pro-MMP2, MMP2 and pro-MMP9 
using zymography was conducted.

RESULTS: Treatment groups showed significantly lower ALT 
and lactate dehydrogenase levels as well as significantly lower 
activities of pro-MMP2, MMP2 and pro-MMP9. Histological 
analysis revealed only minor damage in all groups.

CONCLUSIONS: The new concept of warm HTK pretreat-
ment significantly reduced ischemia-reperfusion injury. The 
reduced ischemia-reperfusion injury was due to MMP inhibi-
tion. Warm HTK donor pretreatment is easy to handle and 
could further improve HTK's potency in liver preservation.

(Hepatobiliary Pancreat Dis Int 2015;00:000-000)
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Introduction

Over the last decades, improved outcomes after 
liver transplantation have led to an alarming 

"organ shortage". Thus, more transplants of so-
called "extended criteria donor" (ECD) livers are per-
formed. ECD organs are more vulnerable to ischemia-
reperfusion injury (IRI). This is reflected by higher rates 
of initial poor and non-function, as well as worse graft 
and patient outcome.[1] Nevertheless, expanding criteria 
for donation reduces waiting time[2] and mortality on the 
waiting list.[3]

Using ECD organs puts more challenges on pres-
ervation. Liver preservation is currently based on static 
cold storage at 4 ℃ to reduce metabolism and decelerate 
damage caused by oxygen and substrate shortage. How-
ever, cold storage leads to damage itself (e.g. by inducing 
apoptosis and reduction of substrate intake into the cell 
by lowering activity of trans-membraneous transporter 
activity).[4] For a better preservation, not only metabo-
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lism has to be reduced, but also substrate supply has 
to be guaranteed. The formulation of Bretschneider's 
Histidine-Tryptophan-Ketoglutarate (HTK) solution was 
initially conceived for mild hypothermia and cardiople-
gia in cardiac surgery with the concept to protect against 
ischemia by accumulation of a potent buffer (histidine), 
energy and membrane stabilizing substrates (ketoglu-
tarate and tryptophan).[5] Besides buffering capacity 
and substrate supply HTK provides inhibitors of matrix 
metalloproteinases (MMP).[6] Especially the activation 
of so-called "gelatinases A and B" pro-MMP2, MMP2 
and pro-MMP9, MMP9 is harmful during cold ischemia 
and warm reperfusion.[7] Recently MMP9 inhibition was 
anew shown to attenuate IRI.[8]

We suppose that an essential part of HTKs protec-
tive potency is lost by using it only as cold (4 ℃) flushing 
and storage solution because the reduction of uptake of 
its ingredients is inevitable: the activity of trans-mem-
branous transporters at 4 ℃ is substantially lowered. We 
conducted an experimental study with 21 ℃ warm HTK 
intravenous infusion to the donor in a rodent liver trans-
plant model,[9] aiming to enrich the donor liver with 
HTK prior to organ procurement and static cold storage 
and thus, reduce IRI and achieve a better preservation.

Methods
Experimental protocol

The new concept was to pretreat donor animals systemi-
cally with warm (21 ℃) HTK by intravenous administra-
tion prior to perfusion with cold (4 ℃) HTK. We hypoth-
esized that (i) warm (21 ℃) donor pretreatment reduces 
liver transplant injury; and (ii) reduced liver transplant 
injury is due to (among others) MMP inhibition. To test 
our hypotheses, the following endpoints were measured 
at three time points (four hours, two and five days) after 
transplantation: blood levels of aminotransferases (AST 
and ALT), lactate dehydrogenase (LDH), bilirubin; tissue 
activity of MMPs (pro-MMP2, MMP2, and pro-MMP9); 
and histological analysis.

The three different time points were chosen to ensure 
measurements at different stages in the development of 
and regeneration from IRI. The 4-hour time point was 
chosen as peak level of injury, two and five days as regen-
eration stages. Cursio et al[10] showed that MMPs have 
different time courses in their activation in the process of 
IRI, meaning MMP9 is induced during the early phase of 
injury associated with inflammation and increased ne-
crosis/apoptosis, whereas MMP2 is essentially detectable 
during recovery phase of liver injury corresponding to 
hepatocyte regeneration.

Animals

Healthy male inbred Wistar rats (weighing 230-260 g, 
aged 8-10 weeks) served as donors and recipients. They 
were purchased from Harlan and Winkelmann (Borchen, 
Germany) and were housed in our animal facility located 
at Charité Campus Virchow Klinikum, Berlin, Germany, 
approximately one week before each experiment. Ani-
mals were examined after delivery and kept in species-
appropriate cages with free access to water and standard 
rat chow at a day and night cycle of 12 hours. "Principles 
of laboratory animal care" were conducted, and the cur-
rent version of the German Law on the Protection of 
Animals was complied with.[11]

Animals were randomly assigned to three treatment 
or control groups (G1-G6) (n=6/group) according to 
three different recipient harvest times after transplanta-
tion (four hours, two and five days); treatment groups: 
G1 (4h), G3 (2d), G5 (5d); control groups: G2 (4h), G4 
(2d), G6 (5d). Before any operation procedure (organ 
retrieval, transplant or harvesting of recipients) animals 
were starved for 24 hours with free access to water.

Grafting technique and "pretreatment"

Donor and recipient operation was performed ac-
cording to Lee with modifications concerning arterial 
and bile duct dissection and reconstruction. Our well es-
tablished model of rat liver transplantation is described 
in detail elsewhere.[9] Briefly, after surgical preparation 
of the liver, application of pretreatment was performed 
intravenously by slow manual injection of saline or HTK, 
respectively. Donor animals were pretreated either with 
warm (21 ℃) HTK solution (Custodiol®, Dr. F. Köhler 
Chemie GmbH, Alsbach-Hähnlein, Germany) dosage 
0.01 mL/g body weight (BW) (treatment groups G1, G3, 
G5), or warm (21 ℃) commercially available, sterile 0.9% 
saline solution, dosage 0.01 mL/g BW (control groups 
G2, G4, G6). For a 250 g weighing rat, 2.5 mL HTK or 
saline was administered. The dosage of 0.01 mL/g BW 
was empirically chosen to avoid volume overload of the 
donor as well as complications that might arise from po-
tassium administration (HTK contains 9 mmol/L potas-
sium). Translated into the clinical field, a dosage of 0.01 
mL/g BW would mean approximately 800 mL for an 
80 kg BW donor.

During pretreatment, regular circulation and natural 
perfusion of the liver via the hepatic artery and portal 
vein were maintained. Fifteen minutes after pretreatment, 
the portal vein was cannulated and hydrostatic-passive 
cold perfusion with 30 mL 4 ℃ HTK via a portal vein 
catheter (16G cannula) was applied, followed by cannu-
lating the coeliac trunk with a 24G cannula and manual 
rinsing with 2 mL 4 ℃ HTK. Livers were then removed 
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and stored in 4 ℃ HTK 6 hours before transplantation 
[i.e. cold ischemia time (CIT) 6 hours]. 

CIT and sew-in time were not different significantly 
between the groups: CIT (hours): G1, 6.07±0.11; G2, 
5.91 ±0.22; G3, 5.98±0.27; G4, 6.13±0.21; G5, 6.06±0.07; 
G6, 5.88 ±0.15 (P=0.148, one-way ANOVA). Sew-in time 
(minutes): G1, 12.51±0.74; G2, 13.48±2.38; G3, 12.34±
0.84; G4, 12.72 ±0.88; G5, 12.81±1.10; G6, 12.26±1.50 
(P=0.677, one-way ANOVA).

According to the assigned group, recipients were har-
vested four hours, two or five days after transplantation. 
Liver tissue samples were either immediately snap frozen 
and stored at -80 ℃ until measurements or formalin 
fixed for later pathological analysis. Blood samples were 
directly measured (AST, ALT, LDH and bilirubin) by an 
auto-analyzer at the central laboratory of the depart-
ments of laboratory medicine and pathobiochemistry, 
Charité Campus Virchow Klinikum, Berlin, Germany.

Histological analysis

Parts of retrieved liver grafts were fixed in 10% for-
malin, processed, and embedded in paraffin. The sections 
(4 µm thick) were stained with hematoxylin and eosin. 
The slides were then analyzed by a single pathologist 
blinded to the preparation of the sections. Histological 
severity of damage was graded according to a standard-
ized semi-quantitative score (0-3) (0 for no damage, 3 for 
severe damage) regarding necrosis, apoptosis, "clearing 
nodules", bile duct proliferates, portal infiltrates and mi-
toses (maximum score available 18).

Zymography

After standard extraction procedures, proteins (20 
µg/sample) in sodium dodecyl sulphate (SDS)-loading 
buffer were electrophoresed on a Biorad MiniProtean 
II System® (Biorad, München, Germany) through 10% 
SDS-polyacrylamid gels containing 0.03% gelatin (Ready 
Gel Zymogram Gels®, Biorad, München, Germany). A 
cell medium of human fibrosarcoma cells (HT 1080) 
containing large amounts of MMP2 and pro-MMP9 was 

used as an internal positive control.[12, 13] After incuba-
tion in a development buffer (pH 7.4 and solved in 1 L 
aqua dest: 6.05 g Tris; 8.766 NaCl; 1.47 g CaCl2; 20 mL 
Brij 35 solution 1%) for 72 hours, gels were stained with 
Coomassie brilliant Blue® (Merck, Darmstadt, Germany), 
and destained with methanol/acetic acid/water(20:10:70).

Relative quantities of MMP activity were determined 
using a densitometer (GS 800 calibrated densitometer®, 
Biorad Laboratories, UK) and special software (Quantity 
one®, Biorad, UK). Optic density was determined in ar-
bitrary units and in this form used as parametric data for 
statistical analysis.

Statistical analysis

Data are expressed as mean±SD or median and range, 
respectively. Statistical significance of differences was de-
termined using Student's t test for parametric data, and 
the Mann-Whitney U test and Wilcoxon's rank-sum test 
were used for non-parametric data (histology). A P value 
of <0.05 was considered statistically significant. Prospec-
tive power analysis (for t test and P<0.05 considered sig-
nificant) with an expected 10% difference of means be-
tween treatment and control groups and an expected SD 
of 5% for a desired power of at least 0.8 revealed a study 
population of six animals per group. For data processing 
and display Sigma Plot 2004 for Windows version 9.01 
(Systat Software, Inc., Chicago, IL, USA) was used. 

Results 
Liver damage parameters 

AST levels showed a trend towards lower values in pre-
treatment groups (G1, G3, G5) vs control groups (G2, 
G4, G6) at all time points after transplantation (P>0.05, 
Table 1). For ALT levels the same trend and significantly 
lower values four hours after transplantation were found 
(G1 vs G2, P<0.05; Table 1). LDH levels in recipients 
receiving pretreated livers were significantly lower at 
four hours after transplantation (P<0.05). Two and five 
days after transplantation no significant differences were 

Table 1. Levels of AST, ALT, LDH, total and conjugated bilirubin in the HTK pretreatment and control groups

4h (G1) 4h (G2)
P value

2d (G3) 2d (G4)
P value

5d (G5) 5d (G6)
P value

HTK pretreatment Control HTK pretreatment Control HTK pretreatment Control

AST (U/L) 1900±1228   3811±1921 0.067  162±48  203±49 0.175  113±66  176±197 0.818

ALT (U/L)   789±339   2505±1131 0.005    78±21  117±47 0.095    56±38    64±49 0.818

LDH (U/L) 5938±4415 17383±10346 0.035  590±526  265±149 0.390  457±216  479±387 0.906

T-Bil (mg/dL)  0.48±0.59    0.45±0.54 NA 0.10±0.00 0.33±0.57 NA 0.40±0.59 0.53±0.65 NA

C-Bil (mg/dL)  0.33±0.36    0.28±0.28 NA 0.10±0.00 0.27±0.41 NA 0.23±0.28 0.38±0.44 NA

AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; T-Bil: total bilirubin; C-Bil: conjugated bilirubin; 
NA: not applicable.
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found (P>0.05, Table 1).
In general, all groups showed only minor histological 

damage. Highest scores were found in the control groups 
G4 (2; 0-4) and G6 (2; 0-7) at 2 and 5 days after trans-
plantation, respectively. All scores are displayed in Fig. 1. 
Examples of animals from G2 and G6 are displayed in 
Fig. 2.

Levels of total and conjugated bilirubin are shown in 
Table 1. No pathological values or significant differences 
were found, data were in part not normally distributed, 
but since no pathological values were detected no statis-
tical testing was performed.

MMP activity

Zymography-gels showed three analyzable bands at 
92 kDa, 72 kDa and 68 kDa, respectively. By use of inter-

Table 2. Levels of pro-MMP2, MMP2 and pro-MMP9 in the HTK pretreatment and control groups

4h (G1) 4h (G2)
P value

2d (G3) 2d (G4)
P value

5d (G5) 5d (G6)
P value

HTK pretreatment Control HTK pretreatment Control HTK pretreatment Control

Pro-MMP2 0.027±0.007 0.026±0.009 0.801 0.025±0.009 0.036±0.006 0.031 0.020±0.007 0.046±0.024 0.029 

MMP2 0.016±0.005 0.020±0.009 0.792 0.015±0.006 0.026±0.010 0.035 0.016±0.007 0.031±0.016 0.126

Pro-MMP9 0.013±0.003 0.031±0.008 0.001 0.014±0.005 0.033±0.013 0.027 0.019±0.007 0.024±0.010 0.311

nal controls and a standardized molecular marker, these 
bands were identified as regions of gelatolytic activity of 
pro-MMP9, pro-MMP2 and MMP2.

Differences of MMP activity between pretreatment 
and control groups

Four hours after transplantation, no difference be-
tween pro-MMP2 activities in the pretreatment and 
control groups could be found (P>0.05). Two and five 
days after transplantation, pro-MMP2 activity was sig-
nificantly reduced in pretreated livers (P<0.05, Table 2).

Concerning MMP2 at four hours and five days, a 
tendency towards lower MMP2 activity in pretreated liv-
ers was found (P>0.05). Two days after transplantation, 
MMP2 activity was significantly reduced in pretreated 
livers (P<0.05, Table 2).

Four hours after transplantation, the activity of pro-
MMP9 was significantly lower in the pretreated group 
G1 vs control G2 (P<0.05). After two days, pretreatment 
revealed significantly lower pro-MMP9 activity (G3 vs 
G4, P<0.05). Five days after transplantation, a trend to-
wards lower pro-MMP9 activity could be detected for 
pretreated livers (Table 2).

Changes of MMP activity over time

Concerning pro-MMP2 in the control groups, a 
steady rise over time was found. Comparing 4 hours (G2) 
to 2 days (G4) showed significant difference (P=0.039), 
whereas comparing 4 hours vs 5 days (G2 vs G6) and 2 
days vs 5 days (G4 vs G6) showed no significant differ-
ence. Interestingly, in the treatment groups, this rise was 
suppressed and no significant changes over time could 
be found between 4 hours (G1), 2 days (G3) and 5 days 
(G5) (Table 2).

Analysis of MMP2 changes over time revealed a simi-
lar picture, although the rise in the control groups was 
not statistical significant: 4 hours (G2) vs 2 days (G4); 4 
hours (G2) vs 5 days (G6) and 2 days (G4) vs 5 days (G6). 
In the treatment groups, no increase in MMP2 activity 
was found over time (Table 2).

Pro-MMP9 of the control groups rose slightly from 4 
hours (G2) to 2 days (G4) (P>0.05) and then dropped at 
5 days (G6); 4 hours (G2) vs 5 days (G6) and 2 days (G4) 
vs 5 days (G6) (P>0.05). In the treatment groups, pro-

Fig. 1. Histological injury in the pretreatment vs control groups.

Fig. 2. Examples of tissue injury. A: G2; B: G6.
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MMP9 stayed at a lower level at 4 hours (G1) and 2 days 
(G3); and it rose slightly but not significantly at 5 days 
(Table 2).

Discussion
The concept of improved liver preservation by warm (21 ℃) 
HTK donor pretreatment followed by cold HTK (4 ℃) 
perfusion and storage was proved to be feasible and easy 
to perform. No obvious side-effects or loss of donor 
animals during pretreatment could be detected. The im-
proved preservation compared to controls was reflected 
in attenuated IRI, as measured by significantly lower en-
zyme levels post transplantation. This was accompanied 
by significantly lower activities of pro-MMP2 at two 
and five days as well as of pro-MMP9 at four hours and 
MMP2 and pro-MMP9 at two days. The measurement of 
reduced tissue activity of MMPs gives a mechanistic ex-
planation on a molecular level that the reduced injury is 
caused, among others, by MMP inhibition. The reduced 
IRI is not reflected in significant differences of the histo-
logical score. Given the experimental design with a short 
CIT and healthy donors, this is not surprising.

HTK was originally introduced as a cardioplegic solu-
tion for protection in hypothermic conditions (23-32 ℃) 
and only later adapted to cold (4 ℃) preservation of 
organs.[14] On the basis of an extracellular fluid composi-
tion, HTK solely utilizes the intrinsic components his-
tidine, tryptophan, and ketoglutarate. Cold conditions 
are essential for preserving organs in order to reduce 
metabolism and delay injury caused by hypoxia and 
shortage of substrates during storage. However, the cold 
condition causes injury, even by using the "ideal" preser-
vation solution. This is proportional to storage time and 
a consequence of coldness itself.[15] Exposing cultivated 
hepatocytes and endothelial cells to cold conditions re-
sults in apoptosis caused by liberation of reactive oxygen 
species (ROS).[4] Decelerating metabolism not only re-
duces hypoxia induced injury, but also results in a lower 
substrate uptake into cells and hypothermic cell swelling 
due to reduced function of the Na+/K+-ATPase. During 
cooling, metabolic rate is suppressed about 12 to 13-fold 
when temperature is reduced from 37 ℃ to 0 ℃; however 
anaerobic metabolism remains, causing ATP depletion, 
lactate accumulation and subsequent acidotic intracel-
lular condition.[16] To overcome some of these drawbacks 
of cold conditions, we applied a dose of (21 ℃) HTK sys-
temically (by intravenous injection) fifteen minutes be-
fore cold flushing, whereas normal circulation and liver 
perfusion are still present, in order to enrich the donor 
livers with HTK whilst metabolism and transporters are 
still active. Since HTK is a mostly intracellular working 

preservation solution, it seems logical to apply at least 
parts of it during conditions that enable an improved 
uptake of its ingredients.

To avoid injuries immanent to cold conditions, ex-
perimental data on "subnormotherm" machine perfu-
sion recommended temperatures of approximately 20 ℃; 
at this temperature much better preservation is achieved 
compared to lower (or higher) temperatures.[17-20] These 
authors assume improved energy supply in subnormo-
therm conditions compared to cold (4 ℃) conditions, 
which seems to be plausible due to higher remaining 
activity levels of enzymes and transporters within this 
temperature range. Meaning, the intrinsic ingredients of 
the preservation solution are transported inside the cell 
where they can develop their full effectiveness. Although 
measurements of the exact composition of the preserved 
livers were not performed in the present study, one 
plausible explanation for the reduced IRI in the treatment 
groups is a better accumulation of HTK in the donor livers.

MMPs, especially the gelatinases (MMP2 and 
MMP9), play a crucial role in liver IRI due to the com-
plex series of events which lead to a profound rearrange-
ment of the extracellular matrix. This allows cells to 
migrate into the wounded area and contribute to tissue 
remodelling and repair.[21] Upadhya et al[7] have clearly 
shown that a marked gelatinolytic activity correspond-
ing to both MMP2 and MMP9 was observed in rat and 
human liver perfusates, implicating that these MMPs 
are released during cold preservation in a manner that is 
dependent on the time of cold storage. They also identi-
fied histidine (one essential component of HTK) as an 
intrinsic inhibitor of gelatinases.[6] In the same study, the 
group found HTK to be more effective in MMP inhibi-
tion compared to the University of Wisconsin (UW) 
solution and the inhibition was more effective during 
warm than cold conditions. To our knowledge, MMP-
inhibitory features of HTK were up to now only demon-
strated in vitro, and no transplant model was studied to 
enlighten the data presented by Upadhya and co-workers. 
Regarding the reduced activity of gelatinases in our pre-
treatment groups, we were able to enrich the donor liver 
with MMP-inhibitor histidine during the donor opera-
tion and provide evidence for its inhibitory function in 
experimental liver transplantation. We assume not only a 
more efficient histidine supply but also an equally effec-
tive enrichment with all other protective agents of HTK.

Reduced IRI after inhibition of MMPs was reported 
in several studies. Fondevila et al[22] demonstrated a 
reduced IRI accompanied by a profound inhibition of 
MMP9 expression in an experimental transplant model 
with steatotic rats after administration of a "cyclic-
RGD-peptide". Interestingly, in this paper the protective 
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substance was administered ex vivo via the portal vein 
before cold storage and immediately prior to reperfusion. 
Whether an even more distinctive effect is achievable 
by administration during the donor operation under 

"warm" conditions would be interesting.
Soccal et al[23] showed a marked attenuation of IRI 

accompanied by significantly reduced pro-MMP2/
MMP2 and pro-MMP9/MMP9 activity after administra-
tion of an unselective MMP inhibitor (Batimastat) to 
donors (solved in preservation solution) and recipients 
(post transplantation) in experimental lung transplan-
tation. They used eurocollins preservation solution 
that has a markedly lower MMP inhibitory action than 
HTK.[7] Nevertheless, the inhibition of MMP2 and 
MMP9 reduces IRI, supporting the second hypothesis 
of the presented study. One major advantage of our new 
concept is that no additional inhibitor has to be adminis-
tered. Histidine is already part of HTK.

Ilmakunnas et al[24] described a marked elevation of 
serum MMP9 during reperfusion in human liver trans-
plantation. They determined a relative lack of endog-
enous MMP inhibitors (tissue inhibitor of metallopro-
teinase, TIMPS) during reperfusion contributing to graft 
injury. Furthermore, they were able to show a correlation 
between postoperative bilirubin and ALT levels and the 
gradient of endogenous inhibitors: the less endogenous 
inhibitors the higher the levels of postoperative biliru-
bin and ALT. Our results suggested an opportunity for 
improvement at this point. Warm donor pretreatment 
resulted in an inhibition of pro-MMP2, MMP2 and pro-
MMP9 and reduced liver injury (ALT and LDH levels). 
We could not determine influences on postoperative bili-
rubin levels, there were no differences between the pre-
treatment and control groups. 

Another important question that has yet to be solved 
is the influence of warm HTK donor pretreatment on 
other possible transplantable organs of the donor. The 
used dosage of warm HTK did not obviously alter the 
donors' state during the grafting procedure; no donor 
animal was lost due to pretreatment.

For kidney availability we do not see a problem since 
HTK is an established standard preservation solution 
for kidney grafting. In addition, non-selective gelatinase 
inhibition with batimastat was not shown to be harmful 
(nor beneficial) in a renal warm IRI model.[25] Its benefit 
has yet to be tested for transplant conditions with cold 
ischemia. Concerning lung and heart transplantation, an 
inhibition of MMP activity and thus reduction of IRI 
has already been proved to be beneficial.[23, 26] Whether 
HTK donor pretreatment is feasible in lung and heart 
transplant experiments has yet to be tested. For pancreas 
and small intestine transplants there are no respective 

data available.
In conclusion, our study demonstrates that the new 

concept of warm (21 ℃) HTK donor pretreatment im-
proves the potency of HTK in the concept of liver preser-
vation prior to transplantation. The finding is of further 
experimental and clinical relevance, as far as there is an 
increasing burden with extended criteria donors and the 
need to further improve the preservation concepts. If the 
results from this study can be confirmed in steatotic rats 
and/or after extended cold ischemia times as well as in a 
large-animal model, clinical trials are warranted. In com-
parison to other attempts to overcome the extended cri-
teria donor problem, e.g. the most promising results of 
warm and hypothermic machine perfusion, warm HTK 
donor pretreatment is easy to use, low priced and could 
be easily performed during the time-consuming organ 
allocation.[27-30] Whereas machine perfusion is time-
consuming, expensive and requires special training, an 
additional room temperature infusion of approximately 
800 mL HTK (for a 80 kg BW donor) accompanied by 
a simple potassium level testing during the allocation 
process could be easily implemented by any explant team 
worldwide. 
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