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Abstract: Objectives: Ex vivo Lung Perfusion (EVLP) is a promising tool to increase the donor pool for lung transplan-
tation. Custodiol-N solution was originally designed for organ preservation during cold static preservation (CSP) and 
was successfully used for machine perfusion in kidneys. It was the aim of this study to compare the lung functional 
outcomes after 4 hours of EVLP using modified Custodiol-N or STEEN SolutionTM as perfusion solution. Methods: In 
a porcine DCD model, lungs were perfused either with STEEN SolutionTM (Standard SS, n=8) or modified Custodiol-N 
with added 1.1 g/l glucose monohydrate and 50 g/l dextran 40 (CD, n=8). For a third group 7 g/l albumin was 
supplemented to modified Custodiol-N (CDA, n=8). During four hours of EVLP pulmonary gas exchange and activi-
ties of lactate dehydrogenase (LDH) and alkaline phosphatase (AP) in perfusate were recorded. Results: Lungs that 
underwent EVLP with modified Custodiol-N showed significantly higher oxygen capacity (ΔpO2 averaged over four 
hours of EVLP: SS: 236.28 ± 47.26 mmHg, CD: 402.79 ± 30.33 mmHg, CDA: 414.86 ± 9.77 mmHg) than lungs 
perfused with STEEN SolutionTM. The addition of albumin did not have a significant effect on lung function but these 
lungs showed lower wet/dry ratio. Conclusion: In a porcine DCD model of 9 hours CSP followed by four hours of EVLP 
the use of modified Custodiol-N as perfusion solution was feasible and associated with higher oxygen capacity than 
STEEN SolutionTM. The addition of albumin seems to further stabilize lung function. 
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Introduction

Lung transplantation (LuTx) remains the thera-
py of choice for patients suffering from terminal 
pulmonary disease [1]. However, the number of 
LuTx is limited by the lack of donor lungs. Ex 
vivo Lung Perfusion (EVLP) technology could 
increase the lung donor pool by evaluation and 
eventual reconditioning of extended criteria 
donor lungs [2-7]. The successful use of EVLP is 
influenced by the composition of the perfusion 
solution especially by osmotic pressure and 
antioxidative properties [8-10]. Established 
EVLP protocols (Lund and Toronto) use STEEN 
SolutionTM (XVIVO Perfusion, Goteborg, Sweden) 
for lung perfusion [2, 3] which is essentially 
composed as a modified low-potassium dex-
tran glucose solution (PerfadexTM) with 70 g/l 
human albumin (HA) as the major additional 
constituent [3]. The third available EVLP proto-

col, the Organ Care SystemTM, uses the cellular 
OCSTM Solution (Transmedics, Andover, MA, 
USA), a low-potassium dextran 40-based solu-
tion without additional HA [3]. Recent studies 
have already shown that in Steen SolutionTM a 
concentration of 7 g/l HA has a noticeable posi-
tive effect of cold stored organs [8]. As the EVLP 
procedure is a typical model of postischemic 
reperfusion, the effects of the perfusion solu-
tion on lung-ischemia-reperfusion-injury (LIRI) 
are important for its success. During reperfu-
sion, as well as under ischemic hypothermic 
conditions, reactive oxygen species (ROS) for-
mation is probably responsible for lung injury 
[8, 10-13]. Although the mechanisms of ROS 
induced LIRI are still under investigation, it is 
known that iron-dependent cell damage repre-
sents the main pathway of cold-induced tissue 
injury during reperfusion [8, 10-16]. Custodiol-N 
was originally designed by Rauen and de Groot 
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as improved modification of the former HTK 
solution including the iron chelators LK 614 
and Desferoxamine [13, 14]. It has already 
been used for organ preservation or hypother-
mic machine perfusion with promising results 
[14, 17-20]. Recent studies in experimental 
lung preservation have also shown that an anti-
oxidative effect of STEEN SolutionTM is impor-
tant for EVLP’s success [8, 10]. It was the aim 
of this study to compare lung functional out-
comes during four hours of EVLP using stan-
dard STEEN SolutionTM and modified Custo- 
diol-N as a perfusion solution. According to the 
electrolyte composition STEEN is an extracel-
lular perfusion solution, whereas Custodiol-N is 
of intracellular type. Furthermore, we investi-
gated the effect of the addition of 7 g/l bovine 
albumin in Custodiol-N used as perfusion 
solution.  

Materials and methods

Animals

The University of Duisburg-Essen’s central ani-
mal laboratory supervised all aspects of the 

modified Custodiol-N solution pyrogen-free 
dextran 40, molecular weight approximately 
40.000 g/mol (CAS No. 9004-54-0; Appli- 
Chem, Darmstadt, Germany), was added. In  
the CDA-group also bovine serum albumin, 
molecular weight approximately 66,000 g/mol 
(CAS No. 90604-29-8; Carl Roth, Karlsruhe, 
Germany), was supplemented. To see the com-
position of the used solutions, please refer to 
Table 1. Subsequently, the solution was steril-
ized by filtration through a 0.22-µm filter 
(Filtropur BT25, Sarstedt, and Nümbrecht, 
Germany). Immediately for use 10 ml of 10% 
glucose (G-10, B.Braun, Melsungen, Germany) 
was added to 1 liter of CD and CDA solution. 

Experimental groups, surgical process and 
porcine EVLP

24 mature domestic male hybrid pigs (weight 
35 ± 5 kg) underwent sedation with ketamine 
(30 mg/kg, i.m.) and azaperon (0.05 mg/kg, 
i.m.) until they tolerated manipulation on the 
ear and were then anesthetized with midazol-
am (0.1 mg/kg, i.v.) and ketamin (30 mg/kg, 

Table 1. Composition of perfusion solutions
CD (Custodiol-N 

plus dextran)
CDA (Custodiol-N plus 
dextran plus albumin) SteenTM

Sodium 16 16 86
Potassium 10 10 4.6
Magnesium 8 8 0.8
Calcium 0.02 0.02 1.5
Chloride 30.04 30.04
Histidine 124 124
N-Acetylhistidine 57 57
Sucrose 33 33
α-Ketogluterate 2 2
Aspartate 5 5
Glycine 10 10
Alanine 5 5
Tryptophan 2 2
Arginine 3 3
Deferoxamine (µmol/l) 15.3 15.3
LK 614 (µmol/l) 6.2 6.2
Dextran 40 (g/l) 50 50 5
Albumin (g/l) 7 70
Glucose 11
Phosphate 1.2
pH 7.0 7.0 7.4*

Osmolarity (mosm/l) 306 306
*Adjust to pH 7.4 with sodium hydroxide.

present study. All animals re- 
ceived human care in compli-
ance with the “Principles of 
Laboratory and Animal Care” 
and the Guide for the Care and 
Use of Laboratory Animals, pre-
pared by the Institute of 
Laboratory Animal Resources 
and published by the Natio- 
nal Institutes of Health (NH 
Publication No. 86-23, revised 
1996). Because none of the 
animals underwent medical 
treatment prior to euthanasia, 
the present study is an organ 
procurement only, which was 
reported to the local authorities 
(Landesamt für Natur, Umwelt 
und Verbraucherschutz NRW) 
according to applicable law (§ 1 
VTMVO).

Chemicals

PerfadexTM and STEEN Solu- 
tionTM were acquired from XVI- 
VO Perfusion (Gothenburg, Sw- 
eden). Custodiol-N was provid-
ed by Dr. F. Köhler Chemie 
(Bensheim, Germany). For the 
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i.v.). In deep anesthesia the animals were euth-
anized with potassium chloride (14.9%/kg, i.v.). 
None of the pigs were ventilated during anes-
thesia or received any medication like heparin 
in advanced of the euthanasia. After 5 minutes, 
cardiac arrest death was certified and sternoto-
my performed. After 45 minutes, warm isch-
emia lungs were harvested using a standard 
operative technique as previously described [2, 
3, 7] and then randomized into the three experi-
mental groups. Trometamol (10.9 g) and hepa-
rin (100 IU) were added to 4 liters of 4°C cold 
PerfadexTM to flush the lungs antegrade and ret-
rograde starting at one hour warm ischemia. In 
all three groups, lungs were stored in one liter 
of low potassium dextran solution (LPD, 
PerfadexTM) at 4°C in a standard preservation 
bag for nine hours. Temperature of 4°C was 
monitored hourly. All lungs were perfused and 
stored in LPD solution to eliminate the influ-
ence of different preservation solutions. The 
subsequent EVLP was performed according to 
the Toronto Protocol using the XVIVO perfusion 
system XPSTM (XVIVO Perfusion, Gothenburg, 
Sweden) [2, 3, 7]. In the standard group EVLP 
was performed with gold standard STEEN 
SolutionTM (SS, n=8), while two groups used 
modified Custodiol-N for perfusion, without 
albumin (CD, n=8) and with supplemented 7 g/l 
of bovine albumin (CDA, n=8). The ventilation 
strategy was adjusted to weight according to 
the Toronto Protocol. 

Monitoring and measurements 

Lung function: The difference between pulmo-
nary arterial and venous oxygen pressure 
(ΔpO2) and the lactate concentration was mea-
sured by blood gas analysis of the perfusate 
hourly during EVLP (ABL 700, Radiometer, 
Copenhagen, Denmark) at an FiO2 of 1.0. The 
peak airway pressure (Pawpeak), pulmonary 
artery pressure (PAP), pulmonary vascular 
resistance (PVR) and the dynamic compliance 
(Cdyn) were measured continuously by XVIVO 
PGM Disposable Sensors™ (XVIVO Perfusion, 
Gothenburg, Sweden) and recorded hourly. 

Lactate dehydrogenase: As a marker of cell 
damage we measured the extracellular lactate 
dehydrogenase (LDH) photometrically by a 
standard assay using a clinical chemistry ana-
lyzer (VITALAB Selectra E, Vital Scientific NV, 
Dieren, NL) [11-14]. These values were correct-

ed by subtraction of the LDH activity released 
by destroyed erythrocytes, which were identi-
fied by released hemoglobin by uv/vis spe- 
ctral analysis (CLARIOstar, BMG LABTECH, 
Ortenberg, Germany). For the latter, a calibra-
tion curve was obtained by lysing pig erythro-
cytes with Triton-X-100 (1%).

Alkaline phosphatase: As a marker of pneumo-
cyte type II injury the alkaline phosphatase (AP) 
activity in the perfusate was measured by the 
common reference method (zAP, ADVIA Clinical 
Chemistry, Siemens Healthcare Diagnostics 
GmbH, Eschborn, Germany) [21, 22].

Wet/dry-ratio: Wet/dry-ratio was used to cap-
ture the water content of the lung tissue. A sam-
ple of about 3 cm³, taken from the left lower 
lobe, was weighed immediately after removal 
for wet weight determination and then dried at 
65°C. For 72 hours before it was weighed 
again. The wet/dry-ratio is the quotient of the 
two values.

Statistical analysis

Comparisons between the groups were made 
hourly during the EVLP and at the end of the 
EVLP (wet/dry-ratio). Outcomes were compared 
using the students t-test for normally distri- 
buted values (validated by the Kolmogorov-
Smirnov-test) while the Mann-Whitney-U-test 
was used for non-normally distributed values. 
Moreover, variance analysis with repeated 
measurements was used to evaluate the  
differences between the groups concerning the 
functional outcomes. All results are expressed 
as mean ± standard deviation, and differences 
were considered significant at the level of P < 
0.05 (SPSS Statistics 22, IBM, Armonk, New 
York, US).

Results

General macroscopic consideration 

When modified Custodiol-N was used as perfu-
sion solution, lungs showed a typically spongy 
consistency and looked well ventilated after 
four hours of EVLP (Figure 1). Comparing the 
standard group with the both groups using 
modified Custodiol-N, intratracheal fluid and 
partially big liquid-filled bubbles of pleural 
excrescence could be detected in four of eight 
standard perfused lungs, while it appears only 
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in one of the Custodiol-N perfused lungs (CDA-
group). Especially the left lower lobe showed a 
high grade of damage with edema and atelec-
tasis as well as discoloration and haemorrhag-
es immediately after lung retrieval. There were 
no macroscopically detectable changes after 
nine hours of cold storage. Intravascular clot 

Peak airway pressures (PAWpeak) and pulmon- 
ary vascular resistance (PVR) were lower in CD 
and CDA than in the standard group (Figure 3). 
In all groups the PAWpeak remained stable du- 
ring 4 hours of EVLP but with significantly lower 
values in the CD and CDA group compared  
with the standard group (standard: 32 ± 0.7 

Figure 1. Macroscopic appearance of retrieved pig lung with right (R) and left (L) lower lobe with improved gross 
appearance, although reddening of lobe tips and alterations like circumscribed interlobular edema formation could 
regularly be detected. Especially the lung perfused with the standard STEEN SolutionTM (SS, A) showed macroscopi-
cally detectable edema, while the CD (B) and the CDA (C) lungs looked well ventilated.

Figure 2. Oxygenation capacity during 4 hours of EVLP. Results are ex-
pressed as arithmetic mean ± SD. Only one side of the error bar is marked 
to increase the clarity of the diagram. The values decreased over the period 
of EVLP with significant higher values in the CD and CDA group compared 
with the SS group (P < .001). There are no significant differences between 
both groups using Custodiol-N for perfusion (CD, CDA) but a trend towards 
higher values in the fourth hour of EVLP in the CDA group. 

formation was hardly dete- 
cted.

Lung function

Lungs of both modified Cu- 
stodiol-N groups achieved  
significant higher values of 
ΔpO2 (pulmonary venous-pul-
monary arterial pO2) com-
pared with the standard per-
fused lungs: mean values for 
all four measurements per 
group; standard: 236.28 ± 
47.26 mmHg; CD: 402.79 ± 
30.33 mmHg; CDA: 414.85 ± 
9.77 mmHg (P < .001). Re- 
gardless of the perfusion so- 
lution, the course of ΔpO2 
slightly decreased over four 
hours of EVLP (Figure 2). The 
two Custodiol-N groups did 
not differ significantly. How- 
ever, values in the CDA group 
remained higher after three 
hours of EVLP. 
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mmHg; CD 24 ± 2 mmHg; CDA 21 ± 0.5 mmHg, 
Figure 3, a P < .001). PVR decreased over time 
by 21% in the CD group (hour 1: 1044 ± 560 
dyn*s/cm5; hour 4: 829 ± 739 dyn*s/cm5) and 
37% in the CDA group (hour 1: 1093 ± 719 
dyn*s/cm5; hour 4: 693 ± 393 dyn*s/cm5), 
while it increased in the standard group by 17% 
from 1731 ± 358 dyn*s/cm5 to 2029 ± 943 
dyn*s/cm5 (Figure 3B). Regarding mean PVR 
over 4 hours of EVLP, the CD and CDA showed 
significantly lower values than the standard 
group (P < .001). Pulmonary artery pressure 
(PAP) was significantly lower in the CD and CDA 
group than in the SS group (P < 0.05). Mean 
PAP over 4 hours of EVLP was 23.94 ± 1.02 
mmHg in the SS group, 14.41 ± 2.04 mmHg in 
the CD group and 13.16 ± 1.97 mmHg in the 
CDA group (Figure 3C). The dynamic compli-
ance (Cdyn) did not show any significant differ-
ences comparing the standard group and the 
modified Custodiol-N groups (Figure 3D). While 
it increased in the standard group from 12.79 ± 
5.16 ml/cm H2O to 17.91 ± 8.86 ml/cm H2O, it 
remained almost constant in the CDA-group at 

around 17 ml/cm H2O and slightly increased in 
the CD-group from 16.45 ± 4.34 ml/cm H2O to 
21.56 ± 4.6 ml/cm H2O (n.s).

Lactate production of the lung tissue was sig-
nificant lower (P < 0.05) in the two modified 
Custodiol-N perfused lungs compared to the 
standard protocol EVLP with STEEN SolutionTM 
(Figure 4A). Mean lactate level in 4 hours of 
perfusion was 4.88 ± 1.56 mmol/l in SS group, 
2.14 ± 0.77 mmol/l in CD group and 2.56 ± 
0.88 mmol/l in CDA group.

Cell injury

As indicator of general cell injury, free LDH in 
perfusate was measured hourly. The activity of 
AP in perfusate as a marker enzyme for 
destroyed pneumocytes type II should addition-
ally give an of the extent of lung cell damage. 
LDH activity in all groups increased during the 
EVLP process and did not differ significantly 
(Figure 4B; standard hour 1: 463.75 ± 137.36 
U/l, hour 4: 677.97 + 196.11 U/l; CD hour 1: 

Figure 3. Pulmonary Airway Pressure (A, PAWpeak), Pulmonary Vascular Resistance (B, PVR), Pulmonary Artery Pres-
sure (C, PAP) and Dynamic Compliance (D, Cdyn) during 4 hours of EVLP. Results are expressed as arithmetic mean ± 
SD. Only one side of the error bar is marked to increase the clarity of the diagram. The PAWpeak, PVR and PAP stay on 
a constant level in all three groups, with significantly higher values of PVR and PAP in the SS group (P < .001). The 
Cdyn showed constant values in the CDA-group, while it increased in the SS group and showed a fluctuating course 
in the CD-group without any significant differences, but demonstrated a trend towards lower values in the SS group. 
The two Custodiol-N groups did not differ significantly for PAWpeak, PVR, PAP and Cdyn.
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345.27 ± 179.26 U/l, hour 4: 545.64 ± 189.95 
U/l; CDA hour 1: 356.97 ± 126.48 U/l, hour 4: 
590.22 ± 146.25 U/l). Perfusate AP activity 
also increased during the EVLP but with signifi-
cantly lower activities in the CD and CDA group 
compared with the SS group (P < 0.05) (Figure 
4C). The course increased in the standard 
group from 11.93 ± 6.3 U/l (hour 1) to 15.64 ± 
6.07 U/l (hour 4), from 2.94 ± 2.9 U/l (hour 1) 
to 4.0 ± 2.6 U/l in the CD group and from 2.19 
± 1.33 U/l (hour 1) to 3.13 ± 1.64 U/l (hour 4) 
in CDA group. There were no significant differ-
ences between the CD and the CDA group in 
LDH or AP activity.

Water content of the lung tissue

Regarding the wet/dry-ratio, there was a trend 
towards lower water content levels in the CDA-
group compared to the standard and the CD- 

group after 4 hours of EVLP (standard: 9.14 ± 
2.52; CD: 8.77 ± 1.82; CDA: 7.02 ± 1.88) (Fig- 
ure 4D). This difference is not significant.

Discussion

In a porcine model, we demonstrated for the 
first time that modified Custodiol-N is feasible 
as perfusion solution for normothermic EVLP 
and, moreover, that antioxidant properties and 
the addition of iron-chelators to the perfusion 
solution should be considered in the concept of 
normothermic EVLP because they seem to 
improve lung function parameters. 

The intracellular formulation Custodiol-N was 
originally developed for static organ preserva-
tion during hypothermia and proved to be safe 
in preclinical lung transplantation settings [14]. 
Recently it has been used successfully in hypo-

Figure 4. Lactate concentration (A) and activities of lactate dehydrogenase (LDH, B) and alkaline phosphatase 
(AP, C) and in the perfusate during 4 hours of EVLP. Only one side of the error bar is marked to increase the clar-
ity of the diagram. Wet/dry-ratio as a parameter for water content in lung tissue after 4 hours of EVLP (D). Results 
are expressed as arithmetic mean + SD. Lactate concentration is significantly higher in the SS group than in both 
Custodiol-N groups (P < .001). The drop of LDH and AP activities in the first hour is a result of a wash-out effect due 
to addition of perfusion solution to the EVLP circuit. No significant differences could be found between the groups 
concerning the LDH activity, but the AP activity was significantly higher in the SS group (P > 0.05). Although there is 
a trend of less water content of the CD and CDA-lungs, this difference is not significant (P > 0.05). Comparing both 
Custodiol-N groups, there is a trend towards lower values in the CDA group.
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thermic machine perfusion of porcine kidneys 
[19, 20] and as preservation solution in experi-
mental heart transplantation in rats [18]. In the 
present study of porcine EVLP a modified 
Custodiol-N solution supplemented with dex-
tran 40 and glucose was used as perfusion 
solution for normothermic EVLP. Our research 
group achieved promising results in adding 50 
g/l dextran 40 to Custodiol-N as preservation 
solution for lung transplantation before [14] it 
was supplemented to modified Custodiol-N as 
perfusion solution. Moreover, 5 g/l dextran 40 
is also used in STEEN SolutionTM to maintain 
colloid pressure and to protect endothelium 
from subsequent excessive leucocyte interac-
tion [23]. The addition of dextran 40 in an acel-
lular perfusion model using an intracellular per-
fusion solution did not negatively influence lung 
function.

In a pilot study, a reduced level of glucose could 
be detected after one hour of EVLP, and 10 ml 
of 10% glucose were added. In the experimen-
tal group treated with STEEN SolutionTM, the 
ΔpO2 averaged over four hours of EVLP was 
236 mmHg and showed a decreasing course. 
Compared to others, our model was designed 
without previous lung-protective treatments 
ventilation of the animals or the administration 
of heparin ahead of medical euthanasia, which 
may lead to significant tissue damage reflected 
by decreasing oxygenation capacity lower than 
other models using STEEN SolutionTM as perfu-
sion solution [4, 14, 24, 25]. Probably, the 
model is mimicking a DCD V situation as a 
patient undergoing euthanasia. The model was 
chosen create substantial damage with a pro-
longed warm ischemia of the lungs.

Oxygen capacity in all 16 porcine EVLP using 
modified Custodiol-N were above the clinically 
relevant threshold of ΔpO2 > 350. These  
outcomes were comparable to previously re- 
ported porcine EVLP data [1-3, 7, 23-25] and 
significantly higher than in the standard group 
using STEEN SolutionTM. To the best of our 
knowledge, this is the first report of a porcine 
EVLP using modified Custodiol-N as perfusion 
solution. The median ΔpO2, measured over four 
hours of EVLP was 236 in the standard group 
and 403 respectively 415 in the CD and CDA 
group. With the use of modified Custodiol-N 
solutions, ΔpO2 values can be achieved compa-
rable to porcine EVLP outcomes using STEEN 

SolutionTM as perfusion solution [4, 25]. As 
shown before, Custodiol-N is suitable as pres-
ervation solution in lung transplantation [14]. 
Custodiol-N contains the iron-chelators LK614 
and Deferoxamine to bind redox-active ions 
intra- and extracellularly and thereby inhibit 
iron-depended formation of highly reactive 
ROS. Dependent on the cell type and the dura-
tion of the hypothermic period, cell injury can 
be even more pronounced during rewarming 
than during cold storage itself [11, 12]. In line 
with these findings, a significantly higher oxy-
genation capacity was detectable during four 
hours of EVLP. It can be assumed that there is 
some kind of protection for the pneumocytes 
type 2 by the properties of modified Custod- 
iol-N, as there was significantly lower activity of 
AP in perfusate of lungs which were perfused 
with modified Custodiol-N. Also, the trend 
towards lower LDH activity and lower wet/dry-
ratio indicates less cell injury in lungs perfu- 
sed with Custodiol-N compared to STEEN 
SolutionTM. As recently discovered, STEEN 
SolutionTM showed antioxidant properties 
through downregulation of the ROS-derived 
NADHP-oxidase (NOX) activation in platelets, 
polymorphonuclear leukocytes and lympho-
cytes [8, 10]. Regarding the values of LDH and 
AP, a typical decrease after one hour of EVLP 
compared to the basic activity directly after the 
cold static preservation can be detected. This 
drop is caused by the dilution by filling the lungs 
with perfusate. Furthermore, the antioxidant 
effects of Custodiol-N seem to stabilize the 
aerobic metabolism in lung tissues noticeable 
in significantly lower lactate concentrations in 
perfusate of CD and CDA lungs which are com-
parable with clinical detectable values in our 
transplantation center.

While 70 g/l HA is used in STEEN Solution, the 
cellular OCSTM Solution achieves comparable 
values of ΔpO2 without the addition of HA [23, 
24]. Because recent studies described a posi-
tive antioxidative effect with 7 g/l HA on lung 
epithelial cells [8], the second Custodiol-N 
group used a solution supplemented with 7 g/l 
bovine albumin to investigate if there is a posi-
tive effect of a low albumin concentration. In 
hour three and four of EVLP, the CDA group 
achieved higher values of ΔpO2 than the CD 
group (hour 3: CD 391.85 ± 27.56 mmHg, CDA 
404.23 ± 69.48 mmHg; hour 4: CD 366.19 ± 
95.49 mmHg, CDA 409.94 ± 58.06 mmHg) 
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(n.s.). The wet-dry ratio was lower in the CDA 
group compared with the standard and the CD 
group (standard: 9.14 ± 2.52; CD: 8.77 ± 1.82; 
CDA: 7.02 ± 1.88) (n.s.). Regarding the con-
stant values of ΔpO2 in the third and fourth 
hour and the trend of lower edema formation 
indicated by a lower wet/dry-ratio, we hypothe-
size that the addition of albumin may have a 
significant impact after perfusion times of more 
than three hours. This might be because of the 
higher oncotic power reached by supplement-
ing albumin as it is described for STEEN 
SolutionTM [21]. 

Limitations: Our study is limited by its experi-
mental character and its focus on the ex vivo 
lung perfusion period. The lungs were not trans-
planted and there are no data of the postopera-
tive period available.  

Conclusion: In a porcine DCD model of 9 hours 
CSP followed by four hours of EVLP, the use of 
modified Custodiol as perfusion solution was 
feasible and associated with higher oxygen 
capacity than standard STEEN SolutionTM. 
Addition of albumin stabilized oxygenation 
capacity after the third hour EVLP. This stabiliz-
ing effect of albumin addition needs to be fur-
ther investigated in the future. In conclusion, 
use of the iron binding concept in EVLP as in 
Custodiol-N as perfusion solution seems favor-
able in regard to oxygenation capacity. Our 
results indicate that the concept of inhibition of 
free radical formation can be considered for 
clinical use.  
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