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Assessing the effect of vasodilator in preservation and
resuscitation experiments in an ex-vivo normothermic
kidney perfusion porcine model
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INTRODUCTION:
A short period of isolated normothermic perfusion (NP) can be used to improve the condition of the kidney after periods of warm and cold ischemic injury [1]. However, the restoration of the organ
function during NP is conditioned by the composition of the perfusate. Herein, we have assessed the influence of the vasodilator selection in preservation and resuscitation experiments.
METHODS:
Female pigs were terminated and kidneys were exposed and subjected to 30 min of warm
ischemia before being flushed with Ringer’s lactate at 4°C. Kidneys were then either directly
reperfused for 3 hours on the ARK ex vivo NP system developed by EBERS (preservation) or stored
in ice for 24 hours with Custodiol HTK before the 3-hour NP (resuscitation).
The ARK system is formed by a portable preservation unit, which features peristaltic and infusion
pumps, heating and oxygenation systems, sensors and a control unit; and a disposable closed
circuit, where the organ and the perfusate are contained in sterile conditions (Figure 1).

Group Vasodilator

Conditions

n

1

Alprostadil
(180 ng/h)

30 min WI + 3h NP

5

2

Alprostadil
(180 ng/h)

30 min WI + 24h CS + 3h NP

5

3

Verapamil
(0,25 mg/h)

30 min WI + 3h NP

9

4

Verapamil
30 min WI + 24h CS + 3h NP
(0,25 mg/h)

5

Table 1. Summary of the analysis groups and test conditions. WI:
Warm Ischemia, NP: Normothermic Perfusion, CS: Cold Storage

Figure 1. Normothermic Perfusion Machine prepared for the
perfusate preparation prior to the perfusion process

RESULTS:
- The ARK NP system was able to maintain physiological levels of temperature (38°C) , mean
arterial pressure (80 mmHg) and arterial oxygen saturation (higher than 98 %) in all cases
during the 3-hour NP.
- Kidneys preserved with alprostadil exhibited stable flow rates during NP, whereas organs
preserved with verapamil experienced increasing flow rates in time (see Figure 4), which were
significantly higher (p < 0.001) than those obtained (p > 0.05) with alprostadil.
Flow Rate. Alprostadil, WI 30 min, CS 24h

Perfusion time (min)

Perfusion time (min)

Figure 4. Flow rate for each case of the study observed in the times 15 min, 30 mins, 60
mins, 120 mins and 180 mins. Group correspondance: Group 1, Flow Rate. Alprostadil WI
30 min; Group 2, Flow Rate. Alprostadil WI 30 min CS 24 h; Group 3, Flow Rate.
Verapamil WI 30 min; and Group 4, Flow Rate. Verapamil WI 30 min CS 24 h.

Diuresis. Alprostadil, WI 30 min, CS 24h

Diuresis (ml/100g)

Perfusion time (min)

Perfusion time (min)

Group

Flow rate (ml/min/100g)

1 (Preservation)

41,29 ±21,81

2 (Resuscitation)

57,11 ±54,15

3 (Preservation)

222,42 ± 160,37

4 (Resuscitation)

183,32 ± 134,83

Table 2. Mean flow rate values throughout the 3-hour normothermic
perfusion process.

Diuresis. Verapamil, WI 30 min, CS 24h

Diuresis. Verapamil, WI 30 min

Duresis (ml/100 g)

Flow Rate [ml/min/100g]

Flow Rate [ml/min/100g]

Perfusion time (min)

-

Perfusion time (min)

Flow Rate. Verapamil, WI 30 min, CS 24h

Flow Rate. Verapamil, WI 30 min

-

Figure 3. Example of kidney analysed after 3 hours of
perfusion.

No significant difference (p > 0.05) was found between the preservation and resuscitation
groups.
Urine output was increased (p < 0.001) in the presence of alprostadil (Figure 5 and Table 3).
Tissue damage parameters (GGT, LDH) showed stable parameters during NP perfusion and no
significant difference (p > 0.05) was found between groups (Table 3).
Histological analysis showed no significant tissue damage in all groups.

Duresis (ml/100 g)

Perfusion time (min)

-

Figure 2. Example of kidney analysed at the start of the
perfusion process.

Diuresis. Alprostadil, WI 30 min

Diuresis (ml/100g)

Flow Rate [ml/min/100g]

Flow Rate [ml/min/100g]

Flow Rate. Alprostadil, WI 30 min

- Kidneys were perfused with a perfusion solution composed by Ringer lactate, 20% human
albumin, red blood cells as oxygen carriers, creatinine and sodium bicarbonate. The perfusate was
supplemented continuously with a nutrients solution, insulin and a vasodilator (180 ng/h
alprostadil or 0.25 mg/h verapamil).
- Secreted urine was collected for analysis and the corresponding lost volume of perfusate was
replaced in the circuit.
- Renal flow rate, mean arterial pressure, urine output, temperature, glucose concentration,
hematocrit and oxygen saturation were recorded continuously.
- A blood gas analyzer was used to record parameters for acid–base homeostasis.
- Serum and urine samples were obtained hourly for biochemical analysis and wedge biopsies
were taken after 3 h of reperfusion for histological analysis.

Group

Diuresis (ml)

GGT (U/l)

LDH (U/l)

1

87,86 ± 31,8

6,00 ± 2,83

50,20 ± 15,55

2

206,32 ± 152,8

6,80 ± 2,71

63,20 ± 22,69

3

81,26 ± 13,7

10,25 ± 8,79

112,5 ± 86,73

4

27,62 ±4,1

22,75 ± 28,47

103,25 ± 42,41

Perfusion time (min)

Figure 5. Diuresis production meassured for the periods 0-15 mins, 15-30 mins, 30-60
mins, 60-120 mins and 120-180 mins. Group correspondance: Group 1, Flow Rate.
Alprostadil WI 30 min; Group 2, Flow Rate. Alprostadil WI 30 min CS 24 h; Group 3,
Flow Rate. Verapamil WI 30 min; and Group 4, Flow Rate. Verapamil WI 30 min CS 24
h.

Table 3. Total urine production and damage biomarkers (GGT and LDH)
values measured at the end of the 3-hour normothermic perfusion
process.

DISCUSSION AND CONCLUSIONS:
Collectively, these data illustrate the capacity of the ARK system to preserve kidneys in NP conditions. Verapamil led to lower values of intrarenal resistance, which indicates a better renal function. The
kidney secretory activity, assessed through the measurement of the urine production, was successfully maintained throughout the whole period of NP. Tissue and cell damage, assessed through the
measurement of GGT and LDH, was kept in acceptable levels.

[1] Hosgood SA et al. J Sur Res. 2013; 182:153-160

ACKNOWLEDGEMENTS: Financial support was received from the Spanish Ministry of Economy
and Industry (RTC-2016-5108-1), the Spanish Ministry of Energy, Tourism and Digital Agenda (TSI100700-2015-13) and H2020 SME Instrument Ph.2 (804252).

