
MARINELLA ZANIERATO

Perfusione Normotermica
Regionale: come si valuta il 
potenziale donatore DCD?



Dynamic in-situ 
organ assessment: 
Ideal criteria for DCD 
graft selection during

nRP



Parameters during NRP



Perfusion
parameters

and graft
evaluation

Author BF Lactates Mean
pressure

svO2 pH

Oniscu 2014 > 1.7 
l/min/m2

NS NA NA NA

Minambres
2017

2.2.4 
l/min/m2

NA 65-70 mmHg NA 7-7.4

De Carlis
2018

> 2 
l/min/m2

Avarege
decrease

NA NA

Watson 
2018

2.5-3 
l/min/m2

NA 30-40 mmHg NA Increase
during NRP 
without
correction

Peris 2018 2-2.4
lmin/m2

NS 60-65 
mmmHg

NA Increase
during NRP

Hessheimer > 1.7 
l/min/m2

NA NA 7.-7.4

NRP setting (pump flow, 
fresh gas clearing, FiO2) are 

poor and there are no 
comparative studies



Optimal in situ preservation

50 potential
DCD

12  DCD III 38 DCD II

24 excluded

3 family 
refusal

6 technical 
failure

7 no 
indication

8 prolonged 
WIT

26 DCD 
donors

3 excluded for 
NRP instability

23 effective

19 liver & kidney
donors

20 kidney
donors (40 

grafts)

DCD ( n.26)

male,n (%) 24

Age, years 53

Ischemic times DCD II

WIT 138.0 [130.0 to 148.8] 

Ischemic time DCD III 113 (86-151)

fWIT 43.0 [31.5 to 54.0]

Time ECLS pre-mortem (hrs) 30.11 (17.75-43.98

Positive short
term graft
recovery

Negative  short 
term graft
recovery



y = 0,1221x + 3,6377
R² = 0,7697
p < 0.0001

0

5

10

15

20

25

30

0 30 60 90 120 150 180

La
ct

at
es

 a
t T

0 
 (m

Eq
/L

)

Warm Ischemic Time  (min)

Zanierato M, Mojoli F

DCD III

DCD II

Optimal in situ preservation

WIT 138 [130-148.8]

fWIT 43 [31-54]
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T0             T1           T2                           TLAST

Positive 
outcome

Negative  
outcome

lactates at T0 linearly increased with 
WIT 
Blood lactates decreased at a rate of 
-1.1 mEq/L/h [-2.1 to -0.5]



   

 Positive (donors 
n=14) Negative (donors n=6) P value 

Age                                 (years) 53.5 [47.0, 57.0] 50.5 [49.0, 59.0] 0.8046 
Male                               (n [%]) 13 [92.9] 6 [100.0] 1.0000 
DCD 2 / 3                       (n [%]) 6 [42.9] / 8 [57.1] 5 [83.3] / 1 [16.7] 0.1571 
Ischemic Time                 (min) 62.5 [46.0, 130.0] 146.5 [138.0, 150.0] 0.0320 
NRP length                   (hours) 4.0 [3.0, 5.0] 4.0 [4.0, 5.0] 0.8322 
Blood Flow                   (L/min) 2.9 [2.8, 3.2] 2.0 [1.8, 2.8] 0.0320 
Lactates T0                  (mEq/L) 12.3 [7.1, 20.0] 21.0 [17.0, 22.0] 0.0391 
Lactates T2                  (mEq/L) 8.6 [4.3, 12.7] 17.5 [15.0, 21.0] 0.0030 
Lactates TLAST              (mEq/L) 6.4 [4.3, 8.6] 12.7 [9.7, 16.0] 0.0013 
Δ Lactates               (mEq/L/h) -1.6 [-2.2, -1.1] -1.2 [-2.6, -0.4] 0.8046 
Urea T0                        (mg/dL) 44.0 [35.3, 56.0] 42.5 [35.0, 54.0] 0.9199 
Urea T2                        (mg/dL) 49.5 [47.0, 58.0] 59.0 [40.0, 64.0] 0.7042 
Δ Urea                          (mg/dL) 8.5 [3.0, 11.0] 7.0 [-5.0, 23.0] 0.9135 
Creatinine T0              (mg/dL) 1.2 [1.1, 1.4] 1.3 [1.2, 1.5] 0.4537 
Creatinine T2              (mg/dL) 1.3 [1.1, 1.6] 1.4 [1.3, 1.7] 0.3929 
Δ Creatinine                (mg/dL) 0.1 [0.1, 0.3] 0.1 [0.0, 0.3] 0.8407 
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Independent factor associated with 
positive kidney recovery (p=0.003):

1.Blood lactates after 2 hours of NRP (T2)

2.Mean blood flow of NRP: 2.9 L/min [2.6 
to 3.1].


		

		In situ Kidney preservation outcome

		



		

		Positive (donors n=14)

		Negative (donors n=6)

		P value



		Age                                 (years)

		53.5 [47.0, 57.0]

		50.5 [49.0, 59.0]

		0.8046



		Male                               (n [%])

		13 [92.9]

		6 [100.0]

		1.0000



		DCD 2 / 3                       (n [%])

		6 [42.9] / 8 [57.1]

		5 [83.3] / 1 [16.7]

		0.1571



		Ischemic Time                 (min)

		62.5 [46.0, 130.0]

		146.5 [138.0, 150.0]

		0.0320



		NRP length                   (hours)

		4.0 [3.0, 5.0]

		4.0 [4.0, 5.0]

		0.8322



		Blood Flow                   (L/min)

		2.9 [2.8, 3.2]

		2.0 [1.8, 2.8]

		0.0320



		Lactates T0                  (mEq/L)

		12.3 [7.1, 20.0]

		21.0 [17.0, 22.0]

		0.0391



		Lactates T2                  (mEq/L)

		8.6 [4.3, 12.7]

		17.5 [15.0, 21.0]

		0.0030



		Lactates TLAST              (mEq/L)

		6.4 [4.3, 8.6]

		12.7 [9.7, 16.0]

		0.0013



		Δ Lactates               (mEq/L/h)

		-1.6 [-2.2, -1.1]

		-1.2 [-2.6, -0.4]

		0.8046



		Urea T0                        (mg/dL)

		44.0 [35.3, 56.0]

		42.5 [35.0, 54.0]

		0.9199



		Urea T2                        (mg/dL)

		49.5 [47.0, 58.0]

		59.0 [40.0, 64.0]

		0.7042



		Δ Urea                          (mg/dL)

		8.5 [3.0, 11.0]

		7.0 [-5.0, 23.0]

		0.9135



		Creatinine T0              (mg/dL)

		1.2 [1.1, 1.4]

		1.3 [1.2, 1.5]

		0.4537



		Creatinine T2              (mg/dL)

		1.3 [1.1, 1.6]

		1.4 [1.3, 1.7]

		0.3929



		Δ Creatinine                (mg/dL)

		0.1 [0.1, 0.3]

		0.1 [0.0, 0.3]

		0.8407









Positive (n=15) Negative (n=4) P value

Age                                 (years) 53.0 [48.0, 56.8] 54.0 [49.0, 61.0] 0.6892

Male                               (n [%]) 15 [100.0] 3 [75.0] 0.2105

DCD 2 / 3                       (n [%]) 7 [46.7] / 8 [53.3] 3 [75.0] / 1 [25.0] 0.5820

Ischemic Time                 (min) 70.0 [41.5, 130.0] 144.0 [96.5, 150.0] 0.0719

NRP length                   (hours) 4.0 [2.3, 5.0] 4.5 [4.0, 5.0] 0.2197

Blood Flow                  (L/min) 2.8 [2.6, 3.0] 2.4 [1.9, 4.4] 0.4839

Lactates T0                 (mEq/L) 11.8 [7.3, 19.3] 21.0 [16.5, 22.0] 0.0717

Lactates T2                 (mEq/L) 9.3 [4.8, 13.8] 18.0 [12.7, 23.5] 0.0188

Lactates TLAST (mEq/L) 7.0 [4.5, 9.3] 12.7 [10.2, 15.0] 0.0278

Δ Lactates               (mEq/L/h) -1.6 [-2.1, -1.0] -1.1 [-2.4, -0.3] 0.4839

ALT T0                         (mg/dL) 302.0 [99.8, 397.5] 221.5 [187.0, 1616.5] 0.8415

ALT T2                         (mg/dL) 289.0 [90.8, 519.8] 1284.0 [424.5, 2838.5] 0.0894

Δ ALT                           (mg/dL) 12.0 [-112.8, 140.5] 513.0 [232.0, 1227.5] 0.0127

Bilirubin T0               (mg/dL) 0.4 [0.3, 0.8] 0.3 [0.3, 1.1] 0.6434

Bilirubin T2               (mg/dL) 0.3 [0.3, 0.5] 0.4 [0.3, 1.6] 0.8875

Δ Bilirubin                 (mg/dL) -0.1 [-0.1,  0.0] 0.1 [-0.1, 0.6] 0.5083
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Donors with positive liver recovery  had: 
1. lower blood lactates at T2 and Tlast
2. lower increase of ALT (Δ ALT during NRP)



Blood flow and PAM

Donors with positive graft function outcome had:
- shorter Warm Ischemic Time
- higher NRP blood flow 
- lower blood lactates at T0, T2 and TLAST



Injury markers were regulated by NRP
At least 4 hours is necessary to obtain the highest benefits 
These levels increased significantly at 6 h-NRP



Ventilatory Strategy: 
VT: 4-5 ml/kg
RR 4
PEEP 10
FiO2 40%

CPAP
PEEP 10 cmH2O

FiO2 100%

Zanierato M, submitted

cDCD



NRP
What’s next?

• REMOVAL OF INFLAMMATORY RESPONSE:

• Cellular/molecular alterations in DCD

• Pathways implicated in regeneration

• Safe extention of donor age due to minimization of 

other risk factors,  such as prolunged ischemic time 

(in DCD III)



• Lattati da 2 ore in poi
• Delta ALT
• BF > 2 l/min
• SvO2 > 60%
• PAM > 50 mmHg
• NRP durata: almeno 2 ore, meglio 4 

Conclusioni: quali parametri durante nrp? 
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