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Patient & Graft Survival  
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Population (millions):  

UK 
63.1  

SPAIN 
46.9 

Total number of patients ever 

active on the WL  

 

1631 

 

2095 

Patients awaiting for a transplant 

(only active candidates)  

on 31/12/2013  

525 667 

Patients who died while  

on the WL during 2013  
77 117 

(Transplant Newsletter Vol. 19, Nº 1, September, 2014) 
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Transplant-Waiting List Disparity… 

optn.transplant.hrsa.gov 
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The Real Disparity… 

www.cdc.gov 
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Fewer and fewer “ideal” organs… 
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> 25 % 
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Population (millions):  

UK 
63.1 

SPAIN 
46.9 

Deceased organ donors (all types) 1323 (21 pmp) 1655 (35.3 pmp) 

Donors after circulatory death 544 (8.6 pmp) 159 (3.4 pmp) 

Liver transplants (total) 904(14.3 pmp)  1093(23.3 pmp)  

LT from living donors 30 (0.5 pmp)  23 (0.5 pmp)  

LT from DCD 146 (2.3 pmp)  29 (0.6 pmp)  

(Transplant Newsletter Vol. 19, Nº 1, September, 2014) 
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• 2001: Deceased donor rate: 13.1 pmp 

• 2010: Deceased donor rate: 13.6 pmp 
       (Spain 32 pmp, US 25 pmp) 

 Wait list deaths: 
   16% of kidney-pancreas 

   19% of lung 

   22% of liver 

   24% of heart 

  

Transplant Candidates 

(Squires JE et al., Implementation Science 2014, 9:80) 
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• Started in 2006 

• In 2011: (% of all deceased organ donors) 

– 20% in Ontario (3.1 DCD pmp) 

– 9.5% in Quebec (1.6 DCD pmp) 

– 8.7% in BC (1.5 DCD pmp) 

– 8% in Alberta (0.8 pmp) 

– 8% in Nova Scotia (2.1 pmp) 

(Squires JE et al., Implementation Science 2014, 9:80) 

“Canada would see a dramatic increase in the number of available organ donations 

if DCD donation rates were to increase to international standards.” 
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Deshpande R & Heaton N, J Hepathol 2006. 

“The greatest potential lies with uncontrolled NHBD, but changes are 

needed from Governments to provide a clear legal framework, funding and 

training for the infrastructure and acceptance by the public.” 

Donor   20% 

Donor   300% 
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Nichol G, JAMA 2008. 

Unwitnessed, 
EMS-

assessed & 
treated, 
N=6414 

Witnessed, 
EMS-

assessed & 
treated, no 
survival, 
N=4530 

Witnessed, 
EMS-

assessed & 
treated, 

successfully 
discharged, 

N=954 

EMS-
assessed, no 

treatment 
administered, 

N=8622 
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“[A]t least 22,000 

people each year who 

die of cardiac arrest 

outside of a hospital 

could be potential 

organ donors.” 
 

-U.S. Institute of Medicine, 

2006 
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45 

17 

51 



13º Congreso de la Societat Catalana de Trasplantament, March 18-20, 2015 

45 

17 

51 
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Street 

80% 

Home 

Man 

84,4% 

Woman 

Age (n , %) 

< 20 2  (4,4%) 

20 - 29 3  (6,7 %) 

30 - 39 10 (22,2 %) 

40 - 49 11 (24,4 %) 

50 - 59 11 (24,4 %) 

60 - 69 8 (17,8 %) 

Total 45 

45 

17 

51 
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• Although a number of transplant units have in the past 

supported uncontrolled DCD organ retrieval from nearby 

Emergency Departments, these programmes are 

currently inactive. However, plans to introduce 

uncontrolled DCD in Scotland are well advanced, with 

the programme due to commence in 2013. Further 

details of this programme will become provided as they 

become available. 

http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/ 
 
Accessed January 2014 

http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
http://www.odt.nhs.uk/donation/deceased-donation/donation-after-circulatory-death/
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DCD Preservation Injury 

Minutes Hours 
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Cardiac  

arrest 

Warm  

ischemia 

Organ  

procurement 

Liver 

transplant 

Postoperative  

care 

Post-transplant  

Follow-up 

Intraoperative  

management 
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Hemodynamics 

 DCD grafts are more likely to develop post-

reperfusion syndrome. 

Broomhead et al, Liver Transplantation 2012 

DCD (17) DBD(17) 

 

p value 

Post-reperfusion syndrome (min) 45 (30-64) 

 

0 <0.001 
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 Vasopressor support  
 

Broomhead et al, Liver Transplantation 2012 

DCD (17) DBD (17) p value 

Norepinephrine (hours) 20.5 (12-37) 9.5(5-16) <0.02 

19% renal replacement 

 End-organ blood flow: intestinal & renal 
ischemia, etc. 
 

Hemodynamics 
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Leithead, AJT, 2012. 

53% 
31% 

Renal 
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 Remote IRI 

 Hemodynamic disturbances: hypoperfusion 

Leithead, AJT, 2012. 

 Vasopressors 

 Transfusion 

Renal 
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Start Biliary anast Hepatectomy Reperfusion 

62 

1.3 

75.000 

2 

   CRIOP 

PFC 

PLQ 

TP% 

PTratio 

  PLQ 

   FIB 

39 

1.83 

111000 

2, 10 

56 

1.38 

117000 

2.4 

45 

1.79 

104000 

2, 0 

LT 1397: DBD 
Case scenario 
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Start Biliary anast 
120 min 
 post-b.a Hepatectomy 

60min  
post-b.a Reperfusion 

21 

3, 21 

60.000 

1, 21 

   CRIOP 

PFC 

PLQ 

TP% 

PTratio 

  PLQ 

   FIB 

29 

2, 46 

67.000 

2, 20 

11 

5, 68 

27.000 

1, 20 

482 

1 

   15   18 

30 

2, 20 

40.000 

1, 80 

40 

1.8 

50.000 

2, 20 

970 

1 

   15 

packing 

Tranexámic a 

LT 1567: uDCD 

Tranexámic a 

Case scenario 

bleeding 
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Tabla	2:	Consumo	de	hemoderivados	intra	y	postoperatorio	en	un	grupo	de	receptores	de	injertos	
hepáticos	procedentes	de	donantes	en	asistolia	no	controlada	comparados	con	receptores	de	donantes	

en	muerte	encefálica	en	el	periodo	comprendido	entre	los	años	2002	y	2013.	Análisis	pareado	1:2	por	
edad,	sexo,	índice	de	masa	corporal,	puntuación	Child	e	indicación	de	trasplante.		

	 DONANTES	EN	
ASISTOLIA	

(n=39)	

DONANTES	EN	
MUERTE	ENCEFÁLICA	

(n=80)	 p	

INTRAOPERATORIO	

Concentrados	de	Hematíes	

Pacientes	transfundidos,	n	(%)	
Unidades	

	

30	(77)	
6	(4-9)	

	

56	(70)	
5	(2-7)	

	

0,51	
0,09	

Plasma	Fresco	Congelado	
Pacientes	transfundidos,	n	(%)	
Unidades	

	
36	(92)	
8	(4-14)	

	
53	(66)	
6	(4-10)	

	
<0,01	
0,09	

Plaquetas		
Pacientes	transfundidos,	n	(%)	

	
27(69)	

	
34	(43)	

	
<0,01	

Crioprecipitados/fibrinógeno			
Pacientes	transfundidos,	n	(%)	

	
23	(59)	

	
22	(28)	

	
<0,01	

Pacientes	no	transfundidos,	n	(%)		 1	(2,5)	 15	(19)	 0,01	

POSTOPERATORIO		(0-4	DÍAS)	

Concentrados	de	Hematíes	
Pacientes	transfundidos,	n	(%)	
Unidades	

	
30	(77)	
7	(4-14)	

	
47	(59)	
2	(2-4)	

	
0,09	
<0,01	

Plasma	Fresco	Congelado	
Pacientes	transfundidos,	n	(%)	
Unidades	

	
30	(77)	
11	(4-22)	

	
36	(45)	
3	(2-4)	

	
<0,01	
<0,01	

Plaquetas		
Pacientes	transfundidos,	n	(%)	

	
23	(59)	

	
16	(20)	

	
<0,01	

Crioprecipitados/fibrinógeno			
Pacientes	transfundidos,	n	(%)	

	
9	(23)	

	
3	(4)	

	
0,01	

Pacientes	no	transfundidos,	n	(%)		 5	(13)	 19	(24)	 0,09	

Pacientes	no	transfundidos	globalmente	
(intra	y	postoperatorio),	n		(%)		

0	(0)	 7	(9)	 0,04	

	

Coagulation 
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DCD transplant protocol 

(intraop. and ICU) 

 Hemodynamic  

– Accurate fluid monitorization: PVC / PCP 

around 5 mmHg 

– Early vasoconstrictor support: start before 

reperfusion 

– Protection of renal function: MAP > 70 mmHg 

and urine ouput > 0.5 ml/Kg/h 
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DCD transplant protocol 

(intraop. and ICU) 
 Coagulation: 

 Hb 8 gr/L or Hct 24% 

 Tranexamic acid 10 mg/Kg post-induction, and 10 mg/Kg/h until biliary 

anastomosis 

 Platelets > 50.000 x 109 and fibrinogen > 2 gr/L before reperfusion / at 

skin closure 

 FFP 15 ml/Kg, if INR >1.7 / PT < 40%  

 fVIIr, only if uncontrolled bleeding 

 PCC, DDAVP: no indication 

 If there is still microvascular bleeding, packing for 48h 

 In ICU, blood product transfusion only if actively bleeding 
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BILIARY ARTERIAL PNF 

PRESERVATION 

INJURY 

IR 

 RETRANSPLANT 

≤ 17% ≤ 50% 
≤ 60% 

Up to 50% 

IBL 

Liver transplant from DCD: complications  
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Single center experiences with DCD-LT 

(Maheshwari A., Liver Transplantation 13,2007) 
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(Chan E Y., Liver Transplantation 14,2008) 

DCD morbidity 

Excluding donors that weighed >100 kg or those older than 50 years of age  

with >9h of total ischemia time, 6 out of 7 livers that did develop IC  

could have been avoided. 

(14 %) (1 %) 

(University of Washington, Seattle) 
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GROUP 1 
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10 days 1 month 3 months 

Isch. Cholangiopathy after LT 
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Isch. Cholangiopathy after LT 
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Ischemic cholangiopathy  

in LT from DCD 

MRI 

Case 9 
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(Jay CJ., Annals of Surgery (251), April 2010) 

Isch. Chol.: Cost, When ReOLT? 



13º Congreso de la Societat Catalana de Trasplantament, March 18-20, 2015 

Lens S, Med Clin (Barc). 2012 .  

We want to use more DCD livers but … 
we have to avoid this! : 
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Cardiac  

arrest 

Warm  

ischemia 

Organ  

procurement 

Liver 

transplant 

Postoperative  

care 

Post-transplant  

Follow-up 

Intraoperative  

management 

Organ  

maintenance 
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Technique Results 

Perfusion in situ Quick and easy. Inferior results (kidney). 

Thoraco-abdominal 

compressions 

Simultaneous chest (mechanical) and abdominal (manual) 

compressions with the aim of maintaining MAP ≥70 mmHg 

and PaO2 ≥100 mmHg.1,2 

Hypothermic 

recirculation 

Primarily used to maintain Maastricht type III donors. 

Variable results, with high rates of DGF in some series 

(kidney). Little experience in Maastricht type II donors.1,2 

Normothermic 

recirculation 

Better immediate function, technique of choice for the 

preservation of abdominal organs. 3,4 

1Otero A. Transplantation 2003. 
2Suárez F. Transplantation 2008. 
3Fondevila C. Am J Transplant 2007. 
4Fondevila C. Am J Transplant 2012. 
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Organ preservation CPR & death diagnosis 
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NRP 
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CARDIAC ARREST 

TRANSPORT 

HOSPITAL ARRIVAL 

DEATH DECLARATION 

Fondevila C et al, Am J Transplant 2007.  
Fondevila C et al, Am J Transplant 2012. 

CANNULATION 

NRP 

CARDIAC ARREST 

LIFE SUPPROT 

WITHDRAWAL 

DEATH DECLARATION 

NRP 

  

CANNULATION 
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OHCA 

Resuscitation maneuvers 

Declaration of death 

Cannulation with continuous chest 
compressions & mechanical ventilation 

Normothermic Regional Perfusion 

Organ & donor evaluation 

Organ recovery 

IS
C
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Life support withdrawal 

Progressive hypotension & 
desaturation 

CARDIAC ARREST 

Declaration of death 

Normothermic Regional Perfusion 

Organ evaluation 

Organ recovery 

UNCONTROLLED DCD CONTROLLED DCD 
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Hospital Clínic Barcelona1,2 

Normothermic 

regional  

perfusion 

Tº 37 ºC 

pH 7.35-7.45 

PaO2 100-150 mmHg 

Hct >20% 

Initial  

AST, ALT 

<3 x ULN 

Final 

AST, ALT 

<4 x ULN 

Pump flow >1.7 L/min with Fogarty in 

supraceliac aorta 

Heparinization 1.5 mg/kg every 90 min. 

Time <4 hours 

Fondevila C, Am J Transplant 2007. Fondevila C, Dig Liver Dis Suppl 2009. 



13º Congreso de la Societat Catalana de Trasplantament, March 18-20, 2015 

Fondevila C, Am J Transplant 2011. 
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Group Period DCD category N DGF (%) PNF (%) One-year 
survival (%) 

KIDNEY 

Michigan 2000-2013 3 48 31* 3* NR 

Barcelona 2002-2014 2 158 65 9 88 

La Pitié 
Salpêtrière  

2007-2013 2 43 56 0 91 

St. Petersburg 2009-2011 2 44 52 0 96 

Suwon, Korea 2012 2 2 0 0 NR 

LIVER 

La Coruña 1994-2005 2 10 - NR NR 

Michigan 2000-2013 3 13 - 0 86 

Barcelona 2002-2014 2 42 - 10 73 

Madrid 2006-2007 2 20 - 10 86 

*Rates are for 29 kidneys transplanted at the University of Michigan. 

Hessheimer AJ, Transplant Int 2014. 
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N Source 
1-yr graft 

survival 

1-yr patient 

survival 
IC 

All biliary 

complications 

Abt 2003 15 UPenn 72% 79% 27% 33% 

Chan 2008 52 UWash ~80% ~84% 14% -- 

de Vera 2007 141 Pitt 69% 79% 16% 25% 

Dezza 2007 13 Ghent 54% 62% 23% -- 

Foley 2011 87 Wisconsin 69% 84% 34% 47% 

Fujita 2007 24 Florida 69% 87% 13% -- 

Grewal 2009 108 Mayo (FL) 79% 92% 8%* -- 

Kaczmarek 2007 11 Newcastle 73% 82% 27% 45% 

Maheshwari 2007 20 Hopkins 55% 75% 50% 60% 

Manzarbeitia 2004 19 Albert Einstein -- 90% -- 11% 

Pine 2009 39 St. James (UK) 80% 80% 21% 33% 

Skaro 2009 32 Northwestern 61% 74% 38% 53% 

DeOliveira 2011 167 King’s College 90% 90% 2.5% 15% 

Fondevila 2011 34 Barcelona 70% 82% 8% 12% 

*Only cases leading to graft loss. 

Uncontrolled 
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Stringent 
criteria 

Fondevila C, Am J Transplant 2011. 
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Davila D. Am J Transplant 2012. 

 

Stringent 
criteria 



13º Congreso de la Societat Catalana de Trasplantament, March 18-20, 2015 

7 7 

6 

2 

3 

4 4 

1 

2 

1 1 

0 

1 

2 

3 
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6 

7 

8 

Hospitales (N=11) 

Cortesía Dr. V. Sánchez-Turrión 
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n=32 (86,5%) 

n=6 (15,8%) 

Tipo de extracción 

Cirugia rápida ECMO 

Cortesía Dr. V. Sánchez-Turrión 
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n=30 (79%) 

n=1 (2,7%) 

n=4 (10,8%) 

n=1 (2,7%) 

n=1 (2,7%) 

n=1 (2,7%) 

Complicaciones 

No Trombosis arterial Colangiopatía isquémica SFS FPI SBC 

Cortesía Dr. V. Sánchez-Turrión 
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 Colangiopatía isquémica  4 (3Rtx)  

 Trombosis arterial    1 (Rtx) 

 Síndrome de small for size  1 (Rtx) 

 Fallo primario del injerto  1 (Rtx) 

 Síndrome de Bud-Chiari  1 (Éxitus) 

Causas de pérdida del injerto 

 Colangiopatía isquémica  1 (Rtx)  

 Colangiopatía isquémica  1 (en espera Rtx) 

 Síndrome de Bud-Chiari  1 

Causas de  éxitus del receptor 

Cortesía Dr. V. Sánchez-Turrión 
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Supervivencia 
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 Do you think the applicability of 
 uncontrolled DCD organ  transplantation 
 can be improved? 

 

 

 

 

 

5% 

3% 

92% 

0% 

II INTERNATIONAL WORKSHOP ON UNCONTROLLED DCD DONORS, Barcelona, 
June 27-28, 2013 
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• Donor treatment: 

– Use of different substances / treatments during 
NRP 

 

• Recipient treatment 
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• Donor treatment: 

– Use of different substances / treatments during 
NRP 

 

• Recipient treatment 

 

• Ex-vivo preservation: 

– Cold storage  

– Hypothermic / Normothermic machine perfusion 
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• Not new: 
– Dates back to the early- 

to mid-1900s (first NMP, 
later HMP) 

 

– Fell out of favor when: 
• Brain death defined 

(organs recovered with 
heart still beating) 

• Modern static cold storage 
solutions developed 

Machine Perfusion in LTx 

Fuller BJ, Cryobiology 2007. Folker O. Belzer 
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Time 

Q
u

al
it

y 

Cold-storage 

Machine perfusion 

Minimal  
quality  
for Tx 

Machine Perfusion in LTx 

DCD ? 
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• Well-designed clinical trials: 

– Marginal grafts that undoubtedly wouldn’t be used 
otherwise 

– RCTs with clinically relevant endpoints (e.g., EAD, PNF, 
survival) 

• Ongoing investigation: 

– Cellular/molecular alterations in DCD 

– Pathways implicated in regeneration 

– How to supplement all that is needed in vivo in vitro… 

Future of liver MP 


