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Lung transplant program 

Success=
• No waiting list mortality
• Optimal outcome in terms of quality of life 

and survival (graft and recipient)

à Role of thoracic surgeon
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Shortage of lung donors
LUNG TRANSPLANT

Exponential increase in the number of patients on waiting list, without a 
proportional amount of increase in the number of lung donors.

Transplant National Center

Transplants

Listing



Donor pool strategies

• Legislative system
• Public opinion



Donor pool strategies

• Donor management (ICU)



Donor pool strategies

• Living donor – Lobar transplant



Lobar Tx after right lower lobectomy 



Back table



Inferior vein preparation



Fissure: lobectomy

• 2010-2019: 14 lobar transplants
• Lobar Tx versus Tx: same 3-yr survival



Donor pool strategies

• Expanded criteria donor



Donor pool strategies

• Expanded criteria donor



…Rejected donor lungs may be successfully
transplanted after being reconditioned ex 
vivo.



Donor pool strategies

• Expanded criteria donor
• MP= EVLP/OCS



Ex-Vivo Lung Perfusion 
(EVLP)

Questionable organs: better evaluation
Injured organs: treatment and repair
Time expansion 

Organ preservation needs to occur at normothermic (or 
near-) conditions 



Our experience

• Experimental phase (2008)



…We have set a standardized, reproducible pig model resembling the entire
process of organ donation that may be used as a platform to test in vivo and ex 
vivo strategies of donor lung optimization before transplantation…

…We found that the worse the lung function, the greater the consumption of 
glucose during EVLP. This observation suggests the need to explore lung
metabolism during EVLP to possibly obtain metrics for evaluation…

…Glucose concentration in the perfusate was affected by salbutamol. Salbutamol
was associated with lower pulmonary pressures and better lung mechanics. 
These data suggest a possible role for salbutamol as a pharmacologic adjunct
during EVLP before transplantation…



Our experience

• Clinical phase
• March, 2011 first case 



1st CASE
• M – 24 yrs 
• Medical history

– CF (Pseudomonas)
– 2000 left pleurodesis
– 2011 put on waiting 

list for Tx

EX VIVO LUNG PERFUSION (EVLP)
Our experience: clinical phase



03/2011 Exacerbation of 
infection

Hypoxic-hypercapnic 
respiratory failure

Admission in ICU and non-
invasive ventilation

Awake ECMO 

Urgent lung transplant list 

EX VIVO LUNG PERFUSION (EVLP)
Our experience: clinical phase



EX VIVO LUNG PERFUSION (EVLP)
Marginal potential donor alert after 12 ECMO days



START PERFUSION



RECRUITMENT



14 marzo 2011

EX VIVO LUNG PERFUSION (EVLP)
BLTx on vv-ECMO (1st in the world)

16 hours after CC



• Immediate functional recovery of transplanted organs
• Extubation after 12 hrs
• Patient removed from ECMO after 24 hrs from lung transplant
• Discharge (18 days after Tx)

PFR:
• FVC 3,01 l (53%)
• FEV1 2,90 l (61%)

EGA in aa:
• pO2 76 mmHg
• pCO2 43 mmHg
• pH 7,46
• sO2 97,3%

EX VIVO LUNG PERFUSION (EVLP)
Post-operative course



EVLP: ECMO donor

1/2013: lung proposal from donor on 
VA-ECMO after myocardial
infarction and by-pass



EVLP: hub repair centre



EVLP: graft downsizing



Donor pool strategies

• DCD



Brain Death
Why DCD?

Instability:
– Loss of vasomotor control / perfusion deficit
– Loss of thermoregulation
– Hormonal imbalance (diabetes insipidus, 

hypothyroidism, cytokine cascade)

à Neurogenic polmonary edema  
(interstitial edema + alveolar hemorrhage)



Donation after cardiac death 
(DCD)

Italian legal problem



Donation after cardiac death 
(DCD)

Lung parenchyma does not depend on blood supply 
for its oxygenation 

à lung ISCHEMIA does not necessarily equate to 
tissue HYPOXIA



Donation after cardiac death 
(DCD)

First case (1/11/2014)



EVLP – DCD
NOVEMBER 2014

1st CASE
• F – 36 yrs 
• Medical history

– CF (Pseudomonas)
– 2014 put on waiting list 

for Tx
– Hospitalized 
– NIV 24/24



EVLP – DCD
First case

DCD aortic rupture



16 hours of surgery
8 hours of CEC
28 blood transfusion



Central CEC
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3th Successful case [01/2019]: timeline

Organ retrieval

Potential donor
CA

CIT

Monza

EVLP
start

WIT

Stop CPR

Restart CPR

Graft reperfusion
EVLP
end

Normothermic
= 17h 15m

Graft in body

Flushing

Incision Ice storage

EKG 20 min

DOD

(f)WIT

Ventilation

Donor:  AB group
M; 57 yrs; BMI= 27.68; Smoke= 0; 
Moderate secretions

Recipient: 
M; 32 yrs; CF; LAS= 37.12; O2-
therapy; 
MV= 48 h

7:50 am 11:10 am 12:10 am10:50 am9:30 pm 3:26 pm 8:40 am

Incision

12:45 am
4:00 pm

5:19 pm

Milan 

9:05 am

Suspect of lymphoprolipherative
disorder 



Procurement of lungs + liver + 
kidneys from cDCD 

First case (30/10/2017)

Normothermic Regional Perfusion



Procurement of lungs + liver + 
kidneys from cDCD 



Procurement of lungs + liver + 
kidneys from cDCD (30/10/19)



DCD: clinical experience 
(9/2017-9/2019)



DCD: clinical experience 
(9/2017-9/2019)

9/2017- 2018 -9/2019 Total 
DBD 6 29 20 55
cDCD 3 1 2 6
uDCD 0 1 3 4

DCD 3 2 5 10 
[15%]

Total 9 31 25 65



DCD: clinical experience 
(9/2017-9/2019)

Variables DCD group DBD group 
Number of lung transplantations  10 41 
 
Donor  

  

   Gender, male 9 (90%) 28 (68.3%) 
   Age, years, median (95% CI) 54 (47.3 to 60.1) 50 (37.7 to 53.0) 
   uDCD CA-PA flush, min, mean (95%CI) 245 (173 to 305) NA 
   cDCD ISHLT-int 3, min, median (95%CI) 176 (122 to 191) NA 
   PA flush-1st lung reperfusion, min, mean (95%CI) 640 (505 to 775) 435 (386 to 483) 
 
Recipients 
   Gender, male 23 (56%) 5 (50%) 
   Age, years, median (95% CI) 42 (24.9 to 51.5) 37 (31.7 to 48.4) 
   Disease: CF, COPD, IPF 7; 2; 1 (70%; 20%; 10%) 27; 4; 10 (66%; 10%; 24%) 
   LAS, median (95% CI) 40 (34.9 to 49.3) 40.5 (38.4 to 45.5) 
   Machine perfusion rate 100% 17.6% 
   Intraoperative ECMO 6 (60%) 20 (50%) 
   Postop. MV, days, median (95% CI) 2 (1 to 4) 1 (1 to 1) 
   30-day mortality rate 0% 0% 
   1-year mortality rate 0% 2% 
   Best FEV1, mean (95% CI) 82.7 (69.3 to 96.0) 90.1 (84.2 to 95.9) 
   Airway complication 2 (20%) 3 (7.3%) 
 



Exclusion:
11 DBD (5 edema; suspected infection; 1 parenchymal bleeding)
8 DCD (7 edema; 1 parenchymal bleeding)

35 DBD-Donors

EVLP

193 LUNG 
TRANSPLANTATION

15 DCD-Donors

31 EVLP-Donors (16%) 162 Standard-Donors

2011-2018



Standard

EVLP

p value = 0.333
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Emergency National Program 2010
ECMO:

Our
experience: 
31 bridge à
bilateral lung
Tx



Variables
Lung Allocation Score



List mortality
Lung Allocation Score

11,1%

6,5%

Lombardia

2011-2015
2016-2018



Post-transplant mortality
Lung Allocation Score

2011-2015*

2016-2017

17,1%

13,7%



Transplant probability
Lung Allocation Score
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Pre- and Post-transplant variables
Lung Allocation Score

2011-2015 15 marzo 2016- 15 
marzo 2017 p-value

N % N %
Emergenze 38 19,8% 3 5,9% 0,018
ECLS preop 36 18,7% 2 3,9% 0,009
ECLS intraop 73 38,0% 24 47,1% 0,241
ECLS postop 38 19,8% 4 7,8% 0,044
Decessi entro 90 gg 33 17,1% 7 13,7% 0,553

Gg ICU (media,sd) 13,6 (17,2) 10,8 (13,2) 0,285

Trapianti analizzati 192 51



10 11

16

25

30

20

25

35
31

EVLP

DCD II

Poli-MI 2008-2018

DCD III

LAS

1° ECMO BRIDGE

1 ECMO DONOR

The EVLP side effect



ECMO BRIDGE
PRIMO TRAPIANTO 

DI CUORE-
POLMONE 

ERA PRE-NIT

TRAPIANTO DI POLMONE OSPEDALE 
POLICLINICO: STORICO

PRIMO TRAPIANTO 
DI LOBO 

POLMONARE 
SPERIMENTALE

1951

PULIN, STAUDACHER

1983 1993

PRIMO TRAPIANTO 
POLMONE CON ESITO 

FAVOREVOLE

PEZZUOLI

1996

SANTAMBROGIO

RIPRESA 
ATTIVITA’

PRIMO 
TRAPIANTO 

DOPPIO
PRIMA FIBROSI 

CISTICA

2010

URGENZA 
NAZIONALE

ERA NIT PER IL POLMONE

2011

EVLP DCD II

2014

CENTRO 
UNICO 

MILANO-
NIGUARDA

2008
20132004

STAUDACHER

HUB

2013
2017

DCD III



Conclusions
Open problems Research Guidelines

• Decrease in mortality of patients
on waiting list

• Increase of organ procurement

• Increased survival of 
transplanted organs

• ECMO-URGENCY
• LAS 

• MARGINAL DONOR
• EVLP – DCD

• LESS BOS – (PHOTOPHERESIS)
• NEW ANTI-REJECTION  DRUGS



Cosa significa per il nostro
centro la fibrosi cistica?

• 1/1/2016-20/11/2019: 89 pz messi in nota à 65 
Tx

• 1° trapianto in Italia dopo ricondizionamento
(EVLP)

• 1° trapianto in Italia da donatore DCD
• Tx-FC miglior sopravvivenza (>80% a 5 anni)



Cosa significano per il
nostro centro le Onlus-FC?
• Ricerca scientifica (grant)
• Contratti per fisioterapisti
• Assistenza a pazienti e famiglie
• Supporto per EVLP , OCS e fotoferesi

Tutto questo esteso a tutti i pazienti e non solo ai 
pazienti FC



Italia 

DRG (rimborso) per trapianto di polmone:

• Nazionale= 72.000 euro (ex. Piemonte, 
Veneto, Sicilia)

• Lombardia= 32.760 euro


