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Abstract: Donation after cardiac death (DCD) donors may help increase the donor pool for lung 
transplantation. Here, we briefly describe the Italian organ transplantation system and present the Italian 
DCD program. Our country adopts a mixed “opting-in” and “opting-out” system. Death declaration is 
confirmed by neurological or cardiocirculatory criteria; in case of cardiac death, the Italian law requires 
20 minutes of documented asystole. Organs are primarily allocated to urgent patients, otherwise they 
are offered to a centre within the region. Lung transplantation centres in Lombardy, instead, use Lung 
Allocation Score (LAS). In Italy organ donation activity and transplantation has been growing, but the 
gap remains between patients on the waiting list and the number of transplantations. DCDs may alleviate 
donor shortage, but the path towards a DCD Italian program was complicated, and physicians had to face 
the challenge of organ preservation with a prolonged no-touch period. The first DCD program (Alba 
protocol) started in 2007 and proved DCD after unexpected cardiac arrest [uncontrolled DCD (uDCD)] 
possible for kidney transplantation, using post-mortem normothermic regional perfusion (NRP) before 
recovery. In 2015 the first DCD liver transplantation in Italy was performed at Niguarda Hospital in Milan 
using innovative strategies based on NRP and ex-situ organ perfusion. The Careggi Teaching Hospital in 
Florence started a DCD protocol for kidney and liver transplantation. The first lung transplantation from 
an uDCD donor in Italy was performed at the Policlinico transplant centre in Milan in 2014: our protocol 
consists of a normothermic open-lung preservation, namely without chest drainages for topical cooling, 
avoiding lung hypoxia through recruitment manoeuvres, continuous positive airway pressure (CPAP), and 
protective ventilation. Lungs are assessed using ex-vivo lung perfusion (EVLP). Eventually, we also began 
including controlled DCDs (cDCDs). A dedicated protocol for thoracic and abdominal organs retrieval 
was established in 2017, combining NRP with our open lung approach, with good results. Over the last  
5 years, transplantation with grafts from DCDs has been increasing: in 2019, they represented 4.5% of such 
procedures and 8.5% of lung transplantations. Our results showed the feasibility of combined procurement 
in different settings with no detrimental effects on abdominal organs despite extended ischemia times.
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Lung transplantation is a consolidated clinical reality and 
has become a worldwide established procedure for selected 
patients suffering from end stage pulmonary failure. In 
time, the number of such procedures has been increasing, 
showing substantial improvement in both patients’ 
survival and quality of life. However, these outcomes are 
still affected by both early and late complications (1). 
Nevertheless, significant differences among countries 
exist, mostly with regard to organ donation and donor 
management. Culture, ethics, and law seriously affect these 
aspects; surgical techniques and recipient postoperative 
care, instead, appear more homogeneous.

The Italian donation system

Consent to donation and death declaration

In Italy, a presumed consent law for organ donation was 
approved in 1999, stating that citizens were to express their 
willingness or refusal to donate organs after death. Their 
choice is then recorded in the national organ donor registry. 

By law, the absence of such declaration is considered 
consent (2). However, this law has never been enforced, 
and a mixed “opting-in” and “opting-out” system has been 
applied to date. Organ and tissue recovery are only possible 
after death declaration and after confirming the willingness 
to donate in the national registry, or, in absence of an 
expressed preference, after obtaining the non-opposition 
by the donor’s next of kin. According to Italian law, death 
is defined as the irreversible loss of brain function (3); 
the determination criteria, both neurological and cardio-
circulatory, were established by a decree (4) in order to 
guarantee the observance of the dead donor rule: organ 
recovery must not cause the death of the donors, who must 
be dead before the beginning of organs procurement. For 
adult patients showing encephalic lesions who are in a state 
of unconsciousness, have neither brainstem nor respiratory 
reflexes, and whose electroencephalogram (EEG) shows 
electro-cerebral silence, brain death is confirmed after  
6 hours. During this observation period, the patient is 
tested at least twice to confirm the loss of brain and brain-
stem functions (i.e., absence of reflexes, hypercapnia and 
acidosis, flatline EEG). Cardiac death ascertainment 
i s  ba sed  on  the  ce s sa t ion  o f  ca rd io-c i r cu la tory 
functions: according to Italian law, 20 minutes of flat 
electrocardiogram (ECG) must be recorded in order to 
declare the patient’s death, as it testifies to the total loss 
of cerebral functions. In both cases, death is ultimately 
defined by the cessation of brain activity: with neurological 
criteria the loss of brain function is directly demonstrated, 
while in case of cardiac death it is guaranteed by the 
prolonged lack of cerebral blood flow.

Lung allocation system

In Italy, there are ten lung transplant centres, including 
one managing paediatrics only, coordinated by a well-
established national and regional transplantation network 
(Figure 1). When a potential donor is referred by the 
intensive care unit (ICU) staff to the regional coordinating 
centre [Centro Regionale Trapianti (CRT)], lungs are 
primarily allocated to urgent patients included in the Italian 
Urgent Lung Transplant (IULT) program by the National 
Transplantation Centre [Centro Nazionale Trapianti 
(CNT)], the national coordinating centre. The IULT 
program was instituted in 2010: urgent patients are put on 
a single national waiting list. The priority of each patient 
lasts 1 week and can be renewed twice. The IULT program 
inclusion and exclusion criteria are shown in Table 1 (6). If 
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Figure 1 Lung transplantation centres in Italy (5). The dimension 
of each circle represents the number of lung transplantation 
performed in 2019. PD, Padova; TO, Turin; MI, Milan; BG, 
Bergamo; PV, Pavia; BO, Bologna; SI, Siena; RM, Rome; PA, 
Palermo.
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there are no urgent recipients, organs are allocated within 
the region. As opposed to the other Italian regions, where 
there is only one lung transplant centre, in Lombardy, 
the most densely populated in northern Italy (422,76 
inhabitants per square kilometres), there are three lung 
transplantation centres, including our own. In our region, 
since March 15th, 2016, lung allocation is no longer “centre 
oriented” but “patient oriented”, as Lung Allocation Score 
(LAS) has been applied. The positive experiences in the 
United States first and then in Germany led the Lombardy 
Regional Reference Centre to merge the three centres 
waiting lists and implement LAS for the allocation of lungs 
within the region (7). Finally, it should be pointed out that 
Italy’s elongated and narrow morphology (Figure 1), its 
great number of mountains, covering 40% of the country’s 
territory, and the presence of two large islands (Sicily and 
Sardinia) make rapid and timely transportation of the 
retrieval team and the grafts quite complicated. These 
peculiar geographical features might be the cause of very 
long transfer times for relatively short distances.

Italian transplantation experience

During the last 20 years, the number of potential donors 
referred by ICUs and consequently the organ donation 
activity in general, has been progressively growing  
(Figure 2). However, as the amount of lung transplantation 
procedures performed in Italy every year has almost tripled, 
increasing from 60 lung transplantation in 2000 to 153 
in 2019, the number of patients on the waiting list has 
also slowly yet significantly been rising. The average time 
period spent on the waiting list for lung transplantation, 
according to the 2019 CNT report, was 2.5 years (5). At 
the time, the most severe limitation was, and still is, the 
shortage of suitable donors. The dramatic consequence of 
the gap between supply and demand of donor graft was high 
mortality for patients on the waiting list. The graph shows 
the gap between the patients on the waiting list and the 
number of transplants per year in the last 5 years (Figure 3).  
Several strategies have been implemented to overcome 
this shortage, such as the use of extended criteria donors 
(ECDs) and the donation after circulatory determination of  

Table 1 Italian Urgent Lung Transplant (IULT) program inclusion criteria

IULT program inclusion criteria

Patients on the waiting list dependent on mechanical ventilation and/or extracorporeal membrane oxygenator (except for Extracorporeal 
Carbon Dioxide Removal device)

Patients hospitalized at the transplant centre

Age ≤50 years old

Absence of sepsis, multi-organ failure, haemorrhagic shock, neurologic impairment

Figure 2 Utilised donors per million population (all organs) (5).
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death (DCD). Over the years, particularly at the beginning 
of the lung transplantation era, only “ideal” lung donor 
grafts were considered for transplantation. However, most 
of the potential donors in ICUs do not even meet the 
criteria defining a “standard” lung donor (Table 2). In fact, 
despite careful management, the prolonged mechanical 
ventilation in the ICU damages the lungs and the other 
organs. In Italy, only 40% of referred donors are suitable 
for multiorgan procurement, and, barely 15–20% of 
them are considered for lung transplantation, also due to 
their advanced age. Protocols regarding potential donors’ 
management have been applied in Italian ICUs in order 
to maintain the donor stability and optimize the organs’ 
condition. At the same time, transplantation centres started 
pushing the limits by accepting organs from donors with 
increasingly extended criteria. For this reason, research 
started focusing on finding a way to thoroughly and safely 
evaluate these “extended criteria” grafts.

Ex-vivo lung perfusion (EVLP)

The advent of EVLP provided a fundamental tool for lung 
transplantation centres, allowing for detailed assessment 
and reconditioning of lungs. In Italy, machine perfusion 
protocols vary among centres (8,9). In our centre in Milan, 
we perform a 4-hour-long normothermic EVLP with an 
open atrium technique, using a perfusion solution made 
of both Steen solution and red blood cells (reaching a 
5–10% haematocrit) and maintaining the target flow at 
40% of the estimated donor’s cardiac output, as previously 
described (Figure 4) (10). Our clinical experience with 
machine perfusion began in 2011, when our team 
performed the first lung transplantation after EVLP in 
Italy, and we have been using it ever since, with good 
results (11). In 2016, we started using portable organ care 
system (OCS) for selected cases as well. EVLP proved a 
valuable resource, as it helped increase the number of lung 
transplantations performed in our centre, it allowed us to 
assess and transplant lungs from donors on extra-corporeal 
membrane oxygenation (ECMO) support and to act as a 
“lung repair centre” (12). Furthermore, EVLP opened up 
the possibility for our centre to implement a DCD lung 
transplantation program.

DCD donors

DCD describes the retrieval of organs following death, 
according to circulatory instead of neurological criteria. 
The definition of death and the dead donor rule remain the 
same and must be respected. The first lung transplantations 
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Figure 3 The gap between lung transplantation and patients on 
the waiting list (5). Number of patients on the waiting list (orange); 
number of lung transplantation procedures (green).

Table 2 Standard donor selection criteria for lung transplantation

ABO compatibility

PaO2 >300 (FiO2 =1.0; PEEP =5 cmH2O)

Age <55 years old

Absence of infiltrates at chest X-ray

Absence of secretions/aspiration signs at bronchoscopy

No history of cardiothoracic surgery

Adequate size match

Smoking history <20 pack/years

No trauma of the chest

PaO2, arterial oxygen pressure; FiO2, fraction of inspired oxygen; 
PEEP, positive end-expiratory pressure.

Figure 4 EVLP at our centre in Milan. Bipulmonary block after 
reperfusion and ventilation; note the double-lumen endobronchial 
tube and the open atrium. EVLP, ex-vivo lung perfusion.
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were performed from DCD donors; conversely, following 
the publication of the Harvard criteria, donations from 
brain death donors (DBD) gained consensus. In 1995, 
a renewed interest in DCD sparked; the procedure has 
later become widespread with the experience of Steen 
in 2001 (13,14). At present time, the DBD setting still 
remains the most common. The determination of death 
following neurological criteria allows keeping the organs 
viable inside the donor but, at the same time, represents a 
potential source of damage to the lungs. Potential noxae are 
the resuscitation manoeuvres themselves, and the effects 
of two so-called “storms”, which usually occur during 
brain death: the pro-inflammatory cytokines storm and 
the catecholamines storm. In this scenario, donors from 
DCD overcome these obstacles; moreover, the resistance 
of pulmonary cells to ischemia due to the absence of 
circulation and the possibility of dissociating ischemia from 
hypoxia by means of ventilation are both well known (15).

Classification

In 1995 in Maastricht, the First International Workshop on 
DCD drafted four categories of patients in order to outline 
the approach to this type of donors (16); the classification has 
undergone some changes since its original inception, but the 
fundamental concepts have remained the same. Specifically, 
it is possible to identify two settings, uncontrolled and 
controlled: the first two categories include donors qualified 
as uncontrolled DCD (uDCD), because cardiac arrest 
occurs unexpectedly. Additionally, the clinical history of the 
donor is unknown. In this setting, the greatest difficulties 
concern the logistical and organisational aspects, as well as 
the need to thoroughly evaluate the organs. Conversely, 
we refer to those in the third category as controlled DCD 
(cDCD) donors, since the procurement is substantially 
planned after an anticipated cardiac arrest, and donors are 
largely evaluated in time. For category III donors, the most 
relevant problem is of ethical nature, and it is related to the 
suspensions of treatment. Category IV includes brain-dead 
donors who suffer an unexpected cardiac arrest after death 
declaration and before organ retrieval has been planned. 
The modified Maastricht classification of DCD also includes 
a fifth category, comprising organ donation after euthanasia, 
which is illegal in Italy.

Differences around the world

Around the world, experiences with DCD are extremely 

diversified. Notably, some countries do not allow organ 
DCD (i.e., Germany). The differences among countries 
mainly depend on local factors regarding culture, logistics, 
law, ethics and religion. To this, we must add the graft 
factors, as each organ has its peculiar requirements. 
All these variables lead to different solutions in DCD 
approaches as well as preservation and procurement 
techniques. The “hands off” time is 5 minutes for almost all 
centres around the world except for Zurich (10 minutes), 
some Australian centres (2 minutes) and Italy (notably, 
20 minutes). Also, in some countries (such as the United 
Kingdom, Ireland and the Netherlands), ante mortem drug 
administration aiming at organ preservation is not allowed, 
while in other centres (for example in Belgium, Spain, 
Austria and France) it is legal to do so once the next of kin 
has been informed.

DCD donors in Italy

In Italy, heparin can only be given to the donor during 
the agonal phase, and cannulation is not allowed before 
the diagnosis of death, whilst femoral vessels wires can 
be positioned to simplify the upcoming cannulation. 
Essentially, in Italy it is legally allowed to retrieve organs 
from DCD donors; from a bioethical perspective, it 
should be emphasized that the current regulations seek 
to avoid disregarding the person’s will to donate their 
organs after death. On the other hand, the path to include 
DCD donors in clinical practice was complex and far 
from straightforward. In fact, it should be pointed out 
that transplant centres in Italy had to face the challenge 
of an extremely long warm ischemic “no-touch” period 
of 20 minutes, making organ preservation particularly 
demanding. In Italy, an uDCD program started in 2007, 
while the use of controlled donors was only introduced 
later in 2015 as a direct consequence of the previously 
mentioned different ethical issues between the two settings. 
The first uDCD program for kidney transplantation, the 
“Alba program”, was started in Pavia: according to this 
protocol, immediately after determination of death with 
circulatory criteria, ECMO support and then selective 
abdominal normothermic venous-arterial circulation is  
established (17). At first, this project had to face some 
major challenges, including involvement and cooperation 
with emergency services and the need for on-call dedicated 
DCD task force personnel. However, despite the long no-
touch period required by the Italian legislation, the Alba 
program had the merit to show that uDCD is feasible even 
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in our country. The second DCD program was started in 
Florence at the Careggi Teaching Hospital and managed 
to transplant both kidneys and liver (18). In 2015, the first 
successful DCD liver transplantation in Italy was performed 
at the Niguarda transplant centre in Milan. A DCD 
program has been active ever since. Normothermic regional 
perfusion (NRP) was used to assess and preserve abdominal 
organs, counteracting the prolonged warm ischemia  
time (19).

The Milan lung transplant centre’s experience

The Policlinico transplant centre in Milan has been a 
pioneer in lung transplantation with grafts from DCD 
donors. Our Lung-DCD program started in 2014 and was 
preceded by a long pre-clinical and an educational phase; 
at first, we focused on uDCD donors. Our protocol, which 
was designed for lung procurement only, was based on 
the observation that lung tissue can dissociate ischaemia 

from hypoxia, hence the possibility to preserve lungs for 
an extended period of time by using continuous positive 
airway pressure (CPAP). Recruitment manoeuvres were 
performed following diagnosis of death and CPAP was 
employed. After obtaining consent by the next of kin, the 
donor was administered heparin and cardiopulmonary 
resuscitation (CPR) was resumed for 3 minutes. Lungs were 
ventilated during procurement, and subsequently evaluated 
using EVLP (Figure 5) (20). In 2014 we performed the first 
lung transplantation from an uDCD donor in Italy: the 
recipient is still alive and in good condition. Our protocol 
differs from the one described by Steen and used by the 
Spanish group, as we do not insert chest tubes for topical 
cooling, leaving the body intact until the procurement in 
the operating theatre, at virtually no costs. This peculiar 
strategy allowed us to apply this protocol in both central 
hospitals with an extracorporeal life-support (ECLS) 
program, and less-equipped peripheral hospitals. Also, 
it guarantees an adequate time to face organisational 

Figure 5 Timeline for uDCD lung retrieval according to our protocol. uDCD, uncontrolled donation after cardiac death; OOH, out of 
hospital; ED, Emergency department; CA, cardiac arrest; CPR, cardiopulmonary resuscitation; EKG, electrocardiogram; DOD, declaration 
of death; NOK, next of kin; ev, endovenous; RM, recruitment manoeuvers; FOB, flexible fiberoptic bronchoscopy; rTPA, recombinant tissue 
plasminogen activator; EVLP, ex-vivo lung perfusion; WIT, warm ischemia time; CIT, cold ischemia time. cPAP, continuous positive airway 
pressure; FiO2, fraction of inspired oxygen; RR, respiratory rate; TV, tidal volume; PEEP, positive end-expiratory pressure; I/E, inspiration/
expiration.
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issues during in-situ  preservation and an adequate  
ex-vivo evaluation. After gaining some experience with the 
uncontrolled setting, we eventually decided to explore other 
options by including cDCDs in our project as well. In fact, 
at that time the concept of withdrawal of life-sustaining 
treatments (WLSTs) when deemed futile, was beginning to 
spread and to be considered ethically suitable around ICUs 
in Italy, prompting us to adapt our project to these different 
settings. On the other hand, the growing experience on 
abdominal organs transplantation from DCD donors 
throughout Italian centres urged us to cooperate in order 
to establish a dedicated combined procurement protocol, 
which was drawn up by a multidisciplinary team (21). The 
required 20 minutes of no-touch posed a challenge for 
liver retrieval, as it inevitably suffers from a prolonged 
warm ischemia time: this obstacle was overcome by using 
NRP. In our protocol, we combined the use of NRP for 
abdominal organ preservation, in order to both minimize 
warm ischemia damage and assess the graft function, with 
our normothermic open-lung approach (Figure 6). The 

NRP stability is tested by closing the inferior vena cava 
through a tourniquet and clamping the aorta (Figure 7). 
All organs (lungs, kidneys, liver) are assessed through  
ex-situ perfusion, as they endure a prolonged functional 
warm ischemic time. Machine perfusion is considered 
particularly mandatory for DCD donors in an uncontrolled 
setting. This Full-DCD project began in October 2017: 
during the first 2 months, five cDCD donors from four 
different hospitals were managed according to this protocol. 
Two of these donors were ECDs, while another one was 
on ECLS support. In three out of five cases lungs were 
judged suitable and transplanted at our centre. To this day, 
all recipients are alive and in good health. In one case the 
lungs were deemed inadequate for transplantation due to 
infection, and therefore were not even retrieved; in another 
case, they showed bronchorrhea at the end of EVLP 
evaluation and could not be transplanted. Livers were used 
for transplantation in all five cases, with good outcomes; 
six out of ten procured kidneys were transplanted. These 
data showed that there were no detrimental effects on 

Figure 6 Timeline for cDCD combined retrieval according to our protocol. cDCD, controlled donation after cardiac death; ICU, intensive 
care unit; NOK, next of kin; WLST, withdrawing of life-sustaining therapies; EKG, electrocardiogram; DOD, declaration of death; WIT,  
warm ischemia time; CIT, cold ischemia time; NRP, normothermic regional perfusion; EVLP, ex-vivo lung perfusion; cPAP, continuous 
positive airway pressure; FiO2, fraction of inspired oxygen; RR, respiratory rate; TV, tidal volume; PEEP, positive end-expiratory pressure; I/
E, inspiration/expiration.
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abdominal organs: performing a double NRP test allowed 
for a dynamic adjustment of flow settings. These excellent 
results pushed us to continue our path and reassured the 
abdominal surgeons. At our centre, from November 1st, 
2014 to July 2019, 11 transplantation procedures were 
carried out with grafts coming from DCD donors; five 
of those were uDCDs and six were cDCDs. All patients 
are still alive. Remarkably, our combined retrieval DCD 
protocol helped increase the number of performed 
lung transplantation, showing promising results and no 
reduction in the number of transplanted abdominal organs. 
Furthermore, procurement from non-heart-beating donors 
allows us to avoid the cytokine storm and its damage to 
the organs. However, due to the prolonged ischemic time 
grafts from DCDs have to endure, we routinely use EVLP 
in order to assess the organs function. As some studies have 
already shown that ex-vivo evaluation is not mandatory 
for grafts retrieved from category III DCD donors (22), 
we are too considering reserving EVLP for uDCDs and 
for cDCDs when the in-vivo assessment demonstrate 
suboptimal graft function. In general, the transplantation 
experience with DCD donors has undeniably become 
relevant in our country. Over the last 5 years, the number 
of transplantation procedures performed in Italy with grafts 
from DCD donors has been increasing: in 2019, 115 out 
of 3,449 transplantations from deceased donors were from 
DCDs (4.5%). If we only consider lung transplantation, 

this rate rises to 8.5% and other centres have followed 
our experience in these years. In conclusion, our protocol 
offers a very adaptable approach that has been applied in 
various scenarios: cDCD and uDCD settings, isolated 
and combined thoracic and abdominal retrieval, hospitals 
with or without ECLS programs. At the expense of longer 
ischemic times, we prefer to optimise the lungs’ conditions 
by normothermic ventilation. By using this strategy, we 
avoid blindly perfusing the lungs before visual inspection 
and recruitment, which could result in inhomogeneous 
cold flushing in case of atelectasis or pleural effusion. It 
proved safe, as grafts function is assessed both in-situ during 
normothermic ventilation and ex-situ during normothermic 
perfusion, and it demonstrates the feasibility of a combined 
approach, overcoming the obstacle of prolonged warm 
ischemic time. The complexity of the program, however, 
requires a continuous education for the staff involved, 
especially for the uncontrolled setting. We are currently 
working on involving a growing number of hospitals in our 
project. Our experience shows the feasibility of a multi-
organ donation from DCD donors, confirming it is possible 
to abide by the dead donor rule and to overcome the 
prolonged “no-touch” period required by law.
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