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ABSTRACT 

The implementation of donation after circulatory death category 3 (DCD3) was 
one of the attempts to reduce the gap between supply and demand of donor 
lungs. In the Netherlands, the total number of potential lung donors was greatly 
increased by the availability of DCD3 lungs in addition to the initial standard use 
of donation after brain death (DBD) lungs. From the three lung transplant centers 
in the Netherlands, 130 DCD3 recipients were one-to-one nearest neighbor 
propensity score matched with 130 DBD recipients. The primary end points were 
primary graft dysfunction (PGD), posttransplant lung function, freedom from 
chronic lung allograft dysfunction (CLAD) and overall survival. PGD did not differ 
between the groups. Posttransplant lung function was comparable after bilateral 
lung transplantation, but seemed worse after DCD3 single lung transplantation. 
The incidence of CLAD (p=0.17) nor the freedom from CLAD (p=0.36) nor the 
overall survival (p=0.40) were significantly different between both groups. The 
presented multicenter results are derived from a national context where one third 
of the lung transplantations are performed with DCD3 lungs. We conclude that the 
long-term outcome after lung transplantation with DCD3 donors is similar to that 
of DBD donors and that DCD3 donation can substantially enlarge the donor pool.
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INTRODUCTION

A persistent shortage of donor lungs is faced in spite of several attempts to reduce 
the gap between supply and demand of donor lungs. The use of the marginal 
donors, ex vivo lung perfusion (EVLP) and donation after circulatory death category 
3 (DCD3) donors have all been implemented to increase the supply of donor lungs. 
The availability of DCD3 donor lungs in addition to the “gold standard” of donor 
lungs from donation after brain death (DBD) donors greatly increased the number of 
potential lung donors in the Netherlands. Since the introduction of the DCD3 in 2005, 
31% of all lung transplantations in the Netherlands were carried out using DCD3 
lungs.1,2 The total number of DCD3 lung transplantations described in literature is 
limited. Despite the small patient numbers, these studies showed good results after 
DCD3 lung transplantations.3-12 Nevertheless, a continuous underutilization of DCD3 
is seen worldwide. In some countries DCD3 donation is not permitted,13 in other 
parts of the world DCD3 is considered a high-risk donor and frequently an indication 
for EVLP.14,15 For this reason, the present study describes the comparison between 
DCD3 and DBD. Moreover, it will offer a critical appraisal of data from three Dutch 
lung transplantation centers over the last decade.

MATERIALS AND METHODS

All DCD3 and DBD lung transplant recipients who had their transplantation carried 
out and had their follow up in the same hospital were included. The inclusion 
period started the year the DCD3 lungs were first used for lung transplantation 
in that participating center. For Groningen, the inclusion period was from January 
1, 2005 until February 1, 2014. The recipients transplanted in Rotterdam and 
Utrecht were included from January 1, 2009 until February 1, 2014. All 130 DCD3 
recipients in the described inclusion period were matched to one of the 296 DBD 
recipients transplanted in the same period. A propensity score matching (PSM) 
method was used to control for confounders and balance the variables between 
both groups, aiming to make a valid comparison. Recipients of a heart-lung or 
lung-liver transplant were excluded.

Donor characteristics
One standard donation protocol was used for both DCD3 and DBD, which has 
been described previously.3 In the DCD3 setting, death is declared after 5 
minutes of sustained circulatory arrest occurring after withdrawal of treatment 
by the local treating physician. A flat electrocardiogram was not mandatory but 
sometimes used, based on the preference of the treating physician. A maximum 
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of 90 minutes after switch-off is waited for circulatory arrest to occur. After arrival 
on the operation room, immediate re-intubation and restart of the ventilation is 
carried out and a bronchoscopy is performed. 

Donor variables included age, sex, cause of death, duration of mechanical 
ventilation, preretrieval arterial oxygen pressure (PaO2) at a fraction of inspired 
oxygen (FiO2) of 1.0 and a positive end expiratory pressure (PEEP) of 5 cmH2O, 
EVLP usage, cold ischemic time (CIT) and estimated total lung capacity (TLC). For 
both DCD3 and DBD, a PaO2  >40 kPa at a PEEP of 5 cmH2O and a FiO2 of 1.0 after a 
period of lung recruitment was considered acceptable. Only lungs with a PaO2 <40 
kPa caused by lung edema were considered for EVLP (only in Groningen). CIT was 
defined as the period between cross-clamp time and the moment of reperfusion of 
the last implanted lung. In DCD3, the time between the life support switch-off and 
the circulatory arrest, assessed as the absence of peripheral pulse, was monitored 
and so was the warm ischemic time (WIT). WIT was defined as the time between 
the circulatory arrest and the cold perfusion of the lungs. Cytomegalovirus (CMV) 
mismatch (donor seropositive- and recipient negative for CMV) was registered. 

Recipient characteristics
The baseline variables included age, sex, underlying diagnosis, urgency for 
transplantation, time on the waiting list until transplantation, and use of the 
cardiopulmonary bypass or a postoperative need of extracorporeal life support. 
Since the lung allocation score (LAS) was introduced after the inclusion period of 
present study, urgency was subdivided in transplantable and high urgent. Primary 
or secondary transplantation was registered, and so was the choice for a single 
lung transplantation (SLTx) or bilateral lung transplantation (BLTx). The time 
until extubation and until both intensive care unit (ICU) and hospital discharge 
were monitored. All recipients were treated with similar tacrolimus-based 
immunosuppression. 

End points
Primary graft dysfunction (PGD) at 48 and 72 hours after lung transplantation 
was graded according to the consensus document of the International Society for 
Heart and Lung Transplantation based on findings of the chest radiograph and 
concurrent PaO2/FiO2 ratio.16 

Lung function was assessed as the percentage of the predicted forced expiratory 
volume in one second (FEV1%) and as percentage of the predicted forced vital 
capacity (FVC%). The FEV1 and FVC were measured at every visit during follow-up 
using spirometry. Lung function of BLTx and SLTx were analyzed separately.
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Chronic lung allograft dysfunction (CLAD) was used as an overarching term, and, 
just like bronchiolitis obliterans syndrome (BOS), was defined according to the 
International Society for Heart and Lung Transplantation as a reduction in FEV1 
of at least 20% compared to the baseline FEV1.

17 The freedom from CLAD and the 
overall survival were compared between DCD3 and DBD. 

Follow-up
All recipients had a follow-up from the date of transplantation up to January 31, 
2015. In describing the freedom from CLAD, the data of the most recent available 
lung function follow-up was used. In case of unavailability of lung function data 
(e.g. due to death before any lung function test could have been carried out), the 
recipient was excluded from the freedom of CLAD analysis. 

The data for the analysis of freedom from CLAD, overall survival and the lung function 
in BTLx were cut off at 6 year post-transplantation. The results of the lung function 
after SLTx was truncated at 3 years post-transplantation. These cut-off points were 
chosen in order to prevent drawing conclusions from unreliably small numbers. 

Statistical analysis
The propensity score was calculated using a multiple logistic regression including 
all preoperative donor and recipient characteristics that differed between 
DCD3 and DBD in a univariate analysis (p<0.10). After matching the subjects, 
differences between DCD3 and DBD were tested again and all preoperative donor 
and recipient characteristics with a p-value <0.10 were included in the multiple 
logistic regression analysis to calculate the final propensity score. DCD3 lung 
recipients were then one-to-one and ‘nearest neighbor’ matched with DBD lung 
recipient using a propensity score optimal matching method. Our strategy was to 
perform the matching procedure for each hospital individually, thus each DCD3 
recipient was matched with a DBD recipient from the same hospital. As a result 
of this strategy, the variables used for PSM varied per participating center. For 
Groningen: donor cause of death, donor age, preretrieval arterial oxygen pressure 
and cold ischemic time. For Rotterdam: time on the waiting list, donor sex, donor 
age and preretrieval arterial oxygen pressure. For Utrecht: underlying recipient 
diagnosis, urgency and duration of mechanical ventilation. Normally distributed 
variables were tested with a Student t-test, expressed as the mean (± standard 
deviation). Non-normally distributed variables were tested with a Mann-Whitney 
U test, expressed as the median (interquartile range). Chi-square test or Fisher’s 
exact test was used when appropriate for nominal variables. Freedom from CLAD 
and overall survival were analyzed using a Kaplan-Meier analysis. A linear mixed 
effects model with a random effect on the intercept was used to evaluate the 
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difference between DCD3 and DBD in change in FEV1% and FVC% over time. A 
p-value of <0.05 was considered significant. Statistical analyses were performed 
using IBM SPSS version 22.0 (Armonk, NY). 

Ethics 
The research protocol was approved by the local Medical Ethics Committees.

RESULTS

Donor characteristics
After matching, the average age in DCD3 donors was 49 (±15) years and in DBD 
it was 48 (±16) years (Table 1). The cause of death showed a trend towards 
significance (p=0.06). In DCD3, the time between switching off the life support and 
circulatory arrest was 20 (±12) minutes and WIT was 21 (±6) minutes. CIT was 6.9 
(5.6–8.3) hours in DCD3 and 6.5 (5.4–8.3) hours in DBD (p=0.33). DCD3 donors 
were significantly longer mechanically ventilated (p=0.002). 

Focusing on the SLTx, 25 SLTx were carried out in DCD3 and 27 SLTx were carried 
out in DBD. The median donor age was 54 (50–63) years in DCD3 and 49 (32–59) 
years in DBD (p=0.03). Smoking history was comparable between DCD3 and DBD 
(p=0.12). 
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DCD3 DBD
(n = 130) (n = 130)

Characteristic n(a)  median (IQR) /mean ±SD n(a) median (IQR) /mean ±SD p-value

Age (years) 130 49 ±15 130 48 ±16 0.71

Female 130 73 (56%) 130 72 (55%) 0.90

Cause of death 130 130 0.06

SAH 28 (22%) 47 (36%)

CVA 52 (40%) 42 (32%)

Brain anoxia 2 (2%) 1 (1%)

Trauma capitis 13 (10%) 17 (13%)

Other trauma 10 (8%) 4 (3%)

Miscellaneous 25 (19%) 19 (15%)

Time on ventilator (days) 130 2.5 (1.4–4.1) 130 1.5 (1.0–3.0) 0.002

PaO2 at FiO2 of 1.0 (kPa) 130 58 ±9 130 59 ±11 0.76

Time to CA (min) 122 20 ±12 -

WIT (min) 126 21 ±6 -

CIT (hours) 129 6.9 (5.6–8.3) 130 6.5 (5.4–8.3) 0.33

Smoking history 129 55 (43%) 127 47 (37%) 0.36

EVLP 130 1 (1%) 130 3 (2%) 0.62

CMV mismatch (D+/R-) 123 29 (24%) 123 37 (30%) 0.25

TLC donor (l) 130 6.5 ±1.0 130 6.4 ±1.0 0.41

Table 1. Donor characteristics. CA: circulatory arrest; CIT: cold ischemic time; CMV: cytomegalovirus;  
D+/R-: donor seropositive for CMV, recipient negative for CMV; CVA: cerebrovascular accident; DBD: 
donation after brain death; DCD3: donation after circulatory death category 3; EVLP: ex-vivo lung 
perfusion; FiO2: fraction of inspired oxygen; IQR: inter quartile range; n(a): number available for analysis; 
PaO2: arterial oxygen pressure; SAH: subarachnoid hemorrhage; SD: standard deviation; TLC: total lung 
capacity; WIT: warm ischemic time.

Recipient characteristics 
Recipients of DCD3 lungs had a mean age of 53 (40–59) years and DBD recipients 
were aged 55 (42–60) years (Table 2). The main indications for transplantation 
were emphysema (42% vs. 45% in DCD3 vs. DBD), cystic fibrosis (24% vs. 19% 
in DCD3 vs. DBD) and interstitial lung disease (22% vs. 19% in DCD3 vs. DBD). 
The length of ICU stay was 6 (3–27) days and 4 (3–10) days in DCD3 and DBD, 
respectively. The time to hospital discharge was 38 (24–74) days in DCD3 and 33 
(24–50) days in DBD, respectively. 
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In SLTx, the median age in recipients of DCD3 lungs of 60 (55–63) years was 
comparable to the age of 58 (51–62) in DBD recipients (p=0.22). No significant 
difference was found in the urgency for transplantation (p=0.85) or underlying 
diagnosis (p=0.20) in SLTx. No specific preference was noted in terms of the side of 
lung transplantation (p=0.32). As an analysis of a difference in the size of the donor 
and recipient lung, the predicted TLC of the donor was expressed as a percentage 
of the recipient’s TLC. The ratio was 102% (79–194) and 94% (74–112) in DCD3 and 
DBD, respectively (p=0.25). The donor TLC was also comparable between DCD3 
and DBD in SLTx (p=0.98).

DCD3 DBD
(n = 130) (n = 130)

Characteristic n(a)  median (IQR) n(a) median (IQR) p-value

Age (years) 130 53 (40–59) 130 55 (42–60) 0.50

< 18 years 130 3 (2%) 130 4 (3%) 1.00

Female 130 66 (51%) 130 67 (52%) 0.90

Diagnosis 130 130 0.23

Emphysema 55 (42%) 58 (45%)

CF 31 (24%) 25 (19%)

BOS 7 (5%) 7 (5%)

ILD 28 (22%) 25 (19%)

Vascular disease 4 (3%) 13 (10%)

Miscellaneous 5 (4%) 2 (2%)

High urgent 130 55 (42%) 130 51 (39%) 0.61

Primary LTx 130 123 (95%) 130 126 (97%) 0.36

BLTx 130 105 (81%) 130 103 (79%) 0.76

Time on waiting list (years) 130 1.6 (0.5–2.8) 130 1.4 (0.5–2.5) 0.67

CPB used 129 65 (50%) 130 57 (44%) 0.29

Extubation (days) 108 2 (1–5) 111 2 (1–4) 0.92

ICU stay (days) 122 6 (3–27) 115 4 (3–10) 0.10

Hospital stay (days) 119 38 (24–74) 114 33 (24–50) 0.13

Postoperative ECLS 129 16 (12%) 130 13 (10%) 0.54

Table 2. Recipient characteristics. BLTx: bilateral lung transplantation; BOS: bronchiolitis obliterans 
syndrome; CF: cystic fibrosis; CPB: cardiopulmonary bypass; DCD3: donation after circulatory death 
category 3; DBD: donation after brain death; ECLS: extracorporeal life support; ICU: intensive care unit; 
ILD: interstitial lung disease; IQR: inter quartile range; LTx: lung transplantation; n(a): number available 
for analysis.
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Primary graft dysfunction
The prevalence of PGD in BLTx and SLTx together at 48 hours and 72 hours after 
lung transplantation was comparable in DCD3 and DBD (Figure 1). At 48 hours 
after lung transplantation, PGD grade 3 was diagnosed in 10 recipients (8%) in 
both the DCD3 and the DBD group (p=0.94). PGD grade 3 was noted in 9 DCD3 
recipients (8%) and in 7 DBD recipients (6%) at 72 hours after transplantation 
(p=0.56). After SLTx, no difference in PGD grades were seen (data not shown).  

Figure 1. Primary graft dysfunction (PGD). DBD, donation after brain death; DCD3, donation after circulatory 
death category 3.

Lung function
FEV1% increased from 73% (±22) at 3 months to 92% (±27) at 6 years after BLTx 
in DCD3 (Figure 2A). In DBD BLTx at the same time points, FEV1% increased from 
72 (±21) to 81% (±20). FEV1% at the different time points did not differ between 
DCD3 and DBD. Also, the difference between DCD3 and DBD with regard to the 
development of FEV1% over time was nonsignificant, namely 0.61% per year (95% 
CI: -0.69%–1.91%) (p=0.36). FVC% was 73% (±22) at 3 months and 94% (±19) at 6 
years after BLTx in DCD3 (Figure 2B). In DBD BLTx, FVC% increased from 74% (±17) 
at 3 months to 98% (±24) at 6 years post-transplantation. The difference between 
DCD3 and DBD with regard to the development of FVC% over time was 0.18% per 
year (95% CI: -0.79%–1.14%) (p=0.72).
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In DCD3 SLTx, FEV1% was 55% (±16) at 3 months and 50% (±11) at 3 years post-
transplantation (Figure 3A). In DBD SLTx, FEV1% was 68% (±23) at 3 months and 
76% (±21) at 3 years post-transplantation. In contrast to BLTx, the FEV1% was 
significantly lower in DCD3 compared to DBD at 3 months (p=0.04), 6 months 
(p=0.01) and 3 years (p=0.008) post-transplantation. The difference between DCD3 
and DBD with regard to the development of FEV1% over time was 2.17% per year 
(95% CI: -1.26%–5.59%) (p=0.21). FVC% did not differ significantly between DCD3 
and DBD at the different time points (Figure 3B). The difference between DCD3 
and DBD with regard to the development of FVC% over time was 1.50% per year 
(95% CI: -2.15%–5.14%) (p=0.41). 

Figure 2. (A) FEV1% after bilateral lung transplantation. (B) FVC% after bilateral lung transplantation. 
DBD, donation after brain death; DCD3, donation after circulatory death category 3; FEV1%, forced expiratory 
volume in 1 s as a percentage of predicted; FVC%, forced vital capacity as a percentage of predicted.
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Figure 3. (A) FEV1% after single lung transplantation. (B) FVC% after single lung transplantation. 
Bold indicates a significant p-value. DBD, donation after brain death; DCD3, donation after circulatory 
death category 3; FEV1%, forced expiratory volume in 1 s as a per- centage of predicted; FVC%, forced vital 
capacity as a percentage of predicted.

Chronic lung allograft dysfunction
CLAD was diagnosed in 16 DCD3 recipients (14%) and in 23 DBD recipients (20%) 
(p=0.17). In DCD3, CLAD was diagnosed after a median of 31 (17–50) months and 
in DBD after 41 (12–52) months (p=0.83). The freedom from CLAD at 5 years after 
lung transplantation was 76% and 71% in DCD3 and DBD, respectively (p=0.36) 
(Figure 4).
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Figure 4. Freedom from chronic lung allograft dysfunction (CLAD). DBD, donation after brain death; 
DCD3, donation after circulatory death category 3

Survival
During follow-up, 32 DCD3 recipients (25%) and 39 DBD recipients (30%) died 
(p=0.33). Early death occurred in 7 DCD3 recipients and in 10 DBD recipients 
(p=0.45). The survival rates at 6 years post-transplantation were 67% in DCD3 and 
65% in DBD (Figure 5). The overall survival was comparable between DCD3 and 
DBD (p=0.40).
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Figure 5. Overall survival. DBD, donation after brain death; DCD3, donation after circulatory death 
category 3.

DISCUSSION
In the Netherlands, the percentage of lung transplantations carried out nationwide 
with DCD3 lungs is remarkably high. Although several studies described good 
results after DCD3 lung transplantation, the global DCD3 lung donor pool is not used 
to its full extent. In some countries, such as Germany, Greece and Finland, DCD3 
transplantation is prohibited by law.13 Furthermore, DCD3 lung transplantations 
accounted for <2.5% of the total lung transplantations carried out in the United 
States in 2014.18 The wider availability and usage of DCD3 lung donors would be of 
additional value in order to reduce the persistent donor shortage.

The PSM procedure used in the present study ensured balanced measured 
preoperative recipient and donor characteristics between DCD3 and DBD. By 
matching within a hospital, we strived for balanced variables between DCD3 and 
DBD on hospital level. However, when merging the data of the three hospitals, 
DCD3 donors were significantly longer bound to mechanical ventilation. Although 
the prolonged mechanical ventilation in DCD3 might have caused additional lung 
injury, we did not detect that this potential disadvantage influenced the results 
in the present study. Lastly, it should be noted that it is impossible to balance 
or correct for unmeasured (and unknown) inter-hospital differences, for instance 
differences in surgical techniques or valid postoperative protocols.
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Only 1% (DCD3) and 2% (DBD) of the lungs were transplanted using EVLP. This 
highlights our experience that most DCD3 lungs do not need an EVLP. Our approach 
of EVLP is to use it in both DCD3 and DBD donation in case of an unexpected low 
PaO2 during evaluation with the presence of lung edema, or uncertainty about 
the lung quality at retrieval. This low number of EVLP usage is in contrast to the 
numbers of the Toronto group. In their protocol, a substantial number of DCD3 
lungs are considered an indication for the use of EVLP.14,15 In our protocol we waited 
a maximum of 90 minutes for circulatory arrest to occur after withdrawal of the 
treatment. Unfortunately, we could not trace the conversion rate of offered and 
accepted to donated lungs for our study period. However, using the same DCD3 
policy a conversion rate of 77% was achieved in the period from 2014 up to 2017 
(personal communication Dutch Transplant Foundation (NTS), January 17, 2017). 
When deciding to wait longer than 90 minutes, e.g. several hours,19,20 we would 
recommend to use the EVLP. DCD3 lungs with a pre-retrieval PaO2/FiO2 ratio <40 
kPa, just like DBD lungs are considered marginal and might need an EVLP. Thus, in 
our approach, a standard DCD3 donor with a PaO2/FiO2 ratio >40 kPa, an agonal 
phase of 90 minutes or less, and after immediate re-start of ventilation at arrival 
on the operation room, is not marginal and can be transplanted without EVLP. 

On the short-term period, post-transplant lung function seems to be at least 
as good in DCD3 compared to DBD.3,5,6,11,21 As Mason et al. noticed before, the 
native lung may be influencing the lung function after SLTx.22 Two other studies 
demonstrated the potential confounding influence of the native lung on lung 
function after SLTx.23,24 These studies underline the importance of a balanced 
distribution of recipient diagnosis when comparing lung functions between 
different groups. The propensity score matching procedure ensured that recipient 
diagnosis in our study was overall statistically balanced between both donor 
groups. In BLTx, both FEV1% and FVC%, were comparable between DCD3 and DBD. 
In both BLTx and SLTx, the FVC% curves of DCD3 and DBD ran parallel to the FEV1% 
curves. Unexpectedly, DCD3 SLTx performed worse in terms of FEV1%, already 
during the first postoperative months. The analysis of all risk factors did not 
permit a statement on a possible pathophysiologic basis for this finding. The only 
risk factor was an older age in the DCD3 donors in SLTx. Lungs from older donors 
could have experienced more physiological changes. However, it is questionable 
whether this statistically significant difference of 5 years is clinically relevant and 
could explain the found difference in FEV1% between DCD3 and DBD. Therefore, 
this outcome needs a critical appraisal by other transplant programs, and a word 
of caution is needed with respect to interpreting the SLTx lung function outcome.
Throughout the follow-up in our study, no major differences occurred in freedom 
of CLAD rate between DCD3 and DBD. Equality in terms of occurrence of CLAD 
in DCD3 and DBD was already expected by other early and short to mid-term 
studies.3,6,8,11 Recently, the question was raised whether the long-term outcomes 
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after DCD3 and DBD were comparable too.25,26 In contrast to a previous study of 
Sabashnikov et al. we did not find a significant difference in incidence of CLAD 
between both groups. In comparison to their single center study (23.5%), we found 
a lower incidence of CLAD in DCD3 (13.6%). In DBD, the incidence of CLAD was 
higher in our study: 20.4% versus 11.7% in their study. The freedom from CLAD 
analysis that they performed reached a level of significance (p=0.028). The DCD3 
freedom from CLAD rates were remarkably lower compared to our results, i.e. the 
3-year post-transplantation freedom from CLAD of 88% in both groups in our study 
compared to 72% and 88% in their study in DCD3 and DBD, respectively.26 Since 
the baseline characteristics of both studies are comparable, we hypothesize that a 
difference in donor procurement is the most likely explanation for the differences 
in outcome. In the United Kingdom, an agonal phase of 2 hours is accepted after 
switch-off compared to 90 minutes in the Netherlands, as mentioned previously. 
Secondly, in the United Kingdom, after circulatory arrest a stand-off of 10 
minutes is obligatory in comparison with a stand-off period of 5 minutes in the 
Dutch centers. Lastly, the ventilation is (re-)started after the antegrade flush has 
taken place in the United Kingdom. Following the Dutch protocol, the ventilation 
is immediately started on the arrival of the donor at the operating room. We 
hypothesize that these factors could lead to a prolonged exposure to an oxygen-
depleted environment, to potentially prolonged warm ischemic times, and finally 
to deleterious long-term effects.

In conclusion, the present study with its multicenter view shows excellent results 
for DCD3 lung transplantation in terms of postoperative lung function, freedom 
from CLAD and overall long-term survival. Furthermore, we show that, also after 
a longer term follow-up, DCD3 lungs are of equal quality compared to DBD lungs 
and are not marginal by definition. In the Netherlands, the addition of DCD3 lungs 
successfully increased the donor lung supply. 
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