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Abstract
The number of lungs available for lung transplantation is far lower than the number of patients awaiting them. Consequently,
there is a significant attrition rate while awaiting transplantation. Lung procurement rates are lower than those of other solid
organs. Lungs are procured from only 15–20% of donors compared with 30% of decreased donors for hearts. The reason for this
low retrieval rate is related to a number of factors. Brain death is associated with neurogenic pulmonary edema. Additionally,
injury to the lung itself may occur before or after brain death. Aspiration of gastric contents, pneumonia, previous thoracic
trauma, ventilator-associated injury, atelectasis, and pulmonary thrombosis/embolism may all contribute to lung injury before
consideration for harvest. Donation after circulatory death (DCD) is one category of nontraditional organ donation now being
performed in increasing numbers as a way to increase the number of lungs available for transplantation. In some studies,
estimates show that utilization of DCD lung procurement could increase the number of lungs available by up to 50%.
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Donation after circulatory death

From a legal perspective, individuals who are classified as brain
dead are equal to patients that have already expired. In these
cases, it is legal to procure organs regardless of whether or not
the circulation remains intact. Patients who have suffered dev-
astating and irreversible brain injury but who are not brain dead
may still qualify as a potential organ donor if the patient, by
advance directive or familial consent, decide that life support be
withdrawn. In these cases, withdrawal of care is only offered if
the patient is near death, if care is futile, or if the overall prog-
nosis is poor. After withdrawal of support, death is usually
declared after a 5–15-min window of no cardiac activity (varies
depending on country). In order for donation after circulatory
death (DCD) to formally take place, the cessation must be per-
manent but not necessarily irreversible. Cessation is considered
permanent if cardiac activity will not resume on its own [1] .

DCD lung transplant history

The first lung transplant and first long-term successful human
lung transplant both utilized DCD donors [2]. James Hardy per-
formed the first human lung transplant on June 11, 1963, with a
patient diagnosed with both a lung abscess and advanced lung
cancer [3, 4], and a few days later, George Magovern and
Adolph Yates reported the second human lung transplant at the
University hospital in Pittsburgh [3, 5]. The combined survival of
both patients was only 26 days. The first successful long-term
lung transplantation was reported by Fritz Derom in Belgium in
1971. The patient survived a total of 10.5 months after the pro-
cedure. During that same time period, it was recognized that
death resulted from irreversible damage to the brain stem; dona-
tion after brain death (DBD) become widely accepted, and DCD
was largely abandoned [3].

In 1991, the concept of DCD lung transplantation was
revisited in the canine model by Tom Egan [3, 6]. He demon-
strated that animals could survive at least 8 h after
transplanting a lung procured 1 h after cardiac arrest into a
recipient with a ligated contralateral pulmonary artery. In
1995, D’Alessandro reported the first successful case of lung
transplantation using a controlledDCD donor strategy [7], and
since then, multiple studies have been performed utilizing
DCD donors.
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Maastricht classification

Donors after circulatory arrest are grouped by the Maastricht
classification which was developed in the Netherlands in 1995
[8]. The first two categories in the original classification are
uncontrolled DCD donors: type I—found dead, type II—
witnessed cardiac arrest with unsuccessful resuscitation
(Table 1). Category III donors—waiting cardiac death
(planned withdrawal of life-sustaining therapy) and IV—
cardiac arrest while brain dead are the next two categories in
the Maastricht classification. They are considered controlled
because pulmonary graft assessment can bemade before with-
drawal of life support (Table. 1).

Criteria regarding suitability for transplantation are the
same as with DBD. In general, most groups using extended
criteria reject organs from donors with age > 65, smoking to
>20 pack years, ICU period <5 days, and a PO2/FiO2 ratio to
less than 40 kPA [9]. Additionally, pre-procedural chest x-ray
must be clear, and significant aspiration should be ruled out on
bronchoscopic examination when possible (usually not possi-
ble due to restrictions pertaining to DCD donors). Warm is-
chemic time is limited to 10–15 min after death [2]. The
allowed length of the agonal phase, heparin pre-treatment,
timing of withdrawal of the endotracheal tube, timing of lung
re-inflation, warm ischemic time, and use of ex vivo lung
perfusion (EVLP) are variables specific to DCD donation that
may affect graft function after transplantation [9].

In centers where EVLP is unavailable, criteria for accept-
able lungs are usually more stringent. More specifically, a
PaO2/FiO2 cutoff ratio of 350 is utilized because real-time
physiologic assessment of donor lungs is limited; additionally,
a clear computed tomogram (CT) of the chest is preferable/
desirable.

Controlled DCD lung donation

For category III donors, the length of the agonal phase, warm
ischemic time, and timing of lung re-inflation are of variable
of importance. The agonal phase is defined as the time period
between withdrawal of life-sustaining therapy and cardiac ar-
rest. There is no consensus about the optimal time period
among centers, and the period varies from 30 to 180 min.

Most transplant centers however utilize a 60–90-min window
between withdrawal of therapy and cardiac death [2].

The definition of warm ischemic time remains debatable
and varies among most centers [2, 10]. The interval period
between withdrawal of life-sustaining therapy and either ini-
tiation of cold preservation solution or lung re-inflation is
typically utilized as the most commonly used definition.
Other centers use the interval period between asystole and
initiation of preservation as their definition. In either case,
most centers try to avoid warm ischemia times greater than
60 min [10]. The Melbourne group in Australia has recently
introduced the concept of functional warm ischemia defined
as a systolic blood pressure less than 50mmHg as the mark for
the beginning of warm ischemic time [10, 11]. Despite the
multitude of definitions currently utilized, warm ischemic
time has not been shown to affect either 30- or 365-day sur-
vival [11].

Most hospitals allow for withdrawal of life-sustaining ther-
apy in the operating room. This approach is intended to min-
imize warm ischemia time which is thought to correlate with
increased risk of graft dysfunction [10]. Once death is con-
firmed by asystole on the cardiac monitor, or absence of elec-
trical activity, a defined “no-touch” period of 2–5 min is gen-
erally accepted as sufficient to exclude spontaneous return of
circulation [10]. In Australia, a period of 10–15 min is utilized
before ventilation is re-initiated [12]. The donor is then re-
intubated and ventilation initiated. Bronchoscopy is then per-
formed to assess the airway and evaluate for gastric contents.

We have put together a pictorial depiction of different
phases of DCD procurement to give a visual impact (Fig. 1).

We recommend giving 30,000 units of heparin into a cen-
tral line intravenously 3–5 min prior to withdrawal of care to
help allow the heparin to circulate evenly. If, however, the
donor center has restrictions on giving heparin prior to death,
we have an alternate strategy of adding 50,000 units of heparin
to the first bag of pulmonary flush solution (Perfadex).

Procurement technique (DCD lung only/heart
not placed for transplantation)

Following consent, suitability testing, crossmatching, and accep-
tance, the patient is taken to the operating room along with the

Table 1 Modified Maastricht
classification of DCD [8] and the
locations where mainly practiced.
ICU, intensive care unit; ED,
emergency department

Category Description Type of DCD Locations practiced

I Dead on arrival Uncontrolled ED in a transplant center

II Unsuccessful resuscitation Uncontrolled ED in a transplant center

III Anticipated cardiac arrest Controlled ICU and ED

IV Cardiac arrest in a brain-dead donor Controlled ICU and ED

V Unexpected arrest in ICU patient Uncontrolled ICU in a transplant center

S426



Indian J Thorac Cardiovasc Surg (September 2021) 37 (Suppl 3):S425–S432

organ retrieval teams (Table 2). It is preferable to have 2 surgeons
on the procurement team. Withdrawal of life-sustaining therapy
is initiated by removal of the endotracheal tube. In certain cases
when there is extensive airway edema due to potential difficulty
in securing airway, the ventilator is disconnected after discussion
with the anesthesiology team.

Of note, it is important to have the nasogastric tube (NG)
maintained on continuous suction during withdrawal of life-
sustaining therapy. This action prevents aspiration of gastric con-
tents and also facilitates surgical dissection near the esophagus. It
is also important to communicate the importance of theNG to the
anesthesia team before extubation. Investigation of the NG/OG
(orogastric tube) prior to extubation is typically performed by at
least one procurement team member. The utmost importance
must be given to prevent accidental removal of the NG tube at
the time of withdrawal of the endotracheal tube.

The surgical team is then scrubbed and ready in the adja-
cent operating room or sterile corridor; the patient is prepped
and draped in sterile fashion; a hand left out for the family if

they are coming in to the operating room to pay their last
respects and a sterile sleeve is made available for the stetho-
scope for auscultation/declaration of death. The flush solution
is prepared by injecting prostaglandin into the first bag of
Perfadex. The lines are then passed off the sterile field, bags
spiked and either left to hang on an IV pole or alternatively the
flush bags can be kept in the ice box at the side of the table.

Death is declared on cessation of circulation for a period of
5 min, or as evidence by absence of pulse on arterial trace.
There is a mandatory “stand-off” period based on institutional
protocol following the surgical team is allowed to start.
Median sternotomy is performed and pericardiotomy com-
pleted. Maximal attention should be paid towards quick entry
to facilitate the organ harvest without injuring vital structures.
Notably the majority of dissection is performed using scissors
and electrocautery is seldomly used to save time. The patient
is then re-intubated by the anesthesiology team and ventilation
is commenced 15 min after cardiac arrest. The inferior vena
cava (IVC) is then vented by partial transection in a location
previously discussed with the liver procurement team.

At this juncture, the liver team will also ask for the thoracic
team’s help with clamping the descending aorta in the chest in
order to perfuse the liver/abdominal organs with cold perfus-
ate. The thoracic team will open the left pleura, release the
inferior pulmonary ligament, and loop the descending thoracic
aorta using blunt finger dissection. The cross clamp is placed
immediately to help start perfusing the abdominal organs.
Focus is then returned to perfusing the lungs.

Techniques of pulmonary artery flush:

1. Often times we have found in our experience that it is easy
to use a straight, stiff arterial cannula (a femoral arterial
cannula) especially when there is a single surgeon or there
is insufficient help; using a #15 blade a small nick is made
in the right ventricular outflow tract (RVOT) just enough
to permit the cannula entry and the cannula is introduced
into the pulmonary artery (PA) after advancing across the
pulmonary valve; this effectively delivers equitable
antegrade PA flush. This obviates the need for a purse
string and effectively holds the cannula in place.

2. When qualified help is available a 4-0 polypropylene
purse string suture is placed on the main pulmonary artery
just below the bifurcation/more towards the RVOT.
Using a #11 blade an arteriotomy is performed; this is
then gently dilated with a tonsil forceps/Schnidt and a
right-angled/straight cannula is inserted; if angled then
ensure the bevel is pointing towards the pulmonary valve.
The cannula is connected to the Perfadex flush solution.
The ascending aorta is cross clamped, the left atrial ap-
pendage is amputated and 60–70 ml/kg of Perfadex is
then infused in antegrade fashion. Both pleural cavities
are widely opened with blunt finger dissection and the
chest cavity is packed with soft ice. After the patient is

DCD Procurement Phases
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Fig. 1 DCD Procurement Phases
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re-intubated by the anesthesiology team/second surgeon,
the lungs are then ventilated with tidal volume of 6–8 cc/
kg and fiO2 of 50%. The second surgeon then proceeds
with bronchoscopy while the first surgeon continues with
the flush. If only one surgeon is available, then this is the
time to re-intubate if insufficient help is available, venti-
late, and perform bronchoscopy while the flush runs and
the chest is adequately packed in ice.

Following instillation of the Perfadex solution, the cannula
is removed. The lungs are then examined and any areas of
atelectasis recruited with short inspiratory holds at 30 cm
H2O pressure and both lungs are sequentially examined.

The heart is then excised in standard fashion; in certain
instances, there is consent for homograft valves and sufficient
care needs to be exercised while excising the heart.

Dissection begins first by dividing the inferior pulmonary
ligament (bilateral) and the posterior pericardium. The main
and right pulmonary arteries are dissected away from the aor-
ta. Bilaterally, the inferior pericardium is the divided to the
level of the esophagus. Then, the posterior pericardium is
divided in a horizontal fashion just above the esophagus to

the level of the pulmonary veins. The aortic arch is then
transected. The superior aspect of the arch is then exposed
and divided as distal as possible along the arch vessels so that
a portion of the wall of the arch and descending aorta are left
as a cuff to prevent dividing the ligamentum arteriosum.

Attention is then turned to the trachea which is isolated just
above the carina with blunt dissection. A TA-30 stapler is
passed around the trachea 3 rings above the carina. The lungs
are inflated to 60% tidal volume—to avoid baro-trauma (es-
pecially being flown to recipient center), and the endotracheal
tube is withdrawn. The stapler is used to divide the trachea.
The lung bloc is removed from the donor after division of any
remaining attachments.

The lung bloc is taken to the back table. Retrograde flush
is performed using cold Perfadex solution infusing 250–
500 cc/pulmonary vein. One technique is to use a Foley
catheter with an inflated bulb at the tip inserted into each
vein sequentially as the flush is administered. The caveat
with this is that one may inadvertently injure the pulmonary
vein ostium (which is delicate) by excessively distending it.
The other technique is to use a retrograde cardioplegia cath-
eter which has a self-inflating balloon, so it is much more

Table 2 Procurement check list prior to proceeding
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elegant and less traumatic [13]. The only problem with this
is it is not part of the standard kit, so the procurement sur-
geons must remember to bring it with them. Yet another
technique is to use the rubber tubing that comes on the end
of line. Insert the tube into the pulmonary vein and then
pinch the vein to provide a tight seal. Whichever technique
is used, it is important to have the Perfadex solution only
30 cm above the table and run it by gravity; avoid delivering
it at excessive pressure which can lead to pulmonary edema.
If lot of clots/thrombi are seen exiting the PA during retro-
grade flush, one can take a call regarding quality; small clots
are not uncommon.

The double lung bloc is then examined for compliance,
color, any areas of inadequate perfusion, atelectasis etc.; once
the procurement surgeon is satisfied that the lungs are suitable
for transplantation the recipient surgeon is called, the lungs are
then split on the back table and packed in standard fashion.
The main PA is divided at carina of the PA. The atrial cuff is
then created approximately 1 cm from insertion of the pulmo-
nary veins in to the left atrium. The atrium is then divided in
the midline with scissors. The left mainstem bronchus is di-
vided with a TA-30 stapler near the tracheal carina. The lungs
are packed first in the first bag containing Perfadex only,
surrounded by 2 bags containing ice-cold saline slurry. The
organs are subsequently tagged and then transported to their
respective transplant centers.

Alternate scenarios

Only 1 surgeon and no help available to intubate/perform
bronchoscopy

If only 1 surgeon is available on the procurement team, the
steps occur as described until flush occurs with the Perfadex
solution. The pleural cavities are then packed with ice. The
surgeon will scrub out and intubate the patient, initiate venti-
lation, and perform bronchoscopy. The surgeon will then
scrub back in and continue to harvest the lung/s in the previ-
ously described fashion.

More than one organ procured

If a heart is also being procured, the case is considered both a
DCD heart and DCD lung. The heart, liver, lung, and kidney
are typically procured in respective order of priority.

The heart procurement surgeon will perform the harvest
first. In short, after the sternotomy, the pericardium is opened
and the right atrium cannulated and 1100 cc of blood drained
into a blood collecting system (if using the OCS device); a
cardioplegia cannula is then placed in the ascending aorta; the
aorta cross clamped and cardioplegia infused; the left atrial
appendage is vented; the pulmonary artery is then cannulated
and the lung procurement surgeon will initiate the Perfadex

lung flush as described earlier. The heart procurement will
then proceed in standard fashion while the lung team performs
bronchoscopy. During the donor cardiectomy, it is important
for both heart and lung teams to communicate during division
of the left atrium and pulmonary artery. More specifically,
both teams need to ensure that they have adequate left atrial
cuff and PA length prior to division.

Ex vivo lung perfusion

Ex vivo lung perfusion (EVLP) is a widely expand technology
used to assess and prepare lungs that are considered marginal
for transplantation. During EVLP, the lungs remain viable
without additional injury. In a retrospective review from
Toronto, extension of graft preservation beyond 12 h with
EVLP does not affect early graft outcomes [14]. In other
words, EVLP is attractive because preserving lungs longer
makes transplant more elective than emergent.

The EVLP system consists of a ventilator, endotracheal
tube, perfusion solution, reservoir, oxygenator, air filter, O2
sensor, and pump [15]. Currently, there are 4 commercialized
devices for clinical EVLP available: The Organ Care
System™ (OCS); XPS™ (XVIVO Perfusion AB); Lung
Assist® (Organ Assist); and the Vivoline® LS1 [15].

If DCD lung procurement is being performed with the
Transmedics OCS device, then they are not divided on the
back table. Instead they are attached to the OCS device by
cannulating the PA, and then connecting the airway using
the supplied tracheal connector. The lungs are then ventilated.
At least 3 units of uncross matched type O blood is required
for the reservoir which is carried by the procurement team
having issued it out of the recipient institution.

For the other available devices, most centers follow either
the Toronto or Lund protocol. Both protocols are similar in
that after cold pulmonary flush and lung harvest, the lungs are
kept in static cold storage during transportation and then con-
nected to the ex vivo device once they have arrived at the
recipient institution [15]. The XVIVO system from Toronto
requires a silicone cuff to be anastomosed to the left atrium
(LA) (closed system) prior to initiation, while the other de-
vices use an open circuit. The lungs are then re-animated, and
then more fully evaluated regarding suitability for transplant.

Currently there are some centers experimenting with EVLP
in combination with the proprietary CytoSorb adsorber
(CytoSorbent, Monmouth Junction, NJ) in animal models.
This is performed by introducing a solute adsorption mem-
brane into the EVLP circuit which removes pro-inflammatory
cytokines thought to be associated with primary graft dysfunc-
tion [16]. While there are some concerns that the adsorption
membrane may also remove beneficial components or the
perfusate, it is likely that additional studies will be utilized in
the future [17].
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Normothermic regional perfusion

During DCD procurement, organs are subjected to variable
degree of hypotension and hypoxia during the agonal phase
after withdrawal of life-sustaining therapy.While used mainly
for procurement of the abdominal organs and the heart, nor-
mothermic regional perfusion is a technique that utilizes pre-
mortem insertion of peripheral veno-arterial extracorporeal
membrane oxygenation cannulae to prevent injury sustained
during warm ischemic time.

In short, donors are transferred to the operative suite,
intubated, and sedated. The chest and abdomen are prepared
and draped. A bolus of heparin is administered before femoral
venous-arterial cannulation is initiated. The patient is then
connected to the extra corporeal membrane oxygenation
(ECMO) circuit, and the circuit clamped. Withdrawal of life-
sustaining treatment is then initiated. After the arrest period, a
rapid sternotomy is performed, the pericardium opened, and
the 3 aortic arch vessels clamped to exclude cerebral perfu-
sion. Full flow veno-arterial-ECMO is then initiated for ap-
proximately 30 min before weaning [18].

Harvest for bronchial arterial revascularization (BAR)

Bronchial arterial revascularization is performed in some cen-
ters in order to reduce airway ischemia and improve airway
healing [19]. In brief, the cold lung perfusate is administered
in antegrade fashion through the pulmonary artery. The lungs
are removed en bloc with the trachea and accompanying tho-
racic esophagus and descending aorta. This is done by stapling
both the trachea and esophagus superior to the azygous vein.
Inferiorly, the aorta is divided at the level of the diaphragm
and the esophagus stapled at the level of the diaphragm after
taking care to withdraw the nasogastric tube. The tissue block
is removed with any accompanying tissue including
paraspinal tissue to minimize any potential injury to the bron-
chial arteries [19]. On the back table in addition to the standard
1 l of Perfadex retrograde flush via the pulmonary veins, an
additional 1 l is perfused via the descending thoracic aorta
after clamping the upper part of the attached aorta—to help
flush the bronchial arteries.

After arrival to the recipient operating room, the esophagus is
removed sharply from surrounding mediastinal tissue. The de-
scending aorta is then opened vertically in the midline on its
pleural covered surface. Bronchial artery orifices are then identi-
fied and the lungs are implanted as described by Yun et al. [19].

Uncontrolled DCD lung donation

Uncontrolled DCD lung donation has been primarily re-
ported in Spain with type II donors [20–22]. In short,
after a witnessed cardiac arrest, the out-of-hospital emer-
gency unit starts resuscitation maneuvers during

transportation the emergency unit. The on call intensive
unit personnel certifies death, and legal permission for
organ preservation is requested from the judge on duty.
The patient is then heparinized and connected to a veno-
arterial ECMO circuit—some form of aortic clamping/
endo-balloon is also usually inserted to prevent re-
animation of the heart. Simultaneously bilateral chest
tubes are inserted, and Perfadex solution is perfused at
4 °C for topical cooling while both mechanical ventila-
tion and resuscitation are ceased. After the decision is
made to proceed with organ retrieval, the topical cooling
solution is drained, and ventilation is restarted.
Bronchoscopic examination of the lungs to rule out inju-
ry is then performed. Next, the chest is opened and the
lungs undergo antegrade perfusion with 5 to 6 l of
Perfadex solution directed through the pulmonary artery.
The lungs are further evaluated by instilling 300 cc of
the donor’s blood through the pulmonary artery and
performing blood gas analysis of the patient’s pulmonary
veins. The lungs are then harvested. Centers in Spain
accept a warm ischemic time of 120 min and maximum
preservation time of 240 min from topical cooling to
harvest [22]. Interestingly, approximately 40% of pre-
served uncontrolled DCD lungs that were previously har-
vested are discarded at the time of transplant due to poor
gas exchange or sub-optimal macroscopic appearance
[22]. The Madrid group retrospectively demonstrated a
similar 1-year survival and increased percentage of pri-
mary graft dysfunction compared to controlled DCD lung
donation [20].

DCD results

Over the last 1–2 decades, multiple centers have reported
single-center experience associated with controlled DCD. In
general, most centers have reported similar outcomes between
lungs obtained from DCD donors and DBD donors. A sum-
marized review of the results of multiple single-center studies
has been completed by Ceulemans et al. [23].

In 2015, a meta-analysis and review of the literature dem-
onstrated that there was no significant difference in 1-year
survival between recipients of DCD and DBD donors.
Similarly, there also appeared to be no difference in primary
graft dysfunction rates [24]. The study was limited, however,
by the fact that all of the included works were retrospective
observational cohort studies. Additionally, even when pooled,
the total number of DCD lungs included in the analysis was
only 271.

A follow-up meta-analysis conducted in 2020 including
403 patients who received a graft from DCD donors and
2570 patients who received a graft from DBD persons dem-
onstrated no difference in 1-year survival, grade 2–3
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primary graft dysfunction, or chronic lung allograft dys-
function [25]. Conversely, the analysis also demonstrated
an increased number of airway complications and lower
pooled 5-year survival in the DCD group. The airway result
was limited however by varying institutional definitions of
airway complications and limited cohort size. Pooled 5-year
survival analysis was likely influenced as a consequence of
bias in lung allocation with the possibility that long-term
survival was more likely influenced by pre-existing recipi-
ent condition [25].

Van Raemdonck et al. [26] recently reported a 5-year
follow-up analysis of the International Society for Heart
and Lung Transplantation (ISHLT) registry. All patients
transplanted between January 2003 and June 2017 from
22 participating centers across multiple continents were
included. The study cohort included 11,516 lung

transplants, of which 1090 (9.5%) were DCD (Fig. 2).
There was no significant difference found in 5-year sur-
vival rates between controlled DCD and DBD lung
recipients.

Summary

Donation after circulatory death for lung transplantation is now
being performed to increase the number of lungs available. Most
centers performDCD lung procurement with controlled category
III donors. Communication between the lung procurement sur-
geon, anesthesiology team, and other procurement teams is nec-
essary to avoid potential pitfalls during their procurement.
Multiple devices such as ECMO and EVLP are currently being
investigated to help facilitate organ retrieval and reduce warm
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ischemic time. DCD organ donation is non-inferior in terms of
survival, or primary graft dysfunction.
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