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ABSTRACT: A number of strategies have been advocated to increase the number of
lung donors including: 1) improvement in donor resuscitation; 2) better methods of lung
preservation; 3) extension of the lung donor selection criteria; 4) development of a
living-related lung donor programme; and 5) utilisation of nonheart beating donors.

Other strategies such as the split-lung technique and techniques of lung reduction to
accommodate large lungs into a small-size recipient have also been used successfully. In
this article, each of these strategies have been reviewed and some recommendations are
suggested based on the authors9 own experience and that of the literature.
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Lung transplantation (LTx) has enjoyed increasing success
and has become the mainstay of therapy for selected patients
with end-stage lung and pulmonary vascular diseases. Over
the past 10 yrs, the number of recipients on the waiting list
has progressively increased and now far exceeds the number
of organs available [1]. Consequently, the median waiting
time for LTx has nearly doubled in the USA, and some
centres in Europe have reported that up to 50% of patients
awaiting LTx die on the waiting list [2].

Donor resuscitation

Brain death is associated with a number of events that may
complicate the management of multiple organ donors and
lead to progressive organ deterioration. This deterioration
limits the number of organs available for transplantation and
may contribute to the postoperative morbidity and mortality
associated with organ transplantation. Mechanisms contribut-
ing to organ deterioration include haemodynamic instability,
endocrine failure, the inflammatory response, arrhythmias,
hypothermia and coagulopathy. Better and more attentive
management of donors after brain-death declaration has
helped to optimise organ recovery and to increase the number
of donors available for LTx.

Haemodynamic management

The management of multiorgan donors is often a haemo-
dynamic challenge. Hypotension commonly occurs before or

soon after brain-death declaration. Causes of hypotension
are multiple and include damage to the vasomotor centre,
hypovolaemia, left heart dysfunction and endocrine failure.
The importance of donor blood pressure on graft function has
been clearly demonstrated in the liver and kidney transplant
population with an increased incidence of allograft failure and
acute tubular necrosis after transplantation when the donor
systolic blood pressure was persistentlyv80–90 mmHg [3, 4].

The goal of haemodynamic management is to maintain
adequate circulating blood volume, proper cardiac output,
and good perfusion pressure to assure optimal oxygen delivery
to organ tissues. Fluid resuscitation is usually considered the
first step in the correction of hypotension. However, the goal
is to achieve euvolaemia and not hypervolaemia. The central
venous pressure (CVP) should be used as a guide to achieve
adequate fluid replacement. Optimal filling pressures have not
been analysed in human after brain-death declaration.
However, experiments with brain-dead pigs have shown that
the heart dilates rapidly and fails with a CVP of w9 mmHg
[5]. A CVP ofv10 mmHg is recommended in clinical practice.
However, fluid resuscitation must be used cautiously in brain-
dead donors because excessive fluid administration can cause
heart dysfunction and rapid deterioration in lung function,
even if the CVP remains v10 mmHg [6, 7].

Although the CVP is usually similar to the pulmonary
capillary wedge pressure (Ppcw), occasionally the CVP and
the Ppcw may be discordant and the CVP may remain low
despite high Ppcw due to isolated left heart dysfunction [6].
Hence, if the echocardiography shows left ventricular
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dysfunction (ejection fraction v45%), a pulmonary artery
catheter should be inserted to facilitate optimisation of
cardiac resuscitation [8].

If the blood pressure remains low after adequate fluid
resuscitation, vasopressors should be started. Dopamine is
used as a first choice with a dose limited to 10 mg?kg-1?min-1

because of its potential vasodilatative effect on renal and
mesenteric blood flow. In addition, low-dose dopamine has
recently been shown to improve lung oedema in brain-dead
donors [9]. Adrenaline and noradrenaline should be tapered
off in favour of vasopressin. Vasopressin has been shown to
have a stabilising effect on systemic blood pressure after brain
death, and to allow reduction or discontinuation of adrena-
line and noradrenaline in most cadaveric donors [10–13]. In
addition, vasopressin improves maintenance of energy metabo-
lism and is effective against diabetes insipidus, which occurs
in 80% of brain-dead donors [14, 15]. Vasopressin is com-
monly administered as a bolus (e.g. 5 units) followed by an
infusion of 1–4 units?h-1 to obtain a systemic vascular
resistance in the range of 800–1,200 dyn?s-1?cm-5.

Endocrine management

Sudden brain death induces a large release of catechola-
mines within 15 min (catecholamine storm) followed by a
progressive decline. Vasopressin and cortisol commonly
decrease after 15–45 min and can be undetectable 4 h after
brain death. Thyroxine, triiodothyronine and insulin have
also been shown to significantly decrease after several hours
[16]. Hence, some groups have recommended hormonal
substitution for brain-death donors [17, 18].

Hormonal substitution includes the administration of
arginine vasopressin, methylprednisolone, insulin and triio-
dothyronine. The importance of vasopressin in haemody-
namic and endocrine management of brain-dead donors has
been mentioned previously and it should be used as the first
choice after low-dose dopamine to maintain adequate blood
pressure. FOLLETTE et al. [19] have shown that the adminis-
tration of a bolus of methylprednisolone (15 mg?kg-1) can
prevent the deterioration of gas exchange and improve
recovery of potential lung donors. The steroid bolus likely
attenuates the inflammatory reaction and compensates for the
deficit in hypophyseal hormones observed after brain death.
A recent multivariate analysis on lung donor parameters has
also demonstrated that the administration of corticosteroids
to the donor was the most significant independent predictor
of successful lung donation [20]. It should, therefore, be given
to all donors after brain-death declaration. In contrast to
vasopressin and methylprednisolone, the impact of thyroid
hormones in the management of cadaveric donors has been
more controversial. The administration of thyroid hormones,
however, appears to be beneficial in haemodynamically
unstable brain-dead donors [21–23], and a recent consensus
on the management of donors for heart transplantation has
recommended its use in donors with impaired cardiac
function [8]. The Papworth programme in England has
shown that aggressive haemodynamic and endocrine manage-
ment can resuscitate up to 92% of heart donors previously
deemed "unsuitable" for transplantation, leading to expansion
of the heart donor pool by 30% [17].

Fluid and electrolyte management

Hypernatraemia secondary to diabetes insipidus is common
and some studies have suggested that hypernatraemia is
associated with increased risk of graft dysfunction after liver

transplantation [24, 25]. Hence, the use of normal saline
should be avoided. Dextrose solutions are preferred as they
also help to maintain hepatic glucose stores. Colloid should
be used to replace volume, and packed red cell transfusions to
keep the haemoglobin above 10 g?dL-1. The goal is to achieve
the lowest CVP/Ppcw consistent with an adequate cardiac
output and blood pressure. The electrolytes Kz, Mg2z and
Ca2z should also be replaced as required to keep these in the
normal range.

Pulmonary management

Donors should be frequently (at least once an hour) turned
and suctioned endobronchially. Bronchoscopy should be
performed to remove mucous plugs. Sputum and bronchoal-
veolar lavage (BAL) specimens should be sent for Gram stain
and culture. Early antibiotic therapy should be instituted and
tailored to the results found on Gram stain and cultures,
particularly in donors with infiltrates on the chest radiograph.
A recruitment manoeuvre is recommended every 2 h to
prevent atelectasis and to recruit alveoli, especially after the
apnoea test. A fraction of inspired oxygen (FI,O2) of f50%,
positive end-expiratory pressure (PEEP) of 5–10 cmH2O and
a tidal volume of 10 mL?kg-1 should be used to avoid
ventilator-induced lung injury. Every 2–3 h, oxygenation
should be checked on an FI,O2 of 100% and PEEP of
5 cmH2O to monitor the status of the lungs. A chest
radiograph should also be done every 3–4 h to monitor the
evolution of possible infiltrates.

Other measures

A series of additional measures are important to optimise
the management of brain-dead multiorgan donors. These
include the use of a warming blanket to prevent hypothermia,
frequent turning and adequate pressure area care, regular
nasogastric suction, eye care (corneas), and the use of strict
aseptic technique.

Methods of lung preservation

The method of lung preservation has significantly improved
over the past decade. Optimal techniques of flush delivery and
lung preservation during the cold ischaemic time have been
determined in animals and applied clinically [26]. A new
preservation solution composed primarily of low potassium
dextran (Perfadex1; Vitrolife, Gothenburg, Sweden) has also
been developed specifically for the lung and has been
implemented clinically by many centres over the past few
years. Five clinical reports have compared the results of
Perfadex1 to those of Euro-Collins1 (Baxter Healthcare
Corp., Pharmacy Division, Deerfield, IL, USA) [27–31], and
four of them observed significantly better lung function on
arrival in the intensive care unit as well as a trend towards
lower 30-day mortality and better 1-yr survival with
Perfadex1 (table 1). An additional report demonstrated
that after adjustment for graft ischaemic time, extracellular-
type preservation solutions were associated with a decreased
incidence of primary graft failure after lung transplantation
when compared with intracellular-type preservation solutions
such as Euro-Collins1 [32].

Retrograde flush as well as low reperfusion pressure and
protective ventilation have been shown to be important
parameters in preserving lung function and in limiting
the insult from ischaemia/reperfusion injury during LTx.
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Retrograde flush has been described for lung and heart-lung
preservation and has been found to achieve better clearance
of red blood cells, better distribution of the flush solution
along the tracheobronchial tree, and better preservation of
the surfactant function [33–36]. Several centres currently
perform a retrograde flush after the anterograde flush [37, 38].
The retrograde flush can be performed in situ after the heart
has been removed while the lungs are still ventilated, or later
on the back table. In a group of 14 patients, VENUTA et al.
[38] showed that the association of a retrograde flush to the
anterograde flush can improve lung function after reperfusion
of the transplanted lung.

The maintenance of low reperfusion pressure and protec-
tive ventilation during the initial period of reperfusion can
limit lung damage by protecting the lung from high pulmo-
nary artery pressures and elevated peak airway pressures [39,
40]. In practice, the blood flow is progressively reintroduced
over a 10-min period while the lung is ventilated with a
protective ventilation strategy that includes low peak airway
pressures (maximal of 20–25 cmH2O) and an FI,O2 of f50%
[41].

Extension of lung donor selection criteria

Improvement in donor management and refinements in the
techniques of lung preservation have allowed progressive
liberalisation of lung donor selection criteria without a
significant impact on postoperative morbidity and mortality
[42–45]. The parameters used to assess lungs from cadaveric
donors are based on donor history, arterial blood gases, chest
radiograph appearance, bronchoscopy findings, and physical
examination of the lung at the time of retrieval [46]. The ideal
parameters for lung donation are presented in table 2.

In some series reported in the literature, the proportion of
donors with extended criteria ranges 33–57% of the total
number of lung donors (table 3). The main criteria that have
been liberalised included aged w55 yrs, smoking history w20
pack-yrs, prolonged mechanical ventilation, and positive
Gram stain on sputum or BAL samples. These criteria have
been extended without significant adverse effects on the

postoperative outcome and are currently rarely given as a
reason not to use the donor lungs [44, 47].

The presence of infiltrates, contusion, pneumothorax, or
pleural effusion on the chest radiograph do not seem to affect
the postoperative course after transplantation as long as it
remains localised or improves with time [42, 44]. However, the
presence of persistent bilateral infiltrates on the chest radio-
graph can be associated with increased risk of postoperative
death and should be considered as a contraindication for LTx
[47]. The presence of persistent bilateral infiltrates has been
associated with significantly higher levels of interleukin-8 (a
potent chemokine for neutrophils) in the donor lung tissue,
which may have been one of the reasons for the poor post-
operative outcome that was observed with these lung donors
[48].

Prolonged mechanical ventilation and the presence of
organisms on sputum or BAL Gram stain does not appear
to adversely influence the postoperative course as long as
the donor and the recipient are covered with appropriate
antibiotics and no signs of frank sepsis are present [47, 49, 50].
Copious purulent secretions or overt signs of aspiration at
bronchoscopy have been found to be associated with
significant postoperative complications and should remain a
contraindication to the use of donor lungs for transplanta-
tion, regardless of the result of Gram stain [47].

Table 1. – Comparison between Perfadex1 (LPDG) and Euro-Collins1 (EC) in human lung transplantation

[Ref.] Patients n Lung function on arrival in ICU Mortality rate %

LPDG EC LPDG EC p-value LPDG EC p-value

[27] 46 48 370¡133# 310¡134# 0.017 6.5§ 10.4§ 0.82
[28] 57 63 34¡11} 30¡10} 0.04 8§ 14.2§ 0.35
[29] 32 48 159¡145z 242¡265z 0.028 6§ 12§ 0.36
[30] 50 50 234¡20z 309¡19z 0.001 7.7ƒ 18.7ƒ 0.01

ICU: intensive care unit. #: arterial oxygen tension/inspiratory oxygen fraction; }: lung compliance mL?mmHg-1; z: alveolar arterial oxygen gradient;
§: 30-day mortality rate; ƒ: 1-yr mortality rate.

Table 2. – Standard selection criteria for assessment of lung
donor

Aged v55 yrs
Smoking history v20 pack-yrs
Clear chest radiograph
Pa,O2 w39.9 kPa on an FI,O2 of 100% and PEEP of 5 cmH2O
No aspiration/sepsis
No significant chest trauma
Absence of purulent secretion at bronchoscopy
Absence of organism on Gram stain and cultures
Length of intubation v48 h
No previous cardiopulmonary surgery

Pa,O2: arterial oxygen tension; FI,O2: inspiratory oxygen fraction;
PEEP: positive end-expiratory pressure.

Table 3. – Characteristics of extended donors used for lung transplantation reported in the literature

[Ref.] Transplants
n

Extended
donors

used

Characteristics of extended donors

Aged
w55 yrs

Smoking
w20 pack-yrs

Inhaled
drugs

Ventilation
w5 days

Abnormal
CR

Pa,O2

v39.9 kPa
Positive

Gram stain
Copious

pus/aspiration

[45] 26 10 (35) NS NS NS 0 6 (60) 0 NS 4 (40)
[42] 133 44 (33) 2 (5) 9 (20) NS NS 34 (77) 6 (14) NS 0
[44] 140 64 (57) 4 (6) 5 (8) NS NS 39 (61) 0 24 (38) 0
[43] 113 52 (46) 9 (17) 15 (29) 20 (38) 7 (13) 5 (10) 0 NS 0
[47] 128 63 (51) 9 (14) 26 (41) NS NS 41 (65) 0 NS 8 (13)

Data are presented as n (%) unless otherwise stated. CR: chest radiograph; Pa,O2: arterial oxygen tension; NS: not significant.

479STRATEGIES TO INCREASE LTX DONOR RESOURCES



Oxygenation has been one criterion with which clinicians
have rarely compromised. However, STRAZNICKA et al. [51]
and GABBAY et al. [44] have shown that donors with poor
initial oxygenation can be improved with aggressive manage-
ment, and eventually used for LTx without significant impact
on the postoperative course and 1-yr survival. Hence, donors
with poor oxygenation should not be deemed unsuitable for
transplantation, since up to 35% of them can be improved
to reach an arterial oxygen tension (Pa,O2)/FI,O2 ratio of
w39.9 kPa (300 mmHg) after aggressive resuscitation. The
final Pa,O2/FI,O2 ratio performed in the operating room prior
to lung retrieval should be the decisive number.

Recipient selection and expected length of ischaemic time
are two important parameters to take into account when
selecting a donor. Indeed, more flexibility can be used when
choosing extended donors for recipients with low post-
operative risk, such as emphysema or cystic fibrosis (CF)
patients. Probably more restrictive donor selection criteria
should be used for high-risk recipients such as those with
primary pulmonary hypertension. Similarly, the length of
ischaemic time should be considered in view of the overall
quality of the donor. While the ischaemic time has occasion-
ally been extended to w12 h with excellent donors, without
significant impact on postoperative outcome, the ischemic
time is usually limited to v8 h with extended lungs. It is
recognised, however, that increased risk may be accepted
when using lungs for recipients that are desperately ill and
who are unlikely to be transplanted otherwise.

In summary, some factors remain important and should be
considered to be contraindications to the use of lung donors.
These factors include persistent bilateral infiltrates on chest
radiograph, copious purulent secretions, or overt signs of
aspiration at bronchoscopy. In contrast, other factors such as
age, smoking history, positive Gram stain, number of days on
the ventilator, or localised abnormality on the chest radio-
graph may not be associated with increased perioperative risk
and should not by themselves preclude LTx. Lung oxygena-
tion with a final Pa,O2/FI,O2 ratio of w39.9 kPa (300 mmHg)
remains a respected factor in donor evaluation that is
transgressed only occasionally. However, each donor should
be considered individually and the risk that may be taken in
choosing a donor should be weighed against the risk of the
recipient dying on the waiting list.

Living lobar transplantation

Despite relaxation of standard donor criteria and utilisa-
tion of older and more marginal donors with increasing
frequency, the number of cadaveric donor lungs has remained
surprisingly low compared with the number of patients on the
waiting list. The lack of suitable donors is even more acute in
potential recipients with suppurative lung disease who require
bilateral transplantation. This acute donor shortage led to the
development of living lobar transplantation by STARNES et al.
[52].

In living lobar transplantation, one donor provides a right
lower lobe, the other donor a left lower lobe to a single
bilateral lobar recipient. A number of programmes have
developed a significant experience with this living lobar
transplant strategy. The principal indication is CF [53].
However, patients with other conditions such as primary
pulmonary hypertension, pulmonary fibrosis, and obliterative
bronchiolitis have also undergone successful bilateral lobar
transplantation [54–56].

STARNES et al. [53] have recently reported an impressive
series of bilateral lobar transplantation in 123 patients.
Perioperative morbidity and mortality as well as long-term

functional outcome were similar to those reported for
cadaveric donors by other groups and by the International
Society for Heart and Lung Transplantation (ISHLT). Even
more exciting is the superior survival that the paediatric
recipients obtained in comparison with ISHLT data [1].

In living lobar transplantation, donor complications are a
major concern. In the University of Southern California
experience, overall significant morbidity was 4.6% [53]. There
was no donor mortality. However, in an experience with 62
lobar donors, the Washington University group noted that 10
donors had 12 major complications requiring subsequent
intervention, three of which resulted in permanent loss of
function (phrenic nerve paralysis, loss of right middle lobe
and bronchial stricture) [57]. There was no donor mortality in
the Washington University experience.

Nonheart-beating donor

The concept of utilising lungs from donors whose circula-
tion has ceased is not new. It is well known that lungs, inflated
with oxygen, conserve their ability to oxygenate even after 1 h
of in situ warm ischaemia following cessation of circulation
[58, 59]. In addition, it is recognised that topical cooling does
provide some effective preservation and that this topical
cooling can be conducted in situ in the nonheart-beating
donor (NHBD) [60]. STEEN et al. [61] have reported a
successful experience in which lungs were harvested from a
NHBD. Since there was little information regarding the pre-
death pulmonary function in this donor, the donor lung was
harvested, placed in an ex vivo ventilation/perfusion appara-
tus and its function judged acceptable. The lung was then
transplanted and provided satisfactory function. Since that
time, a number of centres have developed small experiences
with NHBDs. In these initial cases, adequate information
regarding lung function was available prior to circulatory
arrest. The Washington University group has performed two
such bilateral transplants with good results in both patients.
There is a definite opportunity to increase the overall donor
supply utilising this novel strategy.

Split-lung technique

The shortage of donor lungs suitable for children and small
adults has led to the development of new operative
techniques. Donor lungs can be downsized by peripheral
nonanatomic segmental resections (tailoring) or by transplan-
tation of cadaveric lobes in recipients with smaller thorax size
[62]. COUETIL and co-workers [63, 64] have developed a
technique of bilateral LTx inspired from previous experience
with bipartitioning of the liver. They split the left lung into
two separate lobes. The left lower lobe is then used for left
lung transplant and the left upper lobe for right lung
transplant. The rotation of the left upper lobe into the right
pleural space requires anastomosing the membranous portion
of the bronchus to the cartilaginous ring on each of the donor
and recipient side, but this did not cause any delay in healing.
This technique allows bilateral LTx to be performed in a
small-size recipient with excellent short- and long-term
outcome [64, 65].

Conclusion

Over the last decade, aggressive donor management and
refinements in the techniques of lung preservation have
allowed gradual expansion of the lung donor selection
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criteria. Consequently, the proportion of lung donors used for
transplantation has increased from v10% to o40% of the
donor pool [44, 47]. However, despite the significant increase
in lung donors over the past several years, the number of
patients on the waiting list still largely outnumber the donors
available for lung transplantation. In the future, it is
anticipated that the development of new strategies to repair
and improve the quality of the lungs as well as the increasing
use of nonheart-beating donors could have a tremendous
impact on the number of transplants performed.
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