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Chapter 7
ECD for Lung Transplantation

Yasushi Hoshikawa, Yoshinori Okada, Tatsuaki Watanabe,
and Takashi Kondo

7.1  Introduction

The short supply of donor organs has been one of the most critical problems in the
area of lung transplantation (LTx), and this is especially serious in Japan. One
approach to attempt to address this Hmitation is the use of extended criteria donor
(ECD) lungs. The currently accepted criteria for suitable donor lungs (Table 7.1)
were instituted in the mid-1980s during the early development of clinical ITx [1].
These criteria were chosen by early transplant physicians and surgeons based on
prevailing knowledge of pulmonary physiology, but were not based upon strict
scientific evidence [2]. Afterward the ever-increasing number of recipients on wait-
ing lists compelled lung transplant doctors to consider the use of ECD lungs.
Liberalization of the donor selection criteria has been gradually accepted worldwide
since the mid-1990s [2]. A recent large registry study of more than ten thousand
LTxs performed in the USA from 1999 to 2008 revealed that at least one variance
from the criteria occurred in more than a half of transplants [3]. Although results
have varied arnong studies, outcomes of LTx using ECD lungs have generally been
acceptable [4-18]. However, proper judgment is still difficult if multiple factors are
defined extended and if ECD lungs are used in high-risk recipients especially who
are rapidly deteriorating on the waiting list. To properly assess and optimize ECD
lungs in such circumstances, a new strategy utilizing normothermic ex vivo lung
perfusion (EVLP) system has been developed, and the impact of the system on L'Tx
has been explored in several high-flow transplant centers [19, 201

In Japan, 124 LTxs from deceased donors have been successfully performed as
of the end of 2012 [21]. These transplantations achieved a 5-year pafient survival
rate of 72.0 % and a 10-year sarvival of 57.3 % [21]. To maximize the lung
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Table 7.1 Current donor lung guidelines

Age <55 years

ABO compatibility

Clear chest radiograph

Pa0, >300 torr on FiO,= 1.0, PEEP 5 cm H,0

Smoking history <20 pack-years

Absence of chest trauma

No evidence of aspiration/sepsis

No prior cardiothoracic surgery

No organisms on endotracheal aspirate gram stain

No purulent secretions on bronchoscopy

PaQ, arterial difference in partial pressure of oxygen, FiO, fraction of inspired
oxygen, PEEP positive end-expiratory pressure. Adapted from [23]

utilization rate in multiorgan donors, Japan Organ Transplant Network has operated
a system involving the partnership of well-trained transplant consultant doctors and
local doctors in assessing donor lungs and providing intensive care to donors since
2002 [22]. These consultant doctors tirelessly performed bronchial toileting for
donors and provided advice on respiratory therapy, mechanical ventilation, infec-
tion controls, and circulatory management of donors. Since such sustained efforts
by the consultant doctors in cooperation with local doctors have been made to effec-
tively utilize BECD lungs, the lungs were used for transplantation in more than 60 %
of brain-dead donors {22].

This chapter reviews definition and assessrnent methods of ECD lungs, studies
showing outcomes of LTx nsing BCDs, and progress in recent research regarding
ECD lungs. "

7.2 Definition

The exiended donor criteria are defined according to the standard criteria [23], which
are as follows: age <55 years, ABO compatibility, clear chest radiograph, artetial
difference in partial pressure of oxygen (Pa0,) >300 mmHg at 100 % fraction of
inspired oxygen (Fi0O,) and positive end-expiratory pressure (PEEP) of 5 cm H,0, 2
cumulative smoking history of <20 pack-years, absence of chest trauma, no evidence
of aspiration/sepsis, no prior cardiothoracic surgery, no organisms on sndotmchcal,
aspirate gram stain, and no purulent secretions on bronchoscopy (Table 7.1).

7.3 Viability Assay

To assess the viability of donor lungs, all donor criteria listed on Table 7.1 must b6
carefully evaluated. The most difficult judgment decisions pertain to the che
radiograph, the bronchoscopic findings, and the intraoperative assessment of 4
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7 ECD for Lung Transplantation 67

donor lung by means of hands-on inspection and palpation [24]. These assessments
cannot be performed in quantitative form and critically depend on the experience of
the retrieval surgeon, We believe that the donor bronchoscopic examination is of
most importance and that the findings of copious purulent secretions, which cannot
be suctioned clear, and of edematous and/or reddened bronchial mucosa coincident
with chest radiograph infiltrates indicating pnenmonia represent strong contraindi-
cations to the use of that lung. In Japan, a transplant consultant doctors sent from
one of seven lung transplant centers assesses bronchoscopic findings and chest
radiograph infiltrates at several time points to evaluate if the ECD recovers from
pneumonia after suitable management.

In addition to the careful evaluation of all donor criteria, consideration must
also be given to the recipient’s underlying discase and the severity of illness when
using an ECD lung [6]. Usually, care is taken not to place organs from truly
extended donors into high-risk recipients especially with pulmonary hypertension
or pulmonary fibrosis with secondary pulmonary hypertension, or into other com-
plex cases [24].

Normothermic EVLP is currently being explored to evaluate the viability of
ECD lungs. This system allows the lungs after procurement to be perfuséd under
normothermic conditions for approximately 4 h so that the Iungs can be optimized
as well as continually reassessed. Steen et al. were the first: to create a successful
EVYLP evaluation system for donating after cardiac death [19] by means of Steéen
solution, a hyperoncotic fluid with 15 % hematocrit [25]. Cypel et al. applied this
system to the clinical trial where they evaluated early post-LTx outcomes of ECD
lungs which were physiologically stable. during 4 h of normothermic EVLP and
compared them with those of the conventionally selected lungs [20]. ECD lungs
wete defined by specific criteria, including pulmonary edema and a ratio of the
partial pressure of arterial oxygen to the fraction of mspnecl oxygen (PaOy/FiO,)
less than 300 mmHg. Twenty out of 26 ECD lungs were transplanted after EVLP
and demonstrated comparable incidence of primary graft dysfunction (PGD),
30-day mortality, bronchial complications, duration of mechanical ventilation, and
length of stay in intensive care unit (ICU) and hospital, to 116 conventionally
selected lungs. However, the clinical use of normothermic EVLP system for assess-
ing ECD lungs has.not yet been spread worldwide since Steen solution is not yet
approved by the Food and Drug Administration (FDA) for use in the USA and also
has not been approved for use based on pharmaceutical affairs law in most countries
including Japan as of the end of 2012.

The use of biomarkers in bronchoalveolar lavage (BAL) fluids also has been
explored to assess the viability of ECD lungs. Fisher and associates found that high
TL-8 levels in the donor BAL were associated with poor outcomes after LTx, espe-
cially with development of severe PGD and with early recipient mortality [26].
Similarly, Kaneda and associates found that IL-6, IL-8, TNF-a, and IL-1p were
risk factors for 30-day mortality, while 1L-10 and IFN-y were protective [27].
However, none of such biomarkers have yet been generally utilized in clinical
transplantation.
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74 Outcomes

First, several studies demonstrating the effects of the clinical use of ECDs in LTx
are listed in chronological order. Kron et al. reported the efficacy of the use of 10
ECDs in LTx performed at a single center in the USA to expand the donor pool in
1993 [4]. It was the first report showing the possibility to utilize ECD lungs without
an increased risk of mortality. Sundaresan et al. reported the first retrospective study
comparing 44 ECDs and 89 standard donors (SDs) [5]. No differences were found
between recipients of the lungs from ECDs and SDs with respect to duration of
postoperative mechanical ventilation, gas exchange, and 30-day mortality. However,
cardiopulmonary bypass was required more often in the ECDs than in the SDs,
Gabbay et al, published their experiences in Australia with 64 ECDs and 48 SDs [2],
showing no significant differences in length of ICU stay, postoperative gas exchange,
30-day mortality, and 1~, 2-, and 3-year survival between recipients of the lungs
from BCDs and SDs. They found graft ischemic time was predictive of recipient gas
exchange after transplantation. Bhorade et al. performed the retrospective evalua-
tion comparing patients receiving the lungs from 52 ECDs and 61 SDs at a single
center in the USA [6]ATo define ECDs, the authors were the fixst to use following
criteria; donor ventilator time >5 days and donor use of inhaled drugs (cocaine or
marijuana) in addition to the previously accepted standard criteria, such as donor
age, tobacco history, and abnormal chest radiograph. There were no differences in
operative and early-term complications and hospital survival. Moreover, this is the
first report to suggest that no alteration in lung function or 1-year survival occurs
with the use of ECDs. Since the authors observed a trend toward slightly decreased
pulmonary function at 1 year in single-ECD-lung recipients, they advocated to be
cautious against the use of single lungs from ECDs. Pierre et al. reported the retro-
spective review of 128 consecutive lung or heart-lung transplants performed in
Toronto comparing 63 ECDs and 658Ds {24]. This is the first to find a higher early
mertality at both 30 (17.5 vs. 6.2 %, p=0.047) and 90 days (22.2 % vs. 7.7 %,
p=0.0391) after transplantation using ECDs, The authors warned against using
ECDs in higher-risk recipients, especially ones with pulmonary hypertension (PH),
pulmonary fibrosis with PH, and cystic fibrosis with Burkholderia cepacia coloni-
zation. Oto et al. retrospectively reviewed 173 heart-Jung and bilateral single-fung
transplant recipients of whom 77 were ever smokers and 64 out of those were cur-
rent smokers [7]. The authors found more than 20 pack-years was associated with
impaired early oxygenation and longer ventilation time and ICU stay, but no differ-
ences in 3-year survival and incidence of death due to bronchiolitis obliterans syu-
drome (BOS) which is one of the major factors affecting long-term survival alter
LTx. Thabut et al, investigated the effect of donor characteristics on short- and long-
term outcomes of a total of 785 adult patients undergoing LTx at seven centers in
France [8]. The authors found donor gas exchange before harvest was significantly
associated with recipient early gas exchange, duration of mechanical ventilation,
and long-term survival. A nonlinear model showed a steep increase in the relative
visk of death when donor PaQ,/FiO, before harvest was below 350 (hazard ratio
1435 95 % confidence interval 1.10-1.85; p=0.01). Lardinois et al. evaluated an ,
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impact of ECDs, especially low PaQ, (<250 torr) before harvesting and multiple
extended criteria, on early outcomes and medium-term survival of 148 consecutive
recipients at a single center in Switzerland [9]. The authors did not find any difference
in early and intermediate results when they analyzed survival among the number of
extended criteria, Moreover, this is the first report showing that the use of ECD
lungs with a Pa0O, <250 mmHg in selected cases is not associated with an unfavor-
able outcome, However, the authors cautioned against the use of ECD lungs with an
association of Pa0O, <300 mmHg and purulent secretions. Aigner et al. retrospec-
tively analyzed 98 consecutive lung transplantations performed at a single center in
Austria during a 2-year period of time with the lungs from 26 ECDs and 72 SDs
[10]. The analysis of major outcomes in the short and the medium term did not show
any differences between ECDs and SDs. Kawut et al. performed a retrospective
cohort study of 51 patients undergoing L’I'x at a single center in the USA for 2 years
[11]. This study included comprehensive data reflecting the condition of the recipi-
ent at the time of transplantation. Significant differences between recipients of 27
ECD and 24 SD lungs in several primary endpoints were shown. Recipients of ECD
lungs had fewer ICU-free days, a longer time to hospital discharge, and lower
spirometry at 1 year than did SD lung recipients. Donor age 55 yeats or older and
smoking were associated with fewer ICU-{ree days than younger donors and non-
smokers, respectively. No differences were observed in 30-day and longer-term
survival between ECDs and SDs. Luckraz et al. analyzed 362 double-lung and
heart-lung transplantations performed at a single center in the UK from 50 donors
with low levels of PaO, (<300 mmHg) and 312 donors with normal PaO, [12]. They
observed, in the low PaO, group, a compromised 30-day mortality rate (22 % vs.
13 %, odds ratio=1.92) and comparable 1- and 5-year survival when compared with
the normal PaO, group. Botha et al. retrospectively reviewed 201 patients undergo-
ing lung or heart-lung transplantation at a single center in the UK of whom 83
received ECD lungs [13]. Recipients of ECD lungs had a higher incidence of severe
PGD (43.9 % vs. 27.4 %) and 90-day organ-specific (respiratory failure or multiorgan
failure with severe PGD) mortality (15.7 % vs. 5.1 %) when compared with recipi-
ents of SD lungs. They found significantly high 30-day mortality (17 %) with ECD"
lungs for bilateral lung transplantation with the use of cardiopulmonary bypass.
Moreover, the authors advocated current heavy smoking as a risk factor for impaired
oxygenation and longer ICU stay after transplantation. De Petrot et al. compared
the outcome of 60 LTxs of the lungs from donors aged 60 yeats or more with 407
LTxs of the lungs from younger donors, all of which were perforimed at a single
center in Toronto for 11 years [14]. The authors found the increased age is associ-
ated with borderline risk for increased 10-year mortality (39 % vs. 16 % in the
younger donor group, p=0.07) and increased risk of BOS (65 % vs. 34 % in the
younger donor group, p=0.01). Meers et al. analyzed 50 LTxs with the lungs from
27 ECDs and 23 SDs performed at a single center in Belgium and observed a nega-
tive impact of ECDs in terms of ICU stay and the PGD rate [15]. The study of
Berman et al. [16] was based on smoking donors (n=184) and their impact on LTx
performed at a single center in the UK. Over a period of 13 years, 454 patients were
included. The authors found a significant association between smoking history and
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lower 3~-month survival (21 % vs. 13 % in the nonsmoking donor group, n=240,
odds ratio 1.9, p=0.04) and also ICU stay for >2 days. No differences were observed
in long-term survival and infection between recipients of the lungs from smoking
and nonsmoking donors. Reyes et al. utilized multivariable survival methods to
determine several donor factors, adjusted for recipient risk factors on 10,333 LTxs
performed during a 10-year period of time in the USA [3]. Increasing number of
variances was not associated with worse survival after LTx. Of donor guideline
variables, a smoking history of greater than 20 pack-years appeared to be a small but
statistically significant risk factor for mortality. Mortality did not significantly
increase despite the use of donor lungs with an abnormal chest radiograph, age
greater than 55 years, or a lower donor Pa0;, (as low as 230 mmHg). Recently, Zafar
et al. retrospectively analyzed 12,045 LTxs performed over-a 9-year period of time
to assess the effect of donor Pa0, at the time of procurement on graft survival [17].
Kaplan-Meier survival apalysis on LTxs from 12,045 donors who had a PaG, of
greater than 300 mmHg (n=9,593), of 201 to 300 (r=582), and of less than 200
(n=1,830) showed no difference in graft survival, irrespective of whether recipients
had a single or double LT%. A Cox multivariable analysis of 21 donor characteristics
also demonsirated that donor Pa0, had no association with graft survival [17]. The
study limitation is they did not look at the short-term or the acute events, such as
development of PGD, sepsis, and 30-day mortality in these patients. Recently,
Bonser et al. [18] retrospectively analyzed 1,295 TT'xs performed during a 12-year
period of time in the UK to assess the impact of donor smoking history on recipient
early outcomes and survival, In this study, the authors estimated the effects of non-
acceptance of the lungs from donors with positive smoking histories. This study
showed increased 3-year mortality after adjustment for other independent factors
such as recipient’s age, cytomegalovirus mismatch, and increasing ischemic time
(67.2 % vs. 55.7 %, p=0.0002, adjusted hazard ratio 1.36, 1.11-1.67) and an
increased incidence of BOS associated with 510 smoking donors compared with
712 nonsmoking donors, Furthermore, recipients of the lungs from smoking donors
were likely to spend longer in ICU and hospital and could derive less functional
benefit from transplantation than recipients of the lungs from donors with negative
smoking histories. The stratified Cox regression model revealed recipients receiving
the lungs from donors with positive smoking histories bhad a significantly lower
unadjusted hazard of death after registration than did those remaining on the list for
a potential transplant from a donor with negative smoking history (HR 0,79, 95 %
CI10.70-0.91; p=0.0004).

In summary, although results have varied, outcomes of LTx using ECD lungs:
have generally been acceptable, Next, considerations regarding each extended crites:
ria {age, P/F yatio, and smoking history) are listed below.

7.4.1 Age

Although the current gnidelines for upper age limit suggest 55 years as maximufgs
age, small-size studies with some dozens of dopors have not shown a surviv
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disadvantage with the use of older donors [11, 28, 291, A larger stucly with hundreds
of L'T'xs has shown that increased age (of 60 years or more) is associated with bor-
derline risk for increased 5-year mortality, increased 10-year mortality, and increased
risk of BOS [14]. A recent larger registry study with more than ten thousand LTxs
has demonstrated no significant increase in mortality. despite the use of donor lungs
with an age greater than 53 years [3].

7.4.2  Low Ratio of Pulmonary Arterial Oxygen
to Fraction of Inspired Oxygen (P/F Ratio)

Although small studies demonstrated an impact with the use of donors presenting
low P/F ratio on 30-day mortality (P/F ratio <300) [12] and long-term mortality (P/F
ratio <350) [8], recent latger registry studies have shown no significant increase in
long-term mortality despite the use of donor lungs with a lower P/F ratio [3, 17]. In
the future more and more centers will utilize EVILP 0 assess the viability of border-
line grafts with P/F ratio of 300 mmHg or lower.

7.4.3 Smoking History

Although no study has evaluated the number of pack-years of smoking history that
would preclude the lungs from being transplanted, a retrospective study by Oto
et al, showed more than 20 pack-years was associated with indpaired early oxygen-
ation and longer ventilation time and ICU stay, but no differences in 3-year survival
and incidence of death due to BOS [7]. The study of Berman demonstrated a signifi-
cant association between smoking history and lower 3-month survival and longer
ICU stay, but no differences in long-term survival and infection [16]. Recent larger
studies have shown increased long-term mortality (3, 18) and an increased inci-
dence of BOS associated with smoking donors. It is of interest that a study by
Bonser revealed recipients receiving the lungs from donors with positive smoking
histories had a significantly lower hazard of death after registration than did those
remaining on the list for a potential transplant from a donor with negative smoking
history [18]

7.5 Research

Recently, approaches for an effective reconditioning of BCD lungs by means of EVLP
system have been explored, Several studies have demonstrated a high incidence of
thrombi in donor lungs which cause rejection of the ungs for LTx or PGD after ITx
[30-33]. Motoyama et al. reported the effect of the fibrinolytic agent plasmin admin-
istered in ap EVLP model of cardiac arrest rats on pulmonary vascular resistance,
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dynamic compliance, and lung weight gain [34]. Plasmin administration dissolved
thrombi in the rat lungs, resulting in reconditioning of the lungs as assessed by
significantly decreased pulmonary vascular resistance, stable dynamic compliance,
and less lung weight gain when compared with non-plasmin rats,

Although cold flush and static cold storage is the accepted standard for preserva-
tion of donor lungs in clinical transplantation, deterioration of the donated lungs still
occurs. Usually, the longer the lung is kept cold and ischemic, the greater the extent
of injury. To minimize this cold ischemia injury and to assess and improve ECD
lungs, organ care system (OCS), a portable normothermic EVLP system, has been
developed {35]. The OCS provides immediate and sustained lung recruitment start-
ing at the donor site and substantially reduces cold ischemic time [35]. An interna-
tional randomized trial is ongoing in which the impact of portable ex vivo perfusion
and ventilation of donor Jungs by means of the OCS on post-LTx outcomes as com-
pared to current cold storage technique is evaluated. Interim results from this trial
were presented at the International Society for Heart and Lung Transplantation
(ISHLT) 33rd Annual Meeting in Montreal (http://www.transmedics.com/wt/page/
pr_1366904571). The donor lungs preserved using the OCS had significantly lower
incidence of severe PGD after L'Tx as compared to the lungs that were preserved using
cold storage. In addition, other important clinical parameters like in-hospital mortality,
six-month survival, rate of lung-related complications, time on mechanical ventilation,
and ICU time were better in the OCS group as compared to cold storage.
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