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Lung transplantation is a complex, high-risk, potentially life-saving
therapy for the end-stage lung disease of cystic fibrosis (CF). The
decision to pursue transplantation involves comparing the likeli-
hood of survival with and without transplantation as well as assess-
ing the effect of wait-listing and transplantation on the patient’s
quality of life. Although recent population-based analyses of the US
lung allocation system for the CF population have raised controver-
sies about the survival benefits of transplantation, studies from the
United Kingdom and Canada have suggested a definite survival
advantage for those receiving transplants. In response to these and
other controversies, leaders in transplantation and CF met together
in Lansdowne, Virginia, to consider the state of the art in lung
transplantation for CF in an international context, focusing on
advances in surgical technique, measurement of outcomes, use of
prognostic criteria, variations in local control over listing, and
prioritization among the United States, Canada, the United King-
dom, and The Netherlands, patient adherence before and after
transplantation and other issues in the broader context of lung
transplantation. Finally, the conference members carefully consid-
ered how efforts to improve outcomes for lung transplantation for
CF lung disease might best be studied. This Roundtable seeks to
communicate the substance of our discussions.
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Lung Transplantation for Cystic
Fibrosis: Problems, Controversy,
and Possible Solutions

William Walsh, Geoffrey Kurland, and
Theodore G. Liou

Transplantation is a complex rescue therapy used in both adult
and pediatric patients with terminal lung disease with fre-
quently dramatic results. Patients with cystic fibrosis (CF)
comprise a minority of infants, toddlers, and adults undergoing
lung transplantation, but patients with CF remain the majority
of older children receiving this therapy (1). The availability of
a CF Patient Registry organized by the Cystic Fibrosis Founda-
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tion in the United States has facilitated the study of patients of
all ages with CF who have received lung or heart–lung trans-
plants. Yet, even for CF, the heterogeneity of candidates,
complexity of the procedure, variability of pre- and post-
transplant care, low sample size at some individual centers,
and considerable demand for the therapy among patients and
families have limited the formal evaluation of efficacy.

One study of efficacy of lung transplantation focused on
pediatric patients with CF, ‘‘Lung Transplantation and Survival
in Children with Cystic Fibrosis’’ by Liou and colleagues in
November of 2007 (2), led to considerable controversy follow-
ing its publication. Based on a retrospective analysis, the
authors concluded that few children with CF derived a survival
benefit from lung transplantation. Using pooled data from the
United Network for Organ Sharing (UNOS) and CF Founda-
tion registries to generate a multivariate survival model in-
corporating transplantation, Liou and colleagues predicted
improved survival for only 5 of 514 listed and only 1 of 248
transplanted children with CF between 1992 and 2002. To
reconcile their data with the perception by the transplant
community, that pediatric lung transplantation for CF was in fact
efficacious, the authors suggested a prospective randomized
controlled trial (RCT) of the procedure. In the accompanying
editorial, Allen and Visnor proposed revision of organ allocation,
which had previously been based on time on waiting list (3).

Sweet and colleagues (4) disputed the statistical methodol-
ogy and inferences of Liou and colleagues, whereas Egan stated
that a more recently (2005) established system for allocating
organs by Lung Allocation Score (LAS—a score that distributes
organs on the basis of model-predicted benefit from trans-
plantation) made the assessment of efficacy of transplantation
based on prior allocation systems irrelevant (5). Sweet, Aurora,
and Egan all emphasized prior experience in Great Britain,
which suggested improved survival of transplanted versus listed
patients (6–8), whereas Sweet and colleagues emphasized that
allocation by LAS (currently used for recipients older than 12)
should resolve most problems with the previous allocation system.

Given the uncertainty and controversy generated by the
initial report of Liou, a conference entitled ‘‘International
Perspective on Lung Transplantation: Adult and Pediatric
Outcomes’’ was convened in June of 2008, bringing together
different members of the pediatric and adult lung transplant
community, experts in biostatistics, clinical research techniques,
quality of life, and advocates of the CF community. The aim of
this meeting was to understand whether transplantation resulted
in a net benefit to patients. Our discussion of benefit extended
beyond the simple length of survival. We began with an over-
view of survival and survival analysis and continued with
considerations of evolving surgical methodology, peritransplant
morbidities, pre- and post-transplant quality of life, the effects
of patient adherence to therapy, and the burden of care. We
included wide-ranging discussions of the impact on end-of-life
care for CF and the culture surrounding lung transplantation.
The participants identified additional areas of importance: the
adequacy of current methods to measure quality of life, the dif-
ficulties associated with measuring patient adherence, the dif-
ferences in selection of candidates for listing and allocation of
organs between the United States and the United Kingdom, and
the significance of variability in pre- and post-transplantation
therapies among centers. After an animated discussion on the
appropriateness of a randomized controlled trial, we sought
consensus on goals and methods for further study. This round-
table discussion presents our sometimes opposing opinions and
a series of new questions and expresses our collective deter-
mination to improve outcomes for all of our patients contem-
plating lung transplantation for CF.

Pediatric Lung Transplantation for
Cystic Fibrosis: Overview and
Historical Perspective

Stuart C. Sweet

Lung transplantation for CF was first performed using a com-
bined heart–lung transplant in 1983 (9), with the first bilateral
lung transplants for CF performed a few years later (10). Short-
term success with lung transplantation prompted growth in the
use of the procedure for CF and fostered hope in children and
adults whose CF lung disease had progressed to end stage. Each
year, approximately 200 patients with CF, including approxi-
mately 25 children, undergo lung transplantation in the United
States (www.optn.org; accessed 5/1/2009).

As with other solid organs, there are more candidates than
available donors. Moreover, lung transplant is not a cure for CF
lung disease; the median survival for adults after lung trans-
plantation is only 6.4 years (11). Therefore, choosing the time to
list a patient with CF for a lung transplant requires addressing
two sets of issues: the first relates to ensuring that listing occurs
early enough for the patient to survive the length of time
needed to wait for organs (12); the second relates to ensuring
that the transplant procedure provides ‘‘benefit,’’ usually mea-
sured in terms of survival.

Reports intended to provide guidance to physicians and
surgeons regarding the timing of listing began to appear in the
early 1980s. One of the first and most widely referenced reports is
from the Toronto Lung Transplant Program (13). This article
attempted to identify patients with a risk of death greater
than 50% at 2 years (based on the estimated waiting time for
transplant at the Toronto center). The authors found that in the
Toronto experience, patients with a forced expiratory volume in
one second (FEV1) of 20% of predicted had a 70% chance of
death within 2 years, but the chance of death halved for every 10
percentage-point increase in FEV1. The authors concluded that
‘‘[p]atients with cystic fibrosis should be considered candidates
for lung transplantation when the FEV1 falls below 30 percent of
the predicted value. Female patients and younger patients may
need to be considered for transplantation at an earlier stage.’’

Subsequent studies have attempted to refine those criteria.
Robinson (14) suggested that for children, ‘‘consideration of
lung transplantation referral should begin when young CF
patients have a best FEV1 ,50% predicted despite aggressive
conventional treatment.’’ Liou and colleagues (15) used data
from the Cystic Fibrosis Foundation Patient Registry (CFFPR)
and multivariate logistic regression methods to create a 5-year
survivorship model. Significant factors in that model are refer-
enced in Table 1. They suggested that patients with a 5-year
predicted survival less than 30% be considered for transplanta-
tion, whereas patients with a predicted survival greater than
50% be excluded. They found no effect of considering rate of
decline in lung function.

Using the CFFPR and multivariate logistic regression,
Meyer-Hamblett and colleagues identified similar risk factors
to those of Liou and colleagues as predictors of 2-year mortality
(16). However, they found that their model was no better than
the ‘‘FEV1 less than 30%’’ criteria as a predictor. Although both
had high negative predictive value (98 and 97%) each had only
modest positive predictive value (33 and 28%). The authors
concluded that ‘‘transplant referral decisions based either on
a multivariate logistic model or on the criterion of an FEV1 of
less than 30% predicted are likely to result in high rates of
premature referral. Better clinical predictors of short-term
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mortality among patients with CF are needed.’’ A group from
Washington University took a different approach, evaluating
risk factors for rapid decline in FEV1 in patients at a single
center (17) and finding younger patients and patients with
malnutrition at increased risk. They concluded that ‘‘patients
with CF should be referred for transplantation at a time when
based on their rate of decline in lung function, the expected
time for their percent predicted FEV1 to reach 20% equals the
average local waiting time for donor lungs, or when the baseline
percent predicted FEV1 reaches 30%, whichever comes first.’’

Finally, a retrospective cohort study of 343 patients listed for
lung transplantation at four academic medical centers was used
to generate a multivariate model of waiting list mortality (18).
Patients referred from an accredited cystic fibrosis center
(hazard ratio [HR], 0.5; 95% confidence interval [CI], 0.3–
1.0), or listed after 1996 (HR, 0.4; 95% CI, 0.2–0.7) were at
lower risk. Patients with FEV1 of 30% predicted or less (HR,
6.8; 95% CI, 2.4–19.3), PaCO2 50 mmHg or greater (HR, 6.9;
95% CI, 1.5–32.1), or who received nutritional intervention
(HR, 2.3; 95% CI, 1.3–4.1) were at higher risk. The authors
concluded that ‘‘on the basis of these data, the presence of
hypercapnia in the setting of better lung function and the
requirement for nutritional interventions are additional factors
that should be considered in developing future models to be
used in allocating organs to the CF population’’ (18).

Thus, in spite of such studies, prediction of the appropriate
time to offer transplant for CF remains largely subjective. This
concept is reinforced in a recent update of guidelines for the
selection of lung transplant candidates: ‘‘The decision of trans-
plantation will eventually derive from a comprehensive evalu-
ation that must take into account several indicators of disease
severity such as FEV1, increases in oxygen need, hypercapnia,
need for noninvasive ventilation, functional status (e.g., 6-MWD),
and pulmonary hypertension’’ (19).

Whether this subjective process leads to timely listing and
yields survival benefit from transplant for children with CF has
been a matter for debate. A report from Great Britain (7)
involving 124 children with cystic fibrosis who were accepted for
lung transplantation between 1988 and 1998 suggests that lung
transplant can provide survival benefit to children with CF. In
a multivariate proportional hazards model with transplant as
a time-dependent covariate, the HR for transplant was 0.31,
suggesting a nearly 70% decrease in mortality risk after trans-
plant. In contrast, Liou and colleagues used similar methodol-
ogy to evaluate the benefit of lung transplantation for children

with CF in the United States (2). They reviewed data from 514
patients obtained from the CFFPR and Organ Procurement and
Transplantation Network registries who were listed between
1992 and 2002 (248 patients from this group underwent lung
transplantation). The authors implied that, if the patients in the
cohort were to receive transplant with the clinical characteris-
tics reported at the time of listing, only five patients would have
a statistically significant likelihood of a survival benefit. Al-
though the conclusions and implications of the Liou study have
been challenged (4), taken together, the two studies suggest that
in a system where patients are offered transplant in order of
subjective urgency (as in the UK system) (7), the likelihood of
survival benefit is higher than in a system with multiple centers,
limited objective listing and transplant criteria, and allocation
based on waiting time (as in the US) (2). The possibility that
variability in transplant criteria between centers can account for
some of the observations in the Liou study is reinforced by the
observation that the introduction of an allocation system in the
United States, based on estimates of transplant benefit and
waiting list mortality (20), suggests a survival benefit for the
majority: nearly 70% of adolescents with CF who were trans-
planted in the 2 years following the initiation of the new system
were predicted to have a survival benefit at 3 years (Leah
Edwards, UNOS, personal communication). If this prediction
can be confirmed, it would strengthen the argument that trans-
plant can provide survival benefit to children with CF.

In their concluding remarks, Liou and colleagues (2) ques-
tioned whether a randomized, controlled trial of lung trans-
plantation is warranted for children with CF. Such a study
would be ethically and logistically challenging. Moreover, it
would primarily be testing the efficacy of the process by which
patients with CF were determined to be appropriate transplant
candidates. And perhaps most importantly, it would not take
into account the fact that the benefit of transplantation is not
restricted to survival—improvement in quality of life is an
equally important consideration for most patients.

A more realistic prospective trial would seek to identify the
factors critical to predicting when offering transplant would
maximize survival and quality of life benefit. Because of the
number of centers performing pediatric lung transplantation in
the United States, such a study would be logistically challenging
and would be at risk for variability and bias. Minimizing such bias
would require uniform pre- and post-transplant treatment pro-
tocols as well as uniform listing, transplant, and donor acceptance
criteria (this step might in and of itself lead to improved survival
benefit). Nonetheless, a prospective study that assesses bio-
markers (i.e., inflammatory markers), considers genetic informa-
tion in addition to the previously identified clinical risk factors,
and measures quality of life and cost, in addition to survival
benefit, would provide the best possible care to children with end-
stage lung disease due to CF and make the most efficient use of
limited resources available for transplantation.

Operative and Perioperative
Considerations in Lung
Transplantation

Samuel Brown and Mark L. Barr

Outcomes after lung transplantation depend on many complex,
interrelated factors, including donor status, graft surgical tech-
nique and preservation, the recipient’s preoperative condition,
transplantation surgical technique and postoperative care, and the
effects of long-term immune suppression and comorbid illnesses.

TABLE 1. CLINICAL RISK FACTORS FOR DEATH IN CF PATIENTS

General CF Population Patients with CF Listed for Transplant

Pulmonary function* and

exercise capacity†

Yearly rate of decline in percent

predicted FEV1

Microbiology (i.e., S. aureus,

B. cepacia)*

Walk test results (distance†, SaO2
)

Nutritional status (weight)*† Resting heart rate/hemoglobin

Age*† Presence of pulmonary hypertension†

Female sex* Presence of diabetes mellitus*†

Pancreatic insufficiency* Albumin/nutritional intervention

CFRDM† Shorter height

Lower socioeconomic status PCO2
† and PO2

Pulmonary hypertension† Listing year

Number of acute exacerbations*

Geographic location

Care in CF center

Definition of abbreviations: CF 5 cystic fibrosis; CFRDM 5 CF-related diabetes

mellitus; LAS 5 lung allocation score.

Adapted from Belkin and colleagues (18).

* Included in 5-year survivorship model (15).
† Included in LAS pre-transplant model (20).
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Although dramatic improvement has been made, further gains
remain possible. In this section we review operative and peri-
operative aspects of the management of lung transplantation.

Causes of death in the immediate postoperative period (up
to 30 d), differ substantially from those later in the course of
transplant. The most important causes of perioperative mortal-
ity are, in order of frequency, primary graft dysfunction, non-
CMV infection, cardiovascular failure, and acute rejection (11).
Operative contributions to these outcomes include donor and
graft management, surgical implantation, reperfusion, and the
more recently recognized importance of surgical control of
gastro-esophageal reflux disease (GERD).

The quality of the graft plays an important role. Issues relevant
to the donor include the surgical explantation and preservation
technique (21, 22), donor physiological and demographic param-
eters (e.g., standard versus extended criteria), and the use of lung-
protective ventilation (23–25), among others. Even the method of
preserving the graft for transport is relevant. The addition of
a retrograde flush to improve cooling and more uniform removal
of inflammatory debris and embolic material from explanted
lungs has been shown to improve performance of the graft after
transplantation. Retrograde flush also appears to assure better
distribution of flush solution and less severe impairment of
surfactant function (26–28).

Once a healthy graft has been explanted and transported it
must be successfully implanted. Several issues may affect early
outcomes, including the recipient’s underlying disease, duration
of cardiopulmonary bypass (if used) (29–31), size discrepancies
at the site of anastomosis, and technique for initiating reperfu-
sion. Complications that may be encountered during transplan-
tation include inadequate intrathoracic exposure, intraoperative
hypotension, poor hemostasis, compromised anastomosis, in-
adequate graft function, dynamic pulmonary hypertension, or
metabolic and/or respiratory acidosis (32, 33).

The physical and anatomical state of the thorax of the
recipient plays an important role. Although children with cystic
fibrosis have generally not undergone various thoracic surgeries
associated with transplantation in older patients or other
conditions, their pleural spaces are often severely distorted by
recurrent bacterial infection. Patients who have experienced
pneumothoraces may also have undergone pleurodesis, which
increases the technical challenge but not the risk of poor
outcome from transplantation (29).

Cardiopulmonary bypass may be used during lung trans-
plantation on an elective basis, such as for very small body size
or preexisting pulmonary hypertension; or it may need to be
used on an emergent basis for refractory hypercapnia, dynamic
pulmonary hypertension, technical complications, inadequate
graft function, or poor exposure (30). Although data from the
cardiac surgical literature does suggest an inflammatory effect
from cardiopulmonary bypass, there is no evidence to suggest
that bypass should be delayed when it is clearly indicated during
transplantation (30, 34–39).

Primary graft dysfunction (PGD) is perhaps the most
important problem postoperatively (32, 40–43). Injuries to the
graft can result from the physiological effects of brain death in
the donor, ischemia related to harvest, preservation, and trans-
port, and reperfusion injury at the time of implantation (27, 44–
46). Data from the University of Toronto have suggested that
increased inflammatory cytokines in the graft at the time of
harvest predicts PGD and death in recipients (21, 47, 48).
Efforts are underway to clarify how best to predict PGD on
the basis of donor status before or at the time of explantation.

PGD generally occurs within 24 hours. The clinical picture is
similar to acute respiratory distress syndrome and is character-
ized by severe impairments of oxygenation, diffuse alveolar

infiltrates, and low pulmonary compliance (32). Pathologically,
the graft exhibits diffuse alveolar damage. PGD results in
prolonged ventilator dependence, ICU and hospital stay, in-
creased resource use, and increased mortality. The differential
diagnosis of PGD includes hyperacute rejection, early infection,
venous anastomotic obstruction, left ventricular failure, and
hypervolemia with preserved cardiac function. A variety of
surgical complications can contribute to or mimic PGD, in-
cluding venous obstruction, arterial stenosis, malorientation of
the graft, phrenic nerve injury, and size mismatch between graft
and recipient. Donor factors also contribute to PGD including
the inflammatory state (45, 49), endocrine failure, and hemo-
dynamic instability associated with brain death (45, 49), as well
as ventilator-associated injury (35, 23–25) from ventilator
trauma or bacterial overgrowth of the graft. The age of the
donor also has a significant effect on the deleterious effect of
prolonged ischemic time, a point first demonstrated by Novick
and coauthors (44). The method for reperfusion may also affect
PGD (40, 46). Options to decrease reperfusion injury include
the removal of leukocytes, modification of the reperfusate,
adjustment of duration of reperfusion, and an adjustment of
the pressure driving reperfusion.

The options for treatment of PGD include supportive care
(i.e., lung-protective ventilation, negative fluid balance, and
possibly pulmonary vasodilator therapy) (50). Several retro-
spective series have supported the use of extracorporeal mem-
brane oxygenation as salvage therapy during acute PGD,
although outcomes remain poor (51). In the event of a cata-
strophic PGD, urgent retransplantation has also been under-
taken but should be considered extremely high risk (52–54).

In the early postoperative period, the balance between
immune suppression and infection is critical. This is a matter
of considerable therapeutic and prophylactic variability among
transplant centers. A variety of factors predispose to develop-
ment of serious bacterial or fungal infections after transplant
(55, 56), including PGD, cytomegalovirus infection (57, 58),
multiple transfusions (30, 32), colonization with multiresistant
organisms before transplant (59–62), enhanced or extensive
immune suppression, renal failure, or episodes of acute re-
jection. Unfortunately, as therapeutic options for viral infection
have improved, fungal organisms predominate, with an in-
cidence of 15 to 35% (56, 63). Although aspergillus and candida
are most common (and the risk of death in patients remaining
intubated after transplant for prolonged periods may be related
to increased invasive aspergillosis), cryptococcus, molds, and
endemic mycoses all play a role in post-transplant fungal
infection (56, 63). Several features unique to lung transplanta-
tion determine the predominance of fungal colonization and
infection. Perhaps the most important factor is that the graft
communicates directly with the outside environment. In addi-
tion, mucociliary clearance is impaired (64, 65), and bronchial
blood supply to the anastomosis is disrupted (66). This causes
chronic mild ischemia, which places the graft at particular risk
for infection.

Rejection stands opposite to infection in the delicate balance
of post-transplantation care; acute rejection increases the risk of
chronic rejection, primarily manifested as obliterating bron-
chiolitis (OB). Investigators have documented a high preva-
lence of GERD in patients listed for transplant as well as in
patients after transplantation (67). There is an increased rate of
acute and chronic rejection in patients with GERD. One group
assayed bile acids in bronchoalveolar lavage as a marker of
significant reflux, documenting bile acids in perhaps 20% of
transplant recipients, a finding associated with increased neu-
trophils and the chemokine IL-8, as well as a clear progression
to OB (68). Case reports have documented significant improve-
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ment in lung function after fundoplication surgery, and un-
controlled series have supported this finding (69–71).

Managing the many factors determining early outcome in
lung transplantation requires extensive experience and coordi-
nation. As with many other surgical or complex medical pro-
cedures, there is at least early evidence that mortality outcomes
are improved at higher volume centers (72). The steady im-
provement in survival after transplantation over the course of
the last decade suggests that increased experience with this
complicated therapy improves outcome (11).

Although transplantation has achieved results once thought
impossible, there is substantial opportunity for progress. Im-
proved outcomes will result from advances in prevention of
primary graft dysfunction, reduction of both acute and chronic
rejection, and improved prevention and management of fungal
and viral infections. These improvements will require careful
coordination and collaboration between patients and physi-
cians, between researchers and clinicians, and among different
centers providing transplantation for patients with life-threat-
ening pulmonary failure.

(Non)-Adherence in Cystic Fibrosis
and Lung Transplantation

G. D. Nossent, O. H. Bosma, E. A. M. Verschuuren,
K. Vermeulen, E. J. L. E. Vrijlandt, and
W. van der Bij

Adherence is the extent to which the patient’s behavior (taking
medications, following a recommended diet, or executing life-
style changes) matches the prescriber’s recommendations (73).
The term adherence is preferred above compliance, because
compliance does not involve patient agreement with prescribed
recommendations. Confusion over terminology still exists, and
compliance and adherence are commonly interchanged casually.

Noncompliance or nonadherence to medical regimens is
quite common. Nonadherence in children and/or in adults with
CF is estimated to be between 30 and 70% for some aspects of
treatment (74–76). Recently, a study of lung transplantation in
children with CF failed to find systematic survival benefit in the
United States (2). Nonadherence was not considered in that
study, but it may play a role in the potential lack of survival
benefit of lung transplantation in children (77–81).

Nonadherence

Transplantation, life-saving as it may be, leads to a chronic
condition, sometimes called transplantation disease, which re-
quires lifelong medical follow-up because of the risk of compli-
cations and deterioration of condition. Post-transplant patients
must establish and maintain a rigorous daily routine in taking
and precisely timing medications. Self-management includes
monitoring parameters and symptoms, smoking avoidance and
cessation, diet, exercise, alcohol restrictions, and sun protection.

A meta-analysis reviewed nonadherence in 147 studies of solid
organ transplantation (77). Average nonadherence rates were
calculated for 10 areas of the medical regimen. Key findings were
reassuring. During any given year most transplant recipients are
adherent (77, 79). Over time, nonadherence increases, and a siz-
able proportion of recipients ultimately become nonadherent
(79). Reported nonadherence varies from 1 to 10% of patients
after transplantation for substance use (tobacco, alcohol, illicit
drugs) to 19 to 25% for nonadherence to immunosuppressants
(79). Nonadherence rates varied substantially depending on the
type of organ transplanted (78). Nonadherence for immunosup-

pressants was highest in kidney recipients (77). Psychosocial
characteristics like demographics, social support, and perceived
health showed little correlation with nonadherence. Pretrans-
plant substance use predicted post-transplant use.

Nonadherence to Immunosuppressive Therapy

Immunosuppressive therapy is crucial in preventing rejection
and subsequent poor graft and patient survival after trans-
plantation. Nonadherence with cyclosporine dosing correlates
well with late acute rejection in heart transplant recipients (82).
Usually immunosuppressive therapy consists of a combination
of at least two or more immunosuppressants, usually including
corticosteroids, which are uniformly disliked by patients. Few
studies on nonadherence have concentrated on combination
therapy. Relating nonadherence to medication requires consid-
eration of various dimensions of behavior and raises difficult
questions (77–79, 83, 84). Is nonadherence total or partial? Is
taking 80 or 90% of prescribed medication sufficiently adherent?
Is it a problem of taking or timing? How should ‘‘drug holidays’’
initiated by patients with or without clinician approval be
considered? Is there a difference in effect between nonadherence
in the first year after transplantation and after 10 years?

Medication errors in a complex drug regimen after lung
transplantation were described as important components of
nonadherence (83). Patients were noted to err in recording
changes in medication plans, changing out medications from pill
dispensers, or never properly filling their pill dispensers. Clini-
cians were noted to dispense incorrect drugs (83). These errors
were highly correlated with adverse clinical events.

The impact of nonadherence to other areas of the medical
regimen (for example, diet, exercise, and lifestyle) has been
investigated as a potentially important cause of poor outcomes,
but no firm relationship has been established. Other factors that
potentially influence nonadherence after lung transplantation,
such as patient–doctor relationship, mood fluctuations or de-
pression, and negative attitudes and misperceptions regarding
medication have not been thoroughly studied (77, 78, 85).

CF and Nonadherence

Treatment regimens that include improved antibiotics and use,
nutritional support and exercise have considerably increased
projected median survival in CF to more than 35 years (86–89).
However, treatment remains complex and time-consuming,
often interfering with activities of daily living (90–92). Adher-
ence is superior to medication perceived as more important or
more likely to improve quality of life (74, 93). Therefore, it
is not surprising that adherence to digestive and respiratory
medications is much better than the adherence to physiotherapy
or nutritional supplements. Age and severity of disease have
both negative and positive effects on adherence (74, 93). Living
with CF appears to have a greater emotional impact on
adolescent girls than boys (75). Such gender differences may
contribute to differing levels of nonadherence and subsequently
poorer outcome for adolescent girls (87, 94–96). Because of its
incidence and prevalence, nonadherence with routine pretrans-
plantation treatments must be considered as a potential risk
factor for nonadherence after lung transplantation in CF.

Lung Transplantation, CF, and Nonadherence

Survival benefit from lung transplantation in children with CF is
compromised by diverse post-transplant medical complications.
Graft dysfunction and bronchiolitis obliterans are as frequent in
children as in adults. However, in children, a higher incidence of
post-transplant lympho-proliferative disorder, growth retarda-
tion, surgical complications, and respiratory tract infections are
reported (80).
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The combination of relatively small numbers of children
transplanted annually (worldwide, 50–60 patients) (1) and con-
siderable age differences (from 1 to 18 y) complicate precise
analysis. Nonadherence per se has not been implicated as a
factor for poor outcome primarily due to lack of investigation.
Thus, efforts to improve survival after lung transplantation
should include exploration of the potential impacts of non-
adherence and practice improvement to eliminate known nega-
tive causes and effects (2, 77, 80, 97). First, to facilitate study,
nonadherence must be defined more precisely in all domains of
the medical and psychosocial regimen. Second, institutional
strategies to minimize medication errors and misperceptions
about medications must be implemented and monitored. Third,
compliance taking medication with proper timing for more than
80 or 90% of prescribed doses is arbitrarily considered adher-
ent. Routine monitoring to determine whether patients reach
this level of adherence can be accomplished by measuring
medication levels in blood and by using electronic monitors
incorporated in medication dispensers.

Finally, the interaction between patient-perceived outcomes
and many aspects of nonadherence may be systematically in-
vestigated and routinely followed. Both the tendency to adhere
to therapy due to perceived quality of life and the impact of
adherence on quality of life may be measured and tracked,
probably best and relatively simply by using validated health-
related quality of life (HRQoL) questionnaires such as the SF
36 (98–100) or the CF Questionnaire-Revised (CFQ-R) (101).
Measurements obtained using such tools will likely lead to
increased insight into underlying reasons for nonadherence and
may suggest possible interventions to reduce nonadherence and
its potential negative effects on survival.

The Importance of Measuring
Health-Related Quality of Life

Alexandra L. Quittner, David H. Barker,
Laura S. Blackwell, Sandy L. Romero,
and Marlyn S. Woo

Over the past two decades, advances in surgical techniques and
immunosuppressive medications have increased the use of lung
transplantation for patients with end-stage pulmonary disease,
becoming a standard of care for patients with CF (1). Although
the primary indication for lung transplantation in adults is
chronic obstructive pulmonary disease (COPD), CF is the
primary indication for pediatric patients (,18 yrs) (102). Accord-
ing to a recent pediatric registry report from the International
Society for Heart and Lung Transplant (ISHLT), 1,155 pediatric
lung transplants for children with CF were performed from 1984
through June, 2007 (1). Despite significant improvements in
immunosuppressant agents, a recent study indicated that there
has been little to no increase in survival among pediatric patients
with CF after lung transplantation compared with waitlist
controls (2). Although lung transplantation may not increase life
span, it may improve HRQoL in transplant recipients (2). To
address this question, studies of lung transplantation in CF should
include reliable and valid measures of HRQoL.

Measures of HRQoL have been used extensively in adult
lung transplant recipients, with most studies demonstrating
immediate and sustained benefits following transplant (103–
109). In general, reports of HRQoL in adult lung transplant
recipients are favorable, with a majority of patients reporting
satisfaction with their decision. For many patients, gains in
HRQoL outweighed potential reductions in longevity (110).

However, these studies used a variety of measurement tools
which focused on different dimensions of HRQoL, making it
difficult to compare across studies. Future research should utilize
a more standardized approach to assessing HRQoL (111).

In contrast to the adult population, little research on
HRQoL has been conducted with pediatric lung transplant
populations, and none has been published on children with CF.
In the only two published studies of quality of life and health
outcomes following transplantation, some evidence for improve-
ment has been found. In an older study, Wray and colleagues used
patient and parent semistructured interviews, rather than a vali-
dated HRQoL measure, to assess outcomes from pre- to post-
transplant (112). Their results indicated significant improvements
in perceptions of HRQoL immediately following transplant;
however, they did not follow these patients longitudinally to
see if these benefits were maintained. More recently, Liou and
colleagues examined important health outcomes of pediatric
transplantation, such as days in hospital, number of complica-
tions, and incidence of bronchiolitis obliterans (2). This study
found a decrease in hospitalizations, but an increase in compli-
cations after transplantation, making it difficult to draw conclu-
sions about the HRQoL benefits of transplantation for pediatric
patients with CF. Neither of these studies used a standardized
measure of HRQoL and therefore could not evaluate the
potential benefits of transplantation on domains, such as physical,
emotional, and daily functioning. Given the paucity of data on
HRQoL outcomes in pediatric lung transplantation in CF, we
conclude that there is an urgent need for multisite, longitudinal
studies of the effects of transplantation in CF using reliable, valid,
and disease-specific measures.

Measurement of HRQoL in specific medical populations has
increased in sophistication over the past 20 years, recently
highlighted by release of a draft Guidance by the Food and
Drug Administration in the United States on HRQoL and other
types of patient-reported outcomes. This guidance outlines a set
of rigorous requirements for instruments used to assess the
efficacy of new treatments and interventions while also encour-
aging their use as a means of representing the patient’s per-
ception of benefit (101, 113–117). It is critically important to
answer the question about the extent to which lung trans-
plantation for CF provides a significant HRQoL benefit (118).
There is now a reliable, valid, and widely used HRQoL measure
for CF, the CFQ-R,which has demonstrated responsivity across
a variety of clinical trials (114, 116, 118). The Cystic Fibrosis
Foundation recently funded a longitudinal study using the CFQ-
R in pediatric patients receiving lung transplants, yielding some
promising results (119, 120).

Several challenges should be considered when including
a measure of HRQoL in studies of pediatric lung transplanta-
tion, including the need to use a context-specific measure that is
sensitive to the issues of patients with CF and one that reflects
the developmental changes that occur in children and adoles-
cents (111, 117). Complex methodological issues must also
be addressed, including the use of longitudinal assessments of
HRQoL prior to and following transplantation (including long-
term follow-up), sample sizes large enough to use complex,
longitudinal analytical techniques (e.g., longitudinal modeling
to account for nonrandom missing data) (121), methods to
accommodate the variability observed in self-reported HRQoL,
and the disentangling of survival from HRQoL benefits (e.g.,
use of quality of life and quality-adjusted survival, Q-TWIST)
(122). These methodological issues have severely limited
our ability to measure the potential quality of life benefits of
pediatric lung transplantation.

To address these challenges, a prospective study assessing
HRQoL in pediatric CF lung transplant candidates is in process.
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This 3-year study includes a large sample of patients from 12
centers belonging to the International Pediatric Lung Trans-
plant Collaborative. The study design includes assessments of
HRQoL at multiple time points pre- and post-transplant, using
the age-appropriate versions of the CFQ-R. Preliminary results
indicate that following transplantation, children, and adoles-
cents reported significant improvements on the CFQ-R Re-
spiratory, Physical, Health, Social, Eating, and Treatment
Burden scales. Similarly, parent-reported CFQ-R scores showed
substantial improvement on all CFQ-R scales. Although these
results are promising, we also observed decreases in these
benefits by about two years post-transplantation, which was
related to adverse events, such as bronchiolitis obliterans (123).
To date, however, the Q-TWIST methodology has not been
applied to these data, and the final analyses have not been
completed. These preliminary findings may shed light on the
crucial question of whether pediatric lung transplantation for
children and adolescents with CF is beneficial, independent of
survival. It may also provide valuable information for families
and health care teams who are deciding whether or not to
pursue transplantation. Despite its potential, the small sample
size for this study may preclude a definitive conclusion. A future
study with a larger sample size and more systematic data
collection is needed.

Three Sociohistorical Challenges to
Improving Lung Transplantation
for Cystic Fibrosis

Walter M. Robinson

Efforts to improve the system of lung transplantation for cystic
fibrosis can be understood better by examining three intersecting
socio-historical themes: the changing survival patterns for cystic
fibrosis, the role of research in evaluating solid organ trans-
plantation, and the tension between local and centralized control
of organ transplantation in the United States.

1. The Availability of Lung Transplantation Disrupts the

Expected Trajectory of Cystic Fibrosis for Children and Adults,

Making Decisions about Transplantation More Difficult

As they grew up, few adults with CF who are alive today
expected the possibility of lung transplantation. Instead, they
had a clear set of expectations about survival, often focusing on
what some have called ‘‘the magic age of 30,’’ many adults have
made decisions in life predicated on limited survival and on
a certain pattern of manageable but irreversible decline in
health (124). The advent of transplantation as a rescue from
respiratory failure altered these expectations. In interviews
from the Project on Adult Care in CF (125), many adults
expressed surprise that they had survived as long as they had,
and many viewed transplantation and the possibility of rescue
from the expected trajectory, as deeply unsettling. Many were
aware that the possibility of transplantation would lead them to
make substantial changes in previous patterns of self-manage-
ment and clinical care as well as family and work life. Adding to
the sense of disruption was the need to make a new type of
medical decision, one that offered the uncertainty of either
unexpected survival or premature death (126).

The situation for children and adolescents differs in direction
but not in character. As CF survival has increased, it has become
far less common for children with CF to develop severe lung
disease during childhood and adolescence. Those children and
teenagers who do have severe lung disease experience a parallel

sense of disrupted expectation (127). As with adults, the difficulty
of making a decision with life-saving or life-shortening possibil-
ities is amplified by the unexpected trajectory of the disease.

2. The Adoption, Evaluation, and Improvement of Invasive,

Irreversible Surgical Techniques Has Proceeded Along

a Distinct Trajectory in the United States

The adoption of new invasive surgical techniques generally
proceeds along a different trajectory than new medical thera-
pies (128). Expectations of research design and testing are
substantially different when the therapy is irreversible, highly
invasive, and applied to a patient population for whom options
are seen as limited. Lung transplantation for CF is not an
exception. The procedure was developed not through a series of
deliberately designed randomized trials, but rather through
a decentralized process of continuous innovation, reasoning
by analogy, single-number experimentation, and adaptation to
patient variation (129). It is fair to say that transplantation for
end-stage CF lung disease has not yet emerged from this period
of decentralized innovation and evaluation. The small number
of lung transplants performed for CF, and the relatively large
number of centers where these procedures are performed in the
United States (in contrast to the United Kingdom and Canada)
make systematic evaluation and improvement of CF lung
transplantation even more difficult.

Studies of efficacy in organ transplantation are less likely to be
randomized at the early stages of the procedure, and few studies
can be performed reliably for factors such as patient selection in
this stage. Much of the clinical data will have to be gathered using
historical controls (130). As procedures mature, there is likely to
be increasing use of randomized trials, but before this occurs,
there is usually a protracted period of change during which
variations in practice and outcome are common, and interpreta-
tion of outcomes should be done with careful attention to these
variations. The specific details of the procedure, the decentralized
locations where it is performed, and the desperate straits of the
patient population on whom it is performed mean that any study
must be both carefully designed and undertaken at the right
moment in the development of the therapy (131).

3. In Spite of Revisions in National Policies to Manage Lung

Transplantation, There Remain Substantial Challenges in

Evaluating Lung Transplantation for Cystic Fibrosis which

Arise from the U.S. System of Organ Allocation

and Transplantation

The national system for lung allocation was revised in 2005 (20).
Some disagreement remains whether the new allocation system
responds in the best way to serve the needs of those with CF.
There are several factors inherent in the model of transplanta-
tion now applied in the United States that make evaluation of
lung transplantation for CF challenging.

First, the demand for transplantable lungs is determined
both by the nature of lung disease and by the policies of the
waiting list. The allocation changes in 2005 revealed what many
in the CF community already knew: that many patients were on
the waiting list as a kind of insurance policy, rather than as
a reflection of true need or disease severity. The demand for
lungs was artificially inflated by the specifics of the waiting
process, which overemphasized time on the list as a selection
variable (132, 133). It may be true that this artificially inflated
demand is useful in keeping pressure for improvement on
systems for efficient organ donation and harvesting, but it may
also be the case that the inflated demand skews our intuitions
of the best way to organize lung transplantation for CF.
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Second, waiting times for organs are a function not just of
the listing system, but also of the decision to limit the judgment
of the local clinician in allocating organs among those waiting at
a given center. National systems can be structured so as to take
into account expert clinician judgment, as was demonstrated
during this meeting by descriptions of the British and Canadian
systems (7, 134, 135). It may well be the case, as some have
argued, that outcomes for transplantation in the United States
are determined to a large part by bureaucratic processes rather
than variations in surgical or medical procedures.

Third, the decentralized nature of the United States organ
transplantation process and the competition between medical
centers for transplant revenue may be hampering collaborative
evaluation and improvement of the outcomes of lung trans-
plantation in children with CF (136). National reluctance to
limit transplantation to a few expert centers may create barriers
to improvement that are then amplified by the differences in
insurance coverage, the small number of procedures overall,
and variations in training and expertise (137). Some of these
factors are unique to CF and the uncertainties of the organ
supply, and thus are less easily improved; other barriers to
improvement are more clearly manmade and could be tackled
were there the will to make the necessary changes.

Alternate Models of Selection for
Lung Transplantation: What
Distinguishes the British System?

Paul Aurora and Helen Spencer

Although published survival figures following lung transplanta-
tion in children with CF are similar for the United Kingdom and
the United States (1, 7), the calculated survival benefit appears
markedly different (2, 7). This section of the Roundtable
summarizes the transplant listing and organ allocation systems
of the United Kingdom, which may have some impact upon the
survival benefit from the procedure, and therefore may explain
some of this discrepancy.

Lung transplantation in children in the United Kingdom
commenced in the early to mid-1980s. There are now two
pediatric transplant centers in the country: Great Ormond Street
Hospital in London and Freeman Hospital in Newcastle. At the
time of writing, the Great Ormond Street center performs eight to
ten pediatric lung transplantations per year, while the Newcastle
center performs fewer than this with the numbers varying
considerably from year to year. All core activity of the cardio-
thoracic transplant centers in the United Kingdom is funded
directly from the central National Health Service budget, admin-
istered through the National Commissioning Group. This group
regularly audits the performance of all transplant centers, and as
part of this, they expect centers to work in co-operation rather
than in competition with each other. Individual centers have the
liberty to determine their own management protocols, but they
meet regularly to share information and ensure common best
practice. As of 2008, there is a national referral proforma for both
adults and children.

The rules for organ allocation in the United Kingdom are
reviewed regularly and minor changes are frequent. However,
the general principles have remained constant. Each of the
adult lung transplant centers (of which there are currently five)
has its own retrieval zone. Any donor offers within that zone are
allocated to the local transplant center initially and are then
offered in rotation to the other transplant centers in the country
if the local transplant center does not have a suitable recipient.

As the Great Ormond Street Hospital does not have its own
zone, it is given a higher priority on the subsequent rotation.
Organs from pediatric donors are offered in rotation between
the Newcastle and Great Ormond Street centers. Once an organ
is offered to a center, that center has considerable discretion in
deciding which recipient to transplant. In pediatric practice,
once blood group and size matching has been performed, there
is often only one suitable recipient. If there is more than one
possible recipient, then the Great Ormond Street policy has
always been to transplant the sickest recipient irrespective of
time spent on the waiting list. If the clinical conditions of the
recipients are similar, then decision is made on the basis of
waiting time. This practice has only ever been audited once, in
2000 (unpublished data). At that time, we could not find any
evidence that sicker children were receiving transplants more
quickly than those who were less unwell, but that may be
because our tools for deciding which patients are sickest are still
rather crude. For cardiac transplantation, a national system of
urgent listing now exists that is centrally administered and takes
priority over interregional and within-center policies for organ
allocation. A similar system has been considered for organ allo-
cation in lung transplantation but has not yet been implemented.

As a general principle, children in the United Kingdom are
listed for transplantation as late as possible while considering
the likely waiting time for a donor. In practice, this translates to
children with CF only being considered for lung transplantation
if they are already on full medical therapy, and despite that have
a predicted life expectancy of 2 years or less without transplant.
To our knowledge, most of our European colleagues apply sim-
ilar guidelines for transplant listing. The benefit of this approach
is that most children who undergo lung transplantation will have
their lives extended as a result. The disadvantage is that by
listing children fairly late in the course of their disease, there
are inevitably some who will die before receiving organs. In
common with most other transplant centers, we use a variety of
clinical and physiological data to prognosticate in children
referred to us in an attempt to identify the correct time of
listing (134, 13, 15). However, any such survival estimation is
inexact in individuals, and occasionally children will die before
even being listed. This is obviously an important consideration,
and listing decisions are not taken lightly.

Our policies were last audited in detail almost 10 years ago,
and these audits were published in a series of three papers. The
first was designed to identify prognostic markers to determine
which children have an expected survival of 2 years or less
(134). Although the markers identified in the study are still
used by us, we recognize that the treatment of CF has improved
over the last 10 years, and our current decisions are adjusted
accordingly, with children now being listed with poorer lung
function and exercise test results than previously. The second of
our published audits (7) was a similar study to that published by
Liou and coworkers in 2008 (2). In this study we analyzed 124
children listed for transplantation during the first 10 years of our
program and calculated a highly significant survival benefit
associated with the procedure (partial hazard ratio for trans-
plantation 0.31 [0.13–0.72]; P 5 0.007) (7). It should be noted
the predicted life expectancy without transplant for this cohort
was approximately 1 year, and more than half the population
died without undergoing transplantation. In the third related
audit, we demonstrated that our transplant outcomes (survival)
were not affected by how severe the child’s CF lung disease was
at the time of transplant (135). With this audit, it should be
noted that we had a policy of not transplanting children who
were ventilated, and it has been demonstrated that both adults
and children who undergo lung transplantation while receiving
invasive ventilation have a poorer outcome than other re-
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cipients (11). The London studies described above are now 10
years old and are likely to be outdated to some extent. They
have not been repeated for the simple reason that the number
of deaths on our waiting list is much lower than previously (due
to a reduction in the number of pediatric referrals with CF), and
a repeat of this single center study is therefore likely to be
underpowered. A recent survival analysis from the Zurich
transplant center has circumvented this obstacle by calculating
their recipients estimated survival without transplantation from
a published prognostic model (15, 94), and comparing this with
the post-transplant survival of those same recipients (138). This
method (94) is open to many biases and the result should be
interpreted with caution. However, we note that as with the
earlier London study, the Zurich analysis calculates a significant
survival benefit for their CF population with no adverse impact
of pediatric age at transplantation.

In summary, we note that the survival study reported by
Liou and colleagues (2) has a conclusion that is dramatically
different from our earlier analysis from London (7). As the
published post-transplant survival in both countries is similar,
we suggest that a likely reason for the conflicting results relates
to differences in the related issues of donor allocation and
timing of listing, with UK patients listed much later. We also
note that the situation in the United States has changed
dramatically since Liou and colleagues’ analysis. In 2002, the
United Network on Organ Sharing introduced the lung alloca-
tion score (LAS) for allocation of lung organs to all patients
aged 12 years or older (20). This score aims to allocate scarce
organs to those patients who have the potential for greatest
survival benefit (i.e., those who have the poorest predicted
survival without transplant and the best predicted post-trans-
plant survival). This system is described in greater detail
elsewhere (20), but we observe that the LAS has the potential
to incorporate the advantages of the UK listing model while
minimizing the disadvantages.

Some Comments on Study Design

D. R. Cox

Most statistical work is concerned with the analysis of data,
aiming to extract useful and reliable information and to present
that information in a lucid way. There is another side to
statistical thinking connected with the planning of studies.
These may be cohort or case-control observational studies or
intervention studies.

Ideas about the design of experiments probably go back
several centuries, but the first systematic work on design in the
presence of substantial haphazard variation was done 80 years
ago in a broadly biological context with an initial focus on
agricultural field trials. The principles were set out later by
Fisher in 1935 in a book still in print (139). The first randomized
clinical trials influenced by these ideas came also in the 1930s.
Large-scale use of randomized clinical trials, especially in
examining pharmaceutical products for safety and efficacy, is
a feature of the last 30 years or so.

It is obvious, but has to be stated, that there is no formula,
computer package, or book that can dictate how to design a
study. Every field has its special constraints that may be
ethical, physical, or economic. These have to be obeyed and
this is nowhere more obvious and compelling than in the CF
issues discussed in this meeting. There are, however, objectives
that can be specified. Here they are essentially twofold,
namely, the achievement of secure interpretation and of
adequate sensitivity.

By security is meant that if we compare transplanted and
nontransplanted patients with respect to their survival, quality
of life, or other features of concern, and if we find a clear
difference, then we can conclude that this is genuinely a conse-
quence of transplantation. We need to be able to dismiss the
possibility that the two groups of patients are distinctly different
in some other relevant respect that makes direct comparison of
their survival misleading. The second objective is recognizing
the presence of substantial haphazard variation to achieve
adequate precision or power as swiftly as possible.

How is security to be achieved? One route is by careful
analysis. If the transplanted and nontransplanted groups have
seriously different proportions of males and females, analysis
can and indeed must adjust for that. Indeed, one may also
examine whether any transplant effect is the same for the two
genders, or what statisticians misleadingly call treatment by
gender interaction. Analysis will and should deal with imbal-
ance in well-recognized and recorded features. It will not deal in
this way with unrecorded and maybe unrecognized features.

The second route to security is randomization and is aimed
primarily at such unknown sources of systematic distortion. By
randomization in the present context is meant the use of an
impersonal device such as the toss of a fair coin, or equivalent,
to determine the allocation of each individual. In principle at
least, this ensures that, when compared, patients who are
transplanted differ from those who are not transplanted only
by the transplantation and by the play of chance. Rigorous
probability calculations are possible about the latter.

An essential feature of randomization is that the insurance
against bias is achieved publicly; it does not depend on the skill
of the investigator in achieving balance. In fact, there is
empirical evidence from many fields that achieving such balance
by purposive selection is surprisingly difficult. A well-docu-
mented old but still instructive example is the Lanarkshire milk
experiment (140), a large nutritional study in which an essen-
tially randomized arrangement was ‘‘improved’’ to produce
better balance. The improvement, however, introduced a bias
focusing a nutritional supplement on disadvantaged children.
This had a disastrous effect on interpretation. For a brief
discussion and further general details about design, see Cox
(especially p.77) (141). For a general account of clinical trials,
see Piantadosi (142).

Randomization is a powerful tool but there are some clear
difficulties. First, and most obviously, there may be extremely
strong ethical difficulties or impracticalities of implementation
that, in the shorter or longer term, may be overwhelming.
Second, there is a certain counterintuitive element in sacrificing
control over an aspect of a study into the lap of chance. The
sacrifice is an insurance premium paid to achieve a certain kind
of security. There are many contexts where the premium is
effectively very small compared with the security achieved, but
clearly each study has to be considered on its merits.

There are some more technical statistical advantages to
randomization that are largely irrelevant here. The central
point is that randomization is a tool and in many contexts a very
powerful one, but if the tool cannot be used, the objective of
achieving security of interpretation remains. If randomization
cannot be used, careful analysis and appropriate data collection
become all the more important. It is in some ways a pity if, in
using the term ‘‘randomized controlled’’ trial, the emphasis is
put on the first word rather than on the second!

It is a mistake to argue that if the allocation process (i.e., the
choice of patient to be transplanted) is complicated and in-
volves many apparently haphazard features, then randomiza-
tion is not needed. Indeed, it is precisely in such cases that
biases from unappreciated sources can arise. In some situations

Roundtable Discussion 627



a feature such as ABO blood group might be equivalent to
a randomizer but clearly there is a strong assumption involved
in that.

A study design for assessing the effect of transplantation on
survival, quality of life, and other outcomes that serves as
a reference point for discussion but is clearly impracticable, is
the following:

When a donor organ becomes available, if possible, find
a matched pair of patients from the same region, equally
suitable for transplantation. The matching could be on whatever
criteria were judged suitable. Randomize one patient to trans-
plantation and the other never to be transplanted. Follow
patients and record quality of life scores, survival time, etc.

A modification of this that might be viable under some
circumstances is that the patient of the pair not chosen would
be top priority for transplantation at the next relevant
occasion. In a simple situation this implies that half the
patients are unaffected by the scheme, a quarter are trans-
planted earlier, and a quarter later. The statistical effective-
ness of the scheme depends on a nontrivial proportion of the
deferred patients not surviving to be transplanted. If that
proportion is less than one-quarter, the procedure is probably
not viable.

A final possibility is to form the pairs as above but to
abandon the randomization, making an informed choice be-
tween the pair. If feasible, notes on the reason for the choice
could be informative. There seem to be no ethical objections to
such a design. There would be the burden of additional data
collection.

In principle, any of the above procedures involving matching
patients is available regardless of the criteria used to produce
the matches. Different criteria could be used in different
centers, although it might be informative to know what those
criteria are.

There is, of course, much more to study design than the
issues just discussed. In particular, the choice of what data to
record, and the steps to ensure its reliability, are crucial. An
assessment is also needed of the time required to accrue
sufficient patients to achieve adequate precision. Particularly
for pediatric lung transplantation, the accrual may be so slow
that only an international study would be viable.

The above considerations are for an investigation intended
to clarify the advantages and disadvantages of transplantation.

To study only transplanted patients with the objective of
establishing predictors of their subsequent life-course would
be simpler but would have no direct necessary connection with
the effectiveness of the transplantation.

Lung Transplantation and Cystic
Fibrosis Lung Disease: Questions
and Challenges

Marlyn S. Woo and Geoffrey Kurland

Lung transplantation is an option for selected pediatric and
adult patients with advanced or severe lung disease that has
failed to respond to standard therapy. Despite the steady
increase in the number of candidates listed for lung trans-
plantation, there have been few population-based studies on
the benefits (including survival) of lung transplantation for
adults and children with end-stage lung disease (7, 143, 144).
Beginning in 2001, Liou and colleagues published a series of
population-based studies on lung transplantation for patients
with cystic fibrosis (CF) (2, 94, 145) using the Cystic Fibrosis
Foundation Patient Registry (89) and United Network for
Organ Sharing data (146). Liou and colleagues found fewer CF
lung transplant recipients with survival benefit than had been
reported in earlier publications describing CF lung transplant
recipients in single-center reports (94, 145) The findings of
Liou and his coworkers elicited serious discussion within the
lung transplant and cystic fibrosis communities (147–150).
However, widespread controversy occurred after publication
of the pediatric CF lung transplant data (4–6), which showed
an especially poor survival benefit for these recipients com-
pared to pediatric patients with CF who did not undergo lung
transplant surgery (2, 4). The June 2008 Lansdowne Confer-
ence brought together a variety of medical professionals
including pediatric and adult pulmonologists, transplant phy-
sicians, cardiothoracic surgeons, and statisticians. The aim was
to discuss these issues with a goal of reaching a consensus on
future directions in clinical research to lead to a more appro-
priate selection of pediatric lung transplant candidates, to
improve post-transplant outcomes in these patients, and to
better understand the explanations for dissimilar outcomes

TABLE 2. PATIENT, FAMILY OR CARETAKER, AND DONOR CONSIDERATIONS FOR LUNG
TRANSPLANTATION IN CYSTIC FIBROSIS

Patient Family or Caretaker Donor

CF mortality risk Socioeconomic status Presence of inflammation

Inflammation Single or dual caregivers Donor Type

Endurance Siblings: Deceased

Sputum and lung infections Healthy Non–heart beating

Pulmonary function by spirometry With CF or other chronic illness Living lobar

Referral criteria Education levels Donor management methods

Gas exchange by blood gases Perception of patient QOL Organ

pH Socialization Preparation

Oxygenation Impact on patient adherence Preservation

Hypercarbia Ischemic time

Respiratory failure requiring mechanical support

Patient knowledge and education level

History of adherence

Socialization

Quality of life (QOL)

Psychiatric illness

Depression and pain

Psychosis

Health insurance
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reported for pediatric CF lung transplant recipients from
different centers.

At the conference onset, participants agreed that:

1. Optimal care for CF children and adults, whether before
or after lung transplantation, should remain a primary
goal

2. Lung transplantation should remain an option for selected
patients with CF and advanced lung disease

3. Multiple factors influence the outcome of lung transplant
recipients including:

a. physiological variables
b. patient-specific variables
c. lung transplant and CF Center-specific practices
d. infectious agents

4. There is a need for evidence-based practice guidelines for
lung transplant centers

5. A prospective, multicenter study on patients with CF and
lung transplant is necessary to answer important questions
on criteria for candidate selection and transplant practice
guidelines.

Before embarking on collaborative clinical research in the
area of CF lung transplantation, there must be consistent
terminology and procedures among lung transplant centers. In
particular, there should be a definition of benefits from the
procedure. Specifically, the attendees agreed that defining the
‘‘benefit’’ following lung transplantation by the length of
survival is inadequate. Survival per se as a sole determinant
does not address factors that are more difficult to quantify yet
potentially quite important. Among these factors is patient
quality of life. It was felt that improvement in quality of life,
even if survival is suboptimal, may be important to a CF lung

recipient. Other factors that could also be considered in de-
termining the benefit of a lung transplant might include
pulmonary function tests, physical endurance, functional status,
arterial oxygenation, and need for supplemental oxygen.

Factors that affect outcome in lung transplant can be
classified under the following headings: Lung Transplant Pa-
tient, Family or Caregiver, and Donor Characteristics (Table 2);
Surgery and Postoperative Care (Table 3); Immunosuppression
Regimen, Complications; and Clinical Follow-up (Table 4).
Generally, individual risk factors do not correlate well with
either post-transplant morbidity or mortality. There remains
a need to determine which factors are most useful in directing
changes in pre-transplant and post-transplant patient manage-
ment to improve outcome. The consensus of Conference
attendees was that without clinical factors clearly predictive of
outcomes, a range of biomarkers and additional potential risk
factors should be considered for further multicenter investiga-
tion (35, 37, 38, 45, 46, 49, 68, 71). For example, biomarkers of
inflammation (IL-2; IL-6; IL-8; IL-10; TGF-b, etc.) in the sera
or sputa of patients with CF awaiting transplant may better
predict which patients are most likely to deteriorate more
rapidly, providing impetus for earlier transplantation (151–
153). The same inflammatory biomarkers post-transplant may
influence choices for immunsuppressive regimens, need for
invasive studies such as bronchoalveolar lavage and trans-
bronchial biopsy, or antimicrobial treatment. Unfortunately,
no specific session was devoted to this discussion. Rather, short
discussions arose during and around the various sessions, and it
became apparent to the conference organizers that any future
conference would do well to include biomarkers as a specific
session topic.

Other factors for study include a uniform measure of CF
quality of life, medical adherence, and patient and family
socioeconomic status. These topics were more readily identified
with a specific session as reflected above. However, further
discussion is still needed to determine the optimal areas of
clinical research.

The Lansdowne Conference participants agreed that longer
duration of survival and improved quality of life are the goals of
successful lung transplantation. Yet, the best practice to consis-
tently achieve the highest survival and quality of life in CF lung
transplant candidates is elusive. Nevertheless, the Conference
attendees agreed that we can improve CF lung transplant
outcomes. That improvement is likely to include improved

TABLE 4. POST-TRANSPLANT COURSE CONSIDERATIONS

Immunosuppression Challenges Complications Patient Follow-up Issues

Optimizing immunosuppression Rejection Frequency—how much is enough?

Chimerism Acute Clinic location and team

Over-immunosuppression Chronic Transplant

Idiosyncratic (genetic?) increased risk of rejection Acute on chronic CF

Monitoring immunosuppression Infection Primary care

Bacterial Post-traumatic stress disorder

Burkholderia cepacia Patients

Pseudomonas aeruginosa Family and caregivers

Staphylococcus aureus (including MRSA) Adherence

Fungal Detection

Aspergillus Intervention

Scedosperminum Prevention

Viral Continuing patient, caregiver, and family education

Epstein-Barr

Cytomegalovirus

Hypertension

Renal insufficiency and failure

Diabetes

Malignancy

TABLE 3. SURGICAL AND IMMEDIATE POSTOPERATIVE
CARE CONSIDERATIONS

Center specific practices

Induction

Immunosuppression levels

Cardiopulmonary bypass

Transplant surgeon and team experience

Intensive care unit support and experience
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candidate selection criteria and optimized timing of referral for
transplantation. After transplantation, improvements are likely
to include standardized care, including induction and mainte-
nance immunosuppression, antimicrobial treatment, patient re-
habilitation, and graft surveillance. Lung transplantation remains
a high risk procedure, however, it remains the only treatment
option with the potential to ameliorate symptoms, preserve
quality of life, and extend life for patients with advanced cystic
fibrosis lung disease.
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