Eur Respir J 2004; 23: 334-342
DOI: 10.1183/09031936.03.00043403
Printed in UK — all rights reserved

SERIES "LUNG TRANSPLANTATION"
Edited by R.D. Levy, M. Estenne, W. Weder, M.G. Cosio
Number 4 in this Series

Copyright ©ERS Journals Ltd 2004
European Respiratory Journal
ISSN 0903-1936

Medical complications of lung transplantation

R.M. Kotloff, V.N. Ahya

Medical complications of lung transplantation. R.M. Kotloff, V.N. Ahya. ©ERS
Journals Ltd 2004.

ABSTRACT: Surgical advances, in conjunction with more effective immunosuppressive
strategies, have propelled the field of lung transplantation forward and have made
intermediate-term survival an achievable goal. Nonetheless, the post-transplant course
is often marked by complications that threaten both the quality and duration of the
recipient’s life.

Many of the medical complications that arise are the direct consequence of the need
to administer potent immunosuppressive agents, with their attendant risks of infection,
malignancy and drug toxicity.

This article will review the major medical complications, excluding allograft
rejection, which may be encountered in the lung transplant recipient. Familiarity
with, and vigilance for, these problems should facilitate earlier recognition, more
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expeditious intervention and more favourable outcomes.
Eur Respir J 2004, 23: 334-342.

Initial attempts to perform lung transplantation (LTx) were
marred by technical limitations that often resulted in early
postoperative death. Beginning in the 1980s, surgical advances,
in conjunction with more effective immunosuppressive strate-
gies, propelled the field forward and have made intermediate-
term survival an achievable goal. While offering a vital
therapeutic option for patients with advanced lung disease,
LTx remains fraught with complications that threaten both
the quality and duration of the recipient’s life. In addition
to allograft rejection (a topic covered elsewhere in this
series), a multitude of medical complications mark the post-
transplantation course. These complications, largely reflecting
the consequences of global immunosuppression and drug
toxicities, are the subject of this article.

Infectious complications

Infection is an ever-present threat to the well-being of the
lung transplant recipient and is a leading cause of both early
and late mortality. Infection rates among lung transplant
recipients appear to be higher than those encountered in other
solid organ transplant populations, likely related to the unique
exposure of the lung allograft to the external environment and
to the greater magnitude of immunosuppression employed
[1, 2]. In the following sections, the most common aetiological
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pathogens will be discussed; the reader seeking a more
exhaustive discussion of the full spectrum of infections is
referred to a recent review [3].

Bacteria

Bacterial infections of the lower respiratory tract comprise
the majority of infectious complications and have a bimodal
temporal distribution. Bacterial pneumonia is most frequently
encountered in the first post-transplant month, with an
incidence of 16% reported in a recent series [4]. In addition
to the immunosuppressed status of the recipient, other factors
that predispose to early bacterial pneumonias include the
need for prolonged mechanical ventilatory support, blunted
cough due to postoperative pain and weakness, disruption of
lymphatics, and ischaemic injury to the bronchial mucosa
with resultant impairment in mucociliary clearance. Although
passive transfer of occult infection with the transplanted
organ is an additional concern, the presence of organisms on
Gram stain of donor bronchial washings is not predictive of
subsequent pneumonia in the recipient [4]. Bacterial infec-
tions, in the form of purulent bronchitis, bronchiectasis and
pneumonia, re-emerge as a late complication among patients
who develop bronchiolitis obliterans syndrome (BOS; chronic
rejection). Gram-negative pathogens, in particular Pseudomonas
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aeruginosa, are most frequently isolated in association with both
early and late infectious events [1, 2].

Transplantation of patients with underlying cystic fibrosis
(CF), whose native airways and sinuses are chronically infected
with virulent bacterial pathogens, initially raised unique concerns
about the potential excessive risk of postoperative infections.
An extensive experience accrued to date in transplanting CF
patients has generally allayed these concerns, demonstrating
a rate of bacterial pulmonary infections similar to that
encountered in other patient populations [5]. This favourable
experience extends to CF patients who harbour panresistant
strains of P. aeruginosa in their native airways [6]. In contrast,
the presence of Burkholderia cepacia has been associated with
a high risk of severe and often lethal postoperative infections,
and consequently, with inferior survival rates. Two recent
series from North American centres with extensive experience
in transplantation of CF patients have documented 1-yr
survival rates of 50% versus 83% and 67% versus 96% among
CF patients with and without B. cepacia, respectively [7, §].
Strain-specific virulence factors may dictate the behaviour
of this organism. In particular, genomovar III has been
associated with an excessive risk of lethal post-transplant
infections [7].

Cytomegalovirus

Cytomegalovirus (CMV) is the most common viral patho-
gen encountered in the post-transplant period. Although the
availability of effective antiviral therapy has significantly
reduced the risk of death as a direct consequence of CMV
infection, this virus continues to cause frequent, troubling
infections, is associated with an increased risk of bacterial and
fungal superinfections, and has been implicated as a possible
risk factor in the development of BOS [9, 10]. Infection in the
recipient can occur following passive transmission of latent
virus from the lung allograft or transfused blood products, or
from reactivation of endogenous virus remotely acquired by
the recipient. Those with primary infection (i.e. seronegative
recipients who acquired infection from seropositive donors)
are at greatest risk for developing severe, organ-invasive
disease, particularly pneumonia [11].

CMV infection typically emerges 1-3 months following trans-
plantation, though onset may be delayed in patients receiving
antiviral prophylaxis. Infection is often subclinical, evidenced
only by silent viraemia or shedding of virus in the respiratory tract
or urine. Clinical disease may present as a mononucleosis-like
syndrome of fever, malaise and leukopaenia, or as organ-
specific invasion of the lung, gastrointestinal tract, central
nervous system or retina. Detection of virus in peripheral
blood by either the pp65 antigenaemia assay or by polymerase
chain reaction (PCR) techniques establishes a diagnosis of
CMV infection but does not necessarily reflect events at the
tissue level. A diagnosis of CMV pneumonia, the most com-
mon manifestation of invasive disease in the lung transplant
recipient, is unequivocally established only by demonstration
of characteristic viral cytopathic changes on lung biopsy or on
cytological specimens obtained by bronchoalveolar lavage
(BAL) but, unfortunately, the sensitivity of these findings is
relatively low. Caution must be exercised in interpretation of
a positive rapid shell vial culture of BAL fluid, as shedding
of virus into the respiratory tract can occur in the absence of
tissue invasion. At best, a positive culture in the appropriate
clinical setting provides only circumstantial support for the
diagnosis of CMV pneumonia.

Standard treatment of CMV disease consists of a 2-3-week
course of intravenous ganciclovir at a dose of 5 mg-kg™! twice
daily, adjusted for renal insufficiency. Oral ganciclovir should

not be used for definitive treatment due to its poor bio-
availability and resultant low blood levels. Administration of
oral valganciclovir appears to achieve blood levels compar-
able with that of intravenous ganciclovir, but its use cannot
yet be endorsed in the absence of data confirming its efficacy
in this setting [12]. Some experts advocate the addition of
CMYV hyperimmune globulin, particularly in cases of severe
disease, but evidence supporting this practice is scant.
Although treatment is generally effective, relapse rates of up
to 60% in primary infection and 20% in previously exposed
recipients have been reported in solid organ transplant
recipients [13]. An additional concern is the emergence of
ganciclovir-resistant strains of CMV. Recent reports docu-
ment an incidence of ~5% and identify an increased number
of CMV episodes, increased cumulative exposure to ganci-
clovir, and use of antilymphocyte antibodies and daclizumab
as possible risk factors [14, 15]. Foscarnet is the agent of
choice for treatment of ganciclovir-resistant disease but its use
is often limited by associated nephrotoxicity. The presence
of ganciclovir-resistant disease is associated with decreased
survival [14, 15].

In an attempt to minimise the adverse impact of CMV
infection on the post-transplant course, emphasis has shifted
to preventive strategies. The most effective strategy for
seronegative recipients is the use of seronegative donors and
screened blood products. While reducing the risk of CMV
infection to a negligible level, this strategy results in increased
waiting times for transplantation, as the majority of the donor
pool is seropositive. A more practical strategy, now widely
utilised when either donor or recipient is seropositive, is the
initiation of a 3-month course of ganciclovir prophylaxis at
the time of transplantation (universal prophylaxis) or with
demonstration of asymptomatic viraemia by serial CMV pp65
antigen or PCR assays (pre-emptive prophylaxis). Interpreta-
tion of available studies is confounded by variation in dura-
tion of prophylaxis, route and frequency of administration,
percentage of high-risk patients (donor-positive/recipient-
negative) enrolled and duration of follow-up [16]. Taken in
sum, these studies suggest that prophylaxis delays the onset of
CMYV infection and may decrease its incidence and severity
[16-18]. Some studies have also suggested that prophylaxis
delays the onset of BOS, but does not influence the frequency
of this complication in the longer term [18, 19].

Aspergillus

Although a number of opportunistic and endemic fungi
have been reported to cause pulmonary infections in lung
transplant recipients, Aspergillus sp. are by far the most
frequently encountered. As a ubiquitous organism acquired
by inhalation, Aspergillus frequently colonises the airways
of lung transplant recipients, with reported colonisation rates
ranging 29-46% [20-22]. Pretransplant colonisation with
Aspergillus, a common phenomenon among patients with
CF, does not predispose to post-transplant colonisation [21].
In turn, post-transplantation airway colonisation does not
appear to pose a major risk of subsequent progression to
invasive disease. In this regard, data pooled from published
studies suggest that only 3% of lung transplant recipients with
airway colonisation progressed to invasive disease, although it
is unclear how many of these patients received fungal
prophylaxis in response to detection of the organism [20].

Aspergillus infections of the airway are encountered in
~5% of lung transplant recipients [2, 20]. The devitalised
cartilage and foreign suture material of the fresh bronchial
anastomosis create a nurturing environment for localised
infection at the anastomotic site. A more diffuse ulcerative
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tracheobronchitis, with formation of pseudomembranes, is
occasionally seen and likely follows severe ischaemic injury to
the bronchial mucosa. Clustered within the first 6 months
post-transplantation, these bronchial infections are usually
asymptomatic and detected on surveillance bronchoscopy.
Although usually responsive to oral itraconazole or to inhaled
or intravenous amphotericin, airway infections have rarely
progressed to invasive pneumonia or have resulted in fatal
erosion into the adjacent pulmonary artery [20, 23, 24]. An
increased risk of subsequent bronchial stenosis or broncho-
malacia has also been reported [25], but it is unclear whether
this is a consequence of the infection or of an underlying
ischaemic injury to the bronchus that predisposed to
infection.

Invasive aspergillosis is the most serious and life-threaten-
ing form of Aspergillus infection to plague the lung transplant
recipient. An overall incidence of 5% has been calculated from
pooled studies [20, 26]. The majority of cases occur within the
first post-transplant year. Most patients present with pneu-
monia, occasionally associated with disseminated infection.
Symptoms of invasive aspergillosis are nonspecific and include
fever, cough, pleuritic chest pain and haemoptysis. Radio-
graphically, pulmonary aspergillosis may appear as single or
multiple nodular or cavitary opacities or as alveolar consolida-
tion. The "halo sign", a rim of ground-glass attenuation
surrounding a central nodular opacity, is a highly suggestive
but uncommon finding on chest computed tomography (CT).

Diagnosis of invasive pulmonary aspergillosis can be pro-
blematic. As discussed above, many lung transplant recipients
are colonised with Aspergillus, making it difficult to interpret
the significance of positive fungal stains and cultures derived
from BAL specimens. Conversely, the sensitivity of broncho-
scopic studies has been reported in the range of only 45-62%
in solid organ transplant recipients with invasive disease [27].
Transthoracic needle aspiration can provide a diagnosis in
some cases while surgical biopsy is reserved for cases that
elude diagnosis with less invasive techniques.

Ampbhotericin B is considered the treatment of choice for
invasive aspergillosis. Liposomal amphotericin preparations
offer the advantage of decreased nephrotoxicity, an important
feature for a drug used concurrently with nephrotoxic cal-
cineurin inhibitors (cyclosporin A (CsA), tacrolimus (Tac)).
Itraconazole has also been employed in the treatment of
invasive aspergillosis. Advantages of this agent include the
availability of an oral preparation for less ill, nonhospitalised
patients, and the absence of nephrotoxicity. However, absorp-
tion of the oral formulations is suboptimal, and treatment
failures can result from inadequate blood levels. As a potent
inhibitor of the P450 enzyme system, the use of itraconazole
can lead to dangerously high blood levels of CsA or Tac if
appropriate adjustments in the dosing of these agents are not
made. A new triazole, voriconazole, has recently been shown
to have superior efficacy and less toxicity than amphotericin
B in a large randomised trial of invasive aspergillosis in
immunocompromised patients, and this agent may ultimately
become the drug of choice [28]. Surgical resection of localised
infection should be considered in cases refractory to anti-
fungal therapy. Despite a multitude of treatment options, the
composite mortality rate associated with invasive disease in
published series involving lung transplant recipients approaches
60% [20].

The considerable morbidity and mortality associated with
aspergillus infections have spurred interest in prophylactic
measures. Some centres employ universal prophylaxis in the
early post-transplant period with either aerosolised ampho-
tericin B or oral itraconazole, while others selectively administer
these agents only to those patients whose airways become
colonised with Aspergillus. Although several observational
studies employing historical controls suggest a possible reduction

in infection rates in association with prophylactic measures,
the absence of randomised, controlled trials precludes firm
endorsement of these strategies [29].

Neoplastic complications
Post-transplant lymphoproliferative disease

Post-transplant lymphoproliferative disease (PTLD) is a
term applied to a spectrum of abnormal B-cell proliferative
responses ranging from benign polyclonal hyperplasia to
more commonly encountered malignant lymphomas. The
incidence of PTLD in the lung transplant population ranges
1.8-7.9% in single-centre case series, with an overall pooled
incidence of 4.9% [30-32]. Among the myriad neoplasms that
arise following transplantation, PTLD is second in frequency
only to nonmelanoma skin cancers.

Epstein-Barr virus (EBV) has been identified as the stimulus
for B-cell proliferation, which proceeds in an unchecked
fashion due to the muted cytotoxic T-cell response in the
immunosuppressed host. EBV-naive recipients who acquire
primary infection at the time of organ transplantation are at
greatest risk of developing PTLD. In one series, the incidence
of PTLD was 33% among recipients who were seronegative
prior to transplant, compared with only 1.7% for those who
were previously exposed [30]. The use of antilymphocyte
antibodies has also been associated with an increased risk of
PTLD, likely reflecting the profound impact of these agents
on intrinsic T-cell activity [33].

The incidence of PTLD is greatest within the first post-
transplantation year and the mode of presentation of these
early onset cases is distinct from that of late-onset cases [32,
34]. In this regard, the majority of early onset cases involve
the allograft, typically presenting as one or more pulmonary
nodules that may be accompanied by mediastinal adeno-
pathy. In contrast, intra-abdominal and disseminated forms
of disease predominate in cases presenting beyond the first
year. The diagnosis of PTLD is most firmly established by
tissue biopsy, although fine needle aspiration may occasion-
ally yield sufficient material to make a cytological diagnosis.
Care must be exercised in interpreting transbronchial lung
biopsies, as the aggregates of lymphocytes associated with
acute cellular rejection can appear similar to foci of PTLD on
these small tissue specimens. Demonstration of the presence
of EBV-infected cells by in situ hybridisation or immunohis-
tochemical staining can help to confirm a diagnosis in difficult
cases. Determination of EBV viral load in the peripheral
blood using deoxyribonucleic acid amplification techniques
has been touted as an ancillary diagnostic tool. Two pre-
liminary studies involving lung transplant recipients suggest
that an elevated viral load correlates with the presence of
PTLD [35, 36], although the specificity of this finding has
been questioned [37]. Additional studies employing uniform
assay techniques and threshold values for positive results are
required before this test can be advocated.

Initial treatment focuses on reduction in the magnitude of
immunosuppression to permit partial restoration of host
cellular immunity directed toward EBV. Patients whose
disease is confined to the allograft are most likely to respond
to this measure, but there is an attendant risk of precipitating
acute or chronic rejection with this approach. Use of
rituximab, a chimeric human-mouse monoclonal antibody
directed against the B-cell marker CD20, has been associated
with complete tumour regression and minimal side-effects
[38-40]. It offers an attractive option for patients with more
aggressive disease and those who fail or cannot tolerate a
reduction in immunosuppression. Standard chemotherapy
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has been employed for refractory cases but the associated
neutropaenia is poorly tolerated by a patient population
already profoundly immunosuppressed. There is no proven
role for antiviral therapy in the setting of established PTLD,
although there is preliminary evidence that the prophylactic
use of antiviral agents initiated prior to the rapid replica-
tion phase of infection may reduce the subsequent risk of
developing PTLD [31, 41]. Finally, the technique of adoptive
immunotherapy, involving in vitro expansion and subsequent
reinfusion of recipient EBV-specific cytotoxic T-cells, holds
promise as a novel means of treating PTLD [42].

Mortality related to PTLD has been reported in the range
of 37-50% [32, 34]. Early onset disease and disease restricted
to the allograft are associated with a more benign course.
In contrast, disseminated disease carries a much graver
prognosis [32, 43].

Lung cancer

The development of lung cancer following LTx has been
reported exclusively in patients with underlying chronic
obstructive pulmonary disease (COPD) or pulmonary fibro-
sis, both of which predispose to lung cancer. Additionally, the
majority of these patients have significant smoking histories.
The reported incidence of lung cancer following transplanta-
tion is 2.0-3.7% in patients with chronic obstructive lung
disease and 3.4-4.0% for the pulmonary fibrosis population
[44, 45]. Data are conflicting on whether transplantation
confers an increased likelihood of developing this form of
cancer or whether the incidence is comparable with that of the
general population with similar risk factors [46]. Lung cancer
may complicate the transplant course in several ways. Pre-
viously unsuspected cancer may be incidentally detected in the
explanted lung at the time of transplantation, placing the
recipient at risk for subsequent recurrence [44]. On occasion,
LTx has been performed as definitive treatment for under-
lying bronchoalveolar carcinoma; a high rate of recurrence in
the allografts has been documented in these circumstances
[47]. Cancer may also arise de novo in the remaining native
lung following single LTx. Lung cancer in the transplant
recipient can progress in a rapid fashion over a short period of
time, mimicking an infectious process [44]. This aggressive
behaviour may reflect loss of antitumour immune surveillance
in the immunosuppressed host or may be due to a more
specific effect of CsA in promoting tumour growth [48].

Osteoporosis

Osteoporosis is characterised by low bone mass accom-
panied by microarchitectural changes that increase the
susceptibility to fracture. It is operationally defined as a
bone mineral density (BMD) exceeding 2.5 sps below the
mean for young adults; a BMD between 1.0-2.5 sDs below the
mean defines osteopaenia. A number of studies have now
documented a high risk of progressive bone demineralisation
and an accompanying risk of fractures among lung transplant
recipients. In a prospective study of 28 patients treated only
with calcium and vitamin D supplementation, SPIRA ez al. [49]
demonstrated a loss of BMD of ~5% within the first post-
transplant year, with an overall increase in the prevalence of
osteoporosis from 54% pretransplantation to 78% and a post-
transplantation fracture rate of 18%. In another study, 73% of
lung transplant recipients had BMD that was at or beyond
the fracture threshold and 28% of patients sustained fractures
[50]. Osteoporosis-induced fractures can be painful and
debilitating, with the potential to compromise the outcome

of transplantation by rendering a patient nonambulatory or
narcotic-dependent despite excellent graft function.

Pre-existing bone disease contributes significantly to post-
transplantation osteoporosis and fracture risk. The preva-
lence of bone demineralisation is remarkably high among
patients with advanced lung disease of diverse actiologies who
are listed for LTx [49, 51]. For example, osteoporosis rates of
41-67% in the CF population and 36-69% among patients
with advanced COPD have been reported and most of those
without frank osteoporosis are osteopaenic [51-53]. Risk
factors for bone demineralisation among patients with advanced
lung disease include low body mass index, corticosteroid
use, smoking and diminished weight-bearing activity. Hypo-
gonadism, resulting from chronic illness and from glucocorticoid-
induced suppression of sex hormone production, is an
underappreciated factor contributing to accelerated bone
loss. Finally, vitamin D deficiency has been implicated in both
the CF and COPD populations [52, 53].

Immunosuppressive drugs are cited as a second major cause
of progressive bone demineralisation following transplanta-
tion. Pre-eminent among these are corticosteroids, which are
employed in high doses for the first several post-transplant
months and then tapered to a lower maintenance dose that is
typically maintained indefinitely. In one prospective study of
lung transplant recipients, a significant correlation was
identified between cumulative steroid dose post-transplant
and net decline in BMD [49]. The most rapid period of bone
demineralisation occurs within the first 6 months of initiation
of these agents. Corticosteroids exert their deleterious effects
through complex mechanisms that result in both inhibition of
osteoblast activity and activation of osteoclasts, resulting in
net bone resorption [49]. Additionally, these drugs reduce
intestinal absorption of calcium, enhance urinary calcium
excretion, and impair production of oestrogen and testo-
sterone. The link between other immunosuppressive agents and
bone loss is less well defined. In an animal model, adminis-
tration of CsA and Tac resulted in the rapid development of
severe bone loss [54, 55], but studies in humans have thus far
failed to establish an association [49]. Data on the effects of
rapamycin (sirolimus) on bone metabolism are conflicting.
Rapamycin enhances osteoclastogenesis and osteoclastic
resorption activity in vitro but does not result in bone loss
in an animal model [54, 56]. Its effect in humans is uncertain.

All patients with advanced lung disease presenting for
transplant evaluation should be screened for the presence of
bone loss by dual x-ray absorpiometry (DEXA). The
protracted waiting period to transplantation provides an
opportunity to intervene and perhaps reduce the risk of post-
transplantation complications. Recommendations for preven-
tion and treatment of osteoporosis in lung transplant
candidates and recipients are based on guidelines established
by the American College of Rheumatology for the more
generic problem of glucocorticoid-induced bone loss [57]. All
patients should receive calcium (1,000-1,500 mg-day™) and
vitamin D (400-800 IU-day™") supplementation, a regimen
that has been shown to preserve BMD in patients with normal
bone mass receiving chronic low-dose corticosteroid therapy
[53]. Owing to malabsorption problems, measurement of
serum 25-hydroxyvitamin D levels is necessary in CF patients
to ensure that doses sufficient to achieve normal levels are
administered [52]. Hormone replacement therapy is recom-
mended for postmenopausal females without contraindica-
tions. Its use must be balanced against the risks associated
with this treatment and the availability of alternative agents
such as raloxifene, a selective oestrogen-receptor modulator
that has oestrogen-like effects on bone but does not appear to
increase the risk of breast or endometrial cancer. Males with
low testosterone levels should receive replacement therapy, an
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intervention shown to modestly improve BMD in one small
study of glucocorticoid-treated asthmatic males [58].

Bisphosphonates form the cornerstone of antiresorptive
therapy for prophylaxis and treatment of osteoporosis. The
ability of these agents to improve BMD and decrease fracture
rates in patients receiving corticosteroids has been demon-
strated in several randomised, controlled trials [57, 59,
60]. More limited data exist supporting the benefits of
bisphosphonates in the lung transplant population. A
prospective, randomised, controlled trial comparing the
efficacy of pamidronate, calcium and vitamin D with calcium
and vitamin D alone, in CF patients with osteoporosis who
had undergone LTx, demonstrated greater BMD at the end of
2 yrs in the pamidronate-treated group but no difference in
fracture rates [61]. A second prospective, uncontrolled trial
involving 45 lung transplant recipients showed that the
addition of pamidronate to calcium, vitamin D and hormonal
replacement therapy (as indicated), stabilised BMD more
effectively and reduced the rate of fractures compared with
historical controls [62]. Based on this data and extrapolating
from the more extensive data derived from the nontransplant
population, it appears reasonable to administer bispho-
sphonate therapy to all transplant recipients with osteopaenia
or osteoporosis, and to patients with normal BMD in whom
corticosteroids are being newly initiated [57]. Those patients
who have maintained normal BMD despite chronic steroid
administration can be followed with serial DEXA scans, with
treatment reserved for documented decline in BMD. Since
bisphosphonates are renally excreted, they should be used
with caution in patients with significant renal insufficiency.
Patients unable to take the oral preparations due to signifi-
cant gastro-oesophageal reflux disease can receive intermittent
intravenous pamidronate.

Calcitonin is an alternative antiresorptive agent. Studies in
glucocorticoid-treated patients have not consistently demon-
strated benefit [53] and there is a notable paucity of data in
the transplant population. Thus, its use should be restricted to
patients unable to tolerate or unwilling to take bispho-
sphonate therapy. A newly available treatment of osteoporo-
sis is parathyroid hormone, which works by stimulating bone
formation rather than by inhibiting resorption. In postmeno-
pausal females, this agent has been shown to significantly
increase BMD and reduce fracture rates [63]. Additional
studies are required to determine if this approach will benefit
patients with advanced lung disease and transplant recipients.
Finally, for patients with painful vertebral compression
fractures, vertebroplasty has been associated with rapid
relief of pain in 67-100% of cases [64].

Gastrointestinal complications

A broad spectrum of gastrointestinal complications has
been reported following LTx. Many of the reported complica-
tions, such as peptic ulcer disease, gastritis and pseudomem-
branous colitis, are generic to all surgical populations. In
contrast, CsA-induced gastroparesis and CMV infection of
the gastrointestinal tract are examples of complications
unique to the transplant population. In one clinical series of
lung transplant recipients, a 50% incidence of gastrointestinal
complications was documented, although the majority of
reported complications were relatively minor and resolved
with conservative management. The one notable exception
was bowel perforation, documented in 10% of patients and
associated with a 75% mortality rate [65].

Recent observations suggesting a link between gastro-
oesophageal reflux disease and chronic allograft rejection
have generated both interest and debate. BERKOWITZ et al

[66] found that four of nine (44%) lung transplant recipients
with documented gastroparesis developed bronchiolitis oblit-
erans compared with only six of 29 (21%) without this
disorder. Furthermore, food particles were detected in BAL
fluid from two of the four patients with gastroparesis and
graft dysfunction, implicating microaspiration as the mechan-
ism. PALMER et al. [67] described a transplant recipient with
severe gastro-oesophageal reflux disease who developed a
rapid and sustained decline in lung function that was
attributed to BOS. Transbronchial biopsies revealed bronch-
iolar inflammation. Owing to concerns that reflux could be a
contributing factor, the patient underwent Nissen fundoplica-
tion, following which there was a dramatic improvement in
lung function and resolution of histological evidence of
airway inflammation. In a follow-up study from the same
transplant centre, 18 lung transplant recipients with severe
reflux disease, 11 of whom had BOS, underwent fundoplica-
tion surgery [68]. Twelve of the 18 patients demonstrated
improvement in forced expiratory volume in one second,
although the magnitude of individual improvements was not
reported. In light of the anecdotal and circumstantial nature
of the evidence, firm conclusions about the relationship
between reflux disease and allograft dysfunction cannot be
made. Further studies are required before early surgical
intervention to correct reflux can be endorsed.

Neurological complications
Leukoencephalopathy

Neurological complications occur in up to one-quarter of
lung transplant recipients [69]. Excluding central nervous
system infections, the majority of complications represent
adverse effects of the calcineurin inhibitors. Most common
among these are tremor, headache and parasthesias. Of more
concern is drug-induced leukoencephalopathy. The manifes-
tations of this disorder are protean and include confusion,
coma, aphasia, seizures, quadraplegia and cortical blindness
[70-74]. CT imaging of the brain demonstrates nonenhancing
areas of low attenuation in the cerebral white matter, while on
magnetic resonance imaging, the more sensitive of the two
techniques, these abnormalities appear as areas of increased
signal on T2-weighted images. There is a predilection for
involvement of the occipital lobes. The mechanism of injury
remains speculative; both a direct toxic injury and drug-
induced vasospasm with secondary ischaemic injury have
been suggested. Factors associated with the occurrence of
leukoencephalopathy include hypomagnesaemia, low serum
cholesterol levels, administration of high doses of cortico-
steroids and hypertension [73, 74], but these observed associa-
tions have failed to shed light on the underlying pathogenesis.
Patients may develop this complication despite therapeutic
drug levels. Treatment consists of dose reduction or dis-
continuation of the responsible agent, following which neuro-
logical and radiographical abnormalities promptly improve.
Curiously, case reports document successful substitution
of the alternative calcineurin inhibitor for the one that
presumably caused leukoencephalopathy, without relapse of
the neurological syndrome [71, 75]. Brain biopsy to exclude
disorders such as lymphoma or progressive multifocal leuko-
encephalopathy, should be considered in patients who fail to
improve with manipulation of immunosuppressive medications.

Stroke

Stroke has been reported to occur with an incidence of 5%
in the lung transplant population [69]. In addition to the more
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common atherothrombotic mechanism of stroke, two embolic
mechanisms unique to this patient population must be
considered. Failure to fully de-gas the pulmonary vascular
tree and cardiac chambers after completion of the vascular
anastomoses can lead to air embolism in the immediate
postoperative period. Alternatively, formation of thrombus in
the region of the left atrial anastomosis or pulmonary veins
can result in embolic stroke days to weeks after transplanta-
tion [76]. Demonstration of multiple areas of brain infarction,
in a pattern consistent with embolic stroke, should prompt
performance of transoesophageal echocardiography and, if
thrombus is documented, systemic anticoagulation should be
instituted in the absence of contraindications.

Hyperammonaemia

Severe idiopathic hyperammonaemia has been reported as
a rare cause of coma in the early postoperative period
following LTx [77]. Antecedent major abdominal complica-
tions (e.g. bowel perforation), use of total parenteral nutri-
tion, and underlying primary pulmonary hypertension have
been associated with an increased risk of developing this
complication [77]. Hyperammonaemia in this setting is not a
consequence of fulminant hepatic failure. Rather, detailed
metabolic analysis of the livers of two patients who died from
this complication suggests that a deficiency in hepatic gluta-
mine synthetase, a urea cycle enzyme crucial to the handling
of nitrogenous wastes, underlies the pathogenesis of this
disorder [78]. Lethargy, agitation and seizures herald the
onset of hyperammonaemia. Coma due to cerebral oedema
and increased intracranial pressure rapidly ensues. A multi-
pronged approach to treatment has been advocated, with
discontinuation of exogenous nitrogen sources, initiation of
haemodialysis to clear ammonia from the bloodstream,
and administration of the ammonia-trapping agents sodium
phenylacetate and sodium benzoate [79]. Successful recovery
with early institution of these measures has been reported but
the majority of reported cases have ended in death.

Renal complications
Calcineurin-inhibitor nephrotoxicity

In addition to its intended immunosuppressive effect,
administration of the calcineurin inhibitors is associated
with the nearly universal untoward consequence of nephro-
toxicity. In a study of 219 lung and heart-lung transplant
recipients receiving a calcineurin inhibitor-based regimen,
91% of patients experienced a decrease in renal function by 6
months. A doubling of serum creatinine was noted in 34% of
patients at 1 yr, 43% at 2 yrs and 53% at 5 yrs; 4.6% of
patients ultimately developed renal failure requiring haemo-
dialysis [80]. Factors predictive of nephrotoxicity include
the serum creatinine at 1 month post-transplant and the
cumulative duration of diastolic blood pressure exceeding
90 mmHg [80, 81].

Nephrotoxicity of the calcineurin inhibitors has been most
extensively studied in association with CsA. Two forms of
injury have been described, acute and chronic [82]. Acute
nephrotoxicity is a result of intense vasoconstriction of
preglomerular (afferent) arterioles, leading to a decrease in
renal blood flow and glomerular filtration rate. These effects
are dose-related and reversible upon withdrawal of CsA.
Putative mechanisms of CsA-induced vasoconstriction include
enhanced production of endothelin-1, thromboxane and
renin-angiotensin, activation of the sympathetic nervous

system and inhibition of nitric oxide production. Chronic
nephrotoxicity is marked by structural changes in renal
architecture, including tubular atrophy, tubulointerstitial
fibrosis and glomerulosclerosis [82]. This form of injury is
typically progressive over time, leading to permanent impair-
ment in renal function. Whether there is a partially reversible
component with cessation of the drug is unclear, since in the
absence of serial biopsies it is difficult to discern the degree to
which any observed improvement in renal function is due to
attenuation of structural derangements versus resolution of
CsA-induced vasoconstriction. Several CsA-mediated effects
may be operative in causing the observed structural injury: 1)
renal ischaemia due to sustained vasoconstriction; 2) upre-
gulation of the profibrotic cytokine, transforming growth
factor-f; and 3) increased apoptosis of tubular and interstitial
cells [82].

Strategies to minimise the risk of severe nephrotoxicity
and renal failure are evolving. Patients who experience a
significant rise in creatinine within the first 6 months post-
transplantation are at particular risk and should be targeted
for early intervention. Preliminary data also suggest that
elevated excretion of retinal-binding protein in the urine, a
marker of subclinical proximal tubular dysfunction, may
identify patients at high risk for severe nephrotoxicity and
may allow for intervention even before a significant loss of
renal function has occurred [83]. Aggressive blood pressure
control is warranted for all transplant recipients, in light of
the epidemiological evidence linking diastolic hypertension
with more severe renal insufficiency [80]. Some have
advocated the preferential use of calcium-channel blockers
to treat hypertension, based on the ability of these agents to
counteract the acute vasoconstrictive effects of calcineurin
inhibitors. However, a long-term protective effect of these
agents has not been demonstrated [80, 84]. For patients who
develop significant CsA-induced nephrotoxicity, conflicting
data exist on the merits of conversion to Tac. Numerous large
randomised trials comparing CsA and Tac as primary
immunosuppression in solid organ transplant populations
detected equivalent nephrotoxic effects [80]. Conversely,
administration of Tac to normal volunteers was not asso-
ciated with the acute renal vasoconstrictive effects seen with
CsA [85]. Moreover, several small case series involving organ
transplant recipients documented improvement in renal
function following elective conversion from CsA to Tac in
the setting of nephrotoxicity [86-88]. Finally, use of Tac in the
first 6 months after LTx was associated with a reduced risk of
nephrotoxicity by multivariate analysis [80]. Pending further
clarification of this issue, conversion to Tac appears reason-
able as a first step in addressing CsA nephrotoxicity.
An alternative approach in patients with either CsA- or
Tac-associated nephrotoxicity is the administration of rapa-
mycin (sirolimus), a novel immunosuppressive agent whose
mechanism of action is independent of calcineurin blockade
and whose use is not associated with significant nephrotoxicity.
Employed either as a substitute for calcineurin inhibitors, or
in conjunction with reduced doses of these agents, rapamycin
has been reported to facilitate recovery of renal function in
patients with nephrotoxicity [89].

Haemolytic uraemic syndrome

A rare but potentially devastating renal complication
affecting transplant recipients is the haemolytic uraemic
syndrome (HUS). Development of HUS is considered to be
an adverse effect of calcineurin inhibitor administration and
has been reported in association with both CsA and Tac
[90-93]. Evidence supporting a causal role for these agents is
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scant, however, and includes the reappearance of HUS upon
rechallenge with the drug in question [93], and the reproduction
of this syndrome in CsA-treated animals, usually in associ-
ation with a second insult [94]. Mechanisms by which these
drugs could produce HUS include direct injury to the renal
endothelium and a shift in the balance of thromboxane and
prostaglandin I, production favouring platelet aggregation.
The incidence of HUS in the lung transplant population is
unknown; documentation is largely at a case report level [92,
95]. In a recent review of 91 solid organ recipients with HUS,
only one case involved a lung transplant recipient, although
this may simply reflect the relatively small size of the lung
transplant population compared with other solid organ
groups [96]. The diagnosis is established principally on the
basis of laboratory data revealing worsening azotaemia,
thrombocytopaenia, and microangiopathic haemolytic anae-
mia signified by an elevated lactate dehydrogenase level and
the presence of schistocytes on peripheral smear. Treatment
involves discontinuation of the calcineurin inhibitor and, in
refractory or severe cases, initiation of plasmapheresis. Case
reports suggest that the calcineurin inhibitors are not necessa-
rily cross-reactive in producing this syndrome and substitition
with the alternative agent is therefore an appropriate strategy
[90, 92]. Rapamycin has not been implicated, to date, in the
development of HUS and offers an additional immuno-
suppressive option in lieu of the calcineurin inhibitors.

Future directions

As detailed in this article, current immunosuppressive
strategies subject the lung transplant recipient to a high risk of
infection, neoplasm and adverse drug toxicities. New agents
with a more favourable side-effect profile are being developed,
but as long as global immunosuppression is the intended
consequence, the infectious and neoplastic risks will remain.
A more desirable goal under active investigation is the
induction of immune tolerance, whereby the immune system
is manipulated to selectively and permanently accept the
allograft without the need for lifelong administration of
immunosuppressive agents. Tolerance has been achieved in
animal models but remains an elusive goal in human
transplantation. When ultimately realised, the strategy of
immune tolerance will hopefully provide lung transplant
recipients with the promise of prolonged, complication-free
survival.
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