
Introduction

The first Spanish work on lung transplantation was
published in 1963,1 but almost 30 years passed until the
first heart-lung transplant with long-term survival of the
recipient was performed in Spain in February of 1990.2

In fact, the recipient of that transplant is still alive
today. The first single-lung transplant was performed in
19903 and the first double-lung transplant in 1992.4 The
first transplant in a patient with cystic fibrosis was
performed in 1993 and first lung transplant with a child
recipient was performed in February, 1994.5 Both
operations took place in Valencia and both patients are
alive at the time of writing.

Since this initial period of occasional transplants in
Valencia,6 the number of hospitals that perform such
operations has steadily increased.7 The hospitals that
offer lung transplants have faced a steep learning curve
and, with varying degrees of success, have joined the
group of hospitals that perform 20 transplant operations
a year, the threshold for better outcomes according to the
international registry.8 Subsequent programs have made
use of the experience of surgeons from other groups that
are already operational to provide support in the early
stages and accelerate the learning process.9

Lung transplant programs have usually been initiated
thanks to the efforts hospital management boards and to the
personal stimulus of interested surgeons. This pattern has
led to a distribution of transplant programs that, although
able to cover needs, has also created clear differences from
one Spanish autonomous community to another with
respect to organ donors and recipients (Table 1).

Activity has increased sharply over the last 14 years,
and transplantation practice has undergone important
changes in aspects ranging from donation to long-term
follow-up. Transplant programs with experienced
surgeons have an early postoperative mortality rate
below 10% and a survival rate of approximately 80% in
the first year, with a large improvement in the quality of
life of the patients.8 This has been achieved thanks to an
improvement in preservation, surgical technique,
anesthetic management, and postoperative monitoring

of the patients. Bronchiolitis obliterans syndrome
(BOS) remains the main cause of death and the main
obstacle to better long-term results.

An international registry has published the outcomes
of 3047 heart-lung transplants and 17 128 lung
transplants,8 though more transplant operations are
clearly performed given that many groups do not send
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TABLE 1
Indication and Lung Transplants per Million Inhabitants 

in Each Spanish Autonomous Community, 2003*

Spanish Autonomous Community Indication/Transplant

of Origin of Recipient Total No. Percentage

Andalusia 36/22 61
Aragon 2/1 50
Asturias 7/2 29
Balearics 5/–
Canaries 9/5 56
Cantabria 10/4 40
Castile-La Mancha 10/2 20
Castile-Leon 28/13 46
Catalonia 78/21 27
Valencia 32/15 47
Extremadura 5/2 40
Galicia 40/29 73
La Rioja 5/2 40
Madrid 37/17 46
Murcia 6/3 50
Navarre 6/4 67
Basque Country 15/6 40
Outside Spain 3/1 33
Total State 306/161 52.6

*Source: Spanish National Transplantation Organization.

Figure 1. Lung transplants by years in Spain. Source: Spanish National
Transplantation Organization.
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information to this registry. In Spain, 1162 transplants
have been performed (808 double-lung procedures,
including heart-lung transplants, and 354 single-lung
procedures) in the last 14 years (Figure 1). The number
of transplants increased steadily during the first 10
years of this period but has remained stable at around
150 per year over the last 4 years.

Recipients

The recipient of a lung transplant is usually a patient
with long-standing disease and very limited quality of life.

When a recipient is referred for assessment for
transplantation, a period of uncertainty and insecurity
ensues for reasons that include being wait listed, the
possibility of dying while waiting or during the transplant
operation, and the need to overcome a difficult
postoperative period with high risk of complications.
These uncertainties should be balanced against the chance
to lead a normal life when assessing potential candidates.

Selection Process for Potential Candidates

Patients are considered for transplantation if they
have advanced end-stage lung disease refractory to
alternative treatments and a high chance of survival.10,11

The list of indications has been growing ever since
lung transplantation became part of clinical practice. In
present general clinical practice, the only absolute
contraindications are malignant neoplastic diseases and
those that irreversibly affect vital organs that cannot be
transplanted. Patients are also currently considered
inappropriate candidates if they have diseases which alter
immune response and which are supposedly associated
with a short life expectancy. Examples are hepatitis B,
human immunodeficiency virus infection, or some types
of collagen disease. The maximum age of recipients is
currently between 65 and 70 years, and biological rather
than chronological age should be used for guidance.

Indications

The most common indications are obstructive
diseases,12 suppurative diseases,13,14 interstitial diseases,15,16

and vascular diseases. The international registry (Figure 2)
shows a progressive increase in the indication of
emphysema for transplantation,8 whereas the indications
for vascular diseases have decreased due mainly to more
effective medical treatments17-20 and septostomy.21

Consensus statements have established criteria that
are normally used for selecting recipients.22 An
excellent reference source is the international guidelines
published in 1988 by Maurer et al.23 Recently, the
Spanish Society of Pulmonology and Thoracic Surgery
(SEPAR) has published its own guidelines, which
represent the opinion of most of the Spanish groups.24

There is no evidence that various preoperative risk
factors can actually contraindicate lung transplantation,
and so surgical teams accept more complex cases or
patients at greater risk in accordance with factors such
as their experience or the pressure of the waiting list.25

Some reports of isolated transplants have been published
(bronchioloalveolar carcinoma,26 agammaglobulinemia,27

or leiomyosarcoma28) that confirm the ever broadening
indications. For the time being, however, these new
indications should be considered with caution and only for
selected cases.

When the patient is referred, the benefit of
transplantation should be weighed against the risks of
surgery and subsequent immunosuppression. Patients
with primary pulmonary hypertension or idiopathic

BORRO JM. LUNG TRANSPLANTATION IN SPAIN: AN UPDATE

458 Arch Bronconeumol. 2005;41(8):457-67

Figure 2. Change in type of lung disease leading to transplantation, by
year. Source: international registry. CF indicates cystic fibrosis; IPF,
idiopathic pulmonary fibrosis; A1A, alpha-1-antitrypsin deficiency; PPH,
primary pulmonary hypertension.
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Figure 3. Time on emergency and nonemergency waiting list (WL).
Source: Spanish National Transplantation Organization.
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pulmonary fibrosis should be referred for evaluation as
soon as possible because disease progression is rapid and
because early referral makes it easier to treat possible
complications or concurrent diseases. Spanish groups are
privileged in that the median waiting time is 180 days
(Figure 3). In the Complejo Hospitalario Juan Canalejo,
median waiting time was 60 days in 2003. With such
short waits, the moment when a patient is wait listed is
flexible and a patient who meets criteria for preference or
whose case is considered relatively urgent can be
promoted without increasing preoperative mortality.

Prioritization of Recipients—The Spanish 
“Emergency 0” Concept

In Spain, patients who are in imminent mortal danger
are given priority as “Emergency 0” (E0) cases, unlike in
transplant programs in other countries, where such an
approach is not widely practiced. When lung
transplantation first became available in Spain, patients
were considered as E0 if they needed invasive mechanical
ventilation.29 Subsequently, this criterion changed to allow
each group to apply its own E0 definition. Access is thus

guaranteed to the first available organ without assigning
the patient a national priority listing.

With the E0 system, Spanish patients who have
entered a terminal phase due to rapid disease
progression and who would otherwise have had to wait
their turn have been saved.

Analysis of the outcomes for patients who received an
E0 transplant shows that short-term survival is somewhat
worse than in nonurgent cases, but after the initial period,
survival for both types follows a similar pattern.30

Donors

Lung transplantation is limited by the shortage of
donors, and transplant teams are responsible for
optimizing the use of the limited donor organs
available. A strong regulatory system and strict
organization of organ distribution and logistics are
essential to ensure widespread social acceptance of
donation. Spain is among the leaders in this field thanks
to the Spanish National Transplantation Organization.

Spain has by far the highest rate of organ donation
—approximately 34 per 1000000 inhabitants (Figure 4)
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TABLE 2
Cause of Death of the Donor, by Years*

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Head trauma, car accident 43 35 28 29 25.6 23.4 24.9 23.0 20.7 20.2 17.6 20.3
Head trauma, not car accident 9 10 13 12 11.3 10.7 11.9 11.0 11.3 10 11.5 11.1
Stroke 39 46 48 49 51 55.3 53.5 55.4 56.3 59.9 59.9 56.4
Others 9 9 11 10 12.1 10.6 9.7 10.6 11.6 9.9 11 12.2

*Data are given in percentages. Source: Spanish National Transplantation Organization.

Figure 4. Organ donors by country. Annual rate per million inhabitants. Source: Spanish National Transplantation Organization.
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become donors thanks to the excellent network of
coordinators and the understanding and solidarity
shown by the general population.

The profile of donors has changed over the years. In
the past, most donors were young people who died of
traumatic brain injury, but currently, most are older
people who have died of heart attacks or strokes. For
the moment, this change does not seem to have affected
medium-term outcomes31,32 (Table 2).

Lung donation accounts for only a small percentage
of all organ donations. We should therefore insist on the
need to consider lung donation by multiorgan donors.

Selection Criteria

The selection criteria for donors are common to all
types of transplantation and have been reviewed
recently.33,34 Criteria include maximum age of 55 years,
blood group compatibility, normal chest x-ray of the
lung prior to transplantation, PaO2 greater than 300
mm Hg with inspiratory oxygen fraction of 1 cm H2O
and positive end expiratory pressure of 5 cm H2O,
smokers of less than 20 pack-years, negative culture of
bronchial secretions, and absence of trauma, aspiration,
and infection of the lung prior to transplantation.

The best way to increase the number of donors has
been subject to prolonged debate.

When considering the ethics of transplantation, the
transplant team should bear in mind that the decision to
use a suboptimal donor may compromise an often-
complicated postoperative period and that mortality is
high with lung retransplantation in such conditions. We
should thus always try to transplant an organ that
maximizes the chances of success.

Acceptance of a donated lung is always considered
individually, taking into account both the donor and the
recipient. Some suboptimal characteristics of the donors,
for example focal lesions, atelectasia, or contusions, or
age close to the accepted maximum may have slight
repercussion during the postoperative period. More
problematic are donors over the age of 60 years or
whose bronchial aspirate culture is suspicious or Gram
positive even if the findings are clinically or analytically
silent or bronchoscopic inspection of the lung to be
transplanted is normal. Ethically, these donors are
acceptable, particularly for emergency patients or those
with fast disease progression. Finally, it is ethically
questionable whether to accept donors whose conditions
may have important clinical or analytical repercussion,
that is, those who have smoked more than 30 pack-
years, those with purulent secretions, or those with PaO2
below 300 mm Hg after correct medical treatment.35 One
approach to optimize outcomes is to use suboptimal
donors preferably in double-lung transplantation and, if
possible, in surgically less complex diseases.8

The lack of clinical evidence for many aspects of
transplantation often forces the transplantation team to
make decisions based on the experience of the attending
surgeon and on the individual progression or response

in each case, and decisions about donor selection are no
exception.

It is important to optimize the use of organs by using
both lungs when single-lung transplants are performed.36

Thus, the local group should extract both lungs at the
same time if necessary37 and a single-lung transplant
should be preferred if acceptable quality of life can be
achieved. According to the international registry, single-
lung transplants represent around 50% of all lung
transplants in recent years. In Spain, however, single-
lung transplants account for 25% to 30%.

The use of nonheart-beating donors is an excellent
approach if the emergency service can take decisions
quickly in and outside the hospital.38 Outcomes have
been good for the first of such transplants performed by
the group at the Clínica Puerta de Hierro in Madrid, so
this strategy should be encouraged.39

The outcomes obtained with living donors are also
encouraging.40 In particular, living donors are an option in
children whose disease is progressing rapidly and for
whom it is hard to find an acceptable donor. Split-lung
transplantation is also another possibility to be considered
in children or patients with a small chest volume.41

Preservation

Methods for preserving organs have changed over the
years. The first positive results were obtained with
topical cooling of the lungs as the only preservation
mechanism, but it was soon found that lung perfusion
minimizes the effects of ischemia, thereby maintaining
the morphological and functional integrity of the organ.
One recent article provided a clear review of the
guidelines for caring for the organ donor and the method
normally used for lung preservation.42 Lung care should
include correct ventilation and cleaning of the airways to
avoid atelectasia and a negative fluid balance to prevent
neurogenic pulmonary edema, which is common after
brain death. For lung perfusion, solutions with low
potassium content tend to be used at 4ºC to 8ºC and at a
flow of 60 mL/kg with anterograde circulation. Before
implantation, anterograde circulation is usually 15
mL/kg, administered at a pressure of 10 to 15 mm Hg,
while maintaining an inspiratory oxygen fraction of
approximately 40% and a tidal volume of 10 mL/kg. The
organs should be transported at 4ºC to 8ºC with an
insufflation pressure below 20 cm H2O. A review of the
different preservation solutions and their mechanisms of
action has been published recently in this journal.43

According to this review, much experimental data are
available on various aspects of lung preservation and
reperfusion but few prospective clinical studies have been
conducted to provide firm clinical evidence of outcomes.

Modified Euro-Collins solution was the most widely
used during the first 10 years of lung transplantation in
Spain. Several experimental studies showed that
solutions with low potassium concentrations provided
the best lung preservation.44-46 Use of solutions low in
potassium in clinical practice has lowered the number
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of clinical complications such as arrhythmias and
occasional cardiac arrests due to hyperpotassemia
caused by Euro-Collins solution. Fewer reperfusion
disorders have also been reported with low potassium
solutions. Most Spanish groups therefore now use this
type of solution instead of the Euro-Collins solution.
Results with the Celsior solution, also low in potassium,
seem to be good in a study with few clinical cases, so
further studies should be done to confirm these
preliminary findings.47

Preservation technique has also been changed by the
introduction of retrograde preservation.48,49 The Clínica
Puerta de Hierro was the first Spanish group to adopt
this technique of retrograde circulation, which in
particular improves preservation of the donor
bronchus.50 Often, mixed preservation is practiced, that
is, anterograde circulation at the moment of extraction
and retrograde circulation at the back table before
transplantation.51-53

Although consensus is that cold ischemia time should
be less than 7 hours for a good outcome, all groups
have experience of good outcomes after longer
preservation times.

Type of Intervention (Single-Lung, Double-Lung,
or Heart-Lung)

Some reviews suggest that long-term outcomes are
significantly better with double-lung transplants
compared to single-lung procedures.54,55 Single-lung
transplants have usually been performed in elderly
high-risk patients, and so the final analysis of the data
could be substantially biased. Moreover, most single-
lung transplants are performed in patients with
pulmonary fibrosis, who have a poorer long-term
survival than those with diseases such as emphysema,
cystic fibrosis, or bronchiectasia who normally receive
double-lung transplants. This prior selection could also
influence the findings of these analyses.

Single-lung transplantation in noninfectious diseases
has been the subject of much discussion. Single-lung
transplants would be preferred in infectious diseases if
we accept that such procedures have lower operative
morbidity and mortality and provide good quality of
life, and given that studies suggest that native lung
pathology is not a particularly important factor in the
course of the transplanted lung.56,57

In the Complejo Hospitalario Juan Canalejo, 30
transplants were performed (19 single-lung ones, 9 of
which were for emphysema, and 11 double-lung
procedures), with an in-hospital mortality of 10% (2
double-lung transplants for emphysema and 1 single-lung
procedure) in 2003. After 6 months, 2 patients had died,
1 with a double-lung transplant for collagen disease and
1 with a single-lung transplant for idiopathic pulmonary
fibrosis. These findings suggest that good medium-term
outcomes are possible to attain with single-lung
transplantations. Careful selection of donor and recipient
is particularly important for a good outcome in single-

lung transplantation for emphysema. Volume reduction
of the native lung is a good way to recover lung function
in patients with severe overdistension.58-63

Single-lung transplantation for primary pulmonary
hypertension has proved possible when performed by
experienced groups.64 The number of patients with
primary pulmonary hypertension put on the waiting list
is currently decreasing, so it is difficult to find groups
with broad experience in this type of patient. Spanish
groups tend to prefer double-lung transplantation.

The number of indications for heart-lung trans-
plantation has decreased because hospitals are now more
experienced at saving the least compromised organ. This
type of transplantation is further discouraged by the
greater need for organs, and the high rate of short and
medium-term complications and side effects.65

Surgical Technique

Studies by Veith et al,66 Pearson,67 Cooper et al,68 and
Patterson et al69 in the 1980s established the techniques
on which clinical transplantation would be based. Since
then, these techniques have been modified and refined.70

Thanks to the accumulated experience of these early
years, lung transplantation is rarely contraindicated on
grounds of surgical difficulty. Operations involving
patients with prior interventions, pachypleuritis, or hilar
masses require surgeons with greater experience, but
these conditions should not be considered as
contraindications for transplantation. It should be
remembered that pleurectomy and talc pleurodesis are
usually unnecessary in surgery for benign processes
such as pneumothorax, volume reduction, or bullae
formation. These procedures should therefore be
avoided in patients who, later on, might need any type
of chest surgery, including lung transplantation, because
subsequent surgery is made more difficult.

Occasionally, transplantation can be considered even
in patients with clear criteria for contraindication such
as thoracoplasty, plombage, or phrenectomy and
parietal conditions caused by fungal diseases.

The improvements in preservation and surgical
techniques (particularly through the shortening of the
donor bronchus), early extubation, and prophylaxis for
infectious diseases have improved healing of the
bronchial anastomoses without having to wrap them in
the omentum or revascularize them. In the past,
telescoping was essential to ensure a good outcome but,
nowadays, it has become a technical resource to
facilitate anastomosis of bronchi of different sizes.

In patients with cardiomegalia and extensive tissue
adhesion, rotation of the heart to a vertical position
facilitates access to the left hilum, and particularly to
the inferior pulmonary vein and left triangular ligament.
Repeat lung transplantation, if needed, is made easier if
the pericardium has been closed. 

In my experience, problems of sternal wound healing
are very uncommon (less than 2% of the cases).
Nevertheless a group decided to perform double-lung
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transplants through bilateral anterolateral thoracotomies
rather than through an anterolateral thoracosternotomy
to avoid this potential complication.71 The results
showed that this approach is possible even if
extracorporeal circulation is necessary.72

Early Postoperative Complications

Surgical complications have become less common,
but they continue to be a risk factor for postoperative
morbidity and mortality.73

Primary Graft Dysfunction

The main cause of early postoperative morbidity and
mortality is primary dysfunction of the transplanted
organ,8 due mainly to ischemia-reperfusion injury in
which potent mediators and different cell groups are
implicated.42,74,75 This journal has recently published a
complete update on this topic.43 A variety of studies
confirm that use of better preservation solutions,
decreased ischemic times, and better selection and care
of donor organs have reduced the number of patients
with primary graft dysfunction.76-78 Mortality as a result
of such dysfunction has therefore been greatly reduced.8

Experimental findings show that antithrombin III
prevents the development of ischemia-reperfusion
injury through increased production of prostacyclin.79

Better lung preservation47 and correct use of nitric
oxide, prostaglandins, and other vasoactive drugs have
reduced the need for extracorporeal circulation in lung
transplantation. Extracorporeal circulation is no longer
used systematically in patients with pulmonary
hypertension. Furthermore, extracorporeal circulation is
required only rarely in single-lung transplants and not
often in double-lung procedures because dysfunction of
the first graft, the most common reason for
extracorporeal circulation in double-lung transplantation,
is rare nowadays.8

Complications Involving Bronchial Anastomosis

Complications resulting from bronchial anastomosis
used to be the main cause of mortality in the period
before clinical development of lung transplantation and
the main factor that delayed development of the
technique. During the 1980s and the early part of the
1990s, it was one of the main causes of morbidity and
mortality. Then a number of studies, in particular those
published by Couraud et al,80 contributed to an
understanding of the pathogenesis, allowed diagnosis and
classification of the lesions, and pointed to appropriate
treatments.

Such complications are currently much rarer due to
better preservation, surgical technique, and postoperative
management of the patients.81 They are diagnosed early
by spirometry, bronchoscopy, and radiology and are
treated effectively using dilatation, lasers, and
expandable stents. Such management has therefore

lessened the importance of these complications and
mortality due to problems of bronchial wound healing is
now very low. In the Complejo Hospitalario Juan
Canalejo, we had no complications involving bronchial
anastomosis in the first 70 transplants and the current
incidence is 3% without any corresponding deaths.

Nonanastomotic bronchial stenosis is a rare
problem.82 The process may be caused by poor
bronchial vascularization, and it presents more often in
the intermediate bronchus. Early diagnosis is necessary
to prevent occlusion of the bronchial airway.

Acute Rejection

Acute rejection is a common problem during the
early posttransplant period.83 Only 24% of lung
transplants do not show any histological evidence of
acute rejection in the first year after transplantation. The
high rate of rejection may be due to the intricate
vascular architecture and the extensive lymphatic
system of the lung, and also to continuous exposure to
pathogens and external irritants.84

The most valid diagnostic test is lung biopsy by
fiberoptic bronchoscopy, in which at least 6 samples are
taken, preferably from the inferior lobes.85

Histological classification has standardized the
descriptions for diagnosis and treatment of these
patients. Perivascular and peribronchial involvement
should be included in such a classification. Lymphocytic
bronchiolitis may play a special role in the development
of BOS.86

The results from various experiments with cellular or
molecular analysis of lymphocyte activation in
bronchoalveolar lavage fluid have not been good
enough to justify incorporation of this technique into
normal clinical practice as a diagnostic marker of
rejection.87 In the future, it would be desirable to be
able to analyze biomarkers in exhaled air to at least
identify a group of patients with a strong chance of
receiving a diagnosis of rejection.88

The use of biopsies to monitor transplant patients for
rejection has been subject to debate since the earliest
procedures were performed. Between 15% and 40% of
biopsies have been reported to be positive, which
implies progression from these clinical states to BOS is
possible.84 On the other hand, in most cases, these
biopsies detect early-stage rejection, which often
resolves spontaneously.89 This raises the question of
whether to treat these early asymptomatic stages and
how often should these monitoring biopsies be taken.90

The recommendation most often made is to treat even
initial stages and extend monitoring for at least a year.

Acute rejection is the only variable consistently
associated with developing BOS,91 particularly when
rejections occur repeatedly and late.84,92

Different therapeutic regimens with Neoral
cyclosporine/tacrolimus or azathioprine/mycophenolate
mofetil have not significantly affected the incidence of
rejection.93-95 Ongoing multicenter studies, with strong
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participation from Spanish groups, should clarify whether
such regimens do in fact affect the incidence of rejection.

Evidence suggests that induction therapy significantly
reduces the number of rejections.96-98 A Spanish-
Canadian study using basiliximab for induction should
confirm the current evidence available.

Opinion is unanimous regarding treatment of
rejection with corticosteroid boluses. However, several
approaches have been used to treat refractory rejection
(OKT3, total radiation, methotrexate, extracorporeal
photophoresis), without any conclusive results, partly
because of the small sample sizes in the studies.84 A
recent prospective study with inhaled cyclosporine
shows a significant reduction in the rate of acute
rejection and development of BOS.99

Acute rejection remains an important postoperative
problem immediately after lung transplantation. We
should aim to prevent rejection because of its strong
association with the development of BOS.

Bacterial Infection

The most common complication in the first few months
after transplantation is bacterial infection,100 which is
often associated with other complications and represents
the most common cause of death during this period.8 The
usual approach for protecting the transplant patient during
the first few days after transplantation involves early
extubation and prophylaxis with an antibiotic active
against the bacteria most commonly isolated in critical
care units or a combination of antibiotics active against
bacteria commonly found in donors and recipients until
the results from the first cultures taken during surgery are
available.101 Outcomes are similar even in the presence of
panresistant bacteria, except for Burkholderia cepacia
genomovar III, which is considered by some to be a
contraindication to transplantation because of the poor
outcomes obtained.102,103

Viral Infection

The most important viral infection in lung transplant
operations is that caused by cytomegalovirus (CMV),
not only because of associated morbidity and mortality
in the postoperative period, but also because of its
relationship with the development of BOS. A recent
review did not find that CMV compatibility influences
the development of BOS or survival provided infection
is correctly diagnosed and appropriate prophylaxis and
treatment are administered.104 In Spain, most groups opt
for prophylaxis with ganciclovir instead of starting
early treatment and monitoring once the CMV antigen
is detected in blood. This approach, along with
immunosuppression and the poor bioavailability of oral
ganciclovir, could be why relapses and resistance to
treatment have become more common in recent years.
Outcomes will hopefully be better with widespread use
of valganciclovir, which has recently become available,
thanks to its better absorption. Treatment with specific

antibodies has been indicated for prophylaxis in CMV-
seronegative recipients of a lung from a CMV-
seropositive donor and in treatment of relapses, but
always in association with ganciclovir.105

Fungal Colonization

Fungal colonization by different species of Candida and
Aspergillus is common during the entire posttransplant
period. Prophylaxis with amphotericin aerosols,106,107

possibly associated with fluconazole or itraconazole, has
been shown to be every effective at preventing the
development of fungal infections in patients progressing
satisfactorily after transplantation.108 The native lung can
be a fungal reservoir in single-lung transplantation, and so
if infection is detected before the operation, a double-lung
procedure is recommended. Fungal infection is also
associated with increased immunodepression due to acute
or chronic rejection, prolonged need for intubation, and
relapses of bacterial infections. Prophylaxis should be
maintained in such cases.

Treatment of these infections is limited by the
susceptibility of the fungus to the drug and nephrotoxicity,
and by competition from calcineurin inhibitors in hepatic
metabolism. Frequent monitoring of blood levels of
calcineurin inhibitors, creatinine, and urea are therefore
required. The new drugs voriconazole and caspofungin,
and their possible association with liposomal
amphotericins provide hope for better outcomes in the
treatment of pulmonary fungal infections in
immunodepressed patients.

Infection by Pneumocystis carinii

Infection by P carinii has become rare since the
widespread availability of prophylaxis with trimethoprim-
sulfamethoxazole. However, clinicians should remember
to maintain prophylaxis when immunodepression is
increased to treat episodes of acute or chronic rejection.

Pleural Complications

Pleural complications are also fairly common and
may be partly responsible for loss of function of the
transplanted organ.109

Late Posttransplant Complications

BOS is diagnosed clinically when progressive loss of
lung function of an obstructive nature occurs, provided
acute rejection, infection, and airway obstruction have
been ruled out. Normally, the forced expiratory volume in
1 second (FEV1) is used to quantify loss of lung function,
although a recent review also included forced expiratory
flow between 25% and 75% of the forced vital capacity
(FEV25-75) among variables recorded for that purpose
because it can detect the onset of BOS earlier. The concept
of potential BOS has been established as when there is a
10% decrease in FEV1 and a 25% decrease in FEV25-75.
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In 1993, a classification system was set up to
establish the clinical and histological staging of lung
dysfunction.110 The classifications have been revised
recently by the International Society for Heart and Lung
Transplantation.111

When a patient presents with clinical signs of BOS,
the fibroproliferative process in the epithelial lining of
the bronchi is usually well advanced and so the loss of
lung function may be irreversible. For many years, the
development of BOS has been associated with
immunological mechanisms, but recently, other factors
such as bronchial aspiration in gastroesophageal reflux
disease have been shown to significantly correlate with
BOS.112,113 This suggests that BOS is the result of repair
of lung damage caused by immunological disorders
(clinical or subclinical rejection), which may be favored
or provoked by nonimmunological mechanisms.
According to this suggestion, a range of inflammatory
processes may trigger immunological disorders that
contribute to the development of BOS.

Doubts about the etiology and the current lack of
knowledge on the pathogenesis of BOS explain why the
response to treatment is often not as good as hoped.
Clearly, it is recommendable to prevent BOS from
developing by controlling factors believed to be
implicated in its pathogenesis. Measurement of levels of
nitric oxide in exhaled air could provide an early
diagnosis by noninvasive testing to select patients for
further diagnostic confirmation.114,115 A patient with a
biopsy positive for lymphocytic bronchiolitis should
also be treated for rejection or at least be given inhaled
corticosteroids because such a finding is significantly
associated with the development of BOS.

Induction therapy reduces the number of rejections,
and so it is possible to reduce or delay the development
of BOS. We are therefore awaiting the results of the
prospective multicenter study whose primary objective
is to assess the influence of anti-interleukin 2 antibodies
on the development of BOS.

BOS can sometimes be stabilized by changing
cyclosporine for tacrolimus or azathioprine for
mycophenolate mofetil, but the value of this approach

should be confirmed by extensive multicenter studies
that are currently being conducted.

Cytolytic therapy does not seem to significantly affect
the course of BOS. Methotrexate, cyclophosphamide,
extracorporeal photophoresis, whole-body irradiation, or
rapamycin have been used in small groups of patients
with varying success.116

Effective treatments to prevent BOS can only be
developed if studies are done to clarify its pathogenesis.

Other long-term complications such as tumors, renal
impairment, hypertension, hyperlipemia, or diabetes are
mainly caused by side effects of the immunosuppressant
therapy and are common to other types of transplantation.

Outcomes

It is difficult to evaluate the outcomes in Spain as
there is no national registry for lung transplants and,
moreover, the indications and complexity of cases taken
on by different groups vary greatly.

Survival published by the international registry for
15 267 transplant patients, collected from many groups
between 1990 and 2002, was 84% at 3 months, 74% at 1
year, 58% at 3 years, and 47% at 5 years.8 The recent
clear increase in immediate posttransplant survival
stands out in comparison with earlier periods. The main
factors that influence survival are underlying disease
(outcomes are better for emphysema12 and cystic
fibrosis5,14,117,118) and the clinical state of the patient at the
time of transplantation.25 Of particular note is the strong
influence on 1-year survival of the number of transplants
performed per year by the hospital (Figure 5).8 Reviews
of the only center with prolonged experience report
survival of 84% in the first year and 55% at 5 years.8

The experience in the Complejo Hospitalario Juan
Canalejo in the first 90 transplants shows an actuarial
survival of 78% in the first year and 53% at 5 years.
Survival is higher, 90% and 68%, respectively, if we take
into account only patients with emphysema.

The improvement in quality of life of patients who
have received transplants is beyond question.119,120 The
international registry reflects this improvement: more
than 83% of survivors lead normal lives after both 1 year
and 5 years.8

It can be concluded that lung transplantation has
become a clinical reality in Spain in the last 15 years,
with broader indications and better outcomes,
particularly in the first year posttransplantation. The
faster growth of the list of recipients compared to donors
has to be addressed. The main challenge is to understand
why BOS arises in order to develop preventative
treatments and improve long-term outcomes.

REFERENCES

1. Serrano Muñoz F, Casillas M, García Lax F, Alix Trueba A, Rivas
C. Trasplantes experimentales de pulmón. Rev Clin Esp.
1963;87:163-7.

2. Borro JM, Ramos F, Vicente R, Sanchís F, Morales P, Cafarena
JM. Bronchial fistula to the mediastinum in a heart-lung transplant
patient. Eur J Cardiothorac Surg. 1992;6:674-6.

BORRO JM. LUNG TRANSPLANTATION IN SPAIN: AN UPDATE

464 Arch Bronconeumol. 2005;41(8):457-67

Figure 5. Number of transplants performed per hospital. Source:
International Transplantation Organization. OR indicates odds ratio.

2

1.5

1

0.5

0

O
R

, 
F
ir
s
t 
Y
e
a
r

0 10 20 30 40 50

Cases/Year/Hospital

P<.0001



3. Román A, Morell F, Astudillo J, Margarit C, Bravo C, Tenorio L, et al,
y Grupo de Trasplante Pulmonar del HVH. Trasplante unipulmonar:
los dos primeros casos. Med Clin (Barc). 1993;100:380-3.

4. Astudillo J, Bravo C, Margarit C, Guillermo MI, Tenorio L, y Grupo
de Trasplante Pulmonar. Trasplante bipulmonar secuencial. Técnica
y resultados de los tres primeros casos. Arch Bronconeumol.
1994;30:348-53.

5. Borro JM, Calvo V, Morales P, Morant P, Sales G, Ferrer J. El
trasplante pulmonar en la fibrosis quística. An Esp Pediatr.
1996;45:505-10.

6. Borro JM, Morales P, Lozano C, Tarrazona V, Morant P, Galán G,
et al. 1990-1996, experiencia del Grupo de Trasplante Pulmonar de
La Fe-Valencia. Arch Bronconeumol. 1997;33:438-43.

7. Lazaro MT, Ussetti P, Ferreiro MJ, Carreño MC, Pablo A, García
F, et al. Supervivencia del trasplante pulmonar en la Clínica
Puerta de Hierro. Arch Bronconeumol. 1998;34:285-8.

8. Trulock EP, Edwards LB, Taylor DO, Boucek MM, Keck BM,
Hertz MI. The registry of the International Society for Heart and
Lung Transplantation: twenty-first official adult lung and heart-lung
transplant report-2004. J Heart Lung Transplant. 2004;23:804-15.

9. Borro JM, de la Torre M, Bonome C, Otero I, Míguelez C, Refojo
F, et al. Segunda generación de grupos de trasplante pulmonar:
experiencia inicial de la comunidad gallega. Arch Bronconeumol.
2000;36 Supl 2:39.

10. Yu AD, Garrity ER. Recipient selection. Chest Surg Clin N Am.
2003;13:405-28.

11. Glanville AR, Estenne M. Indications, patient selection and timing
of referral for lung transplantation. Eur Respir J. 2003;22:845-52.

12. de Pablo A, Morales P, Román A, Lama R, García López F, Borro
JM, et al. EPOC y trasplante pulmonar: resultados en España.
Arch Bronconeumol. 1999;35:334-8.

13. Borro JM, Calvo V, Morales P, Morant P, Morcillo A, Tarazona
V. Clinical experience on lung transplantation for treatment of
cystic fibrosis advance stage. Transplantology. 1998;3:63-6.

14. Lázaro-Carrasco MT, Morales P, Ferreiro MJ, Borro JM, Varela
A, Vicente R, et al. Trasplante pulmonar en la fibrosis quística.
Rev Clin Esp. 1999;199:280-4.

15. Magulkoc M, Brutsche MH, Bishop PW, Greaves M, Horrocks A,
Egan JJ. Pulmonary function in idiopathic pulmonary fibrosis and
referral for lung transplantation. Am J Respir Crit Care Med.
2001;164:103-8.

16. Gaudo J, Pacheco A, Máiz L. Actualización de criterios para
trasplante pulmonar en la fibrosis pulmonar idiopática. Arch
Bronconeumol. 2002;38:251-2.

17. Higenbottam T, Butt AY, McMahon A, Westerbeck R, Sharples
L. Long-term intravenous prostaglandin for treatment of severe
pulmonary hypertension. Heart. 1998;80:151-5.

18. Sitbon O, Humbert M, Nunes H, Parent F, García G, Herve P, et
al. Long-term intravenous epoprostenol infusion in primary
pulmonary hypertension. J Am Coll Cardiol. 2002;40:780-8.

19. Olschewski H, Simonneau G, Galie N, Higenbottam T, Naeije R,
Rubin LJ, et al. Inhaled iloprost for severe pulmonary
hypertension. N Engl J Med. 2002;347:322-9.

20. Rubin LJ, Badesch DB, Barst RJ, Galie N, Black CM, Keogh A,
et al. Bosentan therapy for pulmonary arterial hypertension. N
Engl J Med. 2002;346:896-903.

21. Rothman A, Sklansky MS, Lucas VW, Kazan IA, Shaughnessy
RD, Channick RN, et al. Atrial septostomy as a bridge to lung
transplantation in patients with severe pulmonary hypertension.
Am J Cardiol. 1999;84:682-6.

22. Prados C, Máiz L, Antelo C, Baranda F, Blázquez J, Borro JM, et
al. Fibrosis quística: consenso sobre el tratamiento del neumotórax
y de la hemoptisis masiva y sobre las indicaciones del trasplante
pulmonar. Arch Bronconeumol. 2000;36:411-6.

23. Maurer JR, Frost AE, Estenne M, Higenbottam T, Glanville AR.
International guidelines for the selection of lung transplant
candidates. Transplantation. 1998;66:951-6.

24. Grupo de trabajo de la SEPAR. Normativa SEPAR. Trasplante
pulmonar. Arch Bronconeumol. 2001;37:307-15.

25. Álvarez A, Lama R, Algar J, Santos F, Briceño J, Aranda JL, et al.
Predicting mortality after lung transplantation. Transplant Proc.
2001;33:1630-1.

26. Zorn GL Jr, McGiffin DC, Young KR Jr, Alexander CB, Weill D,
Kirklin JK. Pulmonary transplantation for advanced
bronchioloalveolar carcinoma. J Thorac Cardiovasc Surg.
2003;125:20-2.

27. Morales P, Hernández D, Vicente R, Solé A, Moreno I, Torres JJ,
et al. Lung transplantation in patients with x-linked
agammaglobulinemia. Transplant Proc. 2003;35:1942-3.

28. Shargall Y, Pakhale S, Chamberlain D, Pierre A, Waddeil T,
Hutcheon M, et al. Bilateral lung transplantation for metastatic
leiomyosarcoma. J Heart Lung Transplant. 2004;23:912-5.

29. Algar FJ, Álvarez A, Lama R, Santos A, Aranda JL, Baamonde C,
et al. Lung transplantation in patients under mechanical
ventilation. Transplant Proc. 2003;35:737-8.

30. Calvo V, Padilla J, García-Zarza A, Blasco E, Pastor J, París F. El
trasplante pulmonar en situación de urgencia. Arch
Bronconeumol. 2003;39:111-4.

31. Miranda B, Matesanz R, Fernández Lucas M, Naya MT, Felipe.
C. Organ donation in Spain: evolution of organ donor
characteristics. Transplantation Proc. 1996;28:175-6.

32. Ciccone AM, Meyers BF, Guthrie TJ, Battafarano RJ, Trulock EP,
Cooper JD, et al. Does donor cause of death affect the outcome of
lung transplantation. J Thorac Cardiovasc Surg. 2002;123:429-36.

33. Aigner C, Seebacher G, Kepletko W. Donor selection. Chest Surg
Clin N Am. 2003;13:429-42.

34. Álvarez A, Algar FJ, Santos F, Lama R, Baamonde C, Aranda JL,
et al. The donor lung assessment: experience of the Reina Sofía
Hospital. Transplant Proc. 2003;35:739-41.

35. Sunderesan S, Semenkovich J, Ochoa L. Successful outcome of
lung transplantation is not compromised by the use of marginal
donor lungs. J Thorac Cardiovasc Surg. 1995;109:1075-80.

36. Padilla J, Calvo V, Teixidor J, Varela A, Carbajo M, Álvarez A.
Pulmonary “twinning” transplantation procedure. Transplant Proc.
2002;34:1287-9.

37. Meyers BF, Lynch J, Trulock EP, Gutric TJ, Cooper JD, Patterson
GA. Lung transplantation: a decade of experience. Ann Surg.
1999;230:362-70.

38. Steen S, Sjoberg T, Pierre L, Liao Q, Eriksson L, Algotsson L.
Transplantation of lung from a non-heart-beating donor. Lancet.
2001;357:825-9.

39. Núñez JR, Varela A, del Río F, Gámez P, Calatayud J, Córdoba
M, et al. Bipulmonary transplants with lungs obtained from two
non-heart-beating donors who died out of hospital. J Thoracic
Cardiovasc Surg. 2004;127:297-9.

40. Starnes VA, Bowdish ME, Woo MS, Barbers RG, Schenkel FA,
Horn MV, et al. A decade of living lobar lung transplantation:
recipient outcomes. J Thorac Cardiovasc Surg. 2004;127:114-22.

41. Couetil JA, Tolan MJ, Loulmet DF. Pulmonary bipartitioning and
lobar transplantation: a new approach to donor organ shortage. J
Thorac Cardiovasc Surg. 1997;113:529-37.

42. Perrot M, Keshavjee S. Lung preservation. Chest Surg Clin N Am.
2003;13:433-62.

43. Padilla AM, Padilla JD. Estado actual de la preservación
pulmonar. Arch Bronconeumol. 2004;40:86-93.

44. Keshavjee SH, Yamazaki F, Cardoso PF, McRitchie DI, Patterson
GA, Cooper JD. A method for safe twelve-hour pulmonary
preservation. J Thorac Cardiovasc Surg. 1989;98:529-34.

45. Date H, Matsumura A, Manchester JK, Obo H, Lima O, Cooper
JM, et al. Evaluation of lung metabolism during successful
twenty-four-hour canine lung preservation. J Thorac Cardiovasc
Surg. 1993;105:480-91.

46. Struber M, Hohlfeld JM, Fraund S, Kim P, Warnecke G, Haverich
A. Low-potassium dextran solution ameliorates reperfusion injury
of the lung and protects surfactant function. J Thorac Cardiovasc
Surg. 2000;120:566-72.

47. Rabanal JM, Ibáñez AM, Mons R, González AM, Carbajo M,
Ortega J, et al. Influence of preservation solution on early lung
function. Transplant Proc. 2003;35:1938-9.

48. Sarsam MA, Donan NA, Deiranika AK, Rahman AN. Retrograde
pulmonary plegia for lung preservation in clinical transplantation:
a new technique. J Heart Lung Transplant. 1993;12:494-8.

49. Varela A, Montero CG, Córdoba M, Antequera A, Pérez M,
Tabuenca MJ, et al. Improved distribution of pulmonary flush
solution to the tracheobronchial wall in pulmonary transplantation.
Eur Surg Res. 1997;29:1-4.

50. Varela A, Montero C, Córdoba M, Serrano-Fiz S, Burgos R,
Téllez JC, et al. Clinical experience with retrograde lung preserva-
tion. Transp Int. 1996;9:S296-S8.

51. Venuta F, Rendina EA, Bufi M, et al. Preimplantation retrograde
pneumoplegia in clinical lung transplantation. J Thorac Cardiovas
Surg. 1999;118:107-14.

BORRO JM. LUNG TRANSPLANTATION IN SPAIN: AN UPDATE

Arch Bronconeumol. 2005;41(8):457-67 465



52. Varela A, Córdoba M, Serrano-Fiz S, Burgos R, Montero C,
Téllez JC, et al. Early lung allograft function after retrograde and
anterograde preservation. J Thorac Cardiovasc Surg.
1997;114:1119-20.

53. Álvarez A, Salvatierra A, Lama R, Algar J, Cerezo F, Santos F.
Preservation with a retrograde second flushing of Eurocollins in
clinical lung transplantation. Transplant Proc. 1999;31:1088-90.

54. Borro JM, Tarrazona V, Galán G, Calvo V, Lozano C, Morant P,
et al, y Grupo de Trasplante Pulmonar de La Fe. Ampliando
indicaciones en el trasplante bipulmonar secuencial. Arch
Bronconeumol. 1999;35:129-35.

55. Cassivi SD, Meyers BF, Battafarano RJ. Thirteen-year experience
in lung transplantation for emphysema. Ann Thorac Surg.
2002;74:1663-9.

56. McAdams HP, Erasmus JJ, Palmer SM. Complications (excluding
hyperinflation) involving the native lung after single-lung
transplantation: incidence, radiologic features, and clinical
importance. Radiology. 2001;218:233-41.

57. Venuta F, Boehler A, Rendina EA, de Giacomo T, Speich R,
Schmid R. Complications in the native lung after single lung
transplantation. Eur J Cardiothorac Surg. 1999;16:54-8.

58. Weill D, Torres F, Hodges TN, Olmos JJ, Zamora MR. Acute
native lung hyperinflation is not associated with poor outcomes
after single lung transplant for emphysema. J Heart Lung
Transplant. 1999;18:1080-7.

59. Khaghani A, Al-Kattan KM, Tadjkarimi S, Banner N, Yacoub M.
Early experience with single lung transplantation for emphysema
with simultaneous volume reduction of the contralateral lung. Eur
J Cardiothorac Surg. 1997;11:604-8.

60. Estenne M, Cassart M, Poncelet P, Gevenois PA. Volume of graft
and native lung after single-lung transplantation for emphysema.
Am J Respir Crit Care Med. 1999;159:641-5.

61. Yonan NA, El-Gamel A, Egan J, Kakadellis J, Rahman A,
Deiraniya AK. Single lung transplantation for emphysema:
predictors for native lung hyperinflation. J Heart Lung Transplant.
1998;17:192-201.

62. Anderson MB, Kriett JM, Kapelanski DP, Perricone A, Smith
CM, Jamieson SW. Volume reduction surgery in the native lung
after single lung transplantation for emphysema. J Heart Lung
Transplant. 1997;16:752-7.

63. Mitchell JB, Shaw AD, Donald S, Farrimond JG. Differential lung
ventilation after single-lung transplantation for emphysema. J
Cardiothorac Vasc Anesth. 2002;16:459-62.

64. Lau CL, Patterson GA. Current status of lung transplantation. Eur
Respir J. 2003;22:57S-64S.

65. Morales P, Almenar L, Torres JJ, Solé A, Vicente R, Ramos F, et
al. Cardiopulmonary transplantation: experience of a lung
transplant group. Transplant Proc. 2003;35:1954-6.

66. Veith FJ, Montefusco C, Kamlolz SL, Mollenkopf FP. Lung
transplantation. Heart Transplant. 1983;2:155-6.

67. Pearson FG. Lung transplantation: the Toronto experience. Eur J
Cardiothorac Surg. 1989;3:6-11.

68. Cooper JD, Pearson FG, Patterson GA, Todd TRJ, Ginsberg RJ,
Goldgerg M, et al. Technique of successful lung transplantation in
humans. J Thorac Cardiovasc Surg. 1987;93:173-81.

69. Patterson GA, Cooper JD, Goldman B, Weisel RD, Pearson FG,
Waters PF, et al. Technique of successful clinical double-lung
transplantation. Ann Thorac Surg. 1988;45:626-33.

70. Lau CL, Paterson GA. Technical consideration in lung
transplantation. Chest Surg Clin N Am. 2003;13:463-83.

71. Meyers, BK, Sundaresan RS, Guthrie T, Cooper JD, Patterson
GA. Bilateral sequential lung transplantation without sternal
division eliminates posttransplantation sternal complications. J
Thorac Cardiovascular Surg. 1998;117:358-64.

72. Varela A, Montero C, Castedo E, Roda J, Gámez P, Madrigal L, et
al. Transcutaneous extracorporeal cannulation for bilateral lung
transplantation without splitting the sternum. J Torac Cardiovasc
Surg. 2000;119:402-3.

73. Gómez FJ, Planas A, Ussetti P, Tejada JJ, Varela A. Factores
pronósticos de morbimortalidad temprana en el trasplante
pulmonar. Arch Bronconeumol. 2003;39:353-60.

74. Nelly RF. Current strategies in lung preservation. J Lab Clin Med.
2000;136:427-40.

75. Rabanal J, Mons R, Zurbano F, Ruiz I, Alcíbar J, Ortega J. Edema
postimplante en el trasplante pulmonar. Isquemia-reperfusión o
edema hidrostático. Rev Esp Anestesiol Reanim. 2001;48:146-50.

76. Thabut G, Vinatier I, Brugière O, Lesèche G, Loirat P, Bisson A,
et al. Influence of preservation solution on early graft failure in
clinical lung transplantation. Am J Respir Crit Care Med.
2001;164:1204-8.

77. Strüber M, Wihlemi M, Harringer W, Niedemeyer J, Anssar M,
Kunseberck A, et al. Flush perfusion with low potassium dextran
solution improves early graft function in clinical lung
transplantation. Eur J Cardiothorac Surg. 2001;19:190-4.

78. Fischer S, Matte-Martyn A, de Parrot M, Waddell T, Sekine Y,
Hutcheon M, et al. Low-potassium dextran preservation solution
improves lung function alter lung transplantation. J Thorac
Cardiovasc Surg. 2001;120:594-6.

79. Salvatierra A, Guerrero R, Rodríguez M, Álvarez A, Soriano F,
López-Pedrera R, et al. Antithrombin III prevents early pulmonary
dysfunction alter lung transplantation in the dog. Circulation.
2001;11:2975-80.

80. Couraud L, Nashef SAM, Nicolini P, Jougon J. Classification of
airway anastomotic healing. Eur J Cardiothorac Surg. 1992;6:
496-7.

81. Álvarez A, Algar A, Santos F, Lamar, Aranda JL, Baamonde C, et
al. Airway complications alter lung transplantation: a review of
151 anastomoses. Eur J Cardiothorac Surg. 2001;19:381-7.

82. Hasegawa T, Iacono AT, Orons PD, Yousem SA. Segmental non-
anastomotic bronchial stenosis after lung transplantation. Ann
Thoracic Surg. 2000;69:1020-4.

83. Hopkins PM, Aboyoun CL, Chhajed PN, Malouf MA, Plit ML,
Rainer SP, et al. Prospective analysis of 1235 transbronchial lung
biopsies in lung transplant recipients. J Heart Lung Transplant.
2002;21:1062-7.

84. Chakinala MM, Trulock EP. Acute allograft rejection after lung
transplantation: diagnosis and therapy. Chest Surg Clin N Am.
2003;13:525-42.

85. Hasegawa T, Iacono AT, Yousem SA. The anatomic distribution
of acute cellular rejection in the allograft lung. Ann Thorac Surg.
2000;69:1529-31.

86. Yousem SA, Berry GJ, Cagle PT, Chamberlain D, Husain AN,
Hruban RH, et al. Revision of 1990 Working Formulation for the
classification of pulmonary allograft rejection. J Heart Lung
Transplant. 1996;15:1-15.

87. Slebos D, Postma DS, Koëter GH, van der Bij W, Boezen M,
Kauffman HF. Bronchoalveolar lavage fluid characteristics in
acute and chronic lung transplant rejection. J Heart Lung
Transplant. 2004;23:532-40.

88. Studer SM, Orens JB, Rosas I, Krishnan JA, Cope KA, Yang S, et
al. Patterns and significance of exhaled biomarkers in lung
transplant recipients with acute allograft rejection. J Heart Lung
Transplant. 2001;20:1158-66.

89. Valentine VG, Taylor DE, Dhillon GS, Knower MT, McFadden
PM, Fuchs DM, et al. Success of lung transplantation without
surveillance bronchoscopy. J Heart Lung Transplant. 2002;21:
319-26.

90. Baz MA, Layish DT, Govert JA, Howell DN, Lawrence CM,
Davis RD, et al. Diagnostic yield of bronchoscopies after isolated
lung transplantation. Chest. 1996;110:84-8.

91. Sharples LD, McNeil K, Stewart S, Wallwork J. Risk factors for
bronchiolitis obliterans: a systematic review of recent publica-
tions. J Heart Lung Transplant. 2002;21:271-81.

92. Heng D, Sharples LD, McNeil K. Bronchiolitis obliterans
syndrome: incidence, natural history, prognosis, and risk factors. J
Heart Lung Transplant. 1998;17:1255-63.

93. Lama R, Santos F, Algar FJ, Álvarez A, Baamonde C. Lung
transplants with tacrolimus and mycophenolate mofetil: a review.
Transplant Proc. 2003;35:1968-73.

94. Zuckermann A, Reichenspurner H, Birsan T, Treede H, Deviatko
E, Reichart, et al. Cyclosporine A versus tacrolimus in
combination with mycophenolate mofetil and steroids as
immunosuppression after lung transplantation. J Thoracic
Cardiovasc Surgery. 2003;125:891-900.

95. Zuckerman A, Klepetko W, Birsan T, et al. Comparison between
mycophenolate mofetil and azathioprine-based immunosuppressions
in clinical lung transplantation. J Heart Lung Transplant. 1999;
18:432-40.

96. Palmer SM, Miralles AP, Lawrence CM, Gaynor JW, Davis RD,
Tapson VF. Rabbit antithymocyte globulin decrease acute
rejection after lung transplantation: result of a randomized,
prospective study. Chest. 1999;116:127-33.

BORRO JM. LUNG TRANSPLANTATION IN SPAIN: AN UPDATE

466 Arch Bronconeumol. 2005;41(8):457-67



97. Garrity ER, Villanueva J, Bhorade SM, Husain AN, Vigneswaran
WT. Low rate of acute lung allograft rejection after the use of
daclizumab, an interleukin 2 receptor antibody. Transplantation.
2001;71:773-7.

98. Brock MV, Borja MC, Ferber L, Orens JB, Anzcek RA,
Krishnan J, et al. Induction therapy in lung transplantation: a
prospective, controlled clinical trial comparing OKT3, anti-
thymocyte antibody and daclizumab. J Heart Lung Transplant.
2001;20:1282-90.

99. Iacono AT, Johnson BA, Corcoran T, Smith DA, Grgurich WF,
Dauber JH, et al. A randomized trial of early administration of
inhaled cyclosporine in lung transplant recipients. J Heart Lung
Transplant. 2004;23:S175.

100. Carreño MC, Ussetti P, Varela A, Mendaza P, Daza R, Ferreiro
MJ, et al. Infección en el trasplante pulmonar. Arch Bronconeumol.
1996;32:442-6.

101. Borro JM, Vicente R, Tarazona V, París F, Gobernado M.
Aproximación a la infección bacteriana en el trasplante
pulmonar. Rev Clin Esp. 1995;195:22-6.

102. Aris RM, Routh JC, Li Puma JJ, Heath DG, Gilligan PH. Lung
transplantation for cystic fibrosis patients with Burkholderia
cepacia complex. Am J Respir Crit Care Med. 2001;164:2102-6.

103. de Soyza A, McDowell A, Archer L, Dark JH, Elborn SJ,
Mahenthiralingam E, et al. Burkholderia cepacia complex
genomovars and pulmonary transplantation outcomes in patines
with cystic fibrosis. Lancet. 2001;358:1780-1.

104. Glanville AR, Valentine VG, Aboyoun CL, Malouf MA. CMV
mismatch is not a risk factor for survival or severe bronchiolitis
obliterans syndrome alter lung transplantation. J Heart Lung
Transplant. 2004;23:S43.

105. Kruger RM, Paranjothi S, Storch GA, Lynch JP, Trulock EP. Im-
pact of prophylaxis with cytogam alone on the incidence of
CMV viremia in CMV-seropositive lung transplant recipients. J
Heart Lung Transplant. 2003;22:754-63.

106. Monforte V, Román A, Gavaldá J, López R, Pou L, Simó M, et al.
Nebulized amphotericin B concentration and distribution in the
respiratory tract of lung-transplanted patients. Transplantation.
2003;75:1571-4.

107. Monforte V, Román A, Gavaldá J, Bravo C, Tenorio L, Ferrer A,
et al. Nebulized amphotericin B prophylaxis for Aspergillus
infection in lung transplantation: study of risk factors. J Heart
Lung Transplant. 2001;20:1274-81.

108. Calvo V, Borro JM, Tarazona V, Morcillo A, París F. Antifungal
prophylaxis in early postoperative period in lung transplantation.
Chest. 1999;115:1301-4.

109. Ferrer J, Roldán J, Román A, Bravo C, Monforte V, et al. Acute
and chronic pleural complications in lung transplantation. J
Heart Lung Transplant. 2003;22:1217-25.

110. Cooper JD, Billingham M, Egan T, et al. A working formulation
for the standardization of nomenclature and for clinical staging
of chronic dysfunction in lung allografts. J Heart Lung
Transplant. 1993;12:713-6.

111. Yousem S. Bronchiolitis obliterans syndrome 2001: an update of
the diagnostic criteria. J Heart Lung Transplant. 2002;21:297-
310.

112. Hadjiliadis D, Duane Davis R, Steele MP, Messier RH, Lau CL,
Eubanks SS, et al. Gastroesophageal reflux disease in lung
transplant recipients. Clin Transplant. 2003;17:363-8.

113. Hartwig MG, Cantu E, Appel JZ, Woreta H, Palmer SM, Davis
RD. Non alloimmune injury mediated by gastroesophageal
reflux precipitates alloimmune injury in lung transplant patients.
J Heart Lung Transplant. 2004;23:S43.

114. Fisher AJ, Gabbay E, Small T, Doig S, Dark JH, Corris PA.
Cross sectional study of exhaled nitric oxide levels following
lung transplantation. Thorax. 1998;53:454-8.

115. Verleden GM, Delacroix M, Buyse B, Dupont L, Leuven Lung
Transplant Group. Exhaled NO after lung transplantation; a
prospective study. J Heart Lung Transplant. 2001;20:208.

116. Corris PA. Bronchiolitis obliterans syndrome. Chest Surg Clin N
Am. 2003;13:543-57.

117. Lama R, Álvarez A, Santos F, Algar J, Aranda JL, Baamonde C,
et al. Long-term result of lung transplantation for cystic fibrosis.
Transplant Proc. 2001;33:1624-5.

118. Álvarez A, Lama R, Algar J, Santos F, Briceno J, Aranda JL, et
al. Predicting mortality after lung transplantation. Transplant
Proc. 2001;33:1630-1.

119. Limbos MM, Joyce DP, Chan CK, Kesten S. Psychological
functioning and quality of life in lung transplant candidates and
recipients. Chest. 2000;118:408-16.

120. Ten Vergertert EM, Vermeulen KM, Geertsma A, et al. Quality
of life before and after lung transplantation in patients with
emphysema versus other indications. Psychol Rep. 2001;89:
707-17.

BORRO JM. LUNG TRANSPLANTATION IN SPAIN: AN UPDATE

Arch Bronconeumol. 2005;41(8):457-67 467


