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Article history: Background: The outcomes of lung transplantation 11 years after starting the transplantation program in
Received November 1, 2008 our hospital are presented. Risk factors associated with short-, medium-, and long-term mortality in
Accepted January 21, 2009 transplant recipients were analyzed.

Available online May 20, 2009 Patients and Methods: All patients diagnosed with emphysema who underwent lung transplantation

between March 1997 and June 2008 were included. The association between different study variables and
early death and death at 1 year and 5 years was studied. The Kaplan-Meier method was used to analyze
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Lung transplantation survival. A logistic regression model was used to study the association between early death and variables
Emphysema with a trend towards significance (P<.2) in the univariate analysis. The risk factors for mortality at 1 year
Prognosis and 5 years were analyzed by a Cox regression model.

Results: A total of 92 patients were included. Survival was 89.3%, 70%, and 54% at 1 month, 1 year, and
5 years after transplantation, respectively. Dehiscence of the surgical suture (P<.001), duration of
mechanical ventilation in the intensive care unit (P=.04), duration of the surgical procedure (P<.001), and
single-lung transplantation (P=.007) were the variables associated with mortality. Extracorporeal
circulation and the need for hemodiafiltration in the intensive care unit increased the short-term risk of
death (P<.05). The age of the recipient was the variable associated with long-term mortality (P=.02). The
duration of the surgical intervention was associated with an increase in short-, medium-, and long-term
mortality.
Conclusions: Complications were responsible for short-term mortality, while age of the recipient was the
most important factor in determining long-term survival. Mortality was higher in single-lung transplant
recipients compared to double-lung transplant recipients.

© 2008 SEPAR. Published by Elsevier Espafia, S.L. All rights reserved.

Trasplante de pulmoén en casos de enfisema: andlisis de la mortalidad

RESUMEN
Palabras clave: »
Trasplante pulmonar Introduccion: Se presentan los resultados del trasplante pulmonar (TP) en casos de enfisema, tras 11 afios
Enfisema desde el inicio del programa de TP, y se analizan los factores de riesgo asociados a la mortalidad a corto,
Pronéstico medio y largo plazo en los receptores del trasplante.

Pacientes y métodos: Se ha incluido a todos los pacientes diagnosticados de enfisema que recibieron un TP
entre marzo de 1997 y junio de 2008. Se analizé la asociacion de las diferentes variables estudiadas con la
mortalidad precoz, anual y al quinto afio. Se realizé un analisis de supervivencia mediante el método de
Kaplan-Meier. Mediante regresion logistica se estudi6 la asociacién entre las variables que en el analisis
univariante habian mostrado tendencia a la significacion estadistica (p < 0,2) frente a la mortalidad precoz.
Los factores de riesgo para la mortalidad anual y al quinto afio se analizaron mediante regresion de Cox.

Resultados: Se incluy6 en total a 92 pacientes. La tasa de supervivencia fue del 89,3, el 70 y el 54% al mes, al
afio y al quinto afio del trasplante. La dehiscencia de la sutura quirtrgica (p < 0,001), el tiempo de ventila-
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ci6n mecanica en la Unidad de Cuidados Intensivos (p = 0,04), la duracién de la intervencion quirdrgica
(p < 0,001) y la realizacién de un trasplante unipulmonar (p = 0,007) fueron las variables asociadas a la
mortalidad. El uso de circulacién extracorpérea y la necesidad de técnicas de hemodiafiltracion en la Uni-
dad de Cuidados Intensivos incrementaron el riesgo de muerte a corto plazo (p < 0,05). La edad del recep-
tor fue la variable asociada a la mortalidad a largo plazo (p = 0,02). La duracién de la intervencién quirtrgi-
ca se asoci6 a un incremento de la mortalidad a corto, medio y largo plazo.
Conclusiones: Las complicaciones son las responsables del incremento de la mortalidad a corto plazo, mien-
tras que la edad del receptor es la variable que mayor influencia tiene en la mortalidad a largo plazo. Los
receptores de un trasplante unipulmonar presentaron un riesgo de fallecimiento mayor que aquellos que
recibieron un trasplante bipulmonar.

© 2008 SEPAR. Publicado por Elsevier Espaiia, S.L. Todos los derechos reservados

Introduction

Lung transplantation is indicated in patients with progressive
lung disease when pharmacotherapies and other alternatives have
failed and when the patient’s clinical condition is deteriorating
rapidly.! However, transplantation is not devoid of major
complications in the short, medium, and long term. Emphysema is
the main indication for lung transplantation, accounting for 46% of
procedures according to the registry of the International Society for
Heart and Lung Transplantation (ISHLT).? In Spain, chronic obstructive
pulmonary disease (COPD) is the main indication for lung
transplantation, accounting for 30% of procedures.’ In developed
countries, between 5% and 15% of the population will develop COPD.
In Spain, 9% of adults over 40 years of age develop the disease.

Initially, COPD was considered a contraindication for single-lung
transplantation for anatomical and physiological reasons. However,
in 1988, single-lung transplants were shown to be well tolerated by
patients with COPD* and the outcomes in terms of morbidity and
mortality were satisfactory.>® Today, the decision to perform single-
lung transplantation or bilateral lung transplantation in such patients
remains a subject of debate in lung transplant groups.”# Although no
large differences between these 2 types of lung transplantation have
been found, bilateral lung transplantation seems to yield better long-
term outcomes,>'? especially in patients under 60 years of age.'®

Thereisnoconsensusabout the besttiming forlung transplantation
in a patient with COPD. One-year survival after admission for
hypercapnic respiratory failure is no more than 50%, and so such an
event would seem an appropriate time to put patients on the waiting
list. Most of the centers that perform transplantations have reported
that lung transplantation improves survival in patients with COPD,'-3
although some authors disagree and suggest that survival in
transplanted patients is no greater than in untransplanted patients.'*
Recently, the multifactorial BODE index (that is, body mass index,
obstruction, dyspnea, and exercise tolerance) has been introduced
into clinical practice.”® This index can help identify the most
appropriate  moment for a patient with COPD to undergo
transplantation.

The objective of this study was to present the results of lung
transplantation in patients with COPD in the form of emphysema in
our hospital 11 years after the lung transplantation program began.
Likewise, the study aimed to analyze the risk factors associated with
short-, medium-, and long-term mortality.

Patients and Methods

The study included patients diagnosed withidiopathicemphysema
or o-1-antitrypsin-deficiency-related emphysema who underwent
lung transplantation in our hospital between March 1997 (when our
lung transplantation program began)and June 2008. The management
of patients after lung transplantation was based on the protocol
established by the lung transplant team in our hospital.
Immunosuppressor therapy comprised 3 drugs: cyclosporine or

tacrolimus, corticosteroids, and azathioprine (replaced in recent
years by mycophenolate). Piperacillin-tazobactam was given as
antibiotic prophylaxis. Starting from immediately after the operation,
co-trimoxazole was administered for life. Itraconazole or aerosolized
amphotericin and ganciclovir were given when the donor or recipient
had citomegalovirus infection. This protocol was modified when
patients were included in clinical trials.

Follow-up of the recipients included in this study lasted until
death or June 15, 2008.

The diagnostic criteria for emphysema were based on the medical
history, computed tomography, and lung function testing. Until
2004, the inclusion criteria were forced expiratory volume in
1 second (FEV,) less than 20% of predicted or frequent admissions for
severe pulmonary hypertension and hypercapnia in a basal state
(that is, not during an exacerbation). From 2004 onwards, only
patients with a BODE score of 7 or more were included. As an
exception, patients with a BODE score of less than 7 were included if
they had severe pulmonary hypertension, hypercapnia, or repeated
admission in the past year. Study data for 92 consecutive transplant
recipients were collected. The clinical and laboratory findings, as
well as the outcomes for each of these patients, were extracted from
the database of the lung transplant team of our hospital.

The wvariables analyzed were grouped in 4 categories:
a) demographic and clinical variables of the recipient (age, sex,
albuminlevelspriortotransplantation,emergencylungtransplantation,
and BODE score); b) demographic variables of the donor (age and sex);
c) variables related to the surgical procedure (duration of surgery,
duration of graft ischemia, type of transplant [single-lung or bilateral],
use of extracorporeal circulation); and d) control variables from the
stay in the intensive care unit (ICU), such as Pa0,, fraction of inspired
oxygenonadmission and after 24 hours in the ICU, use of hemofiltration
in the ICU, suture dehiscence in the first few hours, duration of
mechanical ventilation in the ICU, and length of stay in the ICU.

Statistical Analysis

A descriptive analysis of the sample was undertaken, with the
results presented as numbers and percentages for categoric variables
and as means (SD) for continuous ones.

The association between different study variables and early death
(first month after surgery) and death at 1 year and 5 years was
studied. Means were compared using the t test or analysis of variance
and proportions were compared with the y? test or the Fisher exact
test. A logistic regression model was used to study the association
between early death and variables with a trend towards significance
(P<.2) in the univariate analysis.

Risk factors for 1-year and 5-year mortality were analyzed by
stepwise backward Cox regression analysis, including variables with
P<.02 in the model. The results were expressed as risk ratios (RR) and
95% confidence intervals (CI).

A survival analysis was undertaken considering death as the end
point, and a Kaplan-Meier survival curve was plotted for the cohort.
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Results

During the study period, a total of 92 lung transplantations were
performed for emphysema from a total of 199 procedures. The mean
age of the recipients (77 men [83.6%] and 15 women) was 55 years
(95% CI, 53-56 years). Twenty patients underwent single-lung
transplantation and 72 bilateral lung transplantation. Table 1 shows
the main study variables analyzed. Seventy-nine patients (85.9%)
had an FEV, of 30% or less. The BODE score was at least 7 points in
47% of the patients, 5 or 6 points in 50%, and less than 5 in 3%. Primary
graft dysfunction according to ISHLT criteria’® was detected in
25 patients (27.7%). Of these, 10 (10.8%) had grade 3 (severe)
dysfunction, 7 (7.6%) had grade 2 (moderate) dysfunction, and 8
(8.7%) had grade 1 (mild) dysfunction. In all, 19 patients (20.6%)
presented bronchiolitis obliterans during their clinical course.

Early mortality (in the first month) in our cohort was 10.7% (95% CI,
3.9%-17.5%; 10 patients). In the univariate analysis of the association
between study variables and early mortality, recipients who died
early were more likely to have malnutrition and have had longer lung
ischemia times as well as a longer duration of surgery. Likewise,
the need for extracorporeal circulation during surgery and for
hemodiafiltration techniques in the ICU were associated with greater
early mortality. Table 2 shows the differences in the analysis of the
study variables according to whether patients were alive at 30 days.

Table 1
Characteristics of Study Population®

Albumin, g/dL 3.69 (0.70)
Recipient age, y 54.9(7)
Donor age, y 36.9 (12.3)
Stay in ICU, d 14.8 (23.7)
Hours of the donor on mechanical ventilation 31.6 (45.2)
Duration of ischemia, min 329 (59)
Pa0,/FiO, after 24 hours in ICU 322 (100)
Use of extracorporeal circulation 6 (6.5%))
Suture dehiscence 10(10.8%))
Hemofiltration in ICU 7 (7.6%))
Surgery duration, min 344 (104)
BODE score 6.5(1.2)
BMI, kg/m? 23.7 (3.5)
Walk distance, m 261 (98)
Dyspnea grade 3.14 (0.5)
FEV, (%) 23 (8)

Abbreviations: BMI, body mass index; FEV,, forced expiratory volume in 1 second;
FiO,, fraction of inspired oxygen; ICU, intensive care unit.
2Data are shown as means (SD) or numbers of patients (percentages).

Table 2
Mortality at 1 Month?

In the logistic regression analysis, both the use of hemodiafiltration
techniques and extracorporeal circulation increased the risk of death
at 1 month among lung transplant recipients. The remaining variables
analyzed did not show a significant association with early mortality
(Table 2).

Mortality at 1 year was 30% (95% CI, 20.2%-39.9%; 28 patients in
total, including those who died in the first month). Table 3 shows the
results (univariate analysis) of the variables associated with mortality
at 1 year. In the Cox regression analysis, the duration of the surgical
intervention, measured in hours, was the only factor associated with
mortality at 1 year.

Mortality at 5 years was 46% (95% CI, 35.5%-56.9%; 43 patients in
total, including those who had died in the first month and after
1 year). The univariate analysis showed statistically significant
differences in the number of hours on mechanical ventilation while
in the ICU (P=.01), and the duration of surgery (P=.01) between
patients who had died at 5 years after the intervention and those
who were still alive (Table 4). The logistic regression model showed
that only recipient age and duration of surgery were independently
associated with 5-year mortality (Table 4).

The survival curves for the cohort reflect 1-year survival of 69.56%
(95% CI, 59.61%-79.51%), 3-year survival of 55.43% (95% ClI, 44.73%-
66.13%), and 5-year survival of 53.26% (95% Cl, 42.52%-64%). The
survival curves calculated using the Kaplan-Meier method are shown
in the Figure.

The analysis of risk factors using the Cox regression method
showed that surgical suture dehiscence in the postoperative period
(RR=17.59;95%Cl,4.64-66.5; P<.001), number of hours on mechanical
ventilation while in the ICU (RR=2.09 per unit time; 95% CI, 1.01-
4.29; P=.04), duration of the surgical procedure (RR=1.01 per unit
time; 95% CI, 1.0067-1.0167; P<.001), and single-lung transplantation
vs bilateral lung transplantation (RR=5.88; 95% CI, 1.63-21; P=.007)
were the variables most strongly associated with mortality in the
cohort. Likewise, the need for renal replacement therapies while in
the ICU (RR=6.07; 95% CI, 0.67-54-87; P=.10) and male sex of lung
donors (RR=2.69; 95% CI, 0.86-8.39; P=.08) showed a trend towards
greater mortality in these patients.

Discussion

Despite improvements in lung graft preservation'” and
postoperative care, the incidence of complications and death in this
type of transplantation remains high.'8'° The ideal time for a patient
with COPD to undergo lung transplantation is subject to debate,

Variable Alive (n=82) Dead (n=10) P Logistic Regression

Recipient age, y 55.2(7.2) 52.8 (5.2) 31

Female recipient 13 (15.8%) 2 (20%) .90

Albumin, g/dL 3.7 (0.6) 3.2(0.7) 0.04 OR"=2.45; 95% CI, 0.75-7.98; P=.13
Emergency transplantation 2 (2.4%) 0 (0%) -

Bilateral lung transplantation 62 (75.6%) 10 (100%) 17 OR=6.89; 95% (I, 0.38-122; P=.17
Donor age, y 37.2(124) 349(11.3) .57

Female recipient 22 (26%) 2 (20%) .93

Surgery duration, min 344 (90) 473 (132) <.01 OR=1.32; 95% (I, 0.55-1.82; P=.26
Hours of mechanical ventilation 204 (571) 233 (222) .87

Duration of ischemia, min 322 (78) 383 (58) .01 OR=1.66; 95% CI, 0.30-3.28; P=.38
Use of extracorporeal circulation 3(3.7%) 3 (30%) .01 OR=16.55; 95% CI, 1.43-198; P=.02
Use of hemofiltration 4(4.3%) 3(30%) .02 OR=14.11; 95% CI, 1.04-190.65; P=.04
Stay in ICU, d 14.9 (25) 14.4(9.6) 94

Pa0,/FiO, at 24 hours 326 (93) 291 (152) .30

Suture dehiscence 7 (8.5%) 2 (20%) .55

SI for hemorrhage 7 (8.5%) 2 (20%) .55

Abbreviations: CI, confidence interval; FiO,, fraction of inspired oxygen; ICU, intensive care unit; OR, odds ratio; S, surgical intervention.

*Data are shown as means (SD) or number of patients (percentage).
bRefers to risk of albumin <3 g/dL vs >3 g/dL.
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Table 3
Mortality at 1 Year

Variable Alive (n=64) Dead (n=28) P Cox Regression

Recipient age, y 54.5(7.4) 55.8 (6) 34

Female recipient 11 (17%) 4(14%) .51

Albumin, g/dL 3.7 (0.6) 3.5(0.7) .36

Emergency transplantation 2 (3%) 0 (0%) .87

Bilateral lung transplantation 50 (77%) 22 (78%) .92

Donor age, y 37.4(12.8) 359(11.2) .61

Female donor 19 (29%) 5(18%) 37

Surgery duration, min 334 (79) 414 (130) <.01 RR=1.43; 95% (I, 1.13-1.82; P=.006
Hours of mechanical ventilation 75 (99) 506 (915) <.01 RR2=1.002; 95% (I, 0.99-1.01; P=.16
Duration of ischemia, min 331(77) 324 (82) .69

Use of extracorporeal circulation 2 (3%) 4 (14%) 12 RR=2; 95% CI, 0.48-8.33; P=.33

Use of hemofiltration 2 (3%) 5(18%) .04 RR=6.1; 95% CI, 0.92-15.66; P=.14
Stay in ICU, d 11.8 (20) 21.5(29.7) .08 RR"=0.96; 95% CI, 0.89-1.04 P=.38
Pa0,/Fi0, 24 hours 323 (98) 320(108) .89

Suture dehiscence 2 (3%) 5(18%) .01 RR=2.23; 95% CI, 0.73-6.78; P=.15
SI for hemorrhage 4(6.2%) 5(17.8%) 17 RR=1.23; 95% CI, 0.40-3.76; P=.70

Abbreviations: CI, confidence interval; FiO,, fraction of inspired oxygen; ICU, intensive care unit; RR, risk ratio; SI, surgical intervention.

aData are shown as means (SD) or number of patients (percentage).
bPer unit time.

Table 4
Mortality at 5 Years?

Variable Alive (n=49) Dead (n=43) P Cox Regression

Recipient age, y 53.6 (7.7) 56.3 (5.9) .18 RR=1.13; 95% CI, 1.01-1.26; P=.02
Female recipient 8 (16%) 7 (16%) 78

Albumin, g/dL 3.7(0.7) 3.6 (0.7) .80

Emergency transplantation 1(2%) 1(2.3%) .98

Bilateral lung transplantation 40 (80%) 32 (74%) .5

Donor age, y 38.3(12.6) 35.3(11.8) 21

Female donor 16 (32%) 8(18%) .20 RR=0.33; 95% CI, 0.07-1.40; P=.13
Surgery duration, min 334 (76) 385 (123) .01 RR=1.27; 95% CI, 1.06-1.52; P=.02
Hours of mechanical ventilation 80(111) 353 (768) .01 RR=1.001; 95% CI, 0.99-1.0057; P=.11
Duration of ischemia, min 338(80) 319(76) 24

Use of extracorporeal circulation 1(2%) 5(12%) 15 RR=1.41; 95% (I, 0.38-5.15; P=.60
Use of hemofiltration 2 (4.1%) 5 (12%) 33

Stay in ICU, d 13.9 (22.5) 15.8 (25.1) .68

Pa0,/Fi0, 24 h 333(95) 310 (106) .27

Suture dehiscence 2 (4.1%) 7 (16.3%) 11 RR=1.33; 95% CI, 0.52-3.41; P=.54
SI for hemorrhage 3(6.1%) 6(13.9%) .36

Abbreviations: Cl, confidence interval; FiO,, fraction of inspired oxygen; ICU, intensive care unit; RR, risk ratio; SI, surgical intervention.

2Data are shown as means (SD) or number of patients (percentage).

given that survival cannot be accurately predicted and, in any case,
will depend on time on the waiting list and the experience of
the hospital staff, among other things.?*?' Traditionally, the
recommendations on when to refer a patient with COPD to the
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Figure. Crude mortality data: 10 deaths at 1 month, 28 deaths at 1 year, 41 deaths at
3 years, and 43 deaths at 5 years.

waiting list were the following: FEV, after bronchodilation less than
20%, hypercapnia (PaC0O,>55 mmHg), pulmonary hypertension, and
individual disease course, with progressive deterioration and/or
severe exacerbations.?? Currently, a BODE score of 7 or more is the
most widely used criterion.

Analysis of the survival data in our hospital, in patients undergoing
transplantation for emphysema, shows a short-, medium-, and long-
term survival comparable to that reported by the ISHLT'® and by
other Spanish transplant groups.?>** In addition, the mean age of our
recipients is greater than that published by the ISHLT'® and by other
transplant groups in our country.?*?°

Most recipients, like those of other hospitals in Spain,*® have a
high BODE score (97% 25 points). Survival in patients with COPD and
a BODE score of 7 or more is 30% at 4 years if they do not undergo
lung transplantation.'*?” Therefore, the survival reported in the
present study confirms that patients with COPD and a high BODE
score who undergo lung transplantation survive longer than those
who do not undergo the procedure.

One of the most interesting aspects of the present study is to
compare variables that influence mortality in these patients at
different postoperative times (Tables 2-4). Complications (need for
extracorporeal circulation and hemofiltration) were the variables
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associated with increased perioperative mortality, but they did not
have an impact on medium- and long-term mortality. The need to
resort to extracorporeal circulation during implantation of the lung
graft increased the risk of lung injury and increased perioperative
mortality.?>?® Renal failure during the postoperative period was
associated with increased postoperative mortality.2°3°

In the long-term analysis, the variables that influence mortality
are different. In the present study, recipient age is one of the variables
most strongly associated with increased mortality. This is consistent
with the analysis of the ISHLT registry.? Although the survival rate in
recipients over 60 years of age has been reported to be good, it seems
that advanced age of a lung-transplant recipient has been associated
with increased mortality, even allowing for age-adjusted life
expectancy.’!

In the present study, a prolonged operation was always associated
with increased mortality at all time points, both short term and long
term. This association arises essentially because a prolonged time in
the operating theater is usually indicative of complications or
difficulties. We did not consider analyzing variables that influence
mortality beyond 5 years given the limited number of patients in
this subgroup (Figure).

One of the most interesting findings of the present study was that
patients who received a single-lung transplantation were at greater
risk of dying than recipients of a bilateral lung transplantation. This
finding should be treated with caution, given that patients who
underwent single-lung transplantation were slightly older than those
who underwent bilateral lung transplantation, and recipient age
influences long-term mortality. Today, the decision to perform single-
lung transplantation or bilateral lung transplantation in such patients
remains a subject of debate in lung transplant groups.”® Several
authors agree that 5-year survival is better in bilateral lung
transplantation.?>* However, as in our study, the single-lung recipients
in those studies were significantly older than the bilateral lung
recipients. A recent study by the groups in Toronto, Canada, and Duke
University in the United States, showed that bilateral lung transplant
recipients had lower rates of bronchiolitis obliterans and a greater
long-term survival, even when the patients were stratified by age.>*
Finally, in an analysis of 9883 lung transplant recipients with COPD
included in the ISHLT registry, 5-year survival was greater in bilateral
lung transplant recipients. This benefit was not apparent in recipients
aged 60 years or more.'” In our series, it was not possible to assess the
risk of both types of transplant in these age subgroups given the small
number of patients (n=20) who underwent single-lung transplantation.
Those in favor of single-lung transplantation in such patients believe
that given that surgery is quicker and simpler, with a shorter lung
ischemia time, the number of postoperative complications is smaller
and mortality in the immediate postoperative period is lower.*
However, several studies have shown that, although there may be
more short-term complications in bilateral lung transplant recipients,
the short-term differences in mortality according to the type lung
transplantation performed are not significant,’*3’ even in patients
aged 60 years or more.*’3 In contrast, long-term survival seems to be
greater in bilateral lung transplant recipients.'%

One of the surprising results of the present study is the trend
towards increased mortality with male donors. We do not have an
explanation for this finding, though maybe it might be attributable
to the limited number of female donors (n=24) and recipients (n=15).
A study of the ISHLT registry indicated that different sexes of the
donor and recipient could influence prognosis.* However, a number
of studies have reported opposite results.#'#> After brain death,
numerous endocrine and hormonal changes take place.** The theories
to support sex matching of the donor and recipient concern the
endocrine and hormonal alterations that occur in the donor after
brain death, and even the possible protective effect of estrogens (in
female donors) in reducing ischemia-reperfusion lesion.** Our
findings regarding the sex of the donor should be interpreted with

caution, and they cannot form the basis of an affirmation that the sex
of the donor influences the prognosis of the lung transplant
recipient.

In conclusion, our results show that complications in the initial
postoperative period were responsible for short-term mortality,
while recipient age was the most important factor in determining
long-term survival. Patients who received a single-lung transplant
were at greater risk of dying than recipients of a bilateral lung
transplant, a finding which could have been influenced by the greater
age of those receiving single-lung transplant.
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