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Purpose: To describe trends from 2001 to 2015 in incidence and in-hospital outcomes of 

patients suffering or not suffering from COPD who had undergone lung transplantation (LTx) 

in Spain.

Methods: We used the Spanish National Hospital Discharge Database to select all admissions 

for LTx. Incidence was estimated overall and according to the presence of COPD. Outcomes 

included infections, complications, length of hospital stay and in-hospital mortality (IHM).

Results: We identified 2,896 admissions for LTx. Admission rates rose in COPD sufferers 

and non-COPD sufferers over time, with higher rates among COPD patients. COPD and non-

COPD patients were older, but mean age was higher in COPD patients. Although there was 

a male predominance among patients, the proportion of women significantly increased over 

time in the COPD population. COPD patients had lower Charlson Comorbidity Index values 

than non-COPD patients (score $1, 25.83% and 31.6%, P,0.05). We observed a significant 

increase in infections and complications of LTx or rejection for both groups over time. IHM 

decreased from 2001 to 2015 in both groups of patients. COPD was a predictor of lower IHM 

(OR 0.75, 95% CI 0.61–0.93) after LTx.

Conclusion: LTx-incidence rates were higher in COPD patients and increased over the study 

period in both groups. The proportion of women significantly increased over time among COPD 

sufferers. IHM decreased from 2001 to 2015 in both groups of patients. COPD was a predictor 

of lower mortality during admissions for LTx.

Keywords: lung transplantation, COPD, hospital admissions, incidence rates, in-hospital 

mortality, Spain

Background
Lung transplantation (LTx) is the therapeutic option of choice for patients who suffer 

an end-stage lung disease that would otherwise be fatal.1 Procedures include single 

and bilateral LTx. In addition, patients who also suffer severe right or left ventricular 

dysfunction are candidates for heart–lung transplantation.2

Since completion of the first successful LTx in the 1980s, thousands of procedures 

have been performed worldwide.3–5 This therapeutic modality has been recommended 

for several respiratory diseases, including patients suffering advanced COPD.6 

Depending on the underlying disease and the time spent waiting for the transplant, 

LTx is effective in improving quality of life and increasing survival.7 Furthermore, 

advances in lung preservation, surgical techniques, posttransplant patient care, and 
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immunosuppressant therapy during the last three decades 

have significantly improved outcomes over time.6

COPD is the most common indication worldwide for 

LTx for several reasons.8 COPD is a very common disease, 

significant pulmonary hypertension is infrequent, and these 

patients can survive a long time waiting for a transplant. 

Furthermore, some anatomical conditions, such as a large 

pleural cavity, usually free of adhesions, may facilitate LTx 

for COPD.7

In recent years, approximately a third of all LTxs have 

been performed for COPD. Bilateral LTx has been used 

with increasing frequency, and transplantation rates have 

increased considerably in patients aged $60 years, which 

reflects the increase in the number of LTxs in older patients 

with this disease.9 Compared with other pulmonary diseases, 

COPD patients show the best 1-year survival, although lower 

10-year survival has been described, perhaps as a conse-

quence of the greater age and prevalence of comorbidities 

in this group of patients.10 However, studies comparing out-

comes during LTx admission in different groups of patients 

are still needed.

In Spain, since 2006 the Spanish Lung Transplant 

Registry (SLTR) has collected data on LTx and cooperated 

with international registries.11–13 Despite these documentation 

efforts, there is limited information regarding trends in LTxs 

in Spain in recent years.12 The number of LTx centers in Spain 

over the study period was eight. The highest annual volume 

was found in the Hospital Valle de Hebron, with 50–70 LTxs 

per year. Six centers had LTx figures ranging from 30 to 50, 

and the lowest number was reported by the Hospital 12 de 

Octubre: approximately 30 LTxs per year. More details can 

be found elsewhere.14

To conduct our investigation, we used data in the 

Spanish National Hospital Discharge Database (SNHDD). 

The objectives of our study were to assess temporal trends 

in the incidence of LTx in Spain from 2001 to 2015 among 

subjects suffering or not suffering from COPD, to describe 

the clinical characteristics of these two populations, such 

as comorbidities, complications of the transplanted lung or 

graft rejections, and posttransplant infections, and to analyze 

temporal trends in the length of hospital stay (LOHS) and 

in-hospital mortality (IHM) among COPD and non-COPD 

patients who had received an LTx.

Methods
For study purposes, we used data in the SNHDD correspond-

ing to each year from 2001 to 2015. The variables and char-

acteristics of the SNHDD have been described elsewhere.15 

In the SNHDD, the diagnosis (1–14) and the diagnostic or 

therapeutic procedures (up to 20) are codified according to 

the ICD9-CM.

We selected admissions for patients whose medical 

procedures included LTx, coded as aspecific (33.5, 33.50), 

single (33.51), or bilateral (33.52) in any procedure field. 

We included all patients with a hospital admission in Spain 

from 2001 to 2015 with an ICD9 code for LTx. We grouped 

admissions by COPD status. We considered those patients 

with any of the codes 490, 491, 492, 496, 491.0, 491.1, 

491.8, 491.9, 492.0, 492.8 and 491.2x, in any diagnostic 

position, as COPD sufferers and the rest of the patients as 

non-COPD sufferers.

To assess the presence of comorbidities, we used the 

Charlson Comorbidity Index (CCI), excluding COPD.16 

Irrespective of the position on the diagnosis or procedure 

coding list, we retrieved data about in-hospital infection 

events, including pneumonia (997.39, 486), sepsis (995.91, 

995.92), surgical-site infection (998.5, 998.51, 998.52, 

998.53, 998.54, 998.55, 998.59, 998.50), and urinary tract 

infection (599.0). We additionally identified complications 

of transplanted lung or graft rejections (996.84). Therapeutic 

diagnostic procedures analyzed were noninvasive mechani-

cal ventilation (93.90), invasive mechanical ventilation 

(96.7, 96.70, 96.71, 96.72), thoracentesis (34.91), pleural 

drainage–tube insertion (34.0, 34.01–34.09), bronchos-

copy (33.21–33.24), red blood–cell transfusion (99.00, 

99.01–99.08), hemodialysis (39.95), extracorporeal mem-

brane oxygenation (39.65), and tracheostomy (31.1).

We searched the database for possible infections caused 

by specific microorganisms with the codes 112.5 for candi-

diasis, 078.5 for Cytomegalovirus disease, 481 for Strepto-

coccus pneumoniae, 482.1 for Pseudomonas aeruginosa, 

482.83 for other Gram-negative bacteria, 482.41 and 482.42 

for Staphylococcus aureus, and 117.3 for Aspergillus. We 

also identified blood cultures (90.5x) and respiratory cultures 

(90.4x). LOHS was defined as days between hospital admis-

sion and discharge. The proportion of patients who died 

within the hospital after the LTx was the IHM.

statistical analysis
For study purposes, we divided time into five consecutive 

periods: 2001–2003, 2004–2006, 2007–2009, 2010–2012, 

and 2013–2015. The methods used to estimate and analyze 

trends over time in the incidence rates of LTx for the popula-

tions of subjects suffering from COPD and for those patients 

without this disease have been described previously.17–19 

To describe continuous variables, we used mean or median 
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values with SD or IQR as appropriate. For categorical vari-

ables, we show proportions. To assess the association of study 

variables with time periods, we used χ2 for linear trends and 

the Kruskal–Wallis test.

Multivariate Poisson regression models were constructed 

to analyze the trends over time in the incidence of LTx among 

those patients with and without COPD. To identify predictors 

of IHM, we performed three multivariate logistic regression 

analyses (COPD population, non-COPD population, and 

entire population). Stata 10.1 (College Station, TX, USA) 

was used for statistical analyses, and P,0.05 (two-tailed) was 

considered significant. According to Spanish legislation, as 

the study was conducted using a public-access and anonymous 

database, approval of an ethics committee was not needed.

Results
From 2001 to 2015, we identified 2,896 admissions for LTx 

in Spain. Over the study period, 39.4% (n=1,142) of all 

admissions for LTx were performed in patients suffering 

from COPD.

Incidence and sociodemographic and 
clinical characteristics
Table 1 shows incidence rates and sociodemographic and 

clinical characteristics of hospitalized patients according 

to COPD status who underwent LTx in Spain from 2001 

to 2015. The incidence rate of admissions for LTx among 

COPD patients increased from 3.25 (2001–2003) to 6.48 

(2013–2015) cases per 100,000 COPD sufferers (P,0.05). 

In patients without COPD, the rates also increased: from 0.26 

(2001–2003) to 0.43 (2013–2015) cases per 100,000 indi-

viduals without COPD. Incidence was significantly higher in 

COPD than non-COPD sufferers for all the periods analyzed.

Single LTx increased significantly over time in patients 

with and without COPD (27.78% and 29.77% in 2001–2003 

vs 39.81% and 41.73% in 2013–2015, respectively; both 

P,0.05). However, bilateral LTx decreased significantly in 

both groups over time (Table 1). As shown in Figure 1, the 

number of single LTxs rose from 45 in 2001–2003 to 129 in 

2013–2015 among patients with COPD and from 78 to 207 

among subjects without COPD. This means that the number 

of single transplants multiplied by 2.87 and 2.65 times from 

2001–2003 to 2013–2015, respectively. The number of 

bilateral transplants among non-COPD patients increased 

by 1.75 times (111–194) and 1.62 times (174–282) from 

2001–2003 to 2013–2015, respectively.

Among patients who underwent LTx, there were more 

men than women (74.43% men for COPD and 56.84% men 

for no COPD). However, among those with COPD, the 

proportion of women increased from 15.43% in 2001–2003 

to 31.17% in 2013–2005 (P,0.001). Over the entire study 

period, the mean age of COPD patients who underwent LTx 

was 10 years greater than patients without COPD (55.41±8.6 

vs 45.43±16.11 years, P,0.001). COPD patients were signif-

icantly older in all the periods analyzed, and for both groups 

the mean age increased by approximately 4 years from 2001 

to 2015. According to the CCI, patients without COPD had 

more comorbidities than COPD sufferers (P,0.05). Comor-

bidities increased over time, in addition to COPD status.

The global median LOHS was 34 days in COPD patients 

and 36 days in non-COPD patients. As shown in Table 1, 

none of the differences in LOHS between those with and 

without COPD was statistically significant. IHM was 17.16% 

for patients with COPD and 21.04% for non-COPD patients 

(P,0.05). Crude IHM decreased over time from 21.6% to 

11.1% among COPD patients and 33.21% to 13.1% among 

non-COPD LTx patients (P,0.05). The proportion of infec-

tions showed a significant increase over time in both groups 

analyzed, reaching figures for 2013–2015 of 16.36% for 

COPD and 19.56% for non-COPD patients. Almost 50% 

of patients undergoing LTx, in addition to COPD status, 

suffered complications of LTx or graft rejections.

Procedures and pathogen isolations
Table 2 shows procedures used during admission for LTx 

according to COPD status. In COPD patients, bronchoscopy 

(56.04%), followed by mechanical ventilation (47.37%), and 

pleural drainage–tube insertion (22.68%) were the procedures 

most frequently used. The use of noninvasive mechanical ven-

tilation, bronchoscopy, and extracorporeal membrane oxygen-

ation rose over time in all groups analyzed. However, the use of 

mechanical ventilation and red blood–cell transfusion showed 

a significant decrease in the last 15 years when associated with 

COPD status. In non-COPD patients, the use of thoracentesis 

and pleural drainage–tube insertion increased significantly 

over time. Table 3 shows pathogen isolations during admission 

for LTx according to COPD status. The most commonly found 

pathogens among COPD sufferers were Aspergillus (5.52%), 

followed by candidiasis (3.42%), and Cytomegalovirus disease 

(2.28%). We detected a significant decrease in S. aureus and 

S. pneumoniae over time in both groups.

COPD versus non-COPD
After applying the Poisson regression model, we obtained an 

adjusted incidence-rate ratio of 10.64 (95% CI 9.84–12.40) 
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Figure 1 Temporal trend in the number of single and bilateral lung transplantations according to COPD status in spain, 2001–2015.
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Table 2 Procedures conducted on hospitalized patients who underwent lung transplantation in spain from 2001 to 2015 according 
to COPD status

COPD 2001–2003 2004–2006 2007–2009 2010–2012 2013–2015 Total

noninvasive mechanical 
ventilation, n (%)*,†,a,b

Yes 2 (1.23) 10 (5.56) 22 (10.73) 70 (25.83) 59 (18.21) 163 (14.27)

no 7 (2.67) 21 (7.95) 68 (18.99) 71 (18.98) 67 (13.51) 234 (13.34)

Mechanical ventilation, n (%)*,† Yes 83 (51.23) 100 (55.56) 92 (44.88) 141 (52.03) 125 (38.58) 541 (47.37)

no 121 (46.18) 126 (47.73) 160 (44.69) 174 (46.52) 198 (39.92) 779 (44.41)

Thoracocentesis, n (%)* Yes 2 (1.23) 7 (3.89) 9 (4.39) 7 (2.58) 7 (2.16) 32 (2.8)

no 0 5 (1.89) 11 (3.07) 6 (1.6) 14 (2.82) 36 (2.05)

Pleural drainage tube insertion, 
n (%)*

Yes 27 (16.67) 40 (22.22) 48 (23.41) 83 (30.63) 61 (18.83) 259 (22.68)

no 38 (14.5) 50 (18.94) 87 (24.3) 105 (28.07) 105 (21.17) 385 (21.95)

Bronchoscopy, n (%)*,† Yes 58 (35.8) 92 (51.11) 108 (52.68) 165 (60.89) 217 (66.98) 640 (56.04)

no 82 (31.3) 135 (51.14) 176 (49.16) 221 (59.09) 335 (67.54) 949 (54.1)

Transfusion, n (%)† Yes 43 (26.54) 44 (24.44) 40 (19.51) 57 (21.03) 54 (16.67) 238 (20.84)

no 57 (21.76) 55 (20.83) 86 (24.02) 87 (23.26) 92 (18.55) 377 (21.49)

hemodialysis, n (%) Yes 6 (3.7) 10 (5.56) 13 (6.34) 16 (5.9) 13 (4.01) 58 (5.08)

no 19 (7.25) 10 (3.79) 20 (5.59) 26 (6.95) 32 (6.45) 107 (6.1)

extracorporeal membrane 
oxygenation, n (%)*,†

Yes 0 0 1 (0.49) 7 (2.58) 17 (5.25) 25 (2.19)

no 0 0 7 (1.96) 16 (4.28) 39 (7.86) 62 (3.53)

Tracheostomy, n (%) Yes 35 (21.6) 45 (25) 51 (24.88) 78 (28.78) 66 (20.37) 275 (24.08)

no 55 (20.99) 63 (23.86) 98 (27.37) 101 (27.01) 133 (26.81) 450 (25.66)

Notes: *P,0.05 for time trend among non-COPD patients using Poisson or logistic regression adjusted by age and sex when appropriate; †P,0.05 for time trend among 
COPD patients using Poisson or logistic regression adjusted by age and sex when appropriate; aP,0.05 for difference when comparing patients with and without COPD 
(2007–2009) using χ2 (proportions) and Kruskal–Wallis test (median) as appropriate; bP,0.05 for difference when comparing patients with and without COPD (2010–2012) 
using χ2 (proportions) and Kruskal–Wallis test (median) as appropriate.

for patients with COPD. This meant that the probability of 

undergoing an LTx in Spain from 2001 to 2015 was over 

ten times greater among persons suffering from COPD than 

among non-COPD subjects.

Predictors of in-hospital mortality
Table 4 shows the results of the multivariate analysis to iden-

tify the predictors of IHM after LTx in Spain in 2001–2015. 

Among all patients who underwent LTx, belonging to the 
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Table 3 Pathogen isolates from hospitalized patients who underwent lung transplantation in spain from 2010 to 2015 according to 
COPD status

COPD 2001–2003 2004–2006 2007–2009 2010–2012 2013–2015 Total

Blood culture, n (%)*,† Yes 0 0 1 (0.49) 12 (4.43) 52 (16.05) 65 (5.69)

no 1 (0.38) 0 2 (0.56) 10 (2.67) 76 (15.32) 89 (5.07)

respiratory culture, n (%)*,†,a Yes 1 (0.62) 0 0 6 (2.21) 23 (7.1) 30 (2.63)

no 0 2 (0.76) 0 1 (0.27) 31 (6.25) 34 (1.94)

Candidiasis, n (%) Yes 4 (2.47) 8 (4.44) 7 (3.41) 10 (3.69) 10 (3.09) 39 (3.42)

no 10 (3.82) 10 (3.79) 15 (4.19) 8 (2.14) 13 (2.62) 56 (3.19)

Cytomegalovirus, n (%) Yes 4 (2.47) 2 (1.11) 7 (3.41) 5 (1.85) 8 (2.47) 26 (2.28)

no 2 (0.76) 13 (4.92) 9 (2.51) 7 (1.87) 14 (2.82) 45 (2.57)

Other gram-negative bacteria, n (%) Yes 2 (1.23) 0 2 (0.98) 1 (0.37) 2 (0.62) 7 (0.61)

no 1 (0.38) 4 (1.52) 3 (0.84) 4 (1.07) 0 12 (0.68)

Pseudomonas aeruginosa, n (%) Yes 2 (1.23) 7 (3.89) 5 (2.44) 8 (2.95) 3 (0.93) 25 (2.19)

no 7 (2.67) 4 (1.52) 9 (2.51) 8 (2.14) 6 (1.21) 34 (1.94)

 Staphylococcus aureus*,†,a Yes 4 (2.47) 3 (1.67) 3 (1.46) 0 1 (0.31) 11 (0.96)

no 7 (2.67) 7 (2.65) 3 (0.84) 1 (0.27) 4 (0.81) 22 (1.25)

Streptococcus pneumoniae, n (%)*,† Yes 2 (1.23) 1 (0.56) 1 (0.49) 0 0 4 (0.35)

no 3 (1.15) 3 (1.14) 1 (0.28) 1 (0.27) 0 8 (0.46)

Aspergillus, n (%) Yes 9 (5.56) 9 (5) 10 (4.88) 19 (7.01) 16 (4.94) 63 (5.52)

no 11 (4.2) 20 (7.58) 22 (6.15) 34 (9.09) 26 (5.24) 113 (6.44)

Notes: *P,0.05 for time trend among non-COPD patients using Poisson or logistic regression adjusted by age and sex when appropriate; †P,0.05 for time trend among 
COPD patients using Poisson or logistic regression adjusted by age and sex when appropriate; aP,0.05 for difference when comparing patients with and without COPD 
(2010–2012) using χ2 (proportions) and Kruskal–Wallis test (median) as appropriate.

Table 4 Multivariate analysis of factors associated with mortality during hospital admission for lung transplantation in spain, 2001–2015

COPD No COPD Both

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

sex

Male 1 1 1

Female 1.13 (0.77–1.67) 0.524 1.04 (0.82–1.33) 0.748 1.06 (0.87–1.31) 0.552

age-group

,40 years 1 1 1

40–49 years 1.57 (0.63–3.92) 0.337 1.16 (0.8–1.69) 0.429 1.16 (0.83–1.62) 0.375

50–59 years 1.84 (0.81–4.17) 0.143 1.41 (1.04–1.91) 0.026 1.35 (1.03–1.78) 0.030

$60 years 2.16 (0.93–5.02) 0.073 1.18 (0.84–1.66) 0.349 1.33 (0.99–1.79) 0.059

CCI

0 1 1 1

$1 2.5 (1.76–3.56) ,0.001 1.66 (1.3–2.13) ,0.001 1.87 (1.53–2.29) ,0.001

In-hospital infection

no 1 1 1 1

Yes 4.78 (3.24–7.04) ,0.001 2.44 (1.81–3.31) ,0.001 3.09 (2.44–3.91) ,0.001

Year 0.7 (0.62–0.79) ,0.001 0.7 (0.64–0.76) ,0.001 0.7 (0.66–0.76) ,0.001

COPD

no na na 1

Yes na na ,0.001 0.75 (0.61–0.93) 0.009

Abbreviation: CCI, Charlson Comorbidity Index.

50- to 59-year-old group (vs ,40 years old, OR, 1.35, 95% CI 

1.03–1.78) and suffering more comorbidities (vs no comorbidi-

ties, OR 1.87, 95% CI 1.53–2.29) were positively associated 

with IHM. Suffering an in-hospital infection increased the risk 

of dying within the hospital threefold after an LTx. In either 

group, patients with and without COPD, IHM significantly 

decreased during 2001 to 2015. Finally, COPD was a predic-

tor of lower IHM (OR 0.75, 95% CI 0.61–0.93) after LTx.
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Discussion
In our investigation, rates of hospitalization for LTx 

increased significantly from 2001 to 2015 in both COPD and 

non-COPD subjects. However, incidence was significantly 

higher in the first group for all the time periods analyzed. 

In fact, the probability of undergoing a LTx was over ten 

times greater among COPD subjects than in those without 

this disease. Coll et al also observed that in Spain from 2006 

to 2010, indications for LTx due to COPD progressively 

increased, while the number of transplants for other indica-

tions remained stable.12 However, our results contrast with 

those found by Yusen et al in the US from 1998 to 2008. 

They observed that the percentage of patients with COPD 

undergoing LTx decreased and became stable in 2008, when 

COPD constituted 20% of the indications for LTx. This is 

half the proportion that COPD represented at the beginning 

of the decade.3 On the other hand, idiopathic pulmonary 

fibrosis as the indication for LTx has increased over time, 

becoming the most common disease in 2007 and onward. 

Yusen et al attributed these results to the implementation of 

the lung-allocation score (LAS) system in 2005. This system 

prioritized donor-lung allocation based on expected outcome 

and medical urgency.3 Iribarne et al found that 2 years after 

the LAS had been initiated, no significant changes in the 

distribution of indications for LTx were observed.20 However, 

they observed a decrease in the proportion of patients under-

going LTx for COPD and an increase in those undergoing 

LTx for idiopathic pulmonary fibrosis.

Our analysis showed that single LTx increased signifi-

cantly over time, in addition to COPD status, while bilateral 

transplant decreased significantly in both groups over time. 

The time trend in the use of single and bilateral LTxs found 

in our investigation is in line with the results published by 

the SLTR in the 2016 report, showing that single LTx is 

becoming more frequently used over time in Spain.14

Single LTx has the advantage of making optimal use of 

available organs. However, the choice of single or bilateral 

LTx as the optimal procedure continues to be unclear.21 

Although hospital survival seems to be similar for both 

procedures, bilateral recipients seem to have better long-term 

survival.7,22 In this regard, long-term outcomes for single 

LTxs could be inferior because of problems in the native 

lung (infection, cancer, hyperinflation, pneumothorax). 

However, in a more recent study, after a 5-year follow-up, 

no differences were found in survival among patients 

with COPD who had undergone a single or double LTx.23 

In another retrospective analysis conducted in Spain, it was 

demonstrated that single or double LTx had no impact on 

patient survival or complications. Implementing single LTx 

widely may alleviate donor-organ shortages and contribute 

to decreases in the morbidity and mortality of those patients 

on the national waiting list.24 Like other authors, we observed 

a predominance of males in the patients who underwent LTx 

in Spain.3 However, the proportion of women significantly 

increased over time among the COPD patients in our study. 

As described in a recent meta-analysis, the rapid increase 

over the last few decades in the prevalence COPD among 

women, as well as the increase in mortality of this group, 

may justify these results.25 Unlike other authors, we did not 

find any relationship between female sex and mortality during 

admissions for LTx.26

LTx-recipient demographics have been changing over 

time, with patients becoming progressively older. In the same 

way, the proportion of recipients aged $65 years rose over 

the past decade in the US.3 However, recipients in this age-

group have more posttransplant mortality in the first year than 

younger groups, as well as higher long-term mortality.3 The 

results of Coll et al agree with these findings, documenting 

higher 1-year mortality among older recipients.12 Our analysis 

also showed that IHM was significantly higher in patients 

aged 50–59 years than those ,40 years old.

COPD patients who are considered eligible for LTx 

suffer fewer concomitant medical conditions than the gen-

eral COPD population.27 It is possible that COPD patients 

undergoing LTx had lower CCI scores than those without 

COPD in our study. Comorbidity rose over the study period 

in both groups of patients. Furthermore, in addition to COPD 

status, multivariate analysis demonstrated that the presence 

of one or more comorbidities was an independent predictor 

of IHM.

Patients undergoing LTx have an increased risk of infec-

tion, due to worsening pulmonary defense mechanisms and 

the application of immunosuppressant therapies.9 In our 

investigation, the proportion of infections rose over time in 

patients with and without COPD, and in-hospital infections 

were a positive predictor of IHM. In fact, infections have 

been described as the most frequent cause of perioperative 

mortality and within the first year post-LTx.12,28 However, 

we must take into account that the increase in infections and 

complications over time may well be related to the increase 

in the number of single LTxs.

Patients who undergo LTx after ventilator or extra-

corporeal membrane–oxygenation (ECMO) support have 

decreased survival compared to other recipients.29 Never-

theless, we found an increase over time in the utilization of 

ECMO and noninvasive mechanical ventilation in patients 

with and without COPD. However, a recent temporal analysis 

has suggested that outcomes in these high-risk recipients have 
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improved over time, particularly at high-volume centers.30 

Other authors have also found that the increase in centers’ 

LTx rates is associated with a reduction in 1-year patient 

mortality.31

In line with the results of other studies, suffering COPD 

predicted lower mortality during admission for LTx.3,13 

We observed a decrease in mortality over time, in addition 

to the presence or absence of COPD, despite the increase in 

age, comorbidity, and prevalence of infections over time. 

Possible reasons for the improvement in IHM over time 

include modifications in immunosuppressive treatments and 

better management of comorbidities.

The main strength of our investigation is that we col-

lected information for an entire country over 15 years. 

Furthermore, the SNHDD was implemented in Spain in 

1986, and since then the methodology has remained constant, 

so the external validity of the data is unquestionable.16–18 

However, our study has some limitations. First, we can-

not know whether the therapeutic procedures, such as 

mechanical ventilation, tracheostomy, and ECMO, were 

performed pre- or post-LTx. This limitation applies to reg-

istered infections and other complications. In addition, we  

were unable to analyze the impact of other variables that 

may play a role in post-LTx survival. The low rate found 

for the use of mechanical ventilation may be due to the 

methodology of the SNHDD. In this database, if a patient 

is extubated in the first 24 hours after surgery, mechanical 

ventilation is considered part of the surgical process and not 

recorded. This means that only patients receiving operation 

with .1 day on the ventilator have this procedure included 

in their discharge report.

Second, we also lacked information on transplant 

numbers for the individual centers in our database. This 

limitation occurred because of the confidentiality measures 

the SNHDD database enforces to ensure anonymity, which 

means that center information has been deleted. Furthermore, 

as all personal identifiers are also deleted, it is not possible to 

know the mean number of hospital admissions in survivors 

after 1, 3, 5, and 10 years, and thus the long-term survival 

of all groups following discharge is unknown. Finally, the 

information provided by the SLTR includes overall data, 

but this information is not stratified by presence of such 

concomitant conditions as COPD, so these data cannot be 

compared with our investigation.14 Despite these limitations, 

our study has addressed major issues related to LTx.

In conclusion, Spanish national data demonstrated that 

admissions for LTx were higher in patients with COPD 

than those without COPD, and LTx increased over time in 

both groups of patients. Although patients were older, the 

mean age was higher in COPD patients than those without 

this disease. We observed a male predominance among LTx 

patients, but the proportion of women significantly increased 

over time in the COPD population. IHM after LTx decreased 

over time in both groups analyzed. Remarkably, the pres-

ence of COPD was associated with lower mortality during 

admissions for LTx in our cohort.
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